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Preface

The reprint includes articles dealing with the relationship between biological diversity

(including geo- and eco-diversity) and land cover and use changes, including the factors able to

affect this relationship and possibilities to control them. The articles included in this collection are

grouped around several interconnected themes: urbanization, biodiversity loss, habitat quality, and

the role of planning and technology in environmental management. Overall, the key findings indicate

that landscape structure and historical land use are often more significant drivers of biodiversity

than broad climatic variables. At the same time, the findings indicate alarming trends, such as

a generalized loss of urban green infrastructure, fueled by poorly regulated urban sprawl and

real estate development that consumes agricultural and natural lands; long-term, diffuse threats,

such as atmospheric nitrogen deposition, which are becoming primary drivers of biodiversity

loss and are overriding traditional landscape-based ecological factors; and natural stressors like

drought. Advanced remote sensing technologies are indispensable tools for monitoring large-scale

transformations. Altogether, the studies underscore the critical role of effective, science-informed

human management. While targeted interventions can rapidly restore ecosystem functions,

policies can also yield unintended negative consequences, highlighting the complexity of managing

interconnected natural systems.

Alexandru-Ionuţ Petrişor, Adrian Ursu, and Ilinca-Valentina Stoica

Guest Editors
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1. Introduction

The Rio Convention on Biological Diversity has established biodiversity as a key con-
cept governing the development policies of most countries towards assuming responsibility
for the environment [1]. Many scientists tie biodiversity (as well as geo- and ecodiversity)
to the ecological infrastructure of our planet [2]. The Convention includes recommended
measures dealing with the conservation of biodiversity, as well as measures that are needed
to ensure that future development is achieved in a way that does not affect biodiversity [3].
At the same time, as part of “global changes” [4], land use and land cover changes are a
major threat to biodiversity. This Special Issue deals with the relationship between the two,
and with the factors that can affect it, such as its drivers and possibilities of controlling it.

We initially thought that the relationship between the conservation of bio- and geo-
diversity and landscape changes could be best described by a collection of contributions
focused on both pure and applied research, as well as comparative studies. Examples of
possible topics included the impact of land use and land cover change on bio-, geo-, and
ecodiversity, including the drivers and means of controlling or mitigating it; the impacts
of land use and land cover changes on natural protected areas, i.e., its drivers and means
of controlling or mitigating it; spatial planning tools for preventing land use and land
cover changes within and around natural protected areas at different spatial scales; natural
hazards and bio-, geo-, and ecodiversity and human influences on their relationship; and
local development challenges in natural protected areas. The result is a collection of con-
tributions analyzing direct human activity, policy decisions, and climatic factors that are
changing ecosystems significantly worldwide.

2. Synopsis of Contributions

The contributions forming this collection can be grouped around several intercon-
nected themes: urbanization, biodiversity loss, habitat quality, and the role of planning and
technology in environmental management.

2.1. Impact of Urbanization on Biodiversity and Habitat Quality

A major recurring finding revealed by the contributions is that urbanization acts as
a major driver of biodiversity loss and habitat degradation [5]. This finding is common

Land 2026, 15, 203 https://doi.org/10.3390/land15020203
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to studies dealing with avian and plant diversity. In more detail, in North African urban
environments, bird diversity was found to decrease significantly along an urbanization
gradient, highlighting that urban green spaces are critical biodiversity hotspots that need
to be interconnected [5]. Similarly, in the Yangtze River Floodplain, habitat fragmentation
caused by human activities like aquaculture negatively affects goose population trends [6].
In Sabah, Borneo, the conversion of intact forests into industrial oil palm plantations has
caused a severe and statistically significant decline in plant functional diversity. This
decline proves that direct land use change, driven by agricultural expansion and built-up
development, is causing measurable degradation of ecosystems, confirming findings from
smaller field studies and showcasing the potential of satellite observation for monitoring
biodiversity in critical hotspots [7]. Furthermore, built-up development drivers such as
population density and GDP are generally negatively correlated with habitat quality in
regions like the Hung River Valley [8].

In addition, quantitative analyses of Polish and Romanian cities show generalized
loss and fragmentation of urban green infrastructure between 2006 and 2018. The decline
of urban green infrastructure in post-socialist Europe is driven by mechanisms of urban
sprawl and weak planning enforcement. The loss is attributed to “derogatory planning”,
where economic interests lead to exemptions from urban regulations, resulting in built-up
densification at the expense of nature [9].

2.2. Drivers of Species Composition and Population Trends

Some articles identified specific landscape and historical factors that determine how
species are distributed, including historical continuity, environmental heterogeneity, and
landscape attributes. Historical continuity is illustrated by a study carried out in two
Central European national parks: the Podyjí and Thayatal National Parks (Czech Repub-
lic/Austria). The study revealed a fundamental shift in the primary drivers determining
plant species richness, showing that historical land cover (dating back to the 1950s) had
a larger impact on current plant species composition than present-day land cover. Even
in highly protected areas, insidious, long-term environmental pressures are dominant
drivers of ecological change, altering the fundamental drivers of biodiversity. This finding
indicates that the widespread, chronic issue of nitrogen deposition has become a more
powerful influence on biodiversity than the inherent physical characteristics of the land-
scape. These results suggest that even well-preserved areas are not immune to large-scale,
diffuse environmental threats that require broader policy solutions [10]. In the same
study, the “river phenomenon”, characterized by deep valleys with high geomorpholog-
ical and meso-climatic diversity—which is a primary driver of species richness in these
regions—illustrates environmental heterogeneity [8].

A 24-year study carried in Shengjin Lake in China’s Yangtze Floodplain found that an
increasing population trend was driven primarily by habitat and landscape attributes, not
climate. For wintering geese, the availability of suitable habitat and landscape attributes
(such as connectivity and patch size) are the key forces affecting population trends, while
climatic factors have a much weaker influence. Larger herbivores can modify vegetation in a
way that creates more suitable foraging conditions for smaller geese. These findings contrast
with the decreasing population trends reported in other regional wetlands, suggesting
that well-intentioned policies can have unforeseen negative effects and indicating the
critical role of landscape structure and history in determining biodiversity. The physical
configuration and historical context of a landscape appear to be primary determinants of
species population trends and community composition, often outweighing the immediate
effects of climatic factors. Altogether, these findings highlight the need for adaptive
management strategies that consider complex ecological interactions [6].

https://doi.org/10.3390/land15020203
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2.3. Coastal and Wetland Degradation

The studies dealing with this topic, particularly with land reclamation and hydrologi-
cal changes and drought, emphasize the vulnerability of wetlands and coastal ecosystems
to human intervention and climate extremes. A study carried out in China’s northern
Yellow Sea shows that land reclamation for industry and aquaculture is the main cause of a
63% decline in Suaeda salsa saltmarshes over the last three decades [11].

Hydrological changes and drought are illustrated by a study on wetland birds’ as-
semblages in Nuntas, i and Tuzla Lakes (Danube Delta Biosphere Reserve). The findings
indicate that an ecosystem’s resilience to natural stressors like drought is critically linked
to human management. Extreme weather, such as the severe droughts in Romania in 2013
and 2020, can lead to the total drying of lakes, causing piscivorous birds like pelicans and
swans to abandon the area while creating temporary feeding grounds for waders and gulls
in the mudflats. Inadequate oversight can amplify the impacts of climate, while targeted
interventions can provide rapid and effective remedies. Altogether, these results underline
the interplay of climate stress and human management [12].

2.4. Socio-Economic Sustainability and Planning Challenges

Two studies carried out in Romania—one dealing with residential satisfaction and
another with niche agriculture—show that socio-economic needs often conflict with envi-
ronmental preservation, but some niche solutions exist. The rapid, developer-led expansion
of residential areas in Bucharest and its surroundings, often on former agricultural or in-
dustrial land and offering modern dwellings at affordable prices, has created a paradox
of residential satisfaction. While residents are pleased with the modernity of their new
dwellings, they are highly dissatisfied with the inadequate infrastructure, as the new de-
velopments fall short in providing essential facilities like centralized sewerage, public
transport, and paved roads. Residents often hold local authorities responsible for allow-
ing development without first establishing the necessary utility networks [13]. Lavender
farming is identified as a sustainable economic and ecological solution for small Roma-
nian farms. It offers high profits per hectare, supports beekeeping and biodiversity, and
requires low maintenance, although it faces barriers such as a lack of labor and dedicated
markets [14].

2.5. Methodologies: Remote Sensing and Geo-Statistical Approaches

So far, we have analyzed the theoretical contributions of the collected studies. How-
ever, this presentation would be incomplete without looking at their methodologies. From
this standpoint, a cross-cutting theme is the utility of technology in monitoring environ-
mental changes. Satellite remote sensing proved to be a critical tool for quantifying the
studied impacts over large and often inaccessible areas. More exactly, remote sensing (using
Landsat and Sentinel-2) allows for “wall-to-wall” mapping of plant functional diversity
and the monitoring of rapid land cover changes over large, inaccessible regions like Sabah
or the Yellow Sea [7]. Similarly, the use of analytical models like InVEST for assessing
habitat quality and GWR (Geographically Weighted Regression) for identifying its drivers
provided a scientific basis for developing sustainable land use policies [8].

In a nutshell, we can think of a regional ecosystem as a complex puzzle. Urbanization
and land reclamation are like removing pieces from the edge, causing the overall picture
of biodiversity to shrink [5]. Planning and green infrastructure act as the glue between
pieces; if the glue is weak (derogatory planning), the puzzle is fragmented [5]. Finally,
technologies like remote sensing are the magnifying glasses that allow scientists to see
exactly where pieces are missing or fading before the whole picture is lost [7,12].

https://doi.org/10.3390/land15020203
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3. Conclusions

Overall, the key findings of all the studies included in this Special Issue indicate
that landscape structure and historical land use are often more significant drivers of
biodiversity than broad climatic variables. Advanced remote sensing technologies are
proving indispensable for monitoring these large-scale transformations, from the loss of
functional diversity in Bornean forests to hydrological stress in Romanian wetlands. In
post-socialist European cities, a generalized loss of urban green infrastructure is underway,
fueled by poorly regulated urban sprawl and real estate development that consumes
agricultural and natural lands. Concurrently, studies from natural protected areas in Central
Europe highlight the emergence of long-term, diffuse threats, such as atmospheric nitrogen
deposition, which are becoming primary drivers of biodiversity loss and are overriding
traditional landscape-based ecological factors. These studies underscore the critical role
of effective, science-informed human management. Case studies demonstrate that while
inadequate oversight can exacerbate natural stressors like drought, targeted interventions
can rapidly restore ecosystem functions. However, policies can also yield unintended
negative consequences, which highlights the complexity of managing interconnected
natural systems.

Author Contributions: Writing—original draft preparation, A.-I.P., A.U. and I.-V.S.; writing—review
and editing, A.-I.P., A.U. and I.-V.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Data sharing is not applicable to this article.

Acknowledgments: The authors would like to thank the team at Land for helping with and coordi-
nating the Special Issue.

Conflicts of Interest: The authors declare no competing interests.

References

1. Raustiala, K.; Victor, D.G. Biodiversity Since Rio: The Future of the Convention on Biological Diversity. Environ. Sci. Pol. Sust.
Dev. 1996, 38, 16–45. [CrossRef]

2. Perschke, M.J.; Harris, L.R.; Sink, K.J.; Lombard, A.T. Ecological Infrastructure as a framework for mapping ecosystem services
for place-based conservation and management. J. Nat. Cons. 2023, 73, 126389. [CrossRef]

3. Biermann, F. Curtain down and Nothing Settled: Global Sustainability Governance after the ‘Rio+20’ Earth Summit. Environ.
Plan. C Gov. Pol. 2013, 31, 1099–1114. [CrossRef]

4. Dale, V.H.; Efroymnson, R.A.; Kline, K.L. The land use—Climate change—Energy nexus. Landsc. Ecol. 2011, 26, 755–773.
[CrossRef]
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Abstract: Land cover and use changes are important to study for their impact on ecosystem
services and ultimately on sustainability. In urban environments, a particularly important research
question addresses the relationship between urbanization-related changes and biodiversity, subject
to controversies in the literature. Birds are an important ecological group, and useful for answering
this question. The present study builds upon the hypothesis according to which avian diversity
decreases with urbanization. In order to answer it, a sample of 4245 observations from 650 sites
in Annaba, Algeria, obtained through the point abundance index method, were investigated
by computing Shannon-Wiener’s diversity index and the species richness, mapping them, and
analyzing the results statistically. The findings confirm the study hypothesis and are relevant
for planning, as they stress the role of urban green spaces as biodiversity hotspots, and plead
for the need of connecting them. From a planning perspective, the results emphasize the need
for interconnecting the green infrastructure through avian corridors. Moreover, the results fill
in an important lack of data on the biodiversity of the region, and are relevant for other similar
Mediterranean areas. Future studies could use the findings to compare with data from other
countries and continents.

Keywords: urbanization; diversity indices; Annaba; geo-statistical approaches; urban ecology;
bird abundance

1. Introduction

The crucial importance of studying land cover and use changes (LCUC) results
from their being part of the “global changes” [1], constituting a major component [2].
They transform natural into man-dominated systems [3], threatening biodiversity [4],
affecting the quality of water, land and air resources, ecosystem processes, functions,
services, equilibrium, and resilience, and making an important impact on the climate
system [5–9]. For these reasons, studying LCUC makes an important contribution to the
sustainable development debate [6,10]. LCUC are more intense when associated with
land fragmentation [11], and constitute an important threat for coastal areas [12].

Some authors consider that modernization [13] particularly migration to urban cen-
ters [14], is an important driver of LCUC. A supporting argument is the fact that an

Land 2021, 10, 434. https://doi.org/10.3390/land10040434 https://www.mdpi.com/journal/land6
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important LCUC, urbanization, is now considered a major driving force of biodiversity
loss and biological homogenization [15], generating a disproportionate share of envi-
ronmental impacts compared to the total area affected by it [16]. The effects include
habitat fragmentation [16–20], which in its turn influences species and biogeochemical
cycles [18]. Urban sprawl is also a main threat to non-urbanized areas [16,21]. The Habitat
II conference introduced the concept of “ecological footprint” to measure how much the
new constructions, including infrastructure, affect the environment [22].

Over time, urban ecologists studied the ecology in the city, ecology of the city, and
urban sustainability [23]; researches have classified the nature of cities in four categories:
remains of natural systems, extensions of natural systems, landscaped or managed areas,
and spontaneous, invasive, or ruderal species [24,25]. As a consequence of fragmentation,
urban ecosystems are characterized by a built matrix embedding natural corridors and
small, fragmented patches, and processes including succession and invasion [26–29].

While the overall influence of fragmentation on the urban ecosystem has been studied
from a plethora of perspectives, its direct connection with biodiversity is still debated
in the literature. Some authors associate fragmentation with a low biodiversity of small
isolated patches [30,31], especially because species within these patches are more exposed
to anthropogenic impacts [31,32] and have a reduced areal [33]. As a consequence, the
size of patches is considered a good predictor of species richness [31,34]. Other authors
found out that urban sprawl reduces species richness, but the abundances of some species
might peak due to edge effects [27,34]. Moreover, even rare and endangered species can
be preserved in urbanized habitats [26,35] when there is enough connectivity to provide
corridors for certain species [34]. On an intermediate position, some authors consider
that urban biodiversity depends on the spatial structure (understood as size of habitats,
and distance between them) [19]. In addition, the relationship of different species with
humans (hemerophobic, hemerodiaphoric, or hemerophile) plays an important role [36].
Roden [37] approaches the same issue as Mollov [36], differentiating between various
species in the city and also highlighting the need for avian biodiversity. More specifically,
for birds it is not so important to have continuous green spaces (assured by connecting
green areas and through the presence of trees alongside of roads) but, because of their
specific movement ways, and according to Angold et al. [38], they require diversity of
green spaces. For this reason, it is important to phrase land use policies which provide
for the need for biodiversity.

While it is impossible to study exhaustively all species, ecologists focus on some key
groups. Birds are among the most studied groups in urban ecology [34,39], and avian
species are known as excellent bio-indicators [40]. Moreover, the presence of birds in
cities contributes to the soundscapes of cities, investigated in some studies [41–43]. The
cited literature show that natural sounds are preferred by city inhabitants. The way the
avian biodiversity contributes to the soundscape of the city will be subject to a future
study, similar to [44], conducted in Europe by a network on the topic of COST TUD
Action TD-0804 Soundscapes of European Cities and Landscapes. Moreover, bird species
richness is highly variable across the urban-to-rural gradient [45]. The characteristics
of rural individuals are different compared to their urban peers, both at species and
population levels [46]. In this context, urban agriculture [47] deserves a special attention.

Ornithological studies investigating urban environments are scarce in North Africa,
especially in Algeria, and even more precisely in the north of Algeria. Information is
still incomplete, fragmentary, or even lacking, especially for some urban-adapted and
urban-exploiter species [48,49]. In the area of Annaba, despite its ecological importance
and localization (detailed in the Materials and Methods section), there are too few studies
dealing with the avian diversity. The most noteworthy urban studies carried out in the
area focused only on single species or groups, considering the phenotype of the Collared
Dove (Streptopelia decaocto) [50], focusing on the health status of the Feral Pigeon (Columba
livia) [51] or on the Columbidae [52,53].
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The aim of this study is to investigate the controversial relationship between bio-
diversity and urbanization by analyzing the avian diversity in Annaba, Algeria along
an urbanization gradient, using a novel geo-statistical approach. We hypothesize that
diversity decreases towards the urban environment, along with the reduction of vegetated
areas. Unlike the previous ones, this study investigates all avian species encountered
during the field sampling.

2. Materials and Methods

This study relies on a novel geo-statistical approach, combining geospatial techniques
with statistics. In a nutshell, field observations were mapped, combined with remote
sensing data on land cover and use, and spatial analyses carried out based on the statistical
processing of data.

2.1. Case Study: Annaba, Algeria

The study was carried out in and around the City of Annaba from the Wilaya of
Annaba in Algeria. Figure 1 shows the study location in an international and national
context, and also the location of sampling points.

Annaba city is the fourth largest city after Algiers, Oran, and Constantine. It is
located between the latitude of 7◦42′ and 7◦48′ east, and the longitude of 36◦50′ and
37◦57′ north in the north east of Algeria at 100 km from the Algerian–Tunisian border
in the east. The city is at 600 km from the capital Algiers, covers 1412 km2, and its
climate is typically Mediterranean, with an average annual temperature of 18 ◦C and
an annual rainfall ranging from 650 to 1000 mm with a peak in winter and deficit in
summer [54]. Annaba City is bordered in the north and west by the Massif of Edough, the
Mediterranean Sea to the east and the alluvial plain of the Seybouse Wadi to the south.
The average population in 2020 is estimated to 715,370 inhabitants throughout the region,
including over 358,000 in the city of Annaba [55].

Annaba is one of the oldest cities in Algeria, founded in 1295 BC. The city was
named successively Ubon, Hippo Regius, Hippone, Bouna, Bled El Aneb, Bône, and
finally Annaba [56]. The antique city was place to the passage of several civilizations:
Phoenicians, Punic, Numidian, Roman, and Byzantine. Nevertheless, the Roman remains
represent the Roman phase that we see today: cultural buildings, villas, theaters, fountains,
etc. [57]. The Arab-Muslim period (7th and 8th century) left as mark a part of the historic
downtown of Annaba “Place d´arme” represented by capitols of the composite gallery,
porticoes with triple section, wall niches, etc. [58]. In the French Colonial period, the
neoclassical style made its appearance [47,59] to the point where the architectural and
urban production in Algeria merges with that of France. Until contemporary times, from
the 1970s, there was a production of collective buildings under the framework of a more
collective architecture characterized by a modern style poor in decoration. This is found
especially in the main hotels of the city, along with a post-modern style used especially for
shopping centers, and dominated by arches and colors, as well as glass buildings (clinics,
banks, administrations, etc.) [60].

Over time, the city of Annaba has experienced increased sprawl, green spaces making
way to buildings. The city is mainly made up of buildings with very low vegetation in
the surrounding area, and the current trend is to suppress vegetation in order to build
homes, commercial places, etc., mainly for economic reasons [61]. There are several
predominantly wild forest areas in the periphery, such as those around “La basilique de
Saint Augustin”, the “19 May 1945” Stadium), the Sidi-Achour road, and especially the
mountainous region of “Séraïdi”. However, there are fully open parks in the downtown:
Cours de la revolution, Placette Alexis Lambert, and others delimited: Boukhtouta Hocine
Garden, The Squares of Edough, as well as cemeteries, etc. The most important site from
an ecological viewpoint is the Christian Cemetery, which is a closed space inaccessible to
the vast majority of population with an area of 6.5 ha, and the largest park in an urban
environment, characterized by a substantial avian diversity [62].
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Figure 1. Location of the case study in an international (top) and national context (middle), and of
the sampling sites (bottom).

2.2. Data

The data used in this research comes from two sources: field observations and remote
sensing data.
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Field observations were acquired during the period of 2017–2018 from 650 sites,
classified, following the methodology of Aouissi et al. [63,64], based on the land cover
and use data, as “green space”(characterized by the dominance of vegetation, including
parks, cemeteries, and wooded green spaces, 92 sites), “intermediate” (sites where the
presence of trees and greenery was noted, but with adjacent built areas, 92 sites), and
“urban” (where the built up area is predominant, and without green spaces, 466 sites).
There were 4245 raw observations, each line including the name of species, number of
individuals, coordinates of site, date of observation, type of site, presence of vegetation
(%), and whether the observation was made during the reproductive season or not.

We used the method of IPA (“indice ponctuel d’abondance”/point abundance in-
dex) [65]. It consists, for an observer, of staying motionless for 15 minutes and recording
all individual birds heard or seen [66]. The sampling was performed twice by a single
observer (H.A.A) on all 650 sites, previously identified cartographically using GPS. The
first sampling was carried out at the beginning of spring and during summer (between
7 February and 1 September), in order to catch the presence of sedentary and breeding
migratory species during the breeding season. The second sampling was carried out
later on in the season (between 5 September and 1 February), outside of the breeding
season. Data was collected on each site twice a day: early in the morning (approximately
between 5:00 and 7:00 GMT + 1 in summer or between 6:00 and 8:00 GMT + 1 in winter)
and before sunset (approximately between 17:00 and 19:00 GMT + 1 in winter or 18:00 to
20:00 GMT + 1 in summer). In order to avoid overlapping, a minimum distance of 100 m
was maintained between any two sites.

Spatial data was derived from satellite imagery, overlaying the distribution of sites
with the image and determining the land cover and use for each site according to the
classification presented above. The satellite imagery and geographical data, including the
administrative limits, was obtained from the Cartography Department of the National
Hydraulic Basins Agency (ABH CSM) “Agence de Bassin Hydrographique Constantinois-
Seybousse-Mellegue” [67] by M.T.

2.3. Data Processing and Analysis

Data was analyzed using the General Linear Models to find the influence of different
factors, including year and month of collection, presence of vegetation, and whether
the observation was made during the reproductive season or not, on the number of
individuals from each species.

Following the statistical analysis, it was found that since only 323 of the total 4245
observations were from 2018, the year did not significantly influence the avian diversity,
and the model could not run. As a result, during the next step data was aggregated
at the site level, combining all observations for the same species from both years. The
resulting data set had 2738 observations, each line containing the site, species, and number
of individuals. This data set was used to compute for each site separately two indices
of diversity: the species richness, defined as the total number of species per site, and
Shannon-Wiener’s informational entropy index, computed using Equation (1):

H =
i=1

∑
n
(−1)× pi × ln(pi) (1)

where n is the total number of species, and pi is the share of individuals from species i
from the total number of individuals per site.

The choice of the two indices was motivated by their ability to compare the diversity
of different sites [68] or of the same site across time [69] and visualize the distribution in a
spatial perspective, when used in conjunction with geo-statistical approaches [70].

The results were analyzed statistically, in order to determine the relationship between
land cover and use and biodiversity, using the analysis of variance (ANOVA) followed
by three post-hoc comparison tests: Tukey, Bonferroni, and Scheffé. The statistics were
computed using Microsoft Excel 2003 (Microsoft, Spring Valley, CA, USA).
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The geospatial analyses examined the spatial distribution of biodiversity, assessed
using the species richness and Shannon-Wiener’s informational entropy index, against
land cover and use. For this purpose, ArcGIS10.X (Redlands, CA, USA) was used for the
spatial interpolation of the two biodiversity values via simple kriging [71], preferred due
to its intuitiveness and broad use. The land cover surfaces were also derived by interpola-
tion based on assigning proximities with the Spatial Analyst extension of ArcView GIS
3.X (Redlands, CA, USA).

3. Results

Overall, all results are attempting to answer the question whether avian biodiversity
depends on land cover and use, testing its variation across a gradient of urbanization.

3.1. Overall View of the Sample

The analysis of the 4245 observations revealed the presence of 28 bird species. Table 1
presents the species identified, showing the total number of individuals, its average
numerical distribution per site, and number of sites where the species was found.

Table 1. Species found in Annaba, Algeria during 2017–2018. The table shows the total and average
number per site and the number of sites where each species was present.

Species Total No. Average No. per Site No. of Sites Present

Apus apus 108 3.72 29
Bubulcus ibis 10 1.11 9
Chloris chloris 117 1.65 71

Chroicocephalus
ridibundus 167 4.64 36

Columba livia 4424 8.27 535
Columba oenas 1 1.00 1

Columba palumbus 1 1.00 1
Cyanistes caeruleus 86 1.62 53
Cyanistes teneriffae 67 2.23 30
Delichon urbicum 66 2.20 30
Erithacus rubecula 50 1.19 42
Falco tinnunculus 62 1.29 48
Fringilla coelebs 161 1.96 82
Goeland leucopée 102 3.09 33
Hirundo rustica 329 7.65 43

Muscicapa striata 112 1.33 84
Parus major 84 1.50 56

Passer domesticus 1763 5.23 337
Phoenicurus ochruros 113 1.36 83
Phylloscopus collybita 132 1.94 68
Pycnonotus barbatus 116 1.38 84

Serinus serinus 114 1.90 60
Spilopelia senegalensis 117 2.72 43
Streptopelia decaocto 5745 9.28 619
Streptopelia turtur 74 3.36 22
Sturnus vulgaris 158 6.32 25
Sylvia atricapilla 189 2.08 91
Turdus merula 517 4.17 124

The view of the entire sample indicates a diverse presence, with clear outliers: the
Feral Pigeon (Columba livia) and the Collared Dove (Streptopelia decaocto) were the most
numerous, and also present in most sites in large numbers. The Stock Dove (Columba
oenas) and the Common Wood Pigeon (Columba palumbus) were at the opposite extreme,
each found only once in a single site (note that these species were completely absent from
our surveys during previous counts). The number of individuals per site also depends
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on the behavior of species, as some of them tend to group (e.g., Sturnus vulgaris, Passer
domesticus), and others to spread out (for example, the predator Falco tinunculus).

The results of statistical analysis of the overall data set are presented in Table 2. The
table combines two General Linear Models; the first one, labeled “full model”, includes all
variables, and the second, labeled “prediction model”, only those statistically significant.
The first model was overall statistically significant, with F = 12.83 and p < 0.0001; it had
an adjusted R2 of 0.043524. The second model was overall statistically significant, with
F = 13.71 and p < 0.0001; it had an adjusted R2 of 0.043419. The table indicates that the
month of observation, land cover and use, and presence of vegetation have a statistically
significant influence on the number of individuals from each species.

Table 2. General Linear Models examining the relationship between the number of individuals from each bird species found
in Annaba, Algeria during 2017–2018 and the variables with a potential influence on it.

Variable

Full Model Prediction Model

DF
Type
III SS

Mean
Square

F Value Pr > F DF
Type
III SS

Mean
Square

F Value Pr > F

Month 11 1021.83 92.89 8.60 <0.0001 11 1175.08 106.83 9.90 <0.0001
Land cover and use 2 724.48 362.24 33.55 <0.0001 2 727.05 363.52 33.68 <0.0001

Presence of
vegetation 1 103.29 103.29 9.57 0.0020 1 102.86 102.86 9.53 0.0020

Reproductive season 1 5.02 5.02 0.47 0.4953 — — — — —

3.2. Relationship Between Biodiversity and Land Cover and Use

The results of the analysis of variance (ANOVA) indicate that there are statistically
significant differences between the three types of sites (“green space”, “intermediate”, and
“urban”) with respect to species richness (F = 440.77, p < 0.0001) and Shannon-Wiener’s
informational entropy index (F = 177.17, p < 0.0001). The results were confirmed by all
three post-hoc tests, which found significant differences between the values of the two
indicators among each possible pairs of sites. Figure 2 presents the average values of
the two indices, indicating that the underlying hypothesis of the study is verified by the
statistical analysis.

0.00

2.00

4.00
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8.00

10.00
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(92 sites)

Intermediate
(92 sites)

Urban
(466 sites)

Informational entropy Species richness

Figure 2. Distribution of Shannon-Wiener’s informational entropy index and species richness
across the gradient of urbanization in Annaba, Algeria. The image shows that biodiversity tends to
increase when moving from the built-up area towards the natural habitats.

The same results were obtained from geospatial analysis. Figure 3 presents the spatial
distribution of Shannon-Wiener’s informational entropy index and species richness,
interpolated from the sampling sites; it can be seen that green spaces and intermediate
areas are located in areas with higher diversity.

12



Land 2021, 10, 434

In Figure 4, the same distribution is overlaid with the land cover and use derived
from the spatial interpolation of sampling sites. The image shows that areas with high
biodiversity (dark shades) overlap with green spaces and intermediate areas.

 

 

Figure 3. Interpolated spatial distribution of Shannon-Wiener’s informational entropy index (top) and species richness
(bottom) in Annaba, Algeria. The darker shades correspond to higher values of the two indices, indicating higher
biodiversity.
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Figure 4. Interpolated spatial distribution of Shannon-Wiener’s informational entropy index (top)
and species richness (bottom) and interpolated land cover and use in Annaba, Algeria. The darker
shades correspond to higher values of the two indices, indicating higher biodiversity.

4. Discussion

4.1. Significance of the Findings and Comparison with Similar Studies

This study aimed to test the hypothesis according to which biodiversity is inversely
proportional with the degree of urbanization. The statistical analyses confirmed the
hypothesis, showing than the biodiversity of green spaces is significantly greater than the
one of intermediate sites, which in its turn is significantly greater than the one of urban
sites. These results bring additional evidence to the fact that biodiversity is negatively
influenced by urbanization [30,31], leaning the balance of the existing controversies in this
direction. At the same time, spatial analyses cast a new light on the potential implications,
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especially in relationship to planning, discussed in the next section. Last but not least,
the results have a special importance from a methodological perspective, indicating the
importance of combining statistical approaches with geo-spatial techniques in order to
get a detailed picture of the spatial distribution of biodiversity.

Several similar studies were carried out in other regions. In a study carried out in
Mar del Plata City, southeastern Buenos Aires Province, Argentina [72], 39 species were
counted; the most abundant was the Feral Pigeon, and there was no relationship between
the level of urbanization and stability of bird species richness. Another study considered
three Swiss cities: Zurich, Lucerne, and Lugano [73]; in 96 sampling points, 63 species
were found, generally outside of the cities, while in highly urbanized areas, only few were
found, namely Columba livia and Passer domesticus, which is very similar to our results.
The study showed that bird species richness and diversity were negatively affected by
increasing sealed area or buildings, and positively influenced by increasing vegetation
structures, in particular trees. A bird count was carried out in Algeria using the same
method in a much less urbanized area (Ziban region); 42 species were found, most of
them from the Turdidae family [74].

The relationship between avian biodiversity and urbanization in the Mediterranean
climate has been addressed by Di Pietro et al. [75] and Vignoli et al. [76], both investigating
it in the metropolitan area of Rome. The first study, focusing on breeding birds, showed
that the effects of urbanization are little investigated in other species-area relationship
studies in urban ecology. The second study, based on 69 breeding bird species, compared
the urban–rural gradient between the core of metropolis and surrounding area, subdi-
viding the city in cells classified according to landscape, and the highest heterogeneity
was found for the rural gradient. The authors explicitly called for studies in other cities in
order to validate their findings. We consider these studies relevant for comparison due
to being carried out in the same climate region as in Algeria and taking into account the
reference to the green planting map of Rome. The 2013 Le Notre Landscape Forum in
Rome also dealt with the urban periphery, which is worthy considering in the context of
urban sprawl [77]. Vignoli et al. [76] looked specifically at this periphery as a heritage of
urban villas in a city inhabited for millennia. The decrease of biodiversity was observed
at point count and landscape scale. The study showed that different species exhibit
different trends in the rural-urban gradient. Although the agricultural land was richer
in species, this is also true for urban villas, now part of the city, which are remnants of
the former countryside and have large gardens. This sustains our findings regarding the
relationship between the green spaces and avian biodiversity, even if the green spaces are
disconnected. The conclusion of Vignoli et al. [76] is that green areas in the city (such as
the gardens of the villas) provide avian biodiversity to the inner-city areas. In Rome, they
are replacing parks (for example the villa Borghese garden), with implications calling for
the proper conservation of these areas.

Our study is one of only few such studies that have been conducted in Northern
Africa. Provided that Algeria in general remains very little studied, and the study region
specifically, this study fills in an important gap in the knowledge of North African avian
biodiversity, urban environment in general, and the biodiversity related to this type
of habitats is often overlooked. In the majority of cases, studies were carried out only
outside of urbanized areas until recently, when an interest in the city started developing,
as evidenced by the study of Belabed-Zediri [78], focused on water birds from urban
areas. The idea that cities are regarded as deserts from an ornithological point of view
tends to be abandoned over time [72,79].

In our study, even if the results show a decrease in bird diversity along the urban-
ization gradient, they also show an important richness of green spaces within the urban
areas, and the presence of same species found outside the city. A high concentration of
diversity and abundance in the environments with significant vegetation should be noted,
testifying to the importance of green spaces in urban environments, further discussed in
the next section in relationship to planning.
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4.2. The Planning Perspective

The planning consequences rely on previous studies. Planners are considered re-
sponsible for developing a strategy for urban green infrastructure [30,68,80]; even taking
it into account in planning and management can increase urban sustainability [81–87], by
turning the vicious circle determined by its fragmentation into a virtuous one [88] when
creating corridors to link natural patches. The strategy must be built on the premise that
conservation should protect networks instead of parcels [30]; this is vital to maintaining
ecosystem services [26]. The possible solutions include restoring connectivity [89] or
buffering natural areas [32], and linking protected areas or parks [17]. Most important, the
strict enforcement of planning provision makes an important contribution to the conser-
vation of biodiversity, in opposition to any deviation from it by the means of derogatory
planning [12,90].

In the particular case of this study, the lesson according to which biodiversity de-
creases along the urbanization gradient implies a need for solutions aimed at connecting
the biodiversity hotspots, i.e., green spaces. Provided that the “intermediate” sites also
show a high biodiversity, significantly higher than the urban ones, they can be used as
links between the green spaces, ensuring the movement of species across sites.

In Northern Europe a decline was observed in the sparrow population, despite many
environmental restoration activities (e.g., unsealing the ground through permeable plates
in parking places etc.) which is highlighted by the literature [91]. This underlines that
the urbanization influence on the decline of avian biodiversity is not reversible if the
area undergoes ecological restoration afterwards [73], and thus the efforts to preserve the
initial ecological status have to be done. This was also present in the COP21 prescrip-
tions, and caused citizen participation movements in Northern Europe against transport
infrastructure extension around cities, which can lead to the loss of biodiversity in cities
and the agricultural land around them [92]. The conflicts in urban management between
stakeholders are not to be decoupled from the energy discussion by COP21, but include
the debate on the neighborhoods at the city periphery with single family housing. The
Algerian urban model follows, as stated earlier, the French Western European urban
model with urban sprawl occurring in the periphery through the emergence of new
neighborhoods in the 20th century. Instead, the “house with garden” model, also of
French influence (see also [93]), should be preserved to provide not only for connections,
but also for the diversity of green spaces. Currently low-rise housing and green spaces are
endangered by speculative building. Preserving the green areas of the city and recycling
the historic building stock also helps moving to a circular economy and countering the
urban heat islands, with a positive effect on vegetation and biodiversity.

Few other studies considered the relationship with planning practices. In Canoas,
the metropolitan area of Porto Alegre (Brazil), 100 species were found, mostly doves;
their number was negatively affected by the increase of urbanization (and noise level),
but the share of green areas had a positive effect. Nevertheless, the study found that the
presence of particular habitats (wetlands, grasslands, woodlots), patchily distributed in
the urban matrix, could buffer the effects of urbanization on birds, and recommended
taking them into account in urban planning. The study recommended supporting citizens
in maintaining residential vegetation (e.g., private yards), and, hence, keeping native
vegetation areas inside the urban area, to increase the green areas and promote biological
conservation [94]. In Valdivia (Chile), green spaces had a positive impact on the distri-
bution and diversity of 32 bird species; various categories of green space can have very
different effects even exerting a negative influence, such as the municipal green areas.
Municipal green spaces, designed and maintained for recreational purposes, were found
more homogeneous with respect to land cover and vertical heterogeneity when compared
to non-municipal green areas. The authors recommended planners pay a special attention
to municipal green areas, where habitat quality for birds can be improved by reducing the
impervious surface and creating and conserving a multi-layered vegetation structure, and
preserve non-municipal green areas, including wetlands critically threatened by urban
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development [95]. In the municipalities of Vancouver and Burnaby (British Columbia), 25
common species were found; the results suggested that both local and landscape-scale
resources were important in determining the distribution of birds in urban areas. They
recommended the integration of parks, reserves, and surrounding residential areas into
urban planning to preserve the diversity of resident avifauna and overall species diversity.
Also, development on the verge of continuously forested areas was found useful to mini-
mize the impervious surface cover and house size, maintain native tree and berry shrubs,
integrate new ponds, and preserve and develop natural freshwater sources. Residential
areas near parks were found to be more likely to recruit sensitive nesting species and
probably experience frequent use by species from nearby parks [19].

4.3. Future Research Directions

Our study could be extended to explore biodiversity indicators for many dimensions;
we could, for example, verify the stability of the explicative model of biodiversity during
our period (2017–2018), previously, and for the future periods using several statistical
tests such as the Chow Test, etc. However, currently it is difficult to do investigative
work, in particular because of the epidemiological crisis due to the COVID-19 pandemic,
especially in Algeria [96].

Future research could also explore more explicative factors of biodiversity, such as
industry, agricultural activity, demographic growth, ecological indicators, etc. Urban agri-
culture can be a determining factor. In Algeria [97], but also in the European Union [98],
attention is given, apart of green spaces, to animal species in urban agriculture. Therefore,
not only recreation areas, but also production areas can connect the green areas of the city
with the peri-urban ones.

It would be interesting to extend the study area to several cities, and make compar-
isons, for example, between semi-arid and arid areas of Algeria; this may help clarifying
better the relationship between urbanization and bird communities. At least, especially
in North African and Middle-East regions, this kind of studies remain scarce and all
additional data can be considered important. A comparison can be made between areas
around the Mediterranean, including the European ones.

The debate can also be carried towards the role of individual dwellings versus
collective housing. In each case, adequate green public space has to be assured. In cities
which do not have historical fortifications, individual homes with gardens proliferate. On
the other hand, the spread of the International Style favored the construction of blocks
of flats in the green areas. These green spots, rarely mapped, contribute to linking green
spaces. A representative project was carried out in Rome, Italy to map green spaces [99].
A similar study can be developed based on an urban analysis.

5. Conclusions

This study has explored the hypothesis according to which biodiversity, and in
particular avian diversity, decreases from the urban towards the natural areas. The
hypothesis was confirmed by the findings, providing some important insight from a
planning perspective. First, urban green spaces are important biodiversity hotspots,
and second, connectivity is important to link them and permit the migration of birds
from one area to another. From a planning perspective, this study brings additional
evidence for the need for connecting the green infrastructure, enabling corridors for
the avian fauna. At the same time, the research is relevant for its region, as the North-
African biodiversity is insufficiently explored in the literature, and also for the coastal
Mediterranean environments. Future studies could make use of the data and results and
check whether the patterns are comparable with those from Europe and elsewhere. Last
but not least, the study underlines the potential of diversity indices, such as Shannon-
Wiener or species richness, for being used in a spatial setting, with outcomes relevant
both for planning and scientific purposes.
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Abstract: Biodiversity in the Middle and Lower Yangtze Floodplain has critically decreased during
the last several decades, driven by numerous determinants. Hence, identification of primary
drivers of animal population decline is a priority for conservation. Analyzing long time-series
data is a powerful way to assess drivers of declines, but the data are often missing, hampering
effective conservation policymaking. In this study, based on twenty-four years (from 1996 to 2019)
of annual maximal count data, we investigated the effects of climate and landscape changes on
the increasing population trend of the Greater White-Fronted Goose (Anser albifrons) at a Ramsar
site in the Middle and Lower Yangtze Floodplain, China. Our results showed that the availability
of a suitable habitat and landscape attributes are the key driving forces affecting the population
trend, while the effects of climate factors are weak. Specifically, increasing the area of suitable
habitat and alleviating habitat fragmentation through a fishing ban policy may have provided a
more suitable habitat to the geese, contributing to the increasing population trend. However, we
also observed that the grazing prohibition policy implemented in 2017 at Shengjin Lake may have
potentially negatively affected geese abundance, as grazing by larger herbivores may favor smaller
geese species by modifying the vegetation community and structure. Based on our results, we
suggest several practical countermeasures to improve the habitat suitability for herbivorous goose
species wintering in this region.

Keywords: Anatidae; population trend; landscape changes; recessional grassland; Yangtze wet-
lands; bird conservation

1. Introduction

Wildlife population trends can be affected by various environmental and anthro-
pogenic factors [1]. Among them, land use and climate change are considered to be the
major threats [2,3]. Habitat loss, fragmentation, and degradation severely affect bird
species abundance, distribution range, trend, and diversity [3–5]. Poleward shifts have
also been documented for bird species under the influence of global warming [6]. How-
ever, as long time-series data are often limited to a small number of systems or regions [7],
a comprehensive understanding of the causal effects of land use and climate changes on
individual bird species is still largely missing, hindering effective conservation.

Known as a valuable natural ecosystem type, wetlands not only provide important
ecosystem services globally, such as flood control, water purification, and carbon seques-
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tration [8], but also provide food and shelter for numerous species [9]. However, about
50% of the global wetland area has been lost since 1900 [10], and the loss of wetland began
to intensify in recent years [11]. Especially in Asia, human activities in wetlands have
greatly increased compared with other regions [12], which has posed a severe threat to
waterbirds that rely on wetlands for their life cycle [13].

The middle and lower Yangtze River Floodplain is covered by the largest freshwater
lake cluster in East Asia, which plays a critical role in supporting hundreds of migratory
wintering waterbird species migrating along the East Asian–Australasian Flyway, such as
geese [14]. However, with economic development, the Yangtze lakes have also experi-
enced severe land use changes [12], and as a consequence, abundances and distributions
of goose species have also changed [15].

Goose species wintering in the Yangtze floodplain mainly feed on recessional grass-
land. Hence, a primary determinant of goose population abundance is the size of the avail-
able habitat, which is governed by water level fluctuations. According to the individual–
area relationship, population size will increase with increasing habitat area [16]. Hence,
population abundance might be negatively affected by the reduction in recessional grass-
lands. Following the optimal foraging theory, forage quantity may also affect goose
species abundance by affecting their daily nutrition intake [17,18]. As predicted by
the functional response, goose species generally display Type II or Type IV functional
responses, indicating that goose abundance will first increase with increasing forage
quantity and then level off or decrease when the maximum intake is reached [17,19].

More importantly, in this region, human activities have caused large-scale habitat
loss and fragmentation [20], potentially influencing geese population abundance and
trends [15]. For example, aquaculture activities such as constructing fishing nets and
cofferdams may split a large habitat into several smaller patches, negatively affecting
geese abundance [21]. In opposition, larger fields of higher-yielding grasses may favor
foraging [22]. In addition, habitat fragmentation may also increase the edge effect and
decrease habitat connectivity, causing a decline in goose population [23,24].

Climate factors can also influence abundance of goose species that rely on wetlands,
mainly through changes in temperature and precipitation. Wintering birds foraging in
relatively warm habitats can reduce their metabolic rate [25] as the warmer temperature
may reduce the cost of thermoregulation [26], and hence a warmer area may attract more
geese. In addition, both temperature and precipitation are predicted to be positively
correlated with grassland primary productivity [27], which will positively affect the
number of herbivorous geese [28]. However, a higher precipitation may also result in
increasing water levels in wetlands, which may decrease food availability for grazing
waterbirds through flooding [29].

Former studies have found that the population abundances of the Anatidae species
(e.g., bean goose Anser fabialis, swan goose Anser cygnoides, and tundra swan Cygnus
columbianus) generally declined in wetlands along the Yangtze River floodplain [4,15].
The Greater White-Fronted Goose (Anser albifrons) is another dominant wintering wa-
terbird species in this region, which strictly forages on recessional grassland. It is also
one of the most vulnerable waterbirds affected by human activities along the East Asian–
Australasian Flyway [30,31]. However, because of the absence of long time-series popula-
tion data, the drivers of population trend have still not been studied in the Yangtze River
Floodplain, thus hindering effective conservation strategies.

Anhui Shengjin Lake National Nature Reserve, a Ramsar site located in the mid-
dle and lower Yangtze floodplain, is one of the wetlands with the highest wintering
waterbird density in the region. In addition, rapid economic development has caused
greater landscape changes in the past few decades, offering a good opportunity to study
the influence of human activities on the population trend of waterbirds. In this study,
based on twenty-four years (from 1996 to 2019) of continuous waterbird monitoring, we
investigated how landscape change, habitat fragmentation, as well as climate factors
have affected the population trends of the Greater White-Fronted Goose at the Shengjin
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Lake National Nature Reserve. Specifically, we aim to determine what are the key factors
affecting the population trend of the Greater White-Fronted Goose.

2. Materials and Methods

2.1. Study Area

Shengjin Lake National Nature Reserve (30◦16′–30◦25′ N, 116◦59′–117◦12′ E) was
designated as a Ramsar site in 2015 and lies on the southern bank of the middle and
lower Yangtze River in Anhui Province, China (Figure 1). It is one of the wetlands with
the highest density of waterbirds in the middle and lower Yangtze floodplain. It is a
seasonally inundated, extending to ca 133 km2 in the wet season in summer. The lake area
decreases to ca 34 km2 in the dry season in winter when the water level recedes, exposing
extensive mudflats, grasslands, sedge (Carex spp.) meadows, and seasonal wetlands. The
climate is characterized by a subtropical monsoon with average annual temperature of
around 16.1 ◦C and average January temperature of about 4.0 ◦C. Average annual rainfall
is about 1600 mm. The lake is connected to the Yangtze River via the Huangpen sluice,
which was built in 1965.

Figure 1. Location of Shengjin Lake National Reserve in China and the waterbird monitoring
design.

Owing to the rapid economic development since the 1900s, human activities have
severely modified the landscape of Shengjin Lake, potential affecting wintering waterbird
abundance. In 2017, to better protect the wintering waterbird, a fishing and grazing
prohibition was implemented in the area, and relevant regulations were officially issued
in 2018.

To determine the whole range of the lake area, we extracted the water area in
summers of 1989, 2002, and 2019 during the high water periods and calculated the total
water area separately using ENVI5.3. The result showed that 96.7% of the lake area
overlapped between years, indicating only little change in the whole lake area during
the past thirty years (Appendix A, Table A1). Therefore, in further analyses, we used
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the boundary of the Shengjin Lake in 2002 as the whole lake area to quantify the habitat
features and landscape matrices of the lake area from 1996 to 2019.

2.2. Count Data of Greater White-Fronted Geese

Greater White-Fronted Geese were surveyed using point counting methodology
from 1996 to 2019. Geese were identified and their abundance was recorded through a
18–60× telescope. Most of the surveys were carried out by two teams of two persons in
two days.

From 1996 to 2007, the number of overwintering Greater White-Fronted Geese was
annually surveyed by the skilled staff of Shengjin Lake National Nature Reserve. Based
on the lake morphology, 23 counting points covering the whole lake were set up, and the
observers visited all counting points every month during the wintering periods.

From 2008 to 2019, the number of overwintering geese was counted systematically
by the authors every 16 days during winter (October–April; for the years 2015–2018,
only January counts were available), following the methods described in our former
studies [32]. Briefly, Shengjin Lake was divided into 59 survey areas covered by 56
counting points to ensure that the entire lake was completely surveyed (Figure 1). The
reason for increasing the number of the counting points is because the aquaculture
activities, which accelerated in 2006, used a larger amount of bamboo poles and fishing
nets, interrupting the vision of observers.

The maximum annual number of Greater White-Fronted Geese for each winter was
further extracted for winters from 1996 to 2019, except for winters from 2015 to 2018,
when only January counts were available and used. The maximum numbers of wintering
Greater White-Fronted Geese were normally observed in January, suggesting that bias
caused by the survey effort between 2015 and 2018 had little effect on the final results.

2.3. Satellite Image Processing

Satellite images used for the analyses were obtained from the United States Geo-
logical Survey (USGS; http://www.usgs.gov/; accessed on 20 April 2020), including
Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+) images, and Opera-
tional Land Imager (OLI) images (with a consistent spatial resolution of 30 m). Images
with a cloud cover less than 10% were selected. Most of the images were taken in Novem-
ber and December during the years of 1996–2019 (Appendix A, Table A2). Gap filling
was used to deal with the problems of data duplications and loss in ETM+ images owing
to the failure of the Scan Line Corrector [33]. After that, image calibration, atmospheric
correction, and geometric correction were conducted.

We classified the habitat within the lake area into four categories: water, grass-
land, mudflat and emergent vegetation. Modified normalized difference water index
(MNDWI) [34] was calculated to delineate the water surface area for each image using
the formula below:

MNDWI = (green − SWIR)/(green + SWIR) (1)

where green and SWIR (short-wave infrared) represent the second and seventh bands of
Landsat5 TM and Landsat7 ETM+ images, respectively, and the third and seventh bands
of Landsat8 OLI images, respectively.

Mudflat and grassland were classified by manually selecting the empirical threshold
value of the normalized difference vegetation index (NDVI) [35], and the emergent
vegetation was classified through visual interpretation on this basis. NDVI was calculated
following the method below:

NDVI = (NIR − red)/(NIR + red) (2)
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where red and NIR (near-infrared) represent the third and fourth bands of Landsat5 TM
and Landsat7 ETM+ images, respectively, and the fourth and fifth bands of Landsat8 OLI
images, respectively.

Finally, patches with an area less than 90 m × 90 m (determined by the satellite
images resolution) were aggregated through a minority analysis to facilitate the following
analyses. All the above processing was conducted in the software ENVI 5.3. The patch
area of each classification and NDVI of grassland were calculated using ArcGIS 10.3.

2.4. Climatic Variables

Waterbirds’ population size was generally affected by temperature and precipita-
tion [36]. For example, the abundance of waterbirds decreases with decreasing tempera-
tures during the wintering period [36], and considering that grassland primary productiv-
ity is predicted to be positively correlated with both temperature and precipitation [27],
this relationship is likely to positively affect the number of herbivorous geese [28]. We thus
expected the waterbird population trend will be positively correlated with temperature
and precipitation. Hence, 10 climatic variables (Table 1) were selected to correlate with
changes in abundance of the Greater White-Fronted Goose: mean annual temperature
(MAT), mean temperature of the coldest quarter (MTCQ), mean temperature of the driest
quarter (MTDQ), minimum temperature of the coldest month (MTCM), temperature
seasonality (TSN), mean annual precipitation (MAP), precipitation of the coldest quarter
(PCQ), precipitation of the driest quarter (PDQ), temperature annual range (TAR), and
precipitation seasonality (PSN). The air temperature and precipitation of Shengjin Lake
were acquired from meteorological stations through China Meteorological Data Service
Center (CMDSC) (http://data.cma.cn/; accessed on 8 June 2020).

Table 1. Potential explanatory variables, their descriptions and abbreviations, and data sources used in this study. CMDSC:
the China Meteorological Data Service Center.

Categories Variables Abbreviations Sources

Climatic variables Mean annual temperature MAT CMDSC
CLIM Mean temperature of the coldest quarter MTCQ CMDSC

Mean temperature of the driest quarter MTDQ CMDSC
Min temperature of the coldest month MTCM CMDSC

Mean annual precipitation MAP CMDSC
Precipitation of the coldest quarter PCQ CMDSC
Precipitation of the driest quarter PDQ CMDSC

Temperature annual range TAR CMDSC
Temperature seasonality TSN CMDSC
Precipitation seasonality PSN CMDSC

Ecological variables Mudflat area MA Image processing
ECOL Grassland area GA Image processing

Emergent vegetation area EVA Image processing
NDVI NDVI Image processing

NDVI coefficient of variation NDVICV Image processing

Landscape metrics Largest patch index of mudflat MLPI Image processing
LAND Patch density of mudflat MPD Image processing

Connectance index of mudflat MCONNECT Image processing
Largest patch index of grassland GLPI Image processing

Patch density of grassland GPD Image processing
Connectance index of grassland GCONNECT Image processing

Largest patch index of emergent vegetation EVLPI Image processing
Patch density of emergent vegetation EVPD Image processing

Connectance index of emergent vegetation EVCONNECT Image processing
Largest patch index of lake area LALPI Image processing

Patch density of lake area LAPD Image processing
Connectance index of lake area LACONNECT Image processing

Simpson’s diversity index of lake area LASIMP Image processing
Simpson’s evenness index of lake area LASIMPEVE Image processing

2.5. Ecological Variables

Bird abundance is predicted increase with increases in patch size [17]. In addition,
vegetation biomass and waterfowl abundance are often positive related [37]. Hence,
according to the diet and habitat usage of the Greater White-Fronted Goose, we refer to
five ecological variables (Table 1) that potentially affect the Greater White-Fronted Goose
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population size: mudflat area (MA), grassland area (GA), emergent vegetation area (EVA),
NDVI, and coefficient of variation of NDVI (NDVICV) of grassland.

2.6. Landscape Metrics

Landscape metrics at both class (to quantify the attributes of a specific landscape class)
and landscape level (to quantify the entire landscape mosaic) were calculated as shown in
previous studies where species abundance is affected by landscape attributes at both lev-
els [38]. To do this, landscape metrics were selected according to the ecological characteristics
of the studied species [39,40]. In total, five landscape metrics were included (Table 1): largest
patch index (LPI), patch density (PD), connectance Index (CONNECT), Simpson’s diversity
index (SIDI), and Simpson’s evenness index (SIEI), covering the dominance, fragmentation,
connectivity, and diversity of the landscape [41]. The variations in bird habitats (mudflat,
grassland, and emergent vegetation) were determined as class-level metrics (LPI, PD, CON-
NECT). Landscape-level indexes (LPI, PD, CONNECT, SIDI, and SIEI) were measured based
on the results of all classifications to reflect the changes in the landscape in the lake area. The
software FRAGSTATS 4.2 [42] was applied to compute all metrics.

2.7. Statistical Analyses

Population trends and annual indices were calculated for the Greater White-Fronted
Goose based on the abundance data in the R-package rtrim [43]. Rtrim is a commonly
used tool in bird monitoring, using a Poisson general log-linear model. Rtrim produces
annual growth rate and annual abundance indices, including their standard errors.

All explanatory variables were grouped into three variable sets. Before analyses,
all independent and dependent variables were standardized using the Z-score method
to interpret parameter estimates on a comparable scale. To account for the risk of mul-
ticollinearity, Pearson correlation coefficients (r) were calculated for all possible pairs
of independent variables belonging to the same variable set. Then, univariate linear
regression analyses were applied with all dependent variables tested one by one against
the population growth rate. Variables with larger p-values obtained by univariate linear
regression analyses were dropped in the pairs having an |r| > 0.5 [44].

We formulated a set of working hypotheses for the remaining variables (Table 2).
Model I represents the effect of climatic variables on the population trends of the Greater
White-Fronted Goose. Model II and III represent the effect of ecological variables and
landscape metrics, respectively.

Table 2. Working hypotheses to test the effect of different variables on population trends of the
Greater White-Fronted Goose (Anser albifrons) at the Shengjin Lake National Reserve between
1996 and 2019. The number of variables was reduced to avoid multicollinearity. H1 indicated the
predicted effect. + = positive effect, − = negative effect. For variable abbreviations, see Table 1.

Models Variables Types H1

Model I MAT CLIM +
MTCQ CLIM +
MTCM CLIM +
MAP CLIM +
PCQ CLIM −
PDQ CLIM −

Model II MA ECOL +
GA ECOL +
EVA ECOL +

NDVI ECOL +

Model III MCONNECT LAND +
GLPI LAND +

GCONNECT LAND +
EVCONNECT LAND +
LACONNECT LAND +
LASIMPEVE LAND −

Multiple linear regression models were then used to detect the effect of each variable
set on population trends for the Greater White-Fronted Goose from 1996 to 2019. We
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ranked all possible subset models based on Akaike’s information criterion for a small
sample size (AICc). In addition, Akaike weights (wi) were also calculated to estimate the
likelihood of each model [45]. Model averaging was then applied to obtain parameter
estimates for each variable. The model averaging was done with a cut-off ΔAICc ≤ 2 [45].
The explanatory power of each variable set was calculated by averaging the adjusted-R2

(Adj.R2) among the best models [46].
All analyses were carried out in R 4.0.3 with the package rtrim and MuMIn.

3. Results

3.1. Changing of Population Sizes and Population Trends

Generally speaking, the population of the Greater White-Fronted Goose increased
during the past two decades at the Shengjin Lake National Reserve (Figure 2). Before
2009, the population changes were relatively small, but larger population fluctuations
were detected after 2009. However, population size experienced significant declines in
the years of 2012 and 2013, and especially in 2019 when the population of the Greater
White-Fronted Goose decreased by nearly 50% (Figure 2).

Figure 2. Changes of the population trend for the Greater White-Fronted Goose in the past two
decades at Shengjin Lake National Reserve in the Yangtze River Floodplain. Error bars indicate the
95% CI.

3.2. Changing of Habitat from 1996 to 2019

The habitat of the Greater White-Fronted Goose has gradually changed during the
last 20 years at the Shengjin Lake (Figure 3). The size of the grassland area increased from
ca. 19 km2 to ca. 25 km2, and the connectivity of grasslands also improved. In contrast,
Simpson’s evenness index for the lake area decreased, indicating that the landscape tends
to be formed by several dominating types (Figure 3).

3.3. Effect of Different Variables on Wintering Population Trends of the Greater
White-Fronted Goose

The multiple linear regression models with all possible combinations of each variable
category illustrated that most of the potential predictor variables were featured in the best
fitting models (ΔAICc < 2) affecting the population trends of the Greater White-Fronted
Goose (Table 3).
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In the climate models, temperature and precipitation mostly had a positive effect
on the population trend of the Greater White-Fronted Goose (Figure 4). For ecological
models, grassland area (GA) and mudflat area (MA) were positively related to population
trend, while emergent vegetation area (EVA) had a negative effect (Figure 4). In landscape
models, connectance and dominance index of grassland areas (GCONNECT, GLPI) dis-
played a strong positive relationship with the population trend, but Simpson’s evenness
index of lake area (LASIMPEVE) showed a negative relationship with the population
trend (Figure 4).

When comparing the performances of the models among each variable category, we
found that landscape models scored the highest explanatory power (adj.R2 = 0.641 ± 0.006),
indicating their primary importance in explaining population trends. The ecological mod-
els also showed considerable explanatory power (adj.R2 = 0.380 ± 0.008), which means
that they also played an important role in governing the changes of population. Climate
variable model had the lowest explanatory power (adj.R2 = 0.095 ± 0.023).

Table 3. Variables of each category featured in the best models, explaining the Greater White-Fronted Goose population
trend in order of increasing AICc (Akaike information criterion for small sample size), ΔAICc, and wi (Akaike weights)
based on the multiple linear regression models. CLIM = climate factors; ECOL = ecological factors; LAND = landscape
factors. For variables’ abbreviations, see Table 1. df = degrees of freedom, logLik = log likelihood, adj.R2 = adjusted R2.

Categories Top Models df logLik AICc ΔAICc wi adj.R2

CLIM MAT 3 −31.810 70.820 0 0.078 0.095
CLIM PCQ 3 −32.326 71.852 1.032 0.047 0.055
CLIM MAT + PCQ 4 −30.927 71.959 1.139 0.044 0.119
CLIM MAT + MTCQ 4 −31.043 72.192 1.372 0.039 0.111
CLIM MAP + MAT 4 −31.195 72.495 1.675 0.034 0.099
CLIM MAT + PDQ 4 −31.356 72.817 1.996 0.029 0.087
ECOL GA + MA 4 −26.704 63.513 0 0.533 0.381
ECOL EVA + GA + MA 5 −26.144 65.511 1.999 0.186 0.379
LAND GCONNECT + GLPI + LASIMPEVE 5 −19.567 52.468 0 0.474 0.641
LAND GCONNECT + GLPI + LACONNECT + LASIMPEVE 6 −18.984 54.449 1.981 0.140 0.640

Figure 4. The overall performances of multiple regression models (histogram plot) for each variable
category, explaining the population trend of the Greater White-Fronted Goose and regression
coefficients of each variable (forest plot) featured in the best models. Adj.R2 = adjusted R2. Error
bars indicate 95% CI. For variables’ abbreviations, see Table 1. ** indicates p < 0.01; *** indicates p <
0.001.
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4. Discussions

Since the early Anthropocene, the intensification of anthropogenic activities has
significantly changed wetlands, and hence their biodiversity. Applying long time-series
data to detect the effects of human activities on biodiversity is essential to offer better
conservation measures [47]. In this study, using more than twenty years of wintering
waterbirds monitoring data, we detected an increasing population trend in the Greater
White-Fronted Goose at Shengjin Lake, although the population abundance was often
reported to display a decreasing trend in some other Yangtze wetlands [48]. We then
demonstrated that the availability of suitable habitat and landscape attributes are the key
drivers governing population trends, while the effects of climate factors are weak. Our
findings may serve as a successful conservation case to inspire practical conservation
measures and better safeguard regional biodiversity.

Unexpectedly, and in opposition with most other species, we found a locally in-
creasing population size for the Greater White-Fronted Goose over the last 24 years at
Shengjin Lake. The shift in survey protocols and efforts may, however, affect our census
data, and hence the population trend [49]. Only a few geese were counted during the
earlier years of our study period (Figure 2) and the population abundance might be
underestimated because of the lower accessibility to some habitats and the lack of skilled
observers. However, the population size increase after 2007 is unlikely to be an artifact
as survey protocols changed that year and were maintained consistently until 2019, and
systematic surveys were conducted to cover the totality of the lake.

The increasing population trend may be related to the reproductive success in the
breeding area. There are two biological flyways for Greater White-Fronted Geese in
eastern Asia. Within the branch of the flyway studied here, the population size has been
in critical decline since the 1990s [50,51], suggesting that the increasing population trend is
hardly explained by the improvement of reproductive success. In addition, the declining
population trend is often reported in some other Yangtze wetlands [48], which indicates
that the improvement in wintering habitat at the Shengjin Lake may attract more birds
than the other Yangtze wetlands. Our result is also in line with a former study that found
that the population trend of the Greater White-Fronted Goose was stable at wetlands with
the highest protection level in this region [15]. Niche theory may also be used to explain
this increasing trend. In Shengjin Lake, the Swan Goose (Anser cygnoides) population has
dramatically decreased because of the collapse of submerged macrophytes [52]. Hence,
waterbird species relying on other resources, such as the Greater White-Fronted Goose,
may migrate to occupy the niche, leading to an increase in population size.

Our results showed that changes in landscape attributes have the highest explanatory
power for Greater White-Fronted Goose population trends. Among them, the connectance
index (GCONNECT), largest patch index (GLPI) of grassland, and Simpson’s evenness
index of lake area (LASIMPEVE) were the most important determinants (Figure 4). Simi-
larly, an earlier study indicated that landscape variables better explained patterns in bird
richness [53]. Our results also found that connectivity and integrity of grasslands had
a strong positive effect on goose population trends (Figure 4), emphasizing that habitat
fragmentation caused by human activities such as aquaculture has an important effect
and promotes a decrease in waterbird population sizes. Our results also showed that the
population of the Greater White-Fronted Goose will probably decrease with an increase in
landscape evenness (Figure 4). Habitat preference is frequently treated as one of the most
important species traits associated with bird population abundance [7,54]. Wintering
Greater White-Fronted Geese strictly forage on recessional grassland in this region [31],
and population dynamics are thus predicted by the individual–area relationships [17],
where a dominant preferred habitat may favor population maintenance. This may also be
explained by a positive relationship between the largest patch index of grassland (GLPI)
and the population trend of Greater White-Fronted Goose (Figure 4).

Regarding the ecological variables, the area of preferred habitat has a good explana-
tory power for the trend in the Greater White-Fronted Goose population. As predicted
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and consistent with theories, the area of grassland and mudflat positively correlated with
goose population trend (Figure 4). In addition, an earlier study showed that habitat size
positively affects the population abundance of herbivorous goose species [55].

The size of recessional grassland highly depends on water level fluctuation [56,57].
Hydrological changes caused by hydroelectric and water diversion projects such as the
Three Gorges Dam have been frequently documented in the Yangtze wetlands, reducing
river discharge and changing the vegetation structure [58,59]. However, despite an
increasing population trend at the Shengjin Lake, it cannot be concluded that the Greater
White-Fronted Goose may benefit from those changes. The operation of the Three Gorges
Dam may accelerate downstream drainage, prolong the growing period of recessional
grassland in winter [5,60], and thus negatively affect herbivorous geese foraging by
resulting in a large amount of tall and old grass [18,61]. As the Shengjin Lake is located in
the lower Yangtze Floodplain Plain, and the effect of hydrological changes on downstream
wetlands may have a time-lag, future population changes are unlikely to be positive.
In addition, we detected a rapid decline in population abundance after 2018 (Figure 2),
probably triggered by the prohibition of grazing by buffaloes since 2017. Larger livestock
such as buffalos may remove the old and low nutrition grass, change the vegetation
structure, and thereafter facilitate grazing by smaller species such as geese [55,62]. Hence,
further studies are highly suggested to verify the effects of changing grazing regimes on
geese species when the acquired data are available.

Climate change is often blamed to be one of the important driving forces causing
population decreases [63,64]. However, evidence is often obtained through larger scale
analyses. At the local scale, other factors such as human activities and landscape changes
may alter the effects of climate change [65]. In our results, climate models had the lowest
explanatory power, implying the effect of climate changes on Greater White-Fronted
Goose population trends is weak over the 24 years of our study.

5. Conclusions

In this paper, we demonstrated an increasing population trend in the Greater White-
Fronted Goose (Anser albifrons) at Shengjin Lake National Reserve. However, this does
not mean that the conservation status of the geese has improved in the whole region, as
population decreases were generally reported in some other wetlands in the region [66].
Hence, to better protect this valuable species, further conservation measures should be
considered for the Yangtze wetlands as a whole. Our results can also inspire several
practical countermeasures. Firstly, as water level regimes largely determine recessional
grassland availability and quality, hydrological regulation rules that allow for the pre-
ferred habitats to be gradually extended should be enacted and enforced. Secondly,
aquaculture and related activities within wetlands, such as the construction of fishing nets
and cofferdams, should continue to be strictly controlled as conservation profits have been
preliminarily documented through an increase in grassland area and connectivity. Lastly,
although it is not verified because future data are needed, the grazing prohibition policy
that took effect in recent years in the region might result in changes in the vegetation such
as quantity, quality, and heterogeneity, and thus possibly threaten wintering herbivorous
geese. Hence, we highly recommend the adjustment of the current policy and explore an
optimum grazing intensity to facilitate geese foraging.
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Appendix A

Table A1. The lake area during the high water period in 1989, 2002, and 2019.

Year Area/km2

1989 131.0022
2002 131.1035
2019 131.9908

Table A2. Landsat images used in the map processing and the dates when the images were taken.
Path/row: 121/39 (Landsat Path/Row World Reference System).

Category TM ETM+ OLI

5 July 1989 10 December 1999 2 August 2013
9 April 1996 5 July 2000 24 December 2013
25 December 1996 2 November 2000 1 May 2014
22 August 1997 24 July 2001 5 August 2014
7 September 1997 11 July 2002 5 June 2015
10 November 1997 24 November 2005 30 December 2015
8 July 1998 30 November 2007 23 June 2016
15 December 1998 27 July 2008 16 December 2016
29 September 1999 5 December 2009 12 July 2017
21 November 2001 18 August 2010 19 December 2017
8 November 2002 8 December 2010 3 August 2019
7 August 2003 11 December 2011 23 November 2019
13 December 2003 22 July 2012
9 August 2004 27 November 2012
15 December 2004 17 November 2014
12 August 2005 24 August 2018
30 July 2006 28 November 2018
21 November 2006
2 August 2007
10 December 2008
4 June 2009
28 July 2011
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Abstract: Global biodiversity losses erode the functioning of our vital ecosystems. Functional
diversity is increasingly recognized as a critical link between biodiversity and ecosystem functioning.
Satellite earth observation was proposed to address the current absence of information on large-scale
continuous patterns of plant functional diversity. This study demonstrates the inference and spatial
mapping of functional diversity metrics through satellite remote sensing over a large key biodiversity
region (Sabah, Malaysian Borneo, ~53,000 km2) and compares the derived estimates across a land-use
gradient as an initial qualitative assessment to test the potential merits of the approach. Functional
traits (leaf water content, chlorophyll-a and -b, and leaf area index) were estimated from Sentinel-2
spectral reflectance using a pre-trained neural network on radiative transfer modeling simulations.
Multivariate functional diversity metrics were calculated, including functional richness, divergence,
and evenness. Spatial patterns of functional diversity were related to land-use data distinguishing
intact forest, logged forest, and oil palm plantations. Spatial patterns of satellite remotely sensed
functional diversity are significantly related to differences in land use. Intact forests, as well as logged
forests, featured consistently higher functional diversity compared to oil palm plantations. Differences
were profound for functional divergence, whereas functional richness exhibited relatively large
variances within land-use classes. By linking large-scale patterns of functional diversity as derived
from satellite remote sensing to land-use information, this study indicated initial responsiveness
to broad human disturbance gradients over large geographical and spatially contiguous extents.
Despite uncertainties about the accuracy of the spatial patterns, this study provides a coherent early
application of satellite-derived functional diversity toward further validation of its responsiveness
across ecological gradients.

Keywords: biodiversity; land use; functional diversity; oil palm; Borneo; logging; Sentinel-2; plant
diversity; satellite remote sensing; trait-based ecology

1. Introduction

The rampant decline in global biodiversity over the last few decades has become a
major threat to the ecosystems on which humans depend [1]. Land-use change fuelled by
agricultural expansion has been a particularly salient direct driver of biodiversity losses
in terrestrial ecosystems as forests, wetlands, and grasslands have been converted [1].
Current estimates suggest that land-use-related pressures have reduced local biodiversity
intactness beyond the planetary boundaries for biosphere integrity as a safe operating
space for humanity [2].
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In many tropical species-rich regions, the conversion of forests by land-use change has
led to stark contrasts in the spatial distribution of biodiversity [3,4]. Global demands for
food, biofuel, and other commodities have driven the rapid expansion of oil palm and paper
and pulp industries at the expense of lowland rainforests, jeopardizing forest biota [5,6].
For instance, in Sabah, northern Borneo, records show that over 39.5% of the forest has been
cleared and just 19.1% of the land surface of Sabah remained as intact primary forest in the
period between 1973 and 2010 [7–9]. These trends have resulted in high rates of biodiversity
loss and degradation of the forest landscape, threatening more than 1000 taxa of endemic
plants present, including the iconic Dipterocarpaceae species, as well as the unique variety
of fauna that are dependent on these habitats [3,4,10]. Small-scale field studies indicated
that oil palm plantations support substantially fewer plant species [11,12], non-volant small
mammals [13], and butterflies [14], and have lower arthropod and multi-trophic functional
diversity in comparison to natural and logged forests [15,16].

The threats associated with land-use pressure are likely to further disrupt the remain-
ing intact primary lowland rainforests in the region and decrease biodiversity [17]. One of
the biggest challenges to combat these threats is that monitoring the effects of land use in
the region is subject to the relative paucity of data on basic ecology [18]. In order to effec-
tively preserve and monitor plant biodiversity, it is necessary to quantify diversity patterns
and understand the behaviors and ecologies governing the distribution and abundance
of species, communities, and ecosystems. In particular, the accurate characterization of
plant functional diversity over large spatial and temporal scales would greatly improve
our ability to track the status and resilience of key biodiversity areas, such as the entire
biodiversity hotspot of Borneo, and understand the effects of human interventions [19].

Functional diversity is associated with taxonomic and phylogenetic biodiversity mea-
sures, yet tends to respond more consistently to environmental drivers [20–22]. It captures
the ranges and abundances of the combined functional traits of the organisms present in
an ecosystem and is strongly indicative of the way these ecosystems operate [23,24]. To
maintain crucial ecosystem functions, a growing body of research highlights the importance
of preserving plant functional diversity as the fundament of ecosystem functioning [25–27].
Thus, large-scale functional diversity maps, currently absent, would provide essential
information for biodiversity conservation.

Mapping plant functional diversity requires extensive, consistent, and repeated data
on traits over (continuous) regional and global scales, which we still lack [18]. Most field
measurements of plant traits in terrestrial ecosystems were rather small-scale and limited
in spatial extent due to their laboriousness and related costs [28–30]. Attempts to combine
disparate in situ research activities in global traits databases tend to be temporally and
geographically constrained, suffer from sampling inhomogeneities, largely exclude remote
areas, and are bound by the limitations of interpolation [18,31,32]. Moreover, existing field
sampling efforts were most sparse in the high-biodiversity tropics, leading to a strong
underrepresentation [33].

Satellite remote sensing techniques are increasingly used to monitor and study large-
scale temporal and spatial landscape changes across many parts of the world [34]. These
observations are uniquely valuable because they can provide complete repeated spatial
sampling, even when the measurements reveal only part of the complex reality. With
ongoing technological advances, satellite remote sensing observations are poised to move
beyond the monitoring of land cover change and quantify plant functional diversity across
regional landscapes [33,35]. Indeed, a growing number of studies demonstrate the retrieval
and analysis of individual canopy and leaf traits in discrete plots and locations through
satellite remote sensing [36–42]. Yet, the step from using internally consistent trait estimates
to deriving functional diversity patterns from satellite remote sensing is undertaken less
often and remains limited to spatially discrete observations as opposed to the potential to
facilitate spatially continuous ‘wall-to-wall’ inference [42–45].

However, satellite remote sensing of plant functional diversity presents a paradox: the
difficulties in acquiring temporally and spatially consistent ground data over large areas
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highlight the clear added value of satellite remote sensing to achieve such. At the same
time, the scarcity and mismatch of present data provide significant challenges to training
data models for retrieving plant diversity estimates and validating the outcomes of satellite
earth observation inferences [18]. Moreover, the coarse (multiple canopies aggregated),
spectrally derived, timely, and pixel-wise observations from satellite remote sensing present
a challenge regarding a direct coupling of traditional, static, leaf-level trait measurements
done in the field [46,47]. Instead, the evaluation of functional diversity patterns across well-
studied ecological gradients can provide a means to qualitatively assess the responsiveness
of satellite-based plant functional diversity estimates [48,49].

In this paper, we present a spatially continuous (‘wall-to-wall’) inference of functional
diversity estimates from satellite remote sensing retrieved over the biodiverse and heteroge-
nous region of Sabah, Malaysian Borneo. The region’s vastness, complexity, inaccessibility,
and regulatory constraints (private ownership) are exemplary of the use of remote sensing
to overcome the difficulties to conduct large-scale field campaigns. We apply the ESA’s
SNAP biophysical processor to retrieve spectral trait indicators—leaf area index, leaf water
content, and leaf chlorophyll content—from the spectral bands of Sentinel-2 imagery at 20
m resolution. Through multivariate diversity metrics [50], an analysis of the functional
diversity found in these combined traits is conducted and the large spatially continuous
retrieval of functional diversity estimates is held against a land-use gradient with a large
number of observations (N = 5626) comprising of large (40 ha) remotely sensed single
land-use plots. Linking space-borne functional diversity to land use provides an initial step
for the explorative assessment of the potential merits and challenges of large-scale spatially
explicit inference of functional diversity metrics from satellite remote sensing.

2. Methods

2.1. Study Area

This study focused on the Malaysian province of Sabah, which is located on the
northern tip of Borneo (115◦12′27.317′′ E–117◦59′5.608′′ E, 4◦26′3.612′′ N–7◦13′51.89′′ N).
The region represents a crucial global biodiversity hotspot [3] with well-studied gradients
of elevation [51–53] and validated maps of relevant land-use types [7,9] (Figure A1b).
Sabah consists of lowlands, as well as mountainous forested territories with elevations
ranging from sea level to over 4000 m at Mt. Kinabalu’s peak. Sabah records an average
annual rainfall of 2890 mm and a mean annual temperature of 27.8 ◦C [54]. Over the
past few decades, widespread forest conversion for oil palm and timber/pulp production
has significantly altered and threatened biodiversity, including over 1000 taxa of endemic
plants, as well as the unique variety of fauna dependent on these habitats [3,8,10]. The
study area is characterized by strong contrasts in human disturbance, from intact forests
to intensively managed plantations, and elevational gradients that affect plant functional
diversity and are expected to be reflected in satellite remote sensing estimates of these
patterns [15,52].

2.2. Retrieval of Functional Traits

Sentinel-2 L1c data were acquired through ESA’s Copernicus Scientific Hub over
the extent of our study area. The Multi-Spectral Imager (MSI) offers observations over
13 spectral bands, the majority of which are at a 20 m spatial resolution [55]. Optical
remote sensing acquisition above Sabah, Malaysia, is challenged by its year-round high
average cloud cover. For this study, we acquired the Sentinel-2 observations for the 9th
of July 2017 covering the study area (Figure A1a). The cloud cover on this date was
one of the lowest since the launch of Sentinel-2 in 2014. Mosaicking multi-temporal
images together would have introduced temporal deviances that could lead to diverse
artifacts based on the inference date rather than vegetation characteristics. After the
acquisition, the data were atmospherically corrected using the Sen2Cor processor [56,57].
Stringent quality flags stemming from both the atmospheric correction and the biophysical
processor (see below) were applied to mask all areas affected by cloud contamination, poor
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atmospheric correction, poor trait retrievals (outside the physical range of variation), and
shadows [57,58]. Additional cautionary buffers 100 m in radius were applied around the
quality flags to further limit the influence of clouds and cloud shadows on the spectral
properties of the imagery. Non-vegetated areas with a fractional cover (FC) below 30%
were masked out to remove non-/marginally vegetated areas.

Estimation of canopy traits from the Sentinel-2 imagery was conducted using the
biophysical processor of the ESA’s Sentinel Application Platform (SNAP) Sentinel-2 tool-
box [58]. SNAP uses an artificial neural network (ANN) inversion that was pre-trained on
a PROSAIL simulated database that included canopy reflectance and the corresponding
set of input parameters. SNAP includes an unreleased version of PROSPECT prior to
PROSPECT-4 [59], coupled with the SAIL model [60,61]. The value, range, and distribution
followed for each input parameter of the models are described in [58] and aim to provide
general global applicability without the ingestion of ecosystem-specific ancillary data, al-
though that comes at the cost of precision [58]. PROSAIL is bound by strong simplification
of canopies that assumes a homogenous turbid medium where absorption is defined by
leaf, canopy, soil, and angular properties [62]. Therefore, the interpretation needs to be
done in consideration of the underlying assumptions and application of a 1D model [63].
Despite its limitations, earlier validation studies reported reasonable performance of SNAP
retrievals in forested regions [39,42] and are further addressed in the discussion section.

Traits in SNAP are derived at the canopy level and include leaf area index (LAI),
canopy chlorophyll (CAB*LAI), and canopy water (EWT*LAI). We reversed the multipli-
cation by LAI to arrive at leaf level estimates: leaf chlorophyll (CAB) and leaf equivalent
water thickness (EWT). LAI specifies the leaf surface area per unit ground surface area.
The retrieval conducted here produces a measure of the ‘effective LAI,’ which does not
account for clumping factors and therefore differs from a ‘true LAI’ measure [64,65]. LAI
(m2/m2) determines how much light can be captured to influence primary production,
but also transpiration and energy exchange [65–67]. Complementary to LAI, CAB and
EWT influence processes occurring at the leaf level [68]. CAB (μg/cm2) corresponds to
a surface-based leaf content of chlorophyll-a and -b. Chlorophyll has an important role
in determining the photosynthetic capacity and resource strategy of plants [69,70]. EWT
(in g/cm2) refers to the water mass stored in leaves per leaf surface area. EWT is important
for the physiological plant performance and regulatory mechanisms that play a role in
drought and stress tolerance [71–76]. Taken together, the traits retrievable through SNAP
are ecologically meaningful.

2.3. Estimating Functional Diversity

The spatially continuous retrieved traits from the Sentinel-2 spectral reflectance were
used to further estimate the functional diversity. Functional diversity is commonly parti-
tioned into three complementary aspects of functional diversity: richness, evenness, and
divergence [50,77,78]. Functional richness is a measure of the functional space occupied
by a community and was calculated based on the convex hull volume [79]. Functional
divergence and evenness metrics describe how trait combinations are distributed within the
community’s trait space, which are indicative of niche differentiation and niche space opti-
mization, respectively [77,80–82]. Functional divergence was calculated with Euclidian dis-
tances applied to a centroid-based approach [50] that was adapted by Schneider et al. [83]
for a pixel-based approach. Functional evenness was determined through branch length
variation of the minimum spanning tree of a trait distance matrix signaling the regularity of
the distribution across the trait space [50]. The functional diversity metrics were calculated
over the 95% centermost data points, as determined by kernel density estimates, to limit
the influence of extreme values, noise, and possible retrieval artifacts.

We opted for large plots, sized equally at 40 ha. (1000-pixel observations), to calculate
the functional diversity metrics. This allowed for showcasing the capability of satellite
remote sensing to map large spatially continuous plots to capture a large share of the
variability in canopy compositions to base the functional diversity calculations on. With
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1000-pixel observations, this design potentially harnesses robustness against noise in the
observations. Despite the patchiness of the data due to the masks applied and the mosaic
of land-use patterns, the 40 ha plots still offered a large number of data plots per land-use
type (N = 5626). The plots were drawn using an algorithm based on minimal Euclidian
distances to the starting pixel of the plot while solving the condition of meeting a single
land-use continuous area of 40 ha [84].

2.4. Land-Use Data

Land use was derived from CIFOR’s open-access and validated ‘Atlas of deforestation
and industrial plantations in Borneo’ (https://www.cifor.org/map/atlas/ accessed on
3 July 2018) [7,9]. Their validated maps are based on longitudinal, up to 30 m spatial
resolution, LandSat satellite imagery (1973–2016) with additional visual, expert-based in-
terpretation methods and maps of oil palm and pulpwood concessions. Here, we assessed
the three largest vegetated land-use types: (1) ‘Intact Forest’, which are old-growth forests.
The overstory of these forest ecosystems is generally characterized by old closed-canopy
emergent trees. Dipterocarpaceae are the dominant tree species in primary forests, ac-
counting for 25% of the tree population and 60% of the standing volume [85]. (2) ‘Logged
Forest’, which are intact forests that have been impacted by industrial-scale mechanized
selective logging at some point since 1973. (3) ‘Industrial Oil Palm Plantations’, which are
production systems mainly revolving around monoculture planting of Elaeis guineensis
jacq. Small-holder oil palm cannot be consistently distinguished in the land-use maps. An
overview of the spatial distribution of these three dominant land-use types can be found in
Figure A1b. Oil palm plantations were found to only occur in the lowlands (<500 m ASL)
(Table A1). The Shuttle Radar Topography Mission (30 m spatial resolution) was used to
map elevation. Elevation may affect differences in functional diversity within and between
land-use types.

2.5. Data Analysis

To assess the plausibility of the trait values on which we based functional diversity
estimates, the performance of the inversion of SNAP’s biophysical processor retrieval
from spectra to traits was examined. First, we conducted a sensitivity analysis to assess
the spectral layout of Sentinel-2 bands in terms of receptiveness to retrieve these traits.
The analysis was based on repeated PROSAIL simulations with random variations of the
trait values while mapping the spectral responses and the correlation between Sentinel-2’s
spectral bands and trait variations.

Second, we re-modeled the spectra based on PROSAIL in forward mode from the
estimated trait values. The simulated spectra were compared against the observed Sentinel-
2 spectra to assess the performance across different land-use types. This was done for
20,000 randomly drawn pixels over the study area. The search ranges for the remaining
PROSAIL traits were constrained to the distribution of input variables described by [58]. We
used spectral angle mapper (SAM), mean absolute error (MAE), and root mean squared er-
ror (RMSE) to assess the deviation between the simulated and actual spectra. We evaluated
differences in errors across land-use types to examine whether differential performance
across land-use types could have affected our results.

Third, we compared retrieved trait distributions against in situ measured traits of
common species in the different studied land-use types [64,86–88]. For LAI, the study by
Hadi et al. [64] provided measurements of effective LAI across sampling sites in Sabah
consisting of unlogged forest, logged forest, and oil palm plantations, although the planta-
tions sampled were relatively young (planted <10 years ago). The CABs of forests and oil
palm plantations were available for top-of-canopy chlorophyll for adult oil palms (Elaeis
guineensis) from [88] and those of intact forests in Danum Valley were from [86]. Relevant
field measurements on EWT relevant to our study area were difficult to acquire. However,
we were able to model EWT based on data on LMA available from the ‘Traits of Bornean
Trees Database’ [89], which is part of the global TRY plant trait database [90]. For the ‘Traits
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of Bornean Trees Database’, we focussed on Dipterocarpaceae specifically, considering their
dominant role in the primary forest in Sabah, accounting for 25% of the tree population
and 60% of the standing volume [85]. To model EWT, we assumed a leaf water content of
63% following findings by [91] for tropical evergreen forests. We simulated the range of
EWT values based on these data through the following equation:

EWT =

(
LWC%

1 − LWC%

)
∗ (LMA) (1)

Differences in functional diversity metrics between land-use types were assessed using
ANOVAs. The assumptions of the ANOVAs were evaluated and a log transformation of
functional richness was conducted to ensure the normality of residuals in an otherwise
strongly skewed distribution. The explained variance was expressed through eta2 values
which is a measure of effect size for use in ANOVA, analogous to R2 in multiple linear
regression. Significant differences between individual land-use types were further analyzed
using a post hoc Tukey’s HSD test.

3. Results

3.1. From Mapping Spatially Explicit Spectral Trait Indicators to Functional Diversity Estimates

The trait maps presented a high degree of patchiness due to the applied masks (includ-
ing clouds, quality flags, vegetation cover, and land use) (Figure 1a). The plausibility of
the spectral trait indicators was assessed through three analyses to test their validity. First,
the sensitivity analysis of Sentinel-2’s bands to the spectral trait indicators (LAI, CAB, and
EWT) retrieved in this study showed promising responsiveness (Figure A2). Second, the
reversely estimated spectra modeled using PROSAIL—simulated from the SNAP-retrieved
trait estimates as input—had an RMSE of 0.012, which was a 7.6 percent mean deviation
from the actually observed spectra. No profound differences in errors were observed
between the individual land-use types, which suggested there was no structural bias in
the inversion performance for approximation of the vegetation present in different land
uses (Table A2). Finally, the comparison of the retrieved trait values to those presented
in trait databases and the literature suggested that the estimated ranges of the retrieved
traits were to a large degree in line with the ranges of trait values previously measured in
Borneo (Figure A3).

3.2. Land-Use Patterns of Plant Functional Diversity

The spatially continuous maps of functional diversity estimates were exemplified
by functional richness in Figure 1d. All functional diversity metrics appeared to differ
significantly across land-use types, with all p-values well below 0.001 (Figure 2). The post
hoc analysis revealed that logged forest and intact forest were statistically similar in terms
of functional richness and functional evenness. For all functional diversity metrics, intact
and logged forests were significantly different from oil palm plantations (Figure 2).
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Figure 1. The data pipeline from satellite remotely sensed traits to functional diversity metrics maps.
(A) Maps of leaf area index (m2/m2) (LAI), leaf chlorophyll-a and -b content (μg/cm2) (CAB), and leaf
equivalent water thickness (g/cm2) (EWT). Masks are portrayed in dark grey. (B) Pixel-wise selection
of 40 ha plots, i.e., 1000 pixels, based on a minimal Euclidian distance drawing new pixels relative
to the starting pixel of the plot while remaining within land-use and quality masks. (C) Functional
diversity metrics calculated over 40 ha plots, i.e., 1000 pixels, as illustrated in the 3D plot example
with axes representative of different functional traits. (D) Maps of functional diversity over the
study area of Sabah, Malaysia, exemplified here by functional richness as one of the three functional
diversity metrics.

 

Figure 2. Differences in functional diversity metrics across land-use types are displayed in boxplots
with the corresponding ANOVA results. The boxplots’ boxes represent the 25th, 50th, and 75th
percentiles and the whiskers depict the 10th and 90th percentiles. The annotated letters (a, b, c)
indicate the significance of pairwise differences in retrieved trait estimates between land-use types
according to post hoc Tukey’s HSD tests.
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4. Discussion

Our case study in Sabah is illustrative of a biodiversity hotspot at risk of commodity-
driven land-use changes [3,8,9]. The impact of land use on functional biodiversity has been
widely studied in ecology, generally through small-scale local field studies [21,22]. We
have re-projected these ecological expectations to scale up considerably from traditional
field assessments to the potential to study large-scale landscapes, whole regions, and
terrestrial ecosystems instantaneously and with spatial continuity. Despite still being
an early adoption, the results indicate initial correspondence of satellite remote-sensing-
derived functional diversity metrics to broad human disturbance gradients shaped by land
use. These insights may be further developed when in situ validation data and relevant
ancillary ecosystem-specific information would become available. In this discussion, we
address the current workflow and results in light of the limitations of the methodology
applied and the value of qualitative assessments against historic trait measurements and
land-use gradients.

4.1. Trait Retrieval for Functional Diversity

This study applied a workflow (Figure 1) to map the functional diversity using Sentinel-
2 over a large continuous region without a heavy reliance on a priori in situ canopy trait
measurements. The latter is relevant as matched field samples are hard to obtain across
large geographic extents and pixel-based scales. The validity of such large-scale functional
diversity estimates depends on the accuracy and representation of traits. Trait selection
is constrained by the specifications of the sensor and the parameters of the radiative
transfer models applied. Here, the selected traits were related to relevant carbon and
water fluxes and offered three axes of functional differentiation [65,69,76,92]. The current
selection of traits was pragmatic, where a larger number of traits might increase the
ability to detect functional differences between observations [24]. In practice, however,
model inversion becomes increasingly challenged by ill-posedness with a larger number
of traits to be retrieved with the same amount of input data, especially in multi-spectral
broadband inference.

For the current trait selection (LAI, CAB, and EWT), the sensitivity analysis of the
Sentinel-2’s bands showed promising responsiveness (Figure A2). This analysis served as a
precursor of the performance of PROSAIL within SNAP when applied to Sentinel-2. Due
to its ease of use, genericity, and, most importantly, functionality without hard-to-obtain
ancillary data, the SNAP biophysical processor is currently a likely first port of call for
many users [39], although it clearly also has limitations.

The ANN in SNAP is meant to provide generic global applicability without the inges-
tion of ecosystem-specific ancillary data [58]. However, it was shown that local optimization
of the trait ranges under study for inversion can improve retrieval performance [42,93–95].
SNAP’s biophysical processor does not facilitate a re-training of the ANN on PROSAIL
simulations specific to the ecosystems studied here. Such functionality could theoretically
improve the accuracy of spectral trait indicators. Additionally, the implementation of active
learning heuristics can prove helpful regarding adding constraints to inversion space and
facilitating intelligent sampling for the training of retrieval algorithms to overcome some of
the ill-posedness and optimize a simulation subset to the ecosystem under study [40,96,97].

Similarly, it may be argued that there are radiative transfer models that are better suited
for heterogeneous forest canopies as compared to PROSAIL, which is bound by 1D simplifi-
cation of canopies [98]. However, alternative radiative transfer models, e.g., INFORM [99]
and FRT [100], are complex and require a larger number of biophysical parameters. With-
out a priori information, the heavy parameterization in inversion may further induce
ill-posedness and therefore, in fact, hamper retrieval performance and feasibility, especially
in multi-spectral settings [39,101].

Despite its limitations, the suitability of SNAP for agricultural applications was con-
firmed in several studies [102–106]. For forests, Brown et al. [39], Hauser et al. [42], and
Nguyen et al. [97] reported reasonable performances of the SNAP retrieval algorithm in a
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deciduous broadleaf forest site in Southern England, a heterogenous shrub-forest landscape
in Portugal, and mangrove forests, respectively. Moreover, the performance of SNAP in a
heterogeneous mixed mountain forest in Bavaria, Germany was similar to that of the input
parameter heavy INFORM inversion [37]. While none of these studies applied SNAP in
rainforest ecosystems relevant to our study area, these quantitative findings suggested that
our pipeline is reasonable for indicative large-scale applications.

Consistent with that assessment is our finding that there was no indication of structural
biases in inversion between the land-use types (Table A2) or deviation from regionally
relevant trait ranges presented in literature and the TRY database (Figure A3). The most
notable deviance against historic trait measurements is an overestimation of the observed
LAI of oil palm plantations compared to Hadi et al.’s [64] effective LAI measurements.
Differences in LAI between young plantations versus older plantations might have been
responsible for this discrepancy. In our study, observed LAI values were the highest in
plantations rather than tropical evergreen broadleaf forests (Figure A3). This was also
reported by [65]. Intensive management regimes—through planting schemes, fertilizer, and
pest management—aim to maximize production in these plantations and both resonate with
relatively high chlorophyll and LAI ranges. Industrial oil palm plantations are often located
on more favorable lands for high productivity in terms of elevation and slope (Table A1).

Nonetheless, the comparison against historic trait measurements should be considered
carefully. First, there are temporal mismatches between the data of Sentinel-2 acquisition
and the in situ trait measurements used for comparison. This likely results in inconsis-
tencies in the comparisons made, especially given the cyclical nature and phenology of
ecosystem processes [33,107]. Second, the used historic trait data were sampled at the level
of individual canopies/branches/leaves, whereas the Sentinel-2 inference results in an
aggregation of multiple canopies in pixels scaled in a 20 m resolution raster [47]. Indeed,
the field-based estimates of EWT and CAB of individuals exhibited a larger variation as
compared to satellite-observed trait indicators (Figure A3). The pixel-based aggregation
of multiple species of the latter might have leveled out some of the individual variations
found in the former. Third, the aggregation of canopies in Sentinel-2 pixels resulted in a
dominant signal of the overstory vegetation and, in particular, the top of the canopy. Accu-
rate correspondence of field measurements to top-of-the-canopy sunlit overstory samples
is not necessarily warranted in trait databases [108]. Lastly, in contrast to species-mean trait
estimates, the large-scale continuous inference through remote sensing will likely include
the local representation of intra-specific variation [33].

4.2. Land-Use Gradient as Qualitative Assessment

The scale and extent of satellite remote sensing in comparison to common field obser-
vations seriously challenges quantitative validation efforts for plant diversity assessments.
In light of the scarcity of relevant ground measurements, this study aimed to exploit the
spatial continuity and synoptic inference of satellite remote sensing observations via quali-
tative testing against well-studied and large-scale ecological gradients. Airborne studies,
e.g., [48,49,109], examined remotely sensed trait diversity against hypothesized linkages
between functional diversity and ecosystem productivity, spatial scales, elevation, and
climatic gradients. Here, we have scaled up to Sentinel-2 to compare functional diversity
against different land-use types given that land use is known to strongly impact functional
diversity [22,110]. The ability of satellite-derived functional diversity metrics to detect such
differences at regional spatial extents offers an initial evaluation of its potential to study
broad ecological phenomena from space.

The results indicated significant differences between land-use classes across functional
diversity metrics. Although different spatial scales and even taxa present a challenge
for quantitative comparisons, our findings corresponded qualitatively with conclusions
from field studies using ground measurements; intact forests and logged forests harbor
significantly more functional diversity than oil palm plantations [15,16,111,112]. The
significance of differences in functional diversity did vary strongly across the metrics
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applied. Land use explained approximately 9% of the variance in functional richness
(Figure 2). Functional divergence and evenness patterns differed more strongly across the
land-use gradient, explaining 57% and 17% of the observed variance, respectively.

The low explained variance for functional richness corresponded with its high vari-
ation within the different land-use types (Table 1, Figure 2). Part of this variation could
be related to a variation in landscape properties over the large geographic extent. The
variation in terms of soil, elevation, slope, landscape heterogeneity (geodiversity), and
microclimates may all affect functional richness [113,114]. Additional analysis (Figure A4)
indeed confirmed a strong decrease in functional richness with increasing elevation for
the different land-use types. By reducing the spatial extent of analysis to a smaller subset
within the study area, the explanatory power of land-use types increased substantially. The
findings from the subset revealed a significant increase in the explained variance of land
use for functional richness (~15%) while still signaling a large variance within land-use
classes. Importantly, the convex hull volume—on which the calculation of functional
richness is based—is relatively sensitive to anomalous observations [115]. Our analysis
was somewhat conservative by looking only at the 95% centermost observations through
kernel density estimates. Nevertheless, the large landscape heterogeneity combined with
noise and inconsistencies in the surface reflectance and spectral trait indicator retrieval can
introduce variations that strongly affect overall functional richness.

Table 1. Descriptive statistics per functional diversity metric across land-use types in Sabah.

N
Functional Richness Functional Divergence Functional Evenness

Mean St. Dev. Mean St. Dev. Mean St. Dev.
 

Intact Forest 1192 5.474 3.354 0.737 0.020 0.833 0.010
Logged Forest 3018 4.971 2.331 0.732 0.015 0.833 0.008

Oil Palm Plantations 1416 3.974 2.876 0.692 0.018 0.820 0.018

Despite large within-group variation in functional richness, the distinction between
forested and oil palm plantation land-use types remained significant and prevailed across a
large spatial extent and number of plots. The highest mean functional richness was found
in intact forests, closely followed by logged forests. Previous studies pointed out that
functional richness can peak in sites that are exposed to moderate disturbances, creating
heterogeneity in ontogenetic stages and landscape characteristics, which could play a role
in the comparable functional richness between intact and logged forests [24,116,117].

Functional divergence showed more profound differences across land-use types. Intact
forest recorded the highest levels of functional divergence in our analysis, followed by
logged forests and oil palm plantations. The interpretation of functional divergence is tied
to niche differentiation within ecological communities [77,80–82]. Niche differentiation
contributes to the maintenance of functional diversity in natural tropical systems [82].
More intensively managed land-use regimes, which are characterized by monoculture,
planting schemes, and pest management, diminish natural processes that allow for niche
differentiation [118–120]. This resonates with the main differences found in our results,
with oil palm plantations scoring significantly lower on functional divergence (Figure 2).

Functional evenness relates to how evenly trait space is filled [50,78,80]. Even dis-
tributions can be tied to a degree of optimization of trait space in response to resource
availability, as well as to less functional redundancy. In man-made landscapes, such drivers
are suppressed by monoculture planting, pest management, and homogenous ontogenetic
stages/tree sizes. Oil palm plantations exhibited significantly lower divergence and even-
ness within the trait space observed (Figure 2). Both functional divergence and evenness
were relatively unchanged across elevations (Figure A4). This coincided with findings
by [49] in tropical forests across an Amazon-to-Andes elevation gradient.
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4.3. Outlook

Beyond the shortcomings, the study provides a new platform and geographic ex-
tent (spatial scale) that indicated that oil palm plantations exhibited significantly lower
functional diversity than intact or logged forests, which can contribute to the debate on
oil palm’s impact on tropical biodiversity and further build a case against controversial
proposals to reclassify oil palm as a forest cover type [12,121,122]. Our exploration builds a
case for further investment in quantitative validation through dedicated field campaigns.
From this point, investing in and overcoming the challenges of representative in situ valida-
tion of pixel-based functional diversity is the next stride to further assess its accuracy and
more subtle differences, as well as the robustness of these metrics against uncertainties in
trait estimates. Moreover, in terms of retrieval, further maturation of the current approach
toward full spatio-temporal continuity will be needed. This will include multi-temporal ob-
servations; data assimilation of multi-sensor, multi-scale remote sensing observations; and
ancillary ecological datasets to achieve the following: (i) study change in functional diver-
sity over time (important to study the impact of human disturbances; [18,123]); (ii) include
a wider range of consistent traits and deal with the ill-posedness of such retrieval; (iii) allow
for cross-validation with spatial, temporal, and spectral consistency across instruments;
(iv) study the effects of scale and grain; and (v) overcome data gaps caused by clouds
(highly relevant for humid tropical rainforests such as those found in Sabah) and other
interferences [124–127].

5. Conclusions

By linking the functional diversity estimates derived from remote sensing to land-use
information, this study showed the potential merits to study broad ecological patterns
over large geographical extents using satellite earth observation. The study provides a
new platform and geographic extent (spatial scale) that strongly indicated that oil palm
plantations exhibited significantly lower functional diversity as compared to intact and
logged forests, coinciding with results from earlier field studies. Specifically, we found
that the observed differences in functional diversity across the land-use gradient were
significant. Notably, profound differences between metrics were observed: a large variance
within land-use types was observed for functional richness, while functional divergence
exhibited particularly strong responsiveness to land use. With that in mind, this study acts
as an exemplar for satellite-derived monitoring of functional diversity for a key biodiversity
area for which traditionally little information is available. The study provides an early
application toward the maturation of a spatially and temporally explicit method that
hopefully fuels further validation efforts and assessment of its responsiveness across
ecological gradients.
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Appendix A.

Figure A1. (A) Map of the Sentinel-2 observation, as seen through a true visible range composite
image, over the study area in Sabah, Malaysia, on the 9th of July 2017 after atmospheric corrections.
(B) Map of the three land-use classes within the Sabah study area used for analysis.

Table A1. Descriptive statistics of elevation and slope observed between plots across land-use types.
Data is derived from digital elevation models observed by the 30 m spatial resolution Shuttle Radar
Topography Mission (SRTM).

Land Use N
Mean Elevation

(m)
Mean Slope (%

Change)

Intact Forest 1192 439.90 1.88

Logged Forest 3018 419.71 1.30

Oil Palm Plantations 1416 63.84 0.74

Appendix A.1. Qualitative Assessment of the Validity of Spectral Trait Indicators

To assess the plausibility of the derived spectral trait indicators on which we based
functional diversity estimates, the performance of the inversion of SNAP’s biophysical
processor retrieval from spectra to traits was examined.

First, we conducted a sensitivity analysis to assess the spectral layout of the Sentinel-2
bands in terms of receptiveness to retrieve these traits (Figure A2). The analysis was based
on repeated PROSAIL simulations with random variations of the trait values while map-
ping the spectral responses and the correlation between Sentinel-2’s spectral bands and
trait variation. The findings demonstrated significant spectral sensitivity to the studied
traits (LAI, EWT, and CAB) (Figure A2). These findings matched the sensitivity analy-
ses of Sentinel-2 for retrieval of the traits under study (LAI, CAB, and EWT) that were
demonstrated in previous sensitivity analyses [43,128–130].
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Figure A2. Sensitivity analysis of PROSAIL’s LAI, CAB, and EWT parameters to the spectral layout
of Sentinel-2 MSI bands used in this study. The left pane illustrates the range of variability in spectral
response to changes in the parameters, while all other parameters were kept constant in the modes
defined in [58]. The right pane depicts the correlation (Pearson’s R) of different bands to changes in
the parameters using a range of simulations defined in [58]. Significant correlations are indicated by
the grey highlighted bars.

Second, the presence of biases in the derived spectral trait indicators across land-use
types was examined by reversing the inversion process. From the spectrally retrieved
trait estimates obtained through inversion, we re-modeled the spectra based on PROSAIL
in forward mode. The simulated spectra were compared against the actual observed
Sentinel-2 spectra to assess the performance (size of the error) between different land-use
types/canopy types. This was done for 20,000 randomly drawn pixels over the study area.
Search ranges for the remaining PROSAIL traits were constrained to the distribution of
input variables described by [58]. We used spectral angle mapper (SAM), mean absolute
error (MAE), and root mean squared error (RMSE) to assess the deviation between the
simulated and actual spectra. We evaluated differences in the size of errors across land-
use types to examine whether such biases could have affected our results. On average,
across the land-use types, an RMSE of 0.012 was observed, which was a 7.6 percent mean
deviation from the actually observed spectra (Table A2). No profound differences in errors
were observed between the individual land-use types, which suggested that there was no
structural bias in the inversion performance for approximation of the vegetation present in
different land uses.
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Table A2. Comparison of errors between simulated spectra with retrieved trait estimates as input
and actual Sentinel-2 reflectance spectra stratified across land-use types.

RMSE MAE %nRMSE Sampled Pixels (N)

Land Use μ σ μ σ μ

Intact Forest 0.012 0.009 0.007 0.005 7.6 4774

Logged Forest 0.014 0.01 0.008 0.006 8.9 4274

Oil Palm
Plantations 0.012 0.01 0.007 0.006 7.2 3952

Third, we compared the distributions of spectral trait indicators against in situ mea-
sured traits of common species in the different studied land-use types. Figure A3 indicates
that the spectral trait indicators were to a large degree in line with the range of measure-
ments from field studies. The most notable deviances were as follows: (1) An overestimation
of LAI in oil palm plantations compared to Hadi et al.’s [130] effective LAI measurements.
Hadi et al.’s [130] measurements are conducted in relatively recently planted oil palm
plantations. Differences in LAI between young plantations versus older plantations might
be responsible for this discrepancy. (2) A much larger variation of EWT and CAB in the
species measurement conducted in the field. Notably, these measurements consisted of
a variety of individual species, whereas our observations were based on the pixel-based
aggregation of multiple species, possibly leveling out some of the variations.

Functional richness decreased along the elevational gradient. In line with ecological
theory, this indicates a stronger functional convergence with elevation linked to stronger
environmental filtering of fitness in higher altitudes [49]. A steep drop in functional richness
was particularly observable above 1400 m ASL. These findings corresponded with earlier
studies on elevational patterns of tree species richness on Mount Kinabalu, Borneo [51–53].
Similar to the functional richness in our study, tree species were found to decrease rapidly
with elevation above 1500 m [53]. Moreover, using airborne remote sensing, studies showed
a lower functional richness at a higher elevation, suggesting a smaller range of resource
availability at higher altitudes, whereas, again, functional divergence remained relatively
unaffected by elevation [49].

Generally, we observed a negative correlation between functional richness and ele-
vation of Pearson’s R = −0.18 for both land-use types and Pearson’s R = −0.31 for intact
forests specifically. For logged forests, we observed an initial increase in functional richness
before following a similar decrease as seen in intact forests. Functional divergence and
functional evenness, on the other hand, indicated little variation with elevation. Oil palm
plantations were not found to be grown at elevations above 500 m above sea level (Table A1).
Therefore, this did not allow for studying elevational effects in oil palm plantations.
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Figure A3. Comparison of the retrieval of spectral trait indicators from SNAP’s biophysical processor
derived from Sentinel-2 reflectance spectra to relevant in situ trait ranges in the TRY plant trait
database [89,90] and other regionally relevant field campaigns [64,86,88,131]. Differences in retrieved
trait estimates between land-use types according to a post hoc Tukey’s HSD test are indicated with
different annotated letters (a, b, c).
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Appendix A.2. Functional Diversity across Elevations

Figure A4. Variation of functional diversity metrics along the average elevation of the plot. Green
represents intact forests and blue indicates logged forests. Oil palm plantations were only found
below 500 m ASL.
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Abstract: The survival and sustainability of regional species is constrained by habitat quality.
In recent decades, the intensification of human activities on a global scale has had a profound
impact on regional ecosystems and poses a serious threat to regional sustainable development.
Scientific measurement of the drivers of habitat quality can provide important support for the
development of effective biodiversity conservation and sustainable land-use policies. Taking the
Hung River Valley as an example, the InVEST model was used to assess the habitat quality of the
study area in 2000, 2005, 2010, 2015, and 2020 and to explore its spatial and temporal variation
and distribution characteristics in combination with the spatial autocorrelation model, and the
geographically weighted regression (GWR) model was used to explore the drivers of habitat quality
change. The results show the following: (1) The overall habitat quality shows an increasing trend
during 2000–2020, but the expansion of construction land in the central region plays a dominant
role in the degradation of regional habitat quality. (2) The “Guide-Ledu” line is the dividing line of
habitat quality in the Hung River Valley, with a general distribution of “south is good, north is bad”
and “south is hot, north is cold”. (3) Natural factors such as slope and elevation basically shape the
overall distribution pattern of habitat quality, while urbanisation factors such as population density,
gross domestic product, and the night-time lighting index are generally negatively correlated with
habitat quality. The results of the study can reveal the linkage between ecosystems and land-use
change in the context of urbanisation.
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1. Introduction

Habitat quality is an important indicator of an ecosystem’s ability to provide suitable
conditions for the growth, development, and distribution of species, based on the avail-
ability of subsistence resources [1,2]. Since the beginning of industrial society, human
activities have caused a series of ecological problems, such as habitat fragmentation and a
loss of species diversity, which have led to serious threats to the overall ecological security
of the region. In this context, the spatial and temporal distribution characteristics and
evolutionary mechanisms of habitat quality have gradually become a hot topic in related
research fields [3–6].

At present, the research on habitat quality in China and abroad has achieved ad-
vanced results from macroscopic to microscopic scales. Whether at the local, watershed,
or regional scales, scholars have conducted in-depth studies on the spatial and temporal
evolution [7], distribution characteristics [8], influencing factors [9–11], driving mecha-
nisms [12–15], and pathways to enhance habitat quality [16–18]. Although more research
results have been achieved, the current research on the drivers of habitat quality needs
to be further explored. There are many factors that influence habitat quality, and the
degree of influence of the same influencing factor on habitat quality in different spaces
can be spatially heterogeneous [11,19,20]. Simply explaining which influencing factors
lead to changes in habitat quality tends to ignore the processes and relationships between
subjective and objective elements, which in turn affects the accurate mining of habitat
quality influencing factors in the future [21]. Habitat quality is primarily a matter of se-
lecting an evaluation model, and most habitat quality evaluations are based on landscape
pattern-based indicator systems and model-based approaches, compared to the more
scientific role of models in predicting future habitat distribution and siting protected
areas [22,23]. The Integrated Valuation of Environmental Services and Tradeoffs model
(InVEST), developed by Stanford University, the World Wildlife Fund, and the Nature
Conservancy, has a high data demand. The InVEST (Integrated Valuation of Environmen-
tal Services and Tradeoffs) model, developed jointly by the Nature Conservancy and the
Nature Fund, has been gradually applied to related studies because of its relatively small
data requirements and the high visibility of the results [24–26]. In revealing the drivers
of habitat quality, ordinary least square (OLS) and geographically weighted regression
(GWR) models are good at detecting subtle changes in the process mechanism of habitat
quality over time and space, and are an important research method for exploring the
drivers of objective objects [27].

The Hung River Valley is in the transition zone between the Qinghai–Tibet Plateau
and the Loess Plateau. Its ecological environment is fragile and regarded as a “sensitive
area”, and the current literature on the ecology of the region is relatively small [22–24]. In
the context of the comprehensive pilot work of new urbanisation, the Xining–Haidong
metropolitan area will be established in Qinghai Province, and the Hung River Valley area,
represented by Xining and Haidong, will usher in a new round of rapid development
and become the core growth pole, leading the development of Qinghai and even the
northwest region. The development potential brings greater ecological risks. Based
on the above research status and regional background, the main research of this paper
includes (1) quantitatively assessing the spatial and temporal evolution of the landscape
type, landscape pattern, and habitat quality in the Hung River Valley with the help of
a land transfer matrix, a landscape pattern analysis method, and the InVEST model;
(2) exploring the spatial and temporal coupling relationship between habitat quality
change and urbanisation in the Hung River Valley based on the GWR model; (3) finally
determining, through the above research, the habitat quality of the Hung River Valley

58



Land 2021, 10, 1369

over a 20-year period and the drivers of habitat quality, providing a scientific reference
for biodiversity conservation and regional ecological development in the eastern Tibetan
Plateau, providing decision support for land use, ecological red line delineation, and
coordinated and sustainable economic and social development, and providing new ideas
for habitat quality assessments in ecologically sensitive areas.

2. Materials and Methods

2.1. Study Site

The geographical location of the Hung River Valley is 100◦51′~103◦04′ E, 35◦01′~38◦ N
(Figure 1), with a total area of about 35,273.77 km2, covering Xining City, Haidong City,
Huangnan Tibetan Autonomous Prefecture, Hainan Tibetan Autonomous Prefecture, and
Haibei Tibetan Autonomous Prefecture, which is the political, economic, and cultural
centre of Qinghai Province. It is the political, economic, and cultural centre of Qinghai
Province. The Hung River Valley is located in the Yellow River and the Huangshui
River basin triangle and is the transition area between the Loess Plateau and the Tibetan
Plateau, whose elevation is 1659~5149 m, from the north to the south distribution of the
Datong River, the Huangshui River, the Yellow River, and Qilian Mountain, a block of two
parallel ridge valleys that has created a unique “three mountains between two valleys”
landform. It is in the eastern monsoon area of Qinghai Province and at the end of the
eastern monsoon zone in Qinghai Province, the intersection of three natural zones: the
arid zone of Northwest China, the eastern monsoon zone, and the Tibetan Plateau zone.
The climate is mild, the water is abundant, and the sunshine is long, making the region
a natural environment for biological reproduction, with plants such as Qilian cypress,
Pinellia pinnata, and Bashan fir and wild animals such as Sumen antelope, rock sheep, and
plateau partridge.

Figure 1. Location of the Hung River Valley area.

2.2. Data Source

The data used in this study include the following: (1) 5 periods of land-use data
(precision: 100 × 100 m): 2000, 2005, 2010, 2015, and 2020, and the land-use types are
divided into 6 primary categories: grassland, arable land, forest land, construction land,
water, and bare land. The data come from the Resource and Environment Science Data
Center of the Chinese Academy of Sciences (http://www.resdc.cn (accessed on 3 October
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2021)), the accuracy of which meets the needs of the study [28]. (2) Basic geographic data,
mainly including the carrier data of the borders of cities in Qinghai Province and four
types of highways: national highways, provincial highways, highways, and railways.
Road data are used to calculate habitat quality, and they were provided by the National
Geographic Information Resource Directory Service System National Basic Geographic
Database (http://www.webmap.cn (accessed on 3 October 2021)). (3) A digital elevation
model (DEM) from the Geospatial Data Cloud (http://www.gscloud.cn (accessed on
3 October 2021)) with a spatial resolution of 30 m. (4) Corrected DMSP/OLS night-time
lighting data (with an accuracy of 500 × 500 m) from the China Research Data Service
Platform (CNRDS) and the National Basic Geographic Information Centre (GIC); National
Polar-Orbiting Operational Environmental Satellite System Preparatory Project-Visible
Infrared Imaging Radiometer (NPP-VIIRS) night-time light data (accuracy: 500 × 500 m)
for 2015 and 2020; DMSP/OLS night-time light data with NPP-VIIRS night-time light
data from the Earth Observation Group (EOG) website. The data resolution will affect the
accuracy of the research results and facilitate spatial calculation and analysis. Therefore,
the land-use data are used as the standard, and other data are sampled as 100 × 100 m.
The unified coordinate system of all data is WGS_1984_UTM_Zone_50N.

2.3. Research Methodology
2.3.1. InVEST Model

InVEST is a model used for ecosystem service function assessments, in which the
habitat quality evaluation module is based on the linkage between land cover and habitat
threat sources. It calculates the threat intensity of threat sources by considering the
radius of stress, spatial weights, and spatial attenuation types and combines the habitat
adaptation of other land types and the sensitivity to threat sources to obtain the habitat
quality of the area with the following equation:

Qxj = Hj

[
1 −

(
Dz

xj

Dz
xj + kz

)]
(1)

where Qxj represents the habitat quality index of raster x in landscape type j within the
Hung River Valley; the value range of Hj is [0,1], representing the habitat suitability score
of landscape type j; Dxj is the habitat degradation degree of grid unit x in land category
j; k is the half-saturation constant; because all the resolutions in this study are 100 m, k is
50; z is the scale constant, generally taken as 2.5.

In this study, the Habitat Quality module parameter tables (Tables 1 and 2) were set
based on the InVEST model manual and related studies [25].

2.3.2. Spatial Autocorrelation Analysis

The global clustering test is used for global spatial distribution patterns of habi-
tat quality, i.e., high value aggregation or low-value aggregation [26,27,29], and is ex-
pressed as:

G(d) =
∑n

i=1j=1 ∑n
ij wij(d)xixj

∑n
i=1 ∑n

j=1 xixj
(2)

Z(G) = [G(d)− E(G)]/
√

var(G) (3)

where wij is the spatial weight defined by the distance rule; xi denotes the value of the
variable in region i; xj denotes the value of the variable in region j; E(G) denotes the
expected value of G(d); var(G) denotes the variance of G(d). Based on the value of Z(G),
whether G(d) meets the significance level and whether there is a positive or negative
spatial correlation can be determined. When G(d) is positive and Z(G) is statistically
significant, there is a high value cluster of habitat quality in the region; when G(d) is
negative and Z(G) is statistically significant, there is a low-value cluster of agricultural
habitat quality in the region.
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Table 1. The maximum impact distance, weight, and the attenuation type of the threat sources.

Threat Source Maximum Stress Distance/km Weight
Attenuation

Type

Paddy field 0.5 0.5 Linear
Non-irrigated arable land 0.5 0.5 Linear

Urban land 10.0 1.0 Exponential
Rural settlement 2.0 0.7 Exponential

Industrial and mining land 1.0 0.5 Exponential
Traffic land 3.0 1.0 Linear

Table 2. Habitat suitability of different types of land and its sensitivity to threats.

Type Habitat Type
Habitat

Suitability

Sensitivity

Paddy
Field

Non-Irrigated
Arable Land

Rural
Settlement

Urban
Land

Industrial and
Mining Land

Traffic
Land

Cropland Paddy field 0.4 0 0.3 0.35 0.5 0.1 0.1
dry land 0.4 0.3 0 0.35 0.5 0.1 0.1

Woodland

Forestland 1.0 0.8 0.5 0.2 0.5 0.8 0.8
Irrigate forestland 1.0 0.8 0.9 0.7 1.0 0.5 0.5
Sparse forestland 0.7 0.7 0.8 0.8 0.9 0.6 0.6

Others 0.7 0.7 0.8 0.8 0.8 0.6 0.6

Grassland
High coverage 0.8 0.5 0.5 0.5 0.6 0.3 0.3

Medium coverage 0.7 0.5 0.5 0.6 0.6 0.4 0.4
Low coverage 0.6 0.5 0.5 0.5 0.6 0.3 0.3

Water areas

Canal 0.8 0.3 0.2 0.3 0.3 0.2 0.2
lake 0.8 0.3 0.2 0.3 0.3 0.2 0.2

Reservoir pond 0.7 0.2 0.2 0.3 0.3 0.1 0.1
Snowfield 0.5 0.2 0.2 0.2 0.7 0.1 0.1

Beach 0.5 0.2 0.2 0.2 0.7 0.1 0.1

Construction
Urban land 0 0 0 0 0 0 0

Rural settlement 0 0 0 0 0 0 0
Others 0 0 0 0.6 0 0 0

Bare land

Sandy land 0.2 0.1 0.5 0.6 0.9 0.6 0.6
Gobi 0.2 0.1 0.5 0.6 0.9 0.6 0.6

Marsh land 0.6 0.8 0.8 0.8 1.0 0.6 0.6
Bare land 0.2 0.1 0.5 0.6 0.9 0.6 0.6

Bare rock land 0.2 0.1 0.5 0.6 0.9 0.6 0.6
Alpine desert 0.2 0.1 0.5 0.6 0.9 0.6 0.6

2.3.3. Hotspot Analysis

Spatial hotspot detection analysis is a test for the presence of significant high and
low values in an area and can be used to reveal “hotspots” and “coldspots” in a spatial
visual representation. The main study here is on habitat quality differentiation [27,29,30].
It is calculated by the formula:

G∗
i (d) =

∑n
j=1 wij(d)xj

∑n
j=1 xj

(4)

where G∗
i (d) is normalised in the same way as in Equation (3) to obtain Z

(
G∗

i
)
. If Z

(
G∗

i
)

is positive and statistically significant, the value around i is higher and belongs to the
“hot spot zone”; otherwise, it belongs to the “cold spot zone”.

2.3.4. Land-Use Change Transfer Matrix and Landscape Pattern Analysis

With the help of ArcGIS vectorisation calculations, the process of land-use change
can be analysed quantitatively. The land-use transfer matrix can clearly reflect information
on the dynamic process of inter-transformation between the area of each category at the
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beginning and end of a period of time in the study area [21–23], with the following ex-
pression:

Sij =

⎡
⎢⎢⎢⎣

S11 S12 . . . S1n
S21 S22 . . . S2n

...
...

. . .
...

Sn1 Sn2 . . . Snn

⎤
⎥⎥⎥⎦ (5)

where Sij denotes the area of the land type, n denotes the number of types of land use,
and i and j denote the serial numbers of land-use types at the beginning and end of the
study period, respectively.

According to the landscape pattern characteristics of the Hung River Valley region
and the purpose of the study, this paper selected the number of patches (NP), patch
density (PD), maximum patch index (LPI), average patch area (AREA_MN), landscape
separation index (DIVISION), landscape edge density (ED), landscape shape index (LSI),
sprawl index (CONTAG), Shannon Diversity Index (SHDI), and Shannon Evenness Index
(SHEI), 10 indices calculated with the help of Fragstats 4.2 software, to analyse the degree
of fragmentation, shape complexity, and diversity at the landscape level. NP, PD, LPI,
and AREA_MN are used to describe the scale and quantity of various types of land and
reflect the spatial pattern characteristics of the land; DIVISION, ED, LSI, CONTAG, SHDI,
and SHEI are used to describe the connection degree and patch shape of various types of
land, diversity, etc., reflecting the spatial structure characteristics of the land. The specific
indices and calculations are detailed in the methodology of references [22–24].

2.3.5. Geographically Weighted Regression (GWR) Model

The GWR model calculates regression coefficients for each location, which accurately
characterise the spatial characteristics of relationships by constructing local regression
equations on each grid of the study area. The GWR model reflects the differences in the
influence of different regional influences on the dependent variable due to the presence
of spatial autocorrelation and spatial heterogeneity [31–34]. The formula is calculated
as follows:

Yi = β0(ui, vi) +
p

∑
k=1

βk(ui, vi)xik + εi (6)

where β0 is the model constant; (ui, vi) is the coordinate of the ith sample point; βk is the
k regression parameter of the i sample point; εi is the residual of the i sample point. The
difference from the general linear regression is that β is a function of the geographical
coordinates (ui, vi).

3. Results

3.1. Land-Use Change Characteristics

The land-use types in the Hung River Valley region are diverse and structurally
complex. Dividing the land-use types in the study area into cropland, woodland, grass-
land, water, construction land, and bareland, the five-phase landscape type distribution
map shows (Figure 2) that the land-use types in the study area are mainly woodland,
grassland, and arable land, of which woodland and grassland both account for more
than 32% of the total area of the study area, followed by the area of arable land, which
accounts for about 20% of the total area of the region. Overall, the woodland, grassland,
and arable land cover 90% of the total area of the study area and have a greater impact on
the overall landscape, while the proportion of construction land, water, and bare land is
smaller, accounting for about 10% of the total area of the study area. From 2000 to 2020,
the area of arable land decreased, and the area of water bodies continued to increase; from
2000 to 2020, the area of arable land transferred out was the largest, and the proportion of
construction land increased the most.
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Figure 2. Sankey Diagram of Land-Use Transfer.

To fully understand the structural characteristics of land-use changes in the Hung
River Valley during this period, a land-use transfer matrix was constructed to calculate
the number of mutual land-use transfers from 2000 to 2020 (Table 3). As shown in the
table, from 2000 to 2005, land-use shifts mainly occurred between arable land, grassland,
and forest land, with a larger amount of arable land shifting to grassland and construction
land. During the period 2010–2015, the trend of the previous period continued, with
arable land always being the source of inflow of construction land and grassland, while
the inflow and outflow of grassland and forest land were basically the same. From 2015 to
2020, the interconversion of various land uses made the inflow and outflow basically the
same.
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Table 3. Land-use transfer matrix for the Hung River Valley (km2).

Years Type Cultivated Land Forestland Grassland Water Areas Construction Bare Land

2000–2005

Cultivated land — 4.29 49.7 0.9 0.96 0.25
Forestland 3.44 — 33.78 0.37 0.1 0.63
Grassland 88.55 35.57 — 1.49 0.8 13.32

Water areas 8.91 1.04 4.85 — 0.1 0.15
Construction 33.93 0.48 2 0.09 — 0.01

Bare land 2.97 0.68 8.56 0.23 0.03 —

2005–2010

Cultivated land — 10.52 135.32 3.61 7.5 2.26
Forestland 6.61 — 63.14 0.85 0.21 5.6
Grassland 105.6 61.06 — 2.55 4.56 604.67

Water areas 13.08 2.14 6.19 — 0.51 10.38
Construction 29.51 0.52 5.75 4.22 — 0.24

Bare land 0.35 1.54 80.23 9.02 —

2010–2015

Cultivated land — 4.87 70.84 3.63 7 0.36
Forestland 6.52 — 62.74 1.06 0.21 0.69
Grassland 70.02 64.34 — 2.45 1.83 20.45

Water areas 4.41 0.85 6.07 — 0.23 0.22
Construction 56.04 0.46 12.62 0.2 — 0

Bare land 0.44 0.87 23.97 0.23 0 —

2015–2020

Cultivated land — 26.22 219.07 15.84 104.28 1.43
Forestland 25.19 — 376.38 11.26 1.89 4.88
Grassland 218.72 374.21 — 17.65 21.28 91.87

Water areas 16.17 7.09 21.97 — 1.26 1
Construction 46.66 1.49 11.83 0.91 — 0.05

Bare land 1.69 6.23 91.92 10.12 0.05 —

The land-use changes in the Hung River Valley in the past 20 years are mainly
influenced by policies and urban expansion. In ecological protection policies, agricultural
and livestock production and urbanisation, industrialisation, and other factors under the
comprehensive effect of the Hung River Valley grassland, arable land, and construction
land change dramatically. Each landscape flows between each other. Since 2002, Qinghai
Province has fully implemented the policy of returning farmland to forest and grass,
coupled with the establishment of many nature reserves. Arable land is in a net outflow
situation, manifested in the expansion of grassland scale. At the same time, the Hung
River Valley is an important axis of economic development in Qinghai Province, with
intense human activity, high levels of urbanisation and industrialisation, and a continuous
increase in the demand for construction land, the main source of which is the occupation
of arable land.

3.2. Analysis of the Evolution of the Landscape Pattern Features

Since the magnitudes of different indicators are different, to facilitate comparison,
the sampling of Z is standardized, as are all landscape pattern index values. As can be
seen in Figure 3, NP and PD showed an increasing trend between 2000 and 2005, which
is related to the partial conversion of arable land in the study area into forest land and
grassland, and a large amount of arable land outflow, causing arable land fragmentation.
After 2005, PD and NP gradually decreased, combined with the actual situation of the
Hung River Valley. It can be seen that urban construction land encroachment on arable
land, where there are many construction enclaves, merged with the original construction
land, the main reason for the decline in PD and NP, in addition to the demolition and
merging of rural settlements. LPI and AREA_MN increased slightly between 2000 and
2005 and fluctuated little after 2005, while DIVISION decreased slightly, indicating that
the overall landscape pattern of the Hung River Valley showed a clustering trend after
2005.
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Figure 3. Hung River Valley overall landscape pattern trend evolution map, 2000–2020.

The ED and LSI decreased slightly from 2000 to 2020, indicating that the overall
landscape shape of the study area tends to be clustered, with the shape changing from
complex to simple. conTAG increased relatively over the 20-year period, indicating that
the overall landscape connectivity in the study area has increased. The Shannon Diversity
Index (SHDI) decreased, and landscape heterogeneity diminished; the Shannon Evenness
Index (SHEI) shows a decreasing trend, and the landscape type dominant over the overall
landscape in the study area increased.

Changes in habitat quality are an indirect reflection of changes in different land types.
To reveal in more detail the relationship between landscape changes in the study area
and their impact on habitat quality, the characteristics of changes in different land types
between 2000 and 2020 were calculated using Fragstats 4.2 (Figure 4). Grassland and
woodland are important landscapes regarding the quality of habitat, with a decrease in
the number of patches (NP), a decrease in density (PD), an increase in the mean patch
area (AREA_MN), and a decrease in ED, LSI, and DIVISION from 2005–2020, indicating
an overall clustering of landscape patterns and an increase in disturbance resistance in
grassland. It is particularly important to note that the patches of built-up land in the study
area decreased, and density decreased over the 20-year period, but ED increased slightly,
and LSI and DIVISION remained largely unchanged, indicating that the landscape pattern
in some areas became dispersed, which may be related to the extensive expansion of
towns in Xining.
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Figure 4. Evolution of landscape pattern indices for different land types in the Hung River Valley,
2000–2020.

3.3. Spatial and Temporal Variation of Habitat Quality

The Habitat Quality Index (HQI) reflects the fragmentation of habitat patches in
the study area, on the one hand, and the ability of habitat patches to resist the threat of
habitat degradation brought about by human activities. On the other hand, its value
is a continuous value between 0 and 1: the closer to 1, the better the habitat quality,
indicating that biodiversity is better maintained. The raster areas of different classes and
their percentages were counted (Table 4). To more accurately portray the evolution of
habitat quality, using the Re-classify tool of the ArcGIS 10.6 software platform, habitat
quality was classified into five levels: very low (0–0.2), low (0.2–0.4), medium (0.4–0.6),
high (0.6–0.8), and very high (0.8–1), based on the actual situation in the Hung River
Valley and with reference to existing studies [13,18].
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Table 4. Habitat quality percentage statistics for the Huangshan Valley, 2000–2020.

Level
2000 2005 2010 2015 2020

Area/km2 Percentage/% Area/km2 Percentage/% Area/km2 Percentage/% Area/km2 Percentage/% Area/km2 Percentage/%

Very low 2939.82 8.3 2972.32 8.4 2458.76 6.9 2554.65 7.3 2485.86 7.0
Low 3803.14 10.8 3760.62 10.7 3760.60 10.7 3714.35 10.5 3738.7 10.6

Medium 5726.48 16.3 5754.36 16.3 6633.74 18.8 6595.7 18.7 6632.13 18.8
High 16,038.43 45.5 16,012.46 45.4 15,606.80 44.3 15,583.67 44.2 15,573 44.0

Very high 6727.01 19 6735.09 19 6773.13 19.2 6786.52 19.3 6788.54 19.3

From 2000 to 2020, the overall habitat quality showed an upward trend, and the
global average habitat indexes were 0.656, 0.657, 0.661, 0.661, and 0.662, respectively. The
main reason for this is that around 2000, Qinghai Province, based on its development
orientation, successively carried out a series of ecological protection and restoration work,
e.g., returning farmland to forest, returning farmland to grassland, and constructing
nature reserves, which promoted the transformation of some medium- and high-grade
habitat patches to higher-grade habitat patches.

On a spatial scale (Figure 5), the quality of habitats in the concentrated areas of
woodland, grassland, and watersheds is high, while the quality of habitats on arable land,
construction land, and bare land is low. The whole area is dominated by habitat patches
of excellent grade. Habitat quality in the north, east, and west districts of Xining is low
compared to other areas, due to the deteriorating ecological conditions in the central areas
of Xining as a result of increasingly intense human activities. Among all areas, the habitat
quality indexes of Datong County, Guide County, Mutual Aid County, Menyuan County,
and Zunhua County all exceed 0.7, with Guide County being the highest, maintaining a
level of 0.9; Hualong County, Jianzha County, Ping’an County, and Minhe County all show
an increasing trend, with Hualong County being the highest and Minhe County being
relatively low; the socio-economic development of Huangyuan County and Huanzhong
County is strongly affected by the radiation of Xining City, and the social and economic
development has a greater impact on the ecological environment.

3.4. Hotspot Analysis of the Spatial Distribution of Habitat Quality
3.4.1. Overall Clustering Characteristics

To explore the spatial differentiation characteristics of habitat quality in the Hung
River Valley in more detail, the study area was divided into 2328 4 × 4 km grids using
grid analysis. The mean values of habitat quality in 2000, 2005, 2010, 2015, and 2020 were
extracted from 18 counties and cities in the Hung River Valley based on grid scale, and
the ArcGIS 10.6 platform was used to calculate the spatial clustering of habitat quality in
the study area from 2000 to 2020.

The Moran’s I calculations for the five periods of 2000, 2005, 2010, 2015, and 2020
showed that the Z scores of the five periods were all above 75 and much higher than 2.58,
and the p-values passed the 1% significance test, indicating that the spatial distribution of
habitat quality values in the Hung River Valley was not random at a 99.9% confidence
level and that there was significant spatial correlation (Table 5).

The Moran’s I index for all five periods was greater than 0.65, showing a significant
pattern of aggregation, i.e., high values of habitat quality clustered in space, and low
values tended to be adjacent to each other. Since 2000, the aggregation effect of habitat
quality in the Hung River Valley has been increasing on the whole; however, from 2015 to
2020, the aggregation effect has been on the decline, mainly because the areas with
high habitat quality are affected by the expansion of urban land, eroding the original
woodland, grassland, and other ecological landscapes and causing habitat fragmentation.
The development of a large amount of urban land has led to an increasingly widespread
distribution of areas with a low habitat quality. This is shown in Table 5.
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Figure 5. Spatial Distribution of habitat quality in the Hung River Valley, 2000–2020.

Table 5. Global Moran’s I Index table.

Year
Global Autocorrelation Index Statistics

Result
Moran’s I Z-Score p-Value

2000 0.699 46.929 0.0000 Gather
2005 0.698 46.886 0.0000 Gather
2010 0.705 47.344 0.0000 Gather
2015 0.777 51.755 0.0000 Gather
2020 0.706 47.427 0.0000 Gather

3.4.2. Local Agglomeration Characteristics

The global spatial autocorrelation can only reflect whether there are agglomerative
features in the study area as a whole and cannot clarify the location distribution of
agglomerative features. Based on the ArcGIS 10.6 platform, a hotspot analysis was
conducted based on a grid, and cold spots and hotspots with a confidence level above 90%
were selected to reflect the distribution of high- and low-value habitat quality clusters in
the Hung River Valley (Figure 6).

During 2000–2020, the Hung River Valley habitat quality changes show obvious
regional differences “Guide-Ledu”, south of the line of the habitat quality index, including
Ping’an County, Ledu District, Tongren County, and Guide County, generally improved.
This is mainly due to the implementation of ecological protection policies, e.g., return-
ing farmland to forest and grass, and establishing establishment many nature reserves,
scenic spots, forest parks, and geoparks, such as the Mengda Nature Reserve and the
Sanjiangyuan Nature Reserve. The overall habitat quality north of the “Guide-Ledu”
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linkage has a significant spatial aggregation effect, but the change effect is not obvious,
and there are cold spots in Xining City and surrounding counties. The cold spot area
is concentrated in Xining City, which is the political and economic centre of Qinghai
Province and the gathering area of arable land, and the intense production and construc-
tion and agricultural activities have interfered with the ecological environment, resulting
in the clustering and distribution of low habitats in the area. Mutual Aid County and
Ping’an County are adjacent to Xining. Mutual Aid County has the largest population
and the most intense human activities in Haidong, thus showing a secondary cold point
concentration distribution, and the habitat cold point rose and then declined between
2000 and 2020, dropping to the lowest point in 2015 with the worst habitat quality.

Figure 6. Habitat quality “hotspots” analysis in the Hung River Valley, 2000–2020.

3.5. Spatial Response of Habitat Quality to Urbanisation

The spatial pattern of habitat reflects that human activities and natural elements are
important influencing factors of spatial differentiation of habitat quality. Among these
factors, human activity status has gradually become the main independent variable of
habitat quality. Natural factors, such as slope, average annual rainfall, average annual
temperature, and elevation, and urbanisation process elements such as population density,
gross domestic product, and the night light index, are selected as independent variables.
The optimal model was selected by a comparative analysis of GWR and ordinary least
squares (OLS). The coefficient of variance expansion is a measure of the severity of
multiple (multiple) collinearities in a multiple linear regression model. It represents the
ratio of the variance of the regression coefficient estimator to the variance, assuming that
the independent variables are not linearly correlated. Usually, 10 is used as the judgment
boundary. When VIF < 10, there is no multicollinearity; when 10 ≤ VIF < 100, there is
strong multicollinearity; when VIF ≥ 100, there is severe multicollinearity.

The results show that the VIF of the natural and socio-economic factors in the
OLS model is less than 10, and there is no covariance between the variables, which
satisfies the requirements of the explanatory variables. The explanatory power of the
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OLS model for habitat quality was less than 50%, and the goodness of fit of the GWR
model was significantly higher than that of the OLS model in all five time sections, with
its explanatory power reaching more than 90%. Meanwhile, the Sigma and AICc in the
GWR model were lower than those of the OLS model, indicating that the GWR model
had better explanatory power for the factors influencing habitat quality and its model
accuracy was better (Tables 6 and 7).

Table 6. GWR model goodness of fit.

Model Parameters 2000 2005 2010 2015 2020

Bandwidth 55 55 55 55 55
Residual Squares 230.377 238.716 233.701 228.572 228.182
Effective Number 536.451 534.240 532.123 529.740 529.882

Sigma 0.353 0.359 0.355 0.351 0.351
AICC 6338.648 2661.698 2604.091 2543.320 2539.722

R2 0.903 0.900 0.902 0.904 0.904
Adjusted R2 0.875 0.871 0.874 0.877 0.877

Table 7. GWR global regression coefficients.

Global Regression Coefficients 2000 2005 2010 2015 2020

DEM (Digital elevation model) 0.119 0.127 0.247 0.236 0.246
SLOPE 0.324 0.352 0.344 0.343 0.342
RAIN 0.187 0.190 0.175 0.171 0.175
TEM 0.217 0.234 0.348 0.339 0.349
GDP −0.067 −0.012 0.036 0.017 0.036

LIGHT −0.030 −0.089 −0.177 −0.187 −0.176
POP −0.049 −0.060 −0.031 −0.015 −0.021

Slope and elevation are important natural factors influencing habitat quality. How-
ever, due to the interaction of human activities, the correlation between habitat quality
and natural factors such as slope and elevation is complicated. As can be seen in Figure 7,
slope, elevation, and habitat quality generally show a positive relationship, with the
positive and negative effects of slope on habitat being relatively complexly distributed
within a geographical area. The positive correlation between slope and habitat is mainly
concentrated in mountainous and hilly areas and areas with continuous construction land,
and the positive correlation between height and slope is distributed in discontinuous
bands. The central region is flat. Human activities are relatively frequent, and the natural
ecological space is encroached upon by construction land, resulting in serious habitat
degradation. Some of the hilly areas are affected by human development and construction
activities, and the habitats are damaged to a certain extent, while the green areas and
water areas in the plains are better protected by ecological protection, and the overall
level of habitats is higher; under the influence of human activities, the slope of the area
is negatively correlated with habitat quality. The areas with a high positive correlation
between elevation and habitat quality are mainly concentrated in the hilly areas, with
a cluster and circle pattern of distribution. In general, natural factors such as slope and
elevation play an important role in the overall pattern of habitat distribution. With higher
slope and elevation, socio-economic activities are generally less frequent in the area, and
the disturbance factors to the ecosystem are smaller, so the impact on habitat quality
is relatively small. In plain areas, where human activities are frequent, socio-economic
factors have a more prominent impact on habitat quality than do natural factors.
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Figure 7. Spatial distribution patterns of GWR regression coefficients.

71



Land 2021, 10, 1369

Urbanisation factors such as population density, gross domestic product, and the
night-time light index have a more significant negative correlation with habitat quality
(Figure 6). The negative correlation between population density and habitat quality is
most significant and widely distributed: During the study period, the negative influence
of the northern and central zones was further expanded, because the central zone was
influenced by the economic radiation of Xining, and the towns were developed signifi-
cantly, with a relatively obvious population growth, which increased the pressure on the
ecological carrying capacity of the surrounding areas. The high density of economic activ-
ities also contributed to the fragmentation of the landscape pattern and the encroachment
of arable land and construction land on ecological land.

The regression coefficients of the economic impact on habitat show that the negative
impact in the study area is less intense. The reason for this is that the study area is affected
by the policy of “returning farmland to forest” and “returning farmland to grass” in
Qinghai Province, and the GDP output value of mainly arable land is low, so the negative
impact on habitat is weak. The northern and southern parts of the city have seen rapid
economic development, and the ecological environment has been significantly disturbed
by economic activities. The night-time light index characterises the indirect disturbance
effect of urban socio-economic development and high intensity human activities on the
ecosystem: In 2000, the positively correlated areas were mainly scattered in clusters in
the plains, while the negatively correlated areas were widely distributed, with the most
intense negative impact in the mountainous hills. Between 2000 and 2010, the areas with
intense negative correlation and the positively correlated areas both decreased. However,
the negative correlation dominated the region, and the trend from the mountains to the
plains was stronger and weaker. Between 2010 and 2020, the areas with strong negative
correlations expanded again, which was related more to urban development. Overall, the
agglomeration of factors in the urbanisation process is an important driver of regional
habitat quality change, and the spatial heterogeneity of the impact of socio-economic
factors on habitat quality is more significant as the rate of urbanisation accelerates.

4. Discussion

4.1. Scaling Effects of Land Characteristics and Habitat Quality

The coupling of landscape patterns and ecological processes reflected in land use
is a central theme in landscape ecology research [35–37]. The resolution of the spatial
characteristics of land-use has long been the focus and difficulty of scholars studying land-
scape ecology [38–40]. Because the relationship between patterns and processes is often
non-linear and shows multi-factor interaction and time-lagged effects [41]. Differences in
scale and accuracy can cause the type, number, and spatial distribution characteristics and
configurations of land-use units to reflect different patterns and process couplings [42–44].

The use of the InVEST model to evaluate spatial and temporal changes in regional
habitat quality is mainly based on land-use data for model input. In the process of
revealing the drivers of habitat quality change, the drivers of the same evaluation unit will
reflect different intensities of influence on different scales of habitat quality units [41,42].
For human activities, the study of land-use change processes and their ecological effects
is also a process impact on patterns, but such impacts often involve time scales of years
or decades, so the impact of “fast” ecological processes on landscape patterns has a lag
in time scale [44]. This and numerous studies have expressed the mismatch in time
scales between landscape patterns and ecological processes, leading to a certain lack of
understanding of feedback mechanisms and systems as a whole [44–47].

Therefore, research on the effects of land characteristics and habitat quality scales
needs to be further investigated, with a focus on the integration of natural, socio-economic,
and human factors to resolve the complexity of the landscape in breadth and on the
coupling of macroscopic patterns and microscopic processes [44,48]. Providing a reliable
basis for macro-pattern characterisation and management strategy formulation, along
with macro-pattern planning and management, will in turn strengthen the practical
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significance of micro-research [49]. The ultimate goal is to scientifically, rationally, and
accurately reveal the important influencing factors of habitat quality change due to
land-use change [50,51].

4.2. Research Shortcomings

The InVEST model is relatively mature and outperforms traditional methods in terms
of spatial expression and dynamic research, but there is a certain degree of subjectivity
in the parameter settings in the calculations, and the validation of the parameters and
the assessment of their rationality are worth exploring in depth [10,24,26]. This study
explores the effects of factor agglomeration on habitat in the urbanisation process and
obtains some insights that are beneficial to ensuring ecological safety in the urbanisation
process. As a complex social-ecological system, the impact of urbanisation on habitat
quality includes not only economic and demographic factors, but also hidden factors such
as culture and policies [42,43], and there is a complex relationship between factors in the
urbanisation process, so it is necessary to introduce more social factors and clarify the
interrelationships between them for a comprehensive study. This is a direction for further
research.

4.3. Policy Recommendations

The Hung River Valley is a concentrated area of arable land in Qinghai Province,
which requires the continuous optimisation of agricultural production methods and
improvement of agricultural production efficiency. At the same time, in the context of
the work on comprehensive land improvement and ecological protection and restoration,
the region’s landscape type characteristics and current ecological problems should be
combined to promote agricultural production and ecological protection and restoration
in an integrated manner using development, preparation, reclamation, and restoration.
Compared to areas such as Datong and GuiDe counties, there is more room to improve
the quality of habitats in the cities of Xining and Haidong, and there is a need to further
promote the construction of large-scale forest farms and accelerate the implementation
of ecological construction projects such as the greening of key areas in central cities,
major towns and parks, and urban wetland parks, in order to systematically improve
the quality of regional habitats. A fragmented and complex landscape distribution is not
conducive to the protection and restoration of ecosystems; thus, when formulating and
implementing relevant measures, it is necessary to adhere to the principle of integrated
management of “mountains, water, forests, fields, lakes, and grasses”, reduce the risk
of excessive intervention caused by the management of single elements, and maintain
natural and semi-natural landscapes.

5. Conclusions

(1) From 2000 to 2020, the area of grassland, construction land, and watersheds in the
Hung River Valley increased year by year. The area of cropland kept decreasing. The
woodland and bareland fluctuated and changed, but was basically stable. Among
them, the main source of growth in construction land is the occupation of cropland,
which is especially obvious in Xining and Haidong; woodland, grassland, water, and
other high habitat landscape types increased steadily, thanks to the implementation
of policies returning farmland to forest and grass and establishing nature reserves at
all levels.

(2) From 2000 to 2020, the Hung River Valley Habitat Quality Index was stable, at
around 0.66, with a slight increase. The regional habitat quality changed, and hot
and cold states on both sides of the “Guide-Ledu” were differently distributed. The
habitat level of Xining showed low-quality characteristics, including decreasing
and gathering cold spots, while the habitat quality index of Datong County, Guide
County, Mutual County, Menyuan County, and Zunhua County was higher. The
ecological protection pressure is relatively small.
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(3) The natural elements shaped the overall habitat distribution pattern in the Hung
River Valley, with slope, elevation, and habitat quality generally showing a positive
relationship, and the effect of slope on habitat was relatively complex. The effects of
disturbance on the ecosystem were strong, biodiversity was destroyed, ecosystem
imbalance occurred, and habitat quality was significantly degraded.
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Abstract: The extent and continuity of green infrastructure can be adjusted by planning. Depending
on the sense of the adjustment, the process can lead to a vicious cycle, resulting in poorer urban quality,
or to a virtuous planning, thus leading to psychological wellbeing and sustainability. However,
socioeconomic circumstances also play an important role in managing green infrastructure. Starting
from these premises, the current study aims to take an in-depth look at the mechanisms of change in
urban green infrastructure and provide concrete planning recommendations for dealing with the
green infrastructure. It is based on a complex approach, combining an ecological design, including
geo-statistical analyses of the structure and dynamics of different categories of green infrastructure
in all Romanian and Polish cities covered by the Urban Atlas data during 2006–2018, with selected
case studies for analyzing the deeper mechanisms and drivers of change in green infrastructure,
and focusing on the role of different planning actors. The results indicate that green infrastructure
was lost in all the cities analyzed, regardless of the different planning systems of the two countries.
Based on this, specific recommendations can be phrased for all stakeholders of the planning process,
including planners, local administrations, policy makers, and scientists.

Keywords: transitional dynamic; post-socialist countries; urban sprawl; derogatory planning;
urban greenery

1. Introduction

The problems of urban green infrastructure (GI), in particular those related to its loss
and fragmentation, have been widely discussed in the literature, thereby giving us the
opportunity to review numerous titles covering the past 30 years. In summary, the review
emphasized that the previous studies:

1. Justify the importance of any green infrastructure by the ecosystem services provided
to the human population [1–3];

2. Show that fragmentation of the green infrastructure reduces the level of ecosystem
services [4–6];

3. Indicate a significant influence of urban sprawl on fragmentation [3];
4. Reduce the planning problem to the choice between compact and dispersed cities [3,7].

However, despite the large number of studies, planning implications have not been
addressed too much, and there seems to be a large gap between scientific approaches and
planning practice. Where do we stand at present, from a scientific viewpoint? A quick
glance at the literature reveals the following:
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1. The literature kicks off sometime during the late 1990s and early 2000s, when it
tries to establish an academically respectable position. Early papers touch upon the
urban growth process, thereby linking to an older research strand, with an already
established tradition. Once integrated, the research strand on GI substantiates its
role within the urban growth tradition via the ecosystem services (ES) approach. The
ecosystem approach GI research seems to gain initial momentum within the late 2000s,
with a substantial increase in written output over the past few years [8].

2. We can therefore infer that GI is a rewarding research topic, especially in recent times.
We are therefore entitled to conduct an appraisal of the agreed body of knowledge. The
rationale behind such an assessment is simple: planners need actionable information
within their planning practices.

3. Unfortunately, after nearly two decades of a relatively intensive research effort, the
agreed body of knowledge looks surprisingly thin. One is bound to ask why the
situation presents itself bleakly. The answers seem to be manifold, and we shall turn
to them throughout this article.

The main focus of this study is the relationship between urbanization, planning, and
GI, because planning can sometimes turn the vicious circle around, thereby preventing the
loss of GI and consequences derived from losing its ES on urban welfare and sustainabil-
ity [3,9]. The detailed mechanisms of urbanization dynamics are still debated by the existing
literature. Hence, Puşcaşu [10] describes a cycle consisting of: (1) expansion of housing (sec-
ond/vacation house) following the abandonment of agriculture; (2) tourism; (3) changes
in large cities due to socio-economic drivers; and (4) loss of traditional rural space and
consequent dissolution of borders between urban and rural areas. Díaz-Palacios-Sisternes
et al. [11] present a simpler process: (1) “urbanization”: transformation of agricultural land
into urban land, (2) “agrarianization”: development of agriculture and transformation of
urban land into agricultural land, and (3) “renaturalization”: colonization of urban and
agricultural land by nature. A similar mechanism is presented by Grădinaru et al. [12]:
(1) expansion of cities over agricultural areas; (2) abandonment of agricultural land which
becomes unprofitable due to size, shape, and accessibility; and (3) transformation of agri-
cultural land into built-up areas. Accounting for the change of political regime in Romania,
Ianoş et al. [13] distinguish two drivers: (1) tourism, commercial, and residential amenities
during 1990–2000; and (2) metropolitan urban sprawl after. Finally, in Eastern Europe,
urbanization occurs around large cities, which add natural or agricultural land to their
territory and turn it into urbanized land [14–16]. A different mechanism is underlined by
other studies [17,18], namely the “derogatory planning”. Hence, if the previous mecha-
nisms accounted mostly for an “urbanization by sprawl” [19,20], “derogatory planning” is
responsible for urbanization within city limits, including fragmentation and transformation
of GI. In summary, the mechanism consists of real estate development occurring through
a series of exemptions from planning provisions (either national or municipal), favored
by local authorities for different interests (usually economic). As a result, urban develop-
ment causes a densification of built-up area at the expense of nature, and in most cases
in worsening the living conditions of inhabitants [21,22]. Such mechanisms can generate
concrete recommendations: Our previous study [3] partially filled in the gap, but it was
based on general analyses that were unable to look at the changes of particular types of GI.
We therefore indicated the study of these changes as a possible continuation of research.

Therefore, our aim originates in the need for correlating “ecological studies” in their
epidemiological meaning [23], i.e., carried out at the level of population units (in this case,
different cities or urban areas considered each one as a whole), with an in-depth analysis of
individual cases, in order to discern the mechanisms affecting the urban GI. Consequently,
the study plans to combine analyses looking at land cover and use changes with analyses
of individual cities, to derive some concrete planning recommendations.
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2. Materials and Methods

The study covers the period of 2006–2018, but focuses on the interval 2006–2012, for
the following reasons: First, the start and end years were dictated by the availability of
data, collected by the Urban Atlas this way. Second, the period was selected to reflect two
important socio-economic trends: the real estate boom peaking in 2008, and subsequent
economic decline and partial recovery. This choice correlates with the finding that socio-
economic drivers are those affecting the environment [24,25].

To overcome the effects of “ecological fallacy” that usually accompany an ecological
design, i.e., meaning that conclusions obtained at population level do not necessarily
hold true at the individual one [26], we used two type of methods: quantitative, applied
for looking at trends of transitional dynamics affecting the GI in all analyzed cities, and
qualitative, for in-depth analyses of drivers determining these dynamics in selected cities.
An outline of the methodology is presented in Figure 1.

 

Figure 1. Outline of the study methodology, integrating quantitative and qualitative approaches to
phrase planning recommendations.

The quantitative methods rely on using Urban Atlas data, appropriate for understand-
ing phenomena specific to urban areas [27,28]. The data are freely provided in a shape file
format projected to the ETRS 1989 Lambert Azimuthal Equal Area L52 M10 system [27]
by the Copernicus Land Monitoring Service (https://land.copernicus.eu/ (accessed on
14 December 2020). We used the three datasets available for 2006, 2012, and 2018 land cover
and use, with a resolution of a minimum mapping unit of 25 hectares and a minimum
100 m width of linear elements [29], as well as two datasets on the changes (2006–2012 and
2012–2018), with a 0.25 ha resolution for artificial surfaces and 1 ha for others [30].

The study used only Romanian and Polish cities present in the Urban Atlas datasets
in 2006, 2012, and 2018, thus totaling 32 in Poland and 14 in Romania (Figure 2). As the
image shows, the spatial distribution is relatively balanced from a spatial perspective in
both countries. Although the Urban Atlas dataset was designed to include cities over
100,000 inhabitants, it included smaller cities, and excluded larger ones in both countries.
However, our dataset was limited by the Urban Atlas selection criteria and availability
of data. Moreover, since Urban Atlas data cover cities and their functional urban areas,
we limited our analyses to the administrative limits of cities, such that the GI analyzed
corresponds to the urban GI.
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Figure 2. Cities included in the study. The sizes of the cities were enlarged for a better visualization
of their position.

The methodology consisted of analyses performed using ArcView GIS 3.X and its
spatial analysis extensions. First, data were converted to the Stereo 70 format and were
clipped to the boundaries of administrative units. Data were recoded matching Urban
Atlas categories to those of the GI [3,9,25], more specifically: 14,100—green urban areas,
14,200—sports and leisure facilities, 20,000—agricultural areas, and 30,000—natural and
(semi-)natural areas. The changes for each category were coded as “loss”, if land parcels
labeled as GI in the beginning year had a different use in the end one, “gain” if land parcels
with a different use in the beginning year became GI in the end one, or “transformation” if
parcels preserved their GI label but changed their land use during the period. In addition,
we reclassified the newer data, which include a more detailed classification of agricultural
areas, and natural and (semi-)natural areas, to match the previous ones, in order to permit
comparisons. Recoded polygons were dissolved for each city, computing the total area
affected by each process, using the X-Tools extension of ArcView GIS 3. To overcome the
differences due to city size, the area occupied by each category or the changes affecting
it were expressed as a share of the GI or as a share of the area affected by changes of the
GI, respectively.

Additional data from the statistical yearbooks were collected for each city, especially
concerning its population. The administrative boundaries were used to compute the city
area using the X-Tools extension of ArcView GIS 3. The additional data, including the city
population, area, and density (computed based on the others) were used in analysis of
co-variance (ANCOVA) looking at the dependence of the status parameters (area of each
category of GI) and process ones (gain or loss of each category and transformation) on the
additional variables. In addition, we tested whether the loss for each category depended
on the total area covered by that category in the first year of each period. The choice
of ANCOVA over multiple linear regression was justified by the fact that in addition to
the numerical variables, differences were also sought by country and period, which are
categorical variables. In addition to ANCOVA, correlation analyses were performed for
all variables.

All statistical analyses were run at two levels of significance: 0.05, characteristic to
all disciplines, and 0.1, used in environmental sciences and occasionally in other fields.
The latest corresponds to an “uncertainty area” due to a reduced sample size. Hence, if
significant results are detected at this level, it is likely that additional analyses, performed
on larger samples, would yield results significant at the 0.05 threshold.

Provided that the statistical analyses revealed significant differences between the two
countries, separate analyses were run for each country apart and overall.
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Qualitative analyses compared representative case studies selected from each country,
relying on information from official sources (public administrations, official statistics, and
scientific literature) and mass media, in terms of their performance. Media sources included
both “official” versions (i.e., pure media—newspapers, radio, or television, or official media
releases of local administrations) and sources reflecting the perspective of different civil
society stakeholders, especially NGOs. All sources are cited as references. We have selected
two case studies from Poland (Konin and Lublin) and four from Romania (Bucureşti, Cluj
Napoca, Giurgiu, and Oradea). The reason is that Polish cities were found to be on average
twice as large than the Romanian ones [3], and Polish planning conditions are identical
for all cities. Thus, we felt the need to include smaller cities, which were found only in
Romania. Moreover, we attempted to select “well doers” and “poor performers” from
among Romanian cities.

3. Results

3.1. Quantitative Analysis

Tables 1 and 2 and Figure 3 depict analyses of the structure of GI, and Table 3 shows
its dynamics. The analyses describe the influence of potential drivers, based on the results
of the analysis of co-variance. The Annex found in the Supplementary Materials includes
two tables showing the correlation of all variables, i.e., Tables S1 and S2. In addition to
the statistical analyses. In addition to the statistical analyses, Table 4 displays an overall
comparison of the loss of different categories of the GI across the two periods and counties.

Table 1. Variables influencing the structure of GI categories in Romanian and Polish cities covered
by Urban Atlas data. The table displays the p value associated with each relationship, using the
following notations: Bold—significant, p ≤ 0.05; Italic—significant, p ≤ 0.1; Regular—not significant,
p > 0.1.

Independent Variables

Dependent Variable

Green Urban Areas Sports and Leisure Agricultural Areas
Natural and

(Semi-)Natural Areas

1. Overall

Country <0.0001 <0.0001 <0.0001 0.0164
Year 0.6389 0.7335 0.5020 0.5959
Area 0.0301 0.0493 0.0813 0.1875

Population 0.1617 0.3566 0.4706 0.4542
Density <0.0001 <0.0001 0.2877 0.7733

2. Poland
Year 0.9049 0.7772 0.6193 0.7028
Area 0.0306 0.0564 0.0008 0.0039

Population 0.7377 0.1531 0.0169 0.0298
Density <0.0001 <0.0001 0.0475 0.3868

3. Romania
Year 0.1316 0.8289 0.7811 0.8095
Area 0.4695 0.1739 0.0005 0.0007

Population 0.0055 0.3646 0.0027 0.0059
Density <0.0001 0.0141 0.0196 0.0018

Table 2. Distribution of the GI across the different categories (14,100—green urban areas, 14,200—sports
and leisure, 20,000—agricultural areas, and 30,000—natural and (semi-)natural areas) in Romanian
and Polish cities covered by Urban Atlas data. The values represent the share of the area of each
category from the total GI area per city.

Green Urban Areas Sports and Leisure Agricultural Areas
Natural and

(Semi-)Natural Areas

Poland

Białystok 9.84 10.46 40.55 39.15
Bydgoszcz 3.64 5.50 34.78 56.09
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Table 2. Cont.

Green Urban Areas Sports and Leisure Agricultural Areas
Natural and

(Semi-)Natural Areas

Poland

Częstochowa 4.05 3.83 79.08 13.05
Gdańsk 5.84 7.62 51.61 34.92

Gorzów Wielkopolski 7.03 7.58 69.00 16.39
Jastrzębie-Zdrój 4.58 2.66 77.23 15.53

Jelenia Góra 1.65 3.54 46.24 48.57
Kalisz 2.96 3.48 85.89 7.67

Katowice 5.81 3.69 15.11 75.39
Kielce 3.81 5.80 51.38 39.01
Konin 3.28 4.22 79.02 13.48

Koszalin 3.74 4.52 42.16 49.58
Kraków 9.65 4.63 73.42 12.30

Łódź 7.19 6.53 62.56 23.72
Lublin 8.36 7.24 62.11 22.29

Nowy Sącz 1.74 3.87 62.92 31.47
Olsztyn 7.62 6.02 35.67 50.69
Opole 2.58 2.80 77.39 17.22

Ostrów Wielkopolski 3.44 8.93 63.92 23.71
Pabianice 4.77 4.49 73.46 17.28

Płock 4.30 6.25 64.59 24.86
Poznań 12.46 7.74 49.28 30.52
Radom 4.00 4.38 76.76 14.87
Rybnik 1.22 1.93 37.97 58.88

Rzeszów 3.51 4.88 80.74 10.87
Stargard 3.14 9.04 71.03 16.79
Suwałki 1.21 2.74 75.01 21.04
Szczecin 6.74 10.91 37.20 45.15

Toruń 8.03 7.32 30.45 54.20
Warszawa 12.50 9.11 38.51 39.88
Wrocław 7.08 12.28 63.98 16.66

Zielona Góra 0.86 2.17 28.20 68.78
All cities (average) 5.21 5.82 57.41 31.56

Romania

Alba Iulia 0.78 0.24 69.33 29.65
Arad 1.19 0.34 91.98 6.49
Bacău 6.92 3.35 74.76 14.96
Brăila 9.36 2.34 78.14 10.16

Bucureşti 19.82 5.62 63.66 10.90
Călăraşi 0.48 0.22 89.85 9.45

Cluj Napoca 1.43 0.61 74.71 23.24
Craiova 6.45 2.33 80.44 10.79
Giurgiu 1.62 0.46 76.96 20.95
Oradea 2.53 0.62 91.89 4.96

Piatra Neamţ 0.43 0.63 34.99 63.95
Sibiu 1.41 0.97 68.47 29.15

Târgu Mureş 2.49 5.57 50.19 41.76
Timişoara 3.30 1.96 86.45 8.29

All cities (average) 4.16 1.80 73.70 20.34

All cities and
countries (average) 4.89 4.60 62.37 28.15
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Figure 3. Distribution of the GI across the different categories (14100—green urban areas, 14200—sports
and leisure, 20000—agricultural areas, and 30000—natural and (semi-)natural areas) in Romanian
and Polish cities covered by Urban Atlas data. The graph is built based on the average values in 2006,
2012, and 2018, respectively.

3.2. Qualitative Analysis

To explore the drivers of change in more depth, the analysis continued with several
representative case studies from each country (Konin and Lublin in Poland, and Bucureşti,
Cluj Napoca, Giurgiu, and Oradea in Romania), based on data from the media, official
statistics, or scientific literature, which can explain the processes affecting local GI. Several
characteristics of the cities are displayed in Table 5.

3.2.1. Romania

We attempted to select “well doers” and “poor performers” from among Romanian
cities. Hence, we have chosen two typical examples of Romanian small cities, Giurgiu
and Oradea, and two large ones, Bucharest and Cluj-Napoca. Nevertheless, the structure
and dynamics of their GI differ, as well as other features. Giurgiu stands out as the only
city where the GI did not suffer any transformations during 2006–2012; Bucharest has
the smallest share of GI (dominated by green urban areas—highest share among all case
studies), and Cluj-Napoca the largest, even compared to all case studies, including the
Polish ones. Bucharest also has the highest density. Finally, the GI of Oradea and Giurgiu is
dominated by agricultural areas.
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Table 4. Overall loss of different categories of GI categories across the two periods and counties in
Romanian and Polish cities covered by Urban Atlas data. The table displays the average share of
each category in the total loss of GI.

Period Category Poland Romania Overall

2006–2012

Green urban areas 3.9474 1.5187 3.2083
Sports and leisure 1.1086 0.1366 0.8128
Agricultural areas 88.9037 97.4752 91.5124

Natural and (semi-) natural areas 6.0402 0.8695 4.4665

2012–2018

Green urban areas 1.0691 1.6006 1.2308
Sports and leisure 1.3190 0.2404 0.9908
Agricultural areas 6.2796 19.4738 10.2952

Natural and (semi-) natural areas 5.1993 9.8599 6.6177

2006–2018

Green urban areas 2.5082 1.5597 2.2196
Sports and leisure 1.2138 0.1885 0.9018
Agricultural areas 47.5917 58.4745 50.9038

Natural and (semi-) natural areas 5.6197 5.3647 5.5421

Table 5. Data for the individual case studies included in the qualitative analyses. The table displays
physical and demographical characteristics and the dynamics of GI.

City Konin Lublin Bucureşti Cluj Napoca Giurgiu Oradea

Country Poland Poland Romania Romania Romania Romania
Area (km2) in 2006 82 147 162 88 22 77
Area (km2) in 2012 82 147 238 93 30 79
Area (km2) in 2018 82 293 240 105 30 82
Population in 2006 80,471 353,483 1,931,236 305,620 69,479 205,956
Population in 2012 77,847 347,678 1,883,425 324,576 61,353 196,367
Population in 2018 74,151 342,039 2,121,794 324,267 67,402 221,398

Density (per km2) in 2006 981 2405 11,958 3467 3226 2668
Density (per km2) in 2012 949 2365 7918 3483 2022 2483
Density (per km2) in 2018 904 2339 8840 3091 2221 2706

Share of GI (%) in 2006 57 60 29 75 57 62
Share of GI (%) in 2012 56 54 27 73 56 58
Share of GI (%) in 2018 55 52 27 70 56 56

Fragmentation of GI during 2006–2012 No No Yes Yes Yes Yes
Fragmentation of GI during 2012–2018 Yes No Yes Yes Yes Yes

Gain of GI during 2006–2012 Yes No Yes Yes Yes Yes
Gain of GI during 2012–2018 Yes Yes Yes Yes Yes Yes
Loss of GI during 2006–2012 Yes Yes Yes Yes Yes Yes
Loss of GI during 2012–2018 Yes Yes Yes Yes Yes Yes

Balance (gain/loss) of GI during 2006–2012 Loss Loss Loss Loss Loss Loss
Balance (gain/loss) of GI during 2012–2018 Loss Loss Loss Loss Loss Loss

Transformation of GI during 2006–2012 Yes Yes Yes Yes No Yes
Transformation of GI during 2012–2018 Yes No Yes Yes Yes Yes
Average share of green urban areas (%) 3 8 20 1 2 3
Average share of sports and leisure (%) 4 7 6 1 0 1
Average share of agricultural areas (%) 79 62 64 75 77 92

Average share of natural and (semi-)
natural areas (%) 13 22 11 23 21 5

Giurgiu and Oradea were former industrial cities, which experienced a marked decline
in industrial activity between 2006 and 2012, and, along with it, a decrease in population,
which was more dramatic in Giurgiu (from 69,479 to 61,353—12%), but also present in
Oradea (from 205,956 to 196,367—5%). During the next period, both cities witnessed an
increase in population (to 67,402—10% in Giurgiu, and 221,398—13% in Oradea). However,
the fate of industry differs in each city. In Oradea, the first industrial parks were created
in 2008; they are among the few ones created in Romania thus far, and according to the
definition of GI, their creation corresponds to adding new GI to the existing one. This is
not something created formally; the inner regulations of industrial parks (Eurobusiness
II used as an example—[31]) has clear provisions on the creation and maintenance of
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green spaces covering 25% of the park area. In addition to the industrial park, the public
administration of Oradea has taken concrete actions, including and without limiting to,
planting 23,207 trees during 2009–2019, to compensate for the 7475 cut off during the same
period [32], and by the creation of 20 new landscaped green spaces in 2011 [33]. The trend
continued with the creation of 8 hectares of new green spaces in 2015 [34] and another
10 in 2018, through conversion of degraded land, using European funding [35]. Giurgiu
also witnessed some incentives of the local administration that consisted of creating five
green spaces totaling 8000 m2 in 2009 [36], but most likely, the changes are due to the
abandonment of its industry and colonization of abandoned spaces by vegetation, as well
as by landscaping the exit route to Bulgaria, which is situated on the administrative territory
of Giurgiu. Apart from this, Giurgiu is referred to by the media as a city with poor green
spaces [37,38].

On the opposite side, the case of Bucharest can serve as a good example of a city where
planning does not seem to account for the GI. The latest Master Plan of Bucharest was
approved in 2000, and its validity was extended to 2010 by the City Hall. The new Master
Plan is still in the preparatory phase, although each city must renew its plan every 10 years,
at most, according to the Romanian legislation. The provisions of the 2000 Master Plan
included the creation of a “yellow-green belt”, consisting of existing forests and agricultural
areas of neighboring rural settlements. The green belt was never created; instead, small
businesses built up their facilities around the belt line, and neighboring rural settlements
lost their agriculture and rural functions, turning into residential areas for the citizens of
Bucharest who, due to social and economic reasons, switched from living in large housing
estates built in the socialist period to individual housing, bought and modified or built
up from scratch. At the same time, the restitution of properties, a process formalized in
2005 by the creation of a specialized agency, resulted in accelerating this process, but also
ended by transferring important portions of parks to former owners, who turned them
into restaurants or other facilities. Another consequence was that the price of real estate
increased. It is even hard to know the total area of green spaces. A study carried out under
the framework of the Swiss–Romanian cooperation program points out that the area of
green spaces per capita “increased” from 3 m2 in 2007 to 23.21 m2 in 2011 without creating
any new green space, but accounting for the private ones [39]. Overall, the problem of
Bucharest is that its Master Plan, initiated in 2013 and due in 2016, was not finalized;
however, the previous (and obsolete) plan was modified by numerous plans for smaller
areas, disregarding the requirements providing for green spaces, among others [40]. As a
result, in the lack of clear-cut regulations, new developments are continuously shrinking
the existing green spaces; numerous examples are presented by the media, which depict
the situation as disastrous [41,42].

A somewhat different situation is found in Cluj. Here, during the first stage, the city
began losing an increasing number of landscaped squares or green open spaces to the
erection of filling stations, churches or bank offices, with land leases increasing throughout
the 1990s. A second stage followed closely in the early 2000s, when relatively large
swathes of parks were transformed into housing estates or large-scale shopping centers,
thereby almost completely voiding the provisions of planning documents endorsed during
the socialist period. This second stage resulted in an overall 30-hectare decrease in the
total green area of the city. During the 2010s, a new generation of planning documents
struggled to increase the green area ratio per capita, in an attempt to compensate for
the losses experienced during previous decades. When artificial increases were sought
out, such as declaring green spaces on private properties, litigations soon followed, and
the practice was dropped. A third stage became manifest a few years ago, when the
Municipality began organizing urban design competitions, a practice that has by now
become customary. This latest period is by far the most interesting, as it tackled not only
the overhaul of existing green open space network, but it tentatively began pursuing its
gradual expansion. However, the status of the city in the media with respect to the GI
is controversial; two articles published in 2018 stated that, based on the data from the
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statistical office, Cluj-Napoca was well positioned with respect to the green space per
capita, with 25.8 m2/inhabitant, close to the European Union limit (26 m2/inhabitant),
surpassing Bucharest, with only 21 m2/inhabitant, but continues to state the need for
urban green spaces, as only two of them, landscaped in 2014, were functional [43]. The
same lack of landscaped green spaces is pointed out in a second article, showing that
some of the landscaping projects were not implemented, and the city lacks true and
functional green spaces [44], and by a study carried out under the framework of the Swiss–
Romanian cooperation program, which points out the lack of interest for the landscaped
green spaces [45].

The situation of these last two cities must be understood against the background of
the general trend during the study period in Romania, especially in large cities. The year
2008 was the peak of a real estate bubble that had started earlier, followed by a drop in
property prices. For example, based on real estate data, the price of a three-room apartment
from the socialist period in Bucharest increased from 63,805 euros in 2006 to 146,678 in
2008 and then dropped down to 70,783 until the end of 2012 [46]. This increase has to be
interpreted in the particular context of Romania, where 96% of people own the homes
they live in, this being the highest share in Europe, and only 4% (compared to 30% EU
average) live in a rented house or apartment [47], and prices in Bucharest are higher than
the Romanian average (1413 euro/m2 compared to 1341 euro/m2 in 2019—[48]), with
prices in central areas equaling those in Paris or London [49]. At the same time, prices in
Cluj-Napoca are even higher on average (1900 euro/m2 [48]). Because of the real estate
boom, former owners turned the restituted property, usually a house with some green
space or a parcel of land, into a larger unit, thereby using up almost the entire land.

3.2.2. Poland

In the case of Polish cities, Lublin and Konin were selected for a more detailed analysis.
These two cities differ in the nature of the socio-economic processes taking place, including
the level of involvement of the local community.

Lublin is one of the least green large Polish cities with a rather limited access of
inhabitants to greenery and a relatively high level of GI fragmentation, mainly due to
the small share of forests and tall greenery (about 11% of the city area) [50]. This is
probably the reason why GI is perceived as one of the most valuable elements of the city’s
ecosystem. Shaping a coherent system of greenery and improving residents’ access to it are
goals included in the city’s development strategy [51]. The city authorities yield a great
importance not only to the protection of forests and revitalization and development of urban
GI (in the last decade a total of 72 hectares of green areas have been created and revitalized,
including, for example, the construction of Park Czuby), but also to the social participation
in the process. Therefore, residents, supported by the activities of non-governmental
organizations for the protection of trees and development of urban GI (e.g., the Lublin City
Movement—City for People, fighting for the preservation of every tree in the city), play an
extremely important role in shaping the urban GI [52]. Activating positive GI processes is
not easy, as Lublin is currently the most rapidly developing metropolis in Eastern Poland
and one of the most attractive places to live and do business in the whole country. However,
at the beginning of the period of economic and social transformation initiated in Poland in
1989, the city was characterized by insufficient industrial development, which resulted in a
comparatively low level of performance, as pointed out by economic indicators. However,
this backwardness turned out to be an asset in the post-industrial transformation. Although
in the period under study, similar to most Polish cities, Lublin lost population (population
loss was 1.74% from 2006 to 2012 and 2.38% from 2012 to 2018) and had an average level
of economic development; in 2006–2010, it became one of the fastest developing cities
in Poland. Despite the global crisis, economy increased significantly in the city, and the
growth of the number of businesses was one of the largest among major Polish cities [53].
The effect of economic changes was a gradual increase in the wealth of residents and in
the accompanying investment pressure. This pressure, combined with weaknesses of the
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spatial planning legislation, caused a loss of GI. This loss was primarily related to the felling
of trees accompanying the implementation of different types of investments (e.g., road
reconstruction, construction of roundabouts, new housing estates, shopping malls etc.) [54].
The loss of fallen trees was unfortunately not fully compensated by planting new ones. For
this reason, Lublin lost green areas and stopped the fragmentation processes.

Konin, in turn, is a typically industrial town, which owes its development to the
exploitation and processing of brown coal. The city has experienced a particular transfor-
mation of the political system, manifested by a progressive, dynamic decline in population
(by 3.26% in 2006–2012 and 4.75% in 2006–2018), steady number of businesses, high un-
employment, and a significant decrease in the average salary compared to the national
average (from 96,3% in 2006 to 93% in 2012). The unfavorable trends during this period
were caused by a progressive restructuring of its economy and group mass layoffs among
the city’s inhabitants. As a result of these demographic and economic processes, in Konin
the development pressure was not too high (only slightly more than 500 new apartments
were added between 2006 and 2012, and between 2012 and 2018—830). The attention of
local authorities was primarily focused on the modernization and expansion of the road
network and inclusion of new areas for economic activation in the communication system.
These activities have been major contributors to the loss and progressive fragmentation of
green spaces, which was not counteracted by the passive and poorly organized residents,
connected only to a small extent with the inhabited city (largely immigrant population,
recruited to work in industry). However, the positive side consists of the creation of new
GI. As a result of reclamation and revitalization activities, operations parks (Park 700-lecia,
Park Ojców), recreational amenities (tennis courts, playgrounds, playgrounds, and sport
halls), allotments, arable fields and afforested areas were created in the regions of three
former open-pit mines, which to some extent blurred the mining history of the city [55].
These activities resulted in an increase in forests (123%), street alignments (by 72 ha), and
parks, greeneries, and private house green spaces (by 30 ha) [56].

Therefore, the processes taking place in Lublin and Konin are different, and condi-
tioned by the specificity of economic development, but also, and perhaps most importantly,
resulting from the characteristics of local communities. Everything seems to indicate that
the positive example of Lublin is largely due to its inhabitants forming a community, and
not just a collection of residents. Only a community was able to quickly “find itself” in
new political conditions, aware of the role of GI in the city, capable to organize itself and
take bottom-up initiatives to protect the GI, and to build up an important social capital
in sustainable urban development. However, local authorities also played a role in this
success, attaching great importance to both the protection of green spaces from fragmenta-
tion and the public participation processes. Conversely, the case of Konin, representing
a center of traditional mining industry preferred during the socialist period, reveals a
community passively waiting for the public authorities to provide them with jobs and a
higher life quality. The inhabitants of Konin are largely characterized by the lack of activity
and entrepreneurship, and an unwillingness to undertake bottom-up initiatives. In turn,
local authorities, wanting to improve the image of the city and make it a more attractive
place to live, focused their attention not only on job creation and the implementation of
“hard” investments, but also on the rehabilitation and organization of new GI elements.

4. Discussion

4.1. Quantitative Analysis

Our findings indicate that agricultural and natural areas make up the largest share of
urban GI (best seen in Figure 2). With several exceptions (mostly in Polish cities), one of
them dominates the other, but the other landscaped areas (green urban areas and sports
and leisure facilities) rarely sum up to 25% of the urban GI. The dynamics of GI seem to
vary mostly by the country and year, at least with respect to the gain and loss of some
categories, but also overall. In more detail (see Table 4), during 2006–2012, Polish cities lost
more landscaped GI and natural areas, but Romanian cities lost more agricultural land, and
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during 2012–2018, the trends reverted. The city area seems to influence only the total gain
and loss, which is consistent with previous findings [3]. However, the loss of GI seems to be
influenced to a great extent, for each category, by the share of this category in the beginning
of the period. This means that the well-represented categories tend to lose more than the
less-represented ones. In addition, the analyses did not reveal many significant predictors
for the landscaped green spaces (green urban areas and sports and leisure facilities). We
suspect that their reduced share makes it hard to distinguish the drivers of their loss or
gain, compared to the dominant categories (agricultural and natural areas). On a similar
note, the loss seems to depend on some of the predictors accounted for (population and
density), while the gain seems to be less influenced by them. This might indicate that the
urban social metabolism tends to consistently eliminate the GI, while its gain is mostly due
to random causes.

Our analysis differentiates between large cities and small ones, the latter having a
closer status to rural settlements. Large cities have a well-represented landscaped GI,
corresponding to the third type of city nature described by Kowarik [57]. Small cities
preserve in their structure agricultural areas [58], and these are the first to be lost when
the city increases; some are compensated for by the newly created landscaped areas.
However, the loss is proportional to the share of each category, suggesting that the process
is irrespective to the type of GI.

Similar to our previous study [3], we also found many inconsistencies. To cite an
example for each analysis, natural and (semi-) natural areas are influenced by the density
of population in Romania, but not in Poland and overall; natural and (semi-) natural
areas seem to be significantly inversely correlated with the total area of the city in Ro-
mania, marginally significantly positively correlated to it in Poland, and not correlated
overall; the loss of agricultural areas is significantly influenced by density in Romania and
marginally significantly overall, but not influenced in Poland; and the transformation of
GI is significantly positively influenced by population in Romania and overall, but not in
Poland. While it would be easy to blame the small sample size for such differences, all the
examples above show significant values in Romania, where the sample size is the smallest
(14 cities). Therefore, it is sounder to explain them by the variability of phenomena rather
than considering them statistical fluctuations.

Similarly, there seem to be variables which correlate with almost all others (e.g., popu-
lation, for the analysis of the structure of GI, and total gain of GI, least in Romania, for the
analyses looking at its change), and variables that do not correlate with any others, in the
case of analyses looking at the changes of GI, e.g., gain of green urban areas). Particularly
in the case of the latest analyses, the predictors (area, population, and density) and overall
transformation, gain and loss seem to be the most correlated (almost all possible pairwise
correlations are significant). Again, these results indicate that it is easier to obtain the
overall picture, similar to our previous study [3], but the detailed mechanisms of change
are more contextual and harder to generalize.

In brief, despite the many variations, indicating the contextual nature of changes, we
were able to show that natural and agricultural areas are the most represented components
of the urban GI. The latest tends to diminish its size on a rural-urban gradient. The size,
population, and density of cities can play an important role in explaining the loss of different
GI categories, but the gain and transformation are less predictable. Most importantly, the
loss of GI, regardless of the category, is a generalized phenomenon, and its intensity varies,
for each category, with its share in the total urban GI.

4.2. Qualitative Analysis
4.2.1. Romania

Against the individual cases, we can distinguish some salient features of planning
practices: in a first phase, socialist planning documents fall into disrepute and their provi-
sions are either eroded gradually or voided completely, through a plethora of lower-rank
planning documents explicitly geared toward exacting derogations from higher-ranking
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plans. In a second stage, planning documents aim at protecting the existing network of
open green spaces, while at the same time experimenting with various methods for in-
creasing the overall surface of green areas. When litigations follow, experiments are halted.
In a third stage, the provisions within planning documents become subject to national or
international competition, thereby seeking a higher degree of validation from the general
public. It is definitely too soon to tell, but the practice of organizing urban design and
urban planning competitions might well engender a reform within the current architecture
of the Romanian planning system.

It is also important to analyze another particular aspect of Romania. One could ques-
tion the role of people, communities and organizations involved in the process. All these
stakeholders do not play an important role in Romania, and our discussion focuses mainly
on local administrations and business pressure. Citizens do not play an important role,
and their reactions seem limited to protesting against trees being cut off by municipalities
in Bucharest [59] or Ias, i [60], or initiating online petitions in Bucharest [61], with limited
success. The reasons are a combination of the fact that, in Romania, citizens are less or-
ganized in making up one single voice for their issues, and authorities are generally less
prone to listen to them. Nevertheless, if this is the case of population alone, NGOs were
more successful; “Save Bucharest” (Salvaţi Bucureştiul in Romanian), an NGO founded
in 2008, adopted the legal path and announced in 2020 winning its 166th lawsuit against
Bucharest City Hall [62].

Three lessons can be learned from the Romanian case studies. One is that the “winning”
cases for GI are those where public administrations got involved or the process occurred
naturally, due to the lack of intervention; however, these are the exceptions. The second
one shows that the general “rule” of greed for profit applies, especially when analyzing
phenomena through the lens of land price, generated a spontaneous urbanization. The
real estate crisis slowed down the process after 2008 [25], but overall effects could not be
diminished in the least. The third is that planning documents adapt, as Municipalities face
inherent weaknesses of the Romanian planning system and search for new ways of gaining
legitimacy for their planning actions.

4.2.2. Poland

Unfortunately, in all analyzed Polish cities, the loss and, consequently, a negative
balance of GI occurred, and the vast majority of cities also experienced its fragmentation.
The functional and spatial conflicts between the needs of public interest (represented by the
city) and those of individual interests (often including development companies interested
only in short-term profit, and not the well-being of residents) were, among others, due
to the expectation of destination for development, mainly residential, of all categories of
areas in the city, including the agricultural and green ones. The main source of conflict was
the lack of adequate coverage of the city with spatial development plans (their drafting
is optional) and launch of further investment areas through non-planning tools, such as
decisions on development conditions, often detrimental to the city (interference with land
reserved for roads, green areas necessary to maintain a high quality of life, areas designated
for conservation, etc.) [63–65]. From 1 January 2017, the difficult situation was significantly
worsened by the amendment to the provisions of the Nature Conservation Act, which
abolished, among other things, obligation to obtain a permit to cut trees on private real
estate (the so-called “Lex Szyszko”—the name of the minister responsible at that time for
environmental protection). The law was tightened again on June 17 of the same year, but
for half a year, there was massive felling of trees, causing significant losses in tree cover in
practically all Polish cities [66].

In Poland, planning conditions are identical for all cities. Therefore, changes in the
scope of urban greenery are determined by actions of local authorities (first of all, they are
responsible for deciding which areas will be covered by spatial development plans allowing
for the protection of GI) and bottom-up actions taken by inhabitants. For this reason, all
Polish cities need a substantial improvement of their spatial policy. Without it, they are at
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risk of increasing spatial chaos [67], of a gradual loss of natural assets, and of fragmentation
of ecological corridors under the pressure of short-term goals of the investors.

4.3. Lessons Learned from the Study

Before proceeding to sketching our recommendations, we need to pause for a moment
and frame the limitations that have become prominent while conducting this research
exercise. Generally speaking, the data and methodology produced significant results.
Nevertheless, it is local variations and the failure to ascertain the exact degree of influence
these driving forces have on GI that render these limitations explicit. In short, they are
the following:

1. The methodology needs more fine tuning to improve statistical significance. This is,
however, easier said than done. To illustrate this point, please consider the following
data-related issue: the frequency of land cover and land use data are low. Hence, while
the Urban Atlas demonstrated its suitability for performing comparative analyses of
changes, its temporal span does not allow for highlighting the intrinsic mechanisms
of these changes.

2. To complicate things even further, there are some additional limitations that affect the
methodological exercise proper. They are the following:

• Mathematical constraints apply to modeling complex processes describing the
dynamics of the GI. Hence, it is difficult to achieve both intuitive clarity and
statistical power.

• The ecological fallacy characterizing ecological studies could cast a doubt on the
validity of results. More precisely, even if local influence of the driving forces
could be determined if available data were available, there will be always a doubt
that aggregated data reflect appropriately each particular case of fragmenting,
losing, or changing of the GI.

5. Conclusions and Recommendations

In summary, we found out that the loss of GI is a generalized phenomenon, but its
intensity varies with the different categories. Large cities have a GI dominated by natural
areas, which are parts of the surrounding natural areas incorporated by them as they grow.
Smaller, rural-like towns are dominated by agricultural areas, which tend to shrink as
the towns evolve into large and complex cities. Consequently, most urban areas have
an infrastructure consisting mainly of agricultural or natural areas, while the landscaped
spaces make up only a small share. The loss of GI is uniform and generalized to all
investigated cities, and most likely common to other cities not included in our study, but
the loss is proportional with the share of each category. While the most important drivers
seem to be the city population and its density, the process is influenced, as the case studies
indicate, by a local “culture” of administration or citizens in terms of dealing with the
GI. The main actors seem to be public administrations in Romania and city dwellers in
Poland. However, civil society and city dwellers seem to be more organized in Romania
in recent years too, while adopting legal tools in order to make public authorities listen to
their voice. Finally, plan coverage seems to play an important role in Poland too, namely,
the insufficient level of coverage of cities by plans. Overall, the study confirmed previous
results in terms of the overall findings (generalized loss of the GI) but revealed the fact
that inner mechanisms are contextual and therefore hard to generalize, as indicated by the
statistically significant fluctuations by country and period, although we were able to reveal
that most losses account for natural and agricultural areas.

Against the background defined by our findings, we can now venture to make a series
of recommendations for planning practitioners. We have conceived these recommendations
in a generalized way, as they are applicable to other countries experiencing similar planning
issues, such as the central-eastern European ones. However, they apply first to Poland and
Romania, and, due to this reason, we have phrased specific recommendations for these
countries wherever appropriate. In short, in both Romanian and Polish planning systems,
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GI elements are not adequately protected. All planning studies should introduce provisions
and solutions for protecting and restoring the environment.

However, the two countries fare differently: In Poland, there is no national document
defining directions for spatial planning, at least for the time being. Hence, there is no
framework for buttressing spatial policies relevant to GI. In addition, plan coverage at the
local level is low, with only about one- third of the country covered by plans. At the time of
writing, plans remain optional. Against this background, urban development is managed
via administrative decisions, which tend to encourage circumvention. Hence, with plans
remaining optional, there are both substantive and procedural barriers to successful GI
implementation in the planning practice. Any recommendation will therefore require either
a structural change within the Polish planning system, or an incremental improvement in
the performance of administrative decisions.

In Romania, the legal framework is there, but the problem is practical: There are
no dedicated and precise planning instruments, aimed at ensuring GI critical mass and
continuity in real estate development. Simply put, planners and developers do not have
readymade prescriptions for creating viable and scalable GI. In addition, there is no com-
prehensive analysis of Romanian zoning and building regulations aimed at highlighting
provisions that work against the creation of GI. Hence, the problem here is merely procedu-
ral and could easily be solved by producing scientifically and legally informed planning
and design manuals.

Consequently, we propose the following preliminary recommendations, which require
a considerable amount of good will from planning practitioners:

1. Consistent formation of the urban GI system, which would ensure the maximum
area and compactness (compact shape) of its elements, their spatial continuity, and
connection with suburban green areas. The process is possible in Romania, where
guidelines for drafting plans exist, but they are outdated; updating them is the easiest
solution. However, Poland lacks such tools; the study revealed their need, and they
can be developed accounting for the GI from the beginning.

2. Preserving the system’s continuity by integrating remnants of natural environment
in the urban structure, usually including the water system, and preserving adjacent
natural and semi-natural areas. This can also be achieved via the guidelines for
developing plans described above.

3. Protecting the remnants of natural and semi-natural urban green areas (meadows,
wetlands, etc.). Again, spatial plans are a solution, but this measure needs the cooper-
ation of environmentally aware local communities, and their stronger participation in
the process of drafting the plans.

4. Developing properly landscaped green areas of the estates and accompanying green-
ery which should reduce the pressure on compact alignments of GI. Similarly, this
recommendation depends on the cooperation of environmentally aware local commu-
nities.

5. Appropriate local and regional spatial policies, considering public participation.
Against this background, we would like to highlight the lack of a Polish national
document defining directions for spatial planning. Without such a document, spatial
policies are bound to remain patchy.

6. Adopting spatial development plans that are not only growth-oriented, but also have
a protection component, maintaining the spatial continuity of GI. Again, we face a
procedural issue in Poland, as there is no legal obligation to adopt urban plans. Hence,
without such obligations, relevant spatial policies are rendered moot. What is left to
tend to for Polish GI are development decisions of the public administrations, which
usually foster bypassing. An incremental improvement in these decisions seems
possible, but it rests on public pressure.

7. Eliminating the instruments (i.e., building conditions) leading to the fragmentation of
GI. This requires an in-depth analysis of both zoning and building regulations in both
countries. Depending on the results, some legal provisions might need updating.
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8. Building developments allowed only in areas already equipped with a technical infras-
tructure. Unfortunately, enforcement requires a separate discussion, via “derogatory
planning”, but can be addressed while revising planning provisions in both countries.

9. Educational and awareness activities focused on the importance of GI for a city and its
residents. Several other points stressed the need for cooperation of environmentally
aware local communities. However, public involvement needs to be responsible, effi-
cient, and positive. For that, both countries need to expand environmental education,
even by informative means, enabling it to reach not only city managers and planners,
but also local actors.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/land11050592/s1: Annex S1. Additional tables analyzing the
correlations between variables describing and influ-encing the structure and dynamics of GI cate-
gories in Romanian and Polish cities covered by Urban Atlas data, containing: Table S1—Correlations
between variables describing and influenc-ing the structure of GI categories in Romanian and Polish
cities covered by Urban Atlas data, and Table S2— Correlations between variables describing and
influencing the dynamics of GI catego-ries in Romanian and Polish cities covered by Urban Atlas data.
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Bulgarii şi Ungurii au de Două ori mai Mult Verde, iar Suedezii de 6 ori (The Disaster of Bucharest: The Capital is the European City
with the Least Geen Space Area Per Capita. Bulgarians and Hungarians have Twice More, and Swedish 6 Times More). Available
online: https://www.zf.ro/companii/dezastrul-din-bucuresti-capitala-este-orasul-european-cu-cea-mai-20179614 (accessed
on 12 November 2021).

43. Preda, B. Municipiul Cluj-Napoca, Din Punct de Vedere Statistic, stă Destul de Bine în Ceea ce Prives, te Spat, iul Verde Alocat Fiecărui
Locuitor, Fiind Foarte Aproape de Limita Uniunii Europene (Statistically Speaking, Cluj Napoca is Well Positioned with Respect to the Green
Space Per Capita, Close to the European Union Limit). Available online: https://www.monitorulcj.ro/actualitate/65824-cat-de-bine-
sta-clujul-la-capitolul-spatii-verzi (accessed on 12 November 2021).
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Abstract: As the human population grows, the transformation of landscapes for human uses increases.
In recent homogeneous and predominantly agricultural landscapes, land-cover and management
changes are considered the main drivers of vascular plant diversity. However, the specific effects of
land-cover classes across whole heterogeneous landscapes are still insufficiently explored. Here, we
investigated two floristic surveys realised in 1997 and 2021, accompanied by fine-scale land-cover
classes detected in 1950, 1999 and 2018, to reveal the impact of historical and present land cover
on the pattern of species composition and species richness in the bilateral Podyjí and Thayatal
National Parks. Multi-dimensional analyses revealed that the species composition was driven by
the fine-scale historical land cover, the overall species richness was mostly affected by the river
phenomenon and the present richness was mostly affected by increased soil nutrients. In well-
preserved protected areas, it is especially desirable to restore disappearing land-cover classes with
traditional or compensatory management to retain plant species richness, which is a key factor of
biodiversity. However, management plans should also take into account the increasing amount of
nitrogen in soils from long-term continual deposition, which can strongly impact the species richness,
even in national parks with low current deposition.

Keywords: species richness; species composition; land cover; Podyjí/Thayatal National Parks;
vascular plants

1. Introduction

In central Europe, humans have affected landscapes and plant diversity since the
Neolithic times [1]. However, with growing populations and the consequent pressure on
land use, this impact has steadily increased over time [2,3]. This pressure has been most
pronounced during the past two hundred years, after the modern agricultural revolution
and industrial revolution at the end of the 18th and beginning of the 19th century [4]
that introduced, among others, new crops, new agricultural systems, mechanisation and
artificial fertilisation [5]. Besides food, the growing population also demanded more space
for living, resulting in the spread of settlements and the accompanying transportation
infrastructure [6]. While more fertile regions started to be overexploited over this period,
less fertile and accessible regions, typically mountainous regions, started to be abandoned,
mainly leading to the spread of forest [2,3]. The land overexploitation of fertile regions
and abandonment of mountainous regions accelerated after the Second World War in
western parts of Europe, connected with the so-called productivist agriculture and market
economies [5], while in eastern parts of Europe, the introduction of the so-called socialist
agriculture, connected with forced collectivisation, were the main drivers [7]. Both types
were characterised by the heavy use of fertilisers, pesticides and mechanisation, leading
to the loss and fragmentation of traditionally managed habitats [8]. Therefore, the long

Land 2022, 11, 814. https://doi.org/10.3390/land11060814 https://www.mdpi.com/journal/land97



Land 2022, 11, 814

historical land-use/cover continuity in large areas was greatly disrupted, leading to ho-
mogenisation and sharp declines in biodiversity [6]. Indeed, many studies showed that
regions with continuous land-cover and/or traditional land-use management enable the
accumulation of many species at specific individual sites and can contribute to reducing
the chance of random extinctions of rare species [9–11]. Such regions are usually protected
and harbour one of the most species-rich plant communities, e.g., Bílé Karpaty (White
Carpathian) Mts. in the Czech Republic [12–15].

However, historical continuity is only one of the factors influencing the diversity
of plant communities. Diversity naturally varies across landscapes, with environmental
factors, such as precipitation, soil pH, nutrient and light availability; biomass productiv-
ity [16–19]; and geological diversity causing some regions to have unusually high diversity
and others to be much poorer. In addition, high topographic and meso-climatic diver-
sity [20] can also affect patterns of species diversity, as well as alien plant invasions [21].
Both topographic and meso-climatic diversity may be even more accentuated in deep
river valleys, where they are known as a ‘river phenomenon’ [22]. Nevertheless, the main
drivers of species composition and species richness are considered to be land-use and
management changes (in connection with historical continuity), which affect not only pre-
dominantly lowland agricultural landscapes [11,23] and settlements [24] but also mountain
regions [25,26]. In general, land-cover studies have usually focused on only one type of
habitat, such as grasslands [11,24] and forests [6,27], in landscapes with relatively homo-
geneous environmental conditions. They have generally confirmed that the combined
historical and current land use is reflected in current patterns of diversity [28]. A few
studies have investigated more than one land-cover category, e.g., open rural habitats [24].
A study by Michalcová [10] found that the land-cover diversity of the whole landscape
contributes to between-site similarities in species composition, with the co-occurrence
of many species increasing the species richness. However, complex studies of fine-scale
land-cover classes at a regional scale in heterogeneous landscapes are still lacking.

In this study, we focused on two aspects of the relationships between fine-scale land-
cover history and plant diversity at a regional scale in two central European national
parks. First, we examined spatial heterogeneity and compared two types of landscapes
with distinctive geomorphological features: a deep river valley and surrounding rather
flat plains. Second, we focused on all types of habitats in the studied landscape. Our
analyses, therefore, aimed to answer the following questions: (1) How does fine-scale land
cover influence plant species composition in naturally well-preserved areas with long-term
human impacts, but with very distinctive geomorphologies? (2) Is the species composition
dependent on present or rather historical land cover? (3) Which types of land cover and
relevant landscape heterogeneity indicators are important for current species richness
compared with more than twenty years ago?

2. Materials and Methods

2.1. Study Area

This study was performed in the bilateral Podyjí and Thayatal National Parks (NPs)
and buffer zone of the Podyjí NP, situated between the towns of Vranov nad Dyjí (48◦54′
N, 15◦49′ E) and Znojmo (48◦52′ N, 16◦03′ E) along the state border between the Czech
Republic and Austria (Figure 1). The total area is 105 km2, with NP Podyjí covering 63 km2,
Thayatal NP covering 13 km2 and the Podyjí NP buffer zone covering 29 km2. A protected
landscape area on the Czech side was declared in 1978 and was then transformed into a
national park in 1991. On the Austrian side of the Dyje (Thaya) river, a national park was
declared in 2000. The main part of the protected areas is formed by the river Dyje, which
flows through a deep valley with varied morphology [29] and a diverse mosaic of habitats
on slopes of different aspects [22]. The Dyje valley is surrounded by more or less flat relief
of adjacent plateaus. The altitudinal range is from 210 m a.s.l. (river Dyje in Znojmo) to
536 m a.s.l. (Býčí hora hill near Vranov n. D.), and the maximum valley depth is almost
200 m. From a geological perspective, the crystalline bedrock of the Bohemian massif
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is mainly formed by gneiss, schist and granite, with restricted occurrences of crystalline
limestone [30]. The eastern part of the study area is filled with Neogene sediments and the
plateaus are covered by loess. Other Quaternary sediments can be found in the Dyje river
and many stream valleys.

 

Figure 1. Study area in Austria and the Czech Republic divided into 115 grid cells within three groups
according to the geomorphology and surveyed area of each cell (see Section 2.2): inner, river and fringe.
The background map shows forests (dark green), watercourses (blue) and settlements (grey).

The study area is classified as a warm and dry region, with an average yearly temper-
ature between 8 and 9 ◦C, mean annual precipitation of 550–600 mm and a distinct NW–SE
gradient from a moderately warm to warm climate [31]. The area is located in the transition
zone between the Hercynian and Pannonian floristic regions [32] and, therefore, has a
significant proportion of thermophilous and continental species [22]. These varied environ-
mental conditions have also been accompanied by specific human impacts, including the
location along the so-called Iron Curtain in the second half of the 20th century, characterised
by restricted movement along the Czech–German and Czech–Austrian borders. There-
fore, the study area can be considered a biodiversity hotspot [33–35], with 1555 historically
recorded species of vascular plants [36], i.e., much more species than the individual national
parks in adjacent Austria (e.g., the area richest in species is the Hohe Tauern harbour with
1077 species, [37]).

The Podyjí and Thayatal NPs and their surroundings have been continuously inhab-
ited since 5000–6000 BC [38–42]. For more than 800 years, mainly before the industrial
revolution in the 19th century, human impacts were reflected in deforestation, pasture,
burning, litter raking and coppicing [43], as well as in the cultivation of slope terraces
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for wine production. After the industrial revolution and the population explosion in the
19th century, anthropogenic pressure spread to the non-forested, agricultural landscape.
This was accomplished by using more efficient tillage systems and the introduction of
fertilisers in the 19th century and by agricultural mechanisation, the use of pesticides and
fungicides, and land consolidation in the 20th century [5]. These practices have completely
changed the landscape configuration and contributed to its degradation, especially in the
intensively used agricultural surroundings of both national parks. While forests signifi-
cantly dominated in Thayatal NP for at least the last 200 years, Podyjí NP was characterised
by quite a large proportion of open landscape (24–35%) with permanent grassland and later
arable land between the 1840s and 1930s, though forests have dominated since the second
half of the 20th century. In contrast, the Podyjí NP buffer zone has been characterised by a
greater variety in the form of vineyards, orchards, grasslands and settlements, and forests
were (and still are) quite scarce [44]. Long-term continuity of forests and grasslands based
on topographic maps has shown that nearly 50% of forests in the NP were preserved over
the last 200 years, while less than 1% of grasslands were preserved [44].

2.2. Vascular Plant, Land Cover and Supplementary Data

Our data set consisted of a floristic grid cell survey of vascular plants conducted in two
periods: 1992–1993 (first floristic survey; [45]) and 2019–2020 (second floristic survey; [36]).
The grid used was derived from the grid of Central European floristic mapping by dividing
the area into basic grid cells that are 1’ × 0.6’ (1.2 × 1.1 km) in size. Accordingly, the
study area comprised 115 grid cells, with each cell containing a list of vascular plant
taxa. The standardised methodology was applied with one exception. While during the
first floristic survey, plant data were collected for the whole grid cell, regardless of the
borders of the study area, during the second floristic survey, plant data were collected
only for parts of the grid cell lying inside the study area. The nomenclature of plant taxa
follows Kaplan et al. [46], where some hybrids or records identified only at the genus level
were removed. The resulting data set included 1412 species, which is still higher than in
individual Austrian National Parks (see above, [37]).

We assessed the land cover based on aerial photos, orthophotos and other digital
sources in three time steps: 1954–1955 (pixel resolution 0.5 m), 1999–2001 (pixel resolution
0.2 m) and 2018–1019 (pixel resolution 0.2 m). Other digital sources were in a vector format
and included agricultural data from the Land Parcel Information System (from 2020);
digital cadastre data (from 2020); biotope mapping (from 2013); and settlements, roads,
railroads and watercourses from the Fundamental Base of Geographic Data on the Czech
Republic (from 2020). Roads, railroads and watercourses were transformed to polygon
layers by buffering them with preset criteria (first-class roads 22 m wide, second-class roads
12 m, third-class roads 10 m, paved roads and streets 6 m, unpaved roads and railroads
4 m, watercourses 2 m). For the Czech part of the study area, we combined the vector
data and used the result as a basis for the present state, which was adjusted and classified
with the help of orthophotos from 2018–2019 [44]. We derived the present land cover in
the vector format for the Austrian part by vectorizing each orthophoto. The minimum
mapping unit was set to 50 m2, but in the case of settlement areas, it was lowered to 15 m2

in order to capture individual buildings. We verified the resulting land-cover layer vector
in the field and adjusted it accordingly. Then, we used the present land-cover layer vector
as a source for the 1999–2001 layer, where the boundaries of individual polygons were
adjusted via backward editing [5] and reclassified according to the relevant orthophoto. We
derived the land cover for the 1954–1955 layer via the same procedure, using the 1999–2001
layer as a basis. However, since the orthophoto from 1954–1955 had a coarser resolution,
some features, namely, settlements and, to some degree, small agricultural plots, were
characterized. The land-cover layers in the following text are referred to as the 1950s (from
period 1954–1955), 1990s (from period 1999–2001) and present (from period 2018–2020).

In total, we distinguished 30 land-cover classes. They included forest (closed canopy
woody vegetation); sparse forest (open canopy woody vegetation, characterized according
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to [47] as a forest with trees or shrubs 15–40 m apart); clearings (including shrubs and forest
nurseries); grass-forb (grassland with scattered trees); meadows (including pastures); fallow
land (land not cultivated for at least two years); natural bare surfaces (mainly rocks); natural
water bodies (in the form of pools); artificial water bodies; streams; swamps (wetlands);
smallholdings; small orchards (<1 ha); small vineyards (<1 ha); vineyards with trees,
arable fields with trees; small arable fields (<1 ha); large orchards (>1 ha); large vineyards
(>1 ha); large arable fields (1–30 ha); very large arable fields (giant) (>30 ha); gardens; public
greenery; recreational areas; mining areas; waste dumps; residential built-up areas (with
public buildings); industrial, agricultural and commercial areas; and roads and railroads.
Two land-cover classes (natural water bodies and railroads) were omitted from the analyses
due to their negligible areas.

For the land-cover analysis, for each grid cell, we calculated the proportion of land-
cover classes from the three periods. We also calculated the number of patches for each
grid cell, which served as the landscape heterogeneity indicator.

As supplementary variables, we used five characteristics derived from maps that
could probably influence the species richness or species composition: the area belonging
to Podyjí National Park (NP), the area of the Podyjí NP buffer zone, the area belonging
to Thayatal NP, the area of unchanged land cover and the geological diversity. The last
was computed as the Shannon diversity index based on the proportions of bedrock types
from Geologische Karte der Republik Österreich 1:50,000, sheet Retz [48]. The geological
diversity was counted for each grid cell, with original bedrock types merged into seven
broader categories (gneiss, granite, schist, calcareous rocks, neogene sediments, loess, other
Quaternary sediments). Further, we used the number and characteristics of alien plant
species according to Pyšek et al. [49] and the total number of all four (C1–C4) categories
of endangered species and the number of critically endangered (C1) and endangered (C2)
species evaluated using The Red List of vascular plants of the Czech Republic [50]. Based
on the species composition we computed mean Ellenberg indicator values calibrated for
the Czech flora (EIVs; light, temperature, moisture, soil reaction, nutrients; [51]).

2.3. Statistical Analyses

To address question 1, first, we had to calculate the Bray–Curtis dissimilarity for
the land cover and the Sörensen dissimilarity for floristic presence/absence data. Then,
the composition and changes in land cover and floristic data were explored using the
following analyses: (1) principal coordinates analysis (PCoA) embedded mentioned dis-
similarities and were combined with the Hellinger distance (supplementary variables were
tested using the multiple regression with 999 permutations (p < 0.001), and Ellenberg
indicator values were tested using the modified permutation test according to Zelený et
Schaffers [52]), (2) permutational multivariate analysis of variance using distance matri-
ces (PERMANOVA) [53,54] and (3) multivariate homogeneity of the groups’ dispersions
(PERMDISP) [54,55]. Further, the floristic beta diversity between particular surveys was
computed as the Sörensen dissimilarity.

To address questions 1 and 3, changes in species richness, alien species, neophytes,
EIVs and beta diversity were displayed in boxplots and analysed using parametric pairwise
or unpaired t-tests accordingly, while changes in individual classes of land cover (used
as relative area, i.e., percentages of the whole grid cell) were assessed using the non-
parametric Friedman test (if p < 0.001, then analysis with post hoc Wilcoxon pair rank-sum
tests with Bonferroni correction followed). Further changes in land-cover heterogeneity
were evaluated using ANOVA repeated measures analysis (if p < 0.001, then analysis with
Tukey’s post hoc tests followed) and changes in the proportions of unchanged land were
analysed using the non-parametric Wilcoxon rank-sum test.

To address question 2, but also necessary for question 1 to reveal the limit value of
included/surveyed grid cells area, which shows the similar pattern of species richness as
the whole area of grid cells, and to identify the major land-cover classes influencing the
species richness, we performed an analysis of regression trees based on the CART concept
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(classification and regression trees [56]; libraries rpart and rpart.plot [57]). First, we used
the species richness per grid cell recorded during the second floristic survey as a dependent
variable, while the proportions of each land-cover class detected in the second floristic
survey, included/surveyed area of grid cells, landscape heterogeneity and proportions of
individual NPs and the buffer zone were used as explanatory variables.

The regression trees based on the second floristic survey specified a limit value of
72 ha (53%) of the surveyed grid cell area (see Section 3), with grid cells surveyed in a
larger area that was comparable in species richness to grid cells surveyed in the whole area.
For subsequent analyses, we also divided the whole number of grid cells (n = 115) into
three groups: (1) fringe cells (n = 37 for the second floristic survey, while n = 32 for the
first floristic survey since five fringe cells were not surveyed) comprising grid cells on the
border of the study area with smaller surveyed areas; and other cells (n = 78), which were
separated into (2) inner cells (n = 44), within which the flow of the Dyje river is not present,
and (3) river cells around and including the Dyje river (n = 34). Then, using regression trees,
we analysed the corresponding data from the first floristic survey, examining only the inner
and river cells (n = 78) according to another survey methodology. To better understand the
environmental patterns, we then performed another regression tree with the addition of
mean Ellenberg indicator values among the explanatory variables for the first and second
surveys separately. All four trees were pruned according to expert knowledge into a
maximum of eight leaf nodes.

To address questions 1 and 2, i.e., to examine the impact of the fine-scale land cover
of three time periods on vegetation composition, we first classified grid cells based on
the land-cover data. The proportions of 28 land-cover types were square-rooted and the
Bray–Curtis dissimilarity was computed; then, the beta-flexible method (β = −0.25) was
used to create three distinctive groups. Such a classification was performed on land-cover
data from all periods, while the classification from the 1950s land cover was displayed on
floristic data in the principal coordinates analysis (PCoA; Sörensen dissimilarity, Hellinger
distance). The impact of these land-cover classifications, together with the landscape
heterogeneity and geomorphology coupled with the meso-climate (river phenomenon),
on species composition was tested using distance-based redundancy analysis (db-RDA;
Sörensen dissimilarity, Hellinger distance). Because the high geological diversity of the
Podyjí and Thayatal NPs could also affect the species richness and the species composi-
tion [10,22,30], we included this diversity in the db-RDA as a covariate to remove its impact.
First, we calculated the significance and adjusted the R2 of the whole model, and then used
a forward selection method appropriate for particular variable testing in db-RDA.

We used ArcGIS software (ESRI 2016–2021), version 10.3–10.5, for the production of
land-cover layers and all maps, and R software (R Core Team 2018) for statistical analyses
with the libraries tidyverse [58], ggpubr [59], rstatix [60], vegan [61], cluster [62], rpart [57]
and rpart.plot [63].

3. Results

The PERMANOVA analysis showed that the land cover significantly differed
(p < 0.001) between the 1950s and 1990s within both the inner and river cells, while there
was no significant difference between the 1990s and the present (Table 1). No difference
in land cover was found within fringe cells. At the same time, the PERMDISP analysis
revealed no changes in the overall landscape diversity between the examined periods.
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Table 1. The permutational multivariate analysis of variance using distance matrices (PERMANOVA)
and multivariate homogeneity of groups dispersions (PERMDISP) for the land-cover and floristic
data were based on the Bray–Curtis dissimilarity for land cover and Sörensen dissimilarity for floristic
presence/absence data. n.s.—not significant.

Characteristics Regions
PERMANOVA PERMDISP

F p F p

First vs. second floristic
mapping

Whole model 7.33 <0.001 4.66 0.032

River 4.12 0.002 n.s.
Inner 4.56 <0.001 3.87 0.03

Land cover 1950 vs. 1997

Whole model 8.04 <0.001 n.s.

River 10.29 <0.001
Inner 6.01 <0.001
Fringe n.s.

Land cover 1997 vs. 2018 Whole model n.s. n.s.

Land cover 1950 vs. 2018

Whole model 8.71 <0.001 n.s.

River 12.77 <0.001
Inner 5.69 <0.001
Fringe n.s.

The large shift in land cover between the 1950s and 1990s (Figure A1) was clear,
especially in the huge decrease in sparse forest (Figure 2b), meadow (Figure 2d) and grass-
forb vegetation (Figure 2e) within both the inner and river cells; in contrast, there was
an increase in fallow land (Figure 2f) within inner cells and closed canopy forest within
river cells (Figure 2a). Another significant decrease was documented in inner cells within
orchards, vineyards with trees, fields with trees and small fields (<1 ha; Figure 2c); in
contrast, there was an increase in gardens and giant fields (>30 ha).

The same analyses for floristic data revealed a significant difference in the species
composition of inner (p < 0.001) and river (p = 0.002) cells between the first and second
floristic surveys, as well as in the gamma diversity of inner cells (p < 0.03), which was not
significant in river cells (Table 1).

The PCoA analysis of species composition with regressed supplementary variables
(Figure 3) showed a slow decrease in the species richness of both inner and river cells (but
according to the pairwise t-test, the differences within these groups were not significant,
Figure 4a), and there was a decrease in the light conditions (Figure A2b). Conversely,
we found an increase in soil nutrients within both inner and river cells (EIV for nutrients;
Figure A2a), while river cells showed an obvious shift to higher moisture conditions. Fringe
cells revealed an increase in soil nutrients. The beta diversity comparing both surveys was
significantly higher within inner cells (Figure 4b).

The impact on the species composition in the study area showed a similar pattern in
both examined floristic surveys (Table 2). The highest impact was caused by the historical
land cover (identified in the previous period; Table 1 and Figure 5), followed by the river
phenomenon (geomorphology combined with meso-climate) and present land cover. In
contrast, the landscape heterogeneity (Figure A2c) was not significant, and the land cover
of the 1950s applied to the second floristic survey had only a negligible impact (under 1%
of the explained variability).
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Figure 2. Changes in the relative areas (percentages of the whole grid cell area) of (a) forest,
(b) sparse forest, (c) fields (<1 ha), (d) meadows, (e) grass-forb vegetation and (f) fallows were
assessed using the Friedman test, and when significant (p < 0.001), with the post hoc Wilcoxon
pairwise test with a Bonferroni correction (p < 0.01), for three periods: 1950, 1999 and 2018. Whiskers
indicate the non-outlier range, with the median as the middle; boxes show 25–75% percentiles.

Figure 3. The principal coordinates analysis (PCoA) of the floristic data (Sörensen dissimilarity) of
110 grid cells in the Podyjí and Thayatal NPs and the Podyjí buffer zone from both floristic surveys
(1997 and 2021). Ellipses represent groups of inner, river and fringe grid cells within both floristic
surveys and are drawn around the medoids of the respective cells (see Methods); if they do not
overlap, the groups differed. Only those supplementary variables that were significant in the
multiple regression are shown (p < 0.001; het—landscape heterogeneity; C1—number of critically
endangered species; C2—number of endangered species category C2; endangered species—number
of all endangered species of categories C1–C4 according to [50]). The blue arrows represent Ellenberg
indicator values, which were tested using a modified permutation test according to Zelený and
Schaffers ([52]; p < 0.001 for light, temperature and moisture; p < 0.002 for soil nutrients and p < 0.003
for soil reaction).

104



Land 2022, 11, 814

Figure 4. Changes and differences in (a) species richness, (b) beta diversity (Sörensen dissimilarity;
non-pair t-test), (c) number of alien species and (d) number of neophytes per grid cell within both
the first (1997) and the second survey (2021) separated into inner (n = 44) and river (n = 34) group
cells (see Methods). The letters above boxes indicate the results of pairwise t-tests between surveys
within each group, while the letters below boxes show results of the non-pair t-test between the
groups (a,c,d). Whiskers indicate the non-outlier range with the median as the middle; boxes show
the 25–75% percentiles.

Among the present land-cover classes, the most important for species richness was
streams, i.e., those grid cells including parts of the Dyje river (Figure 6b). This was followed
by recreation, then sparse forest and meadows. Similarly, in the first floristic survey, the
major impact on species richness was caused by streams (Figure 6a), which was also an
important variable in the secondary branch level, together with meadows (Figure 6a; only
78 grid cells analysed; see Section 2.3).
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Table 2. Variables tested in the distance-based redundancy analysis (db-RDA; Sörensen dissimilarity,
Hellinger distance; geological diversity filtered as a covariate), assessed the variation of the whole model
and then tested using forward selection with an adjusted R2 and Holm’s correction. n.s.—not significant.

Survey Variables Adj.R2 p Holm’s Corrected p

Second floristic survey

Whole model 0.126 0.001 0.126

Land-cover classification 1999 0.059 0.001 0.059

River phenomenon 0.034 0.001 0.034

Land-cover classification 2018 0.023 0.001 0.023

Land-cover classification 1950 0.008 0.001 0.008

Landscape heterogeneity 2018 n.s.

Landscape heterogeneity 1999 n.s.

First floristic survey

Whole model 0.135 0.001 0.135

Land-cover classification 1950 0.058 0.001 0.058

River phenomenon 0.047 0.001 0.047

Land-cover classification 1999 0.021 0.001 0.021

Landscape heterogeneity 1999 n.s.

Figure 5. The principal coordinates analysis (PCoA) of the floristic data (Sörensen dissimilarity) of
110 grid cells in Podyjí and Thayatal NPs and the Podyjí buffer zone from both floristic surveys (1997
and 2021) shows the shift in plant species composition within three groups of grid cells clustered on
land cover observed in 1950. Ellipses are drawn around the medoids of three groups of cells based
on the classification of land-cover data detected in the 1950s (see Methods); if they do not overlap,
the groups differed.
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Figure 6. The regression trees for species richness in surveys in (a) 1997 (n = 78) and (b) 2021 (n = 115)
based on the proportions (%) of individual land-cover categories per grid cells, landscape heterogeneity
and proportions (%) of individual NPs and surrounding area, resp. surveyed area per grid cells (CE;
within 2021). Numbers in each node represent the average of species richness in this node.

When adding the Ellenberg indicator values (EIVs) to the explanatory variables
(Figure 7b), the lower content of nutrients (EIV for nutrients) was the most important
for species richness in the second floristic survey, while the next node level comprised both
the stream and EIVs for soil reaction (the most species-rich grid cells had a higher value of
EIV for soil reaction). The EIV for light was also important. Similarly, when adding the
EIVs into the first floristic survey analysis (Figure 7a), the major impact remained from
streams, while in the secondary branch level, both meadows and lower EIVs for nutrients
were important. Again, the EIV for light was also important.

Figure 7. The regression trees for species richness in surveys in (a) 1997 (n = 78) and (b) 2021 (n = 115)
based on the proportions (%) of individual land-cover categories per grid cells, landscape heterogeneity
and proportions (%) of individual NPs and Podyjí buffer zone, as well as Ellenberg indicator values (see
Section 2.2; Nu—nutrients, Re—soil reaction, Li—light), resp. surveyed area per grid cells (CE; within
2021). Numbers in each node represent an average of species richness in this node.

4. Discussion

Our analyses might seem to have been led by partitioning based on the different beta
diversity patterns (Figure 4b) and geomorphology into (1) river cells characterised by high
geomorphological and meso-climatic diversity [21] (river phenomenon) accompanied by a
diverse mosaic of habitats on slopes with different aspects, and (2) inner cells representing
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mainly gently undulating landscape with settlement accompanied by a rich mosaic of
land cover, including rare heathlands, resulting in high plant diversity ([64]; Figure 3).
However, the strong river phenomenon described in the studied area [22] and documented
in our analyses (Figures 4a, 6 and 7) did not result in major impacts on species composition
(Table 1). The major impact on species composition was found to be due to the historical
land cover (Table 1 and Figure 5). This effect of historical land-cover continuity was
demonstrated mainly for traditionally managed grasslands [9,11,65]. However, continually
used grasslands (between 1840 and 2018) in the study area covered only 0.6%. Therefore, any
separate effect of grassland continuity in our study area would be rather weak. This is different
from, e.g., the White Carpathians, where continual meadows cover 3.8% of their area. On small
plot sizes, these meadows are the most species-rich in the world [12,13]. On the other hand,
forest continuity was found in 47.5% of our study area, and therefore, might be considered to
have a strong impact, as it influences the species richness and composition mainly through
the dispersal limitation of many forest specialists [66]. It should be stressed that our study
reflected the land-cover composition of the whole landscape because our analyses included
fine-scale information on land cover with 28 categories and their classification resulted in
robust partitions (Figure 5). In both analysed floristic surveys, the historical land cover
explained more variability than the cover in the respective period of the floristic survey,
even though roughly 20 years (in the first survey) or even 40 years (in the second survey)
had passed. This corresponded in particular with the overgrowing and abandonment of
some habitat types because vegetation generally responds with some delay [67,68] and
some species specialists may still survive there. Moreover, the transformation into new
habitats could also permit the persistence of some species from the original habitats. These
new habitats include (1) near-natural land covers inside settlements, e.g., public greenery,
some managed road verges or some recreation areas [24], or (2) near-natural land covers
outside settlements [6].

The main driver of species richness in the study area in both surveys was found to
be the river phenomenon (Figure 6a,b), which was likely caused by sharp environmen-
tal gradients within relatively small areas [22]. The species richness was also strongly
influenced by meadow areas in both surveys, although the area of historically continuous
meadows (1840–2018) was very low compared with other well-preserved natural areas
(e.g., White Carpathians, see above). However, these fragments still represent valuable
biodiversity hotspots [29] that are important for the maintenance of species richness [24].
This is true even though the meadows within river cells declined in 1999 and continued
to decline until the present, while meadows within inner cells have been partly restored
(Figure 2d). In the second floristic survey, the recreation land-cover area was also important
for species richness. This finding was the major difference between the two surveys and
was partly due to an increase in alien species near settlements (inner cells; Figure 4c),
especially escapes of cultivated plants (e.g., Muscari armeniacum, Tulipa gesneriana, Primula
vulgaris, Rudbeckia hirta, Lunaria annua) in combination with the perseverance of some rare
weeds (e.g., Asperugo procumbens, Chenopodium vulvaria, Urtica urens), and the occurrence
of disturbed surfaces harbouring some rare endangered species (e.g., Trifolium retusum, T.
striatum, Filago germanica). Another important land cover that was distinguished in the
second floristic survey was the sparse forest area (Figure 2b), which still harbours some
rare species of historically continually managed forests ([69]; the majority of unchanged
land cover, Figure A2d). These sparse forests represent just remnants of species-rich tradi-
tionally managed forests [43], which were gradually abandoned, like in many other parts
of Europe [8] until the establishment of the so-called Iron Curtain (the restricted military
area on the state border, 1951–1990). This led to the total isolation of the river valley and
adjacent areas and resulted in a huge decrease in sparse forests, as well as meadows and
grass-forb vegetation within both river and inner grid cells (Figure 2b,d,e). Whereas sparse
forests in river cells (Figure 2b) closed their canopy (;with the exception of habitats on
extreme slopes with shallow soil) and meadows with grass-forb vegetation were mostly
overgrown by forests (Figure 2a), inner cells were only partly abandoned (increasing of
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fallows, Figure 2d–f) and accessible/open areas of highly productive and easily accessible
plains [26] were mostly transformed into giant fields (>30 ha; [44]). Between 1999 and
2018, the forest abandonment and canopy closing within river cells substantially slowed
down, but significantly increased in settlement surroundings (inner cells; Figure 2a,b and
Figure A2b). Our results, therefore, showed that the loss of the historical state of dynamic
equilibrium between traditional management and natural dynamics was followed by aban-
donment, similar to the adjacent area of Lower Austria [70], and later by some regeneration
processes, which reduced ecological complexity at the landscape scale [6] and negatively
affected biodiversity (Figure 3).

When we included environmental characteristics in the form of Ellenberg indicator
values (EIVs), the major driver of species richness in the first survey was still the river phe-
nomenon (Figure 7a). Additional important variables were represented by meadows and
nutrients. Meadows were important outside the river valley because grassland specialist
species are rare in agricultural [24] and forested landscapes. On the other hand, nutrients
played a big role in the river valley, where the most species-rich grid cells contained lower
nutrients. This was typical, especially for grid cells with the majority of grassland and
wetland species pools [16]. Within the nutrient-rich river cells containing fewer grassland
and wetland species, light availability was likely decisive in limiting the richness of forest
species [18,71]. The second survey analysis showed a substantial shift, with the nutrients
content (EIV) becoming the major driver of species richness, while the river phenomenon
dropped into the second branch, together with soil reaction (Figure 7b). It is alarming that
the availability of nutrients (the C:N ratio was a proxy for calibrated EIVs; [51]) became
the major species richness driver, even in the bilateral Podyjí and Thayatal NPs, where
N deposition is one of the lowest in the whole Czech Republic [72]. These findings are
nonetheless in agreement with Gallego-Zamorano et al. [73], who found a considerable
impact of N deposition on species richness in some regions of Europe. Their findings also
show that Europe is currently the most impacted continent, with an average decline in
species richness of 34% caused by a combination of land-cover changes and N deposition,
despite the trend of decreasing N deposition in Europe (for about the last 30 years; [74]).
However, influences of N deposition are not easy to disentangle because of strong linkages
to abandonment within the landscape scale since N deposition accelerates overgrowing.
The negative N deposition impact on species richness in the Podyjí/Thayatal NPs was
documented by the decline of heathlands and acidic dry grasslands [75]. Their occurrence
is conditioned by nutrient limitations [76] and their species richness decline was observed
across Europe [77]. Although nutrient availability (EIV) increased in both the inner and
river grid cells (Figure A2a), the grid cell species richness did not significantly decrease
(Figure 4a), despite indications of a declining trend (Figure 3). This could have been caused
by a combination of the increase in neophytes in both inner and river cells (Figure 4d), ap-
propriate conservation management and several biodiversity hotspots with well-buffered
soils of high pH (Figure 7b). In such hotspots, the N-deposition-driven decline of sensitive
species can be slow and additional species might even colonise them [78]. The well-buffered
high-pH soils are also responsible for the fact that the most species-rich grid cells in the
second survey are those with lower nutrient content and higher soil reaction (Figure 7b). In
nutrient-rich grid cells mostly outside the river valley, light availability is likely important
in determining species richness (see above; Figure 7b).

5. Conclusions

We found that in a heterogeneous landscape, historical land cover had the largest
impact on species composition. At the same time, the effect of historical land cover was
higher than the present land cover; therefore, we can expect that the present land cover
will affect the species composition in the near future.

The species richness was driven by the river phenomenon more than 20 years ago and
also at present, even though the landscape around settlements in the protected areas was
under stronger human impact than in the river valley and resulted in a rich mosaic of land
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covers supporting species richness. Some near-natural land-cover classes with appropriate
management could harbour and ease the spread of many valuable native species. Enlarging
their area of occurrence is important for preventing genetic corrosion and partly substitute
for overgrowing and the loss of their original habitats. On the other hand, many endangered
species are very limited in their spread and are closely connected to unique localities with a
continuous history, and thus, require appropriate protection and management.

Especially in well-preserved protected areas, it is desirable to restore disappearing
land-cover classes with traditional or compensatory management to retain their plant
species richness, which is mostly a key factor to preserve biodiversity. However, man-
agement plans should take into account the increasing amount of nitrogen in soil derived
from long-term continual deposition because, combined with land-cover changes, it has a
negative impact on species richness. It is necessary to highlight that soil nutrients strongly
affect the species richness, even in NPs with low current N deposition, because the effects of
long-term human impacts through land use/cover and N deposition are not only restricted
to local scales but also operate mostly on regional and even global scales.
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Radomír Řepka and the anonymous reviewers who have made significant contributions to the quality
of the paper.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Figure A1. The principal coordinates analysis (PCoA) of land-cover data (proportions were square-
rooted and the Bray–Curtis dissimilarity and Hellinger distance used) of all 115 grid cells in the
Podyjí/Thayatal NPs detected in the years 1950, 1999 and 2018. Envelopes were drawn around the
marginal grid cells in the PCoA diagram. The coloured arrow shows the shift of land-cover medoids
between the searched years (1950, 1999 and 2018). Individual land covers are projected as weighted
averages; grey coloured land covers occurred in less than 30 grid cells; VWT—vineyards with trees,
PG—public greenery.
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Figure A2. Changes and differences in the (a) Ellenberg indicator value (EIV) for nutrients, (b) EIV
for light, (c) land-cover heterogeneity and (d) proportions of unchanged land cover (1950–2018)
per grid cell within both the first (1997) and the second floristic survey (2021); or three land-cover
searched periods (1950, 1999 and 2018) separated into inner (n = 44) and river (n = 34) group cells
(see Methods). The letters above boxes (in (a) and (b)) indicate the results of pairwise t-tests between
surveys within each group, while the letters below boxes show the results of non-pair t-tests between
the groups. However, the letters above the land-cover heterogeneity boxes (c) show results based
on the Friedman test, and when significant (p < 0.001), the post hoc Wilcoxon pairwise test with a
Bonferroni correction (p < 0.01) was applied for the three periods: 1950, 1999 and 2018. Differences
between proportions of unchanged land cover (d) were assessed using ANOVA repeated measures
analysis (if p < 0.001, then Tukey’s post hoc tests followed). Whiskers indicate the non-outlier range
with the median as the middle; boxes represent 25–75% percentiles.
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30. Roetzel, R.; Fuchs, G.; Batík, P.; Čtyroký, P.; Havlíček, P. Geologische Karte der Nationalparks Thayatal und Podyjí / Geologická Mapa

Národních Parků Thayatal a Podyjí, 1:50,000; Geologische Bundesanstalt: Wien, Austria, 2005.
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Abstract: Suaeda salsa saltmarshes are an important coastal wetland habitat of China’s northern
Yellow Sea, which plays a critical role in sequestering carbon (blue carbon), protecting shorelines,
maintaining biodiversity, and has substantial economic value (e.g., ecotourism). However, the
area of S. salsa has been rapidly declining due to several different threats from reclamation and
invasive species that impact its natural succession. Here, we map the changes in the distribution
of the S. salsa saltmarshes along the northern Yellow Sea of China (NYSC) at 5-year intervals by
applying the supervised maximum likelihood method to analyze Landsat images from 1988 to
2018 and investigate the potential impact of three important factors on habitat change by analyzing
the temporal changes in S. salsa saltmarshes with other land covers. S. salsa saltmarsh areas
have decreased by 63% (264 km2 ha to 99 km2), and the average loss of S. salsa saltmarshes was
5.5 km2/year along the NYSC over the past three decades. There have been many dramatic declines
in the two main distribution areas of S. salsa saltmarshes with a 77% loss of habitat area in Liaodong
Bay (from 112 km2 to 26 km2) and a 52% loss in the Yellow River Delta wetland-Guangli-Zhima
estuarine wetland (from 137 km2 to 65 km2). Land reclamation is the most important impact factor
in the loss of S. salsa saltmarshes, while there have been limited effects of natural succession and
smooth cordgrass (Spartina alterniflora) invasion. In light of the important ecological services and
economic value of the S. salsa habitat, emergency conservation actions (e.g., habitat restoration,
strictly supervision) are needed to limit the rapid habitat loss, which should include the immediate
cessation of extensive land reclamation along the NYSC.

Keywords: Suaeda salsa saltmarsh; land cover change; land reclamation; mudflat; Spartina alterniflora;
Yellow Sea

1. Introduction

Coastal wetlands, which are composed by multiple natural landscapes connect-
ing mainland and oceanic ecosystems, provide hugely significant ecological services
(e.g., buffering ocean storms [1], shoreline protection against rising sea-levels, and main-
taining biodiversity [2]) and have critical economic value from the contribution of their
vast marine biological resources [3]. However, in recent decades, coastal wetlands have
been under intensive pressure worldwide from land reclamation [4,5], reduced stream
discharge and sediment fluxes from rivers [4,6], erosion, and sea-level rise [7]. Coastal
wetland reclamation by seawall construction and other industrial and aquaculture land
uses are the primary drivers for coastal wetland loss, resulting in a 16% loss of coastal tidal
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flats globally from 1984 to 2016 [5]. Reclamation has also indirectly negatively impacted
local wetland ecosystems through soil compaction [8], heavy mental contamination, oil
pollution, and biodiversity loss [9].

As one of the fifty largest marine ecosystems worldwide [10], the Yellow Sea, located
in northeastern Asia, supports an estimated USD 30 billion in ecosystem services and
approximately 60 million people across urban, industrial, agricultural and fishery sectors
per year [11]. Given the variety of coastal wetland landscapes and the richness of marine
benthic invertebrate resources, the Yellow Sea also supports more than 200 species of
migratory waterbirds during stopovers and the breeding season along the East Asian–
Australia Flyway [12,13]. Consequently, numerous protected areas and Ramsar sites
have been established along the coast of the Yellow Sea [14], including the Yancheng
National Nature Reserve, which is located near the southern Yellow Sea and is listed
as the UNESCO World Heritage site [15]. The unprecedented urban, industrial, and
agricultural land reclamation has however, resulted in a loss of 65% of tidal flats during
the past five decades [16], increasing the vulnerability of local communities to cope with
extreme weather events, especially with predicted climate warming and sea level rise. The
reclamation of China’s coastal wetlands is estimated to have caused a loss of ecosystem
services and internationally shared biodiversity [2,17]. To improve the protection level for
coastal wetlands and to provide strict controls for reclamation management, in 2018, the
State Council of the People’s Republic of China announced a respite to claiming coastal
wetland for creating extra land, particularly for the more ecologically sensitive coastal
wetlands distributed in the northern Yellow Sea of China (http://www.mnr.gov.cn/gk/
tzgg/201807/t20180726_2187020.html; accessed on 1 August 2021).

Tidal mudflats are the dominant coastal wetland habitat in the Yellow Sea region and
are among the most extensive coastal wetland habitats globally [16,18]. These mudflats
nourish countless macro-benthic invertebrates and are consequently used by millions
of migratory waterbirds, including globally threatenrd species (e.g., Spoon-billed Sand-
piper (Calidris pygmaea) [19], Bar-tailed Godwit (Limosa lappnica), and Great Knot (C.
tenuirostris) [20]) for feeding but are also used by millions of people for clam produc-
tion [12,13,21]. Suaeda salsa saltmarshes, which are distributed in the upper tidal region,
represents another important wetland landscape component in the northern Yellow
Sea [8,22], serving as a key ecotourism destintion (“red beach tourism”) and an economic
driver in areas such as Liaodong Bay. As an indication of this, from 2016 to 2020, the local
government has paid RMB 0.3 billion to restore S. salsa saltmarshes and other natural
marine ecosystems in an effort to maintain the “red beach landscape” [8].

S. salsa saltmarshes also provide important ecosystem services, such as carbon
sequestration(“blue carbon”), shoreline protection, and biodiversity maintenance [23,24],
and serves as an important foraging and resting habitat for endangered waterbirds that
migrate along the EAAF, including the Red-crowned Crane (Grus japonensis) [25,26], the
Far Eastern Curlew (Numenius madagascariensis), and the Great Knot [22,27]. However,
S. salsa saltmarshes also face serious threats from reclamation, lower runoff of river
discharge, uncontrolled tourist development, oil exploitation, invasive species, and sea-
level rise [8,24]. Due to these threats, during 1997 to 2016, the S. salsa saltmarsh area on
the Liao River Estuary has been dramatically reduced and heavily fragmented [6,24], with
similar declines reported from the Yellow River Delta from 1970 to 2015 [28]. Furthermore,
because of their proximity to the wetland landscape mosaic in the upper tidal flats, S. salsa
saltmarshes are naturally exposed to more serious reclamation effects than other mudflats.
This loss and fragmentation is also having detrimental impacts on the population of
shorebirds that depend on the S. salsa saltmarshes. Despite these losses, there is still a
surprising yet significant gap in our knowledge regarding the patterns of spatial–temporal
variation of these coastal wetland habitats across the northern Yellow Sea over the past
several decades, thereby limiting our conservation evidence base, which is necessary for
creating viable and realistic S. salsa saltmarsh restoration strategies at the regional or/and
national government level.
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In order to fill these gaps, we mapped the historic spatial–temporal distribution and
more recent changes to S. salsa saltmarsh distribution along the northern Yellow Sea of
China from 1988 to 2018 at intervals of five years and calculated the change in the S. salsa
saltmarsh distribution change rates from the interpretation of Landsat long time-series
images. Moreover, in order to understand the reclamation and degradation of S. salsa
saltmarshes in this region, we analyzed the temporal transfer into and out of S. salsa
saltmarshes with other land cover types.

2. Materials and Methods

2.1. Study Site

The northern Yellow Sea of China (NYSC) is a semi-closed shallow sea over the
continental shelf of eastern Asia, with an average water depth of 26 m [29]. The NYSC
extends from the Yalu River estuary (40◦59′ N, 124◦19′ E) in the north to the Shandong
Peninsula (37◦25′ N, 122◦41′ E) in the south (Figure 1). The tides around this region
are typically semidiurnal and diurnal in some places, ranging from 1.5 to 8 m but are
approximately 2–4.6 m. The main coastal types include both cliff and alluvial coasts along
the NYSC. The cliff coast is distributed along the Liaodong and Shandong Peninsula with
no saltmarsh habitat, with the remaining coast being alluvial coast mudflat nourished
by material exchanged between river sediment and the ocean. In this study, only the
alluvial coast was investigated. As a species of salt-related vegetation, S. salsa can grow
on large areas of the upper tidal flat where it is influenced by the influx of freshwater
from more than 30 rivers in this area [29,30]. This habitat can frequently be submerged
and exposed during floods and ebb tides. In recent decades, smooth cordgrass (Spartina
alterniflora) has invaded and become established in the S. salsa habitat along the south of
the NYSC [31,32].

2.2. Landsat Images and Pre-Processing to Analyze Land Cover Changes in NYSC

We took the DESCR conceptual framework [33] as a basis for this work to identify
the drivers, exchanges, state of the environment, consequences, and responses of land loss.
We downloaded the Landsat-5 Thematic Map (1988–2008, 35 images) and the Landsat-8
Operational Land Imager (2013–2018, 18 images) remote sensing images from the United
States Geological Survey website (USGS; https://earthexplorer.usgs.gov; accessed on
1 May 2020) and the Geospatial Data Cloud website (https://www.gscloud.cn; accessed
on 1 May 2020), respectively. The highest quality remote sensing images with <2% cloud
cover from mid-August to early November were selected because the spectral signatures
of S. salsa and other vegetation (e.g., reed (Phragmites australis), smooth cordgrass, rice)
are more similar to each other in other seasons (e.g., spring and summer) [6].

2.3. Extracting S. salsa Saltmarsh Distribution Data

A total of 63 images with seven periods (1988, 1993, 1998, 2003, 2008, 2013, 2018)
were selected and screened to quantify land cover change. Artificial shorelines are formed
by many types of ground features, such as sea dikes, roads, aquaculture ponds, saltpans,
and cliffs. Given their complex structures, we delineated the artificial shorelines through
visual interpretation with 1988 images and defined reclamation as the change in the area
between the artificial shorelines during successive periods. According to the shapefile of
the artificial shorelines along the NYSC, we clipped all of the images after Radiometric
Calibration and FLAASH atmospheric correction using ENVI 5.3. Given the typical red
coloration and distribution along the upper tidal region along the NYSC, S. salsa was
easily distinguished from the other eight land cover types that were able to be identified:
mudflat, reed, bare land, water cover, farmland, smooth cordgrass, reclaimed land,
and forest (Figure 2). Finally, the supervised maximum likelihood method and visual
interpretation were used to describe the land cover changes according to the Regions
of Interests (ROIs) that we marked on the RS images from 1988 to 2018. Overall, 498 S.
salsa ROIs and 9476 ROIs of other land cover types were randomly selected as training
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samples. Furthermore, on account of the influence of small patches on statistical power
and mapping, Majority Analysis was used to coalesce the results with other land covers.
All of the interpretations of the RS images were performed with ENVI 5.3.

 
Figure 1. Location of the Northern Yellow Sea of China with subset RS images of 1988.

2.4. Accuracy Assessment

The accuracy of the final classification of S. salsa saltmarshes was assessed using
geographical coordinates collected from field surveys in 2020 (125 and 2369 points in the
S. salsa and other land cover types, respectively) and high spectral resolution images from
2013 to 2018 from Google Earth. A confusion matrix consisting of the overall accuracy and
the kappa coefficient was created to measure the consistency between our classification
and the validation samples. The classification for the estimated overall accuracy was
>89.95%, and the kappa coefficient was 0.83.

2.5. Land Cover Change of S. salsa Saltmarsh

We used Class Statistics to calculate the area of S. salsa vegetation and other land
classifications along the NYSC coast in ENVI 5.3 software. To explore the temporal and
spatial change of S. salsa saltmarshes from 1988 to 2018, Change Detection Statistics were
used to calculate the area of land cover transferred into and out of S. salsa saltmarshes
with reclamation area, mudflat, reed, smooth cordgrass, and other land cover types at five-
year periods (1988–1993; 1993–1998; 1998–2003; 2003–2008; 2008–2013; 2013–2018). The
average change rates of different land cover types were calculated by dividing the total
change in area by the periods in which the changes occurred. Maps of S. salsa saltmarshes,
reclamation, area and mudflats for all stages were overlaid into one shapefile;the temporal
and spatial distribution maps of three land cover types from 1988 to 2018 were then drawn
using ArcGIS 10.2 (ESRI, Inc., Redlands, CA, USA).
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Figure 2. The nine different types of land cover in the Northern Yellow Sea of China: (a) S. salsa; (b) mudflat; (c) reed
(Phragmites. australis); (d) bare land; (e) water cover; (f) farmland; (g) smooth cordgrass (Spartina alterniflora); (h) reclaimed
land; (i) forest.

3. Results

3.1. Temporal and Spatial Distribution of S. salsa Saltmarsh

In 1988, the extent of the S. salsa habitat was estimated to be 263 km2 (Figure 3), it
was and mainly distributed in the Liaodong Bay (Liaohe-Xiaolinghe estuarine wetland,
112 km2), the Yellow River Delta wetland, and the Guangli-Zhima estuarine wetland
(137 km2) in northern Laizhou Bay. In addition, 6% of the S. salsa habitat was located
in other estuarine wetlands with lower annual runoff (Figure 4). During the last three
decades, the area composed of S. salsa saltmarshes dramatically decreased by 63%, from
263 km2 to 99 km2, with an average loss rate of 5.5 km2/year along the NYSC. There
were two significant periods of change in the extent of S. salsa saltmarsh loss: the S. salsa
saltmarsh area decreased dramatically by 55% from 263 km2 to 118 km2 from 1988 to
1993 and then further declined by 16% from 1993 to 2018 although there were obvious
increases detected in 1998 and 2008.

In the two core areas of S. salsa saltmarsh distribution, Liaodong Bay suffered the
most dramatic decline, with a net loss of 77% from 112 km2 to 26 km2 (Figure 5), and in the
Yellow River Delta and Guangli-Zhima estuarine wetlands, the S. salsa habitat decreased
by 52%, from 137 km2 to 65 km2 (Figure 6). From 1988 to 2018, the S. salsa saltmarsh
area in Huludao city, Jinzhou City, Yingkou City, the eastern part of Panjing City, the
Guangli-Zhima estuarine wetland, and u thepper tidal flat of Liaohekou National Nature
Reserve almost disappeared entirely. However, the S. salsa saltmarsh area in the Yellow
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River Delta wetland where the Yellow National Nature Reserve is located experienced no
significant change (Figures 5 and 6).

Figure 3. Total S. salsa saltmarsh area at different stages between 1988 and 2018 along the NYSC.

3.2. Effects of Reclamation and Natural Succession on S. salsa Saltmarsh Dynamics

Land reclamation was the main reason for the decline of the S. salsa saltmarsh areas
and is responsible for a loss of 111 km2 of the whole NYSC region (Figures 4 and 7),
corresponding to 78 km2 in Liaodong Bay (Figure 8) and 19 km2 in the Yellow River Delta
and Guangli-Zhima estuarine wetlands (Figure 9). In turn, there was some degree of
natural succession between the S. salsa saltmarsh and mudflat areas with the total net area
of 3 km2 the S. salsa saltmarsh areas succeeding into mudflats from 1988 to 2018. There
were different patterns between regions, with 14 km2 of mudflat succeeding into S. salsa
saltmarsh in Liaodong Bay and 35 km2 of S. salsa saltmarsh succeeding into mudflats
in the Yellow River Delta and Guangli-Zhima estuarine wetlands. The highly invasive
smooth cordgrass was first found in the Yellow River Delta wetland and the Guangli-
Zhima estuarine wetlands (19 km2) and in the Tianjin Coastal wetland (4 km2) in 1993 and
1998, respectively. During the last several decades, only 1 km2 S. salsa saltmarsh area was
entirely lost to smooth cordgrass invasion, which mainly occupied the S. salsa saltmarsh
area in the Yellow River Delta wetland and the Guangli-Zhima estuarine wetland (0.49
km2; Figure 9).

4. Discussion

In this study, we first mapped the historical spatial–temporal distribution of S. salsa
saltmarsh areas near the NYSC from 1988 to 2018 by using a long time-series of Landsat
images, which revealed that Liaodong Bay and the Yellow River Delta wetland—Guangli-
Zhima estuarine wetlands are the core distribution regions of S. salsa saltmarsh areas
(95%), which remains true to present day. Consistent with other findings on the loss of
coastal wetlands, there has been an extensive loss of S. salsa saltmarsh areas on the coast
of the NYSC during the past three decades, primarily driven by land reclamation [4,16,24].
During the past several decades, significant areas of coastal wetlands have been lost due
to human reclamation and natural changes; for example, tidal flats have declined by
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16.02% since 1984, and mangroves have decreased by 1% per year on average, whereas
mudflat accretion has converted to erosion during the past decade because of the decline
of coastal sediment supplied by the nearby rivers [4,5,34]. Notably, along the coast of the
Yellow Sea, 49% of mudflat areas and 67% of saltmarsh areas have been lost from 1984
to 2015. Meanwhile, the land reclamation areas have increased by 7696 km2, which has
resulted in the decrease of numerous waterbird stopover sites in this region [4]. Further
declines are likely in the near future if the recent levels of reclamation continue.

 

Figure 4. Maps showing the land cover change of the S. salsa saltmarsh area and mudflats and the
reclaimed land along the NYSC between 1988 and 2018.
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Figure 5. Maps showing the land cover change of S. salsa saltmarsh area and mudflats and the reclaimed land in Liaodong
Bay between 1988 and 2018.

  

Figure 6. Maps showing the land cover change of S. salsa saltmarsh areas and mudflats and the reclaimed land in Yellow
River Delta wetland and Guangli-Zhima estuarine wetland between 1988 and 2018.
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Figure 7. Land change between S. salsa saltmarsh area and other habitats near the NYSC from 1988 to 2018.

 
Figure 8. Land change between S. salsa saltmarsh area and other habitats near Liaodong Bay from 1988 to 2018.

Our study has revealed variation in the loss of S. salsa saltmarsh areas across different
regions of the NYSC, which may be related to the differences in the conservation man-
agement capacities of different protected areas; the S. salsa saltmarsh area in Liaodong
Bay was subject to an enormous 77% decline, whereas in the Yellow River Delta wetland
and the Guangli-Zhima estuarine wetland has declined by 52%. Variation in land-use
practices also contributes to these patterns of habitat loss; Liaodong Bay is the largest
bay within the Yellow Sea and is nourished by several rivers, but in order to develop
the local economy, a large area of S. salsa saltmarsh has been converted into aquaculture
ponds, infrastructure such as roads, and reservoirs. Another area of great concern is the
near complete loss of the S. salsa saltmarsh in Huludao city, Jingzhou City, Yingkou City,
and eastern Panjing City. Even in the Liaohekou National Nature Reserve, the S. salsa
saltmarsh has declined rapidly because of tourism development and the construction
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of oil production infrastructure, particularly during the period from 1988 to 1993. In
contrast, due to the conservation management of the Yellow River Delta National Na-
ture Reserve, little reclamation occurred in this region except for in the Guangli-Zhima
estuarine wetland.

 
Figure 9. Land change between S. salsa saltmarsh area and other habitats near the Yellow River Delta wetland and the
Guangli-Zhima estuarine wetland from 1988 to 2018.

Surprisingly, we found that the invasion by smooth cordgrass and natural succession
has had limited impact on the decline of S. salsa saltmarsh areas near the NYSC. This
contrasts with findings from the nearby Yancheng National Nature Reserve, where a large
area of Suaeda was invaded by smooth cordgrass [31], which was initially introduced to
control shoreline erosion and to promote the reclamation of China’s coastal tidal flats
in 1979 [4,32]. Significant areas of coastal wetlands have been invaded by the rapid
expanding smooth cordgrass along the natural shoreline, which may dramatically change
the ecological functions of the native coastal wetland landscape. For example, smooth
cordgrass can rapidly proliferate to occupy large areas of mudflats, which could impact
migratory shorebirds that strongly depend on these habitats as feeding grounds [35,36].
In recent years, there is some evidence to suggest that smooth cordgrass had expanded
to the upper tidal flat and into the S. salsa saltmarsh in the north of China’s coastal
wetlands [32], and there are concerns that this may already be having an effect on the
numerous endangered waterbird species that use these habitats.

After the Reform and Opening-up policy, China has become the second largest
economy, which is part due to to rapid economic growth along its coastal region [2].
However, such rapid economic development would come at the inevitable expense of
ecological security. During the past three decades, over 53% of coastal wetland areas have
been lost due to land reclamation, developing aquaculture, and agriculture in order to
promote economic development along the Yellow Sea [4]. Generally, S. salsa saltmarshes,
which are located in the upper tidal flats, suffered the most extensive reclamation, which
has been confirmed by this and two other previous studies [6,24]. Moreover, other factors
(e.g., oil pollution, sea-level rise, lower runoff of river discharge) have prevented the
growth and expansion of the S. salsa saltmarshes [28]. Fortunately, since the idea of “clear
waters and green mountains are as good as mountains of gold and silver” advocated by
Xi Jinping, the President of the People’s Republic of China, and the strict ban on coastal
wetland land reclamation since 2018 by the State Council of the People’s Republic of
China, numerous developments such as reclaiming land from the sea and aquaculture
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ponds have been prevented, leading to opportunities for habitat restoration efforts; for
example, the abandoned aquaculture ponds, roads, and tourist facilities in Liaohekou
National Nature Reserve have recently been restored to mudflats and S. salsa habitat,
increasing the distribution region of S. salsa saltmarshes in this reserve (albeit slowly).
However, illegal reclamation continues in the region, and further efforts are needed from
the government to halt these and to provide greater funding for wetland restoration.

In summary, we quantified the spatial–temporal distribution and changes of S. salsa
saltmarshes along the NYSC using Landsat long-time series images. We found that human
land reclamation was the main reason for the loss and fragmentation of S. salsa saltmarshes
from 1988 to 2018. Although different protection policies have been announced since the
dramatic degradation of these vital coastal wetland ecosystems, which have made some
significant progress regionally, urgent action is still needed to reverse these losses and to
assess the ecological consequences, especially for the rapid loss of the S. salsa saltmarshes
along the NYSC. Only two national nature reserves and a handful of provincial nature
reserves are currently established along the NYSC [14,37]. Such a paucity of suitably sized
and correctly situated protected areas along the NYSC may further accelerate the loss of
this critical coastal wetland ecosystem and its biodiversity.
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Abstract: The present paper aims to highlight the impact of the partial or total drying of the Nuntas, i
and Tuzla lakes (from the Danube Delta Biosphere Reserve) as a result of intense drought phenomena
on groups of waterfowl that are encountered in this region. Our analysis combined satellite remote
sensing techniques with bird observations that were made monthly during the analyzed period,
corroborated with the meteorological context of the time interval that was taken into account. The
results of the satellite image processing show a partial drying in 2013 and a total drying in 2020 of the
Nuntas, i and Tuzla lakes, which were caused by both natural factors (drought) and anthropogenic
factors (inadequate management of the area—e.g.,: communication channels with surrounding lakes
are clogged). These situations have led to repercussions for groups of birds, which behave differently
depending on their ecology. Pelicans and swans are the most affected birds, they leave the area in the
absence of water, whereas gulls and terns are not affected by the decrease in the water surface, they
even increase their numbers in such conditions. Our study also shows that from 2010 to 2020 the
largest numbers of birds (total numbers of birds), with the exception of pelicans, were recorded in
2013 and 2020, more precisely in the years when the water surface decreased considerably. Another
important feature of this paper involves highlighting how fragile an ecosystem can be in the context
of climate change, but also how important it is to involve human society in maintaining the adequate
conditions for an ecosystem that is part of one of the most important biodiversity hotspots on the
planet, the Danube Delta Biosphere Reserve.

Keywords: remote sensing; drought impact; aquatic birds; Danube Delta Biosphere Reserve

1. Introduction

Droughts are one of the most frequent meteorological disasters that occur on a large
scale, with negative implications in several fields of human society [1]. Whether we are
talking about meteorological drought, agricultural drought or hydrological drought [2], this
phenomenon makes its repercussions manifest on multiple levels, but, nevertheless, it is a
phenomenon that is difficult to anticipate [3] and complex when it comes to analysis, which
is why a number of indicators have been designed in order to highlight its intensity [4,5].

Drought can be considered the most complex climatic phenomenon [6] because it
triggers several factors, such as: atmospheric precipitations, air temperature, humidity, soil
water reserves evapotranspiration, wind speed etc.; these being the main climatic parame-
ters that define the state of dry weather. Drought spell occurrence is directly influenced by
the characteristics of the active surface, soil characteristics, plants’ physiological peculiari-
ties and the consequences of the anthropogenic influence on the environment [6]. Drought
is normally classified into one of three types: meteorological drought (characterized by a
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lack of precipitation), hydrologic drought (a lack of water supply, declining river flow and
groundwater supply) and agricultural drought (crop water deficit) [2]. In Romania, the
highest frequencies of drought phenomena are specific to the eastern, northeastern and
southeastern regions, including the Danube Delta Biosphere Reserve [7,8].

This paper will analyze the influence of hydrological drought on the variation of
the water surface (WS) of the Nuntas, i and Tuzla Lakes and the impact of its drying in
two representative periods that were captured on satellite images. Hydrologic drought is
defined as a period during which stream flows are inadequate to supply the established
uses under a given water management system [9]

The drought phenomenon, depending on the region in which it takes place, can
produce changes/anomalies in biodiversity. For example, in arid and semi-arid regions,
biodiversity responds very quickly to precipitation [10] and in the case of the Sonoran
Desert, Mc Creedy and van Riper, 2014 [11] observed a delay in nest initiation for 15 species
of birds in 2006–2007. Magoulick and Kobza (2003) [12] mentioned that, for freshwater
areas, severe drought phenomena can reduce the habitat area and can lead to changes
in fish behavior (predator and competition relations) because drought leads to shifts in
refuge spacing. Batanero et al. (2017) [13] have argued that intense droughts lead to a
more pronounced increase in wetland eutrophication, especially where inclusive large
colonies of birds can be found. In order to understand drought at different temporal scales,
bird abundance and distribution may better reveal which drought factors impact on birds
and therefore improve our understanding of how climate change impacts species and
the landscapes that they inhabit [14]. Little is known about the responses of birds with
different functional and behavioral characteristics to drought, or how these responses vary
geographically across large areas [15]. Moreover, microclimate variables are the key factors
that influence the distribution, diversity and density of the wetland bird species [16].

Waterfowls’ abundance and species richness depends especially on the size, shape
and depth of a body water. Moreover, the presence of water could assure the development
of the birds’ food and create places for birds to roost [17].

Satellite remote sensing is an alternative through which spatio-temporal observations
can be made regarding changes in the earth’s surface and, by this method, depending on the
state of the vegetation [18] or the fluctuation of the WS [19], some conclusions can be drawn
regarding the severity of the drying occurrence and the variation of the WS. Monitoring
microclimate variables and birds is possible in order to understand the fluctuation of bird
assemblages in the context of climatic changes.

Although the literature dealing with aspects of remote sensing, climatology and ecol-
ogy is still scarce, with this paper we want to outline the importance of multidisciplinarity
in science through which, in addition to the classical climate–biodiversity analysis, we can
track changes in habitats through satellite remote sensing and underline the impact on
aquatic birds.

The broader impact of the study is that the presence of birds could be correlated
with remote sensing analysis and the weather parameters’ fluctuation. The impact of
climate change over the distribution of the precipitation amount in Romania was analyzed
by Croitoru et al., 2018 [20]. The climate scenarios of the Representative Concentration
Pathways (RCPs) 4.5 were used. Using those climate scenarios, it was observed that,
in the future, the Dobruja region will record a decrease in its precipitation amount of
approximately 90% as compared to the historical climate data that were recorded during
dry spell events, which will intensify drought periods [20]. The fate of birds will be
disastrous if the drought is not stopped through adequate management measures regarding
the hidrorological system, bykeeping the channels unclogged.

This study aims to highlight the impact of the Nuntas, i and Tuzla Lakes’ WS area
variations on their aquatic bird groups in the context of the current climate trends through
remote sensing methods combined with data from avifauna field monitoring. Our study
focuses on the years 2013 and 2020 because the most intense modifications of the WS were
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observed from the field information at that time and this was also observed by Serban et al.,
(2022) [21].

2. Study Area

The Nuntas, i–Tuzla complex is a natural reserve that is included in the Danube Delta
Biosphere Reserve and Natura 2000 network of protected areas (SPA and SCI) and it
represents one of the main hotspots for birds in Eastern Europe [22] (Figure 1).

Figure 1. Location of Nuntas, i–Tuzla complex inside the Danube Delta Biosphere Reserve.

The medium-sized shallow lakes Nuntas, i–Tuzla are situated between 8–11 km west
of the Black Sea shoreline [22–24]. Among the main characteristics concerning these lakes’
morphometry, they have a length of about 2 km, a maximum width of 3 km and a depth that
varies between 2.15 and 6.15 m [25]. There are marginal lakes of the Razim–Sinoie lagoon
complex that resulted when the natural levees had appeared along the former sea’s bay. The
lakes have been undergoing a slow process of desalination in the last half a century. Now
the water is brackish and waves stir up the sediments that cause the lakes to be turbid when
it is windy. It is known that most brackish lakes are turbid and that this state may be due to
the absence of phytoplankton grazers (Daphnia sp.) [26]. Being turbid, the only places that
are suitable for submerged vegetation growth are some marginal shallow and covered sites.
In some years, floating algal beds cover large parts of the lakes as a response to the high
availability of nutrients in the water column. Common reed (Phragmites australis) dominates
the shore vegetation and forms several islands in the southern half of the lake system. Two
rivers (the Nuntas, i and Săcele) supply the north-western and south-western extremities,
respectively, of the Nuntas, i–Tuzla lakes complex with fresh water that is collected from
precipitation and two man-made channels that interconnect it with Lake Istria in the north
and Lake Sinoie in the south. The northern channel provides the most significant water
supply for the complex.
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The lakes are surrounded by extensive cereal and oilseed rape fields to the north, west
and south (Figure 1), these are excellent autumn and winter feeding places for the goose
and swan populations. The WS represents a safe night-roost and an important drinking
source for the waterbird populations of the area [27].

In the spring and autumn, the complex is heavily used by migrating waterbirds. The
lakes are an important feeding and staging area for migrating waterbirds in the so-called Via
Pontica flyway and one of the key roosting sites for geese, swans, pelicans and shelducks.
The shallow water and muddy fields of the lakes attract waders and gulls in great numbers.

The WS varies due to both natural and anthropic factors [24]. In 2013 and 2020, the lake
dried (partially and totally, respectively) because of climatic factors and management measures.

The choice of the study area was motivated by the drying phenomenon in 2020, which,
due to its visual impact, has also been the subject of a considerable number of press articles
and TV reports. Given the fact that this complex of lakes is located in the Danube Delta
Biosphere Reserve, a biodiversity hotspot, we considered it necessary to carry out a study
in order to examine the implications of this phenomenon on the avifauna of the region.

3. Methodology

3.1. Bird Census

Waterbird species surveys have been carried out once per month using four points that
offer the optimal visibility over the lakes. Individual count units have been used in order
to reduce bias. The counts have been performed regularly in the morning and evening,
including the roosting sites.

The data were collected in such a way as to avoid the double counting of the same
individuals from two neighboring points and the resulting numbers were summed in
order to obtain the totals per location. The birds were identified with binoculars and field
scopes [27,28].

We focused, in this analysis, on aquatic bird assemblages, such as: geese, swans,
dabbling ducks (they live in shallow waters and feed by tipping up rather than diving),
shelducks, gulls, terns, waders and pelicans. We took into consideration only these birds,
because they represent a constant presence on the Nuntas, i and Tuzla Lakes, which are used
mainly for feeding (by gulls, terns, waders, the ruddy shelduck), roosting (by geese and
swans) or both (by ducks and the common shelduck).

3.2. Climate Data

To understand the climate characteristics of the region we used the ROCADA gridded
daily climatic dataset over Romania (1961–2013) that was developed by Dumitrescu &
Bârsan in 2015 [29]. For the latest period (after 2014) we used daily observed meteorological
data that were obtained from the National Meteorological Administration of Romania
(NMA RO) from SYNOP messages that were issued by official weather stations. The daily
data that were analyzed were obtained from 3 weather stations (Gura Portit,ei, Jurilovca and
Constant,a). The daily data that we used cover the main weather elements were: the mean
daily air temperature, minimum temperature, maximum temperature and precipitation
(daily rain amount and number of days with precipitation) in 2013 and 2020.

3.3. Satellite Data

Satellite imagery is an excellent way to track various phenomena, both natural and
artificial, but it must be admitted that one of the main disadvantages of this research
method is the availability of the scenes, which is why, in some situations, the involvement
of other methods is necessary (field data, meteorological context, etc.). The analysis of a
phenomenon by satellite remote sensing methods can be hampered either by an overloaded
atmosphere, clouds, or too much time between scenes.

From the perspective of satellite images, depending on the analyzed period and the
availability of materials, we chose two sets of images. Landsat-5 satellite images were
obtained through Google Earth Engine (GEE) for 2013 and, due to the fact that the study
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area is not very large, we downloaded the scenes without clouds, without using a mosaic
of images from several days. Although in 2013 we could use other satellites with better
resolution, we continued with Landsat-5 because we identified cloudless sequences for a
longer period of time. The Landsat-5 TM sensor contains seven bands: blue, green, red,
NIR, TIR, and two TIR bands (Table 1). For the year 2020 we used Sentinel-2A/2B satellite
images, images with a very good resolution (10 m, 20 m), 13 spectral bands and with a high
frequency of revisitation (Table 1).

Table 1. Specifications of Landsat-5 and Sentinel-2.

Satellite Sensor Year Day/Month Resolution (m) Wavelength (μm)

Landsat-5 TM 2013

2/May
6/August

22/August
7/September

30

Band 1: 0.45–0.52 Band 2:
0.52–0.60 Band 3: 0.63–0.69

Band 4: 0.76–0.90
Band 5: 1.55–1.75

Band 6: 10.40–12.50
Band 7: 2.08–2.35

Sentinel-2 2A/2B 2020

26/June
11/July
31/July

25/August
9/September

19/September
24/October

23/November

60 Band 1: 0.443
10 Band 2: 0.490
10 Band 3: 0.560
10 Band 4: 0.665
20 Band 5: 0.705
20 Band 6: 0.740
20 Band 7: 0.783
10 Band 8: 0.842
20 Band 8A: 0.865
60 Band 9: 0.945
60 Band 10: 1.375
20 Band 11: 1.610
20 Band 12: 2.190

3.4. Data Analysis

In order to observe the fluctuations of the water level of Lake Nuntas, i, we considered
the use of two indices. The normalized difference water index (NDWI) is one of the most
frequently used indicators to identify open water features being developed in this direction
by McFeeters (1996) [30], but later being used in the classification of wetlands [31], the
mapping of tidal flats (Murray, 2012) [32] and in the mapping of the spatiotemporal changes
of some lakes [33].

The normalized difference vegetation index is a well-known index that has a high
degree of applicability, from the identification of land use/cover [34,35] and the monitoring
of vegetation health [36,37], to the monitoring of drought phenomena [38,39] and afforesta-
tion and deforestation phenomena [40,41]. This index is also used in monitoring wetlands
or the water levels of some lakes [42–44].

We used these two indicators in parallel to obtain information on the variation of
the water body’s surface and to compare the results, so that the final data are as close
as possible to the real situation, especially since both indicators reveal extremely useful
information about the presence/absence of water.

The NDWI can be obtained from a division that is based on the NIR band and green
band as in Equation (1) as shown below [30] from which we will distinguish the WS as the
areas where we identify values that exceed the threshold of “0” [33,45].

NDWI =
(Green − NIR)
Green + NIR

(1)

The NDVI, shown in the following Equation (2), is explained by the fact that the
reflectance of the vegetation in the NIR band is higher than that which is found in the Red
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band and, in this way, the vegetation is easily observed. Water bodies are associated with
NDVI values that are less than 0 [46].

NDVI =
NIR − Red
NIR + Red

(2)

After obtaining the aforementioned indices, we reclassified the rasters and extracted
only the “water” values (mentioned above), resulting in a “mask” of the water surface for
each scene that we used.

Before modeling the birds, meteorological data and the WS, we plotted the total
number of birds in those years with severe droughts, 2013 and 2020. Consequently, we
analyzed the total number of birds for the 2010–2020 period, in order to see the differences
between those years when the lakes had water and those with a lack of water. The
differences were checked using a Kruskal–Wallis test as is mentioned by Marusteri and
Bacarea, 2009 [47]. The statistical analyses were computed using Poisson regression, which
is a generalized linear model that has been used in order to elucidate the relationships
between biological assemblages of species and their environment, as suggested by Van
Strien et al., 2004 [48]. Given that the histograms regarding the number of birds that
were analyzed per month indicated a deviation from the normal distribution and that
the abundance values for each group of birds are inclined to the right in the Poisson
distribution, we used Poisson regression [49,50]. We computed, in XLSTAT software, the
biological assemblages (the average number of each group) which were represented by
a series of aquatic birds as dependent variables. The explanatory variables consisted of
the meteorological data per each month and year, such as the frequency of precipitation,
average precipitation, temperature mean, minimum temperature, maximum temperature
and the WS in those months for which we have access to satellite images.

4. Results

4.1. Climatic Background

Although the study area is relatively small, during the analyzed time interval the mean
temperature and the amounts of monthly precipitation highlighted strong fluctuations.
According to Köppen climate classification, Dobrogea is located in type BSk (semiarid
steppe region) as a transition between a Mediterranean climate on its poleward margin and
a cooler climate with a mild winter, low precipitation, great variability in the precipitation
from year to year, low relative humidity and high evaporation rates [51].

The study area is characterized, from a climatic point of view, by a mean air temper-
ature that can vary between 11.5 and 12 ◦C (according to the data from the stations that
were mentioned above) with the highest temperatures encountered in July and August
and the minimum temperatures manifesting in January and February. The average mul-
tiannual precipitations are distinguished by quite significant differences in the territory,
which fluctuate from 366.7 mm at Gura Portitei station to 424.6 mm at Constanta station.
The minimum quantity of rainfalls are typically recorded in February, March and August,
while the highest amount of precipitation falls in May and June (Figure 2; Table 2). The
low amount of precipitation in August, in the context of high temperatures, leads to an
intense process of evaporation and in atypical, particularly dry years this can extend over
a longer period. The climatic elements of this study broadly follow the topoclimatic and
microclimatic characteristics that formed the basis of the episodes in which Lake Nuntas, i
dried up. A climate description of the region was made by associating the climate elements
with the climate region that is specified by the Koppen climate classification.
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Figure 2. The multiannual mean variation of air temperature and precipitations at (a) Jurilovca,
(b) Constant,a and (c) Gura Portit,ei weather station from 1961 to 2020.

Table 2. Multiannual monthly mean number of days with precipitations over 1 mm and monthly
number of days with precipitations over 1 mm in 2013 and 2020 for Jurilovca, Constant,a and Gura
Portit,ei weather stations.

J F M A M J J A S O N D

Mean number

Jurilovca 4.9 5.0 4.7 5.3 7.2 6.3 5.1 4.4 4.8 4.3 5.3 5.8
Constant,a 5.3 5.0 5.1 5.5 7.0 6.4 5.3 4.0 4.4 4.7 5.7 6.4

Gura Portit,ei 4.9 5.1 4.8 5.4 7.3 6.7 5.2 4.4 5.0 4.6 5.6 6.2

2013

Jurilovca 5 5 2 7 7 9 6 4 7 6 4 0
Constant,a 9 4 4 6 6 8 5 4 6 4 4 2

Gura Portit,ei 6 5 3 7 7 8 6 3 9 6 5 2

2020

Jurilovca 1 4 1 2 4 6 2 1 1 5 5 10
Constant,a 1 4 3 1 5 7 3 1 2 4 3 11

Gura Portit,ei 2 5 1 2 5 6 1 0 2 6 5 9

4.2. Bird Observation

As a brief overview of the bird inventory, three species of swans were recorded for
the area: the mute swan (Cygnus olor), whooper swan (Cygnus cygnus) and Bewick’s swan
(Cygnus columbianus). The whooper and Bewick’s swans winter in this area and feed on
the adjacent arable fields, which include winter cereals (wheat and barley) and oilseed
rape. They use the lakes only for roosting and drinking water. The mute swan is present all
year around. The number of mute swans constantly varies in the study area depending on
the water level and vegetation state (submerged and floating plants). Years with a drastic
aquatic surface reductions cause a lack of swans on these lakes.

The red-breasted goose (Branta ruficollis), greater white-fronted goose (Anser albifrons)
and greylag goose (Anser anser) are observed in the area in large numbers. Other geese
species like the lesser white-fronted goose (Anser erythropus) and bean goose (Anser fabalis)
are recorded in very small numbers alongside large flocks of the greater white-fronted goose.
Except for the greylag goose which is also a breeding species in the area, all of the other
geese species use the lakes only as roosting and drinking sites during the winter (Figure 3).

Waders use the area mainly for feeding, so their number depends on both the WS and
the depth and/or the extent of the mudflats.

In order to observe the link between the different biotic and abiotic factors and the
presence of birds, satellite imagery is an excellent way to track various phenomena, both
natural and artificial, but it must be admitted that one of the main disadvantages of this re-
search method is the availability of scenes. This is why, in some situations, the involvement
of other methods is necessary: including field data, meteorological context, etc.

In 2013 there was a narrowing of the water line, but not a complete drying. We
identified a decrease in the water’s surface area from about 800 ha (Lake Nuntas, i and Lake
Tuzla) to 300 ha in the May–September period. There was also a greater impact of the
drought on Lake Tuzla (in the south), which was the first to dry out and it remained so for
the longest period of that year (Figure 4).
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Figure 3. Agglomeration of birds (red-breasted goose) which roost in Nuntas, i–Tuzla lakes.

Figure 4. WS in 2013 (Landsat-5) (above); Days with representative precipitation amounts at,
Jurilovca, Gura Portit,ei and Constant,a weather stations in 2013 (below).
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Following the reduction of the water’s surface in 2013, we identified that the most-
affected birds were swans and ruddy shelducks, which were missing in May–August
and April–June, respectively (Figure 5). Dabbling ducks were also declining during the
droughts. Gulls and terns did not seem to be affected by the restriction of the surface of
the water, remaining in large numbers throughout the season. Geese were found in larger
numbers during the winter, when specimens come from the north of the continent and are
crowded into small areas. Pelicans were found in small numbers in winter because many
migrate south, but at the same time their numbers were declining as the WS shrunk, due to
their feeding method. Wader birds had low populations due to the droughts. Shelducks
seemed to be very versatile, their number decreased both in conditions of drought and
when the water level was higher and it was more difficult for them to reach the food at the
bottom of the lakes (food that consists of small mollusks, crustaceans and insects) (Figure 4).

Figure 5. Average number of birds per the months in 2013.

For the 2020 drought phenomenon, we used Sentinel-2 satellite images which helped
us to track the phenomenon on a more detailed time scale due to the higher frequency
of the scenes. The Nuntas, i–Tuzla lakes have suffered increases and decreases in their
WSs. About 80 consecutive days with less than 5% water were identified during August,
September and October. In fact, also based on these satellite images, we could observe
the dependence of the studied lakes on the climatic factor through the very fast response
of the drying up due to the lack of precipitation (Figure 6). The favorable context of this
phenomenon was given also by the fact that the winter of 2019–2020 was the warmest
winter in the history of meteorological measurements at the Jurilovca weather station
and the amount of precipitation was slightly below the average of the entire range of
meteorological observations. During that winter, the North Atlantic Oscillation index was
in a positive phase, which generated a mild and dry winter in southern and southeastern
Europe [52] by the extension and presence of the high atmospheric pressure over the Azores
Islands which extended over the Mediterranean basin [53].
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Figure 6. WS in 2020 (Sentinel-2) (above); Days with representative precipitation amounts at Jurilovca,
Gura Portit,ei and Constant,a weather stations in 2020 (below).

Given the entire meteorological context, the drought of 2020 manifested itself at a
higher intensity on the two lakes and implicitly on the lakes’ birds. In contrast to swans and
geese, the low lake surface is accessible as a feeding habitat for waders only at a low water
level. Dabbling ducks and the common shelduck use the area for roosting and feeding
and their numbers are less influenced by the WS and depth, but for duck species there
is a gradual shift in the species’ presence and abundance according to the season and
water depth. The same situation also applies to the ruddy shelduck. Gulls and terns were
present throughout the analyzed period and it seems that the presence of these birds is
differently affected by water body variations. Their numbers increased considerably when
the WS decreased. Pelicans, on the other hand, prefer areas with a certain level of water
that facilitates fish presence, so their number is generally low in the years when the lakes
may dry out and for the year 2020 they appeared in an extremely small number and for a
very short period. The absence of swans was observed for a longer period of time in 2020
than in 2013, as they were not present throughout the warm season (Figure 7). The number
of birds was generally higher in 2020 than in 2013, as a result of the total drying of the lakes,
but this difference is not statistically significant as is shown below (Figure 7).

In the third decade of November (in the year 2020) there was an almost complete
filling of the lakes, a process that was realized after the clearing of the canal that connects
Lake Nuntas, i to Lake Sinoie through Lake Istria. The importance of human intervention in
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the well-being of that habitat is undeniable, which is observed after the rapid filling of the
lake even in the context of a small amount of precipitation (Figure 8).

Figure 7. Average number of birds per the months in 2020.

Figure 8. Nuntas, i and Tuzla Lakes after refilling process.
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Although our initial analyses of 2013 and 2020 led us to think that in dry years the
number of birds in our study area decreased, a simple analysis of the average number of
birds over a period of 10 years (2010–2020) revealed that, in the years when the aquatic
surface of the lakes decreased, the size of the flocks of some groups of birds increased
compared to the years when the WSs of the lakes were not affected by drought (Figure 9).
Even in this situation, pelicans were the most affected and only small numbers of them
were identified in 2013 and 2020 (Figure 9).

Figure 9. Average number of bird assemblages from 2010–2020.

Furthermore, a Kruskal–Wallis test showed that between 2020 and some of the other
years (2010, 2014 and 2019) there is a statistically significant difference (p < 0.005) concerning
the bird assemblage (Table 3) with regard to the WS [47].

Table 3. Kruskal–Wallis test regarding birds assemblages among years 2010–2020.

p-Values: 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
2010 1 0.807 0.822 0.611 0.969 0.725 0.551 0.653 0.674 0.883 0.031
2011 0.807 1 0.984 0.792 0.777 0.914 0.725 0.837 0.860 0.922 0.056
2012 0.822 0.984 1 0.777 0.792 0.899 0.710 0.822 0.845 0.938 0.054
2013 0.611 0.792 0.777 1 0.584 0.876 0.930 0.953 0.930 0.717 0.100
2014 0.969 0.777 0.792 0.584 1 0.695 0.525 0.625 0.646 0.853 0.028
2015 0.725 0.914 0.899 0.876 0.695 1 0.807 0.922 0.945 0.837 0.072
2016 0.551 0.725 0.710 0.930 0.525 0.807 1 0.883 0.860 0.653 0.120
2017 0.653 0.837 0.822 0.953 0.625 0.922 0.883 1 0.977 0.762 0.089
2018 0.674 0.860 0.845 0.930 0.646 0.945 0.860 0.977 1 0.784 0.083
2019 0.883 0.922 0.938 0.717 0.853 0.837 0.653 0.762 0.784 1 0.045
2020 0.031 0.056 0.054 0.100 0.028 0.072 0.120 0.089 0.083 0.045 1

For 2013 and 2020, the Poisson regression showed that all of the bird assemblages were
generally influenced by the meteorological data (the frequency of precipitation, temperature
mean, maximum temperature and minimum temperature) and the WS variations (Table 3).
Moreover, the changes in the weather parameters and fluctuation of the WS influenced the
birds’ presence on the Nuntas, i–Tuzla lakes. This finding achieved p < 0.05, which means
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that there is a significant influence of the intercept among the meteorological variables on
bird assemblages on the one hand and the WS on the birds’ presence on other hand.

5. Discussion

Although the use of satellite imagery to track the evolution of water bodies is an al-
ready widely used method, either we focus on large areas over long periods of time [54,55]
or we are talking about smaller areas [56,57], as in our case. However, we must recognize
that the involvement of satellite remote sensing in the dynamics of avifauna as corre-
lated with field data and meteorological data is a category of complex studies that require
numerous resources, both in terms of the staff involved and the financing of the under-
taking [58,59]. Regarding what we just stated, it could be considered an advantage to
approach such a subject with the help of satellite images because, in the absence of data
from specific institutions, they allow us to analyze a phenomenon that occurred in the past,
without having to involve a large number of staff or a large financial effort. On the other
hand, the frequent monitoring of the birds in an area such as the studied one involves both
a large number of people and a considerable budget, which would otherwise be limiting
factors. However, field monitoring also reveals other observations that can be particularly
important in certain circumstances.

Regarding the bird assemblages in the Nuntas, i–Tuzla area, their presence is deter-
mined by their feeding and roosting possibilities, which depend on the meteorological
factors or the WS area [60]. In this sense, waterfowl are influenced by weather factors of
course, but it is important to emphasize that each group of birds reacts differently depend-
ing on their ecology. Climate fluctuations seem to be manifested by characteristics that
tend to extremes, with a higher frequency of heatwaves [61], which is certainly reflected in
the abundance and distribution of the groups of birds that were targeted in this study.

Moreover, knowing the dynamic pattern of the numerical changes and dispersals of
the birds leads to an understanding of the time periods and weather conditions that can
induce changes in the presence of the birds and, consequently, can establish ways of satellite
monitoring combined with field monitoring and active conservation measures in order
to keep a high diversity index. A high value of the diversity index (which captures the
number of ecological groups and number of birds) can ensure the premises for long-term
biodiversity conservation in accordance with European strategies [62], but also for the
purpose of designating the Danube Delta Biosphere Reserve [63].

The fact that, in the case study, all of the meteorological factors generally influenced
the presence of the birds induces the idea that the birds in the area are strictly dependent
on the atmospheric conditions. However, the birds may be versatile and may find food
and roost in adjacent areas regardless of the climatic parameters. On a large scale, previous
studies [64] have stated that, in the context of climate change, long-distance migratory bird
species will suffer less than sedentary species, precisely because of their mobility. It should
also be noted that sedentary bird species are much more numerous than migratory ones,
which highlights the vulnerability of birds to climate change [65,66], but also the need for
case studies in smaller areas.

The high mobility of the birds also induces a certain independence of them from the WS
area in the Nuntas, i and Tuzla lakes, considering that large lakes are found nearby that are
also part of the Danube Delta Biosphere Reserve. On the other hand, the Nuntas, i and Tuzla
lakes are prone to strong fluctuations in their water levels and this is a major limiting factor
for most submerged plants as shallow sites may dry out. A temporary reduction of the
water level is frequently used to control submerged vegetation in reservoirs [67]. Obviously,
water level fluctuations are particularly problematic for the vegetation of these lakes,
where marginal and shallow water-covered places are the only suitable places for growing
vegetation. If the water level is kept relatively constant, we may expect that submerged
vegetation will survive in the previously mentioned locations. The lack/disappearance
of submerged vegetation leads to an increase in the availability of nutrients in the water
and to the intensification of floating plant layers. Severe reduction of the WS or even the
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complete drying of the lakes, like in the 2020 case, results in the loss of fish and most plant
species. Also, the increased frequency of droughts is associated with significant decreases
in invertebrate diversity [68]. Consequently, the number/presence of herbivorous and
piscivorous bird species are affected in the short term by the reduction of the aquatic surface
or a complete dry out in the extremely dry years. In contrast, the bird species that feed on
aquatic and benthic fauna are favored by these temporarily larger feeding habitats (the
presence of mudflats) and higher prey density (a greater concentration of aquatic fauna).

On the other hand, if the lake has a lot of water, it will be an excellent roost place
because it is close to the feeding areas that are represented by the excellent cereal fields for
geese and winter swans.

Moreover, swans and pelicans are the most sensitive and are strictly dependent on
water, as the results show. In case of a lack of water, swans and pelicans leave the area.
The other groups can use the areas in the middle of the lakes without water or with very
little water as a place of rest, considering that they can spot terrestrial predators from a
distance. In general, the reduction of the water surface induces a change in the habitats and
negatively affects the bird populations [69,70], but not in this particular case. The number
of birds can decline due to the lack of adequate management measures over a longer period
of time [71,72].

The lack of water in 2020 lasted for months, until the application of some hydrological
management measures. This also indicates the need for rapid and immediate intervention
for the better conservation of wetland areas in order to ensure the living conditions of
waterfowl [70].

Under the conditions of water restriction, a very rich foraging resource area for many
bird species (waders, shelducks, ducks, gulls and terns) is created as the lake dries, which
explains the birds’ large numbers in the case of the droughts in the studied years. At the
same time, seagulls and terns take advantage of the small water surface area because their
food is concentrated in a small volume of water. So, given the fact that the restriction of the
water surface or even the drying up in one season of the studied lakes causes an increase
in the number of birds, it makes us wonder if the same would happen if the lakes were
dried up for a longer period of time. Would the birds leave the area due to a lack of food in
the mudflats or would they continue to use it, but only for resting? How birds behave or
respond to restrictive conditions may be a future direction of scientific investigation based
on this idea. Hence the need for the water level to be controlled in the sense of reducing the
water level when it is too high to be favorable for bird species [73]. Even if the water luster
is missing but there is enough wet mud, it is an excellent substrate for the development of
the many invertebrate species that determine the presence of large numbers of birds. At the
same time, the partial or complete drying of the lake must be avoided for long periods of
time, in order to reduce the disappearance of the birds from this area and their dispersion
over areas that are not so favorable, given the unique characteristics of the lakes complex.

As the frequency of droughts increases, there is an increasing impact on wetlands and,
consequently, for birds, as is shown in the results. Thus, we find it necessary to analyze
satellite images in conjunction with the monitoring of bird groups so that, through proper
management, the Nuntas, i–Tuzla area remains a permanent hotspot for birds in one of the
most valuable wetlands in the world, the Danube Delta Biosphere Reserve.

6. Conclusions

The present study reveals the characteristics of the current context, a context that is
dominated by both climate change and habitat change, either as a result of a natural course
or as a result of anthropogenic influence. In order to keep up with the dynamics of these
changes, the inclusion of satellite images and field data (climate factors and biodiversity
data) helps a lot in following the phenomenon and in observing the repercussions.

Our study outlines the suitability of long-term waterbird observations as an efficient
tool to validate the qualitative and quantitative hydrological and biological transformations
of wetlands, eventually supporting studies that are aimed at investigating climate change
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scenarios while creating synergies, as much as possible, between climatic and biological
data. Corroborating ornithological and hydrological observations may eventually enhance
the development of integrated monitoring programs that can offer more comprehensive
information regarding climate change’s impact on wetlands.

This paper considered the presentation of 2 scenarios, one from 2013 in which a partial
drying was analyzed and the other one from 2020 in which the total drying of the lakes
for a period longer than 2 months was analyzed. The fluctuations of the water surface
in the Nuntas, i and Tuzla lakes show an impact both on the submerged vegetation and
on the vegetation near the lakes and, in the scenario of a complete drought, the impact
that extended to fish and crustaceans, the potential food sources for the analyzed bird
groups. Swans were the most affected by a total drought, leaving the area, which proves
their dependence on the presence of water. A similar situation was encountered in the case
of pelicans. Conversely, the other groups of birds tended to use the center of the dry lake
as a resting area, having the opportunity to observe predators from a distance.

Given similar scenarios in the future, this paper will represent a starting point for
analyzing the impact of such phenomena on birds and it will be easier to follow their
behavior and their habitat preferences.

Given the fact that the area near the Nuntas, i and Tuzla lakes is suitable for birds (to
the north, west and south there is agricultural land for feeding and to the east there is the
Istria and Sinoie lakes) and that the saltier water delays the freezing of the lakes, these
factors make this location a biodiversity hotspot. It is the case studies from 2013 and 2020
that highlight the fragility of this ecosystem in the context of changing natural factors and,
at the same time, the need to involve human society in habitat conservation.
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Abstract: In recent years, Bucharest’s residential dynamics have thrived, fueled by growing demand
and an insufficient housing fund. This study aimed to analyze the residential satisfaction of those
living in newly built dwellings. Its objectives were to identify the characteristics of three new
residential areas and analyze the satisfaction level among residents regarding both their dwellings
and neighborhoods. The investigation employed direct observations during the fieldwork phase
(through observation sheets and mapping methods) and surveys (through questionnaires with
residents and interviews with developers). Its results highlighted spaces that exhibit an increase in
residential constructions, with a tendency to expand toward suburban areas, without necessarily
meeting legislative requirements. When measuring the population’s residential satisfaction level,
the study observed a general satisfaction regarding dwellings’ modernity and price but noticeable
differences within the sample residential nuclei. The solutions proposed by residents mainly target
authorities, who were held responsible for developing the urban infrastructure prior to granting
building permits, as well as for vetting developers better and requiring them to respect the legislation.
Hence, scientists, local authorities, real-estate developers and the local population represent the
beneficiaries of the current study’s results.

Keywords: residential satisfaction; new urban nuclei; infrastructure characteristics; legislation;
Bucharest; Romania

1. Introduction

Cities are complex systems whose economic and social functionality depends on
implementing adequate housing development policies. Housing quality in urban areas is
an ongoing concern for all involved actors, because, on the one hand, it represents a direct
response to issues connected to urban systematization, e.g., traffic, pollution, lack of green
areas, waste management, etc.; and, on the other hand, as population preferences regarding
modern housing standards are rapidly changing, studying them is one way of keeping up
with market demands [1]. Residential satisfaction is a heterogeneous and multidimensional
concept that underlines that the evaluation of the living place and neighborhood is a
balance between expectations and benefits. It stems from housing characteristics, amenities,
and quality of the environment associated with expenditure [2] and refers to a perception
of the place of residence from both physical and social perspectives [3].

Certain studies emphasize the importance of social environment as a third element gen-
erating residential satisfaction, indicating as frequent variables: “safety, upkeep, social ties,
quietness, housing quality, greenery, age and income level” (p. 114, Reference [4]). Some
authors, such as Berköz and Kellekçi (p. 41, Reference [5]), name “the characteristics of
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residential units, characteristics of users, managerial, environmental and locational factors”
as variables that influence residential satisfaction, while Cho, Park, and Echevarria-Cruz [6]
conclude that neighborhoods have experienced a reduction in their role as traditional com-
munities due to decades of rapid industrialization and urbanization. Still, understanding
how residents rate neighborhoods remains an essential element of urban planning policies,
as neighborhood satisfaction is a component of quality of life which can form a basis for
public policy feedback [7,8]. Neighborhood satisfaction is perceived as a multifaceted
construct and includes relationships with neighbors, housing characteristics, demographic
factors, security, presence of and access to services (amenities), aesthetics (i.e., appear-
ance), and air quality/pollution [9,10]. Nowadays, many studies move away from the
somewhat-limited past approach to neighborhood satisfaction (that analyzes only one
or just more than one level of the environment) [11] and attempt to evaluate inhabitants’
preferences about attributes of the residential environment as one of the multiple variables
of neighborhood satisfaction [12–15]. The current evolution of cities should consider the
population’s needs regarding housing quality, while also maintaining the principles that
govern neighborhoods’ economic and social functionality. Housing satisfaction is evaluated
based on components from living conditions to the environment, physical infrastructure,
public service, governance, and culture, as these represent urban development pillars
in most countries [16]. Nonetheless, it depends to a large extent on successful housing
policies [17], which do not necessarily consider the constantly evolving demographic needs
and rely more on the developers’ point of view [15]. Unfortunately, urbanization does
not always respect legislative demands, and many large cities develop chaotically and
uncontrollably, frequently leading to traffic, pollution, lack of green areas, and poorly
developed infrastructure [18].

Nowadays, many large cities display a competitive city profile that considers both
investors’ and residents’ choices. They have to incorporate an extensive range of amenities
and services to satisfy people’s complex network of needs for the place in which they
decide to live [19].

A wide range of studies recognize the subjective nature of personal expectations for
new dwellings and the subjective attributes of the residential environment as an indivisible
part of “the systemic model of residential satisfaction” (p. 2, Reference [12]) [19,20].

Undoubtedly, residential satisfaction is a complex process that displays different
perspectives because urban regions’ socio-spatial patterns differ significantly from one geo-
graphical region to another and even from one neighborhood to another [4,13]. Therefore,
an obstacle in researching the relationships between various dimensions of the residential
environment is that, in general, predicting satisfaction in an urban community context is a
challenging task.

1.1. Residential Attractiveness in Central and Eastern Europe (CEE) Countries

The post-industrialization period and the political changes after the fall of the com-
munist regimes meant that the urban areas of CEE countries saw “the formation of a new
socio-economic framework of cities” (p. 23, Reference [21]). These areas embraced old and
completely new functions and generated population relocations toward new residential
projects. The different paradigms on housing quality brought forward by the open-market
economy implemented after 1990 influence the intention to stay or move out in former
communist countries [22]. One consequential result was that the central authorities no
longer decided on the dwellings’ dimensions, functionality, compartmentalization, en-
dowments, or design [23–26]. A new housing culture was necessary due to the numerous
problems of housing built during communism which were only aggravated by insufficient
investments and inadequate management, the physical degradation of the buildings, and
their numerous technical issues. The lifespan of these buildings was long overdue, the
investment capital oriented for their rehabilitation was scarce, the government programs
limited, and the financial power of their inhabitants virtually inexistent [27].
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In this context, in states such as Poland, Estonia, Hungary, Eastern Germany, Bul-
garia, the Czech Republic, Slovakia, and Romania, the population started preferring newer
dwellings, and suburban sprawl became a dominant phenomenon caused by a lack of
locally implemented territorial planning programs [28]. In fact, the specialized litera-
ture recognizes that suburbanization has been particularly important in transforming the
metropolitan regions of CEE countries such as Romania in the last decades. Because it
was artificially limited during communism, after 1990, some countries even experienced
a “chaotic suburbanisation”, which decreased the quality of the residential environment
(p. 160, Reference [29]); (p. 46, References [30,31]). This is a direct consequence of a neo-
liberal housing market that has not always found integrated and coordinated development
solutions applicable throughout all the newly appearing residential areas [32–37]. The “dif-
ferentiation” or, rather, “(re)-differentiation” process of “reordering the scale and location
of urban land uses” had a higher intensity in the cities of the post-communist countries
than in the “classic western European ones” (p. 23, Reference [21]).

Neighborhood satisfaction is also linked to the principles of sustainable urban develop-
ment [38,39]. However, although integrated strategies for sustainable urban development
that address economic, environmental, climate, social, and demographic challenges exist
in many Central and Eastern European cities, they are only superficially implemented.
Difficulties arise from the fact that financial resources must be concentrated in an integrated
way, especially for areas facing specific urban challenges [40]. Moreover, local authorities
are the ones responsible for implementing the integrated urban development strategies,
respectively, selecting the projects that ensure sustainable development, which only slowed
these processes down or stopped them completely [41].

1.2. Residential Dynamics in Bucharest during the Post-Communist Period

In post-communist Romania, sustainable housing policies have been applied to a lim-
ited degree and many times with only a locally oriented vision, without considering urban
regeneration or durable systematization, and this trend has had negative repercussions,
especially in terms of residential satisfaction [42].

The capital city of Bucharest registered a solid territorial dynamic after 1990. Its
residential area extended toward its periphery in an urban spill and was dictated more by
land prices and less by local development or systematization policies [43]. The emergence
of a housing market that did not exist before 1990 was caused mainly by Law No. 18/1991,
which returned land plots to their former owners and allowed for changes in their function
of agricultural and forested plots, which, in time, saw many of them used for residential,
commercial, or industrial purposes [44]. In this context, residential satisfaction was a
secondary preoccupation for Bucharest’s urban development.

The city developed in stages, especially in the post-communist period; its evolu-
tion focused on its historical center and extended outwardly [45–47]. According to Su-
ditu et al. [48], when analyzing Bucharest’s residential areas, three relatively homogenous
divisions stand out: (i) the central area corresponding to the historical center, which devel-
oped spontaneously and lacked a controlled systematization process; (ii) an intermediary
area represented by communist workers’ neighborhoods, totally systematized and in the
same time functional because it incorporates services (e.g., health and education), as well as
parks and recreational areas; and (iii) an exterior area that contains new residential nuclei
alongside rural patches.

Before 1990, authorities of the communist states decided on a city’s development
rhythm by controlling its spread, as well as the characteristics and number of dwellings
built. However, today, the large capitals of these countries, including Bucharest, undergo an
urban-sprawl-like suburbanization process [49]. In the post-communist period, Romania’s
large cities’ urban landscape registered tendencies of rapidly extending their residential and
services areas, especially storage and retail, particularly inside their area of influence [50],
and simultaneously de- and relocating some of their other functions (especially the indus-
trial one) toward the periphery (Figure 1). Against continuous deindustrialization, the
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market resorted to extending residential areas. The removal of the industrial structures
built during communism came after successive unsuccessful restructuring attempts, which
led to their bankruptcy and demolition and, in the end, replacement with residential nu-
clei [51–53]. As a result, after the 2000s, Bucharest’s territorial development was primarily
aimed at its peri-urban area due to these recently vacant plots, with previous agricultural
areas around the city converted into residential nuclei [54]. In actuality, the city extended
not according to legislative measures or by following a development strategy established
by authorities but according to demand and supply, with developers strongly influencing
this process. The emergence of these residential nuclei resulted from the changes the city
itself went through, namely the migration of certain inhabitants belonging to a “matured”
middle class gaining higher incomes [46] and the economic relocation of certain functions
(e.g., industrial production, storage and retail, other services, etc.), including the residential
function toward the periphery (Figure 1). Apart from people looking for housing in differ-
ent areas, the development of new residential nuclei came down to Bucharest’s increased
number of inhabitants. This was fueled by large waves of newcomers from around the
country, encouraged by the abrogation of an urbanism communist law that controlled urban
growth and defined the so-called “closed cities”. During the communist period, the Decree
No. 68 of 17 March 1976 controlled the evolution of the urban population, thereby allowing
provincial-born citizens to live in large cities (Bucharest, Ias, i, Cluj-Napoca, Timis, oara, Con-
stanta, and Bras, ov) only if they could prove a familial connection or an economic interest
through a contract of employment or a state dispensation [55]. The city continues to be seen
as an economic and innovation national pole, always needing a specialized workforce in
sectors such as business, services, and newly emerging industries [53]. Its area of influence
stretches primarily toward the north (Băneasa-Otopeni), west (Chiajna commune), and,
in later years, south (Berceni commune), the development of the city translating into an
extension to the outer rural area, interspersing in all directions urban spaces with areas
with rural characteristics [56].

 

Figure 1. Conceptual framework of Bucharest’s urban structure and dynamics.
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Young families also fed the high demand for new housing, because, in Romanian
society, having a home is an important criterion when getting married and starting a new
family [57]. In order to meet this social constraint, a governmental program was introduced
immediately after the financial crisis of 2008. It was called “The First Home” and later
renamed “The New Home” and offered new families the possibility to buy a dwelling with
the help of a state-guaranteed low-interest loan (for old homes, the state guaranteed 40% of
the amount, and for new buildings, 50%). The program aimed to revitalize the construction
sector severely affected by the 2008 crisis and offer new young families the possibility of
owning a home [58]. Real-estate developers kept in mind that their buyers would have to
access a bank loan according to their limited incomes; as such, the newly built dwellings
had to fit into a budget as small as possible. One way to ensure this was to use cheap land
plots outside Bucharest.

Some aspects of the Eastern European regional socio-spatial pattern, such as “the dom-
inance of owner-occupiers of the existing housing” or “the lack of affordable housing and
underdeveloped mortgage markets” (p. 61, Reference [13]), emphasized the new residential
nuclei as viable, attractive solutions for both newcomers and locals. Similarly, the local and
regional patterns of “certain historically specific housing forms and space consumption and
its affordability” could not be neglected because Romania is, unfortunately, one of the most
imbalanced countries considering its over-dominant 98% homeownership rate and least
mobile and financialized housing market within the EU (p. 1056, Reference [59]). After the
year 1990 in Romania, similar to other former communist countries, the living preferences
in terms of dwelling type changed, and parts of the population gravitated toward either
unifamilial villa-type houses or large apartments, both of which were located inevitably in
the city’s periphery or its peri-urban area [37,60–62]. According to Soaita and Dewilde [59],
there were also constraints brought by the old housing stock built during communism
(75%) that offers minimal options for developing more spacious and comfortable homes,
which higher-income dwellers might require.

Accordingly, the new residential nuclei should meet modern standards in terms of
quality of living, both from a functional and aesthetic point of view, because the new con-
sumers perceived them to be in opposition to the residential areas built during communism
with their numerous problems and shortcomings. Nonetheless, specialists and numerous
journalistic inquiries decried the lack of superior living standards in these residential areas,
identifying and presenting problems and inconsistencies in their functional zoning and
urban endowments [63–66].

1.3. The Aim of the Study

This exploratory study aims to approach, through applied research within Bucharest,
Romania, a subject of high interest for administrative authorities, planners interested in
local development strategies or housing policies, and their direct beneficiaries: the local
population. Its primary focus is to evaluate whether the analyzed new residential nuclei
correspond to the needs and wishes of their residents in terms of amenities, comfort,
utilities, location, price, etc. These residential areas’ chaotic development is a subject
debated arduously by the civil society, press, and administrative structures, all emphasizing
residential satisfaction as an influential element for their future evolution.

In the above context, our study has a twofold contribution, firstly to bring more
in-depth insights from the new residential nuclei built in the last two decades in the
suburban area of Bucharest, and secondly to analyze the inhabitants’ residential satisfaction
in these areas.

To achieve this, we distinguished the following main research objectives:

• O1. Identifying the characteristics of the residential nuclei inside the study area;
• O2. Analyzing the satisfaction level of the inhabitants concerning the residential area

they live in;
• O3. Analyzing the satisfaction level of the inhabitants concerning their dwelling

(individual or collective).
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2. Methodology

The objectives set for this study required a threefold methodological approach, as
illustrated in Figure 2.

 

Figure 2. Methodological framework of the study.

The first stage was a preliminary information-gathering one. It required studying
urban planning legislation, and it was followed by interviewing the actors who directly
shape the residential space: real-estate developers. Real-estate developers were interviewed
between March and April 2021 because of their overall importance, participation with real-
estate projects in the study area, as well as their seniority and experience in the construction
sector in Bucharest, Romania. Furthermore, the analysis of these interviews helped shape
the observation sheets’ content and select the variables for the questionnaire applied later
to residents. The tool used in this stage was an unstructured interview guide (12 such
interview guides were conducted) with developers throughout Bucharest, regardless of the
shape and amplitude of their real-estate projects. These interviews probed the difficulties
in developing real-estate projects; the factors they consider when choosing the dimensions
of a dwelling; how the existing infrastructure and the technical and municipal utilities
condition the execution of a project; the interconnection between the final price and quality
of the construction materials; and the difficulties created by the existing legislation.

The second methodological stage consisted of filling in on-site observation sheets
during May 2021. This stage aimed to map the characteristics and issues of the newly
developed residential nuclei, while also considering the interviews conducted with the real-
estate developers. The criterion used in selecting the three sample residential areas was their
geographical location in relation to the capital city. The first nucleus is Noul Titan, located
in the eastern part of Bucharest, inside the administrative city limit. The second nucleus is
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Militari–Chiajna, located in close proximity to the administrative city limit. Finally, the third
studied residential nucleus is Cosmopolis, located 15 km outside Bucharest on its road belt
(DNCB) (Figure 3). The three areas were selected to compare the difference in residential
features, causes determining these differences, and disparities in how residents perceive
housing conditions in the three newly built areas and the neighborhoods themselves.

 

Figure 3. Position of the sample new residential areas in relation to Bucharest.

The first one, Noul Titan, started developing after the year 2000 and is located inside
the city and extends up to its administrative limit. This residential nucleus, in the eastern
part of the city, is actually an extension of the Titan neighborhood (i.e., Noul Titan translates
into The New Titan), which was built between 1950 and 1970 to serve as a dormitory area
for the workers of the large industrial plant located in its vicinity. In the post-communist
period, the development of this new residential space happened in stages. It was an
inhomogeneous process, with single-family homes, villas, block-type residential buildings,
or residential complexes slowly being built on vacant plots, former agricultural areas, or
plots newly available after the demolition of former industrial units (the Policolor factory,
Bucharest, Romania). Today, Noul Titan is still growing, with former agricultural lands
gradually transforming into residential areas.

The second study area, Militari–Chiajna, is located in the western part of the city in
the immediate vicinity of the administrative limit of Bucharest’s 6th sector. The sample
area is peri-urban, administratively belonging to the Chiajna commune, Ilfov County. The
authors chose it to emphasize the amplification of the urban overflow phenomenon. The
low prices of these plots and the area’s location (i.e., the first commercial platform appeared
here after 1989, along Highway 1) aided the emergence of this new residential nucleus, as
its interconnectivity with Bucharest represented one of its marketing advantages.

The third chosen residential nucleus, Cosmopolis, is located 15 km to the northeast
of Bucharest, placed in its urban area but administratively belonging to the commune
S, tefănes, tii de Jos, Ilfov County, Romania. It was built to incorporate many facilities. Real-
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estate developers included from the very beginning a public pool, an urban beach, green
areas, playgrounds, commercial units, and gyms in the construction project.

The structured field observation process considered variables that influence the quality
of living and housing, taking into account the authors’ expertise, as well as the elements
that resulted from the interviews with the real-estate developers (Figure 2). At this stage,
the work methodology also included observing, analyzing, and mapping the urban char-
acteristics of the sample residential nuclei. The maps were constructed by correlating
the information from the observation sheets with remote sensing and GIS techniques
to identify the distribution of different land uses (residential, commercial, green areas,
etc.). The mapping was performed during the second half of 2021, using Landsat satellite
images (Copernicus, 25 October 2021) in Google Earth Pro, with a 30 m resolution [67].
This information was refined with images from multiple sources: Esri, Maxar, GeoEye,
Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User
Community [68]. The final cartographic material was obtained by using ArcGIS 10.8 and
Google Earth Pro.

In the third stage of the research process, during July and August of 2021, question-
naires were conducted to support objectives O2 and O3 of the research. The authors used
the qualitative survey method suitable for the exploratory design of this study and its
research objectives [69], namely residents’ perceptions regarding their neighborhoods (resi-
dential nuclei) and dwellings. The research considered rather “the logic of the study than
statistical probability” (p. 2, Reference [70]) and used the data previously obtained from
observation sheets and interviews to define the variables in the survey. Expressly, quali-
tative research is intensely employed in themed studies on living satisfaction, with many
researchers also incorporating several quantitative approaches, such as cross-tabulation of
their data [70]. The target population referred to residents (both renters and owners) from
the three residential nuclei, and the optimum sample size was obtained by considering
the parameters of the phenomenon studied and the research objectives [69,71]. According
to different authors, the sample size in qualitative research should not be ample, because
this would impede observing and analyzing the phenomenon [72,73]. This stage aimed
to gather a large variety of opinions through mainly open-ended questions and fewer
semi-opened/Likert scale questions.

The coding and primary analysis of data allowed us to use data saturation tech-
niques [69]; adjust the optimal sample size; and combine sampling, data collection, and
data analysis, rather than treating each of them separately in a linear order [74]. The theo-
retical saturation is the moment when no new information is offered that would allow the
researcher to identify additional features of the studied phenomenon [69,75] and is often
combined in practice with data saturation [73]. Starting from this rationale, the authors
considered the final number of respondents as optimal [76–78] while also fulfilling the
representativeness level of the sampling for each residential area and avoiding biased re-
sponses because each respondent was a unique representative of a household of the sample
areas. The random sampling technique was used to identify respondents, and the sample
stratification for each residential area was rather a result in this case. The simple random
sampling, suitable for generalization in exploratory studies [72,78], was used multiple
times to evaluate residential satisfaction in urban environments [4,13,79]. Although the au-
thors did not aim for a respondents’ stratification based on sociodemographic variables, to
ensure the sample representativeness and accuracy and to cover the diversity of situations
that may occur in terms of living conditions, the study sample was “a sizeable proportion”
(p. 81, Reference [68]) of the target group (10% of all households living in the selected
areas) and represented a balanced coverage of both types of housing (i.e., individual and
collective). Because the survey was carried out during the COVID-19 pandemic crisis,
the qualitative questionnaires were applied online through owners’ associations’ groups
on Facebook or WhatsApp. The questionnaires filled incorrectly or incompletely were
eliminated. As a result, the final valid number of respondents was 126 (34 from Noul Titan,
52 from Militari–Chiajna and 40 from Cosmopolis).
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The first part of the questionnaire contained queries relating to the respondents’ demo-
graphic profile (i.e., age, gender, education, and income level) (Table 1), as well as variables
important to the regional specificity of the area and the case study (previous area of resi-
dence, i.e., Bucharest or the rest of the country; and type of current residence, i.e., apartment
in a block of flats within a residential area, apartment in a block of flats outside a residential
area, house within a residential area, or house outside a residential area).

Table 1. Respondents’ sociodemographic profile in the three sample residential nuclei.

Age Noul Titan Militari–Chiajna Cosmopolis Total

18–29 % within the sample area 15.0% 19.2% 47.1% -
% of total 4.8% 7.9% 12.7% 25.4%

30–39 % within the sample area 55.0% 44.2% 26.5% -
% of total 17.5% 18.3% 7.1% 42.9%

40–49 % within the sample area 17.5% 28.8% 20.6% -
% of total 5.6% 11.9% 5.6% 23.0%

50–65 % within the sample area 10.0% 7.7% 5.9% -
% of total 3.2% 3.2% 1.6% 7.9%

>65 % within the sample area 2.5% 0.0% 0.0% -
% of total 0.8% 0.0% 0.0% 0.8%

Gender Noul Titan Militari–Chiajna Cosmopolis Total

male % within the sample area 22.5% 50.0% 50.0% -
% of total 7.1% 20.6% 13.5% 41.3%

female % within the sample area 77.5% 50.0% 50.0% -
% of total 24.6% 20.6% 13.5% 58.7%

Education Noul Titan Militari–Chiajna Cosmopolis Total

High school % within the sample area 2.5% 17.3% 17.6% -
% of total 0.8% 7.1% 4.8% 12.7%

University % within the sample area 97.5% 82.7% 82.4% -
% of total 31.0% 34.1% 22.2% 87.3%

Monthly
income/person (EUR)

Noul Titan Militari–Chiajna Cosmopolis Total

<607
% within the sample area 17.5% 21.2% 14.7% -

% of total 5.6% 8.7% 4.0% 18.3%

607–1214
% within the sample area 42.5% 65.4% 47.1% -

% of total 13.5% 27.0% 12.7% 53.2%

>1214
% within the sample area 40.0% 13.5% 38.2% -

% of total 12.7% 5.6% 10.3% 28.6%

The income level differs among residents from the three residential nuclei, but in
Cosmopolis and Noul Titan, most residents split relatively evenly between earning between
607 and 1214 EUR (3000 and 6000 RON) and above 1214 EUR (6000 RON); the Militari–
Chiajna area sees most residents earning between 607 and 1214 EUR (3000 and 6000 RON)
(Table 1). The threshold of 3000 RON (607 EUR) was chosen instead of the national
minimum wage of 458 EUR on 1 January 2021 [80], as the first represents, according to the
latest studies [81], the special minimum gross salary for a series of domains in Romania.
This better corresponds to the occupational profile of our respondents, as those working
in Bucharest generally have higher incomes than people in other regions of the country.
The age-group distribution sees a predominance of young adults and adults, as these age
categories are primarily eligible for accessing “The First Home” program (Table 1).

The second part of the questionnaire was built around the two research objectives. Un-
derstanding the residential satisfaction and mobility patterns was essential in the complex
sociocultural context of this study, and using open-ended questions (e.g., positive vs. nega-
tive aspects) or Likert scales in order to characterize more in-depth certain key variables
(e.g., security and cleanliness) was the best way to obtain genuine, unbiased answers.
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The questions measuring neighborhood satisfaction targeted the positive and negative
aspects of these areas as perceived by the respondents and were then cross-checked with
an additional question on their perceived benefits of living in a new residential nucleus.

Another set of questions focused on the satisfaction vs. dissatisfaction reasons regard-
ing the respondents’ new dwellings and the reasons that prompted them to buy one in
order to identify the advantages and deficiencies that owners discovered in their newly
built dwellings. Moreover, questions on the number of rooms and the number of residents
had the role of statistically checking the comfort level of their chosen new residential nuclei.

For the bivariate viewing and analysis of the questionnaire data (performed mainly
through the IBM SPSS Statistics v.26 software, Armonk, NY, USA), we used mirrored
graphs to portray the satisfaction with new residential nuclei and dwellings, while also
distinguishing among the three sample neighborhoods. We further used cross-tabulations
between two categorical variables, which display the data in the two-dimensional space,
given by rows and columns, thus examining possible relationships between row and
column variables. In these tables, the relative frequencies of respondents’ perceptions
of the new residential nuclei that they are inhabiting and their newly built dwellings
were arranged in relation to several of their descriptive sociodemographic characteristics
(e.g., age, education, income, their previous area of residence, or type of building they
currently live in). Because the non-parametric Kruskal–Wallis test does not assume normal
distributions of the data, it was used to assess if there are significant differences in the rank
or numerical type of responses provided by the interviewees as a function of the residential
nuclei they inhabit. The null hypothesis states that the distributions of all groups are
equal, while the alternative hypothesis is that at least one group’s distribution is different
from that of another group. A significant Kruskal–Wallis test result indicates that the null
hypothesis is rejected and that, thus, at least one sample stochastically dominates one
other sample. In cases where significant differences among the groups were observed, the
analysis was further completed by a post hoc test to explore where and for how many pairs
of groups the stochastic dominance occurs [82]. The post hoc analysis was conducted by
using the pairwise Dunn’s test with the Bonferroni correction.

Word clouds were used as visual tools to present phrases frequently mentioned by
residents to describe their recommendations on improving the overall quality of living
based on their recent experiences. This graphic instrument uses an algorithm based on
basic linear, power, and logarithmic representation of font sizes, thus summarizing the
texts [83].

3. Results

3.1. Urban Planning Rules and Real-Estate Developers

Analyzing the urban planning legislation allowed us to identify the notable documents
that regulate territorial planning. This stage aimed to identify both the rules that govern
this process and their coherence, as well as the existing dysfunctionalities that might result
in inadequate urban development.

The “National Housing Strategy for 2017–2030” recognizes several problems that the
Romanian housing market is experiencing. They number an ageing housing fund, a small
amount of public housing, and an increasingly unofficial and unregulated renting market.
As the need for housing manifested stronger in larger cities, uncontrollably meeting this
demand has led to several imbalances in the housing market, with many of them impacting
housing quality [84]. That is why the most poignant problems of the new residential nuclei
relate to insufficient or missing means of transportation, urban utilities, or socio-cultural
infrastructure of the lack of green areas [85].

The rules that govern territorial and urban planning are set by Law No. 350 from
2001, which corrects the previous legislation and details the process of authorizing building
permits and some measures relating to dwellings [86]. This law went through numer-
ous changes that resulted in ambiguities and contradictions regarding its interpretation
and applicability.
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The central public administrations (i.e., the Ministry for Development, Public Works
and Administration; and the Ministry of Investments and European Projects) and the county
and local councils are responsible for implementing development strategies, constructing
and updating urban planning documents, as well as supervising the execution of the
General Urban Regulations [87].

Decision No. 525 from 1996 on approving the General Urban Regulations is meant to
prevent dysfunctionalities and ensure living standards per the existing legislation. There
are, however, numerous ways in which it fails to achieve its purpose. The field observa-
tion proved many instances where the following stipulations were not fully respected:
fire-extinguishing vehicles must have access to the construction through public roads;
pedestrian access (sidewalks, pedestrian streets, or squares) must exist according to the
importance and destination of the building; and new residents must have the possibility
to connect to existing drinking-water, sewerage, gas, and electrical infrastructures. The
legislation is also very convoluted. Article 28, for example, stipulates that enhancing the
capacity of public utility networks falls, partially or fully, into the responsibility of the
real-estate developer or beneficiary depending on a series of conditions which can, in fact,
deprive any of them of this responsibility. Real-estate developers face copious obligations,
as they are responsible for conserving existing green areas and creating new ones offering a
minimum of 2 sq. m per inhabitant [88], they must also construct parking lots according to
the type of construction and surface area, serving as much as 60% of the residents (i.e., for
individual housing) and 100% (i.e., for collective housing) [89].

The numerous exceptions that allowed for interpreting the current legislation have
convinced governmental and local authorities to initiate changes to relevant laws, thus
affecting the activities of real-estate developers directly. For example, a proposal by the
Ministry of Environment, Water, and Forests to ban individual/apartment gas boilers
is currently in public debate and is contested by many real-estate developers (i.e., who
complain that the final construction costs would increase) and by consumers alike, with the
latter preferring an independent heating solution given the deficient performance of the
existing centralized heating system [90,91]. Another debate is ongoing in Bucharest, the
capital city, over a proposal that real-estate developers should build kindergartens, schools,
roads, and parks as part of the residential nuclei, not the local authorities who previously
assumed this task [92].

The interview guides we conducted with real-estate developers showed that their most
important criticism revolves around the current state of the infrastructure generated, in their
opinion, by the lack of local development strategies, “City Hall has its own responsibilities.
Authorities should invest in road, water, and sewerage networks and pave the existing roads”
(developer, Bucharest’s fifth sector). They described the existing legislation as “cumbersome
and often unclear” (developer, Bucharest’s first sector).

All of them pointed out that, when it comes to housing nowadays, most buyers rely on
bank loans to purchase a dwelling, with those loans being a reflection of their income level,
so they often “chose to decrease the housing area so that people can afford the price” (developer,
Bucharest’s second sector). If they were to comply fully with modern living standards in
terms of housing area, facilities, quality of materials, and interconnectivity among parts of
the residential area, as well as between the area itself and the city, the final prices would
increase beyond the affordability threshold of the average buyer, as “it would increase the
price of an apartment to 4000 euros per built sq. m., and no one would buy them” (developer,
Bucharest’s fourth sector).

3.2. Identifying the Residential Typologies of the Three Study Cases

The territorial evolution of the new residential areas in Bucharest differs depending
on their location. The emergence of new nuclei depends on many factors. The first one is
the availability of empty land plots within the city’s administrative limits. After the year
1990, these were occupied immediately by constructions; thus, especially after the year
2000, the possibility of new residential nuclei appearing inside the city limits decreased
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exponentially. A second factor was the reconversion of industrial plants or agricultural
plots located outside the city’s administrative limits into residential areas.

The information extracted from the observation sheets cumulated with GIS analysis
shows that the residential pattern of the Noul Titan nucleus is a mix of individual housing
in the form of houses or villas, small duplex villas complexes, P + 4 block-type residential
buildings, or residential areas with collective housing of either P + 4 or P + 10 levels
(Figure 4).

 

Figure 4. Residential features of the Noul Titan area.

There is no systematization regarding the buildings’ height regime or designation,
with built-up areas interposing with vacant lots or areas prepared for construction works.
In addition, there are still transitory former rural areas containing old houses with rustic
features constructed before the communist age on what was then agricultural land.

Centralized sewerage and drinking-water networks cover the entire residential area,
and developers connect the new constructions to the already existing infrastructure. In
addition, the interconnectivity and accessibility of the public transport network are ensured
by numerous subway, tram, and bus stations located very close to the residential area. The
primary and secondary roads are asphalt-paved and have sidewalks.

From a residential pattern point of view, Militari–Chiajna includes individual
(i.e., P + 2 villas) and collective housing that see a wider variety: P + 4 block-type resi-
dential buildings located near the villas and P + 10 block-type residential buildings, and
residential complexes that, in addition to residential buildings, also include leisure, com-
mercial, finance/banking, education, and other units (Figure 5).
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Figure 5. Residential features of the Militari–Chiajna area.

This nucleus extended without a systematization plan implemented by local authori-
ties, so utilities such as centralized sewerage or drinking-water networks are absent, and
developers connected the new buildings to septic tanks and surface wells. Accessibility is a
significant issue, as, on account of its peripheral location, the transport interconnectivity
with public services is supplied by a single bus line with a private transport line also
available. The primary roads are asphalt-paved, and some of the secondary roads are
stone-paved but are not wide enough to allow access to large intervention vehicles. The
sidewalks are discontinuous since neither the developers nor the local authorities included
them in the construction projects.

The Cosmopolis residential nucleus partially meets the “gated community” criteria,
as it proposes a lifestyle specific to a community with above-average income levels in the
form of a “prestige project”, focused on image, intimacy, a few shared facilities, amenities,
and security inside an area where access is limited and always controlled [93,94].

This nucleus’ residential pattern comprises collective housing, such as P + 5, P + 6,
P + 10, and P + 12 block-type residential buildings and individual P + 1, P + 2, and P + 3
houses; and P + 1 duplex villas (Figure 6).
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Figure 6. Residential features of the Cosmopolis area.

In terms of technical-urban utilities, the information extracted from the observation
sheets determined that no centralized sewerage or drinking-water networks exist. There-
fore, the developer set up a system strictly for the residential nucleus, using water supplied
from surface wells and septic tanks for sewage evacuation. Cosmopolis is not connected
to Bucharest’s public transport system, so residents need to use personal cars or private
transport that eventually connects them to areas covered by the public means of transporta-
tion in the northern part of the city. The primary roads (i.e., Bucharest’s ring road) and the
secondary roads (i.e., certain roads inside the complex) are asphalt-paved, with the latter
also having sidewalks. The need for such a development was heightened by its isolated
position and the fact that the local administration of the commune S, tefănes, tii de Jos offered
limited public amenities related to security and urban or social utilities. This residential
nucleus was built on agricultural lands that were subsequently reclassified as urban, so,
in contrast to the other study areas, its design benefited from functional zoning suitable
for housing. Today, Cosmopolis continues to expand, as high demand has motivated the
developer to build new housing.
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3.3. Analyzing the Neighborhood Satisfaction in the New Residential Nuclei

Residents’ evaluation of their housing depends on their needs, preferences, and
expectations. Dissatisfaction appears when the housing conditions (i.e., as they perceive
them) do not match their expectations [4,95]. Expectations are defined according to their
needs, which can differ from family dimension to financial, social, or cultural needs but are
conditioned, in the end, by income level, which dictates housing typology and features.
Considering these restraints, the future residents mold their expectations to include the
benefits that a new residential nucleus, their future neighborhood, might offer. The survey
showed that the most often expressed expectation was new dwellings with modern amenities
and comfort (43.7% of all answers). A second criterion for “choosing to live in a new
residential nucleus” was security, followed by affordable price, with shares of 12.7% and
11.9%, respectively, of all answers. The first criterion is the most often cited regardless of
the income bracket, but it is worth mentioning that those who earn less than 607 EUR place
the affordable price in the second most important place, while those earning between 607
and 1214 EUR monthly and more than 1214 EUR are more interested in security, private
parking place and recreational facilities (with security being cited as second most important by
the latter group) (Table 2).

Table 2. Advantages of living in a new residential area by income brackets cross-tabulation.

Monthly
Income/Person

(EUR)

Advantages of Living in a New Residential Area

Affordable
Price

Easy
Access to
Commer-

cial
Services

New
Dwellings

with Modern
Amenities

and Comfort

Private
Parking

Place

Recreational
Facilities

Security
No

Advantage
Total

<607
% within
income 17.4% 0.0% 43.5% 8.7% 4.3% 8.7% 17.4% 100.0%

% of total 3.2% 0.0% 7.9% 1.6% 0.8% 1.6% 3.2% 18.3%

607–1214
% within
income

10.4% 6.0% 38.8% 13.4% 10.4% 11.9% 9.0% 100.0%

% of total 5.6% 3.2% 20.6% 7.1% 5.6% 6.3% 4.8% 53.2%

>1214
% within
income

11.1% 0.0% 52.8% 5.6% 5.6% 16.7% 8.3% 100.0%

% of total 3.2% 0.0% 15.1% 1.6% 1.6% 4.8% 2.4% 28.6%
Total % of total 11.9% 3.2% 43.7% 10.3% 7.9% 12.7% 10.3% 100.0%

The analysis of the age group distribution showed that, when choosing a new resi-
dential area, respondents aged 18 to 49 mainly favored their modern amenities and comfort
(40% to 52%). Specifically, modernity was viewed as the main benefit of a new residen-
tial nucleus to its largest share (43.6%) by those aged between 30 and 39. On the other
hand, although to a lesser degree, security mattered more for those aged over 50 (20%).
Conversely, recreational facilities were more consequential in selecting a new residential area
for the younger segment of respondents, namely those aged between 18 and 29 and 30 to
39. However, when considering the overall survey, recreational facilities were only relevant
for as much as 7.9%. Another point worth mentioning is that 1 out of 10 respondents in
general and 3 out of 10 respondents aged over 50 declared there are no advantages to living
in a new residential nucleus. This signals the shortcomings these areas experience due to
insufficient planning in incorporating beneficiaries’ needs. In terms of the three chosen
sample areas, more than three-quarters of the residents from Chiajna–Militari in this age
segment declared the lack of any advantage, clearly showing the area’s deficient housing
standards, especially concerning age-friendly housing for the elderly.
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In terms of their origin, respondents who had previously lived in Bucharest were more
interested in new dwellings with modern amenities and comfort than those who came to the
capital city from elsewhere in the country (43.7% to 37%, respectively). On the other hand,
they were less interested in a private parking place (8.3% against 18.5% within their category),
explained by the latter group’s higher need for a car as a means of transportation within
the city and especially outside it, to connect with family and friends from their previous
residence.

The comparative analysis of the “negative vs. positive aspects of the new residential
nuclei” shows that the highest number of respondents identified security as a positive
aspect, while mostly complaining about amenities, with the latter being difficult to interpret
since the same appears to be also a broadly mentioned positive aspect. On the other hand,
the “negative aspects” that seem to bother residents the least are security and cleanliness.
However, considering the three residential nuclei individually, there are some differences.
For example, asphalted roads, amenities (sidewalks, public lighting, playgrounds, and gyms),
air quality, and sewerage infrastructure are weak points in Militari–Chiajna, while security,
price, and neighbors were viewed as assets by residents when considering this area as their
future home. Cosmopolis’s major disadvantages relate to transport (i.e., it lacks public
transport) and neighbors, while its security, amenities, and air quality are seen as assets. For
the Noul Titan nucleus, respondents have not mentioned a large number of disadvantages,
while its advantages (transport and amenities) stem from its intra-urban location (Figure 7).

 

Figure 7. Negative (A) and positive aspects (B) of the new residential nuclei as per residents’ opinions.

Table 3 displays the Kruskal–Wallis test results of the questions with answers ex-
pressed by variables of ordinal and numerical type. The analysis was performed to check if
there are differences among the three sample residential nuclei in terms of elements defin-
ing everyday comfort and living standards, such as “security”, “cleanliness”, “average
commuting time”, and “distance to the nearest park”. According to the significance level
(p < 0.05), the null hypothesis is rejected in the case of “security”, “average commuting
time”, and “distance to the nearest park”. Therefore, for these three elements, at least one
of the neighborhoods is different from the others, with the most significant differences
related to the “average commuting time”. In the case of “cleanliness”, identified above as
one of the least bothering negative aspects, the null hypothesis is not rejected, pointing to
the relative similarities in the interviewees’ relative satisfaction in all neighborhoods.
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Table 3. The non-parametric-test results for the questions’ items with Likert scale responses.

Question

Independent-Samples Kruskal–Wallis Test Summary

Test Statistic Degree of Freedom
Asymptotic Sig.
(2-Sided Test)

Security 16.164 2 0.000
Cleanliness 0.017 a,b 2 0.992

Average commuting time 50.885 a 2 0.000
Distance to the nearest park 43.110 a 2 0.000

a The test statistic is adjusted for ties. b Multiple comparisons are not performed because the overall test does not
show significant differences across samples.

The post hoc analysis results from the Dunn’s tests, represented in Table 4, reveal that
Militari–Chiajna neighborhood displays strong differences in terms of “security”. These
results are confirmed by the outstandingly large number of answers from Militari–Chiajna’
residents identifying security as a positive aspect of their neighborhood (Figure 7B). For
the “average commuting time”, meaning the time spent traveling from home to the city,
the pairwise comparison shows significant differences, suggesting that each of the three
residential areas displays an individual pattern in terms of accessibility and interconnectiv-
ity with the city. The commuting time values are lowest for Cosmopolis and highest for
Militari–Chiajna. Although Cosmopolis is the farthest away from the city, its location next
to Bucharest’s ring road is advantageous when analyzing the “average commuting time”.
The Militari–Chiajna nucleus, while located close to the city, has the most problematic
interconnectivity due to its proximity to an extensive service and commercial area that only
overburdens an insufficiently developed road infrastructure. In the case of the “distance to
the nearest park”, the test shows contrasting situations between Militari–Chiajna and the
other two nuclei, which could be explained by its scarcity of parks, in contrast Noul Titan,
which incorporates a park, and Cosmopolis, where green spaces and gardens have been
integrated into the initial project and are located frequently around buildings (Figures 4–6).

Table 4. Post hoc analysis results of pairwise Dunn’s tests for the questions’ items with Likert scale
responses, which yielded significant Kruskal–Wallis test results.

Question

Pairwise Comparisons of Name

Sample 1–Sample 2
Test

Statistic
Std. Error

Std. Test
Statistic

Sig. Adj. Sig. a

Security
Noul Titan–Cosmopolis 11.890 8.195 1.451 0.147 0.441

Noul Titan–Militari–Chiajna 30.265 7.749 3.906 0.000 0.000
Cosmopolis–Militari–Chiajna −18.375 7.389 −2.487 0.013 0.039

Average
commuting time

Cosmopolis–Noul Titan −22.012 8.423 −2.613 0.009 0.027
Cosmopolis-Militari–Chiajna −53.484 7.594 −7.043 0.000 0.000
Noul Titan–Militari–Chiajna 31.471 7.964 3.952 0.000 0.000

Distance to the
nearest park

Noul Titan–Cosmopolis 2.596 8.486 0.306 0.760 1.000
Noul Titan–Militari–Chiajna 44.576 8.023 5.556 0.000 0.000
Cosmopolis–Militari–Chiajna −41.981 7.651 −5.487 0.000 0.000

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic
significances (2-sided tests) are displayed. The significance level is 0.05. a Significance values have been adjusted
by the Bonferroni correction for multiple tests.

The three sample areas register substantial differences when analyzing their public
transport accessibility and coverage. The authors again correlate these with the distance to
Bucharest’s center and the type of residential project each nucleus was part of (e.g., inside
or outside the city’s administrative limit). For example, in Noul Titan, two-thirds of respon-
dents declared the residential nucleus to be sufficiently covered by public transport (which
was also chosen as the “primary means of transportation for commuting”), thus explaining
the lack of private transport options among residents. Secondly, in Militari–Chiajna, more
than three-quarters of respondents declared the low frequency of public transportation means
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and the choice among using a personal car, public, and private means of transportation is
the most balanced among the three nuclei. On the other hand, 90% of the respondents
living in Cosmopolis chose private transport when asked about the neighborhood’s “optimal
transportation means”.

Due to the long distance between their home and the city, workplace, or previous
residence (i.e., respondents that previously resided in Bucharest vs. outside it) and the
issues of the public transport system (i.e., units’ low frequency or insufficient number to
cover some residential nuclei) meant most residents need a personal car. Consequently,
the “primary means of transportation” was designated to be the personal car by 75% of the
respondents residing in Cosmopolis, 41.18% of those residing in Noul Titan, and 32.69% of
those residing in Militari–Chiajna.

3.4. Analyzing the Housing Satisfaction in the Newly Built Dwellings of the Sample
Residential Nuclei

Defined as “a function of household, dwelling and neighborhood characteristics”,
residential satisfaction is also a result of the interaction between residential attributes and
moving intention (p. 154, Reference [96]), as both dissatisfactions with previous residence
and attractive elements in new residential areas may convince people to move.

Choosing a newly built dwelling to the detriment of an old one directly results from
people’s expectations regarding the differences in living conditions. The “old” blocks
of flats built in Bucharest during the communist regime that today dominate the city’s
landscape, and the houses built in the inter- and post-war periods are both inaccessible due
to their prices and inadequate in terms of current housing standards.

Similar to the reasons for choosing to live in a new residential nucleus, the main
“reason for choosing a newly built dwelling” was the need for modernity and comfort (almost
59%), regardless of income level (over 50% within each category of income), age, or type of
current residence (individual or collective). The second most-often cited reason, but at a
relatively large distance, was the affordable price (17.5%).

The prevalence of opting for modernity and comfort increases with the age of the
respondents: 50% within 18–29 years, 55.6% within 30–39 years, reaching 69% within
40–49 years, and even 80% within the age group 50–65. Conversely, the affordable price is an
important variable for the younger age groups of respondents (25% for those aged 18 to 29,
18.5% for the age group 30 to 39, against only 10.3% of those aged 40 to 49). This shows the
considerable financial limitations of younger people in Bucharest and the advantageous
offer that the new residential nuclei have brought to the city. The opportunity for a private
parking place does not rank very high for any age group except those aged 50 to 65. It is
nonetheless worth mentioning that, even if it was mentioned to a lesser extent, the private
parking place was still one of the reasons listed when considering buying a newly built
dwelling to the detriment of an older one. The reasons for this include the peripheral
locations of the new residential nuclei and because it is a piece of established information
that new residential nuclei incorporate private parking right from their project design
phase (Table 5).

Education level shows slight differences between respondents’ choices, with neighbor-
hood position and security being more favored when purchasing a newly built dwelling by
those with higher education. These dwellings’ increased value with time is more important for
those with a university-level education than for those with a high-school-level education.
In terms of the previous residence, an affordable price proved more important for those
coming from outside Bucharest than those that had already lived in the city, pointing to the
first group being more vulnerable to the capital’s expensive real-estate market.
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Table 5. Reasons for choosing a newly built dwelling by age cross-tabulation.

Reasons for Choosing a Newly Built Dwelling

Age
Affordable

Price
Owning
a House

Increased
Value

with Time

Modernity
and

comfort

Neighborhood
Position

Private
Parking

Place
Security Total

18–29
% within age

group 25.0% 0.0% 3.1% 50.0% 3.1% 9.4% 9.4% 100.0%

% of total 6.3% 0.0% 0.8% 12.7% 0.8% 2.4% 2.4% 25.4%

30–39
% within age

group
18.5% 1.9% 5.6% 55.6% 7.4% 7.4% 3.7% 100.0%

% of total 7.9% 0.8% 2.4% 23.8% 3.2% 3.2% 1.6% 42.9%

40–49
% within age

group
10.3% 3.4% 0.0% 69.0% 6.9% 3.4% 6.9% 100.0%

% of total 2.4% 0.8% 0.0% 15.9% 1.6% 0.8% 1.6% 23.0%
50–65 % within age

group
0.0% 0.0% 0.0% 80.0% 0.0% 20.0% 0.0% 100.0%

% of total 0.0% 0.0% 0.0% 6.3% 0.0% 1.6% 0.0% 7.9%

>65 % within age
group 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

% of total 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.8%
Total % of total 17.5% 1.6% 3.2% 58.7% 5.6% 7.9% 5.6% 100.0%

The correlation between the “reasons for choosing a newly built dwelling” and the
type of current residence (Table 6) proved that, regardless of the typology of their current
housing, all categories prioritized the modern and comfortable aspect, which is seen as lacking
in communist built housing. Furthermore, respondents living in blocks of flats were also
influenced by the affordable price, in contrast to those living in houses, which can offer a
glimpse into how demand shapes the evolution of the market toward continuing to build
block-type structures. Another important reason for those living in blocks of flats is the
possibility to benefit from a private parking place. As the city-owned residential parking offer
is limited, buying a parking place is nearly impossible for those living in older dwellings in
the capital city. Finally, the neighborhood position was also identified as a reason for choosing
a newly built dwelling, as emphasized by respondents from Cosmopolis who declared that
they looked forward to escaping Bucharest’s congestion and air pollution (Table 6).

When analyzing the “reasons for satisfaction with the newly built dwellings” in the
three sample nuclei, relatively equal shares in the residents’ answers are split between well-
balanced rooms and living space dimensions. Another reason for residents’ satisfaction is the
opportunity for individual water and heating consumption metering that allows consumers
to manage their costs and budgets better and more accurately. On the other hand, the
main “dissatisfaction reasons” were poor finishes and living-space dimensions for residents
from Cosmopolis, where expectations mirrored the specificities of this gated-community-
type residential nucleus. In addition to the above-stated, Militari–Chiajna and Noul Titan
residents brought up issues regarding soundproofing, residential density, and distance from the
city center (Figure 8).

The interior index of density directly depends on income level; as such, the Cosmopolis
residential nucleus registers a value of 0.87 inhabitants per room, and Noul Titan registers
a value of 0.91; meanwhile, in Militari–Chiajna, families opted for a lower number of rooms
per inhabitant due to financial limitations, with the index capping at 1.29 inhabitants per
room. This ranking of the interior index of density is mainly the result of housing pricing,
with developers having to meet the high demand for lower-priced dwellings. In the end,
they choose to build with fewer rooms or lower living surfaces. Within the three sample
nuclei, the majority of dwellings in collective housing are two-bedroom flats, while for
individual housing, we most often find three bedrooms in duplex houses, so their living
areas and, hence, their costs are as low as possible.
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Table 6. Reasons for choosing a newly built dwelling by the type of current residence cross-tabulation.

Type of Current
Residence

Reasons for Choosing a Newly Built Dwelling

TotalAffordable
Price

Owning
a House

Increased
Value with

Time

Modernity
and

Comfort

Neighborhood
Position

Private
Parking

Place
Security

Block of flats in a
residential area

% within
type of
current

residence

20.2% 0.0% 3.4% 56.2% 6.7% 6.7% 6.7% 100.0%

% of total 14.3% 0.0% 2.4% 39.7% 4.8% 4.8% 4.8% 70.6%

Block of flats
outside a

residential area

% within
type of
current

residence

18.2% 0.0% 0.0% 63.6% 0.0% 18.2% 0.0% 100.0%

% of total 3.2% 0.0% 0.0% 11.1% 0.0% 3.2% 0.0% 17.5%

House within a
residential area

% within
type of
current

residence

0.0% 18.2% 9.1% 54.5% 9.1% 0.0% 9.1% 100.0%

% of total 0.0% 1.6% 0.8% 4.8% 0.8% 0.0% 0.8% 8.7%

House outside of
a residential area

% within
type of
current

residence

0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 100.0%

% of total 0.0% 0.0% 0.0% 3.2% 0.0% 0.0% 0.0% 3.2%
Total % of total 17.5% 1.6% 3.2% 58.7% 5.6% 7.9% 5.6% 100.0%

Figure 8. Residents’ dissatisfaction (A) and satisfaction (B) reasons regarding their newly
built dwellings.

4. Discussion

A lack of living space evidently marks Bucharest. A significant barrier, which only
grew during the last decades, is the saturation of its available interior plots, as identified by
Soaita and Dewilde [59] in their study of realignment between socioeconomic and housing
stratification. The need for new housing has led to the development of construction
entrepreneurship, with real-estate developers focusing on building primarily outside
the city. Demand is fueled by the low number of self-built housing (with low-quality
construction materials) and the rising preference for another category of residences, such
as more modern villas. Both of these are a result of an old or very old housing fund that
lacks the comfort elements necessary for current living standards and needs [59]. The very
high number of private property homes and, hence, the low mobility of the population
from a renter position to a homeowner position are characteristic of other CEE capital
cities, as well (e.g., Prague by Špačková, Dvořáková and Tobrmanová [25]), and further
prove the need for and importance of new residential nuclei in Bucharest. Apart from
the fact that the newly built dwellings are more modern and bring added comfort, they
also have the advantage of an affordable price in a market where the housing fund is
limited, and everything built before 1990 is expensive. The new houses are in complete
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antithesis to the flats built during the communist regime, where compartmentalization and
size were meant to meet basic necessities rather than design choices. The age distribution
of respondents opting for modernity and comfort as the main reason for choosing a newly
built dwelling emphasizes the particular requirements of the older-adult segment, who
usually have higher-than-average income levels and for whom housing stratification and
meeting housing expectations are important factors determining their mobility [59].

Residents’ perception of local dysfunctionalities strongly influences neighborhood
satisfaction within the three sample areas, and local authorities are considered to be the
ones capable of preventing or fixing them. A large number of recommendations and a
wide variety of problems identified by respondents prove that the urban planning policies
meant to ensure better living standards are inconsequentially implemented, thus resulting
in situations where housing standards in new residential nuclei are sometimes lower than
in the blocks of flats built during communism [85]. For example, in Noul Titan, residents
declared the need to modernize the road system, build more parking places and green
areas, and improve urban lighting and overall cleanliness (Figure 9A).

For the residential nuclei located outside Bucharest’s administrative city limits, rec-
ommendations refer to the development and improvement of paved road infrastructure,
sewerage and drinking-water central networks, connectivity with the city (i.e., lack of
public means of transportation), green areas, and air-quality issues (e.g., in the case of
Militari–Chiajna, as a result of its proximity to a landfill) (Figure 9B,C).

The comparison of the urban utilities in the three residential nuclei shows a direct
connection between the amplitude of identified dysfunctionalities and increased distance
from the city center. Figure 10 summarizes, using the data gathered from the observation
sheets and the survey, the dysfunctionalities characterizing the urban infrastructure and
heating systems within the three sample residential nuclei.

 

Figure 9. (A) Noul Titan, (B) Militari–Chiajna, and (C) Cosmopolis: residents’ recommendations to
local authorities for improving housing standards, based on survey-derived information.

The observation sheets filled in during the fieldwork stage showed significant differ-
ences between the three new residential nuclei, which can be correlated with their position
and distance from the city center. The construction density (i.e., the larger number of taller
buildings) is higher outside the city’s administrative limits. For example, Noul Titan, where
urban planning rules impose a height regime, sees fewer tall buildings than the other two
sample areas. Urban utilities, such as the water supply and sewerage system, are more
deficient outside the city (e.g., Militari–Chiajna and Cosmopolis) than in its interior (Noul
Titan), and the solutions implemented by the developers (septic tanks and wells) have to
be employed, in most cases, for each housing unit. Noul Titan’s intra-urban position also
gives it the advantage of a well-developed road system and good interconnectivity with
the rest of the city.
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Figure 10. Comparative summary of the urban utilities in the three chosen residential nuclei
(assets—

√
vs. dysfunctionalities—X) based on data gathered from the observation sheets and

the survey.

All sample nuclei benefit from access to the centralized gas and electricity network,
but only Noul Titan is connected to the city’s central sewerage and drinking-water network.
A common flaw of all sample nuclei that also increases pollution levels is the type of
heating system currently in use; that is, each dwelling uses individual gas boilers [97,98].
This is seen as an asset by residents, as they do not depend on the city’s central heating
system, which was installed in the 1960s and is a source of often poor and high-priced
services [90,99]. However, the latest proposals by the Ministry of Environment, Water
and Forests of replacing individual gas boilers with less polluting block or condominium
heating boilers as per the European Green Deal policies might make residents rethink this
element that is essential to their housing comfort [100].

Authorities have submitted two bills to public debate, namely the National Housing
Strategy and the Code of Spatial Planning, Urbanism, and Constructions, precisely to
eliminate the problems that the newly built residential nuclei are currently facing [101,102].

Bucharest’s residential space’s morphologic and spatial evolution is closely connected
to housing prices. In addition, the prices from the housing market inside Bucharest also
pressure the three sample residential nuclei. The housing market in Romania’s large
cities, and especially in Bucharest, is obviously getting more expensive, particularly for
newly built dwellings, due to “more and more people looking to buy new flats or houses”,
increasing prices for construction materials, and a labor-force crisis in the construction
sector, as many people immigrate to other EU countries [103].

In many cases, developers exploit authorities’ PR strategies for future investment
HUBs and development projects and increase housing prices for those areas. For example,
Bucharest’s first and third sectors register the highest prices per built square meter due to
the Pipera area, Bucharest, Romania, which hosts the headquarters of many multinational
firms (first sector) or famous commercial units such as Ikea (third sector) and, in both cases,
the possibility of future extension of the transport infrastructure [104]. In other cases, the
price is influenced by the time of sale, the commissions of real-estate agencies, the fees of
notary offices, etc. [105].

This study also identified an imbalance between the conceptual idea of a new resi-
dential nucleus with its intrinsic benefits and the financial responsibility this would bring.
Respondents mentioned financial reasons (lower prices) as a primary reason for choosing
a dwelling in a new residential nucleus, but they also enumerated problems that are a
direct result of the budget they are willing to spend: quality of construction materials,
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living space dimensions, or even issues with their neighbors which they directly corre-
late with education and income levels (“the price of the house shows the quality of the
people”—Cosmopolis resident).

5. Conclusions

Bucharest’s sample new residential nuclei differ in terms of utilities and intercon-
nectivity, with the one located inside the city administrative limits (Noul Titan) having
advantages such as access to the city’s existing central utilities and public transport system
and the ones outside the city limits (Militari–Chiajna and Cosmopolis) having to find
alternative solutions.

In terms of residents’ expectations and their neighborhood satisfaction, it is worth
mentioning that they preferred new residential nuclei because they were looking for
modern living standards, including private parking and opportunities for recreational
activities. Some of these expectations were met, for example, those relating to security, but
many were not, for example, those relating to urban systematization.

In terms of housing satisfaction in the newly built dwellings of residential nuclei,
respondents were content primarily with their modernity and price. The main reasons
buyers chose a newly built dwelling at the expense of an older one relate to their shift in
preferences for housing standards. Prices were also an important reason, and it is crucial to
bear in mind that prices for dwellings in the new residential nuclei are, in general, lower
than for the rest of Bucharest. While many respondents decry the living-space dimensions,
much praise was given to the well-balanced rooms. Residents were also dissatisfied with
finishes and soundproofing, while praising the possibility of water consumption and
heating metering directly affecting their ability to balance their finances. In the opinion of
the respondents participating in this survey, many of the existing dysfunctionalities can be
avoided in the future if developers respect the existing legislation and if local authorities
develop the urban infrastructure prior to granting construction permits.

Residential satisfaction depends on how successfully local authorities implement
urban systematization policies. Numerous existing derogations and legislative gaps lead
to the opportunities for interpreting urban planning rules to benefit different parties and
create fundamental urban dysfunctions, which ultimately affect the population that has
chosen to live in new residential nuclei.

The issues surrounding new residential nuclei in Bucharest have been highly debated
in the Romanian press in recent years, as buyers are often forced to pay high amounts of
money for homes with poorer amenities than what developers promised or even not bene-
fiting from prepaid apartments due to real-estate projects being closed. All of these aspects
resulted in a decrease in housing quality, which was rarely analyzed in specialized studies
of the last years. In this context, we consider it necessary to continue the study of these new
residential nuclei and possibly more profound research for Bucharest or a continuation in
other large cities in Romania, where the housing market is equally challenging.

The study faced inevitable limitations imposed by its development during the Covid-
pandemic context, limiting face-to-face interactions. This resulted in the survey either being
distributed online on Facebook or the WhatsApp groups of the owners’ associations in
each residential nucleus or filled in by phone.

Similar to other exploratory research [106], our study raises several further research
questions, particularly referring to how existing residents perceive new neighborhoods/
residential nuclei and how neighborhoods and dwellings need to look to satisfy comfort
needs and reach the current quality-of-life standards but also consider future urbanites.
Follow-up research may tackle these areas from a more in-depth stratified consumer
perspective in order to obtain more precise responses for one or more elements identified
in our study as development priorities (e.g., transport solutions, parks and green areas,
etc.). Therefore, this exploratory study may help both scientists and professionals project
further studies on residential satisfaction and territorial planning. Decision-makers and
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politicians may also find this study an informative source when making decisions and
shaping policies to formulate urban planning measures.
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declarate, potrivit legii, oraşe mari [Decision no. 68, from 17 March 1976, Regarding the Change of Domicile from Other Localities
to Cities Declared, by Law, to be Big Cities]. Published in the Official Bulletin no. 24, from 20 March 1976. Available online:
https://legislatie.just.ro/Public/DetaliiDocumentAfis/411 (accessed on 18 May 2022).

56. Ion, F.; Pirvu, D. Territorial discrepancies in the rural-urban fringe zone of Bucharest. Sci. Bull.-Econ. Sci. Univ. Pitesti 2015,
14, 56–63.

57. Preda, M.; Mareci, A.; Tudoricu, A.; Talos, , A.M.; Bogan, E.; Lequeux-Dincă, A.I.; Vijulie, I. Defining the Concept of Family through
the Lens of Fertile Aged Women in Bucharest, Romania—Between Traditionalism and Inclusion. Sustainability 2020, 12, 2691.
[CrossRef]

58. Legislative Portal. Decision no. 717, from 17 June 2009, on the Approval of the Implementation Rules for “The First Home”
program. Published in the Official Monitor no. 418, from 18 June 2009. Available online: http://legislatie.just.ro/Public/
DetaliiDocumentAfis/107177 (accessed on 27 December 2021).

59. Soaita, A.M.; Dewilde, C. Housing stratification in Romania: Mapping a decade of change. J. Hous. Built. Environ. 2021, 36,
1055–1076. [CrossRef]
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Administrator: Bucharest’ Heating System is Collapsing. It’s like the Story of the Boy who Cried Wolf]. 2020. Available
online: https://www.digi24.ro/stiri/economie/administratorul-elcen-sistemul-de-incalzire-al-bucurestiului-in-colaps-e-ca-
in-bancul-cu-petrica-si-lupul-1380998 (accessed on 5 September 2020).

91. Ivanov, C. Dezbatere Publică. Este Interzicerea Centralelor de Apartament la Blocurile noi o Idee Bună? Ce Spun Primarii,
Activis, tii de Mediu s, i Dezvoltatorii Imobiliari [Public Debate. Is Banning Apartment Gas Boilers in Newly-Built Blocks of
Flats a Good Idea? What Mayors, Environmental Activists and Real Estate Developers Say]. HotNews. 2021. Available on-
line: https://www.hotnews.ro/stiri-administratie_locala-25196097-dezbatere-publica-este-interzicerea-centralelor-apartament-
blocurile-noi-idee-buna-spun-primarii-activistii-mediu-dezvoltatorii-imobiliari.htm (accessed on 30 December 2021).

92. Milea, A. Noi Reguli Pentru Dezvoltatorii Imobiliari în Bucures, ti. Obligatoriu Şcoli, Creşe, Drumuri s, i Parcuri, în Cartierele
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Abstract: Lavender crops have had an impressive continuous development in recent years, being
currently a suitable alternative to other traditional crops because they can yield a high profit per
hectare. This can be especially useful in Romania, with its high prevalence of subsistence and semi-
subsistence farms. This study aims to analyse the issue of small emergent lavender farms in the
context of the current Romanian agricultural background, including the framework mechanisms for
implementing the Common Agricultural Policy at a national level. The research uses the qualitative
survey method to provide broad, synthetic, analytical insights into small lavender farms/businesses
in Romania, considering the perspective of the following two target groups: farm owners and civil
servants with agricultural expertise. The main results show that both sample groups agree that
lavender farms can be successful and satisfactory solutions. Increasing participation in information
and training sessions may improve farmers’ access to financing mechanisms, but both small farmers
and civil servants with agricultural expertise identify a series of problems, mainly regarding the
absence of a dedicated market for lavender-based products and a lack of labour force, both essential
for maintaining the farming–processing–commercialising chain. The authors also conclude that
a more flexible and future harmonisation between Romania’s agricultural realities, the Common
Agricultural Policy, and the National Rural Development Programme would improve lavender
farming’s social and economic impact. Follow-up research may envisage more in-depth market
analyses for this emerging sector in Romania, facing obvious competition, but which could also
benefit from good practice exchanges in the region.

Keywords: small farmers; lavender farms; barriers; civil servants with agricultural expertise;
perception; tourism; Romania

1. Introduction

Lavender is an aromatic plant from the Lamiaceae family with approx. 40 species and
numerous varieties [1–3] all over the world, and is native to the Mediterranean area, where
it has been cultivated since ancient times, starting with the Greeks and the Romans [4–6].
In recent years, it acclimatised to continental climates [7], but its spread continues to be
hindered by temperature limitations [5,8]. It is used for its therapeutical properties in curing
a series of illnesses [9–12]. Its chemical qualities differ depending on the variety [13,14] and
soil [15], and it is also an essential resource for the cosmetics and perfume industry [16,17]
and even the food industry [18]. In addition, lavender is valued for its landscaping
attributes in urban planning [19,20] and as a tourism attractiveness element [4,21–23],
thus playing a significant role in helping small communities by championing investments
in rural areas, creating new jobs, and ensuring an increase in residents’ income level,
ultimately bringing local economic benefits [17,24,25].

Globally, lavender farming has evolved two-fold. At first, Mediterranean states
developed it strictly for its economic value in the cosmetics and perfume industry. However,

Land 2022, 11, 662. https://doi.org/10.3390/land11050662 https://www.mdpi.com/journal/land174



Land 2022, 11, 662

this crop’s applications later diversified, with the focus shifting towards its landscaping
value, which was capitalised through tourism. As a result, iconic lavender fields in Provence
(France), Isparta (Turkey), Tuscany (Italy), and Croatia became part of rural tourism,
promoted through festivals or a new segment—aroma tourism [26].

Presently, the biggest European lavender cultivators are Bulgaria and France [27–
31]. Worldwide, the regions or countries renowned for essential oil production are
Bulgaria [32,33], France [4], Italy [34], Spain [35,36], Turkey [37,38], Kashmir [39,40], South
Africa [41], and regions in Northern Africa [15].

Lavender farming is examined by a whole range of studies belonging to different
disciplines that are mainly interested in the lavender oil market [38,39], the ecological
sustainability of crops from different points of view [36,39,42] or its economic sustainability
for rural and local development [32,37,40,43], including the added value for the tourism
sector [44]. Existing research approaches regions with important lavender production re-
sults and with tradition in cultivating this aromatic plant [33,37,38,45,46]. To the best of our
knowledge, lavender farming in Romania, and especially the stakeholders’ perspective on
it, has not been approached by scientific studies, despite the growing interest of subsistence
small-scale family farms in the economic advantages of this crop.

Lavender farming became important in Romania around 2010, encouraged by the
Common Agricultural Policy (CAP) incentive measures and the conditions created by
climate change, which constituted a favourable factor for acclimatising aromatic plants
typical for Mediterranean Europe. However, compared with countries where lavender has
an established tradition and is extensively cultivated, this crop covers mostly small or very
small agricultural areas in Romania. This is down to the following two aspects: firstly, it is
a new crop introduced relatively late, and secondly, agricultural properties in this country
have been transformed and fragmented by historical factors, even more so in recent years.
This is proven by the fact that several studies dedicated to small-scale farming and its
typology in Europe [47] or particularly to its efficiency and sustainability for Central and
Eastern Europe (CEE) that have undergone critical socio-economic transformations during
the post-communist period [48], inevitably also included Romania. In fact, according
to the National Institute of Statistics, out of the total number of agricultural holdings in
Romania, those smaller than 1 ha make up 53%, and those between 1 and 5 ha make up
38.6%, but only cover 28.7% of the utilised agricultural surface of the country [49]. This
study aimed to evaluate, from an empirical perspective, small-scale lavender farming
as a suitable economic and environmental solution in the light of the European Union’s
Common Agricultural Policy. In this respect, the perspectives of both farmers and civil
servants with agricultural expertise were surveyed through semi-structured interviews.

The research gap in this specific type of analysis stems from the fact that studies
on lavender farming in Romania have focused on technical information about plant-
ing/cultivation. Most of the published works are, in fact, reports detailing how lavender
should be grown [50–52], climate and soil requirements [50,51,53], details on lavender vari-
eties [54,55], maintenance works [52,53,56], production [54], harvesting [52,54], and on the
manufacturing and use of lavender essential oil [53]. However, to date, there are no articles
that qualitatively investigate the perspective of farmers and decision-makers regarding this
niche crop, despite the growing interest of subsistence and semi-subsistence family farms
in the economic benefits of lavender farming. Thus, the economic and social problems that
lavender farmers face, their perception of the success of their business, and the effects of
this crop on local communities have not yet been addressed by specialised studies.

The layout of the manuscript mirrors its exploratory approach, which sought to capture
the complexity of lavender farming on small plots in the local agricultural landscape as
an alternative to other traditional crops because they can produce a considerable profit
per hectare.

The article was structured into the following five parts: introduction, methodology,
results, discussions, and limitations of the study, ending with the chapter on conclusions.
Thus, the study opens with an introductory chapter dedicated to the literature review,
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which starts with a general view of the topic and then focuses on a particular aspect of its
relationship with the study area. This is followed by a presentation of the geographical and
environmental considerations of lavender culture in Romania as well as EU agricultural
policies that support its local development through a series of measures and sub-measures
to support small farmers with the help of specialised institutions in the country.

The next chapter describes the research methodology, which used the qualitative sur-
vey method to provide broad analytical perspectives on small lavender farms in Romania,
taking into account the views of the following two target groups: small lavender farm
owners and civil servants with agricultural expertise. The article continues with the main
results and discussions, including the study’s limitations, followed by the conclusions of
the research.

1.1. Background of Lavender Farming in Romania
1.1.1. Geographic and Environmental Considerations

Out of all aromatic plants, lavender is the most well known in Romania, even if it is a
relatively recently introduced crop. The first bushes were recorded to have been planted
in the 1950s, around Bucharest, probably by Bulgarian gardeners [56]. Afterwards, this
crop extended south and west. In 1990, over 3000 ha were planted with lavender. However,
between 1990 and 2005, this coverage was drastically cut to approx. 420 ha, with most
farms located in southern Romania [57–59].

The year 2010 saw a gradual increase in lavender farming in almost all country regions,
but the crop was mainly cultivated on small farms. According to recent data from the
Agency for Payments and Intervention in Agriculture—APIA (Agenţia de Plăţi şi Intervenţii
pentru Agricultură—APIA), lavender farms with an area of between 0.03 and 2 ha make
up 86.18% of the total farm number and are supported by very small households practising
subsistence farming. The next type of plots cultivated with lavender is farms between
2 and 5 ha, which constitute 10.9% of all farms number, being small semi-subsistence
households. In contrast, the most extensive farms, covering between 5 and 25 ha, are
owned by companies specialising in lavender farming but only make up 2.92% of their
total number (Table 1) [60].

Table 1. Lavender farms in Romania.

No.
Area Cultivated with

Lavender per Locality (ha)
Total Coverage (%)

No. of Localities with
Lavender Farms per Category

1 <2 ha 86.18% 237
2 2 ha–5 ha 10.9% 30
3 > 5 ha 2.92% 8

Source: APIA data, 2019 [60].

Lavender is cultivated in many areas of Romania with a high insolation degree due
to the plants’ ecological adaptive and drought-resistant capabilities and because it has no
particular demands on types of soil—though it prefers well-drained ones [53].

Most Romanian lavender farms are centred on very small and small agricultural plots
(<5 ha), which make out 97.08% of the total farms’ number. Their national distribution is
unequal, but the most crucial region for lavender farming is the Transylvania Macroregion
(MR1), with its high concentration of farms accounting for 42.69% of their total number.
The second most important macroregion is Moldova-Dobrogea—MR2 (26.23%), followed
by Banat-Oltenia—MR4 (16.85%) and Muntenia—MR3 (14.23%).

Conversely, all larger farms (5–25 ha) are located in just a few localities (e.g., Mihail
Kogălniceanu, Corbii Mari, Tecuci, Bărăganul, Poiana, Nicolae Bălcescu, Simeria, and
Pischia) in southern Romania (in Moldova-Dobrogea—MR2, Muntenia—MR3, and Banat-
Oltenia—MR4 Macroregions). The latter area’s territorial distribution and the associated
sizeable lavender production farms are explained by the optimal pedoclimatic conditions
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in the southern parts of the country that resemble lavender’ Mediterranean regions of
origin (Figure 1).

 

Figure 1. Areas covered with lavender farms per locality in Romania (2019). Source: APIA data, 2019.

1.1.2. Farming and Lavender Farming in Romania

Lavender farming in Romania is mainly limited to small farms, which is a dominant
feature of the Romanian agricultural landscape. Subject to profound transformations
induced by the transition from a socialist to an open market economic system, family
farming and small-scale agriculture are dominant in the CEE countries, among which
Romania distinguishes itself with the largest number of small farms [48].

These types of farms are excessively numerous in our country and represent 33% of
the total European Union’s (EU) farms of approx. 9.9 million [61,62]. Called family farms in
the EU, in Romania they could be defined as both subsistence farms (smaller than 2 ha with
a less than 2000 euro/year standard economic value) as well as semi-subsistence farms
(between 2 and 5 ha with an economic value of 8000 euro/year) [63]. Subsistence farms
mainly produce for the household’s consumption and are managed and worked by family
members, often the elderly. As far as 50% or sometimes more family members manage
semi-subsistence farms to ensure household consumption and commercialise a small part
of their agricultural production [62,64,65]. According to the international/European size
hierarchy, these farms can be categorised into very small and small farms [66]. Many of
them face obstacles such as poverty and a dire lack of labour, leading to reduced economic
competitiveness and productivity [67]. Reasons for this include farm fragmentation (i.e.,
nowadays, a Romanian agricultural holding is formed of multiple small plots) [68], existing
demographics, the commercial and technological context, and severe depopulation of rural
areas. Moreover, in many cases, they might disappear due to larger farms absorbing them
or because they are straightforwardly abandoned [69].

The multitude of small farms in the eastern EU—a phenomenon called “rural subsis-
tence” by the specialised literature [70]—is a challenge for rural development. Moreover,
it will continue to be a challenge as their presence will persist due to historical, political,
and financial factors and the mentality of former communist states [71]. Many Romanian
farmers rejected the idea of associations after the 1990 land re-allotment government mea-
sures [72,73], as they still lament the communist collectivisation process (1949–1962) when
they were forced to surrender their properties to the Agricultural Production Coopera-
tives [74–76]. Furthermore, the Romanian landowners who nowadays form associations
usually receive insignificant financial remuneration, with most economic benefits going
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towards those who organised the association [77]. As such, landowners of small farms
further lose motivation to associate, even despite successful examples in their vicinity
(e.g., the Moldova Lavender Association, which recently received member status in the
European Federation of Essential Oils—EFEO) [78]. The Moldova Lavender Association
showcases an excellent example of how niche crops such as lavender can be ”profitable”.
They can be a lucrative option that would allow farmers or landowners of subsistence or
semi-subsistence farms to continue their activities in their current form when faced with
the emergence in their vicinity of more extensive agricultural holdings [79–81].

Even though they face some obstacles and limitations, lavender farms are expanding
in Romania. Many specialised producers and firms are creating new plantations, processing
and/or exporting raw products or essential oils [59]. Furthermore, the following character-
istics of lavender farms facilitate their success: the plant requires minimal work and low
maintenance costs, and the finite products obtained through only primary processing bring
significant added value.

1.1.3. EU Agricultural Policies

After Romania’s EU accession, the Common Agricultural Policy (CAP) implementa-
tion has supported rural development and sustainable agriculture [82]. Created in 1962,
CAP is dynamic, adaptable, constructive, and committed to answering the UN Sustainable
Development Goals (SDG) 2030. Although CAP is preparing for the 2023–2027 exercise, it
continues the actions of the 2014–2020 exercise regulations by following its three domains
as follows: direct support [83], marketing measures [84], and rural development [85].

CAP values small farms considering they generate the following: picturesque rural
landscapes, biodiversity, local products, and they maintain traditions and ethnocultural
specificities. Moreover, small farms substantially increase rural areas’ attractiveness for
business, rural residency, or leisure and relaxation activities for tourists [86].

In transposing CAP at a national level, the Romanian Ministry of Agriculture and
Rural Development (MARD) had to support farmers by activating a series of instruments
to consolidate agricultural competitiveness using programmes and measures that energise
agricultural activities through subsidies and loans or guarantees. The Ministry implements
European policies via its 42 county agricultural directorates (CAD), 8 regional centres,
and 42 county offices of the Agency for Rural Financing and Investments—ARFI (Agenţia
pentru Finant,area Investit, iilor Rurale—AFIR), and the 42 county centres of the Agency for
Payments and Intervention in Agriculture—APIA (Agenţia de Plăţi şi Intervenţii pentru
Agricultură—APIA) [87–90].

Among the financial measures (M) and sub-measures (sM) that aim to support farms
(including lavender) as well as other agricultural activities in Romania within the National
Rural Development Programme (PNDR) implemented through the ARFI relevant for this
study are sM 6.1. Setting up young farmers (112 measure from the previous exercise); sM 4.1.
Investments in agricultural holdings; sM 4.2. Component for agricultural processing; sM 17.1.
Mutual funds: helping farmers with insurance premiums, covering agricultural risks, economic
losses due to climate hazards, plant diseases, pest infestation, or environmental accidents [86].

Within the PNDR 2014–2020, APIA finances M 10. Environment and climate and M 11.
Ecological agriculture, and farmers can apply to both these ongoing programmes for yearly
subsidies [91–93]. Similar to any other agricultural entrepreneur, lavender farmers can, if
eligible, receive financial support from multiple measures and sub-measures. For example,
farmers who meet the eligibility criteria can apply to M 10.4 Agro-environment—green
crops—and receive a yearly subsidy of 130 euro/ha [94]. Among the eligibility criteria, the
most important one is that the minimum surface of the cultivated plot is 0.3 ha. For farms
smaller than 1 ha, this is the main impediment to applying for APIA subsidies (Table 2).
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Table 2. Main types of lavender farming in Romania and associated elements.

Type of Farm
Very Small Farms/
Subsistence Farms

Small Farms/
Semi-Subsistence

Farms
Larger Farms

Dimension <2 ha 2–5 ha >5 ha

Type of owner Farmer Farmer/Company Company

Access to EU
financing

mechanisms
Conditioned

√ √

Business financing
Private savings/Bank

loan/SF (structural
funds)

Private savings/Bank
loan/SF (structural

funds)

Private savings/Bank
loan/SF (structural

funds)

Degree of using
/accessing SF

(structural funds)
Very weak Weak Moderate/good

Labour force
structure

Mainly family
members

Family members +
employees Mainly employees

Distribution X
√ √

Production’s
orientation Other purposes + oil Oil + other purposes Oil + other purposes

Other associated
activities

√ √ √

Source: Authors composition and APIA data, 2019.

The farmers who are certified as practising ecological agriculture can benefit from
M 11., and receive support from the more suitable of the two sub-measures available,
either sM 11.1. Support for converting to ecological agriculture practices and methods for which
they receive 365 euro/ha/year, or sM 11.2. Support for maintaining ecological agriculture
practices and methods, for which they receive 350 euro/ha/year [88]. In addition to these
financial mechanisms, APIA offers compensatory payments to lavender farmers in the
unique payment-per-plot land scheme (SAPS) with a total of 80 euro/ha, and a national
transition support (ANT 1) regardless of product with a total of 20 euro/ha, which means
that a farmer can theoretically receive subsidies of up to 600 euros per year because the M
and sM payments are cumulative for the same plot if the farmers are deemed eligible [94].

One important aspect worth mentioning is that despite this crop’s opportunities in
terms of agricultural profitability, there are no political measures or stipulations particularly
adapted for marketing lavender products. On the contrary, the market integration of
agricultural holdings is generally emphasised as a significant problem for small-scale farms
in Romania [95]. In terms of creating market access for food products from small farms in
Romania, studies have shown few successful attempts. These products contribute to a large
extent to the ‘informal food exchanges,’ partially leading to the so-called ‘unseen food’ or
‘self-provisioning’ products [96]. As a cautionary tale, when national measures to support
various crops (e.g., the Tomata Programme, the Garlic Programme) are implemented,
farmers cannot capitalise on the excess of their yearly production because many of them
lack training and essential experience for basic business tools and operations. The excess
production cannot be absorbed by the local consumer market or supermarket supply
chains, as these regularly appeal to imported products to the detriment of local farmers [97].
Moreover, the same distribution problems are even more prevalent in the case of small or
very small farms (Table 2), which represent the target of the current study and, especially
for lavender as a new type of crop, need a different market than the one for food products.

In this context, it is even more surprising that those who capitalised first on the op-
portunities brought forward by this niche crop were precisely the owners of small land
plots (i.e., confronted most often with self-production agricultural activities and income
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insecurity) and not political actors or large corporate entities. Over time, business actors
such as banks started offering designated loans for profitable agricultural endeavours.
Transilvania Bank is worth mentioning, as it created a series of financing measures dedi-
cated to lavender farming in Romania (i.e., it publishes and promotes a Complete Guide for
Lavender Farming in Romania) [98] and even defined in business terms the “small farmer”
and encouraged start-up lavender businesses with dedicated personal loans [99].

2. Data and Methodology

In order to meet the aim of the study, of analysing the situation of the small emergent
lavender farms within the present-day agricultural Romanian background, this research
was based on qualitative surveys to provide broad analytical insights into small lavender
farms from the perspective of the two target groups.

The owners of the small and very small lavender farms were interviewed first to
obtain an overview of their perception of lavender-based businesses following a series of
variables relevant in the particular regional context of Eastern Europe.

This study focused on two types of farms defined by the EU and adapted to the
Romanian context according to multiple factors (e.g., the size of cultivated area, associated
economic benefits, etc.) (Table 2). The first refers to subsistence (very small) farms and
the second to semi-subsistence (small) farms. These two types were considered because of
their high number and socio-economic importance in Romania. Farms smaller than 2 ha
and those between 2 and 5 ha make up more than 97.08% of the total number of lavender
farms (Table 1). This study focused on these specific types of farms because of the com-
plexity of problems their owners face and the overall acute need to stimulate agricultural
entrepreneurship (Table 2). In order to simplify their description, the owners of small and
very small farms interviewed by the authors will be referred to as “small farmers”.

The second set of interviews was conducted with civil servants with agricultural exper-
tise because their opinions on the present situation are relevant to the future perspectives
of developing lavender farms in Romania in the framework of applying CAP.

2.1. Data Source and Methods

The secondary data were mined from the Romanian National Institute of Statistics
and APIA (total area cultivated with lavender in 2019, number of farms, farm surface, data
on CAP and MARD operational structures) for each macroregion of the country (MR1,
MR2, MR3, MR4). Data from APIA regarding the location of lavender farms in the country
were mapped using the proportional symbols cartographic method in ArcGIS Pro 2.8 (ESRI,
Redlands, CA). On this map, Romania’s four macroregions were identified to more clearly
represent the level of development of lavender farming according to its territorial spread
(Figure 1).

Primary data in our research came from two in-depth qualitative surveys interviewing
both small farmers and civil servants with agricultural expertise. The latter category
included people working in the following local agricultural branches of MADR: CAD,
ARFI, and APIA, all of which have been responsible for managing CAP programmes.

The small farmers were selected randomly with the help of Romanian lavender
farmers’ associations from the country’s four macroregions, who distributed information
about our research intentions on specialised social media groups (Facebook, WhatsApp).
Afterwards, associations facilitated authors to contact the participants directly by phone to
collect their answers in the first phase of February–March 2020.

Authors used the e-mails from official websites to contact civil servants with agricul-
tural expertise from the three prominent institutions (CAD, ARFI, and APIA) located in
each of the 41 counties and the capital city of Bucharest to establish details about the most
convenient interviewing channel. Bucharest and two counties (Ilfov and Covasna) were
afterwards excluded from the sampling because they included no lavender farms. In this
way, we conducted asynchronous interviews by e-mail between December 2019 and March
2020, primarily because of Romania’s pandemic-related restrictions. Secondly, this was a
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more manageable (less time and money consuming) way also used in other studies [100],
which was maintained in the second interviewing phase.

The second interviewing phase took place in March 2022 to achieve an optimal sam-
pling size in relation to the study’s analytic purposes and methods. This was performed
by e-mail as a more accessible and preferred communication channel in the case of civil
servants with agriculture expertise and by both phone and face-to-face interviews in the
case of the small farmers. The latter interviews were possible in the context of pandemic
restrictions relaxation. They took place at the Lavender Fair “Lavandişor” in Bucharest, one
of the most significant events where small lavender farmers from all the country’s regions
converge annually. Both surveys were performed according to the academic requirements
and EU legislation on managing personal data [101]. Each interview started with a presen-
tation section detailing the aim of the study, authors’ affiliation, details on the personal
data confidentiality, and participants’ agreement.

2.2. Methodological Tools and Sample Size

Surveys and interviewing methods targeting stakeholders represent a broadly utilised
technique for obtaining data in studies that approach the topic of small farmers [37], their
business practices, and market participation [102,103], especially when considering recently
introduced crops, for which external governmental stimuli and start-up financial loans are
vital [104,105]. In addition, interviewing methods are successfully applied in exploratory
studies that provide empirical insights into the small farm household sector [106].

We aimed to fill a research gap about the business experience and perspectives of
small lavender farmers in Romania, which has not previously been considered as far
as we know from the existing scientific literature. This study had an exploratory ap-
proach that aimed to capture the complexity of this emerging sector in the autochthonous
agricultural landscape.

In this respect, the semi-structured qualitative survey, containing mainly open ques-
tions and some Likert scale questions, was the most appropriate method to identify the
relevant issues, dimensions, and characteristics of our topic of interest [107] and corre-
sponded to the rationale of our approach. This method allowed us first to obtain raw data
from interview transcripts and then cover the complexity of the topic while avoiding the
limitations imposed by a pre-structured or deductive type of qualitative survey [107]. In a
second stage, data were coded and transformed mainly into nominal variables in SPSS v.23
(IBM), allowing us analytic generalisations and certain empirical quantitative approaches
necessary for “systematic comparisons” [108], p. 7. Jansen [107] confirms the general
practise of inserting quantitative approaches (e.g., cross-tabulation of data) into qualitative
research in the current “paradigmatic situation,” which increased permissiveness toward
mixing methods [109], p. 2. Despite several quantitative techniques utilised to analyse
nominal data in SPSS (e.g., cross tabs and Spearman coefficient—particularly suitable for
nominal data), the current research approach was meant to explore the topic and depict the
diversity of the sample target population and interviewed groups rather than emphasise
“numerical distribution” [107], p. 3. Quotations from both small farmers and civil servants
consistently complement the analyses to explain and further validate the research hypoth-
esis. In order to keep the anonymity of the respondents, the quotes were coded “F” for
farmers and “CsA” for civil servants with agriculture expertise. In addition, the code also
includes the names of the county and macroregion of each respondent.

Besides the possibility to emphasise the opinion diversity of a sample group for a cer-
tain phenomenon—in our case of the small-scale lavender farming business in
Romania—the coding process allowed us to adjust the sample to an optimal satisfactorily
size through data saturation techniques. The sample dimension in qualitative research is
debatable and varies among scientists [110–113].

Researchers consider data saturation, a relevant parameter, as achieved, thus allowing
a sufficient confidence level in survey results when no new answers are offered. Moreover,
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particularly in qualitative research, “the goal of sampling is to collect data that either further
develop or challenge existent hypotheses”, as this study also attempted [114], p. 70.

Taking into consideration all the above, as well as the territorial extension of this
agricultural crop in Romania and the scientific paradigm of our research [112], we adjusted
our sample size for small-scale lavender farmers in Romania to a satisfactory level of
162 respondents. Officially, only 267 small and very small lavender farms are registered by
the APIA statistics (Table 1) as they are currently receiving subsidies for this crop through
this institution. Their number is, in fact, higher, but official data in this respect are missing
creating a limitation for the present study.

In the case of civil servants with agricultural expertise, the sample numbered 47 valid
answers that were considered to represent optimal institutional and territorial coverage.
These 47 respondents came from all the following above-mentioned agricultural institu-
tions: 39 respondents work within CAD (1 answer for each of the 39 counties—NUTS3—
with lavender farms); 4 respondents work within AFIR; 4 respondents work within APIA
(1 answer from each institution on a macroregion scale—NUTS1). We chose to focus on
CAD employees because this institution is the one responsible for organising promotional
and training programmes for farmers regarding the PAC measures and sub-measures
mentioned in sub-chapter 1.1.3 EU agricultural policies (M 10., M 11., sM 6.1., sM 4.1.,
sM 4.2., sM 17.1.). AFIR and APIA are tasked with European fund absorption by imple-
menting EU-funded projects for the first and granting subsidies in the case of the latter.

2.3. Research Hypotheses

The surveys for both target groups included addressing the three qualitative research
hypotheses, namely, H1: Small farmers’ participation in training programmes leads to
their accessing structural funds; H2: The social and economic impacts of lavender farms
on Romanian rural communities are low; H3: Lavender farming has mostly beneficial
ecological effects.

Hypothesis 1 (H1). Small farmers’ participation in training programmes leads to their accessing
structural funds.

This is an intuitive hypothesis, as once a beneficiary participates in a training pro-
gramme for accessing European funding, his or her ability to do so would improve. In
this regard, the Rural National Development Programmes for 2015–2020 propose, through
Pillar II, different activities such as those organised by authorised institutions oriented
towards financial instruments. Other types of proposed activities are more applicable
as follows: training by farmers for farmers, farmers’ working groups where they can
share know-how with other countries and vice versa, learning to use capital to provide
equipment for certain kinds of competencies (e.g., processing the raw produce in-situ), and
demonstration events [115].

Training programmes that target helping farmers access structural funds are a series
of tools aimed at increasing the absorption rate of European funding. However, the imple-
mentation of these programmes differs among EU member countries. The participation
rate of farmers in the training programmes and the degree to which they access European
funds are closely related to the organisation and functioning of the institutions responsible
for carrying out the training programmes (CAD, ARFI, and APIA). This can sometimes rep-
resent failure factors due to bureaucracy, lack of communication between public authorities
at all levels, or sometimes expertise and knowledge gaps of some of the employees [116].

The willingness of farmers to participate in training programmes dedicated to fi-
nancing and establishing new or agri-environmental crops does not always guarantee
the success of the entrepreneurial initiative [117]. The reluctance regarding training pro-
grammes is determined by their theoretical specificity, the limited specialised field the
farmer is interested in (vegetable grower, apple-grower, etc.), as well as the (im)possibility
of learning about successful experiences by directly exchanging know-how with other
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farmers [118]. Participation in training programmes has had a positive impact on accessing
different funding axes and developing initiatives in agriculture, with interest in participa-
tion being higher among young people than among other age groups [119]. EU statistics
show that in 2016, about 19% of young farmers had received full agricultural training
compared to 2.6% of farmers over 65 years of age, which led to an increase in the number
of investments in small and medium farms set up by young people (i.e., 27.5% of EU
farms) [120,121]. However, we can say that young farmers still face significant difficul-
ties in obtaining funding, given the large investments and the low yield of a farm in its
infancy/start-up phase [122].

Hypothesis 2 (H2). The social and economic impacts of lavender farms on Romanian rural
communities are low.

This hypothesis was constructed to mirror the reality of Romanian agriculture, namely,
the predominance of small plots, which will probably continue to manifest due to farmers’
hesitance to associate. Hence the agriculture practised on a small scale would have a negligi-
ble impact. From an economic point of view, introducing lavender farming into rural areas
is advantageous considering their high investment return. However, although lavender has
the potential to increase their income, farmers’ profits can be small if production planning
does not correlate with market consumption [123]. Lavender farms’ profitability must also
weigh the general costs of labour wages in the region, renting agricultural equipment, and,
last but not least, reinvested capital. This being said, low-profit margins pressure farmers
to keep their traditional activities—animal husbandry and cultivating traditional crops—as
a primary source of income. Their profits will also decrease if they do not benefit from
any form of subsidies or if they are not part of a larger agricultural organisation that can
develop a high capacity to process, promote, and commercialise their products [37].

Farmers who diversify their activities and include other crops besides the traditional
ones also benefit from governmental support through specific financing mechanisms [124].
From a social point of view, lavender farming can revitalise an area by creating new jobs
due to a diversification of the local economic activities, leading to increased incomes and the
involvement of more community members in a shared venture, thus strengthening social
cohesion. Apart from generating income from raw material processing, lavender fields
also encourage tourism and trade entrepreneurship, which in cases such as France have
proven to be very profitable [125]. Other possible positive social effects include decreasing
the risk of demographic ageing by motivating young people to remain in rural areas as the
new jobs are more suitable to their preferences and training (product designers, managers,
tourism guides, promoters, internet content creators, etc.) [22,126].

Lavender tourism success rate directly depends on the region’s annual tourism ca-
pacity, with its development becoming viable if it complements an already existing rural
tourism market. Rural areas already known as tourism destinations that have introduced
lavender fields into their portfolio were able to benefit from diversifying the range of their
tourism offer with products such as breakfasts or tours in lavender gardens, lavender-
scented village scenery combined with unique nature walks, photo shootings, as well
as from commercialising lavender-based products (oil, scented water, honey, soap, jam,
potpourri, pillows) [17].

In other words, tourism can contribute to the future increase in the living standards of
rural communities’ members if farmers take into account and incorporate the best examples
of good practices in countries such as France, Turkey, Croatia, etc. on the tourist exploitation
of lavender crops [127–129].

Hypothesis 3 (H3). Lavender farming has mostly beneficial ecological effects.

The hypothesis started from the results of previous studies that showed that lavender,
in general, has had a positive effect on the environment as its farming does not cause
significant damage to the quality of the air, water, and soil [130]. At the same time,
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lavender is a source of pollen and nectar for bees and is important for the local biodiversity,
environmental balance, and the functioning of its ecosystem [131].

Examples of positive effects and reduced environmental impact of lavender farm-
ing which were identified by the specialised literature are linked to beekeeping and
biodiversity—bio lavender crops, in particular, contribute to increased biodiversity as
the plant is a magnet for many species of insects and birds (butterflies, bees, pheasants, or
families of kestrels—Falco tinnunculus), which can find lavender fields as a perfect habi-
tat [132–134]; natural insecticide—aromatic plants such as lavender could be an adequate
alternative to chemical insecticides (they could be a healthier option to the chemical sub-
stances that plants are pulverised in order to eliminate pests) that would also target the
share of the population that prefers to consume bioproducts (foods that have not been
treated or treated with natural-based insecticides or pesticides) [135–139]. These fields also
create a pleasing aesthetic landscape [127,140], with the added bonus of strong fragrances
released by volatile oils, allowing for a natural aromatherapy session in the middle of
lavender fields [36,137].

Authors such as Fayet [141] show in their study that landowners perceive EU CAP
policy as a powerful tool that can strongly influence farmers to stop land abandonment
and stimulate opportunities for redevelopment of agricultural land. Lavender is not a very
demanding shrub; it adapts easily to degraded, eroded, or abandoned lands and positively
influences the environment [53].

2.4. Survey Content and Sample Characteristics

The surveys for both target groups were semi-structured and started with questions
referring to socio-demographic data (Tables 3 and 4).

Table 3. Socio-demographic profiles of farms owners (small farmers).

Variable Item % Variable Item %

Gender
Male 54.3

Occupation

Labourers (plumbers, tractor drivers,
car mechanics, couriers) 46.3

Female 45.7 Farmers 19.8

Age groups
M = 43.98

25–34 21.6
Legislators and higher officials

(public administration officials or
lawyers)

6.7

35–44 32.1

Other professionals (engineers,
economists, IT technicians, doctors)

27.2
45–54 30.3
55–64 16.0

Marital status
Married 87.7

Not married 12.3

Education
Primary 3.7

Source of funds
for starting the

farm

Private savings 80.3
Highschool 40.7 Private savings/Bank loan and SF

(Structural Funds) 12.9University or
higher 55.6

Agricultural
education

No 71.6
Private savings and SF (Structural

Funds) 6.8Yes 28.4

Participated in a
training activity

related to
CAP/PNDR

No 71.6
M 11. 17.3

Regions

MR 1 (Transylvania) 34.6
sM 6.1 (former M

112) 10.5 MR 2 (Moldova-Dobrogea) 30.3

sM4.1 0.6
MR 3 (Muntenia) 14.2
MR 4 (Banat-Olt) 20.9
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Table 4. Socio-demographic profiles of civil servants with agricultural expertise.

Variables Item Frequency (%) Variable Item Frequency (%)

Gender
Male 44.7

Last attended
programme

MAKIS-2009 (Modernizing
Agricultural Knowledge and

Information Systems)
14.9

Female 55.3

Education

Highschool 8.5

University or
higher 91.5 No attendance 19.1

CAP 2014–2020 38.3

Institution
CAD 83.0 PNDR 2014–2020 23.4
ARFI 8.5 ARFI training activities 4.3
APIA 8.5

NUTS

MR 1 (Transylvania) 25.5

Age groups

25–34 8.5 MR 2 (Moldova-Dobrogea) 34.1
35–44 17.0 MR 3 (Muntenia) 19.1
45–54 25.6

MR 4 (Banat-Olt) 21.355–64 48.9

For the first hypothesis, questions for farmers focused on their business experience,
financing outlets used by farmers to set up their lavender business (private savings, struc-
tural funds (SF), bank loans), and their attendance at information dissemination or training
programmes organised by the authorities about various CAP measures and sub-measures.

Open-ended questions meant to present both the economic and social impact of laven-
der farming were further coded into family subsistence and tourism development, respectively.
New jobs and new business trends were formulated to test the second hypothesis.

The Likert Scale (1—very dissatisfied, 5—very satisfied) was used to measure farmers’
perception of their satisfaction level towards this particular business. Closed questions
that were afterwards coded into ordinal variables addressed business development (e.g.,
lavender farming, processing, selling) and business perspectives.

Open-ended questions regarding the respondents’ opinions on the ecological effects
of lavender farming were included in order to verify the third hypothesis.

Questions for civil servants with agriculture expertise mainly followed the same
structure, dictated by the three main research hypotheses, but some questions were adapted
for this group of respondents (e.g., if their organisation had implemented farmers’ training
programmes under CAP measures; Likert scale questions on their perception of the success
of lavender business in Romania, which are explicitly the success factors for such a business;
to name both the positive and negative ecological environmental effects of these cultures;
to exemplify possible agricultural measures necessary in farming this niche crop).

Both questionnaires end with two questions addressing barriers and solutions for
developing lavender business farming in Romania (see Supplementary Material).

3. Results

3.1. Farmers Attendance to Training Programmes on CAP/PNDR Measures

Of the farmers that attended the training and information programmes regarding
structural funds, more than half participated in meetings on M 11. (Ecological agriculture)
and more than a third on sM 6.1. (Setting up new farmers).

Crosstabulation between the type of financing and training and information pro-
gramme attendance shows that 18.2% of respondents who accessed structural funds had
participated in training and information programmes organised on CAP measures and
sub-measures. The chi-square test result for this table rejects the null hypothesis regarding
the association between these two variables. The results for the (X2(2) = 7.735, p = 0.021)
test show there is enough evidence to suggest an association between the type of financing
and programme attendance as p is below the considered significance level of (a = 0.05).

The association between education level and programme attendance is not statistically
significant, and the crosstabulation percentages do not prove that the attendance level
increases with their education level. Therefore, it seems that participation in a training or
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information dissemination programme is mainly influenced by their personal motivation
to have a successful lavender business and not by their education level.

This aspect is also confirmed by the Spearman correlation coefficient, which showed a
positive statistical relationship between the level of attendance at these programmes and
the satisfaction level of small farmers regarding the development of their lavender business.
The two-tailed p-value rejects the null hypothesis, and the correlation coefficient has a value
of 0.325 (Table 5).

Table 5. Spearman correlation coefficient between programme attendance and satisfaction level.

Programme
Attendance

Satisfaction

Spearman’s
rho

Programme
attendance

Correlation Coefficient 1.000 0.325 **
Sig. (2-tailed) . 0.000

N 162 162

Satisfaction
Correlation Coefficient 0.325 ** 1.000

Sig. (2-tailed) 0.000 .
N 162 162

** Correlation is significant at the 0.01 level (2-tailed).

The civil servants with agricultural expertise unanimously declared that their in-
stitutions organised CAP-related information dissemination and training programmes.
Furthermore, approximately two out of five respondents confirmed knowing small farmers
who had applied for structural funds as a result of attending such programmes, further
confirming our hypothesis. A significant percentage of 21.27% of this target group declared,
however, that they did not know or had no information regarding either the attendance
level of small farmers in training programmes or the degree to which small farmers’ atten-
dance had led to them accessing structural funds. This proves the flawed communication
between civil servants and small farmers or the lack of frequent monitoring of the results
obtained after attending training and information programmes. These kinds of issues were
also brought forward by studies in other countries [116]. The lack of awareness from the
civil servants with agricultural expertise could result from personal factors, expertise, or
specific knowledge of certain employees.

The degree to which authorities (e.g., CAD, AFIR, APIA) organise and follow up on
these events influences the level of farmers’ participation in the training programmes and
their applying for and obtaining European funds. However, many times, research studies
have noted the critical failure of this relationship due to bureaucracy, crucial delays, and
lack of communication among public authorities at national, regional, and local levels, and
the low level of expertise and knowledge of particular employees or authorities, especially
at regional and local levels [116].

The low rate of participation in these programmes could be a factor that leads to
low information levels and, thus, to farmers not accessing structural funds. Only a small
part of the interviewed small farmers financed their business through structural funds but
combined with their private savings (6.79%).

3.2. The Social and Economic Impacts of Small-Scale Lavender Farming on Romanian
Rural Communities

The economic impact of lavender farms was coded as a source for family subsistence
and the potential for tourism development.

Most interviewed small farmers (63.58%) declared that their lavender business is pri-
marily a source of income for their family, showing the low economic impact of these small
and very small lavender farms, known in Romania as semi-subsistence and subsistence farms.

The crosstabulation between the economic impact of lavender farming and the satis-
faction level regarding their lavender business shows that most of both categories (those
who identify the economic impact of lavender farming as “family subsistence” or “tourism
development”) are partly satisfied or satisfied (more than 30% of each category) (Figure 2).
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This proves that the presence of lavender farms generates income primarily for family
members who are engaged in the day-to-day agricultural work, thus having a social impact
associated with the economic impact, which is explicitly connected but unfortunately
limited to each lavender farm business.

 
Figure 2. Crosstabulation between economic impact and business satisfaction level.

Lavender farms diversify economic activities at the local community level, and their
importance was perceived differently depending on small farmers’ education level. Thus,
small farmers with primary and high school education levels overwhelmingly declared
that the farms ensure their subsistence-level incomes. In contrast, those with university
or higher levels of education identified the potential for entrepreneurial development of
lavender farms in domains such as tourism (Table 6).

Table 6. Crosstabulation between economic impact and education level.

Economic Impact Total

Education Level Family Subsistence
Tourism

Development

Primary 83.30% 16.70% 100.00%
Highschool 80.30% 19.70% 100.00%

University or higher 50.00% 50.00% 100.00%
Total 63.60% 36.40% 100.00%

The weight of answers naming tourism development, in other words, a diversification
of the economic profile of lavender businesses, represents a superior level of their economic
impact and is influenced by small farmers’ education level and occupation. This is proven
by the Spearman correlation coefficient, with a value of 0.313 showing a significant statistical
association between education level and economic impact (Table 7).
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Table 7. Spearman’s rank correlation coefficient between farmers’ education level and farms’ eco-
nomic impact.

Education Level
Economic

Impact

Spearman’s rho

Education level

Correlation
Coefficient 1.000 0.313 **

Sig. (2-tailed) . 0.000
N 162 162

Economic
impact

Correlation
Coefficient 0.313 ** 1.000

Sig. (2-tailed) 0.000 .
N 162 162

** Correlation is significant at the 0.01 level (2-tailed).

Their farms’ economic impact is also viewed differently according to small farmers’
occupation, which is directly correlated to their education level. Labourers (whose main
economic profession is something other than farmers, such as plumbers, tractor drivers, car
mechanics, and couriers) consider that the economic impact of their farms consists mainly
of ensuring their families’ subsistence (61.3%), while farmers declare the same thing but
with an even higher percentage of over 84%. When the small farmers’ main occupation
requires a professional level of training/education, such as legislators and higher officials
(public administration officials or lawyers) or others (engineers, economists, IT technicians,
doctors), they identified tourism as a viable complementarity to the agricultural devel-
opment of their lavender business more often (Figure 3). The higher the occupational
standing, the more small farmers are interested in diversifying the economic impact of
lavender farms towards other domains such as tourism.

 

Figure 3. Correlation between lavender farms’ economic impact and farmers’ occupation.

Including tourism-related activities in their business stems from the following widely
popular (especially among tourists) feature of lavender fields: their aesthetics [127,142].
In Romania, at this point, this phenomenon is just in its infancy, with small festivals (i.e.,
“open gates” events) organised inside lavender fields during their flowering period in
June. “We organise a small festival in June in Mădăras, , exactly in the fields; we have a 2 ha
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plot, where we usually receive those who love the purple gold” F, Mures, County—MR1; “in
June when the fragrance is so strong that it covers the entire 5 ha of the farm, we wait for people
to come to our festival, so they can enjoy nature and relax in a lovely place; we took inspiration
from what people are doing in Provence” F, Brăila County—MR2). In addition to such events,
farmers organise small brunches, picnics, or photo sessions, as follows: “we organise picnics
straight in the middle of the lavender fields, in Bont, ida, where people can taste locally made lavender
flavoured products—cookies, ice cream, lemonade” F, Cluj County—MR1; “for June we made
unique decorations, we have a lavender farm in Fibis, where we organise professional photo sessions”
F, Timis, County—MR4. Interviews showed that these events have the added benefit of
being an opportunity for small farmers to promote and commercialise their products, such
as the following: essential oils, floral water, diffusers, creams, soaps, bath bombs, etc.

Small farmers with older lavender farms that have capitalised on their businesses by
including them in other related domains, such as tourism, are also more satisfied with
their development. The Spearman correlation coefficient shows a positive and statistically
significant relationship (Sig. (2-tailed)—0.000) between duration (the length of time of their
lavender farms/business) and satisfaction level. This strengthens the rationale that lavender
farming can be a suitable solution for improving the economic and social environment of
rural communities in Romania (Table 8).

Table 8. Spearman’s rank correlation coefficient between duration and satisfaction level.

Duration Satisfaction

Spearman’s rho

Duration
Correlation Coefficient 1.000 0.287 **

Sig. (2-tailed) . 0.000
N 162 162

Satisfaction
Correlation Coefficient 0.287 ** 1.000

Sig. (2-tailed) 0.000 .
N 162 162

** Correlation is significant at the 0.01 level (2-tailed).

Regardless of how old their lavender farm is (1, 2, 3, 4, 5, 5–10 years old), more
than half of the interviewed farmers do their best to commercialise lavender products,
not just the raw material. As they gain more experience and seniority in this busi-
ness, the percentage of those who just cultivate lavender decreases and the diversity
of ways in which the farms are capitalised increases. For example, they sell lavender
cuttings alongside traditional products (handmade cosmetics, handmade decorative prod-
ucts, etc.). In total, 33.3% of those active for 4 years and 45.5% of those active between
5 and 10 years in the lavender business declared they engage in more than one type of
commercial activity, which increases the farms’ overall economic impact. The Chi-square
test for the crosstab between duration and business development had a statistically sig-
nificant p-value (Asimp. Sig. (2-sided)—0.027). Moreover, experienced farmers support
new farmers with the knowledge they earned by ensuring free coaching to those who buy
cuttings and want to start a lavender farm or by offering paid counselling to those who
wish to start a business, as follows: “I offer free counselling for the first 3 years to those to buy
cuttings from me, but they can also contact me after that in case they face different problems” F,
Brăila County—MR2; “when I deliver lavender cuttings, I also include a detailed technical chart
with everything they need to know about cultivating lavender, about its planting and maintenance”
F, Timis, County—MR4).

Creating new jobs and new business trends are social elements that can improve
a community’s living conditions by increasing its income levels (and economic status).
They are also elements that the small farmers identified as applicable to lavender farming.
Respondents classified this social impact into different degrees of importance according to
their education level and occupation (Table 9).
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Table 9. Social impact according to education level and occupation.

Social Impact
Total

New Jobs New Business Trend

Profession

Labourers 54.70% 45.30% 100.00%
Other professionals 56.80% 43.20% 100.00%

Farmers 71.90% 28.10% 100.00%
Legislators and high

officials 45.50% 54.50% 100.00%

TOTAL 58.00% 42.00% 100.00%

Education level
Primary 66.70% 33.30% 100.00%

Highschool 68.20% 31.80% 100.00%
University or higher 50.00% 50.00% 100.00%

TOTAL 58.00% 42.00% 100.00%

Full-time farmers overwhelmingly (71%) indicated that the main social impact gener-
ated by lavender farming is the creation of new jobs. They mentioned a new business trend
as a secondary effect and to a lesser degree than the other occupational categories.

Similar to the economic impact, the Spearman correlation coefficient shows a positive,
but weaker, relationship between education level and social impact (Sig. (2-tailed)—0.023;
correlation coefficient—0.178).

Identifying social opportunities correlates with the extent of their lavender business
(i.e., duration). The hierarchical importance of the following two types of social impact
differs: with start-up level farmers declaring that the most important social impact is
creating a new business trend (62.5%), while farmers who have been active for more than
2 years place the creation of new jobs first (Figure 4).

 
Figure 4. Relationship between the identified social impact of lavender farming and business duration.

Creating new jobs translates in reality into involving family members in the agricul-
tural activities for farms younger than 2 years (“we started to grow lavender two years ago, so
far we are doing everything ourselves, family members trim the crops, take out the weeds, gather
the flowers” F, Teleorman County—MR3), and creating new seasonal or permanent jobs for
community members for farms older than 4 years (“our business is varied: we cultivate and
maintain the fields, process the raw product, and commercialise various things from cuttings to
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other finite lavender products, so we can no longer manage to do this with only family members;
we need day labourers for maintenance works and harvesting, for rapidly processing the lavender
flowers to send to distilleries, but also permanent employees for product packaging and labelling,
online sales, marketing, promotion, and organising our events (festivals)” F, Alba County—MR1;

“we need day labourers for harvesting and people to work in bottling esential oils but also people in
sales and marketing; we need young people they are the best suited to deal with this online part of
things” F, Vrancea County—MR2).

The crosstabulation between the existence of a social or economic impact (family
subsistence or tourism development; creating new jobs or new trends) and the envisaged
length of their business presents a large number of responses (approx. 60%) that declare
lavender farming to be a long term business (more than 10 years) (“I think I can do this for a
long time, I started growing lavender because I found out the plant has a long life and it becomes
more profitable over time; it starts producing after 2 or 3 years depending on what kind of plant
it is” F, Botos, ani County, MR2; “once I invest in this I was told I can be sure I will have a secure
income for 15–18 or even 20 years” F, Alba County—MR1). This is to be expected given that
lavender can flower from 15/18 to 20 years, depending on plant variety [31,50,51].

All the results confirm the research hypothesis, namely, that farming in Romania is
dominated by the need to maintain the subsistence of the farmers’ households, and as such,
its social and economic impact is low. Nonetheless, our research shows a large diversity
of the small farmers who take up lavender farming in Romania (i.e., education level or
occupational profile). This influences how lavender businesses develop and their future
social and economic impact.

3.3. Ecological Impact of Small-Scale Lavender Farming

According to the analysis of the interviews, over 94.5% of the interviewed small
farmers mentioned that lavender farms are beneficial to their ecological systems. When
asked to detail lavender’s positive ecological effects, many mentioned their importance
for beekeeping and maintaining or reintroducing biodiversity in the farms’ areas. Some
respondents referred directly to the species they have personally identified in their lavender
fields (bees, bumblebees, butterflies, ladybugs, birds, rabbits, etc.). “Lavender farms are a
significant benefit for the environment, I think about the multitude of bees I see swarming in June
when the flowers appear” F, Bras, ov County—MR1; “I do not need to use insecticides or pesticides
in the lavender fields, so they are filled with bees and butterflies” F, Prahova County—MR3;

“lavender benefits the bees, this field I have created a microsystem inside the agricultural landscape,
like a shelter for small wild animals” F, Olt County—MR4; “the lavender fields can host many wild
animals that can burrow safely (rabbits, foxes), there are no heavy machineries involved, no phonic
pollution, and no emissions” F, Timis, County—MR4; “it benefits the environment, it is a medicinal
plant, and it has a strong colour when it flowers so it attracts bees, butterflies, ladybugs” F, Giurgiu
County—MR3; “as a medicinal and ornamental plant it is friendly with its environment, plus it
is useful for bees, whenever we hear the bees buzzing we know the first flowers are blooming”—F,
Botos, ani County, MR2.

Among these crops’ other benefits were their value as natural insecticides and their
aesthetic value, as follows: “a beautiful, charming, inviting and decorative scenery” F, Cluj
County—MR1; “a landscape with a purple field” F, Vaslui County—MR 2; “it beautifies the
agricultural landscape” F, Olt County—MR4; “landscape with a nice visual aspect” F, Satu Mare
County—MR1; “a splash of colour” F, Alba County, MR1; “a corner to relax in” F, Galat, i
County—MR2); “an opportunity for aromatherapy straight in the middle of nature” F, Bras, ov
County—MR1; “natural insecticide, we do not get any mosquitos” F, Constant,a County MR2;

“lavender helps the environment, us and the crops neighbouring the fields, they do not get any pests
either” F, Ialomit,a County—MR3.

The crosstabulation between perceived environmental impact and education level
shows that 44% of those with a high school level education and 52.7% of those with a
university degree or higher named multiple positive ecological effects of lavender farming.
Its support for beekeeping and biodiversity was named more often by small farmers with a
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university degree or higher (61%) than by those with a high school level education (34.1%).
The first category of respondents also included the possibility of economic diversity as
a benefit.

Regardless of duration, more than half of each category (from 1 year up to those who
have had lavender farms for 10 years) observed the positive effects that lavender farming
has on the environment. Similarly, the most often mentioned benefits were beekeeping and
biodiversity (between 20 and 37% for the following categories: 1-, 2-, 3-, 4-, 5–10-year-old
lavender farms).

Small farmers started their lavender business first and foremost as an economic
venture, but the beneficial ecological consequences were not lost on them. Some of them
declared that they had to choose between lavender farming and abandoning a plot that
was degrading or investing labour and financial capital in it but cultivating the following
more traditional but less profitable crops: “lavender crops benefit the environment plus we are
recapitalising on plots that would otherwise be abandoned” F, Olt County—MR4; “it was a good
choice because we cultivated a plot that did not have anything growing on it a long time before we
started our farm” F, Vrancea County—MR2; “we started lavender farming on an abandoned plot,
we received it from an old lady, but we had to clean it first it was filled with thorns and weeds” F,
Satu Mare County—MR1.

Given that the civil servants with an agricultural degree have a higher education level
and more extensive knowledge of the topic, they were also asked about the ecological
effects of lavender farming. Similar to the small farmers interviewed, they identified this
crop as a beneficial one, with most answers mentioning beekeeping and biodiversity (“it is
a plant with great melliferous properties” CsA, Cluj County—MR1; “this type of crop supports the
local biodiversity” CsA, Brăila County—MR2), but mentioned other aspects as well (“lavender
is a natural insecticide, as it repels pests” CsA, Dolj County—MR3). One out of ten respondents
mentioned the aesthetic landscape it creates (“a plant that offers a visually pleasing landscape”
CsA, Botos, ani County—MR2). Some respondents noted that lavender fixes the soil because
of its vigorous and deep roots and thus has an anti-erosion role (“their roots are very robust
and it can stabilise soils prone to erosion” CsA, Mures, County—MR1).

The relationship between the environmental impact of lavender farming and the
perception of civil servants with agricultural expertise regarding the future of these types
of businesses varies. However, the more optimistic their views, the more often we can
see mentions regarding positive impacts such as supporting beekeeping and biodiversity
(Table 10).

Table 10. Crosstabulation between the perception of civil servants with agricultural expertise regard-
ing the future evolution of lavender farming and their positive environmental impact.

Positive Environmental Impact Total

Beekeeping and
Biodiversity

Natural
Insecticide

Others
Aesthetic

Landscape

Perception
future

evolution

Sustainable
% within Perception

Future Evolution 50.0% 9.1% 27.3% 13.6% 100.0%

% of Total 23.4% 4.3% 12.8% 6.4% 46.8%

Growing
business

% within Perception
Future Evolution 29.4% 58.8% 11.8% - 100.0%

% of Total 10.6% 21.3% 4.3% - 36.2%

Insecure
business

% within Perception
Future Evolution 16.7% 50.0% - 33.3% 100.0%

% of Total 2.1% 6.4% - 4.3% 12.8%

NA
% within Perception

Future Evolution 50.0% 50.0% - - 100.0%

% of Total 2.1% 2.1% - - 4.3%

Total
% within Perception

Future Evolution 38.3% 34.0% 17.0% 10.6% 100.0%

% of Total 38.3% 34.0% 17.0% 10.6% 100.0%
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In total, 70.21% of civil servants with agricultural expertise declared there is no
negative ecological impact of lavender farming, and 29.79% said they did not know of any
negative ecological effects (“in our region, no negative effects are known, on the contrary, the
positive effects are evident” CsA, Arad County), obviously validating this hypothesis.

4. Discussions

While the first hypothesis was validated and proved that those who participated in
information and training programmes had a higher rate of applying for and accessing
structural funds than those who had not, a few problems are worth discussing from our
point of view.

The first one is the overall low rate of attendance. The degree to which small farmers
participate in training and information programmes regarding structural funds is low. In
total, 70% of respondents declared that they had not attended any training programme
organised by CAD or APIA (“because we are wasting our time, it is very difficult for us small
farmers to access European funds given that we do not meet the eligibility criteria” F, Vaslui County,
MR2; “I think attending these events can’t help me access European money, I need a firm to write the
project for me” F, Bihor County, MR1). Some respondents also questioned the effectiveness of
these programmes as follows: “I didn’t manage to submit any project” (F, Tulcea County—MR
2); “after submitting, they told me that I had a low score” (F, Bihor County—MR 1). To bridge
these shortcomings, lavender farmers mentioned the following: “the need for an increased
awareness of the administrative staff in managing projects” (F, Vaslui County—MR2) to increase
applications’ success rate and avoid projects being denied financing.

Both target groups consider that the most needed action relates to accessing funds.
Half of the small farmers interviewed requested reducing bureaucracy and abiding by the
financing terms. Others, mainly lavender farm owners with high school level education,
invoke the necessity of a more diversified financial mechanism, as follows: “we should
access European funds more easily; right now, there is too much bureaucracy. We need more help
from the state or the Ministry of Agriculture so we can buy lavender planting and harvesting
equipment. I had to get a bank loan to buy my harvester; applying for funds was too complicated”
(F, Teleorman County—MR3); “we need specialists to help people apply for funds” (F, Sălaj
County—MR1); “small farmers also need to be helped, even if they do not have an active business”
(F, Cluj County—MR1); “we need to access funds more easily to buy special equipment” (F, Dolj
County—MR4). Similar comments were noted from farmers in Vaslui County—MR2.

The members of MADR agencies also drew attention to the large number of documents
required (“the procedures need simplifying, right now the dossier must contain up to 1200 pages”
CsA, Suceava County—MR2) and to the process’ current low viability degree, proposing
“more advantageous programmes that target the entire chain from farming to processing to sales”
(CsA, Prahova County—MR3).

While PNDR is a general instrument to implement CAP in Romania, through which
lavender farmers could also access financial grants, it proved restrictive due to their reduced
entrepreneurial power (Table 2). Its limiting characteristics may have come from the modest
efforts in promoting it, strict eligibility criteria relating to age (younger than 40 years old),
or the requirement that applicants have graduated from agricultural-related educational
institutions. The sample of farmers participating in this study had a median age of 43,
and only 19.8% had domain-related qualifications. Not surprisingly, both target groups
considered that future actions should include the following: the increase and diversification
of financing mechanisms, accounting for the characteristics of the Romanian agricultural
reality (i.e., where subsistence and semi-subsistence farms predominate), more transparent
grant access procedures, and a smaller volume of documents needed for applying.

Both in this study and others analysing the same topic, small farmers and civil servants
with agricultural expertise mentioned and recognised the need for better cooperation in or-
der to revitalise the Romanian agricultural sector, support and encourage entrepreneurship
in order to make it more profitable, all based on much simpler procedures for accessing the
financing mechanisms and information dissemination actions [67].
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Accessing the European agricultural funds has played and continues to play a leading
role in the profitable development of agricultural holdings [143]. However, the overall
absorption of European agricultural funds is low because the proposed projects are not
fully adapted to the specificities of each EU member state [144]. There is still a solid need
to finance and subsidise agricultural activities to ensure an inclusive rural development
that simultaneously protects the environment and small farmers [145].

The training programmes for accessing European funds are an extremely helpful
tool to increase the absorption rate of EU financing. However, the ability to organise and
the degree of implementation in rural areas differ from one EU country to another, and,
in many cases, the degree of participation is low. Many farmers, even young ones, use
specialised consultancy firms to write their financing programmes or for advisory support
and fund management to guarantee their success [146].

One way to improve this situation and increase the rate of small farmers obtaining
structural funds should be to improve the governmental representatives’ support during
the application process, which can be challenging depending on the applicant’s level of
education, occupation, and digital skills. Another helpful action to improve the attendance
rate would be to better promote the training programmes. The farmers’ participation
in these programmes would improve their ability to access structural funds and help
finance their business, given that many lavender businesses in Romania are currently in
their infancy. The start-up feature is explained by small farmers abandoning traditional
crops and instead focusing on potentially more profitable crops. A powerful reason
that inspires and encourages farmers to try and access structural funds or simply invest
their own savings in lavender businesses in our country today is not necessarily the
institutional framework that stimulates financing through structural funds. As the study
of this hypothesis has proven, there are serious issues with organising, promoting, and
implementing training programmes on this topic. On the contrary, what governs farmers’
decisions is the successful model of other farms in the country. At this moment, we
can even declare that the development of lavender businesses is an economic trend. In
addition to the institutional efforts to implement CAP measures, the development of farmer
coaching programmes aimed at increasing the economic productivity and sustainability of
these farms [147] adapted to also include accessing structural funding or other know-how
transfer systems could be another interesting area to consider and the starting point for
future research for small-scale lavender farms in Romania.

The authors want to emphasise a series of issues regarding the results obtained while
validating the second hypothesis. Currently, in Romania, the development of lavender
farms is the result of the initiative of landowners whose properties fall under the definition
of small or very small farms. These farmers primarily practise subsistence agriculture
because they do not have alternative entrepreneurial perspectives that could offer them
incomes higher than the usual seasonal crops. Many of these landowners do not gain
access to the regional or even micro-regional supply chains for the agri-food systems that
typically function in Europe and represent, according to researchers [96], ‘part-time farms’
or ‘peasant farms.’ Small farms’ conversion to niche crops is efficient because the profits
they could obtain are perceived to be higher than the sums invested in the enterprise, thus
allowing farmers to reinvest their savings or obtain a bank loan to enlarge their business.
Several studies from Turkey, India, the Kashmir region, and Spain have also concluded that
lavender farming and related businesses can produce substantial incomes [37,40,42,148].

Recognised as one of the main factors for rural poverty alleviation in the future [106],
agriculture, and particularly profitable niche crops such as lavender represent a suitable
solution for Romania on the condition that production finds adequate and effective chan-
nels of distribution to dedicated markets. For certain countries, ‘intermediary powers’
in Albania [45] or farming associations in the Republic of Moldova [149,150] represent
solutions for small farmers’ businesses, allowing them to enter and compete in export
markets. Both the quality of the crops and oil [33,38], as well as marketing availability [37],
represent important elements to strengthen in order for the economic and social impact
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of lavender farming in Romania to try and follow in the footsteps of similar small-scale
holdings in countries with a tradition of lavender farming.

Lavender brings considerable opportunities, which government institutions have
observed in a series of recent publications aimed at entrepreneurs who target this domain
specifically (e.g., The good practices guide for growing and harvesting medicinal and aromatic
plants, published by the Ministry of Agricultural and Rural Development) [151]. Even so,
the Romanian strategic policy framework does not have any concrete measures meant to
support lavender farming, as is the case in other states or regions where this crop has a
traditionally significant socio-economic role (e.g., Fragrant Alps—France) [152].

Sometimes, the two target groups have different visions regarding the necessary
actions and measures to improve lavender farming in Romania. For example, small farmers
propose that the state intervene and create a functional, dedicated market for lavender
products and implement better information dissemination channels. At the same time,
the interviewed civil servants with agricultural expertise consider that this domain needs
improved legislation, consultation of all stakeholders before redacting the Guides for
Accessing Structural Funds (SF), but also intensified research support, as follows: “there
needs to be an improved orientation towards marketing and commercialising the products, increasing
competitiveness, and also more strongly emphasising research in this domain, introducing and
acquiring modern technologies, as well as enabling and increasing access to digitalisation”, (CsA,
Mehedint, i County—MR4).

More than half of the interviewed civil servants with agricultural expertise declared
that lavender farming is a somewhat or mostly successful business. However, when
asked about the future development of lavender farming in Romania, 27.3% of those
categorising it as presently being mostly successful and 20% of those seeing it as being
somewhat successful declared that, in the long run, this is an insecure business. They
have also detailed the main barriers that lavender farming faces nowadays, which may
persist and/or amplify in the future. Those who currently view lavender farming as very
or mostly successful identified an obvious obstacle in the lack of a dedicated market (“the
lack of a market niche for lavender products for small producers is very difficult to overcome”,
CsA, Teleorman County—MR3; “there is no dedicated market for small lavender farmers because
they produce small quantities as it is a new type of economic activity in Romania” CsA, Ias, i
County—MR2). Many of those who currently view lavender farming as mostly or very
unsuccessful also mentioned other barriers, such as the lack of labour (27.3% and 16.7%,
respectively) “farmers who need workers to grow, process and commercialise lavender and/or
adjacent products find it difficult because many people from rural areas migrated to Western Europe
to look for better-paying jobs” CsA, Prahova County—MR3; “there is a lack of labour force because
local people who already receive social aid or welfare are not interested in manual work, sometimes
paying even less they already receive” CsA, Vaslui County—MR2). An additional barrier is,
in their opinion, the lack of association (“association initiatives would prove more successful
in organising and capitalising the final products” CsA, Cluj County—MR1). Depending on
what barriers they have identified, civil servants with agricultural expertise have different
opinions about the future of the lavender business in Romania.

In Romania, small farmers and government representatives who have expertise in this
field see lavender farming as a suitable solution precisely due to the specificity of Romanian
agriculture, which translates into fragmented land plots with numerous subsistence or
semi-subsistence farms that currently have poor or no economic efficiency. However, these
small farms face grave issues that they will probably not overcome without government
support. They have the potential to create new jobs, even more so, create local jobs due to
the seasonality of some agricultural work, and permanent jobs in more varied positions (i.e.,
targeting young people and adults of all education levels), but there is no labour force pool
from which to draw them. The lack of a labour force is caused by increased rural–urban
outmigration and a general disinterest in the kinds of jobs and offered wages, with many
people choosing to cash in on unemployment benefits or social aid. The issues of needing
to increase competitiveness and profitability of the small agricultural holdings and labour
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force scarcity could be counteracted with increased advanced mechanisation as well as
ensuring the commercialisation of a more considerable number of lavender-based products.
Another problem is the urgent need to acquire specialised tools and machines for lavender
maintenance and processing, combined with difficulties and delays in accessing the PNDR
financing mechanisms. Last but not least, the country does not have a well-developed
dedicated market for lavender products, and their commercialisation is still incredibly
difficult and slow.

Thus, while the currently measured social and economic impacts are low, lavender
farming is a sector suitable to thrive in the future and solve some of the problems Romanian
rural communities are currently facing.

In the analysis of the third hypothesis, all respondents from both target groups ac-
knowledged that lavender farming has beneficial effects on the environment. Many of
them offered concrete examples (honey-related properties, supporting the local biodi-
versity, natural insecticide, reduction of soil erosion, and ornamental effect). The same
conclusions were identified by many researchers from the specialised international litera-
ture [28,127,133,134,136–140,148].

Due to current climate changes, lavender farming in Mediterranean areas that were
traditionally known for this crop (i.e., Provence) is threatened by floods, droughts, excessive
heat waves, and pest infestations, leaving farmers with only the option of destroying the
affected crops [140,153–156]. Aridisation, which has much more profound effects in the
Mediterranean region, has made Romania’s territory favourable for extending lavender
farming into Eastern Europe.

The interviews showed that none of the respondents from the two target groups
provided any examples or arguments regarding the negative impact on the environment of
lavender crops. The almost unanimous proportion of both groups who repeated the positive
ecological effects of lavender on the environment clearly confirms the third hypothesis of
the study.

The study presented certain limitations. Firstly, according to the research focus, our
applied methodology excluded, on purpose, larger business actors. Despite their low num-
ber, they concentrate the largest share of the internal lavender oil market. However, they
represent a distinctive business sector and face challenges different from small-scale farms.
Their experience and perspective on this relatively new agriculture sector in Romania may
be valuable input for follow-up research in the future.

Secondly, our study was primarily qualitative and did not allow for a precise, elaborate
statistical analysis, but instead was guided by the specialised literature that encourages the
use of mixed methods.

Thirdly, the pandemic-related regulations imposed a limitation during the first phase
of interviews (December 2019 and March 2020). Because of the lockdown periods and
the sanitary context, particularly critical in Romania, we switched from a face-to-face
perspective to phone interviews and encountered difficulties imposed by some respondents’
lack of digital skills. This was why we enlarged our sample size through the second phase of
interviews in March 2022, when the pandemic-related sanctions were relaxed and allowed
for events where we could meet the small farmers face-to-face.

Lastly, we faced a statistical issue in that the total number of small and very small
lavender farms in Romania does not appear in the official statistical reports. In reality, the
available data reflect the number of farms that meet specific criteria and whose owners
have taken steps to request financial subsidies as per APIA requirements, as mentioned
in Section 1.1.3. EU Agricultural Policies and Section 2.2. Methodological Tools and
Sample Size.

5. Conclusions

This research represents an exploratory perspective that may help both scientists and
professionals design improved studies for this agricultural sector because lavender offers
real opportunities for small-scale farming that in Romania often displays subsistence char-
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acteristics. Furthermore, decision-makers and politicians may also find it an informative
source when making decisions and shaping policies to formulate appropriate economic
and environmental effective measures for small agricultural businesses.

Romanian agriculture is mainly characterised by a fractured landscape of small plots,
where subsistence and semi-subsistence farms predominate, marked by a low economic
efficiency. In this context, small farmers (owners of these subsistence and semi-subsistence
farms) and governmental representatives see lavender farming as a durable and successful
solution that can bring positive changes to rural communities.

Our first finding was that small farmers are not very interested in information and
training programmes meant to help them access structural funds and increase the absorp-
tion rate of European funding. Most of the small farmers participating in this research
started their business using primarily their savings, followed by those who added bank
loans as a complementary source to their private savings and the smaller category of
respondents who also accessed structural funds.

Our second finding was that lavender farms’ social and economic impact is low at a
national level, but they are important at a community level. The obvious economic benefits
for small farmers relate to the financial aspect for the entrepreneurial families and the
possibility to develop other activities such as tourism. The social benefits that derive from
the economic ones, as shown by this research, are that lavender farming can help increase
the living standards of rural communities by creating new seasonal or permanent jobs in
agriculture, processing, and/or commercialising lavender and lavender-based products. At
the same time, this type of crop is a new business trend among Romanian farmers and can
boost the entrepreneurial sector of the country. The research showed that the success rate of
lavender farms is higher when the farm is older (i.e., its duration is longer) (e.g., 5–10 years),
so for many currently start-up farms, there are numerous possibilities for entrepreneurial
initiatives (e.g., tourism). The research also identified the following obstacles faced by small
lavender farmers that slow down the development of lavender farming in Romania: the
weak outlet market or the lack of a dedicated market, the lack of a labour force, the weak
associative power of these small and very small farms, difficulties in accessing structural
funds, the necessity to buy specialised tools or machines for maintaining the crops and for
processing the lavender.

Thirdly, the research found that the impact that lavender farming has on the envi-
ronment is mainly positive. The benefits of this crop were identified by the respondents
of both target groups and support the durability of this crop, all exceeding any possible
negative effect. The environmental benefits of the crop include supporting beekeeping and
biodiversity, its natural insecticide feature, and the aesthetic value of this crop, which also
supports tourism.

Considering all the relevant data shown by this study, the theme of small farm devel-
opment in a competitive and performing agricultural context still requires investigation,
and the authors will continue their research to identify solutions for harmonising the
Romanian specifics of agricultural reality with the Common Agricultural Policy.

Future research could focus on a more in-depth market analysis of this niche product
that presents real economic opportunities for a sector with a very inconsistent income for
small household farms in Romania. A multidimensional perspective involving a canonical
analysis and a complementary quantitative study on lavender farming in Romania could
be useful to depict a better image of the present market for this product and surpass its
possible evolutionary trends.

A valuable research topic for future studies would be a comparison perspective among
internal regions and between Romania and emerging neighbouring producers (e.g., the
Republic of Moldova), which also represent competitors in the lavender oil international
market and may offer good practice examples.
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cidal effects of essential oils from three lavender cultivars against adult (Sitophilus granarius L., 1758) (Coleoptera: Curculionidae).
Türkiye Entomoloji Dergisi/Turk. J. Entomol. 2021, 45, 405–416. [CrossRef]

140. European Parliament. Preserving Lavender Growing in the EU 2012. Available online: https://www.europarl.europa.eu/doceo/
document/P-7-2012-005718_EN.html?redirect (accessed on 24 March 2022).

141. Fayet, C.M.J.; Reilly, K.H.; Van Ham, C.; Verburg, P.H. The potential of European abandoned agricultural lands to contribute to
the Green Deal objectives: Policy perspectives. Environ. Sci. Policy 2022, 133, 44–53. [CrossRef]

142. Lelongweekend. The Best Lavender Fields of Provence, France—2022 Guide. 2022. Available online: https://www.
lelongweekend.com/best-lavender-fields-of-provence-france/ (accessed on 27 March 2022).

143. Micu, M.M. Research on accessing European Funds for young farmers in Romania under the two National Rural Development
Programs. In Proceedings of the 33rd International Scientific Conference on Economic and Social Development—“managerial
Issues in Modern Business”, Warsaw, Poland, 26–27 September 2018; pp. 184–190.

144. Ilas, , G. Absorbtia Fondurilor Europene, Afectată de Neadaptarea Proiectelor Cadru la Specificul Local. Cele mai Mari Probleme, la
Agricultură. 2012. Available online: https://www.opiniatimisoarei.ro/absorbtia-fondurilor-europene-afectata-de-neadaptarea-
proiectelor-cadru-la-specificul-local-cele-mai-mari-probleme-la-agricultura/30/09/2012 (accessed on 25 March 2022).

145. Ding, H.; Anderson, W.; Zamora-Cristales, R. Smarter Farm Subsidies Can Drive Ecosystem Restoration. 2021. Available online:
https://www.wri.org/insights/how-farm-subsidies-combat-land-degradation (accessed on 25 March 2022).

146. Fi-Compass. Joint Initiative for Improving Access to Funding for European Union Young Farmers. 2019. Available on-
line: https://www.ficompass.eu/sites/default/files/publications/Joint_initiative_for_improving_access_to_funding_for_
European_Union_Young_Farmers.pdf (accessed on 25 March 2022).

147. Moojen, F.G.; Ryschawy, J.; Teixeira dos Santos, D.; Neto, A.B.; Vieira, P.C.; Portella, E.; de Faccio Carvalho, P.C. The farm coaching
experience to support the transition to integrated crop–livestock systems: From gaming to action. Agric. Syst. 2022, 196, 103339.
[CrossRef]

148. Rodriguez Pleguezuelo, C.R.; Duran Zuazo, V.H.; Martinez Raya, A.; Francia Martinez, J.R.; Carceles Rodriguez, B. High reduction
of erosion and nutrient losses by decreasing harvest intensity of lavender grown on slopes. Agron. Sustain. Dev. 2009, 29, 363–370.
[CrossRef]

149. Jaman, S. Afacerile Moldovenes, ti cu Levănt, ică Au Intrat în Vizorul Producătorilor Europeni de Cosmetice. 2016. Available
online: https://agrobiznes.md/afacerile-cu-levantica-din-moldova-au-intrat-in-vizorul-producatorilor-europeni-de-cosmetice.
html (accessed on 18 February 2022).

150. Ardeleanu, I. Culturile de Lavandă Înfloresc din nou în Republica Moldova, după Declinul Post-Sovietic. 2021. Available online:
https://economedia.ro/culturile-de-lavanda-infloresc-din-nou-in-republica-moldova-dupa-dec (accessed on 18 February 2022).

151. Order 170/2011; The Good Practice Guide for the Cultivation and Harvesting of Medicinal and Aromatic Plants; Official Gazette, Part I,
No. 527, 11 July 2011; Ministry of Agriculture and Rural Development: Bucharest, Romania, 26 July 2011.

152. European Commission. Fragrant Alps. 2004. Available online: https://ec.europa.eu/regional_policy/en/projects/france/
fragrant-alps (accessed on 18 December 2021).

203



Land 2022, 11, 662

153. Cosmetics Business. The Future of Lavender. 2014. Available online: https://www.cosmeticsbusiness.com/news/article_page/
The_future_of_lavender/101190 (accessed on 29 March 2022).

154. Conexionfrance.com. Growing Problems for Lavender. 2013. Available online: https://www.connexionfrance.com/Archive/
Growing-problems-for-lavender (accessed on 18 December 2021).

155. Barbière, C. Lavender Farmer Explains Legal Case against EU Climate Policy. 2018. Available online: https://www.
euractiv.com/section/climate-environment/news/lavender-farmer-explains-legal-case-against-eu-climate-policy (accessed
on 18 December 2021).

156. Elzas, S. Lavender Takes Root beyond Provence, in France’s Sheep Country. 2021. Available online: https://www.rfi.fr/en/
france/20210919-lavender-takes-root-beyond-provence-in-france-s-sheep-country (accessed on 18 December 2021).

204



MDPI AG
Grosspeteranlage 5

4052 Basel
Switzerland

Tel.: +41 61 683 77 34

Land Editorial Office
E-mail: land@mdpi.com

www.mdpi.com/journal/land

Disclaimer/Publisher’s Note: The title and front matter of this reprint are at the discretion of the

Guest Editors. The publisher is not responsible for their content or any associated concerns. The

statements, opinions and data contained in all individual articles are solely those of the individual

Editors and contributors and not of MDPI. MDPI disclaims responsibility for any injury to people or

property resulting from any ideas, methods, instructions or products referred to in the content.





Academic Open 

Access Publishing

mdpi.com ISBN 978-3-7258-6717-2


