
mdpi.com/journal/land

Special Issue Reprint

Historical Landscape 
Evolution

Edited by 

Bellotti Piero and Alessia Pica



Historical Landscape Evolution





Historical Landscape Evolution

Editors

Bellotti Piero

Alessia Pica

Basel • Beijing • Wuhan • Barcelona • Belgrade • Novi Sad • Cluj • Manchester



Editors

Bellotti Piero

Department of Earth Sciences,

University of Rome

Rome, Italy

Alessia Pica

Department of Earth Sciences,

Sapienza University of Rome

Rome, Italy

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal Land

(ISSN 2073-445X) (available at: https://www.mdpi.com/journal/land/special issues/historical

landscape evolution).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, A.A.; Lastname, B.B. Article Title. Journal Name Year, Volume Number, Page Range.

ISBN 978-3-0365-9909-0 (Hbk)

ISBN 978-3-0365-9910-6 (PDF)

doi.org/10.3390/books978-3-0365-9910-6

© 2024 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license. The book as a whole is distributed by MDPI under the terms

and conditions of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

license.



Contents

Anne Cathrine Flyen

A Cultural Landscape Emerges: Analyzing the Evolution of Two Historic North Pole
Expedition Bases in Virgohamna, Svalbard, from Trash to a Protected Cultural Heritage Site
Reprinted from: Land 2023, 12, 1481, doi:10.3390/land12081481 . . . . . . . . . . . . . . . . . . . . 1

Filippo Brandolini, Chiara Compostella, Manuela Pelfini and Sam Turner

The Evolution of Historic Agroforestry Landscape in the Northern Apennines (Italy) and Its
Consequences for Slope Geomorphic Processes
Reprinted from: Land 2023, 12, 1054, doi:10.3390/land12051054 . . . . . . . . . . . . . . . . . . . . 39

Weiwen Li and Chi Gao

Research on Changsha Gardens in Ming Dynasty, China
Reprinted from: Land 2023, 12, 707, doi:10.3390/land12030707 . . . . . . . . . . . . . . . . . . . . 59

Corrado Cencetti, Filippo Paciotti, Ettore A. Sannipoli and Ubaldo E. Scavizzi

The Multidisciplinary Approach in the Study of Landscape Evolution: The Fluvial Capture
of the San Donato Creek (Gubbio, Central Italy), an Example of Hydrological Regime and
Hydrogeological Risk Changes
Reprinted from: Land 2023, 12, 694, doi:10.3390/land12030694 . . . . . . . . . . . . . . . . . . . . 75

Wojciech Samól, Szymon Kowalski, Arkadiusz Woźniakowski and Piotr Samól
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A Cultural Landscape Emerges: Analyzing the Evolution of
Two Historic North Pole Expedition Bases in Virgohamna,
Svalbard, from Trash to a Protected Cultural Heritage Site

Anne Cathrine Flyen 1,2

1 Building Department, Norwegian Institute for Cultural Heritage Research, 0155 Oslo, Norway;
anne.flyen@niku.no; Tel.: +47-90040152

2 Department of Architecture and Technology, Norwegian University of Science and Technology,
7491 Trondheim, Norway; annecfly@stud.ntnu.no

Abstract: The identification and preservation of cultural landscapes worthy of protection is a chal-
lenging task, as their significance is often not immediately apparent. Analyzing the process through
which a site or landscape became a heritage site and understanding the historical context and the
factors that contributed to its designation allows making informed decisions on the management
and preservation of the site. To provide research-based knowledge, this paper aims to analyze the
transformation of the degraded remains of the North Pole expedition bases of Andrée and Wellman in
Virgohamna, Svalbard, into a protected historic landscape and the subsequent emergence of the site
as a current popular tourist destination. Virgohamna serves as an illustrative case for examining the
heritagization process of cultural heritage sites in Svalbard. This article adopts a multidisciplinary
approach, drawing upon case studies, mapping and categorizing the historic and current landscape,
the condition and vulnerability assessment of historic remains, behavior studies on visiting tourists
and guides on-site, expert interviews, and document studies. The findings highlight the complex
processes that have influenced the making of the cultural heritage landscape in Virgohamna, the en-
during narrative associated with the site, and the need for continued efforts to ensure the preservation
and dissemination of its historical significance. Analyzing the process through which Virgohamna has
become a heritage site and understanding the historical context and the factors that have contributed
to its designation as a heritage site has the potential to enhance comprehension regarding historical
importance and heritage values. Furthermore, it might facilitate engaging stakeholders and formu-
lating management approaches and provide insights for policy suggestions. The comprehensive
examination serves as a foundation for responsible and sustainable heritage management, ensuring
the preservation and promotion of Virgohamna’s cultural heritage for present and future generations.

Keywords: cultural heritage; cultural landscape; expedition site; heritage values; heritagization;
Svalbard; tourism

1. Introduction

The identification and preservation of cultural landscapes worthy of protection is
a challenging task, as their significance is often not immediately apparent [1]. Research on
heritagization processes and the criteria for determining the worthiness of heritage sites
okfor protection has been a subject of scholarly investigation (e.g., [1,2]). Understanding the
factors that contribute to the recognition and preservation of cultural heritage is essential for
effective conservation practices and responsible management of these sites [3]. This study
focuses on the case of Virgohamna, an Arctic landscape in the Svalbard archipelago, which
was initially described by Fridtjof Nansen as a desolate and eerie place [4]. Despite its initial
characterization, Virgohamna later gained recognition as a cultural heritage site due to the
presence of two historical expedition bases: the staging area for Swede Salomon August
Andrée’s attempts to reach the North Pole by balloon in 1896 and 1897 and the base camp

Land 2023, 12, 1481. https://doi.org/10.3390/land12081481 https://www.mdpi.com/journal/land
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of American Walter Wellman’s airship expeditions in 1906, 1907, and 1909. According to
Polar historian Arlov [5], the renowned polar ventures undertaken by Andrée and Wellman
constitute captivating chapters in the history of Svalbard, and the expeditions have left
enduring cultural landmarks that rank among the most frequented on the archipelago.

The term “heritagization” refers to the procedural aspect of cultural heritage, that
cultural heritage is something that occurs and is happening [6]. Løkka et al. describe
it as a phenomenon being defined as cultural heritage within a specific context, thereby
acquiring a new status [7]. It is this process that underlies the concept of “heritagiza-
tion”. Swensen upholds that mechanisms in our contemporary society determine what
is worth preserving and why [8]. The process of heritagization is also defined as the for-
mal process of heritage making. However, the development of cultural environments in
Virgohamna goes beyond the formal selection and preservation of elements as a cultural
heritage site. In this article, the term heritagization encompasses all the additional aspects,
including physical development, intangible narratives, and the way visitors interact with
the cultural environment.

The study of the heritagization of the cultural heritage landscape in Virgohamna is
significant. This unique site encompasses a rich historical tapestry that stretches back to the
1600s and includes early whaling activities, as well as the expedition bases of Andrée and
Wellman [9]. The earliest traces of whaling activities from the 1600s provide a window into
the Arctic’s maritime history and its economic importance at that time [10]. The expedition
bases of Andrée and Wellman shed light on the intense race among explorers to conquer
the North Pole and the challenges they faced in their quests. These elements also annotate
the pioneering developments in aeronautics during that era [11]. By examining the process
of heritagization in Virgohamna, valuable insights into the historical significance of this
cultural landscape will be gained. Furthermore, the development of early aeronautics
represented by these bases showcases the human desire to push boundaries and expand
scientific knowledge.

Exploring the heritagization of Virgohamna is important for managerial reasons.
Delving into the process through which the site became a heritage site will provide valuable
insights that inform effective management and conservation practices. Understanding
the historical context and the factors that contributed to its designation allows making
informed decisions about the site’s preservation.

Knowledge of the site’s heritage values is another important aspect to consider. Study-
ing its history and significance can make it possible to identify the key elements that
make Virgohamna significant, whether it be its cultural, historical, or natural values. This
knowledge helps prioritize conservation efforts and ensures that the site’s most important
heritage values are safeguarded as long as possible for future generations.

The research field of the heritagization of cultural landscapes and cultural heritage sites
is a dynamic and evolving area of study, actively exploring various aspects of heritagization,
contributing to a deeper understanding of its complexities.

Conceptual frameworks to analyze heritagization processes often incorporate multi-
disciplinary approaches, drawing on fields such as discourses of heritage [12,13], critical
heritage studies [14,15], landscape research [16–18], and anthropology [19,20]. They pro-
vide a theoretical foundation for understanding the social, cultural, ecological, and political
dimensions of heritagization.

According to O’Hare [21], the character of a site originates from historical interactions
between the natural and cultural components within the landscape. A significant focus of
research has been on identifying and understanding the heritage values and criteria that
inform the selection and recognition of cultural landscapes and heritage sites. This involves
exploring the different dimensions of value (e.g., [22–26]), the meaning of places [27], and
how places shape identity [2]. Researchers have examined how these values are assessed,
negotiated, and prioritized within various cultural contexts.

Discussing cultural heritage sites and identity refers to the conceptualizations, percep-
tions, and understandings related to the cultural, social, and historical aspects of a specific
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place or site [2,28,29]. It encompasses the beliefs, values, narratives, and symbolic meanings
associated with the site’s significance and its role in shaping individual and collective
identities [30]. The concept of identity reflects the connections people establish with the
cultural heritage site, how they interpret its past, and how it contributes to their sense of
belonging, heritage, and cultural identity.

The importance of community engagement and participation in heritagization pro-
cesses has gained considerable attention. Researchers have explored the role of local
communities [31,32] in shaping and managing cultural landscapes and heritage sites. This
research emphasizes the significance of participatory approaches, inclusive decision mak-
ing, and empowering local communities in heritage conservation.

There is growing recognition of the need for sustainable heritage management prac-
tices. Research in this area explores strategies for balancing conservation, tourism, and
sustainable development [33]. It addresses the challenges of managing visitor pressure [34],
promoting community benefits, and ensuring the long-term viability and resilience of
cultural landscapes and heritage sites [35].

In Svalbard, the pursuit of knowledge-based management regarding cultural and
natural heritage sites is an esteemed objective, particularly in response to the escalating
tourism levels and anticipated impacts of climate change [9,36].

While there is a wealth of national and international literature of historical and ar-
chaeological information concerning Svalbard’s cultural history available (e.g., [5,37–44]),
the accessibility of knowledge-based information specifically related to heritagization is
limited. This holds true for the cultural heritage site in Virgohamna as well, despite the
fact that archaeological research and thorough investigations have been conducted on the
expeditions of Andrée and Wellman, with particular emphasis on the comprehensive study
of Wellman’s base [11,39,45–47].

In order to provide research-based knowledge, Virgohamna serves as an illustrative
case for examining the heritagization process of cultural heritage sites in Svalbard. This
paper aims to analyze the transformation of the degraded remains of the expedition bases
of Andrée and Wellman into a protected historic landscape and the subsequent emergence
of Virgohamna as a current popular tourist destination.

The analyses encompassed four key areas:

1. Policy documents and legal framework:

a. To what extent has the overarching policy of the authorities influenced the
management of cultural heritage, and what implications does it have on the
cultural environment of Virgohamna?

b. How has the evolution of cultural heritage legislation specific to Svalbard
impacted the cultural environment?

2. Physical transformations of the region:

a. Which natural forces have caused degradation within the site?
b. In what ways have human activities influenced the condition of the site?

3. Narratives and cultural heritage value:

a. What narratives have existed and currently exist about Virgohamna?
b. Which heritage values can be associated with, or can be ascribed to, the site?

4. Impact of tourism:

a. How has tourism influenced the perception and interpretation of the site?
b. In what manner has tourism affected the utilization of the site?

Today, the historic environment is being worn down by trampling visitors, and the
paper offers suggestions for measures that can preserve heritage values and at the same
time allow visitors to experience this magnificent environment. An analysis of the heritag-
ization process of Virgohamna can contribute to a deeper understanding of its historical
significance, identify heritage values, engage stakeholders, develop management strategies,
and inform policy recommendations. This comprehensive examination serves as a founda-
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tion for responsible and sustainable heritage management, ensuring the preservation and
promotion of Virgohamna’s cultural heritage for present and future generations.

This article is structured as follows: To answer how the transformation and herita-
gization of Virgohamna were studied, the Materials and Methods section is organized
with subsections displaying the case study area and outlining the mixed methods used
for data collection and analysis. The results obtained are presented under the heading
Results organized with subsections in accordance with the four key areas introduced above:
(1) Policy documents and legal framework; (2) Physical transformations of the region;
(3) Narratives and cultural heritage value; and (4) Impact of tourism, including a short
description of the historic landscape of the site. Next is the Discussion section reasoning
with the findings and debating further development of the historic site. Finally, a short
section with concluding remarks completes the article.

2. Materials and Methods

This article adopts a multidisciplinary approach, drawing upon archival research,
historical analysis, and field observations. Archival research involved examining expedition
records, trappers’ personal diaries, and published and unpublished official reports to
gain insights into the historical context and significance of the expedition bases and the
process leading to the listing of the site. Field observations were conducted in Virgohamna,
documenting the current state of the historic landscape, visitor activities, and potential
threats to its preservation. Interviews with local authorities and heritage professionals
provided valuable perspectives on the management of the site and visitor experiences.
The different methods were selected according to which research questions they were
to elucidate:

Mapping and categorizing landscape and historic landscape were used to analyze the
physical transformation of the region and help answer the following research questions:
(1a) Which natural forces have caused degradation within the site? (1b) In what ways have
human activities influenced the condition of the site? (3b) Which heritage values can be
associated with, or can be ascribed to, the site?

Condition and vulnerability assessment of historic remains was used to analyze the
physical transformation of the region and help answer the following research questions:
(1a) Which natural forces have caused degradation within the site? (1b) In what ways
have human activities influenced the condition of the site? (3b) Which heritage values can
be associated with, or can be ascribed to, the site? (4a) How has tourism influenced the
perception and interpretation of the site? (4b) In what manner has tourism affected the
utilization of the site?

Behavior studies on visiting tourists and guides were used to analyze the physical
transformation, the narratives and cultural heritage values, and the impact of tourism
and help answer the following research questions: (2a) Which natural forces have caused
degradation within the site? (2b) In what ways have human activities influenced the condi-
tion of the site? (3a) What narratives have existed and currently exist about Virgohamna?
(3b) Which heritage values can be associated with, or can be ascribed to, the site? (4a) How
has tourism influenced the perception and interpretation of the site? (4b) In what manner
has tourism affected the utilization of the site?

Expert interviews and document studies were used to help answer all eight research
questions.

2.1. Case Study Area

The case study area Virgohamna is situated on the northern side of Danskøya (Danes
Island) on the north-western coast of Spitsbergen, the largest island in the Svalbard
archipelago. Danskøya is surrounded by icy waters and characterized by a rugged and
remote Arctic landscape, with snow-capped mountains, glaciers, and vast expanses of
tundra. The region experiences harsh Arctic weather conditions, including long, cold
winters and relatively cool summers.

4
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In this part of Svalbard, the coastline features a captivating archipelago with small
fjords, straits, and islands, surrounded by Alpine rock formations and glacier fronts plung-
ing into the fjords. The bedrock mainly consists of metamorphic rocks such as granite,
gneiss, and migmatite. The landscape is shaped by the glaciers, continuing eroding the
bedrock and leaving the mountains with pointed ridges [48]. The inland region, however,
is challenging to access due to its rugged mountains and glaciers. When Wilhem Barentz’s
expedition discovered Svalbard in 1596, the north-western corner of present-day Spitsber-
gen was the second landing, next to Bjørnøya [42]. The expedition’s resulting map only
depicted this specific north-western section of Spitsbergen [49].

The sea ice conditions are among the most favorable in Svalbard, making it a popular
hunting ground throughout the centuries [42]. Furthermore, it stands out as one of the
most northerly regions worldwide that remains free of ice during summertime [42]. This
factor played a significant role in choosing Virgohamna as a base for expeditions to the
North Pole.

The area’s remote location in the far north is an inherent attraction for many visitors.
Moreover, it offers breathtaking scenery, abundant wildlife, and a rich concentration of
cultural sites spanning various periods in Svalbard’s history [9,42,49,50]. Large cruise
ships, limited to a few landing spots, smaller expedition vessels, and small private boats
make Northwest Spitsbergen a primary destination. Consequently, this region has been
and continues to be most frequented during the summer, placing significant strain on its
cultural environments [36,49].

Virgohamna derives its name from “Virgo’s harbor”, Andrée’s expedition ship, and
is a small inlet nestled within the strait of Danskegatet [51]. This picturesque location is
shielded by sheer cliffs and scattered islets, creating a protective embrace for the harbor.
The site itself is situated on a rocky beach at the foot of the cliffs, facing north to the green
and icy sea (see Figures 1–4).

  
Figure 1. To the left: Maps showing Svalbard with Longyearbyen, the capital of Svalbard, and Virgo-
hamna, both located on Spitsbergen, the largest island of the archipelago. To the right: Virgohamna
on Danskøya (Danes Island) in detail. Map by A.C. Flyen, reproduced from Norwegian Polar Institute
with permission.
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2.1.1. Harlinger Kokerij

The stony beach of Virgohamna preserves the remnants of a Dutch whaling station
known as Harlinger Kokerij. The station was established in 1636 in what was then referred
to as Houker Bay [48] including houses and lard ovens. However, within a few years, the
fjords and coastal areas of Svalbard saw a sharp decline in whale populations, necessitating
a shift toward hunting them in the open sea [55]. According to Johansen et al. [48], German
physician and naturalist Friedrich Martens observed the decay of Harlinger Kokerij in 1671,
describing how the remnants of the former whaling station were cowered by layers of
formidable ice.

Today, the remains of the houses are still visible in Virgohamna, as are foundations for
three double lard ovens including ramps on the side for facilitating the transport of blubber
to and from the cookware (see Figure 5). At least 12 graves are situated east of the ovens,
and historical relics from the daily life of the station, like remnants from the whalers’ chalk
pipes, are still lying on the beach.

 

Figure 5. Remains of the blubber ovens from the Dutch whaling station. The stone painted with
number 1 is part of the information structure made by the Governor of Svalbard. Photo: Anne-
Cathrine Flyen/NIKU.

2.1.2. Pike’s House

Englishman Arnold Pike wintered in the bay with his skipper Kræmer and six Nor-
wegians from September 1888 until May 1889, in a wooden dwelling transported from
Norway [42,56,57]. According to Chapman [57] who retells from Pike’s daily journals,
the wintering, along with the voyage preceding and following their stay in Virgohamna
aboard the ship Seggur, was an adventurous expedition centered around hunting pursuits.
Pike is regarded as the first wintering tourist in Svalbard [58]. The hut was left on the

9
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shores of Danes Island and was later used by Andrée and Wellman [59] as part of their
expedition bases.

The house was constructed on the remnants of the ancient Harlringer Kokerij (see
Figure 4). Both the name and the cookery itself had been forgotten, and for a brief period,
the place was known as Pike’s Bay [51,59].

According to Bjerck et al. [59], Pike’s House was relocated to Barentsburg in 1925.
Trapper Waldemar Kræmer wrote in his diary in 1925 that his family had previously
acquired the house from Pike [60]. Since Pike’s winter stay in 1988–1989, the house had
been used by wintering trappers. Many trappers had also helped themselves to materials
from the house. As the house could not remain undisturbed, Kræmer wrote in his diary that
he demolished the building and took the materials to Grønnfjorden. Around 1925, there
were several coal mines in operation there, and he exchanged the materials for “provisions
and oil” [60] (p. 38). What happened to the materials afterward is unknown. Today, the
stone foundations, some sills and sleepers, and a pipe leading out of the ruins are telling
the story of Pike as one of the first tourists wintering in these waters (see Figures 6 and 7).

Figure 6. Pike’s House to the left. Remnants of Andrée’s balloon house to the right, and tourists
visiting the commemorative monument of Andrée’s expedition. Photo: Wilse, A.B./Museene for
kystkultur og gjenreisning i Finnmark IKS [61].

2.1.3. Andrée’s Expedition Base

With the aim of reaching the North Pole aboard the hot air balloon “Örnen” (The Eagle),
Swedish engineer Salomon August Andrée established his expedition base in Virgohamna
during the summer of 1896 [42]. According to Arlov [42], a dedicated structure for housing
the balloon and a separate facility to produce hydrogen gas, necessary for inflating the
balloon, were constructed in the bay (see Figure 8). Unfortunately, the weather conditions
were unfavorable that season, leading to the cancellation of the journey to the Pole. Andrée
returned the following year for another attempt to leave the base which this time succeeded.
A fleet of cruise ships anchored in the fjord off Danskøya to witness the departure. The
balloon headed north, disappearing behind glaciers and mountains [42]. For 33 years, the
fate of the expedition and its participants remained a mystery until the remains of the
expedition and its members were discovered on Kvitøya [42].
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Figure 7. The remnants of Pike’s House in Virgohamna. Photo: Anne-Cathrine Flyen/NIKU.

Presently, the remnants of Andrée’s expedition base in Virgohamna are clearly visible
but scarce. While parts of the hydrogen gas production facility persist, only a few planks
from the balloon house remain. The location where the balloon house once stood is
discernible, and at the center of the circular foundation, a stone monument stands as
a tribute to Andrée and his comrades (see Figure 9). Scattered around the area, lies remnants
of the balloon house and the gas plant, including nails, bolts, wires, fragments of planks,
fasteners, and piles of rusted iron filings. These scattered artifacts serve as poignant
reminders of the remarkable journey undertaken by Andrée and his team.

2.1.4. Wellman’s Expedition Base

Through his meticulous investigations and analyses, Polar researcher Capelotti has
carefully documented and described various aspects of the Wellman base [11,39,45–47].
Capelotti [11] describes the expedition base providing a detailed account of the construc-
tions. Wellman’s headquarters, the largest building after the hangar, had ample space
to accommodate a diverse range of individuals, including 40 scientific staff, engineers,
aeronauts, mechanics, sailors, and workmen. Among the various structures present, there
was a machine shop, a boiler house, a steam engine, a steam pump, and a shed specifically
designed to house the gas apparatus used for inflating the dirigible. Notably, the airship
hangar itself was an immense structure, featuring nine sturdy arches using timber for the
floor construction salvaged from Andrée’s abandoned balloon house [59] (see Figure 10).
According to Capelotti’s account [11] (pp. 12–16), Wellman brought an impressive quantity
of building materials, including three or four hundred tons of timber and iron, which were
utilized in the construction of the hangar and other supplementary buildings. Addition-
ally, the expedition carried 125 tons of sulfuric acid and 75 tons of scrap iron filings for
producing hydrogen for powering the airship.
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Figure 8. The balloon “Örnen” within the balloon house in Virgohamna. The hydrogen gas production
facility in front; Pike’s House to the left (partly visible). Photo: Grenna Museum– Andréexpeditionen
Polarcenter [62].
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Figure 9. Historic remains from the expedition base of Andrée. Part of the hydrogen gas production
facility to the right. At the very back of the picture, the Andrée monument is visible looking like
a small cairn. Remnants from Pike’s House to the left. Photo: Anne-Cathrine Flyen, NIKU.

 

Figure 10. The airship hangar in Virgohamna showcases the pioneering work of Wellman and his
crew in the field of airship technology. The photograph taken in September 1906 captures the presence
of engines, the hangar, and a basket gondola attached beneath the airship, providing space for the
crew and machinery. Photo: Wilse, A.B./Norsk Folkemuseum [63].
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Today, the remnants of Wellman’s expedition base are strikingly evident in the flat
yet rocky landscape along the shores of Virgo Bay (see Figure 11). The colossal wooden
beams, once part of the airship hangar, now rest upon the ground, serving as a testament
to the grandeur that once occupied this site. Amidst the foundations of stone and scattered
woodwork, the ruins of other structures emerge, revealing glimpses of their former glory.
The area is marked by the presence of numerous iron barrels and vast quantities of scrap
iron, occupying a substantial space. A considerable quantity of fragmented ceramic pipes
adds to the mosaic of artifacts strewn across the site. In this remarkable location, even
remnants of the airship wreck itself can be found, including fuel tanks, the frame within
the airship’s nacelle, and fragments of cloth, offering haunting echoes of the airship’s
ill-fated voyage.

 

Figure 11. Historic remains from the expedition base of Wellman. Rusty barrels dominate the scenery;
to the right, remnants of one of the houses; to the left, parts of the enormous airship hangar. Picture
from July 2014. Photo: Anne-Cathrine Flyen, NIKU.

2.2. Data Collection
2.2.1. Mapping and Categorizing Landscape and Historic Landscape

The mapping and categorization of natural and cultural landscapes form the basis
of understanding the spatial context and characteristics of cultural heritage sites. This
contributes to answering the following research questions: (1a) Which natural forces have
caused degradation within the site? (1b) In what ways have human activities influenced the
condition of the site? (3b) Which heritage values can be associated with, or can be ascribed
to, the site? The method involves a systematic survey and analysis of the physical features,
landforms, vegetation, and historical elements present in the landscape. To carry out this
method, field surveys are conducted to document the physical features and topography of
the landscape. This includes a brief identification of landforms guided by NiN [17] cultural
elements after Hagen et al. 2014 [64]. While conducting fieldwork, certain challenges
arose as parts of Harlinger Kokerij and Wellman’s base were covered by snow, hindering
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a comprehensive examination of the entire area. To overcome this obstacle, measurements
were collected and subsequently compared and contrasted with surveys conducted by
the Governor of Svalbard [58] and researchers Capelotti [11] and Hagen et al. [65] and the
database of the Directorate for Cultural Heritage called Askeladden. Unpublished historical
documents from the archive of the Governor of Svalbard, maps from the Norwegian Polar
Institute [66], photographs from the Norwegian Polar Institute [67], the digital photo
archive maintained by the Directorate for Cultural Heritage [68], and DigitaltMuseum [69]
are also examined to gather additional information about the historic site and its evolution
over time. DigitaltMuseum is a joint database of collections in Norwegian and Swedish
art and cultural history museums. Within DigitaltMuseum, the digital photos maintained
by the Svalbard Museum, Norges Arktiske Universitetsmuseum, Museene for kystkultur
og gjenreisning i Finnmark IKS, Tromsø Museum, Sør-Troms Museum, Grenna Museum,
Norsk Folkemuseum, and Norsk Teknisk Museum have been studied.

2.2.2. Condition and Vulnerability Assessment of Historic Remains

This method focuses on assessing the condition and integrity of both the cultural envi-
ronment and the individual historic structures within it as well as conducting vulnerability
assessments for the site and single heritage structures. This contributes to answering the
following research questions: (1a) Which natural forces have caused degradation within
the site? (1b) In what ways have human activities influenced the condition of the site?
(3b) Which heritage values can be associated with, or can be ascribed to, the site? (4a) How
has tourism influenced the perception and interpretation of the site? (4b) In what manner
has tourism affected the utilization of the site? The aim is to identify deterioration, damage,
or potential risks that may affect their resilience and longevity and to chart their suscep-
tibility to human activities. Since the historic remnants in Virgohamna consist of ruins,
remnants of construction materials, and artifacts, the condition assessment is conducted
as a general evaluation. The vulnerability assessments follow the guidelines presented in
Hagen et al.’s [64] handbook, which outlines a methodology for assessing vulnerability to
human activities.

2.2.3. Behavior Studies on Visiting Tourists and Guides

These methods contribute to answering the following research questions: (2a) Which
natural forces have caused degradation within the site? (2b) In what ways have human
activities influenced the condition of the site? (3a) What narratives have existed and
currently exist about Virgohamna? (3b) Which heritage values can be associated with,
or can be ascribed to, the site? (4a) How has tourism influenced the perception and
interpretation of the site? (4b) In what manner has tourism affected the utilization of the
site? This approach entails the observation and mapping of visitor behavior, preferences,
and patterns within the site. It offers valuable insights into the impact of tourism on the
site’s physical and social environment, as well as visitor interactions with cultural heritage
structures and information. These observations also provide insights into how guides
function within the group and how they inform and monitor tourists. Additionally, it
sheds light on the effectiveness of the information system implemented by the Governor of
Svalbard to manage site operations. During the observation period, a total of 6 medium-
sized expedition cruise ships, typically carrying between 12 and 500 passengers, visited
Virgohamna. These ships disembarked groups of 10 to 15 tourists per guide. The total
number of visiting groups during the observation period was 39. In addition, a private
boat visited the site with 6 individuals.

2.2.4. Expert Interviews

This method contributes to answering all the research questions. Interviews are
a valuable method for gathering in-depth information and insights from key individuals
or stakeholders. Semi-structured in-depth expert interviews were conducted with the
regional cultural heritage management in Svalbard (The Governor) and at the directorate
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level in Oslo. At the regional level, five in-depth interviews were conducted, while at
the directorate level, two interviews took place. The advisors at the regional level are
periodically replaced due to fixed-term positions. Therefore, all five interviews were
conducted with advisors/cultural heritage managers who had previously worked in the
regional management of cultural heritage in Svalbard (at the Governor’s office). Both
advisors at the directorate level had or had been responsible for the management of cultural
heritage in Svalbard. The interviews were not conducted on-site.

2.2.5. Document Studies

This method contributes to answering all the research questions. Document studies
involve the examination and analysis of various historical documents, archival records,
literature, and photographs related to the cultural heritage site. Studies were conducted on
documents from the archives of the Governor of Svalbard and the Norwegian Directorate
for Cultural Heritage. They also involved studying the photographic databases as referred
to in Section 2.2.1. This method provides valuable insights into the historical context,
significance, and evolution of the site, as well as the traditional construction techniques,
materials, and cultural practices associated with it.

3. Results

The Results section presents the findings and outcomes of the study, focusing on the
four key areas highlighted in the Introduction section including a short description of the
historic landscape.

3.1. The Historic Landscape of Virgohamna

Virgohamna is a bay on Amsterdam Island in the far northwest of Spitsbergen. It is
surrounded by up to 100-meter-high mountain walls to the south, and to the north, it is
separated from Amsterdam Island by Danskegattet. The landscape in Virgohamna can
be categorized as either a fjord landscape or a coastal plain, but detailed information is
currently lacking precision. If the sea depth is significant, it will be defined as a fjord
landscape extending up the valley slopes. There are small islands and some flat land in
the area. Virgohamna’s rocky and moss-covered terrain is scattered with cultural heritage
sites that bear witness to significant periods of Svalbard’s history from the 17th to the
early 20th century. These include remnants of European whaling from the 17th century,
a foundation from the first tourist to overwinter in Svalbard, remnants of Andrée’s sci-
entific and adventurous expedition with a hot air balloon to the North Pole in the late
19th century, and remnants of Wellman’s large base for his three attempts to reach the
North Pole by airship in the early 20th century. The cultural landscape also encompasses
the development of tourism in Svalbard, as Virgohamna has been and still is a beloved
tourist destination, evident from signs and well-trodden paths indicating this activity. The
cultural heritage sites in Virgohamna are located partly on a rocky north-facing beach
with sparse vegetation, including patches of moss. These sites have undergone significant
deterioration, particularly the wooden structures, metal parts, and iron filings in Wellman’s
base. The historical remnants of whaling activities are difficult to perceive and easy to
overlook. Additionally, it is challenging to avoid stepping on loose cultural heritage sites
as paths pass through and partially overlap them. This makes the cultural heritage sites in
Virgohamna highly vulnerable to visitors.

3.2. Policy Documents and Legal Framework

Until 1920, no nation had any form of sovereignty over the islands, then known
as Spitsbergen. Consequently, there was no overarching responsibility for historical re-
mains [39]. In 1920, the Svalbard Treaty was signed, and after addressing land ownership
issues, implementing mining regulations, and establishing a treaty text and comprehensive
legal framework [70] for the ratification and enforcement of the treaty, Norway obtained
sovereignty over the archipelago in 1925 [42]. Even in this initial legal framework, called the
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Svalbard Act, a provision regarding the preservation of cultural heritage was included [70],
stating that “general regulations” could be issued for “ancient remains”.

3.2.1. Overarching Goals and Guidelines

Despite the possibilities outlined in the first Svalbard Act, no regulations specifi-
cally related to cultural heritage and preservation were introduced until 1974 [71]. In this
legislation, all cultural heritage sites and environments dating back to before 1900 were
automatically protected [72]. Accordingly, parts of the cultural environment in Virgohamna,
including the historical remains of Harlingers Kokerij, Pike’s House, and Andrée’s expedi-
tion base, were automatically preserved, while Wellman’s expedition base fell outside the
scope of protection. In 1992, new regulations extended the scope of automatic preservation
to include all cultural heritage, both movable and immovable, predating 1 January 1946 [73].
In consequence, Wellman’s expedition base was also automatically protected. These regula-
tions were later replaced by the Svalbard Environmental Protection Act, which came into
effect in 2002 and was revised in 2012 [74]. The cultural heritage chapter is incorporated
into this act as part of a comprehensive environmental legal framework, integrating cultural
heritage considerations throughout the environmental protection legislation.

A united Norwegian Parliament has agreed upon the overall goals of Norwegian
Svalbard policy for several decades. These goals, formulated in the 1980s and remaining
unchanged since then, enjoy broad political consensus [75]. The overarching goals are as
follows (author’s translation from Norwegian) [76–80] (p. 12):

• “Consistent and firm enforcement of sovereignty.
• Proper compliance with the Svalbard Treaty and ensuring its adherence.
• Preservation of peace and stability in the region.
• Conservation of the unique wilderness and nature of the area.
• Maintenance of Norwegian communities in the archipelago”.

It is also emphasized that Svalbard possesses a distinct natural and cultural heritage,
which Norwegian authorities have a particular responsibility to preserve. Environmental
protection, therefore, constitutes a fundamental aspect of Norwegian Svalbard policy,
and all economic activities, resource utilization, and research must operate within the
framework established for the conservation of Svalbard’s natural environment and cultural
heritage [79].

At the same time, conscious efforts have been made to facilitate three specific industries
in order to sustain activity in the archipelago and create job opportunities that support
a community-oriented environment. These three industries are coal mining, research and
education, and tourism [79]. Since 2016, coal mining has been phased out, and other
economic activities, primarily tourism, have been developed [81].

Comprehensive reports in the shape of White Papers to the Norwegian Parliament
(Storting) on Svalbard have historically been presented approximately every five to
ten years [78–80,82]. The latest White Paper on Svalbard was presented in 2016 [80]. These
reports have provided guidance for the development of the archipelago for several years,
and the comprehensive review has contributed to coordinated development within the
framework set by the objectives of Svalbard policy. All the White Papers specifically men-
tion cultural heritage sites and environments, setting high goals, including [79] (pp. 52–53)
(author’s translation from Norwegian):

• “Based on its internationally significant natural and cultural heritage, Svalbard shall
be one of the best-managed wilderness areas in the world.

• Environmental considerations shall prevail over other interests in cases of conflict
between environmental protection and other interests, within the framework of treaty
and sovereignty considerations.

• The extent of wilderness areas shall be maintained.
• Flora, fauna, and valuable cultural heritage sites shall be preserved as close to their

natural state as possible, allowing natural ecological processes and biological diversity
to develop with minimal human impact”.
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Furthermore, there have been White Papers within the fields of environmental pro-
tection and cultural heritage preservation for Norway as a whole, which also address the
cultural environments in Svalbard [83,84]. In particular, St. Meld. nr. 16 Living with
Cultural Heritage [83] (pp. 59–60) focuses on cultural heritage in greater detail and empha-
sizes Norway’s international obligations in Svalbard as a steward of international cultural
heritage (author’s translation from Norwegian):

“Norway bears the responsibility for managing an important national and international
cultural heritage on Svalbard, representing the activities of many nations. The govern-
ment will maintain a restrictive practice with regard to activities and interventions that
could harm or diminish the value of the cultural heritage on the archipelago.

Outside settlements, cultural heritage sites should remain undisturbed as scattered traces
of human use of the Arctic landscape for over 400 years.

It is neither practically feasible nor desirable to implement measures against natural
deterioration for all cultural heritage sites. However, for certain cultural heritage sites of
great historical or experiential value, preventive measures may be considered”.

3.2.2. Local Legislation

The Norwegian Ministry of Climate and Environment holds the primary responsibility
for overseeing environmental protection management in Svalbard, including cultural
heritage protection, as well as coordinating environmental management efforts [85]. This
ministry plays an important role in developing and implementing policies related to
environmental conservation and sustainability on the archipelago.

In the realm of cultural heritage management in Svalbard, the Norwegian Directorate
for Cultural Heritage assumes the authority and overall responsibility [85]. The Directorate
is tasked with safeguarding and preserving the cultural heritage sites and artifacts found
on the islands. They play an important role in formulating guidelines, conducting research,
and coordinating activities related to cultural heritage protection.

The Governor of Svalbard serves as the regional cultural heritage authority and carries
out the day-to-day administrative tasks associated with cultural heritage management.
This includes preparing cases for protection and exemption, conducting inspections, and
enforcing regulations [85]. The Governor works closely with the Norwegian Directorate
for Cultural Heritage to ensure effective implementation of cultural heritage policies
in Svalbard.

The management of cultural heritage sites on Svalbard follows the overarching policy
established by legislation, all the aforementioned White Papers, international treaties which
Norway has endorsed concerning cultural heritage, and official guidelines specifically
developed for Svalbard, as stipulated in the current cultural heritage plan. Since 1994,
a cultural heritage plan has been in place for the management of cultural heritage on Sval-
bard, and the plan has been expanded and renewed in two subsequent versions [49,50,71].
The cultural heritage plans are developed by the Governor of Svalbard to serve as a tool
ensuring predictability and long-term management of Svalbard’s cultural heritage [71].
In the 2000 cultural heritage plan [50], a prioritization of the 50 most important cultural
environments was conducted, which was expanded to include the 100 most important
cultural heritage sites and environments on Svalbard in the 2013 plan [71]. These sites are
intended to be protected through predictable and long-term management. Currently, the
Governor of Svalbard is working on a revision of the existing plan [86].

In 2000, the Ministry of Environment launched the Regulation on Area Protection
and Traffic Control in Virgohamna, Svalbard. The cultural environment in Virgohamna,
including a safety zone of 100 m on all sides of the cultural environment, was already
automatically protected under the Svalbard Environmental Act [74]. However, the increas-
ing tourism exerted a heavy toll on the cultural environment and individual monuments.
Therefore, the Governor found it necessary to impose restrictions to reduce the impact. The
regulation involved introducing restrictions on access and requiring all visitors to obtain

18



Land 2023, 12, 1481

permission from the Governor for landing [87]. This way, the Governor could maintain
control over who and how many people landed and provide specific guidelines on where
visitors were allowed to move within the cultural environment. A separate system was
established with maps and brief descriptions [88], as shown in Figures 12 and 13. The
map illustrates an absolute ban on access in parts of the area where particularly vulnerable
historic remains are located. The accompanying description explicitly states that it is not
permitted to step on or move building components, building materials, objects, or other
historical remains.

Figure 12. Virgohamna: Map of the area indicating prohibited entry and entrance regulations made
by the Governor of Svalbard [88].

3.2.3. Interview with Local and Overarching Administration

The interviews with the administration (former advisors to the Governor’s Office
and the Directorate for Cultural Heritage) were divided into two main sections: a general
overview of the management of cultural environments in Svalbard and a more specific
focus on the management of the cultural environment in Virgohamna. The advisors who
were interviewed had worked with cultural environments in Svalbard over the past four
decades, representing a significant time span. In general, the advisors emphasized that the
cultural heritage plans for Svalbard were valuable and important tools for management.
Particularly, it was highlighted that these plans are crucial in compensating for the lack
of continuity in the advisory role at the Governor’s Office, where there is relatively high
turnover due to fixed-term positions. Several interviewees were uncertain about the signifi-
cant impact of overarching political guidelines on cultural heritage management. However,
they specifically emphasized the importance of incorporating cultural heritage regulations
into comprehensive environmental legislation when the Svalbard Environmental Protection
Act was enacted in 2001 [74]. This led to an increased focus on cultural heritage considera-
tions and their integration with the management of natural environments. All the advisors
also noted that there are numerous tasks and limited staff to handle them. Many also
believed that there was a lack of overarching systems to monitor the deterioration, wear,
and development of cultural heritage sites. Regarding the management of the cultural en-
vironment in Virgohamna, all the advisors highlighted the informational booklet primarily
showcasing the historical background of the present cultural environment. The advisors
believed that this booklet had been and still is crucial in shaping visitors’ perception of
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the site, and many purchased it to prepare for their visit and familiarize themselves with
the historical context. Thus, according to the interviewed advisors, many visitors were
well-prepared regarding the historical narrative but lacked an understanding of how to
physically interact with the existing elements. As tourism has increased in Svalbard, the
cultural environment in Virgohamna has suffered more wear and tear, necessitating the
implementation of restrictions. However, since the cultural environment is highly sig-
nificant and popular as a visitor site, the Governor’s Office and the directorate did not
want to completely close it off to visitors. Therefore, a dedicated information system with
maps and descriptions was developed to guide visitors and restrict access to the most
vulnerable historical remains [88]. Restrictions were also imposed on group sizes, and
all groups were required to be accompanied by a guide. This approach aimed to provide
comprehensive information and ensure oversight of tourists. The advisors believed that
this information system had served its purpose effectively. All the advisors agreed that both
trappers and tourists had contributed to the development of the cultural environment and
the heritagization of Virgohamna over time. This includes conscious actions by trappers to
extract materials, building components, and objects for use elsewhere on Svalbard, as well
as souvenir collecting by tourists. Unintentionally, visitors walking around the site have
also contributed to trampling and degradation shaping today’s heritage environments.

Figure 13. Virgohamna: Map and text expanding the map of the area indicating prohibited entry and
entrance regulations made by the Governor of Svalbard [88].
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3.2.4. Observations of Visitors

On-site observations during casework indicated that the guidelines appeared to be
somewhat confusing and unclear. The system initially established a trail to be followed in
parts of the area around Wellman’s base. This area holds a significant number of historical
remains, such as wooden structures from the buildings, iron shavings, rusted barrels, and
various metal parts that cannot withstand being stepped on (see Figures 12 and 13). How-
ever, it turned out that old paths used by visitors in the past, which were no longer allowed,
were much more distinct in the terrain than the new approved paths. This led most tourists
to believe that the most visible paths were the ones permitted. As a result, the tourists
followed the old forbidden paths. Both the old and new paths passed directly through the
historical remains, making it impossible to walk on the path (either the old unauthorized
one or the new authorized one) without stepping on protected artifacts. As a result, it was
not possible to comply with the Governor’s requirements, despite following the Governor’s
other guidelines. The observations also revealed that several guides climbed onto the
blubber ovens, which are slightly elevated in the landscape, to better address the tourists.
This was done despite all the blubber ovens being clearly marked as off-limits on the map
provided by the Governor.

3.2.5. Key Findings

The analysis of the policy documents and the legal framework surrounding the her-
itagization process of Virgohamna, as well as the interviews with the administration of
the historic environment, revealed several key findings. The overarching policy of the
authorities clearly states that cultural heritage protection is an important responsibility
of the Norwegian administration of Svalbard. The evolution of cultural heritage legisla-
tion specific to Svalbard has also impacted the cultural environment of Virgohamna. The
legislation has undergone changes over time, with increasing recognition of the historical
and cultural significance of the region. Specific management plans have been developed
that describe guidelines for the preservation of cultural environments, and 100 particularly
prioritized cultural environments have been defined to receive extra attention from the
authorities. The cultural environment in Virgohamna is among these. This recognition
has resulted in strengthened protection measures and regulations aimed at preserving
the heritage values of Virgohamna. However, challenges such as limited enforcement
mechanisms and ambiguity in certain provisions seem to have affected the effectiveness
of the legislation. Travel restrictions have been implemented for Virgohamna, along with
a specific arrangement for visitors aimed at preserving particularly vulnerable parts of
the cultural environment. Even so, these guidelines are somewhat unclear and difficult to
follow. Additionally, it appears that the guidelines are not being followed by the guides.

3.3. Physical Transformations of the Cultural Heritage Site

Cultural environments and cultural heritage in polar regions are facing increasing
pressure (e.g., [36,89–92]). The effects of climate change combined with growing tourism
contribute significantly to this situation (e.g., [93–97]). The impacts of climate change and
its subsequent effects are stronger the further north one goes, making the Arctic particularly
vulnerable [98]. This has also influenced tourism, and the concept of “last chance tourism”
reflects the desire to experience natural phenomena, wildlife, and cultures before they
disappear due to climate change (e.g., [99–102]). In Svalbard, these climate effects are
highly evident [103], while tourism has seen a significant increase in the past 10–15 years,
except for the two pandemic summers in 2020 and 2021 [104]. In Virgohamna, natural
decay and human-induced decay have reinforced each other.

There are few descriptions of how natural decay has affected the cultural environment
in Virgohamna. However, the high-Arctic nature and climate are harsh on vulnerable
buildings, typically constructed with simple foundations and designed to last only a few
seasons. These structures often feature a significant amount of wood and are located
along the coast, often at the base of mountains or slopes. The extreme weather conditions,
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including strong winds, heavy snowfall, freezing temperatures, and fluctuating sea ice,
pose significant challenges to the durability and longevity of these buildings [49,50,71].
Weather and wind erosion pose strong destructive forces on standing buildings in Sval-
bard [49,105]. If the buildings are partially decayed, for example, due to polar bear damage
or trappers’ plundering, the forces of wind can take a firm grip. Once gaps or vulnerabil-
ities occur, the buildings rapidly deteriorate. Coastal erosion is a significant problem in
Svalbard [92,93,106], and the cultural environments in the archipelago are often located
very close to the coastline, just like in Virgohamna. The relentless pounding of waves and
the erosive action of ice can lead to the gradual retreat of the shoreline, putting coastal
structures and heritage sites at risk. The combination of storm surges, sea ice dynamics,
and thawing permafrost exacerbates the process of coastal erosion. This ongoing erosion
poses a constant threat to the preservation of cultural sites in Svalbard, including those in
the Virgohamna area. Even slower processes such as rot and rust take hold more effectively
when buildings and building components are no longer protected by roofs or sheltering
walls. Although it was long assumed that rot barely existed in Svalbard, research in recent
years has shown that the timber is also degraded by wood-decaying fungi [90,91,107].

It seems that wind forces are particularly strong in the bay. Trappers who have spent
winters in the buildings of Virgohamna recall several periods of winter winds reaching
hurricane strength [60,108]. Norwegian trapper Paul Bjørvik recounts a hurricane during
Christmas in 1908 that toppled Wellman’s hangar [108]. When Nansen visited Virgohamna
in 1912, Wellman’s airship hangar had blown down, according to Nansen, because trappers
had helped themselves to the steel supports that held the structure standing. The gas facility
was still there, but all metal parts had been taken. The residential house was still intact,
and Nansen described it as large and spacious but unwelcoming, with a large room in the
middle surrounded by various rooms along the outer walls. He mentioned the presence of
a bathroom with a bathtub, a kitchen, and a darkroom for developing photographs [4].

Tourist A. Schibsted recounts a trip to Svalbard, then known as Spitsbergen, in 1908.
His letters have been published, and he describes Andrée’s balloon house as a “pile of
beams” [109] (p. 39) and explains that the balloon house collapsed already a year after the
expedition left Virgohamna in the balloon and disappeared in the fog. This tourist trip was
11 years later, and Schibsted also mentions “a giant mark carved into the mountain” [109]
(p. 39). The mark depicted the Masonic symbol, and Schibsted mentions that Andrée, who
was a high-ranking Freemason back in Sweden, had carved the mark himself. Furthermore,
Schibsted talks about all his fellow tourists eagerly and meticulously collecting souvenirs
from the ruins. He describes how they took with them nails, pieces of pipes, scraps of
fabric, timber, and ropes [109].

Wellman hired trappers to overwinter in the expedition base to look after equipment
and buildings. It was well-known that trappers helped themselves to materials, building
components, and machine parts, gradually dismantling and taking everything usable. This
was considered a tradition and a necessity in these remote areas, where every man and
woman had to fend for themselves, and it has become part of the historical development
of trappers’ cabins [42,60,71,110]. Trapper Bjørvik writes in his diary in 1908 that he and
another trapper overwintered in Wellman’s base to “look after Wellman’s things” [110]
(p. 3). Bjørvik also writes that the two of them were taking over from two other trappers
who had overwintered since 1907 and that he himself had overwintered there from 1906 to
1907 [108,110]. Several Svalbard trappers and also polar explorer Fridtjof Nansen mention
the plundering of materials, metals, and parts of machinery carried out by trappers, as well
as tourists who visited the area right from the start of the expeditions and took souvenirs
with them [4,39,60,108,109,111]. Nansen visited Virgohamna to find a part for his damaged
boat engine and points out that he himself contributes to the decay. He also describes
how hunters have removed fittings and latches from doors and windows, causing them to
no longer seal properly, and how this contributes to the natural decay of the buildings in
Virgohamna [4].
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A few years after Wellman had left Virgohamna, the buildings were no longer in
use by trappers and hunters, and they rapidly decayed. However, cruise ships continued
visiting the site, and over the years, thousands of tourists have continued to trample upon
the historical remains and take souvenirs with them. Today, there are no standing buildings
remaining, but there are still numerous historical traces. A significant amount of timber
from buildings, especially from the large lattice arches of Wellman’s airship hangar, lies
scattered around. Like in other parts of the archipelago, the timber has been heavily
degraded by biological activity, primarily by wood-decay fungi [90,91]. This makes the
wood highly vulnerable and susceptible to damage, leading to its collapse. Similarly, there
are substantial amounts of scrap metal in the form of metal shavings used for gas extraction,
as well as metal barrels and remnants of machinery and metal pipes from the airship itself.
All the metal is affected by rust. Climate change is expected to further enhance several of
these degradation processes, including the growth of wood-decay fungi, rust attacks, and
strong gusts of wind [91,93].

Pike’s House was dismantled and removed, but the bottom sills remain. These have
been decayed by rot and are not very resilient to pressure. The remains of Andrée’s
expedition are not as extensive as Wellman’s, but there is part of a wooden structure
remaining from gas production, also heavily decayed.

The remnants of Harlinger’s Kokerij mostly consist of low mounds and elevations
from the blubber ovens where whale blubber was melted into oil. These are primarily
susceptible to human-induced decay. During field work, tourists were observed trampling
in the ruins and among the historic remains, and guides were observed standing on the
remains of the blubber ovens talking to the tourists. This demonstrates that both natural
and human-induced decay persists.

3.4. Narratives and Cultural Heritage Value
3.4.1. Narratives

The narrative of Virgohamna can be understood as the story or account of the his-
torical, cultural, and natural significance of the landscape. In the historic context of polar
exploration, Andrée and Wellman are considered pioneers for their attempts to conquer the
North Pole using the airway [11]. While many explorers focused on ground expeditions or
sea voyages, Andrée and Wellman ventured into the uncharted territory of using aircraft to
reach the pole. Their endeavors represented a groundbreaking approach to polar explo-
ration, pushing the boundaries of what was previously considered possible [11]. Though
their attempts were ultimately unsuccessful, their pioneering spirit and willingness to
explore new avenues in the quest for the North Pole left a lasting impact on the history of
polar exploration [112].

The history of polar exploration is marked by heroic expeditions. Toward the end of
the 19th century, the Arctic and Antarctic regions, especially the poles, remained uncharted
territories on the world map [42]. Many men courageously ventured into the great un-
known, hoping to be the first to reach the pole [113]. Some were adventurers, while others
were scientists, and many expeditions included researchers [42]. Figures such as William
Edvard Parry, John Franklin, Adolf Erik Nordenskiöld, Fridtjof Nansen, Roald Amundsen,
and Umberto Nobile loom large in the history of Arctic exploration [42]. In Antarctica and
the sub-Antarctic regions, notable figures include James Weddell, James Clark Ross, Carl
Anton Larsen, Henrik Bull, Carstens Borchgrevink, Adrien de Gerlache, Robert Falcon
Scott, Otto Nordenskjöld, William Speirs Bruce, Ernest Shackleton, and Roald Amundsen,
among scientists, explorers, and adventurers [114–117]. However, by the late 19th and early
20th centuries, few had explored the possibilities of reaching the pole by air [11,42]. In this
regard, Andrée and Wellman were the pioneers. Later successful and unsuccessful attempts
to reach the North Pole by air built upon the achievements of these two pioneers [11]. This
included, for example, Amundsen and Ellsworth’s 1925 expedition with Dornier Wal flying
boats as a preparation for the airship expedition in 1926, Byrd and co-pilot Bennet’s claim
of being the first to reach the North Pole in their Fokker F VII plane in 1926, which was later
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rejected and deemed false [112,118], and Amundsen, Ellsworth, and Nobile’s successful
overflight of the North Pole in 1926 [4,112,119].

Among his contemporary journalist colleagues and scientists, Wellman was accused
of engaging in pseudo-science and being more concerned with creating headlines in news-
papers than achieving scientific accomplishments [11]. After all, he failed in all his attempts
and was portrayed by Nansen as something of a fool [4]. Interestingly, even though Andrée
also failed in his goal of flying over the North Pole, Nansen depicted him as a hero [4].
Nansen describes the site and the historical remains of the two expeditions as “the cabin
of the Swedish hero-tragedy and the noisy mess of the American magazine- and aerial
humbug.” [4] (p. 193) (author’s translation). According to Diesen and Fulton [120], the
airship attempt in 1906 garnered significant media attention internationally. The polar
expedition had already become a media sensation long before Wellman embarked on his
journey to the northern regions. Diesen and Fulton also argue that Wellman’s inadequate
preparations affected all of his several attempts to reach the North Pole through various
means: on foot (1894), by dogsled (1898–1899), and using airships and motorized sledges
based in Virgohamna (1906–1909) [120].

The interest surrounding the expedition in its time was significant, and tourist cruises
were organized to witness the departure [4,42,109,120,121]. Wellman had made sure to
have photographers present to document his every step [120]. Andrée’s story was greatly
influenced by the fact that the expedition disappeared. Swedish author, illustrator, and
medical doctor Bea Uusma, who has devoted her life to unraveling the fate of the Swedish
expedition members, succinctly captures the mystery surrounding the departure of the
Eagle from Virgohamna. She describes how the Eagle vanished in the mist over Norskøyene
(the Norwegian islands) northeast of Virgohamna and disappeared [122]. A carrier pigeon
with a message and a buoy were the only signs of life. Despite extensive search expeditions,
no trace of the Eagle with its three men was found [120,122]. It was not until 33 years
later that their tent and human remains were discovered on Kvitøya [42]. This mysterious
“disappearance” and the wonderment about what had happened may have added to the
mystique surrounding the expedition. And when unexposed film that could be developed
and diaries that could be deciphered were found after 33 years, the interest was revived.

Through his archaeological research, Capelotti has shown that there is more than just
the homeland of Andrée and Wellman that makes the cultural environment in Virgohamna
an international cultural setting [46]. Capelotti has demonstrated that both Andrée and
Wellman utilized French technology for generating hydrogen, and even Andrée’s hot air
balloon was of French origin. Based on these findings and subsequent expeditions that
also utilized international technology, Capelotti suggests that despite the national historical
portrayal of these expeditions, they were technologically very international [46]. Capelotti
has contributed to elevating Wellman’s “reputation”—emphasizing that both Andrée and
Wellman have contributed to “testing the frontiers of technology, geography, and personal
and national ambitions” [11] (p. 85), also stating that these flights, especially Andrée’s, “re-
main fixed in the collective human consciousness” [11] (p. 85). The discovery of the diaries
and the developed films significantly contributed to the fascination surrounding Andrée’s
expedition [42,122,123]. The insight into intimate details and firsthand descriptions of what
actually happened, right up until the men landed on Kvitøya, added to the intrigue.

According to Bea Uusma, the Andrée expedition is Sweden’s most extensively covered
polar expedition, with over 50 books published about it [122]. The narratives are perceived
and shaped based on individuals’ own experiences, knowledge, and observations. This
seemed evident in the observations of Swedish tourists visiting Virgohamna. In more
recent times, doubts have been raised about Andrée’s heroic motives [42]. Nevertheless,
Andrée remains important to the Swedish people. Observations in Virgohamna showed
that Swedish tourists almost always went straight to the Andrée monument where the
balloon house once stood. After spending some time by the remains of the balloon house
and listening to the guide, they walked back to the beach and proceeded to Wellman’s base.
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Another narrative can shed light on how difficult it is to understand, even for an official
person, that what may seem like garbage can be worthy of preservation. In 1995, the current
Minister of Environment, who in Norway is responsible for nature and cultural heritage
conservation, visited Virgohamna. When he saw the historical remains of Wellman’s
expedition in the form of rusty barrels, scrap iron, broken ceramic pipes, and scattered
wood, he exclaimed that it needed to be cleaned up, and he would ensure funding for
it [124]. However, at that time, the entire area was automatically protected under the new
regulation of 1992, stating that historical remains predating 1 January 1946 are automatically
protected [73]. No cleanup took place.

3.4.2. Cultural Heritage Value

Beyond their historical significance, the historical remains in Virgohamna possess
cultural, scientific, educational, and experiential value, reflecting the tenacity of human
endeavors, the spirit of scientific curiosity, and the desire to conquer and comprehend the
natural world. This assessment examines the multifaceted heritage value of the Virgohamna
historical remains, highlighting their contributions to research, education, public awareness,
and the preservation of Svalbard’s cultural and historical heritage.

Historical Value: The historical remains in Virgohamna hold significant historical
value as they represent a large time span in Svalbard’s cultural history. The heritage site is
associated with Wellman’s and Andrée’s spectacular polar expeditions, representing pio-
neering efforts in exploring the Arctic and pushing the boundaries of human achievement.
Despite the expeditions’ ultimate lack of success, they encapsulate crucial historical trends
and events, such as the race for the North Pole and the emergence of aviation in Arctic re-
gions. Andrée and Wellman’s experiences were significant for Amundsen when he planned
his expeditions together with Ellsworth using the Dornier Wal seaplanes N 24 and N 25 in
1925 and with Ellsworth and Nobile using the airship Norge in 1926 [112]. Linked to the
remarkable polar expeditions of Wellman and Andrée, these remains showcase pioneering
efforts in Arctic exploration and the pursuit of extraordinary human accomplishments.

Cultural Value: The cultural significance of the historical remains lies in their represen-
tation of human endeavors, challenges, and achievements in the harsh Arctic environment.
They reflect the spirit of exploration, scientific curiosity, and the human desire to conquer
and understand the natural world. Adding to the cultural value is the possibility for visitors
including tourists and researchers to experience the site.

Scientific Value: The historical remains in Virgohamna provide valuable insights into
the technological advancements, survival strategies, and cultural practices of past polar
expeditions. They offer opportunities for scientific research, including studies on material
deterioration, climate change impact, and historical documentation. The landscape on the
north-western part of Spitsbergen surrounding Virgohamna including the glaciers, the
fiords, and the valleys provides information on past climate and might offer valuable data
for understanding current and future climate. Ecosystems are particularly vulnerable in
Arctic regions, and climate change is considered the most important influencing factor.
The environment surrounding Virgohamna offers extreme living conditions for flora and
fauna, adding to the scientific value. Key species such as polar bears and most mountain
bird species are found in the area, and the sparse vegetation belongs to the northern Arctic
tundra zone.

Educational Value: The historical remains serve as educational resources, offering
opportunities for learning about Arctic exploration, the history of scientific advancements,
and the challenges faced by early explorers. They contribute to the public awareness and
understanding of the region’s cultural and historical heritage.

Experiential value: The narrative of the Andrée expedition holds a strong presence
in the experience of the cultural environment in Virgohamna. The powerful story of
the three men who disappeared in the fog and were later rediscovered after 33 years is
fascinating. The fact that the expedition took place in such a remote and harsh landscape
further enhances the experiential value and sense of awe. The heritage value of the
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historic remains in Virgohamna is enhanced by the breathtaking landscape, which further
contributes to the overall experience. The location within the Arctic environment adds
an additional layer of significance to the site. The remains are situated amidst stunning
natural landscapes, including coastal areas, mountains, and glaciers, enhancing their
aesthetic and ecological significance. Although the expeditions were unsuccessful, they
reflect important historical trends and events: the race for the North Pole and the relatively
new field of aviation, both in general and specifically in Arctic regions. Andrée and
Wellman’s experiences were significant for Amundsen when he planned his expeditions
together with Ellsworth using the Dornier Wal seaplanes N 24 and N 25 in 1925 and with
Ellsworth and Nobile using the airship Norge in 1926.

The historical remains in Virgohamna hold significant cultural heritage value. They
represent a rich historical timeline in Svalbard’s cultural history, associated with the pi-
oneering polar expeditions of Wellman and Andrée. The heritage value assessment of
the historical remains highlights their multidimensional significance. With their historical,
cultural, scientific, educational, and experiential value, they contribute to preserving and
promoting Svalbard’s cultural and historical heritage. The remains not only reflect impor-
tant historical events and trends but also offer opportunities for scientific research and
educational exploration. The combination of their captivating narrative, the harsh Arctic
environment, and the breathtaking natural landscapes further enhances their overall value.
As a result, preserving and understanding the historical remains in Virgohamna is crucial
for maintaining the cultural heritage of the region and facilitating a deeper appreciation for
Arctic exploration and human achievements in extreme environments.

3.5. Impacts of Tourism

Tourism in Svalbard is highly regulated [87,88,125–127]. While the overarching guide-
lines for the preservation of natural and cultural heritage values in Svalbard are strict,
tourism is also a desired activity [80]. Therefore, arrangements are made for cruise ships
with tourists to visit large parts of the archipelago and disembark at numerous visitation
sites. The medium-sized coastal cruise ships and small, private boats explore a greater
number of locations, while larger cruise ships primarily focus on one or two sites outside of
the settlements [128]. Cruise traffic in Svalbard is typically divided into three main groups,
as shown in Table 1. Only cruise ships and vessels belonging to categories 2 and 3 visit
Virgohamna.

Table 1. Type of cruise ships visiting Svalbard [104] (p. 5) (translated by the author).

Category 1:
Conventional Cruise Ships

Category 2:
Expedition Cruise Ships

Category 3:
Small Vessels

Also referred to as overseas cruise ships:
large vessels often accommodating
thousands of people on board. Cruises
usually start in Europe, sail along the
Norwegian coast with stops at several
ports and include a couple of days in
Svalbard before returning south. Visiting
Longyearbyen, Ny-Ålesund and some
also sail to Gravneset in
Magdalenefjorden.

Also known as coastal cruise ships: come
in various sizes, typically accommodating
12–500 passengers. Those vessels
commonly exchange passengers in
Longyearbyen (fly to/from Svalbard).
Cruises last 4–20 days, with an average of
7–10 days. In normal operating years,
many sail around Spitsbergen, some
navigate the entire archipelago. Almost
all operators are members of AECO 1

Boats less than 24 m in length carrying 12
or fewer passengers. These are often
sailboats, some are operated purely for
commercial purposes, others are
privately owned vessels with commercial
operations, and some are chartered with
a skipper/crew. During the summer,
there can be a relatively large number of
such vessels in Svalbard
(around 40 in 2019).

1 Association of Arctic Expedition Cruise Operators.

According to the Governor, cruise tourism in Svalbard has significantly increased in
the last 10–15 years [128]. The Governor and the tourism industry in Svalbard consider the
2019 season as an “all-time high” (Governor’s Annual Report 2019, 2020, 2021, and 2022)
and realize increasing tourism may have negative effects on the environment and cultural
heritage [128].
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The Governor’s office monitors the tourism industry, which must annually report
the locations they wish to visit and the number of tourists they intend to disembark. The
number of people disembarking each year remained stable from 1996 to 2000. 2001 saw
an increase of approximately 72%. After a period of steady growth, 2010 and 2011 witnessed
a significant reduction. The largest increase occurred in 2015, with an approximately 40%
rise compared to the previous year. Expedition cruise ships have shown a steady increase
over the years and contributed the most to the 2015 increase. In the subsequent years, they
also had the highest number of disembarkations and utilized the most sites outside the
settlements. During the period of 2015–2019, the number of foreign ships decreased, but
they became larger with more passengers on board. The low figures in 2020 and 2021 were
due to the COVID-19 situation (see Figure 14). Figures from 2022 indicate that the number
of people disembarking is approximately 90% of the level from the previous normal year
(2019). According to the Governor [128], cruise traffic is continuously spreading to new
areas in Svalbard. The Governor also indicates that if there are many vessels in one area,
tour operators often seek new areas to disembark guests and go on excursions. The number
of landing sites has steadily increased along with the number of people disembarking. In
2020 and 2021, there were hardly any tourists disembarking at the visitation sites due to
the COVID-19 situation.

Figure 14. Number of visitors going ashore on sites in Svalbard outside the settlements and the
Isfjord area [128].

The guides on the expedition cruise ships are hired by the cruise ship operators
and are mostly based in Longyearbyen. Most guides only stay for a few seasons, and
the turnover is high. Currently, there are no legal regulations or formal requirements
demanding certification or training of guides. A course plan for guides exists; however,
it is voluntary. Accordingly, the knowledge on the sites is varying. The sites outside the
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settlements are managed by the Governor of Svalbard. However, due to vast distances and
a lack of infrastructure, the sites are seldom visited by the Governor. Some listed buildings
are conserved and maintained, although most historic structures are left to deteriorate at
their own pace.

In Virgohamna, the necessity of applying for permission for landing regulates the traf-
fic. However, the Governor’s office states that everyone who applies is granted permission
but must adhere to the guidelines for travel. The Governor’s office keeps statistics on the
number of permits issued, and in 2022, 73 ships applied for and were granted permission
for landing [129], as shown in Table 2. Each cruise ship is normally visiting Virgohamna
several times during one season. There are no statistics available on the number of visitors.

Table 2. Number of permissions to land in Virgohamna issued by the Governor’s office [129].

Statistics Number of Permits 2021 Number of Permits 2022

Permits for sensitive natural and
cultural environments in Virgohamna 32 permits 69 permits for 73 vessels

Tourism in Virgohamna has both negative and positive consequences. Cultural en-
vironments do not possess inherent value like living organisms. Cultural heritage and
cultural environments derive their most significant value from being experienced by people.
In Svalbard, cultural environments constitute important elements of the archipelago’s his-
tory, representing visible traces of international activities. Therefore, cultural environments
are also important in the tourism industry, even though studies initially show that tourists
come to Svalbard to experience pristine nature [64]. Nevertheless, many tourists report that
cultural environments have made a significant impression [64].

Norway has an international obligation to preserve the cultural environments in
Svalbard [80] and has declared that tourism should be a vital industry in the archipelago.
Therefore, it is natural for cultural environments to be facilitated for tourism. In Virgo-
hamna, Norwegian authorities have supported careful behavior through the established
information system. No other measures to preserve the historic remains have been ap-
proved or planned. So, how has tourism influenced the perception and interpretation of
the cultural environment?

In terms of positive impacts, tourism has brought increased awareness and greater
attention to the cultural environment in Virgohamna, making it more widely known
and recognized among visitors. The presence of tourists has reinforced the historical
significance of the cultural environment in Virgohamna, highlighting its importance as
a site of exploration, scientific endeavors, and human activities in the past. Tourism has
provided a platform for interpretation and storytelling, allowing guides and experts to
share knowledge and narratives about the cultural heritage of Virgohamna with visitors.
The influx of tourists has also led to increased awareness of the need for preservation and
conservation of the cultural environment. Efforts have been undertaken to protect the site
and its artifacts from potential damage caused by tourism activities. Tourists’ behavior
and interaction with the cultural environment play a role in shaping its interpretation.
Their respect for preservation guidelines and adherence to responsible tourism practices
can contribute positively to the understanding and conservation of the site. However, it
is important to note that while tourism can have positive impacts on the perception and
interpretation of the cultural environment, there are also potential negative effects such as
overcrowding, degradation of sensitive areas, and the commodification of cultural heritage.

Most Svalbard guides do not stay for an extended period on the island [36,130].
Observations on-site indicate that most guides lack proper knowledge and control over the
vulnerable cultural environments in Virgohamna. They often positioned themselves on top
of the delicate whaling ovens to gain a higher vantage point when providing information
about the visitation sites. Furthermore, they allowed tourists to trespass into restricted areas,
disregarding the regulations. While there was no direct evidence of souvenir taking, many
tourists handled and examined historical artifacts and remnants before returning them.
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Consequently, this behavior contributes to the deterioration of the cultural environment,
and the guides themselves bear a significant responsibility in this process.

The observations provided a comprehensive overview of how guides and tourists
navigate through the cultural landscape. Particularly within the section encompassing
Wellman’s base, there are abundant historical remains. Paths meander both within and atop
these historical remnants. The information provided by the Governor’s Office indicates the
designated paths to follow, but the older paths from previous visits are more prominent
than the new ones to be followed. As a result, tourists and guides tend to walk on the most
visible paths, mistakenly assuming they are the correct ones.

The guides appeared to focus primarily on Andrée’s and Wellman’s bases, placing
less emphasis on presenting the complete historical picture of Virgohamna. The history
of whaling was showcased to a much lesser extent. The path from the beach near the
landing site up to the remains of Andrée’s balloon house partially traverses several whaling
graves. Although these graves are not highly visible, they remain vulnerable to inadvertent
footsteps. The guides did not try to indicate to tourists where they should avoid stepping
near the graves. The remains of Andrée are less prominent, yet his story appears to
resonate the strongest. The remains of Wellman’s expedition base are numerous and
detailed, and even though tourists also explored among them, many tourist groups seemed
more captivated by Andrée’s base and history.

4. Discussion

Analyzing the heritagization process of Virgohamna indicates that the cultural heritage
landscape has been shaped by multiple complex processes. The formal process of selecting,
identifying, and designating the historic elements and what unfolded there, forming the
historic landscape in Virgohamna, was initiated by the authorities. However, the cultural
environment itself was not defined as worthy of protection through a separate process
but became part of a larger process where all traces of human activity on the archipelago
before 1900 were automatically protected under a specific regulation for cultural heritage
on Svalbard. Later, this boundary was extended to include all cultural environments
before 1946. This preservation approach has likely saved many cultural environments from
being cleared, including Virgohamna, and has influenced the development of the cultural
landscape there. It is, however, important to note that the preservation measures were
implemented almost 90 years after Andrée and his men left Virgohamna in the balloon
Ørnen and 65 years after Wellman packed up and departed. Much had happened during
this time, leaving only ruins and remnants to be protected. On paper, Norwegian authorities
expressed high ambitions for the preservation of cultural environments in Svalbard, and
since the first cultural heritage plan was launched for Svalbard’s cultural environments,
Virgohamna has been a prioritized location for conservation and follow-up due to its high
heritage value. However, restoring ruins is not an easy task, and little was done to preserve
them. Under different circumstances, the ruins would have been defined as rubbish and
discarded, as described by a visiting Norwegian environmental minister. Fortunately,
it was clarified that he was referring to valuable cultural heritage sites. Nevertheless,
this incident can be seen as a symbol of how natural values seem to override cultural
heritage values in Svalbard, despite the high and declared ambitions of the authorities to
preserve both. In Norway, natural values are highly regarded, and in Svalbard, the interest
in and awareness of natural values are far higher than cultural heritage values. When
natural decay and wear from visitors became too pronounced, restrictions on visits and
an information program were implemented. According to the authorities, this has proven
effective, but in practice, wear and tear continue. In this way, it can be said that the formal
heritagization of the Virgohamna cultural environment has happened somewhat randomly
and was unplanned, despite the authorities’ high ambitions. In its own way, this has also
influenced the heritagization processes in Virgohamna.

The narrative of Virgohamna and what transpired there is strong and alive. The story
of Andrée and his men, their bravery, and their fate is particularly impactful. Historic
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remains from Wellman’s base are still numerous and visible, and the narratives surrounding
his attempts to reach the North Pole are flourishing. Tourism has greatly contributed to
maintaining the narrative of Virgohamna and its expeditions, both through visiting the site
and retelling the stories. Although few visible traces of Andrée’s base remain, it is still an
obvious and significant experience to visit the place. This offers hope that the stories of
what happened there can be carried on even when the physical traces have disappeared in
Virgohamna. Perhaps it is precisely the tourists who have played the most significant role
in preserving Virgohamna as an important cultural environment through their eagerness
to visit the site and their awareness of the stories, despite the impact of tourism wearing
down the place.

Further Development of the Cultural Environment in Virgohamna

The delicate cultural heritage of Svalbard faces a growing threat from the combined
effects of climate change and increasing tourism. The impact of human activities, along with
natural decay processes, creates a complex web of degradation, highlighting notable gaps
in our understanding. To tackle these challenges, the Cultural Heritage Administration
is advocating for an evidence-based management approach that aligns with the United
Nations Sustainable Development Goals, placing a strong emphasis on the preservation
of both global cultural and natural heritage. The analysis performed in this article can
inform the development of effective management strategies for Virgohamna. It can provide
insights into sustainable tourism practices, conservation measures, interpretation methods,
and visitor management, ensuring the site’s preservation while promoting educational
and recreational opportunities. Involving the visitors more consciously and firmly in the
preservation of the historic environment, for example, through monitoring activities and
citizen science, can make visitors aware of heritage values and preserve the site. Tourism
revenue, which has previously been introduced in Svalbard, might also contribute to the
preservation of Virgohamna.

Sustainable tourism practices and responsible visitor behavior are crucial for balancing
the benefits and impacts of tourism on the cultural environment. Visit Svalbard states in the
Master Plan for Svalbard following the “White Paper for Destination Development” that
while the visits of large and medium-sized cruise ships are decreasing due to regulations,
there is growth potential in smaller expedition cruises [131]. These are the types of cruises
that visit Virgohamna, and therefore, increased visits to the site can be expected. In addition,
the Governor has announced that they will remove the visitation restrictions in Virgohamna.
This will likely lead to the loss of the restrictive effect on visitation activities. Therefore, it is
likely that the deterioration will accelerate. Alongside the expected natural deterioration, it
will probably not take many years before this increased burden becomes evident on the
historical remnants in Virgohamna.

Despite apparent high goals set by the authorities for the management of cultural
environments in Svalbard, there are indications that these goals are not effectively imple-
mented in practice regarding cultural environments. Environmental monitoring organized
by the Governor heavily favors wildlife and nature, with hardly any programs dedicated to
monitoring cultural environments. MOSJ (Environmental Monitoring of Svalbard and Jan
Mayen) is an environmental monitoring system that is part of the national environmental
monitoring in Norway [132]. One of its important functions is to provide a basis for assess-
ing whether the political goals set for the environment in the northern regions are being
achieved. This system has been in place since 1996, and monitoring reporting is conducted
through numerous programs focused on wildlife and the natural side [132], but nothing
has been initiated yet regarding cultural environments [132]. The Destination Svalbard
Towards 2025 discussion, for example, only addresses nature and nature experiences, with
no mention of cultural environments [131].

The narratives surrounding the expeditions originating from Virgohamna are pow-
erful, strong, and alive. The story of Andrée and his men, their bravery, and their fate is
particularly impactful. Tourism has greatly contributed to maintaining the narrative of
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Virgohamna and its expeditions, both through visiting the site and retelling the stories.
The physical remnants contribute to telling the story and strengthening the narrative. Al-
though few visible traces of Andrée’s base remain, it is still an obvious and significant
experience to visit the place. This offers hope that the stories of what happened there can
be carried on even when the physical traces have disappeared in Virgohamna. Perhaps it is
precisely the tourists who have played the most significant role in preserving Virgohamna
as an important cultural environment through their eagerness to visit the site and their
awareness of the stories, despite the impact of tourism wearing down the place. It is,
nevertheless, an open question how the narrative will be affected when the physical rem-
nants disappear. Archaeological investigations and documentation work have also been
conducted in Virgohamna. However, the physical traces of the expeditions are the most
tangible historical evidence—and much remains hidden in the remnants of the expeditions
in Virgohamna.

The authorities characterize Virgohamna as one of Svalbard’s most valuable heritage
sites. However, even the most valuable environments will eventually disappear.

Future research directions in Virgohamna may include exploring alternative methods
of preservation or documentation to ensure the continuation of the narrative and historical
significance even after the physical site has deteriorated. Additionally, examining the
impact of tourism and visitor management on the preservation of the cultural landscape
could provide insights into sustainable strategies for protecting similar heritage sites.

Overall, the findings highlight the complex processes that have influenced the cultural
heritage landscape in Virgohamna, the challenges of preserving ruins, the enduring narra-
tive associated with the site, and the need for continued efforts to ensure the preservation
and dissemination of its historical significance.

5. Concluding Remarks

This analysis of the evolution of the heritage site, including the heritagization process
of Virgohamna, can contribute to a deeper understanding of its historical significance, iden-
tifying heritage values, engaging stakeholders, developing management strategies, and in-
forming policy recommendations. This comprehensive examination serves as a foundation
for responsible and sustainable heritage management, ensuring the preservation and pro-
motion of Virgohamna’s cultural heritage for present and future generations.

All four key areas introduced in the Introduction have influenced the development in
Virgohamna. It is primarily the expedition bases of Andrée and Wellman that best illustrate
this development. The development has gone through several main stages, from initially
being built as main bases for expeditions to the North Pole, then functioning as storage
facilities for trappers, to being seen as almost a dump, and finally emerging as a valuable
protected cultural environment where no parts can be touched or moved.

1. Policy documents and legal framework. The overarching political framework.

The overarching political framework has shaped this development, but the political
guidelines were not put in place until Norway assumed sovereignty over Svalbard in 1925.
Even then, the guidelines for cultural heritage management were inadequate. Trappers
searching for materials for their cabins and tourists on souvenir hunts helped themselves
for many years before legislation and overarching political guidelines put a stop to it.
Originating from before 1900, the cultural heritage sites in Virgohamna, with the exception
of Wellman’s base, were automatically protected in 1974 when the first cultural heritage
regulations were implemented. Wellman’s base was included in the protection when the
boundary was moved to 1 January 1946, with new regulations in 1992. That was also when
the first cultural heritage plan for Svalbard was introduced, and Virgohamna was among
the 35 initial cultural environments prioritized for follow-up.

2. Physical transformations of the region.

The deterioration is amplified by the natural processes taking place in Virgohamna,
where strong winds, erosion, solifluction, decay, and rust are among the most evident.
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Combined with the gradual dismantling of cultural heritage by trappers and tourists,
degradation occurs.

3. Narratives and cultural heritage value.

The focus of cultural heritage management on the understanding that what may ap-
pear as garbage can also be valuable for preservation has likely saved the historical remains
in Virgohamna. Over time, this understanding has become more widespread. However, if it
were not for the strong stories and the fate of the participants in the expeditions, the interest
would probably not be as strong. Perhaps there would have been less wear and tear from
tourism, while the nation of Norway’s strong commitment to environmental protection
and pristine nature could have led to the “garbage” being cleaned up in Virgohamna. In
addition to this, Capelotti’s archaeological surveys and documentation work have revealed
a wealth of information hidden in the “garbage”.

4. Impact of tourism.

The strict overarching goals set by the Parliament and Government from the 1980s
onward contributed to focusing on the preservation of cultural environments, even though
the emphasis was on the natural environment. The strict goals of managing Svalbard’s
natural and cultural values as the best-managed in the world likely played a part in putting
an end to souvenir picking and scavenging for building parts. However, wear and tear
from tourism have increased significantly in recent years, and the goal of “best-managed
cultural and natural environments” is difficult to reconcile with the clearly stated goal of
increasing tourism as part of economic activity in Svalbard. The Governor’s plan for visitor
behavior in Virgohamna has many weaknesses and contributes partly to confusion and
increased deterioration.

Today, Virgohamna is a heavily visited and highly sought-after cultural environment.
If it is to continue being a source of experiences and wonder, providing information about
technological development and insights into European history, some action should be taken.
The impact of climate change is accelerating, and increasing tourism is exerting pressure.
Furthermore, there is still more information hidden in the historical remains.

Three keywords can contribute to the future preservation of cultural heritage values:
comprehensive documentation, improved visitor management, and knowledge dissemi-
nation/training of guides and tourists. Digital documentation of the entire vast cultural
landscape can contribute to an increased understanding of cultural heritage values and
ensure that at least a digital model exists when the cultural environment eventually breaks
down completely. Better prepared and clearer information provision can make it easier
for visitors to contribute to the preservation of the most vulnerable parts of the cultural
environment. Training guides and visitors, emphasizing how to behave and move in
the field, and not just focusing on the history itself, can spare the cultural heritage from
excessive impact by visitors.

This way, the fascinating cultural environment with all its incredibly exciting stories
and myths can live on for a long time, despite the physical decay that nothing can resist.
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Abstract: Historic agricultural practices have played a dominant role in shaping landscapes, creating
a heritage which must be understood and conserved from the perspective of sustainable development.
Agroforestry (i.e., the practice of combining trees with agriculture or livestock) has existed since
ancient times in European countries, and it has been recognised as one of the most resilient and multi-
functional cultural landscapes, providing a wide range of economic, sociocultural, and environmental
benefits. This research explores aspects of the history, physical characteristics, decline, and current
state of conservation of historic agroforestry systems on the Northern Apennines in Italy, using an in-
terdisciplinary approach combining archival sources, landscape archaeology, dendrochronology, and
GIS analysis. Furthermore, through computer-based modelling, this research aims to evaluate how
the abandonment of this historic rural land-use strategy impacted slope geomorphic processes over
the long term. The importance of environmental values attached to traditional rural landscapes has
received much attention even beyond the heritage sector, justifying the definition of transdisciplinary
approaches necessary to ensure the holistic management of landscapes. Through the integration of
the Unit Stream Power-Based Erosion Deposition (USPED) equation with landscape archaeological
data, the paper shows how restoring the historic agroforestry landscape could significantly mitigate
soil mass movements in the area. Thus, the interdisciplinary workflow proposed in this study enables
a deep understanding of both the historical evolution of agroforestry systems and its resulting effects
for cumulative soil erosion and deposition in the face of climate change.

Keywords: remote sensing and GIS; historic landscape characterisation; slope processes; landscape
archaeology; landscape modelling; transdisciplinary landscape studies; geomorphometry; alberata emiliana

1. Introduction

Agriculture represents the largest land-use type worldwide, and deciphering the
processes that created today’s rural landscapes is fundamental to understanding how
human activities have altered natural resources and geomorphic processes in the past [1–5].
Recent environmental studies and policies have recommended maintaining traditional
rural landscape features such as intercropping, agroforestry, and cross-slope barriers (e.g.,
hedgerows, stone walls, earth banks, ridges, and furrows) for their potential benefits to
ecosystems [6,7]. Over the long term, agroforestry systems (i.e., the practice of combining
trees with agriculture or livestock) are among the most resilient types of rural land use [8].

Agroforestry has existed since ancient times in European countries, and it has given
rise to a wide variety of multifunctional historic landscapes [9], such as dehesa in Spain [10],
montado in Portugal [11], plužiny in the Czech Republic [12], and streuobst in Germany [13].
Agroforestry systems are still widely implemented [14] in tropical areas where geoarchae-
ological studies have also demonstrated their central economic, cultural, and ecological
role even in past societies [15–17]. During the 20th century, as climate change emerged as a
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pressing global issue, agroforestry as a polyculture strategy garnered significant attention
as a promising way to manage land, providing a wide range of economic, sociocultural,
and environmental benefits [18,19]. Some of those include sustaining biodiversity [14], pro-
moting carbon sequestration [20], improving the water balance, lowering risk of wildfire,
and preserving traditional agricultural landscapes and rural knowledge [21]. Moreover,
numerous studies [21–24] have demonstrated the significant impact of agroforestry systems
on slope stability. Furthermore, the practice of integrating trees, shrubs, and other perennial
plants with crops plays a crucial role in holding soil together and resisting mass movement
in landslides, making them an effective measure to prevent slope instability and promote
soil conservation.

Soil erosion caused by water is a complex process that occurs in three stages. Firstly,
the soil particles become detached from the soil mass due to the force of rainfall or runoff.
Secondly, the detached particles are transported by the moving water, as either dissolved
or suspended solids. Finally, the transported soil is deposited somewhere away from its
original location [25]. The extent and severity of soil erosion can vary widely depending on
a range of site-specific and regional factors. These include the slope gradient, soil type, vege-
tation cover, and rainfall intensity and frequency [26,27]. Intensive storm events can trigger
rainfall-induced landslides [28] with severe consequences on the environment (e.g., loss of
topsoil and destruction of vegetation and habitat for wildlife) [29], human settlements (e.g.,
damage to infrastructure), economy (e.g., increased costs for disaster response and recovery
efforts) [30], and cultural heritage [31,32]. Since land-use and land-cover dynamics are
the major anthropogenic drivers of soil erosion and degradation [33], the development of
sustainable rural strategies is fundamental to cope with this environmental hazard.

Italy is among the European countries most affected by the natural hazard of slope
instability, which leads to an increased risk of landslides [34]. In Northern and Central
Italy, agroforestry was widespread in the past [35] but survives only in a few areas in
the form of relics. The Italian term coltura promiscua indicates the typical association of
trees, vines and arable crops. It was practised widely in the Po-Venetian Plain and on the
Tuscan–Emilian Apennines under different names corresponding to regional agroforestry
subtypes with their own technical characteristics (alteno in Piedmont, piantata in Lombardy,
Emilia Romagna, and Veneto, and alberata on the Apennines) [36–38].

Through an interdisciplinary archaeo-historical approach, this research aims to recon-
struct the origin and physical characteristics of the typical coltura promiscua of the Northern
Apennines (aka “alberata emiliana”) and to evaluate its current state of conservation. Fur-
thermore, in the last two decades, intensive rainfall events have triggered dozens of soil
slips in the Northern Apennines [39], and recent climate change projections indicate that
increasingly severe storm intensity will induce greater soil mass movements via water
erosion in the future than in the past [40,41].

To address these challenges, GIS (Geographic Information Systems) modelling has
been employed to simulate the effect of historic rural landscape change for slope geo-
morphic processes. Computer-based modelling can provide a quantitative and consistent
approach to estimate soil erosion under a wide range of conditions, representing one of the
most versatile tools for planning suitable landscape protection measures. In the Central
and Northern Apennines, researchers have employed several computational methods to
measure, estimate, and monitor soil erosion rates [42,43]. Of these methods, the Revisited
Universal Soil Loss Equation (RUSLE) is the most widely applied model for identifying
areas susceptible to soil erosion in a region of interest. This empirical model predicts annual
soil loss due to sheet and rill water erosion [44]. The results of RUSLE modelling often
identify human activities such as grazing, forestry, and agriculture as the most responsible
factors for land degradation [45].

However, one limitation of the RUSLE equation is its inability to simulate deposition
processes. Conversely, the GIS modelling approach adopted in this study provides a
comprehensive understanding of soil mass movements, highlighting areas where soil is
removed and deposited using the Unit Stream Power-Based Erosion Deposition (USPED)
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equation. A similar approach was successfully employed in the Central Apennines to
assess human-induced soil erosion processes resulting from forest harvesting [46]. This
previous study revealed that forestry activities led to a noticeable increase in soil mass
movements, although it did not account for the effects of historic landscape transformation
in the model. On the other hand, a recent paper used a GIS modelling approach to estimate
soil loss variation in the Northern Apennines in accordance with the level of conservation
of historic landscape features (e.g., terrace farming and field boundaries) [47], but it did not
explore the effect of historic land-use change on soil deposition processes.

The main innovation of this study is the integration of the USPED equation with
information regarding changes in the historic rural landscape. This could be used to
develop more effective landscape conservation strategies in the region. Therefore, this
research not only aims (1) to understand the historic background of polyculture strategies
in the study area (see Section 4.1), but also seeks (2) to explore its potential for mitigating
downslope soil erosion and deposition in the face of climate change (see Section 4.2).

2. Study Area

This research focused on a portion of the Tuscan–Emilian Apennines coinciding with
the municipality of Vetto d’Enza (Emilia Romagna Region, northern Italy). The main
characteristics of this historic rural landscape trace their origin back to the Middle Ages in
the period of the Great Countess Matilda of Canossa (10th–11th century CE) and the area’s
land management system appears to have remained largely unaltered until the end of the
19th century CE [47] (Figure 1).

 

Figure 1. Location of the study area and its topographical setting.

Among the most distinctive characteristics of this historic landscape are relics of
traditional alberata emiliana and well-preserved stone walls and earth banks that have been
used extensively between steeply sloping fields to delimit tenurial boundaries and to face
agricultural terraces [48].

The environmental setting of the study area, including the lithological composition,
fault systems, soil properties, and climatic factors, contribute to the prevalence of geomor-
phological slope processes [49]. According to the Köppen–Geiger Climate Classification,
the prevailing climate in the study area is warm-temperate, with warm summers and no
distinct dry season (Cf—subcontinental/continental temperate) [50]. The faults are mainly
located close to the surface, and, when combined with the active uplift of the external rim
of the outer chain, they significantly amplify the surface effects of seismic events [49]. The
predominant rock type in the study area consists of sedimentary rocks that exhibit a high
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proportion of clay, such as sandstone and marl [51]. Soils in the area exhibit varying levels
of development, ranging from scarce to moderately developed, and are characterised by
moderate alkalinity, considerable depth (ranging from 3 to 4 m), and high fertility. Slope
geomorphic processes are particularly evident in soils that originate from silty–clayey
flysch formations which are particularly vulnerable to erosion and degradation [52,53]
(Figure 2).

 

Figure 2. Geolithological setting of the study area [54].

3. Materials and Methods

The interdisciplinary approach proposed combines different disciplines and tools to
study the transformation of the historic landscape in the area and the resulting implications
for slope geomorphic processes. The first part focuses on the development of the historic
AFS landscape. Historical sources (see Section 3.1) were employed to reconstruct the
genesis and development of the historic AFS. Using historic cartography, as well as aerial
and satellite images, Historic Landscape Characterisation (HLC, see Section 3.2) was used
to analyse the landscape transformation of the area from the late 19th century CE to the
present day. Dendrochronological analysis (see Section 3.3) on relics of AFS completed the
HLC retrogressive analysis, marking the last possible phase of use of AFS in the region.
Secondly, the GIS HLC data were employed to model the effect of historic landscape
transformation for slope geomorphic processes (see Section 3.4) in order to provide insights
for potential future holistic landscape management strategies.

3.1. Historical Sources

For a general overview of the origin of the alberata emiliana, the book published by
Emilio Sereni in the mid-20th century CE [55] provides a helpful starting point. The oldest
agronomical documentation available about coltura promiscua dates back to 1674 [56], while
the most exhaustive historical report about the rural landscape of the study area was carried
out in the 19th century CE [57].

3.2. GIS—Historic Landscape Characterisation

The application of GIS and remote sensing technologies is becoming increasingly
acknowledged as a potent tool in landscape archaeology [58,59], as well as in geomor-
phological studies [60]. Furthermore, the advent of free and open-source software (FOSS)
geospatial tools has further widened the user base and improved accessibility to these
powerful technologies [61].

HLC is a specific landscape archaeological GIS tool to map the chronological and
spatial complexity of historic landscapes with particular reference to their historical devel-
opment through a systematic interpretation of rural landscape components [62,63]. In each
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HLC study, GIS is used to map the “Historic Landscape Character types” (HLC types) on
the basis of unique features resulting from known historical processes. The HLC method
employs a qualitative but formalised technique to map the chronological and spatial intrica-
cies of historical landscapes [64]. The mapping procedure involves identifying the smallest
“uniform diachronic unit” (UDU), represented by a polygon whose size and shape depend
on the variability of the HLC type over time [63]. In the study area, the GIS HLC dataset
was developed using various sources including historical maps, 19th century cadastral
records, declassified satellite images, and aerial photography (Table 1). Further data about
historic land use were recovered in the regional geodatabase [65]. The resulting geodataset
consisted of a GeoPackage (.gpkg) [66] vectorial layer of the historic landscape changes
that occurred since the 19th century CE [48].

Table 1. List of the historic sources employed in this study.

Name Publication Type Scale Source

Google© Satellite 2022 Satellite images - QuickMapServices plugin [67]
in QGIS 3.22 [68]

Bing© Satellite 2022 Satellite images - QuickMapServices plugin [67]
in QGIS 3.22 [68]

Carta Tecnica Regionale (CTR) 2018 Cadastral map 1:5000 WMS service [69]

Compagnia Generale Riprese
(CGR) Aeree 2018 Aerial photos - WMS service [70]

AGEA (Agenzia per le
Erogazioni in Agricoltura) 11 2011 Aerial photos - WMS service [71]

AGEA (Agenzia per le
Erogazioni in Agricoltura) 08 2008 Aerial photos - WMS service [72]

Volo Compagnia Generale
Riprese Aeree (CGRA) 1976–1978 Aerial photos 1:13,500

Photos retrieved at the Ufficio
cartografico della Provincia di

Reggio Emilia [73]

KH-9 (Hexagon) 1974 Satellite images -
Declassified image retrieved at

the US Geological Survey
website [74]

Volo GAI (Gruppo
Aereo Italiano) 1954–1955 Aerial photos 1:33,000

Photos retrieved at the Istituto
Geografico Militare (IGM)

website [75]

Nuovo Catasto Terreni 1886–1900 Cadastral map 1:2000
Map retrieved at the Ufficio

cartografico della Provincia di
Reggio Emilia [76]

Carta Storica Regionale
Emilia Romagna 1853 Historical map 1:50,000 WMS service [77]

Second military survey of the
Habsburg Empire 1818–1829 Historical map 1:28,800 Map retrieved at the Mapire

website [78,79]

Viaggio Agronomico per La
Montagna Reggiana E Dei

Mezzi Di Migliorare
L’agricoltura Delle

Montagne Reggiane

1800 Historic document - [57]

L’economia del cittadino in
villa, del signor Vincenzo

Tanara libri 7. Riueduta, ed
accresciuta in molto luoghi dal

medesimo auttore, con
l’aggiunta delle qualita

del cacciatore

1713 Historic document - [56]

3.3. Dendrochronology

Dendrochronology as a method for scientific dating provides accurate chronologies
because, in principle, each ring represents a year in a tree’s life. In geomorphological
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studies this technique has been employed in exploring the temporal variation of slope
geomorphic processes and the resulting impact on slope instability in recent decades [80,81].
Furthermore, tree-ring analyses have been applied to the study of agroforestry, especially
to assess which species return the best benefit in terms of climate change mitigation (e.g.,
carbon storage) [82,83].

In this study, dendrochronological analysis was employed to assess the last phase of
alberata emiliana in relics of agroforestry systems detected during the GIS HLC mapping
process. An increment borer (Pressler; inner diameter: 5 mm) was used to extract core
samples from the trunks at “breast height” (about 1.30 m above the ground) [84]. All
extracted samples were dried at room temperature, glued on wood profiles, and sanded, to
clearly expose all tree rings. The number of annual rings was used to estimate the terminus
post quem since each tree was established.

3.4. GIS Geomorphic Modelling

The Geographic Resources Analysis Support System (GRASS) GIS software [85] was
employed to simulate how historic land-use changes affected downslope soil erosion and
deposition. The module r.landscape.evol was specifically designed to simulate the
cumulative effect of erosion and deposition on a landscape over time [86]. It takes as
input a raster digital elevation model (DEM) of surface topography and an input raster
DEM of bedrock elevations, as well as several environmental variables, such as the rainfall
erosivity factor (R factor, measured in MJ·mm·ha−1·h−1·year−1), the soil erodibility factor
(K factor, Mg·h·MJ−1·mm−1), the land-cover management factor (C factor, dimensionless
value ranging between 0 and 1), and the support practices factor (P factor, dimensionless
value ranging between 0 and 1). The R factor represents the erosive power of raindrops
on the soil surface, while the K factor represents the susceptibility of the soil to erosion.
The C factor represents the effect of vegetation and land management practices on erosion.
Vegetation cover can protect the soil from erosion by intercepting raindrops and reducing
runoff [87]. Lastly, the P factor represents the effect of erosion control practices to reduce
erosion by slowing down water flow and reducing the length of slope (e.g., contour farming,
terracing, and hedgerows) [44].

In the module r.landscape.evol, three different equations can be used to compute
the net change in elevation due to erosion and deposition: the stream power equation, the
shear stress equation, and the USPED equation [88]. All three equations estimate transport
capacity as the force required to move a unit area of fluid at a unit velocity (kg/m·s),
thus eventually yielding the erosion/deposition (ED) rate as mass flux per unit area per
unit time (kg/m2·s). The unit kg/m2·s represents a measure of mass flux density or mass
transfer rate per unit area per unit time. It is commonly used in chemical engineering and
related fields to express the rate of mass transfer between two phases or the rate of mass
flow through a surface. It is also the standard unit of momentum (i.e., mass in motion) [89].

The USPED equation was employed in this study because it is best suited for modelling
erosion and deposition on hillslopes and relies on the rainfall intensity factor during the
simulation process.

The DEM (5 m resolution), R, and K environmental parameters employed in this
study were supplied by the Emilia–Romagna region geological service [90], as well as the
regional soil maps used to generate the bedrock elevation raster map. The first modelling
step focused on estimating the soil depth. This parameter is crucial as it provides a
depth-based limitation on the amount of erosion that can occur at any particular cell.
In this research, these data were retrieved from the regional soil map vector file [65]
and transformed into a raster file using the GRASS module v.to.rast. Then, a bedrock
elevation map was estimated subtracting the soil depth raster from the DEM using the
GRASS module r.mapcalc. To simulate the potential of historic agroforestry landscapes
in mitigating downslope soil erosion and deposition in the face of climate change, the
global rainfall erosivity projections for the year 2050 [91] were employed in the modelling
process. Moreover, the C and the P factors were developed using the HLC data about
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historic land-use changes that occurred during the 20th century CE. The cover management
factor was obtained by associating the European Soil Data Centre (ESDAC) C Factor
numerical values [87] to the corresponding Regional LULC categorical data [65] for each
HLC chronological period. The ESDAC C factor values were chosen to potentially extend
the reproducibility of this protocol in other European regions. Lastly, the support practices
factors (i.e., P factors) were developed using the equation proposed in Brandolini et al.,
2023 [47], which calculates the effectiveness of historic landscape features (i.e., terraces and
field boundaries) in reducing soil erosion hazards according to their state of conservation
and regional topography (Figure 3).

 

Figure 3. Parameters employed in the GIS geomorphic modelling. From top left to bottom right:
DEM, soil depth, K factor, R factor, C factor 1950s, P Factor 1950s, C Factor 1950s, and C Factor 2010s.

4. Results

4.1. Historic Agroforestry Landscape: Genesis, Characteristics, and Decline

In Northern Italy, agroforestry systems have been documented in written sources
since Roman times [92]. In his “Naturalis Historia”, Pliny the Elder mentioned the use of
agroforestry to grow grapes and fruit trees together. The same technique was reported by
Varro (“De re rustica”, first century BCE), Columella (“De re rustica”, first century CE), and
finally by Palladius in his “Opus agriculturae” (fourth century CE). These authors provide
evidence that agroforestry was a common practice in Northern Italy during the Roman
Empire [55,92]. The 14th century the Italian agronomist Pietro de’ Crescenzi wrote about
the practice of planting trees among crops to provide shade and shelter for animals in his
book “Ruralia commoda” [55]. In 1674, the agronomist Vincenzo Tanara still described this
polyculture strategy with the Latin terms arbustum gallicum and arbustum italicum [56]. In
these agroforestry systems, fields were divided into long arable strips separated by rows
of vines trained on the trees with intercrops of cereals, vegetables, or forage [37]. The
alberata (arbustum italicum) differs from the piantata (arbustum gallicum) in terms of the field’s
extension (15–30 m), the width of the arable strips (4–6 m), and the species (elm—Ulmus
minor; mulberry—Morus nigra; maple—Acer campestre) used to sustain the branches of
the vines woven from one tree to another along the same row. The Piantata was typically
adopted in the Po-Venetian Plain, while the alberata (aka, alberata emiliana and alberata
tosco-umbro-marchigiana) was largely employed in the Northern Apennines [55,93,94].

The integration of different plants in the same field provides multiple benefits, in
addition to food production such as hay and tree fodder to feed animals, domestic fuel
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(logs), and construction materials (timber) [55]. In the study area, the alberata was largely
adopted since the 13th century CE, along with a sharecropping system [93,95,96]. In
1800, the agronomist Filippo Re described [57] this rural land management system which
appeared to have persisted largely unaltered until the end of the 19th century CE [97–99].
However, in the early 20th century CE, this traditional agroforestry system experienced a
substantial decline of around 20% between 1913 and 1957 [55].

The GIS HLC mapping process enables the identification of the relics of alberata and
quantification of its progressive reduction over the last 70 years (1950s, 1970s, 2000s, and
2010s). Indeed, in the absence of reliable land-use data for the 19th century chronological
phase, this period is not considered in this research. Information retrieved in the sources
available (Table 1) enabled the compilation of detailed information about the land-use
changes that occurred since 1954.

In the mid-20th century, the extent of agroforestry in the study area began to decline.
Between the 1950s and the 1970s, the area covered by polyculture fields decreased from
10.2% to 3.7%. This decline continued over the years; today, the historic agroforestry
landscape has almost completely disappeared, representing only 0.1% of the study area
(Figure 4).

 

Figure 4. Pie charts summarising the land-use changes in the study area since the 1950s showing the
gradual disappearance of alberata emiliana (i.e., agroforestry). To highlight the progressive decline in
agroforestry, key ESDAC land-use types were merged in the pie charts as follows: woodland (“mixed
forest” and “transitional woodland/shrub”); grassland (“natural grassland” and “pastures”), and arable
land (“complex cultivation patterns” and “non-irrigated arable land”). The maps show schematically
where agroforestry was located in the study area for each time period.

Relics of alberata near Vetto d’Enza conserve some of the main characteristics of this
historic agroforestry landscape as they were described in historical sources: small fields
(max 15–20 m side) divided into strips by regular rows (ca. 5 m distance) of vines trained
on maple trees (Acer campestre). The tree management and shade-regulation operation
employed is pollarding, and all branches are cut at a height of ca. 2 m above ground
(Figure 5). Dendrochronological analysis was performed on these remnants of historic
agroforestry systems detected remotely through the GIS HLC mapping process. The
maples (Acer campestre) sampled on the historical agricultural terraces of Vetto d’Enza were
likely planted between 1949 and 1980, marking the last phase of the historic agroforestry
landscape in the area.
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Figure 5. Relics of agroforestry on the historic agricultural terraces of Vetto d’Enza (RE, Italy):
(A) aerial view of a traditional alberata emiliana field; (B) detail of a pollarded maple tree; (C) ground
view of vines trained on pollarded maple trees (© F.B.).

4.2. GIS Modelling of Slope Geomorphic Processes

Three models were developed to simulate changing slope geomorphic processes across
the landscape in three different scenarios. Four environmental parameters were constant
(DEM, bedrock elevation map, K factor, and R factor) in all the three models, while the P
and C factors were changed to reproduce three different scenarios. The first model (model
“1950”) considers the historic rural landscape as it was in the 1950s before changes due to
20th century socioeconomic dynamics. In this model, agroforestry is still the dominant
component of the rural landscape (Figure 4). The second model (model “2020”) reflects
present-day land management practices in the area, with the C and P factors adjusted
accordingly. In this model, the historic agroforestry landscape has almost completely
disappeared, and the rural activities are now primarily devoted to forage production for
the local dairy industry (Figure 4). The third model (model “AFS”) represents a scenario in
which the present-day rural landscape is occupied only by historic polyculture activities

47



Land 2023, 12, 1054

(i.e., “agroforestry”). In this model, the historic agroforestry landscape replaces all other
agro-pastoral land-use types (i.e., “complex cultivation patterns”, “non-irrigated arable land”,
“natural grassland”, and “pastures”) (Figure 6).

 

Figure 6. Details of the three GRASS models (1950, 2020, AFS) are shown in correspondence with
the area south of Vetto d’Enza (RE, Italy). The estimates of erosion/colluvial deposition rates vary
significantly across the three models due to differences in the distribution of agroforestry systems
in the study area. Shades of red indicate areas of soil colluvial deposition, while shades of blue
represent zones prone to erosion. The full rasters covering the entire study area are provided in the
Supplementary Materials.

As displayed in Figure 6, the estimates of erosion/deposition rates varied significantly
across the three models due to differences in the distribution of agroforestry systems in
the study area. In particular, shades of red indicate areas of soil colluvial deposition,
while shades of blue represent zones prone to erosion. The results of the GIS geomorphic
modelling conducted in the study area revealed that Model “1950” exhibited the highest
soil loss score (Table 2). Although the total soil loss in Model “2020” was 8% lower than in
Model “1950”, it remained slightly higher than that in Model “AFS” (+1.5%) (Figure 7).

Table 2. Simulated soil loss (i.e., the result of erosion and deposition processes) (t·ha−1·year−1) in
the three models (“1950”, “2020”, and “AFS”) for each land-use type and totals. Positive numbers
indicate depositions, while negative numbers indicate erosion.

Land Use Type

Model “1950” Model “2020” Model “AFS”

Area (ha)
Soil Loss

(t·ha−1·year−1)
Area (ha)

Soil Loss
(t·ha−1·year−1)

Area (ha)
Soil Loss

(t·ha−1·year−1)

Agroforestry 1024.83 0.93 5.66 0.02 1730.15 −1.54

Arable land 1220.20 −4.65 657.00 −1.55 nd nd

Grassland 253.66 0.63 1067.49 −0.89 nd nd

Rough ground 190.02 −3.29 190.74 −6.50 190.74 −6.55
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Table 2. Cont.

Land Use Type

Model “1950” Model “2020” Model “AFS”

Area (ha)
Soil Loss

(t·ha−1·year−1)
Area (ha)

Soil Loss
(t·ha−1·year−1)

Area (ha)
Soil Loss

(t·ha−1·year−1)

Urban area 65.24 −0.28 184.26 −0.45 184.26 −0.30

Woodland 2577.43 2.86 3226.22 5.90 3226.22 4.98

Total 5331.37 −3.80 5331.37 −3.47 5331.37 −3.41

Figure 7. Estimation of the total soil loss (t·ha−1·year−1) in the three models (1950, 2020, and AFS).
The simulation indicates that replacing current agro-pastoral land management with agroforestry
systems would reduce the soil loss by 40%. Images in .tiff format covering the entire study area are
provided in the Supplementary Materials.

In Model “1950” and Model “2020”, soil loss generated by rural activities accounted
for 57% and 69% of the total, respectively. Thus, focusing only on rural areas can help
in highlighting the effects of historic landscape changes for slope geomorphic processes.
To ensure consistency in the comparisons among the three models, we only considered
the present rural area. Indeed, farmland extension has experienced a decline since the
1950s, primarily replaced by urban areas and woodlands (Figure 4). The present-day
agro-pastoral activities represent 32.4% of the study area with an extension of 1731.72 ha
(Figure 7). Interestingly, in this context, Model “2020” presented the highest soil loss with a
percentage increase of 9.7% compared to Model “1950”. Conversely, as displayed in Model
“AFS”, the simulated restoration of historic agroforestry systems generated a reduction in
the total amount of soil loss in rural areas by 40% (Figure 7).

To evaluate the efficacy of restoring historic agroforestry land use in mitigating downs-
lope soil erosion and deposition in the face of climate change, two additional models were
developed. Climate change projections indicate that the increasing severity of storms will
result in greater water erosion and soil loss in the future compared to the past [40,41]. In
light of this, we updated Model “2050” and Model “AFS” with global rainfall erosivity
projections for 2050 [91]. Model “2050LU20” estimated erosion and deposition rates in
the study area by simulating the interaction between existing environmental factors and
land management practices with rainfall erosivity projections for 2050. Similarly, Model
“2050AFS” evaluated the response of agroforestry systems in mitigating soil loss with the
same forecasts of rainfall-induced erosion.

The results of these two models showed the same trends as observed in Models “2050”
and “AFS”. When considering the entire region, the benefits of replacing current agro-
pastoral systems with agroforestry strategies to reduce erosion and deposition rates appear
to be limited. However, when looking only at the current rural area, the total soil loss due
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to future rainfall-induced erosion was projected to be 36% lower in “Model 2050AFS” than
in Model “2050LU20” (Figure 8).

Figure 8. Estimation of the total soil loss (t·ha−1·year−1) in Model “2050LU20” and in Model
“2050AFS” considering the rainfall erosivity projections for the year 2050. The simulation indicates
that restoring agroforestry systems would reduce the soil loss of rural area by 36%. Images in .tiff
format covering the entire study area are provided in the Supplementary Materials.

5. Discussion

The combination of historical sources and landscape archaeological mapping enabled
the analysis of agroforestry systems in the Northern Apennines. This ancient historic
rural strategy is mentioned in Roman and Mediaeval documents, and it was still widely
employed in the 19th century as reported by the agronomist Filippo Re in 1800. The GIS
HLC retrogressive analysis enabled a quantitative assessment of the progressive abandon-
ment of agroforestry and the resulting historic landscape changes which occurred during
the 20th century CE. The last phase of use of alberata emiliana occurred in the 1980s as
suggested by preliminary dendrochronological analysis. As registered in other European
regions [100], the decline in polyculture strategies such as the alberata in the study area
appears to be a consequence of post-World War II socioeconomic dynamics such as the
rapid modernisation and mechanisation of agriculture and the expansion of urban areas
(Figures 3 and 9). Furthermore, in the study area, the progressive decline of agroforestry
systems since the mid-20th century CE reflects further local socioeconomic trends: the
progressive reduction in rural activities in mountainous regions, the consequent process
of rewilding abandoned agricultural areas [101], and the need for forage for the regional
dairy industry [102]. These dynamics led the agroforestry fields to be replaced mainly by
woodland, pastures, and grassland (Figures 3 and 9).

The disappearance of historic agricultural practices had relevant consequences on
land vulnerability. The results of the GIS geomorphic modelling showed how the current
overall erosion/deposition rate in the study area (Model “2020”) was lower than in the past
(Model “1950”) (Figure 7), a situation likely due to the afforestation process that occurred in
the last 70 years. Indeed, the extension of woodland in the area, higher than in the mid-20th
century, has positive benefits in mitigating land degradation (Table 2). Furthermore, the
overall soil loss scores of the three models seem to suggest that the reconversion of the
present-day agro-pastoral activities to agroforestry appear to be limited when considering
the entire region (Figure 7). Nevertheless, the interpretation of the geomorphic simulations
cannot ignore the fact that the current rural area accounts for more than 60% of the total soil
loss registered, despite being only one-third of the entire region (Table 2). In addition, the
current extent of the agricultural area is lower than in the 1950s, but the simulation returned
a higher soil loss score than in the past (Table 2). The potential benefits of restoring the
historic agroforestry systems (still widely employed in the mid-20th century) in place of the

50



Land 2023, 12, 1054

current agro-pastoral strategies were highlighted by Model “AFS”. The third simulation
returned a significant reduction of potential soil loss in the area, giving valuable indications
for future landscape management strategies. Even in the future scenario of increasingly
severe storm intensity (Model “2050LU20” and Model “2050AFS”), the replacement of
current agro-pastoral strategies with agroforestry seems to be particularly effective in
mitigating downslope soil erosion and deposition (Figure 8).

 

Figure 9. The area of the town of Vetto d’Enza (RE, Italy) as it appeared in 1954 [70] (top), compared
to the current situation (bottom) [64].

The abandonment of agroforestry in the area also had negative consequences for the
cultural values of landscape. Indeed, in addition to an environmental deterioration, the
progressive loss of farmers’ know-how of such rural practices correspond to deep physical
modifications of the regional landscape heritage [21]. In the last 10 years, both EU and
regional policies have encouraged repopulation in rural mountain areas by providing
economic incentives to newcomers who choose to relocate from cities [103,104]. The aim of
such a policy is to limit the process of depopulation, thereby avoiding the loss of cultural
identity in rural regions while lowering population pressure in urban areas [105]. Further-
more, according to the latest Horizon Europe Strategic Plan [106] and the Agricultural
European Innovation Partnership workshop, the major challenge facing current and future
agricultural systems is reconciling production with sustainable land management [107].
To address this challenge, EU agencies encourage the development of innovative land-
scape management approaches that utilise nature-based solutions. Additionally, cultural
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heritage is identified as a potential driver for improving rural wellbeing and long-term
socioeconomic prospects [106].

Furthermore, the restoration of historic AFS has the potential to mitigate the nega-
tive impacts of anthropogenic landscape fragmentation and support the conservation of
biodiversity in mountain ecosystems. Anthropogenically induced landscape fragmenta-
tion, which results from direct physical transformations such as deforestation, agriculture,
urbanisation, and road building, is widely acknowledged as a significant threat to biodi-
versity [108,109]. However, the depopulation of rural mountain areas and the consequent
abandonment of traditional land management practices have emerged as major driving
forces behind changes in mountain ecosystems in Europe. This has led to decreased land-
scape connectivity, negatively impacting fauna associated with abandoned traditional
agro-pastoral habitats [110]. Several studies have shown that AFS can play a crucial role in
improving landscape connectivity. By creating corridors and connecting fragmented habi-
tats, AFS can enhance biodiversity, improve ecosystem services, and promote ecological
resilience [111,112].

On the other hand, environmentally sustainable rural LU types very often do not
provide an immediate and desirable economic return to farmers and these solutions need
to be implemented and adapted to meet site-specific needs at the local scale by inviting
stakeholders to contribute to policy development [113]. Nevertheless, EU-funded research
focused on AFS strategies have shown a return-on-investment time of about 5 years to
recover from workforce training and machinery costs [114], and it has been demonstrated
that even the partial integration of historical AFS within arable lands and pastures can
contribute strongly to lowering environmental pressures on landscape [20].

Thus, the development of transdisciplinary strategies is crucial to inform an envi-
ronmentally sustainable conservation of landscape heritage [115–118]. Synergies between
disciplines can actively contribute to achieving this goal, deciphering the ecological and
historical background of traditional and multifunctional cultural landscapes [119] such as
the alberata emiliana.

The workflow adopted in this research represents an effective interdisciplinary ap-
proach to inform potential holistic landscape strategies. By combining historical sources,
dendrochronology, and GIS retrogressive analysis, we were able to reconstruct the long-
term sociocultural values of AFS in the area. Furthermore, GIS modelling permitted us to
simulate the effects of the abandonment of traditional LU systems on slope instability. How-
ever, assessing the accuracy of model predictions is still challenging. Direct measurements
on the fields are the most effective way to validate this type of model [46,120]. Even when
validation data can be collected, it is usually limited to a small number of sites and a short
period, which may not be representative of the entire region or different climatic conditions.
As a result, the validation process may not capture the full range of spatial and temporal
variability [121]. Nevertheless, GIS modelling tools such as r.landscape.evol represent in-
valuable multiscale sources to simulate long-term annual land degradation across different
land management activities and environmental conditions. The scenarios proposed in this
study can simulate the effects of historic landscape transformation for the cumulative soil
erosion and deposition rates in the area to highlight the potential environmental benefits of
restoring historic AFS. Therefore, the development of landscape modelling approaches such
as that adopted in this research responds to the need of transdisciplinary tools for landscape
management. Indeed, the integration of retrogressive analysis within GIS modelling tools
has the potential to yield invaluable insights for embracing natural and cultural values of
landscapes as components of the same holistic landscape plans.

6. Conclusions

This study integrated historical documents, landscape archaeology, and GIS tools to
trace the evolution of the historic agroforestry (alberata emiliana) in the Northern Apennines.
It also quantified the decline in alberata emiliana during the 20th century CE and assessed
its impact on cumulative soil erosion and deposition. Moreover, the GIS HLC mapping
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process was utilised to create a comprehensive geospatial dataset to monitor the current
state of traditional AFS and provide recommendations for their future maintenance and
revitalisation while preserving the region’s historical landscape characteristics. Considering
the potential benefits of agroforestry systems in mitigating downslope soil erosion and
deposition, the GIS modelling showed that restoring the historic agroforestry landscape
could significantly reduce the land degradation rate in the area. This interdisciplinary
approach could inform the development of transdisciplinary management plans that
balance mitigating land degradation with preserving the landscape character and cultural
identity of a region. The workflow adopted in this research is potentially reproducible in
other areas with similar sociocultural and environmental characteristics, and it helps in
making historical knowledge useful for future landscape management.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/land12051054/s1: the GIS modelling rasters are provided in a .zip folder.
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Abstract: Historical maps, especially those at a small scale and rich in detail (e.g., the old “Cadas-
tres”), represent an exceptionally important tool for understanding the recent historical evolution
of landscapes. The note describes the example of the territory of Gubbio, in Umbria (Central Italy),
where a map from the end of the 16th century shows a drawing of the hydrographic network partially
different from the current one. A multidisciplinary study based on field surveys, observations of
satellite images, archaeological discoveries, and archival research proved useful to confirm what was
reported by the cartographer at the time. The possible causes that led to this variation of the surface
hydrography up to its current configuration are then discussed in the light of other documentary
finds from the archives, taken from the chronicles of the time, which have made it possible to identify,
with sufficient approximation, the period where this change occurred. All this leads to a highlighting
of a profound evolution of fluvial and slope morphogenetic processes that have affected the study
area in recent centuries, in which the regulation of surface waters and afforestation, conducted during
the 20th century, have played a decisive role.

Keywords: historic cartographic documents; landscape evolution; fluvial dynamics; Umbria
(central Italy)

1. Introduction

The study of landscape evolution, especially in the case of areas characterized by
anthropic presence since ancient times, requires a multidisciplinary approach due to the
great variety of sources to be used (historical maps, archival documents, field investiga-
tion data both geological-geomorphological and archaeological, the latter being connected
with anthropological aspects). The morphogenetic processes often underwent changes in
historical times, almost always induced by human activity, i.e., the upsets of the hydro-
graphic network due to the building of dams and the hydraulic works in the riverbeds
and hydrographic basins, conducted mainly during the 19th and 20th centuries [1–4]; the
land use change from forest to agriculture, or from agriculture to urbanization [5–7]. These
interventions have frequently led to a mitigation of the hydrogeological risk but, at times,
also to its increase [8–12].

Historical cartographic documents have been an important source of data for identify-
ing the changes, natural and/or induced, which have characterized the evolution of the
landscape over the last few centuries [13–19]. Among these, large-scale and handwritten
administrative maps are particularly useful, as they constitute the most reliable and rich in
content original sources compared to printed maps [20]. In Italy, for example, between the
end of the 18th and the beginning of the 19th century, various “Cadastres” were produced
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which, although they only report information of a planimetric type, provide excellent infor-
mation, especially about the configuration of streams, before the important hydraulic works
that significantly modified the planimetric track of the streams themselves. The Napoleonic
Cadastre was published in 1812 for northern Italy. The Gregorian Cadastre (1816–1835) and
the Lorraine Cadastre (1776–1832) were published for central Italy; the Bourbon Cadastre,
also created in the first half of the 19th century were published for southern Italy. Further-
more, modern territorial analysis techniques that use geographic information systems (GIS)
allow comparisons between historical maps and the current conformation of natural and
man-made environments with a high degree of accuracy [21–24].

This study describes an emblematic case that highlights the importance of historical
cartographic analysis in understanding the recent evolution of the landscape. One of the
main and oldest historical maps of the territory of Gubbio (Umbria, Central Italy) was
examined; according to scholars, this is the first example of the use of mapping for demo-
graphic survey purposes [25]. From the map, dated to the 16th century, albeit stylized, a
hydrographic network emerges within the plain of Gubbio, which is partially different
from the current one. This induced research includes the use of a field survey of geomor-
phological clues and historical finds. It also prompted the analysis of documents and other
subsequent cartographic sources of causes that may have produced the transformation of
the hydrographic network itself up to its current configuration. The identification of these
causes implies that the recognition of morphogenetic processes is significantly different
from those in progress today, with the consequent modifications of the hydrogeological
risk conditions.

2. Materials and Methods

The Gubbio basin (Umbria, Central Italy) is examined, of which the geological-
geomorphological peculiarities are described below, as well as the “Georgi’s Map” (1570),
one of the most important historical cartographic documents, which is specifically the
object of the note.

2.1. Geological-Geomorphological Framework of the Study Area

To understand the evolution of the landscape in the study area, it is essential to refer
to its geological-structural characteristics, which have strongly controlled the “footprint” of
the landscape itself, as normally occurs in areas affected by recent tectonics. Indeed, the
Gubbio Plain represents one of the classic intermontane basins located on the western side
of the Apennine Chain in Central Italy (Figure 1) [26].

This is a fold mountain belt, verging towards the Adriatic Sea, which was formed due
to compressive tectonic induced by the counterclockwise rotation of the Italian peninsula.
The compressive tectonic phase, still underway on the eastern (Adriatic) side of the chain,
was superimposed in a spatial-temporal sense by an extensional phase of crustal thinning
which produced the formation of tectonic trenches, i.e., graben and semi-graben [27–30].
The Apennine intermontane basins—of which that of Gubbio is the most recent and
easternmost, together with Gualdo Tadino—represent the geomorphological expression of
this extensional tectonic phase which begun in the Pliocene and still affects the western
slope of the Apennine Chain. It is thus responsible for the seismicity present in this
area [31–33].

The two tectonic phases have left evident traces in the territory of Gubbio. The
compressive phase produced the formation of a brachyanticline (Figure 2) [34], where the
marine environment formations, mainly calcareous and calcareous-marly (dating from
the Jurassic to the Miocene) of the Umbria-Marche stratigraphic series, outcrop and today
constitute the structure of the relief that overlooks the city.
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Figure 1. The marine and continental basins (graben and semi-graben) that characterize the Tyrrhenian
side of the Apennine Chain in central Italy. The Gubbio basin is the easternmost; therefore, it is the most
recent together with the Gualdo Tadino basin (immediately to the side). From [14], modified.

 

Figure 2. Geological map of Gubbio basin (from [34], modified).

The extensional phase was superimposed from the previous one, cutting the aforesaid
anticline precisely in correspondence with its nucleus via an important normal fault [35].
It produced a large tectonic trench, i.e., the Gubbio Plain, which spans about 24 km in a
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NW-SE direction. The subsidence of this basin, with endorheic characteristics, initially
allowed the formation of a lake, in the Plio-Pleistocene age, subsequently drained and filled
by sediments in lacustrine and fluvial-lacustrine facies transported by streams flowing from
both sides (north-eastern and south-western) of the basin itself [36,37]. The establishment
of the graben generated a local base level of erosion for all these rivers which, from the
area in subsidence, began their process of regressive erosion [38]. The result, from the
geomorphological point of view, is the alignment of a series of reliefs (Gubbio Mountains),
structurally constituted by what remains of the anticline fold and divided from each other
by narrow valleys, produced from the streams that flow into the Gubbio Plain forming
large alluvial fans (Figure 3) [39].

 

Figure 3. Block diagram of Gubbio basin (from [39], modified).

There are concerns regarding the hydrographic network in the Gubbio Plain. It is
bordered to the NW and SW, and at its ends, by two rivers: the Assino River, which drains
at the northern portion of the plain, and the Chiascio River, which drains at its central-
southern portion. The divide between the two basins is located properly inside the Gubbio
Plain, in correspondence with the large, low-sloping alluvial fan formed by the San Donato
Creek at its outlet in the plain area. This aspect is important and will be discussed later.

2.2. The Georgi’s Map

The “Georgi’s Map”—also titled “Diocese della città di Ugubbio, descritta dal R.mo
don Ubaldo Georgii clerico Eugubino. Ad istanza di monsignore Ill.mo Et Re.mo Mariano
Savello vescovo dignissimo” (Figure 4)—was made in the second half of the 16th century
and represents one of the most important historical cartographic documents of the Gubbio
area. One specimen is kept in the Municipal Museum of Gubbio (inv. No. 2414 (6505)). It
consists of two copper plates, each measuring 475 × 680 mm, and owes its origin to the
decisions taken within the Council of Trent (1563) during which a document was approved
asking parish priests to draw up a status animarum of their own parish through a real
demographic census [25,40–43].
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Figure 4. The Georgi’s Map—Municipal Museum of Gubbio, inv. No. 2414 (6505).

In 1567, the bishop of Gubbio (mons. Mariano Savelli) ordered all parish priests of the
Diocese to indicate the number of families belonging to their own parish and the distances
that separated them from their respective churches. In 1570, the bishop commissioned
the cleric don Ubaldo Georgi, who was considered to be an excellent geographer [44], to
graphically transpose all the information received. From the data found by Allegrucci [25],
it can be deduced that in 1571 Georgi went to Venice with the design of the map and stayed
there for a year to have the map engraved; the “coppers” were then brought to Gubbio.

The document, a real topographic map, depicts a relatively large territory, at a scale
of extreme detail for the period in which it was drawn up (normally, the maps of this
period are at a significantly smaller scale), and it is also a thematic map, considering that
it represents the population of the Diocese. In fact, the territory is divided into squares
and rectangles, each of which delimits, albeit approximately, the various parish districts.
The particularity of the map consists in the fact that it represents a unicum, as in no other
Diocese the surveys promoted by the Council of Trent were graphically converted into a
map. Furthermore, it represents the first cartography created specifically in the Gubbio area.
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2.3. The Anomaly of the Hydrographic Network Represented in the Georgi’s Map

By carefully examining Georgi’s Map, a substantial difference in the hydrographic
network represented by the cartographer compared to the current situation can be observed.
The map, in its lower portion, represents the plain of Gubbio, bordered on the right (SE)
by the Chiascio River and on the left (NW) by the Assino River. The divide between
the two hydrographic catchments, which drain towards the Assino and Chiascio Rivers,
respectively, is moved much more to the left (NW) than the current one, so much so that, to
the NW of the town of Gubbio, the San Donato Creek, although represented in a stylized
way, unequivocally flows into the Saonda River, a tributary of the Chiascio River. Currently,
it is an integral part of the hydrographic network which belongs to the Assino River. The
same applies to a minor tributary, the creek located between Nerbisci and S. Martino in
Colle, on the opposite side of the Gubbio basin: it too, today flowing into the San Donato
stream, is represented in Georgi’s Map as a tributary of the Saonda River (Figure 5).

 

Figure 5. Comparison between (a) Georgi’s Map and (b) the present situation (from Google Earth—
https://earth.google.com/, highlighting the main hydrographic network).
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An error by the cartographer can reasonably be excluded, considering the extreme
detail with which the natural and anthropic elements are represented and above all the
proximity of the place to the city of Gubbio (therefore in an area that is not impervious and
easily accessible). The problem then arises of the search for clues, from land and documents,
which testify to the presence of a fluvial track of the San Donato Creek different from the
current one, as well as the causes and the period in which the diversion, which led to the
present situation, may have occurred.

2.4. The Data Available

The study was carried out following two lines of research: (1) The field investigation,
which attempted to search for geomorphological clues and archaeological finds that could
highlight the presence of a fluvial track of the San Donato Creek different from the current
one; (2) the search for archival material (cartographic and possibly documentary) on
the subject.

2.4.1. The Field Investigation

The direct investigation in the field proved difficult, considering that the area in
question has always been developed and is used mainly for agriculture. Therefore, there
are no outcrops of autochthonous and unaltered material along the presumed ancient
fluvial track of the San Donato Creek, which can be attributed to infill of sediments of
fluvial origin.

On the other hand, the analysis of aerial photos proved to be more important and
useful, from which it is possible to identify, through a wider aerial view, any indications
of a paleo-riverbed. In fact, the identification of ancient river tracks, especially in lowland
areas, is facilitated by the fact that the sub-surface channel deposits are clearly evident,
above all following precipitation events, for the different colors they assume due to their
degree of humidity and their permeability, different from the neighboring areas. Therefore,
the search for aerial photos via Google Earth was very useful, exploiting its potential and
above all the fact that the photos present refer to different periods (which can be inspected
via the menu item “show historical images”). Among the photos available in this area, there
is one in particular whose acquisition date is 29 May 2017. It shows with extraordinary
evidence the indications of a drainage line placed along the San Donato Creek at its outlet
in the plain of Gubbio, which most likely follows the ancient fluvial track of this stream, as
reported in Georgi’s Map (Figure 6), i.e., directed towards the Saonda River.

 

Figure 6. Evidence (red arrows) of San Donato Creek’s paleo-riverbed (from Google Earth—https:
//earth.google.com/).

Furthermore, there is another important element in favor of this interpretation. During
the works carried out in 2014 for the construction of the new church of the Madonna del
Ponte (church of the Mother of the Savior), today located precisely according to the direction
of the presumed paleo-riverbed of the San Donato Creek, very interesting archaeological
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and geological data emerged. The preparatory excavation works for the construction of
the new church have brought to light an ancient artifact consisting of a small chapel which
had probably incorporated a pre-existing rural aedicule dating back to the 15th century
(Figure 7). This is located close to the place where the old church of the Madonna del Ponte
was built during the 16th century.

 

Figure 7. The ruins of the artifact, probably a small chapel (a) with an aedicule inside, detailed in (b).

In particular, the excavations of 2014 highlighted the presence of a sedimentary body,
which transversely cut the entire construction site at a depth of 0.5–1 m from ground level.
This lithosome was clearly distinguishable from the neighboring alluvial sediments and
consisted of well-processed pebbles with a good degree of rounding, with an average
size of 6–8 cm (also used for the construction of the perimeter walls of the aedicule) in an
abundant silty-sandy matrix (Figure 8).

The position of this sedimentary body, located right along the line of the hypothetical
paleo-riverbed of the San Donato Creek, as represented by Georgi, and its lithological-
sedimentary characteristics make the presence of a river channel probable in this area.

Currently, on the main altar of the church of the Madonna del Ponte, near the bridge
over the San Donato Creek, there is a detached block fresco coming from the chapel described
above. It is assumed that the aedicule, contained in it, was placed near the bank of the San
Donato Creek to invoke protection from any damage that the stream could cause with its
floods, as was the custom in that period and in the following centuries [45]. See, for example,
the still present aedicule, located on the right bank of the Camignano River, near the bridge
that crosses it in the San Martino district, within the historic center of Gubbio (Figure 9).
The fresco in question (Figure 10) depicts the Madonna and Child enthroned between St.
Bernardino and a holy bishop (perhaps St. Ubaldo or St. Donato) and is attributed to the
Gubbio painter Jacopo Bedi who realized it shortly after the mid-15th century.
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Figure 8. (a) The trench made during the excavation of the building in Figure 7; (b) pebbles of clear
fluvial origin used to build the artifact.

 

Figure 9. Aedicule located on the right bank of the Camignano Creek, close to the bridge that crosses
it in the San Martino quarter, in the historic center of Gubbio.
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Figure 10. Fresco detached in block currently located in the Church of Madonna del Ponte.

Some archival documents relating to Jacopo Bedi, dated between 1460 and 1478 [46],
ensure that the painter owned land in the Villa of Spognola, located on the right bank of
the San Donato Creek, near the bridge already called at that time “of San Donato”.

It cannot be excluded, though it is possible, that the majesty or the small chapel where
the fresco was originally placed, was located precisely in one of the lands owned by the
15th-century painter from Gubbio near the San Donato bridge. Even the dimensions of the
small building found in the area now occupied by the new church of the Mother of the
Savior, especially those of its back wall, are compatible with those of the detached fresco
(150 × 150 cm).

2.4.2. The Historical-Cartographic Investigation

Next, we analyzed historical maps subsequent to Georgi. We referred to the same area
of study to search for the one closest in time to Georgi’s Map, in which the San Donato
Creek was depicted in the position in which it is currently located. This was done to identify
the time interval in which the diversion phenomenon of the San Donato Creek may have
occurred. The maps examined are listed in Table 1, in increasing order of age.

We found the examined cartography, which was produced before Georgi’s Map (1570),
to be unhelpful, as it is not detailed enough to confirm that how the San Donato Creek
flowed into the Saonda River (Chiascio River basin). These maps are drawn on too small a
scale, which does not allow for a degree of detail that can correctly identify the hydrograph
network of the Gubbio Plain (Figure 11).
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Table 1. The historical maps examined.

Title Author Year Location Notes

Tavola Nuova della Marca
d’Ancona

Girolamo
Ruscelli 1561 In: “Geographia” of Claudio

Tolomeo printed

Novo et vero dissegno della
Marca di Ancona con li sui

confini
Ferrando Bertelli 1565 British Museum,

London printed

Marcha Anconae olim
Picenum Abramo Ortelio 1572 Municipal Library of Fermo printed

Urbini Ducatus Egnatio Danti 1580–1582 Vatican Museums wall painting

Marchia Anconitana cum
Spoletano Ducatu

Gerhard
Mercatore 1589 private collection printed

Ducatus Urbini nova et
exacta

descriptio
Abramo Ortelio 1606 “Federiciana” Library of Fano printed

Marca d’Ancona olim
Picenum

Giovanni
Antonio Magini 1620 “Oliveriana” Library of Pesaro printed

Urbini Ducatus Giovanni
Antonio Magini 1620 “Federiciana” Library of Fano printed

Gli Stati dei Serenissimi
Duchi della Rovere

Francesco
Mingucci 1626 Vatican manuscript code 4434 hand drawn

Urbini Ducatus Jodoco Hondio 1627 “Federiciana” Library of Fano printed

Stato d’Urbino Marco Ferrante Gerlassa circa 1630 National Gallery of Marche,
Urbino hand drawn

Ducato di Urbino Henricus
Hondius 1635 “Federiciana” Library of Fano printed

Marchia Anconitana olim
Picenum

Henricus
Hondius 1640 Municipal Library of

Civitanova Marche printed

Legatione del Ducato
d’Urbino Filippo Titi 1697 “Federiciana” Library of Fano printed

Marca d’Ancona Vincenzo
Coronelli 1708 Franciscan and Picene

Historical Library of Falconara printed

Provincia Piceni Giovanni di
Montecavallero 1711 Franciscan and Picene

Historical Library of Falconara printed

Marca Anconae, olim
Picenum Lasor a Varea 1713 “Federiciana” Library of Fano printed

Ducato d’Urbino 1723

In: “Memorie istoriche
concernenti la Devoluzione dello
Stato di Urbino alla Santa Sede

Apostolica” (Riveriana)

printed

Nuova Carta Geografica dello
Stato Ecclesiastico

Rud̄er Josip Bošković e
Christoper Maire 1755 National Library of Florence printed

Nuova Delineazione della
Legazione di Urbino Christoper Maire 1757 “Oliveriana” Library of Pesaro printed

Catasto
geometrico-particellare del

territorio di Gubbio
Giuseppe Maria Ghelli 1768 State Archive Section of

Gubbio

27 hand drawn
maps and 48
“brogliardi”
(descriptive

registers)
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Table 1. Cont.

Title Author Year Location Notes

Lo Stato della Chiesa Antonio Zatta 1782 Franciscan and Picene
Historical Library of Falconara printed

Legazione d’Urbino e
Governo di Città di Castello Antonio Zatta 1783 Franciscan and Picene

Historical Library of Falconara printed

Catasto gregoriano AA.VV. 1816–1835 State Archive
of Perugia

unit 287, hand
drawn

 

Figure 11. “Tavola Nuova della Marca d’Ancona” (Ruscelli, 1561). In the box: the enlargement of the
Gubbio area.

Some maps produced after Georgi’s present the same problem because the Gubbio
area is located on the edges of the cartographic representation and is therefore not well
sketched (Figure 12). Others, which are in any case the majority, all show the San Donato
Creek with a track like the current one, i.e., flowing into the Assino River (Figure 13).
Among the latter, the closest in time to Georgi’s Map is “Urbini Ducatus” by Egnatio Danti,
produced between 1580 and 1582 and preserved as a mural painting in Rome, in the Vatican
Museums (Figures 14 and 15).

 

Figure 12. “Marcha Anconae, olim Picenum” (Ortelio, 1572). In the box: the enlargement of the Gubbio area.
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Figure 13. “Ducatus Urbini nova et exacta descriptio” (Ortelio, 1606). In the box: the enlargement of the
Gubbio area.

 

Figure 14. “Urbini Ducatus” (Egnatio Danti, 1580–1582). In the square: the Gubbio area (highlighted
in Figure 15.
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Figure 15. A detail of “Urbini Ducatus” by Egnatio Danti (1580–1582)—see Figure 14.

3. Results

From the available field and historical-cartographic data, two important elements
emerge. The first is that there are numerous clues of a geological and geomorphological
nature linked to the discovery of architectural and pictorial finds, which seem to confirm
what Georgi represented regarding a track of the San Donato Creek different from the
current one. The second concerns the period in which this diversion of the track may have
occurred. It can reasonably be assumed that this occurred between 1571 (the year Georgi
went to Venice to have the “coppers” of his paper engraved, as reported by Allegrucci [25])
and 1582 (the year Danti finished his painting).

Some questions remain unresolved, such as what the causes are that could produce
the modification of the river track—i.e., natural or anthropogenic causes?

The Causes of the Modification of the Fluvial Track of the San Donato Creek

The possibility of an error by Georgi in drawing the fluvial track of the San Donato
Creek on his map can be excluded. This hypothesis, in fact, appears unlikely, both taking
note of the recognized competence and professionalism of Georgi himself, and because the
area was easily accessible even for those times, and just as directly “verifiable.” Furthermore,
the purpose of the map must be considered: the abundance of details with which it was
drawn up does not make credible that it could be an error, which would have been too
obvious to remain unnoticed.

Two possible hypotheses remain:

• a “forced” deviation, artificially induced by hydraulic works in the riverbed, which
would therefore have constrained it to modify its track;

• a natural cause, whereby the stream would have changed direction “spontaneously”
caused by a flood event, such as often occur on alluvial fans (such as the one that the
San Donato Creek forms), at their mouth on a plain.

The first of the two hypotheses mentioned above seems scarcely credible. In fact, no
archival document has been found in the “Riformanze” contained in the Historical Archive
of Gubbio (dating from 1326 to 1815, which faithfully report any works of public utility
carried out in the area) that testify to the implementation of hydraulic works in that period.
This was a period in which Gubbio, under the regency of the Della Rovere, was in a non-
florid state of the municipality and its economy [47,48]. Furthermore, the reasons that
would have led to carrying out works of this kind are absent (i.e., modifying a riverbed and
making it flow towards another hydrographic basin). The drainage and rectification works
of the riverbed of the San Donato Creek, as seen today, must have taken place no earlier
than the 19th century. Graphic indications relating to a possible rectification project of some
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reaches, for hydraulic protection purposes, are already present in the Ghelli’s Cadastre
(1768; Figure 16). The San Donato Creek still has a sinuous pattern; plans of adjustment
of the San Donato Creek riverbed are present in the Gregorian Cadastre, affixed after the
creation of the map, probably after 1880, when its maps were “redrawn” [49] (Figure 17).

 

Figure 16. The San Donato Creek in the “Ghelli’s Cadastre” (1768). The dotted lines, highlighted by
red arrows in the figure, are plans for canalizing the stream, where it states “land in danger” due to
frequent flooding affecting this area.

 

Figure 17. Extract from the Gregorian Cadastre of the Madonna del Ponte area, redrawn at the end of
the 19th century.

Instead, the second hypothesis, which attributes the diversion of the San Donato
Creek to natural causes, seems realistically not only possible but probable. The alluvial fan
formed by the San Donato Creek has a morphology characterized by a gentle slope, the
lowest found in the Gubbio Plain at the mouth of the streams which, crossing the Gubbio
hills, form these systems. It is precisely this feature that makes the riverbed extremely
mobile: in such cases, even a single flood is sufficient to cause a diversion of the track. It
should also be remembered that the alluvial fan of the San Donato Creek, despite its gentle
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morphology, constitutes, within the Gubbio plain, a divide between the hydrographic
basins of the Assino River and the Chiascio River: a diversion of a few degrees could easily
have diverted the stream into one or the other catchment area. On the other hand, it is
sufficient to observe any “active” fan (i.e., growing by sedimentation; Figure 18) to verify
how diversions, even sensitive ones, of the feeder channel can occur very quickly, especially
as alluvial fans have low slopes.

 

Figure 18. A typical alluvial fan (Arroyo del Medio, province of Jujuy, northwestern Argentina). The
various channels that grow the cone are evident.

In essence, it would be that phenomenon which in geomorphology is defined as “river
capture by spill (or overflow)” [50] (Figure 19): a stream, changing direction due to a
sudden sedimentary input, can cause its waters to flow into a neighboring hydrographic
basin that is different from the one in which it was located. Figure 20 shows an essential
geomorphological map of the study area, where the San Donato fluvial perfectly follows
what is reported in the sketch of Figure 19.

 

Figure 19. Fluvial capture by spill (or overflow). From [50], modified.
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Figure 20. Geomorphological sketch of the Gubbio Plain.

This remains the most probable hypothesis and seems to be supported by an
archival document.

In “Memoirs” (written from 1557 to 1604) by don Paris Montanari, the Gubbio parish
priest at the time, consulted in the State Historical Archive, Gubbio Section, it states “1571.
I remember that on July 18th the River known as Camignano made a huge flood, and did
huge damage by flooding houses and churches, and passed over the bridges of the city:
the closest houses along the river, those above St. Biagio, those of the Market, the Macelli,
and the Houses of Borgo: and the churches it flooded were St. Biagio, the Mastadella,
St. Bernardino, St. Rocco, and the Monastery of Good Jesus: and it carried very large
beams, a frightening and terrible thing: and I don Paris was in St. Belardino with some
friends of mine”—(Sezione Archivio Storico di Gubbio i.e., State Historical Archive, Gubbio
Section—SASG, Fondo Armanni, II.B.13).

The “river known as Camignano” is the one that crosses the city of Gubbio (Figure 3),
parallel to, and a short distance from the San Donato Creek which, evidently, suffered the
same effects.

Could this be the flood event that caused the diversion of the route? The date should
also be noted: 18 July 1571, indicated by don Paris as the day on which the event occurred.
Georgi must have already drawn up his map if, as Allegrucci says [25], precisely on that
year the cartographer went to Venice to have the “coppers” of his work engraved.

Beyond the fact that the diversion of the San Donato Creek can be attributed to this
specific event described by don Paris Montanari, documentary evidence highlights an
important element, namely flood events in the streams that cross the Gubbio Mountains,
were certainly present in that historical period (see also Table 2). This is no longer the
case today, thanks to the works of hydraulic regulation of the running waters and the
arrangement of the slopes carried out in later times.

As evidence that such flood events were frequent in the Gubbio Plain, the text of
the epigraph is reported, affixed after two important alluvial events in Camignano River
occurred. One occurred in the aedicule (already mentioned, located on the right bank
of the Camignano River and the other in the district of San Martino, which is located
within the historic center of Gubbio) (Figure 21). The citizens of Gubbio thank the effigy of
the Madonna with the words, translated from the Italian: “To you, Great Virgin Help of
Christians who, motionless in this poor location among the ruins of repeated floods in 1859
and 1866, wanted to save the lives of so many citizens in danger, the elite of the districts, as
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to a dear, most vigilant, compassionate mother, as a sign of filial gratitude, this memory
they put.”

Table 2. List of the most important flood events in the Gubbio area which are traced in the historical
documentation. The most cited refer to the Camignano River, as it crosses the city of Gubbio, but the
references often extend to the surrounding rivers.

Data Fonte Note

1388 ca. Luongo [51], 1.11 Flood of Camignano River

18 July 1571 Montanari, Memorie [52] Flood of Camignano River

20 October 1613 SASG, Fondo Pesci, n. 12, p. 696 Flood of Camignano River

25 August 1616 SASG, Fondo Pesci, b. 12,
Effemeridi Orsaioli, p. 446 Great flood of San Donato Creek

September 1619 SASG, Fondo Pesci, n. 12, p. 505 Flood of Camignano River

3 June 1772
SASG, Fondo Comunale, Registri

Parrocchiali (san Giovanni e
sant’Agostino)

“per impetuosa pioggia si rompì
[ . . . ] il Bottaccione”; flood and

damages in Gubbio, 9 dead

End of July, 1792 Cece, personal communication, 2020 Flood of Camignano River

8 September 1835 Lucarelli, Memorie [53],
pp. 196–197

“Tutti i fiumi hanno straripato in
modo tale che non vi era memoria di
casi simili”; flood of Camignano

River and other streams

18 September 1859 Lucarelli, Memorie [53], p. 344

“il debordamento de fiumi ha recato
immensi danni non solo nelle

campagne, ma benanche in città”;
generalized floods

26 May 1866 ADG, Fondo del Capitolo
dei Canonici, I.C. 21, p. 136 Flood of Camignano River

 

Figure 21. Detail of the aedicule shown in Figure 9, which highlights the epigraph located at the base.
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Such events could easily have ben produced between 1570 and 1582. The phenomenon
of “capture by overflow” was identified based on the comparison between Georgi’s Map
and the current situation.

4. Discussion

From the data and results described, different conditions and morphogenetic factors
emerge between the period under consideration (16th century) and the current situation.
Different from past periods, the streams flowing from the Gubbio Mountains towards the
Gubbio basin present a regime strongly controlled by the riverbed and slope arrangements.
This, presumably, only began in the last century, up to the paving of the Camignano River,
which took place near the end of the 1970s (Figure 22).

 

Figure 22. The paving works of the riverbed of the Camignano Creek (around the end of 1970s) in a
photo from the time.

Proof of this is the photographic evidence that, already from the 1800s and up to the
1950s, showed slopes bare of vegetation and affected by debris flows (Figures 23 and 24),
such as that of 1341, described by Luongo [38]. The detrital material easily poured into
the streams, which presented a greater solid transport than the current one (Figure 25).
Moreover, in the absence of regulation of rainwater and runoff on the slopes, the rivers were
subject to sudden floods, causing frequent and severe damage to the structures and the
resident population. Historical testimonies document these conditions of hydrogeological
risk (Table 2).

 

Figure 23. The slopes of the Gubbio Mountains, substantially bare of vegetation, as they appeared in
a postcard from the 1950s.
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Figure 24. The detrital material was once easily mobilizable, considering the absence of vegetation
and the steep slopes, so as to allow the triggering of debris flows that poured into the streams.

 

Figure 25. The streams (in the photo the Camignano Creek in the urban reach of Gubbio) were still
subject to strong solid transport of detrital material coming from the bare and steep valley sides in
the 1800s. The point of view is from upstream towards downstream.

From the point of view of hydraulic risk, the present situation is profoundly different.
The afforestation carried out on the hills facing the city (Figure 26) has had the effect of
greatly reducing the possibility of triggering debris flows and, above all, has increased
the run-off time and the concentration time within the hydrographic basins of the streams
flowing into the lowland area, effectively preventing the onset of catastrophic alluvial
events such as the one described by don Paris Montanari in his memoirs. The channeling
and construction of embankments in the river reaches of the plain have to be added (as
well as the paving of the stream which crosses the city of Gubbio, the Camignano River),
which have allowed for greater hydraulic efficiency of the outflow sections, thus avoiding
inundation and flooding in the urban reaches.

Profound changes of the landscape, the evidence of which was made possible precisely
by the historical-cartographic and documentary analysis.
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Figure 26. Gubbio at present. The slopes of the Gubbio Mountains appear today densely revegetated.

5. Conclusions

Georgi’s Map, which depicts the territory of Gubbio (Umbria, Central Italy) at the end
of the 16th century, shows a design of the hydrographic network that is partly different
from the current one. In particular, the San Donato Creek, today a left tributary of the
Assino River in the northern portion of the Gubbio basin, is represented in this map as a
tributary of the Saonda River, which belongs to another hydrographic basin, that of the
Chiascio River, which occupies the central-southern portion of the basin itself.

The investigation carried out through direct surveys in the field, also with the support
of the observation of satellite images, seems to confirm what Georgi has represented. This
hypothesis is also supported by other elements, thanks to the excavations carried out for
the construction of a new cult building, precisely in the hypothetical direction of flow of the
paleo-riverbed of the San Donato Creek. These, in fact, have brought to light a sedimentary
body of evident fluvial origin and an archaeological find, in particular a votive aedicule,
dating back to the 15th century, which are similar to those that are still present today along
the banks of the streams in the territory.

Furthermore, the study has allowed us to hypothesize the period in which this vari-
ation of the hydrographic network may have occurred, and the causes that may have
produced it.

About this period, the comparison between Georgi’s Map and the ones created subse-
quently allowed us to identify a precise time slice between 1570 (presumed date of creation
of the Georgi’s Map) and 1582 (date in which it was completed the mural painting by
Egnatio Danti, preserved in the Vatican Museums, which represents a drawing of the
hydrographic network substantially like the current one).

With regard to the causes of the modification of the track of the San Donato Creek,
this suggests natural processes, in particular a diversion of the stream (river capture by
overflow) induced by an alluvial event. This seems to be confirmed by the chronicles of
time that highlight more severe hydrogeological risk conditions, characterized by a higher
frequency of flood events than the current situation.
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Therefore, a substantial evolution of the morphogenetic processes (fluvial and slope)
in the study area should be highlighted, due both to the afforestation carried out along the
slopes of the Gubbio Mountains and to the numerous surface water regulation interventions,
both carried out during the 20th century. These have greatly reduced erosion processes, the
triggering of debris flows, and the consequent solid transport of the streams that drain the
slopes of the Gubbio hills, contributing to a decisive mitigation of the hydrogeological risk
connected to the flooding phenomena of the lowland area.

Therefore, the present study is an excellent example of the validity of a multidisci-
plinary study method in the reconstruction of landscape evolution in areas of ancient and
persistent human presence.
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Abstract: The article describes the landscape history of the Westerplatte Peninsula in Gdańsk (Poland)
from the 17th to the 20th century presented as a complex process of the landscape’s environmental,
urban and military transformations. Westerplatte is known as the symbolic place where the Second
World War in Europe broke out, and for this reason the current discourse is mainly concentrated
on that period. Nonetheless, the history of Westerplatte includes many other important events
involving Polish, German, Russian and even French politics over the last three centuries. Thanks to
its location at the entrance of one of the main harbours on the Baltic Sea, it is cartographically the
best-documented part of the Vistula river estuary. A comprehensive archival survey conducted in the
Polish and German archives and cartographical analysis of over 200 selected historical maps allowed
the authors to reconstruct its spatial history over three centuries. This case study of Westerplatte
can be regarded as an example of the research modus operandi of a historical landscape which
has been transformed multiple times. It might form the basis for establishing a new policy for its
preservation, allowing a balance to be kept between fluctuations of the current historical politics
and more universal requirements for the protection of tangible and intangible heritage. The article
also stresses the importance of a holistic and interdisciplinary approach in the analysis of a historical
landscape and the necessity of proper selection and critical verification of sources.

Keywords: HUL; cultural landscape; anthropopression; landscape transformation; heritage conservation;
spatial history; the Second World War; coast; Baltic Sea; Gdansk

1. Introduction

The history of Westerplatte—a peninsula between the old Vistula mouth (current port
canal) and the Gulf of Gdansk—began over three hundred years ago. The event that gave
this place a unique status in Polish historiography as a symbolic place where World War II
broke out was the dramatic defence of the Polish outpost at Westerplatte in the first days of
the war. On this basis, the Westerplatte peninsula was awarded the status of the Monument
of History—the highest form of monument protection in Poland, covering slightly more
than 100 objects of outstanding importance to the cultural heritage of Poland. Thus, it was
the subject of several historical elaborations on the margin of the synthesis of World War
II [1] as well as studies on Gdansk [2] and a particular monograph on the Polish military
base [3–7], which emphasized its importance in this context [8]. However, the history and
the spatial transformations of Westerplatte are more complicated, and they encompass
geographical, political and economic issues tangled together in a small area which often
seems to be overlooked or treated superficially in contemporary literature [Figure 1].

The aim of this article is to reconstruct the spatial history of Westerplatte over the
last 400 years. Analysing data onvarious characteristics from such a long period enables
the combination of different methods (including tedious, traditional analysis of sources)
in research on landscape transformations, depending on the chronological and territorial
scope of the study area.
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Figure 1. Location of the research topic: Gdańsk as a historical port city at the mouth of the
Vistula river.

Literature Review

In the increasingly popular study of landscape evolution, possible perspectives refer to
various scientific disciplines: geography, spatial management and urban planning, but also
archaeology and architecture. Most recent studies on the geomorphology of anthropocenic
landscape transformation focus on the scale 100:000–10:000 [9–11]. Meanwhile, spaces such
as Westerplatte need more detailed analyses, taking into account the limited area of their
multitemporal transformations. For this reason, the literature review is divided according
to the subjects of interest: battlefields, urban (suburban) areas, coastline formation and
estuaries. It is worth emphasizing that all these issues, usually related to analyses at various
scales, appear in the analysed example of Westerplatte.

Battlefield studies are currently a developing field of research on historical landscape
evolution. Studies of this type have recently been published concerning Austerlitz [12],
Verdun [13], Cabezo de Alcalá [14] and Flanders [15]. They were most often focused on
archaeological research and artefacts discovered during them [16], as well as the use of
new research technologies such as photogrammetry and LiDAR [13,17,18]. A broader view,
including changes in land cover and landform, also for understandable reasons, oscillates
around one particular event in the history of the studied area [12]. However, historical
events such as battles are violent and brief actions; therefore, their analysis allows us to
reconstruct the landscape only at this specific point in time. This has been pointed out, for
example, by W. Altizer in the context of research on the Santiago Campaign of 1898, based
on the theory of “time perspectivism” by G. Bailey [19].

A particular problem is built environment analysis (urban studies), where changes
have continuous character and the landscape, formed as a result of anthropopression and
environmental changes, is still undergoing transformation. Historical Urban Landscapes
(HULs) are the subject of research on conservation and heritage preservation issues. The idea
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of conservation—keeping the monument in the best possible condition—cannot be applied as
rigorously in the case of HULs as it can in the case of individual objects [20–22]. For this
reason, awareness of the change and documenting it as a process is of value in itself.

Although attempts to map the process of historical spatial transformations of urban
areas have been carried out in heritage studies of Venice [23,24], Naples [25], New York [26],
London [27], San Francisco [28] and Tokyo [29], the analysis was still usually limited to the
particular time due to the representativeness of the sources. The extensiveproject aimed
at analysing historical transformation—“European Atlas of Historic Cities”—has been
conducted for over five decades and is still far from complete [30].

Rivers and waterways in the pre-industrial era constituted the transportation network.
Not surprisingly, studies of these, especially of the alluvial zones (estuaries), are also the
subject of research by landscape historians [31,32]. Studies on formation processes and
geological changes have also been conducted for the Vistula estuary [33,34]; however,
the complex analysis of historical written sources and archaeological surveys was not
implemented. This article presents the history of the formation of the Vistula estuary in the
modern era since the end of the 17th century.

When the landscape and spatial transformations are analysed in architectural, urban
or geographical terms, depending on the size of the researched object, it is quite rare, and it
is difficult to combine the methods used for each of the three scales as each of them applies
different solutions [35]. However, the role of historical cartography in such research might
be illustrated by the history of Bombay [36]. It shows that combining interdisciplinary
sources allows one to overcome the limitations of a particular scientific discipline and
might help analyse other cases [37]. As it appears, one of the main problems for historians,
archaeologists or geographers [31,33,34,38] dealing with the study of historical space, which
can greatly limit the scope of research, is access to sources, as well as environmental changes,
both natural and man-made, irreversibly destroying the object of the study itself.

The conditions that the authors encountered in the case of Westerplatte fall between
the study of the urban landscape and the natural one, marked by human activity. These
two trends in research on historical space may meet during the analysis of the urban
environment exposed to several natural, economic and military changes. Westerplatte is an
excellent example of such a place.

In recent years, discourse on the history of Westerplatte became strongly linked with
its conservation and heritage protection issues [7]. The future development of the peninsula
is widely disputed, and two main strategies might be observed. On the one hand, some
heritage conservators propose reconstructing the former military base space as it was in the
summer of 1939 (just before World War II broke out). On the other hand, local politicians
and architectural societies would like to create a modern museum on the periphery of the
peninsula with full respect to the monument’s unhistorical conception from the 1960s. A
half-century later, that vision reflected the political struggle between the local municipality
and the new directorship of the Museum of the Second World War [39,40].

However, both visions do not consider the complex history of Westerplatte with its
numerous transformations and links to three centuries of rough relationships between
Poland, Germany, Russia and even France. Therefore, the analysis presented below con-
tributes to the discourse on the future of this significant area and allows us to question
how the cultural landscape should be protected today. Therefore, the authors proposed
the analysis based on defining nine periods of the area’s history, from the end of the 17th
century to the turn of the 21st century. Their purpose is to present the way that in-depth
interdisciplinary studies enable a better understanding of the past and how the complex
database of cartographical sources, compared with archaeological surveys, might be used
in reconstructing the whole process of spatial transformation in a strictly defined area. The
theoretical base for such studies was set by the so-called spatial turn in history, which has
been evolving since the late 1980s [41–43].
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2. Methods

The reconstruction of the space of Westerplatte required the application of historical
methods (analysis and criticism of historical sources, deductive and retrogressive methods)
and field studies (archaeological, inventory of landscape on an urban scale), supplemented
by the results of geomorphological (geological history of the Vistula estuary) and geograph-
ical studies (confronting the results of historical studies with knowledge of the formation
of the Vistula estuary). Only non-invasive studies, i.e., geo-radar or electrical resistivity
technique, were not included, due to the experience required for the analysis and the much
greater difficulty of interpreting the results of the studies.

First of all, the authors collected the evidence base of over 200 maps and aerial photos
from the rich collections (over 3500 items in Gdańsk), including Architekturmuseum
der Technischen Universität Berlin (Architectural Museum of the Technical University of
Berlin, Berlin, Germany), Archiwum Państwowe w Gdańsku (State Archive in Gdańsk,
Gdańsk, Poland), Bundesarchiv-Militärarchiv (Federal Archive-Military Archive, Freiburg
im Breisgau, Germany), Biblioteka Gdańska Polskiej Akademii Nauk (Polish Academy
of Sciences, Gdańsk Library, Gdańsk, Poland), Centralne Archiwum Wojskowe (Central
Military Archive, Warsaw, Poland), Geheimes Staatsarchiv Preußischer Kulturbesitz (Secret
State Archives Prussian Cultural Heritage Foundation, Berlin, Germany), National Archives
and Records Administration, College Park, Maryland, United States of America, and Urząd
Miasta Gdańska, Wydział Geodezji (Gdańsk Municipal Administration, Department of
Geodesy, Gdańsk, Poland) [Chart 1]. During the archival research, a representative group
of such sources were selected. Although the first records concerning the Vistula estuary (the
depth of the fairway) date back to 1583, the authors focused on maps showing the formation
of Westerplatte isle, its transformation into a peninsula and subsequent development and
transformations. Therefore, Chart 1 shows that the structural division of maps, plans
and photos is accurate and illustrative for reconstructing the space of Westerplatte for the
entire period after 1698. The particular references to those archival records are linked with
relevant items in the mentioned list.

Chart 1. Statistical analysis of cartographical primary sources used in the research. The average
number of analysed maps of Westerplatte per year.

Although history is a linear process, the landscape transformations of Westerplatte
were taking place at different speeds in particular periods. Moreover, the differences in
quantity and quality of historical sources depanding on the time of their creation (and
other data useful for reconstruction of spatial changes) make the problem of their repre-
sentativeness. Sometimes, we may analyse many nearly identical sources, other times
we have to rely only on a unique one. Summarizing Chart 1, it should be emphasized
that the most intense and detailed period of landscape transformation took place in the
period from a few years before the Second World War to its first year. For this reason, aerial
photographs were also used to capture these quick and subtle changes not sufficiently
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recorded by cartography. Due to the strategic role of Westerplatte as the main gateway to
the port of Gdańsk, the peninsula has been recorded in an incomparably greater number of
aerial photos than any other place in this part of Europe [44–49].

The main scientific method used in the described research is based on cartographic
retrogression combined with the results of archaeological excavations [Figure 2]. Selected
maps and plans were mutually aligned for maximum geographical precision. Comparing
different maps required them to be mutually calibrated. The main problem was the
geographical accuracy of older maps from before the 19th century. Due to the drawing
techniques used at that time, they had many distortions in the mapping of the terrain.
Moreover, they could have been further distorted later during the reprographic process.
Therefore, the maps were always matched in reverse chronological order, taking the most
recent and most accurate map as a reference. Each older map was scaled accordingly (after
conversion from old units of measurement to metric) and adjusted to the newer one. In the
absence of anoriginal scale or large discrepancies, the matching of the maps was improved
by referring to the constant elements present on both sheets. It was usually buildings,
fortifications, hydrotechnical structures, road layout or other characteristic terrain points,
etc. The technical irregularities were then interpolated and compared in Auto CAD 2019
software for which the reference map is compatible and inscribed in a coordinate system
compliant with the applicable standard. Moreover, recent field works and archaeological
excavations conducted in 2016–2022 provided the required feedback to assess the quality
of data provided from written and cartographic sources [16]. It is worth mentioning that
this type of doubled procedure of research is seldom applied in similar projects. Thanks to
this process, satisfactory accuracy was achieved for further analysis, meaning that all the
information could be compared and cross-referenced in the interpolation process, and then
physically verified in situ.

The maps were the basis for further analysis of the coastline transformation, the civilian
and military facilities, changes in the transport network, forestation, etc. Consequently,
the history of Westerplatte has been described and illustrated as a process of permanent
transformation, which is crucial for conservation issues. Moreover, the collection of maps
created is linked with the current geodesic map from the State Resources, allowing the
presentation of the results of this research on more accessible platforms such as the Google
Maps application.

The method is crucial for the verification and synthesizing of the multiple map sources
as well as aerial photographs [50,51], with different levels of detail and cartographical
accuracy [52]. It allows accurate reconstruction of the spatial transformation process,
including its natural and anthropogenic character.

Although the authors implemented modern methods of documentation (including
GIS and CAD modelling), the results of the research were illustrated in nine synthetic maps
visually presenting the reconstructed process of Westerplatte’s spatial transformations. To
facilitate referring information from the text to the maps, the most important elements
of the described development (landscape) are marked with letters in the text and on
individual illustrations.
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Figure 2. Methods of interpolating and calibrating the historical sources: (A) hand-drawn map from
1724; (B) printed geodesic map from 1848; (C) aerial photo from 1943; (D) modern CAD map.

3. Results—Spatial Transformations of Westerplatte

In the 14th century, Gdansk became the main harbour of the State of Teutonic Knights
in Prussia (and later the Polish-Lithuanian Commonwealth). In the 1370s, harbour facilities
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were also developed outside the city and thus the area was inspected by the customs
officials from the castle. As a result, an additional checkpoint was built by the Vistula
mouth which gave origin to the Wisłoujście Fortress, guarding the entrance to the Gdańsk
harbour for the next four hundred years [53]. Every spring since 1593, the waterway
through uncertain waters of the river mouth was tracked by the special commission. The
reports and sketches made in the course of those procedures established a solid base for
further historical research [Figure 3].

 

Figure 3. Scheme of the Gdansk city’s development along with its direct protection of the port’s entry.

3.1. Stage 1: 1698–1737

In the late 17th century, two isles appeared on both sides of the mouth—Oster- and
Wester-Platte. The Osterplatte was an ephemeral site but its western neighbour survived. It
was separated from the dry land by a shallow lagoon which was turned into the alternative
entrance to the port, bypassing the problematic river mouth causing the nautical problems
mentioned before. A special dam protecting the new canal from silting and linking the
island with the mainland was built in 1686 and 1698 [54]. Between the canal and the
Wisłoujście Fortress, there was the so-called Balastkrug—a place where the gravel carried
as ballast by ships arriving in Gdańsk was left and subsequently used in hydro-technical
works to reinforce the Westerplatte island and the banks of the lagoon. The first engineering
works that allowed the water way through the lagoon (A) to be tracked were undertaken
in 1716–1724 [55]. For a few subsequent decades, the city councillors did not anticipate,
however, that the new strip of land might have such military importance [Figure 4]
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Figure 4. Westerplatte was a lagoon after 1698.

This neglect was laid bare during the Polish Succession War in 1734 when the French
military expedition landed on the island of Westerplatte and tried to help Stanisław
Leszczyński—the legal pretender to the Polish throne and personally the father-in-law
of King Louis XV of France, who was besieged in Gdańsk. The 2000-man corps built a
provisional fortification (B) on the lagoon’s northern bank. The French units were too weak
to break the Gdansk lockdown that had been set by the Saxo-Russian corps under the
field-marshal Munich (ca. 18,000 soldiers) and could only occupy the isle [2]. After the
capitulation of Gdańsk, those fortifications were abandoned, and quickly disappeared due
to increasing erosion [Figure 5]. In 1737 a new waterway led through the lagoon, and a
new dam (C) was erected [56]. It was probably then that the rest of the French camp was
demolished; however, the presence of French soldiers was confirmed by archaeological
surveys conducted in 2017–2019 [16]

3.2. Stage 2: 1772–1806

In the 18th century, the significance of the canal as an alternative entrance to the Gdańsk
harbour increased. However, the true milestone in Westerplatte’s history was the First
Partition of Poland in 1772, when the whole Pomeranian province (except Gdańsk itself),
including the western bank of the Vistula river, was taken over by Prussians. They were
aware of the site’s strategic role and thus located the tax chamber and warehouses there. The
canal separated from the mainstream of the Vistula river by the mentioned dam might have
been used as a harbour, similar to the docks by the Thames or Liver rivers [57–59]. This new
urban area (D), called Neufahrwasser (new waterway), was joined with the former suburbs
of Gdańsk (Chełm/Stoltzenberg and Stare Szkoty/AltesSchottland) to create a competitive
administrative complex for the Polish city—the so-called combined municipality. Not
later than 1783, the western part of Westerplatte was fortified by an earthen battery (E)
with a guardhouse [60,61]. However, in 1788, the new Prussian King, Frederick Wilhelm
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II, decided to change alliances and supported the Polish-Lithuanian Commonwealth in
reforming the state. At that time, the Russian invasion was considered the most severe
threat to the security of Neufahrwasser. In 1788–1790,it caused the Prussian government
to build four new autonomic ramparts (F) on the southern side of Westerplatte [62]. The
western bastion incorporated the older battery (E) by the entrance to the harbour [63].

 

Figure 5. Westerplatte with French fortifications (after 1734).

Just three years after the bastions were completed, Prussia took over Gdańsk and
there was no longer a reason for Westerplatte to be fortified. Moreover, Neufahrwasser
became a part of Gdańsk harbour, and the improvement of traffic between all its features
became a priority. In 1804, the port’s administration widened the mouth, and an earth wall
strengthened the eastern bank. Before 1802, a second lock was set, parallel to the old one
(C), between the Vistula and the canal [64].

3.3. Stage 3: 1807–1814

The military and political situation changed once again in 1807 when Gdańsk was
besieged and captured by Napoleon’s Great Army. After the treaty of Tilsit, Gdańsk was
declared a free city and a French protectorate, and thus it became one of the most important
imperial military bases in Eastern Europe [65]. Undoubtedly, it was the reason why the
French army administration decided to renew its fortifications (E, F), including those
located on Westerplatte (e.g., rampart no. 4 was transformed). Due to increasing traffic in
the external port of Neufahrwasser, the Westerplatte banks of the canal were adopted as
harbour facilities, including two new kitchens (G) for sailors [66] [Figure 6].

107



Land 2023, 12, 596

 

Figure 6. Westerplatte with its Prussian fortifications (in 1812).

The first attempts to stabilize the dunes around the mouth of the river with plant-
ings were carried out in the mid-18th century by the Society of Nature, active in Gdańsk
since 1743, and weresomeof the first examples of environmental engineering [67]. How-
ever, similar solutions were also being applied in Prussian coast fortresses in Pillau and
Kolbergfromthe end of the 18th century [62]. A forest plantation established around
1803 in the eastern part of Westerplatte inspired future recomposition of the area in the
following years.

After the failure of Napoleon’s invasion of Russia, Gdańsk was besieged by Prussian-
Russian forces. Westerplatte played an important military role and it was the place where
one of the bloodiest battles occurring during the siege was fought (16 September 1813). In
1734, the city being cut off from the sea caused its capitulation [68].

3.4. Stage 4: 1828–1870

In 1828, the ice jam in the Vistula mouth brought the most catastrophic flood in the
history of Gdańsk [69]. A similar tragedy happened in 1840 when the Vistula broke a
narrow strip of land around 5 km east of Gdansk and found a new estuary to the Baltic
Sea. During that catastrophic flood, the village of Gorki was wiped off the earth. However,
this disastrous event allowed the closure of the old river mouth beside Westerplatte (H),
turning the isle into a peninsula. The construction work took a few years and in 1840–1845
there was only a stone dyke across the old mouth of the Vistula [70]. The sea currents
created a temporary pond (I) between the dyke and the sea (finally filled with earth at the
turn of the 20th century) [71–73].

The linking of the former island with the mainland allowed the development of
new facilities such as baths, which had been gaining popularity in Europe since the
1810s. Although Martin Kruger bought16 plots with the intention to build sea baths
in Westerplatte in 1829 [74], the first installation for sea-bathing admirers (J) opened only
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in 1842 [70,75]. A decade later, the fortifications at Westerplatte were strengthened by two
coastal field batteries (K) located in the baths’ close neighbourhood, which did not facilitate
the symbiosis between them [76–79] [Figure 7].

 

Figure 7. Westerplatte strengthened with the coastal batteries along with the beginnings of the resort
facilities (in 1846).

Due to the change of the Vistula mouth, it was decided that the Westerplatte ramparts
would be connected with the Wisłoujście Fortress through an intermediate fortification
(L)—the Seagull Fort (Möwenschanze), which was completed in 1846 [70,76,80,81].

As technological advancements of artillery in the 1870s and onwards significantly
increased effectiveness, range and salvo weight, as well as the accuracy of modern ordnance,
a need to expand and modernize the old fortifications emerged [82]. Consequently, the
Prussian military administration erected new fortifications in Brzeźno/Brösen and between
Westerplatte and Wisłoujście Fortress, which caused the abandonment of two central
(nos. 2 and 3) ramparts out of the four on the peninsula [83–85]. The new limitation of the
restricted fortified zone was established, designating the central part of the peninsula as a
less restrictive area (M) where the erection of civilian buildings of light construction was
permitted [86,87].

3.5. Stage 5: 1880–1914

Although in 1890 the Prussian government permitted the building of a new Schichau’s
shipyard in the close vicinity of the Gdansk fortifications and, a few years later, it allowed
the demolition of part of the inner circle of bastions surrounding the city [88], its policy
on Westerplatte was not so liberal [85]. Moreover, the changes in the German strategic
plans of 1905–1907 (the so-called Schlieffen’s plan) caused Gdańsk to maintain its military
potential, especially in terms of coastal fortifications as part of the eastern fortresses for the
protection of the borderland against Russia [89–91]. Although some of the plans were not
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implemented, the new structures of 1905–1914 were stronger than those built before. On
the eve of the First World War (1914–1918), a new stationary battery (N) and observation
bunker were built as part of a modern coastal battery fire control system [79].

At the turn of the 19th century, Gdańsk became one of the Reich’s main shipyard hubs.
As a result, canal and harbour entrance enhancements were made in 1908–1912. During
that modernization, some parts of rampart no. 4 of 1783/1788 were demolished [89,92].
Meanwhile, at the end of the 1880s, the “Weichsel Gesellschaft” (the company which
took control over the swimming site at Westerplatte [Figure 8]) started the construction
works of a villa settlement in the centre of the peninsula [93–95]. This caused Westerplatte
to experience an extraordinary development boom, with more hotels, resorts, seaside
swimming premises and parks (P). Such tendencies in urban planning were related to
Howard’s ideas of “Garden cities” [96]. A telephone network and electricity were also
brought in. The baths of Westerplatte became quite a popular resort on the shores of the
Baltic Sea. There were over 40 buildings erected, mostly made of wood and thin brick
walls (up to 12 cm). Light construction resulted from the above-mentioned restrictions
concerning buildings in fortified zones so that all civilian structures could be demolished
within the first hours after a proclamation of war. According to the legal regulations of
the act of Reichstag and directions of “Reichs-Rayon-Komission”, one to three fortifica-
tion zones around every fortification work had been established (each with a width of
600 to 1275 m). Inside these zones, every investment or change in the landscape (such as
mason structures) was either prohibited or the subject of arrangements with the military
administration of Gdansk Fortress [97].

 

Figure 8. Westerplatte during extensive urban development with summer villas and an SPA resort
(in 1895).
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3.6. Stage 6: 1914–1918/1923

The First World War ended in Germany’s failure. According to the Treaty of Versailles,
Gdańsk was declared a demilitarized free city, dependent on the High Commissioner of
the League of Nations. Still, Polish national interests were protected because the railways’
and harbour’s administration were subordinated to the Polish Government. The treaty’s
political and functional details were defined in the Polish-Gdańsk Convention signed in
Paris in November 1920. As a result, all military structures on Westerplatte were abandoned.
Because of the impediments to guaranteeing Polish privileges in Gdańsk, in the early 1920s,
Poland started secretly purchasing plots (O) in the central part of the peninsula [98].
Finally, after many meetings of the League of Nations Council, as a result of the action,
the exterritorial supply base for the Polish Army was established. Formally, any military
installations in the Free City of Gdańsk/Danzig were banned, and thus the whole complex
was officially named a restricted area of military warehouses [99]. It must be mentioned
here that the idea of building a separate harbour for the Polish state initially occurred in
1917–1918 when the regency over the occupied Congress Poland was established by two
emperors of Germany and Austria-Hungary [100]. What is more, the Prussian military
administration considered building a new ammunition basin on Westerplatte in the final
years before the First World War. Therefore, neither location of the Polish base nor its
military facility was new, because the advantages of Westerplatte had been analysed before
[Figure 9].

 

Figure 9. Westerplatte during the First World War (1914–1918).

3.7. Stage 7: 1926–1939

Following the Resolution of the League of Nations of 14 March 1924, Westerplatte was
designated for storage, loading, unloading and transit of munitions for Poland [Figure 10].
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Figure 10. Westerplatte in 1939 as a fortified Polish military transit depot. The top scheme shows
three different areas of defence. Blue—port facilities, green—train transit area, red—military area
with inner circle perimeter.

The area was approximately 3.5 km in perimeter and covered 60 hectares of land. To
provide the basic port infrastructure, the Polish government decided to dig an ammunition
basin (about 950 m of coastline) along with installing six bayside cranes and building three
ammunition warehouses (R), and nineteen ammunition depots (S) sheltered by earthen
embankments [101]. In addition, a part of the earthen fortifications was dismantled and the
remaining inhabitants of the peninsula were forced to relocate. An essential element was
the location of the railway tracks forming the new port service infrastructure [102–104]. A
high border wall (T) was built from the base of the peninsula to the dyke along the southern
edge of the canal. The League of Nations limited crew size to 88 soldiers and issued an
explicit ban on building new fortifications on the Westerplatte peninsula [105].

At first, the garrison on the peninsula occupied former spa buildings and villas (O).
With the growing need to create better living conditions for the soldiers, after the political
crisis of 1932, military authorities built new barracks for more than 100 crew members,
and constructed five new guardhouses around them (U). This decision was induced by the
public mood which in 1933 led to the National Socialists winning the elections [4]. Notifica-
tion for the initial projects was also sent to the Gdańsk authorities, which initially strongly
objected but eventually granted permission to build the facilities [106]. An interesting
concept was the secret location of combat shelters under the former spa buildings and in
the basements of the new guardhouses which the Germans attacking Westerplatte did not
know about. In addition, shortly before the outbreak of World War II, Polish commanders
built an additional chain of field fortifications in front of the main guardhouses.
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3.8. Stage 8: 1939–1945

Preparations made in the last weeks of August 1939 resulted in a significant increase in
the defensive value of the Polish outpost and its effectiveness during the fighting. Thanks
to a seven-day defence of the Polish garrison, Westerplatte has gone down in history as a
symbolic place regarding the outbreak of World War II. After the capitulation, a process of
obliteration of the traces of Polish presence began. The slave labour of hundreds of Polish
prisoners, who quickly dismantled the buildings, irreversibly changed this place [2,5]. Most
of the buildings in Westerplatte were demolished in 1939/1940 and the building material
was used to build the Stutthof concentration camp. Despite cleaning up the area, most
of Westerplatte remained undeveloped until the end of the war. Most probably it was
connected with unspecified and unrealized plans for a greater extension of the shipyard
and the port of Gdansk. The area of almost one square kilometre at the entrance to the port
with was certainly foreseen as a backup for the developing Kriegsmarine base. However,
until spring 1945 the area of Westerplatte was used only within the ammunition pool.
The fighting in March 1945 and the post-war discharge of ammunition and unexploded
ordnance in the preserved buildings irreversibly devastated the last of the preserved (large-
sized) buildings of the former Polish depot. It can be assumed that these years left their
greatest mark on the historical buildings of the former resort and the later buildings of the
Polish depot [Figure 11].

 

Figure 11. Westerplatte in 1945 with Nazi German Fortifications and dismantled resort facilities.

3.9. Stage 9: 1963–1966

After the end of the hostilities, as during World War II, the area was mainly subject
to military investments such as a radio station and a navy observation post, as well as
a shooting range and the observation tower of one of the new coastal batteries in the
central part of the peninsula. Additionally, a branch of the Naval Shipyard was established
within the ammunition basin and damaged quays. The whole area of Westerplatte was

113



Land 2023, 12, 596

again fenced off and access became strictly limited. Despite this, as early as 1946, a
symbolic cemetery for the fallen Polish soldiers (W) was created in place of the destroyed
guardhouse no. 5 [107]. The subsequent years, during which an interest in the symbol
of Westerplatte grew, coincided with the economic development of the People’s Republic
of Poland along with the city of Gdańsk. For logistical reasons, the port channel had
to be widened so that the shipyard and port could handle larger sea vessels (V). That
irreversibly destroyed traces of most of the historic structures on the southern and eastern
parts of the peninsula, in particular those that were used for defence in 1939, which
from today’s perspective represented the greatest historical value. The expansion of port
infrastructure also contributed much to the degradation of the remaining land. Along
with the military area, only a strip in the central part of the peninsula remained partially
original [108,109]. For those reasons, from the mid-1960s onwards, the question of how to
honour this place and, on the other hand, how to emphasize its historical value began to
arise. The answer was the 1963 nationwide architectural competition for the development
of a public area in Westerplatte. Although the winning project was not fully implemented,
its most characteristic element—a mound with a monument (Y)—was created, and since
then has been towering over the entrance to the port. As part of this project, new paths
(X) and parking lots (Z) were built, often without any respect to the historical plan of the
garrison, which disturbed the image of this historic space, already preserved to a small
extent. Moreover, as a result of the transformation most visitors could no longer recognize
the values of authenticity and integrity that should have been crucial for a historical site
[Figure 12].

 

Figure 12. Modern-day Westerplatte with a monumental statue on the mound, container terminal
and military area. The map also includes a prospection of the terrain and archaeological excavations.
The top scheme shows the division problem—today’s Westerplattehas three different land users.
Green—Army, red—memorial site, blue—container terminal.
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3.10. Perspectives

The future image of Westerplatte is still not determined—the main struggle is to set a
strict agenda for the Museum of the Second World War conservation recommendations.
However, the most genuine threat to its cultural landscape might come from the current
harbour administration which aims to develop a new industrial area located on the waters
of the gulf, directly north of the peninsula (including new containers and oil terminals).
New visions of Westerplatte itself span from the restitution of the stage on the eve of the
war in 1939, which means the reconstruction of the landscape of the military depot, to the
modern implementation of new facilities on the peninsula. This article may help to solve
the problem of the lack of full understanding of Westerplatte’s multi-layered history, which
has marked its space and cultural landscape.

4. Discussion

The reconstructed history of Westerplatte shows what a challenge it is to treat the
historic landscape in the context of the changes taking place. On the one hand, HUL
transformations are, as it were, written into their definition [21]. On the other hand, the
peninsula is a special place due to the fact that a large part of it is occupied by a museum.
As early as the second half of the 20th century, the concept of an open-air museum was
superseded by the “Landschaftmuseum” [110,111]. However, this idea means protecting its
current status and inviolability, which can be of limited use in urban areas. The awareness
of multitemporal evolutions and the non-linear process of landscape formation should
encourage researchers into interdisciplinary documentation of the evidence of its changes.
Otherwise, the lack of the stakeholders’ respect for the complex history might cause
attempts at “musealization” of the space, focusing on one particular period and blurring
the others.

The spatial transformation of Westerplatte, therefore, proves that any analysis of the
historical landscape must also take into account the fourth dimension—time [19]. The
basic problem in the current research concerning battlefields is the spot analysis of the
landscape [12–15]. Meanwhile, the presentation of Westerplatte’s history utilizing a set
of traditional maps or ultimately a virtual map that allows the tracking of the changes
throughout a period of over 300 years provides an ideal opportunity to understand the
events of the past as a process. Obviously, the detail of this type of consideration depends
on the available sources—historical and archaeological (also archaeobotanical) [24–30].
Nevertheless, the use of new technologies and the management of big data collections are
always associated with the need to transfer dispersed historical sources to the digital lan-
guage. The selection of historical primary sources (assessment of their credibility) is always
a qualitative and not quantitative activity [41–43]. Thus, it cannot be easily automated
because historical landscape research depends on the accessibility and representativeness of
these sources. s. This is probably the reason that many studies on multitemporal landscape
transformations have been focused on the last century [21,112,113].

Comparing the air photos, geodesic plans and hand-written maps brings with it the
crucial problem of representativeness of evidence in such a research activity. Numerous
layers and complicated archival material have showed the importance of in situ research
for the verification and supplementing of sources. The stratification (stratigraphy) of
the peninsula’s plan (including individual architectural structures, e.g., barracks, casinos,
officers’ villas) is—due to so many transformations—not only a way of documenting the
history of the place but also a supplementary research method [114]. Certainly, the next
step in presenting knowledge about history (including new research findings) may be the
use of virtual reality techniques. However, such actions must be based on properly selected,
analysed and synthesized sources.

A separate problem is the apparent interdisciplinarity of scientific research. Most of the
older literature on Westerplatte’s history [2–6] shows only selected aspects of transforma-
tions of the historical landscape. For this reason, literature studies are only an introduction
to the research and will not replace the laborious collection of archival data. Once devel-
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oped, however, they become an open resource—enabling the development of comparative
studies in the future. According to the authors, the key to the success of collecting archival
data and using new methods (GIS, LIDAR) is consistency in tracking the entire histori-
cal process [17,18,23,24,26–28,37]. On a greater scale, the application of geomorphologic
studies is crucial [9–12,31–34], but they must be compared with the traditional historical
primary sources.

Following the modern tendencies in humanities, some geographers have proposed
concepts of narratives and storytelling as a new approach towards comprehensive land-
scape studies [112,115,116]. They are usually focused on using and testing new methods
of presenting the history of landscape (e.g., virtual reality, extended reality, etc.), instead
of analysing HUL itself [115]. Moreover, the popularity of landscape research and the
polyphony of methods used in various scientific disciplines often do not contribute to
expanding the evidence base but only to the reinterpretation of the traditional historical
narrative. On the other hand, the scale of research also matters. In micro-scale (e.g., West-
erplatte) analysis, operating on the best possible reference material is essential, making it
often only the interdisciplinary use of available historical maps that can make progress.

5. Conclusions

The results described above show how multifaceted the analysis of the historical land-
scape evolution is. Westerplatte—a natural sandbank at the mouth of the river, transformed
into a peninsula; the subject of temporary and more permanent military investments for
150 years; one of the seaside resorts and an unfinished villa district—all these elements of
the landscape were part of the reality that became the battlefield in 1939. Later, political
and economic decisions gradually began to blur the symbolic space. Paradoxically, when
large financial efforts were finally made to establish a cultural park themed around the
battle, the ad hoc expansion of the port area made implementing these plans difficult
and sometimes impossible. Moreover, part of Westerplatte is still an important, inacces-
sible military area, which is the continuation of this place’s functions from the beginning
of its existence.

The main impact of the detailed analyses presented above is to highlight the process
of joining different types of data. Although archaeological, archaeobotanical or geomorpho-
logical data have to be elaborated by a specialist from the appropriate field of science, there
should be no doubt that all of them—because of the purpose of use—should be analysed as
the primary historical sources for the multitemporal landscape evolution.

Moreover, the role of time as a factor in shaping the landscape is surprisingly rarely
addressed. At Westerplatte, each of the presented periods was characterized by different
vegetation, development and surroundings. It should be emphasized that the scope of
the study of four hundred years of transformation differs from geomorphological studies
beyond historical cognition (written sources, archaeology of civilizations, etc.). Although
historical politics influence the emphasis on one particular period—which was pointed out
in the title of this article (the symbolic place where World War II broke out in Europe)—it
does not mean, or at least should not, to cross out the four centuries of history of the
Westerplatte peninsula.
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74. Dargacz, J. Od Sopotu Po Stogi. Początki Kąpielisk Morskich w Okolicach Gdańska (1800–1870); Muzeum Gdańska: Gdańsk,
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Abstract: Ridge and furrow fields are land-use-related surface structures that are widespread in
Europe and represent a geomorphological key signature of the Anthropocene. Previous research has
identified various reasons for the intentional and unintentional formation of these structures, such as
the use of a mouldboard plough, soil improvement and drainage. We used GIS-based quantitative
erosion modelling according to the Universal Soil Loss Equation (USLE) to calculate the erosion
susceptibility of a selected study area in Southern Germany. We compared the calculated erosion
susceptibility for two scenarios: (1) the present topography with ridges and furrows and (2) the
smoothed topography without ridges and furrows. The ridges and furrows for the studied site reduce
the erosion susceptibility by more than 50% compared to the smoothed surface. Thus, for the first
time, we were able to identify lower soil erosion susceptibility as one of the possible causes for the
formation of ridge and furrow fields. Finally, our communication paper points to future perspectives
of quantitative analyses of historical soil erosion.

Keywords: historic soil erosion; USLE; Anthropocene; Archaeology; Wölbäcker; ridge and furrow;
historic land use; GIS; erosion management; historic anthroposphere

1. Introduction

Erosion caused by surface runoff leads to a serious loss of soil based ecosystem services.
Areas of lower historical soil erosion are valuable areas of landscape and biodiversity
resilience [1]. In the course of the current climate change, especially due to changing
precipitation patterns and intensive land use, the average soil loss in Central Europe is
expected to increase significantly [2,3]. The question of historical cultivation forms and
their effects on soil erosion has so far been answered mainly qualitatively [4–7]. Models
that simulate erosion quantitatively have existed for some time with the introduction of
the USLE (Universal Soil Loss Equation) by Wischmeier and Smith [8] and the German
adaption ABAG (Allgemeine Bodenabtragsgleichung) [9]. Beside actualistic studies [10–12],
an application of such a concept to historical geomorphological conditions are rare [13,14].

As land use and topographic properties are crucial factors estimating soil erosion [15],
the imprint of historical cultivation techniques in topographic properties are still impor-
tant factors. In several areas of Germany [16–19], but also in other parts of Europe and
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beyond [6,18,20–22], large parts of former ridge and furrow field systems are still pre-
served. The most evident structures are ridge and furrow fields, which consist of several
parallel ridge structures of considerable length (up to 700 m) and relatively small width
(about 5–20 m), separated from each other by rather small furrows. They are clearly visible
in LiDAR (Light Detection and Ranging) images [16,18] and characterise large parts of
present-day meadow landscapes, also on low mountain slopes, where they have been well
preserved through extensive use or afforestation after these fields were abandoned [23].
Due to their longevity and enormous spatial extent, they can be considered as a geomor-
phological key signature of the Anthropocene [24].

Origins and reasons for the establishment of ridge and furrow fields in low mountain
ranges as well as path dependencies to the present appearance of the landscape are the
focus of a collaborative research project in the district of Göppingen [25]. So far, various
explanations for their establishment have been discussed in the literature: A common view
sees a causal link between the mouldboard plough with fixed, non-turning ploughshare
and long strip fields: it is argued that the fact that this type of plough led to an accumulation
of clods of soil in the middle of the plots and the fact that the turning manoeuvres at the
end of the field required a lot of energy, led to an elongated shape of the plots that required
fewer trips for each owner [26,27]. Apart from the fact that ridge and furrow fields can
also be formed by other types of soil tillage, additional causes are also discussed such
as the function as boundary markers within open field systems [26], the improvement of
water management or at least the increase of internal hydrological variability to secure crop
yields [27] and the accumulation of organic fertiliser [21,28].

Therefore, we present a case study, where historic ridge and furrow fields are still
visible in a loess landscape with high soil fertility. We focused on a field system with well-
preserved ridge and furrow fields in the municipality of Albershausen, southern Germany
(in total, c. 13 % of the area is still covered with remains of ridge and furrow structures).
Many of the ridge and furrow fields there were oriented perpendicular to the slope, raising
the question of whether this orientation was deliberately chosen to reduce erosion of the
vital soil and humus cover and/or to support the run-off of excess rainwater. To answer
this question, we used a GIS-based USLE approach to model and compare the erosion
susceptibility using a digital elevation model of the present topography and a smoothed
topography without ridge and furrow structures.

2. Materials and Methods

2.1. Study Area

The plot Höfelbett is located northwest to the village of Albershausen on the fringe of
the Swabian Karst. It has been mentioned in 1476/77 for the first time in a stock book [29]
and is nowadays used as an extensive orchard, which helped the old field system to
survive in a well preserved and visible way up to today (Figure 1). Albershausen was
first mentioned in 1275 in the liber decimationis [29] but may be of older, presumably early
medieval origin due to its characteristic place name suffix-hausen [30]. One of the questions
asked was how long has the field system been in use for. Today the region is characterised
by a Cfb climate with 1058 mm mean annual precipitation and a mean annual temperature
of 9.3 ◦C. The wettest months are in spring and summer. Heavy rainfall is also most
frequent during this period [31,32]. The geology of the Höfelbett consists of a pisolith-rich
claystone (Obtusus Clay Formation) on the upper slope and sandstone (Angulate Sandstone
Formation, Lower Jurassic) on the middle to lower slope [33]. Both formations are covered
by a lower periglacial layer (mainly clay loam with intercalated sandstone fragments) and
an upper periglacial layer consisting mainly of loess loam with a few small sandstone
fragments and pisoliths. Eroded Luvisols frequently occur in areas with thicker loess
loam, while stagnic Luvisols and Vertisols are developed in more clayey and Cambisols
in more sandy substrates. The boundaries of the individual fields and today’s parcels are
identical to the field boundaries from the original cadastre of 1828 [34]. Their size varies
considerably with lengths between 86 and nearly 400 m and widths between 8 and 20 m.
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The individual ridges are still between 25 and 80 cm high (Figure 1). The plot Höfelbett is
situated at a North-East facing slope with a mean slope angle of c. 5◦ and cut off on the
north by a narrow valley leading east. Between 2020 and 2022 five archaeological trenches
were opened as accompanying measures of the development of the site. The soils were
described according to WRB [35] and samples were taken for dating, soil chemical and soil
physical analyses as well as for archaeobotanical and ancient DNA analyses [25].

Figure 1. (a) Topographical map of the area surrounding the plot “Höfelbett” in Albershausen based
on LiDAR DEM data (©www.lgl-bw.de (accessed on 24 January 2023)) [36]. The blue line frames the
plot Höfelbett. (b) Picture of the plot with visible ridge- and furrow structures. (c) Location of the
study area within Germany. (d) 3D view of the study area (elevation and hillshade) based on LiDAR
DEM data (©www.lgl-bw.de (accessed on 24 January 2023)).

2.2. Data

To model soil erosion, the USLE requires four factors to be multiplied for any given
point in the study area (Table 1): slope gradient and length (LS-factor), soil erodibility (K-
factor), rainfall erosivity (R-factor) and land cover (C-factor) [8]. To calculate the LS-factor,
we used a LiDAR DEM provided by LGL (Landesamt für Geoinformation und Landesentwick-
lung Baden-Württemberg) [36]. This DEM has a spatial resolution of 0.5 m and is therefore
suitable to accurately depict the ridge and furrow structures in the study area [16,18]. For
the second factor of the USLE, R-factor, we used a data set from the German Weather
Service (DWD - Deutscher Wetterdienst), which was derived from radar measurements of
precipitation. This dataset has a spatial resolution of 1000 m due to the low variability of
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rainfall erosivity on a local scale [37,38]. The complete study area lies within a single cell of
this data set, which appoints a value of R = 104.497864915 kJ/m2/mm. The K-factor data
set has been created by the German Federal Institute for Geosciences and Natural Resources
(BGR - Bundesanstalt für Geowissenschaften und Rohstoffe) based on their land use stratified
soil map of Germany at scale 1:1,000,000 and according to DIN 19708:2005-02 [39]. This data
set has a spatial resolution of 250 m and offers one value for the complete study area which
is K = 0.22912 (t/ha)/(N/ha). Concerning C-Factor, there are various possible approaches
to calculate modern day values depending on the data available [40–43]. As stated earlier,
we assume that historical land use was different from the meadow orchard found there
today. In absence of historical data accurately describing early medieval farming practices
and arable crops in the area, we assigned C = 0.2. This value is meant to represent wheat
farming with standard tillage practices as implemented in the Europe-wide RUSLE 2015
soil erosion study [42].

Table 1. Basic USLE factor data product acquisition and description.

Data Product Data Source Availability
Spatial Resolution

(m)

LiDAR DEM LGL [36] upon request 0.5
R-factor DWD [37] open access 1000
K-factor BGR [39] open access 250
C-factor ESDAC [42] open access -

2.3. Modelling Routine

To approximate the influence of ridge and furrow structures on soil erosion for our
study area, we chose to simulate soil erosion rates under two scenarios (procedure in
Figure 2): (1) The first is the present surface scenario, which represents the relief of the
study area exactly as it is now, including the ridge and furrow structures. (2) The second
scenario is called smoothed surface, which describes soil erosion rates for the study area
using a virtually smoothed surface that does not include the ridge and furrow structures,
while at the same time preserving the larger scale topographical properties of the study
area. Therefore, we assume this smoothed surface to serve as an approximate model
for the pre-ridge and furrow palaeosurface. The first step after acquiring all necessary
data from the sources listed in Table 1 was to create the virtually smoothed surface in
Quantum-GIS (QGIS). To do this, we applied the Gaussian Filter function [44] to the DEM
using the following settings: Standard Deviation = 50; Kernel Type = Circle; Radius = 20. The
Gaussian Filter and specific settings were chosen by a trial and error approach. Methods
mentioned in other publications [45,46] for slightly different objectives, e.g., the Low pass
Filter changed the underlying relief more than necessary in order to smooth out only the
ridge and furrow structures.

After the virtually smoothed surface had been created using the Gaussian Filter, we
proceeded to use the USLE, for estimating soil erosion rates. In addition to the factors (K, R
and C), described above, the slope gradient and length (LS) is necessary for the calculation
of the USLE [8]. K, R and C were gained from external data sets as shown in Table 1 and are
used in both scenarios without alteration. As the K, R and C factors are independent from
the shape of the surface and equal in both scenarios, LS must be the crucial factor in this
study. For its calculation, we applied the exact same procedure to the present surface and
the virtually smoothed surface. We used the function LS-factor, field based with the method
of calculation set to Wischmeier and Smith 1978 [8]. Hrabalikova et al. 2017 [47] found with
empirical measurements that USLE models using this method for LS calculation predicted
erosion most accurately in a manual and GIS environment. The settings were as follows:
Type of Slope = [0] local slope; Specific Catchment Area = [1] contour length dependent on aspect;
Rill/Interrill Erosivity = 1; Stability = [0] stable.

We then multiplied each of the two resulting LS-factor Layers with all other factors
using Raster Calculator in QGIS (Figure 2). The extent was set to match the DEM-based
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catchment area of the plot Höfelbett. This provided two erosion models representing the
present surface and smoothed surface scenarios.

Figure 2. Flowchart of the GIS-based modelling procedure for both scenarios for calculating the
potential soil erosion.

3. Results

The difference between our erosion model scenarios is the topography. In the calcu-
lation of the USLE, only the calculated LS factor differs. The smoothed surface model no
longer shows ridges and furrows (Figure 3). However, the general topography of the slope
is maintained. The drainage direction is therefore also preserved. In addition to the linear
structures on the agricultural land, further anthropogenic structures such as buildings
(visible on the western margin of Figure 3) have also been cleared away.

Figure 3. Comparison of the present (left) and smoothed (right) surface topography based on
the LiDAR DEM (©www.lgl-bw.de (accessed on 24 January 2023)) [36]. The black line frames the
classified cultural site within the plot Höfelbett.
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The present surface scenario model (Figure 4 left) shows the highest erosion rates on
top of the ridges of the ridge and furrow structures, with very low erosion rates in the
furrows. Sharper edges of the ridges create extreme values in potential soil loss. In contrast,
under the smoothed surface scenario, the rates are evenly low at the western, higher upper
slope of the plot and gradually increase towards the east. The slope gradient is essentially
constant across the plot (see Figure 3), so these differences must be a result of the increased
slope length and connectivity. Maximum values, comparable with extreme values from
the smoothed surface scenario only appear in the northernmost part in context of the steeps
slopes of the small valley at the northern margin (Figure 4).

Figure 4. Maps of the two (left: present surface, right: smoothed surface) erosion models for the
study area. The red-to-green colour range shows the mean annual soil loss. The black line frames the
cultural site within the plot Höfelbett.

4. Discussion

4.1. Erosion Susceptibility of Ridge and Furrow Structures

The reconstruction of a palaeosurface, based only on a deductive filtering approach,
such as the Gaussian filter, can produce unintentional effects. The surface smoothing in
the area of the bridge (at the northern margin of the map, Figure 3) shows insufficient
removal. However, since the area of the bridge lies in the periphery of the catchment area
of the Höfelbett, no bias of the results of the erosion model is to be expected. A coupled
approach in building up a (ridge-and-furrow-free) palaeosurface should consider large
linear structures and remove them accordingly [45,48,49].

Summary statistics for all raster cells (0.5 m spatial resolution as given by the LiDAR
data) of the modelled potential soil loss show clear differences between both scenarios
(Figure 5). The results suggest that the ridge and furrow structures reduce erosion by
approximately 50% according to the arithmetic mean. However, the median is more
meaningful because extreme values at the edges of the ridges are small scale and and may
have been artificial outliers. The median shows a 3-fold increase for potential erosion for
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the smoothed surface scenario and a 3-fold decrease for the present surface with ridge and
furrow features.

Figure 5. Boxplot and summary statistics of raster cell values of both erosion model scenarios.

It is clear that a topography structured by ridges and furrows significantly reduces
erosion. Even today, the altered erosion rates through old ridges and furrows are notice-
able [50,51]. Ridges and furrows have also been linked to changed erosion patterns [52],
e.g., they were attributed to a potentially increased erosion through high landscape connec-
tivity in times of increased cultivation during the 9th and 10th century AD on landscape
scale [6]. In general, changing erosion rates can be quantified based on scenarios of historical
land uses and their effects [14].

Compared to RUSLE calculations by ESDAC [53], both our smoothed surface and our
present surface scenario models predict soil erosion rates above the European average for
arable land of 2.46 t/ha/yr (see Figure 5). This difference of maximum values cannot be
attributed to a single factor of our model. Generally, it seems that the combination of the
USLE factors in our study leads to such high erosion rates compared to the European scale
RUSLE calculations, which are more sensitive for surface runoff distribution [37,54,55].

Today, we still observe large areas with ridge and furrow fields in the district. There
has been a conversion of arable land, including many ridge and furrow fields to grassland,
orchards and also forests, which are of different origins and periods [56]. The late medieval
desertification phase [57,58], but also the intensification and increased productivity of
agriculture in the last century has significantly changed the structure of the rural areas
and the extent of cultivated land. This conversion often occurred on slopes that were
labour-intensive for arable farming [59] and resulted in large areas of ridge and furrow
fields still being preserved in the study area.

4.2. Future Perspectives

1. We see a high potential to quantify landscape-altering processes such as erosion (as
well as their geo-ecological consequences and yield changes) in a historical context
using erosion models with different topographic scenarios. This will allow for a
quantification of anthropogenic impacts, e.g., on hydrology and soil preservation, on a
local scale and therefore contribute to global models of pathways to the Anthropocene.

2. In order to refine the validity of erosion models, it is crucial to adjust the USLE
factors to the historical context. Information of the historical land use (C-factor)
and land use techniques (P-factor) could be derived from local palaeoecological
archives (e.g., pollen, phytoliths, sedimentary DNA, geo-biomarkers) as well as
from archaeological and written sources [60,61]. The K-factor can be adjusted by
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local, empirical sedimentological analyses of soil properties, especially because of the
exposure of different soil horizons (with varying erodibility) during erosion phases.
The reconstruction of a historical R-factor can be achieved using model scenarios of
rainfall erosivity [62] but also accompanied by regional proxy-based palaeoclimatic
reconstructions [63,64] and (semi-) quantitative data from written sources [65].

3. As our approach is based on the comparison of the present surface with a ridge and
furrow-free smoothed surface, precise palaeosurface reconstructions are essential to
improve the results. We encourage the use and adaptation of existing deductive,
inductive and coupled surface modelling (see review in [45]) approaches to create
supervised (cross-checked with historical and land use information) and reproducible
pre-modern Digital Terrain Models with high spatial resolution.

4. One further hypothesis about the functions of ridge and furrow fields may be ad-
dressed using a similar approach: the assumption of a positive effect on the hydro
management of soils. The furrows are meant to drain surface runoff from precipitation
and the humus-rich ridges increased water storage capacities. Case modelling can
generate quantitative data about such anthropogenic impacts on the soil moisture and
proof historic geo-engineering on a local level.

5. The coupling of empirical sedimentological-geoarchaeological data of soil erosion and
erosion models offers the chance of (i) a model verification and (ii) the examination
to what extent parameters of the erosion model have to be adjusted. Therefore, we
see field-based geomorphological, sedimentological and archaeological mappings
and information gain indispensable. The link to soil geochemical laboratory results
(e.g., soil organic matter) also allows the distribution of carbon stocks to be modelled
using e.g., machine learning approaches in digital soil mapping [66,67].

6. To clarify the question of the extent to which erosion reduction contributes to the
installation of ridges and furrows, a systematic mapping of ridge and furrow fields at
(supra-) regional level is important. The comparison with geomorphological indices,
such as slope, aspect, angle of the ridges and furrow to the slope, as well as geological-
sedimentological characteristics allows the identification of common patterns.

5. Conclusions

For the first time, we have shown how valuable a quantitative erosion modelling
approach can be for assessing what effects historic ridge and furrow fields can have on
soil erosion. With a GIS-based erosion modelling approach based on the Universal Soil
Loss Equation (USLE), we compared two scenarios with surface topographies in a small
study area in Southern Germany: (1) The present topography with ridges and furrows and
(2) the smoothed topography without ridges and furrows. This allowed us to show that
historical land uses with ridges and furrows led to a strongly reduced erosion susceptibility.
From this, we drew six key perspectives for future research on the topic of historical
anthropospheres regarding ridge and furrow fields.
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Abstract: In Late Antiquity and the Early Middle Ages, both coastal and sub-mountainous parts of
Colchis underwent rapid urbanization. In the 12th century, the processes of decline began: Large
settlements were replaced by small farmsteads with light wooden buildings, and the economy
transformed from commodity-based to subsistence-based. What caused this decline? Was it the social
and political events linked to the decline of the Byzantine Empire and changes to world trade routes, or
were there other reasons? This article provides the answer. The synergy of archaeological, folkloristic,
historical cartographic, climatological, seismological, and hydrological data depicts a strong link
between these processes and climate change, which occurred at the turn of the 12th–13th centuries.
The beginning of cooling led to a crisis in agriculture. A decline in both farming and cattle breeding
could not fail to affect demography. Seismic activity, noted in the same period, led to the destruction
of many buildings, including temples, and fortresses, and changes in hydrological networks, which
were directly linked to climate change and caused water logging, led to a loss of the functions of
coastal areas and their disappearance.

Keywords: Colchis; archaeology; GIS; settlement patterns; urbanization; physical environment;
seismic activity; hydrological networks; climate change

1. Introduction

Northwestern Colchis is partly located in the present-day Russian Federation (Greater
Sochi Area, Krasnodar Region) and the Republic of Abkhazia. Nevertheless, from ancient
times to the end of the 20th century, Colchis was a single historical and cultural area
(Figure 1). Throughout history, this area was of major importance for various cultural
interactions, and in Late Antiquity and the early Middle Ages, the area experienced urban
growth and transformation of the settlement structure, resulting in the temple stone archi-
tecture marking densely populated areas. Ancient towns and settlements in the area have
been insufficiently studied by archaeologists because the buildings were traditionally con-
structed from sun-dried brick, hiding such structures in the landscape. However, analysis
of the temple size and the distribution of the temples gives a clear idea of demographic
processes. Other important markers are the remains of stone fortresses, which reveal the
main caravan routes connecting the Caucasus Range mountains and coastal trading posts.
Thus, archaeological evidence depicts vivid signs of the rise of urbanization, both in the
coastal part and in the mountainous areas during the period of Late Antiquity and the
early Middle Ages. By the 12th century, archaeological findings confirm that the process
was reversed, and settlements fell into disrepair. During this process, temples collapsed,
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and large settlements with stone buildings were replaced by small farmsteads with light
wooden buildings [1]. What brought about the decline? Several factors may have been
involved, including social and political events associated with the decline of the Byzantine
Empire and changes in world trade routes, as well as other causes of a global or local nature.
The impact of climatic factors on the level of socioeconomic development in society during
the entire period of mankind can be traced clearly enough [2–7]. This article presents
a synthesis of archaeological and paleogeographic data showing the effects of climatic,
hydrogeological, and seismic factors on the development of settlement structure, together
representing an attempt to recreate the historical period being analyzed.

 

Figure 1. The territory of northwestern Colchis on a satellite image.

2. Materials and Methods

The main research method in this study is a comprehensive analysis of the settlement
structure in GIS, applying relevant data from other natural science disciplines.

Geo-information systems have been a traditional research tool for many years, not
only in geographical but also in historical research around the world [8–16]. Our team
has performed field research since 2001 [17] to find the sites of northwestern Colchis,
and currently the database includes 1780 sites, including dolmens, temples, fortresses,
settlements, individual sites, and burial grounds, without any architectural remains above
the surface. Data on the location of the object, submitted as geographical coordinates, were
recorded using GPS.
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The archaeological data set was presented in the form of point objects together with
an associated primary database containing the following key positions:

1. Title
2. Type of site
3. Ancient (antique or local) toponym (if any)
4. Link to reference in written sources (if available)
5. Names of researchers of the site (if available)
6. Years of research of the site (if available)
7. Description of the site
8. Bibliography (if available)
9. Level of preservation
10. Modern use of the territory
11. Area (if defined)
12. Dating
13. Interpretation

Due to certain objective reasons, i.e., different states of preservation and the study of
sites, the primary database is being constantly updated and modified correspondingly by
applying layering and hyperlinks. Via hyperlinks, raster and media data are connected to
point objects, including plans, photographs, and 3D models. As object data in point-layers
format do not carry complete information about the location of the site and its outline in the
landscape, the GIS is supplemented with polygonal data obtained from orthophotomaps
and digital terrain models (DTM) of sites included in the GIS [18].

The study of temples is crucial for the analysis of settlement structures in the periods
of Late Antiquity and the Middle Ages. According to W. Christaller [19], temples are
regarded as “central places”, each representing a type of political and administrative center.
Temples, therefore, mark not merely the direct spread of Christian religion but also the
administrative and political division of the territory. Moreover, taking into account the size
of churches, which depended on the number of parishioners, it is possible to estimate the
demographic situation in the area in order to trace the dynamics of population settlements
based on different terrain altitudes, to identify the most favorable geographic zones in each
chronological period.

A critical issue for the reconstruction of settlement structure is dating. The vast
majority of temples have not been studied and cannot be allocated to a certain period.
However, prior assumptions about dating can be made based on several factors:

(1) A detailed description of the architectural features of temples, followed by finding
similarities to certain architectural details and features between a number of tem-
ples. Recording the frequency of the occurrence of such features in the studied area
enables one to obtain the required data to date and characterize different architec-
tural schools [20];

(2) Analysis of mortar in the masonry of the site [21];
(3) Analysis of lifting materials, including plinthite analysis [22];
(4) Data obtained during excavation works.

Therefore, dating is based on an integrated approach that involves the organization
of archaeological surveys, work with archival data and literature, analysis of architectural
features, and the use of natural science methods. Simultaneously, it is important to find two
main dates: the date of construction of the temple (Figure 2) and the date that the temple
ceased to function (Figure 3).
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Figure 2. Map of temples with a chronological classification according to the date of construction of
the temple.

Figure 3. Map of temples with a chronological classification according to the date of destruction of
the temple.

It should be noted that the former date is generally more accurate than the latter since
it is very problematic to identify and precisely determine the date that a temple ceased to
function. However, in some cases, it remains possible to acquire such a date. Excavation
and narrative data represented by chronicles and church literature, with references to
existing temples and monasteries, Genoese portals, where certain sites are marked, and
maps from the modern era, can be used to confirm the date that a temple ceases to function;
meanwhile, reference to the temple may indicate its functioning during a certain period.
For example, by analyzing travelers’ descriptions and finding reference to ‘ruins’, one can
assume that the temple had ceased to function by the time of that evidence. However, for
certain sites, a simplified method must be used: interpolation. In this scenario, if a temple
in the village Vesyoloe was ruined by an earthquake [23], and next to it (in about 3 km), the
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ruins of another temple (“Sovkhoz Russia”) were found, then it can be assumed that the
reason for the destruction of both temples was undoubtedly the same. Thus, under various
assumptions, we can obtain maps of temples for various chronological periods in addition
to graphs of the dynamics of the building of temples and their destruction (Figures 2 and 3).

Another important aspect relates to data on hydrographic networks, including rivers,
reservoirs (lagoons and lakes), and changes in coastline development. Notably, direct
research was not conducted by the present authors; all of the information was borrowed
from the research of hydrologists and palaeogeographers published in the second half of
the 20th century, since modern studies in this area have not been carried out in the territory
of the region of interest [24–28]. Data from the literature were entered into the existing
GIS, partly by overlaying various layers of maps presented in the literature and geocoding
based on reference points, i.e., recording a river’s shoreline or lines of the road and other
objects easily distinguishable in the landscape.

Climate curves represented the next set of data. For this area, data could only be found
in the works of Soviet scientists [29].

Maps of tectonic faults and seismic zones were the most crucial layer in GIS. These ma-
terials are well-represented in the works of modern researchers of the 21st century [30–32].
It should be noted though that the available data refer only to the northwestern part of
the area. Comprehensive studies on the area east of the city of Sukhum have not been
carried out. The findings of our archaeological team revealed evidence of earthquakes and
landslides on archaeological sites in the Ochamchira region of the Republic of Abkhazia, in
the Mokva River basin (Figure 4).

Figure 4. A map of earthquake centers (pink circles) recorded by our team (data from the centers are
taken from [32]) and the Markul settlement (red cross), where multiple traces of earthquakes and
landslides were recorded after our expedition’s excavations.

Seismic zones, in contrast to climatic and hydrographic ones, are not usually taken
into account in archeology. Studies related to the influence of the physical environment on
human evolution usually focus on climate as the main external driving force of evolution
and cultural changes. However, recently, the attention of archaeologists has increasingly
focused on the effects of tectonic factors, including theoretical works [33–36] and research
on the impacts of those factors on individual sites, e.g., in the European Bosporus (Crimea
Peninsula) [37], Greece [38–42], Turkey [43], Jordan [44], and many other parts of the
globe [45–49]. However, no similar investigation in northwest Colchis has yet been con-
ducted. Meanwhile, these factors are crucial for the analysis of all settlement structures
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since archeologists must detect evidence for the occurrence of tectonic factors. Therefore,
the available maps of tectonic fault zones were included as a separate layer in the GIS to
determine the number of sites within areas of high seismic activity. Only a minor portion of
sites (no more than 10%) have been thoroughly studied. Nevertheless, by knowing about
those zones, we can determine the areas where settlements (and, accordingly, traces of their
architectural structures) could have been destroyed due to seismic factors. For the parts
of the territory where no seismic maps are available, we can obtain information about the
traces of earthquakes after archaeological research and then add these zones to the areas of
high seismic activity (Figure 5).

Figure 5. Synthesis of tectonic data in GIS according to the data from seismologists: The raster with
red lines and numbers indicates longitudinal (5, 5a, 6, 6a, 7, 8) and transverse (1, 2, 3, 4) tectonic
faults [31]; selection of faults according to our field studies (red dotted line).

The following GIS analytical functions were used: Thiessen (or Voronoi) Map and
Distance Cost Weighted. Thiessen (or Voronoi) Map functions of GIS analytical tools made
it possible to determine the areas that belonged to a particular temple as “central places”.
The adjustment of polygons, taking into account hydro networks, was performed in manual
mode. Distance Cost Weighted was used to reconstruct the road networks and, on the
basis of these, temple clusters were identified. The DEM used to create the cost raster was
obtained from the open source ASTER Global Digital Elevation Map. Standard tools of
ArcGis such as map overlay, selection, data sorting, and others were used.

Another important source of information, not directly included in the GIS, is folklore.
Folklore is a traditional source for historical research. In the local people’s memory, events
of the distant past are preserved, transformed, and then reflected in legends. For example,
the Nart saga mentions “climatic cataclysms”, containing lines about cold weather: “One
year heavy, deep snow covered the Narts’ dwelling, so none of them could get the cattle
out”, “It was a hard winter in Nart”, “A terrible year was for the Narts, there was nothing
left for their cattle to eat”, “A bitterly cold winter and hunger was there for the Narts, and
they despaired: ‘What else can we do, where can we find food?’”, “A harsh winter was
there for the Narts. There was no food, the starvation killed their herds”, “A terrible winter
was for the Narts: there was a heavy snowfall (zalty). Their cattle had nothing to eat. They
fell into despair: ‘how shall we save our animals, if our horses die out, then a horseless
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man is no different from a wingless bird’”, “Once, in early spring, the heaviest snowfall
ever fell over the village of Narts. Farm fields were of no use, they were in despair as they
did not know what to do with the cattle”, and “The tough times were in the village of the
Narts: a harsh winter, a winter of misery. And the winter was long, the spring was late,
and their cattle were in a desperate state” [50].

3. Results

When analyzing the reasons underlying the system of placing temple buildings, it
was noted that the main chains of temples are located along the rivers that reach a certain
port on the coast and diverge inland in fan-shaped routes. Thus, certain clusters can be
distinguished, each of them requiring a separate analysis and synthesis of the results from
the analysis of each cluster. For the present study, we carried out a detailed analysis [51] of
a cluster of sites along the Tamysh–Dgamsh and Mokva rivers (Figure 6):

(1) During the Late Antique and early Medieval periods, the most populated, and, there-
fore, the most favorable zone for living, was the zone from 50 to 150 m above sea level
(i.e., flat but not flooded or swampy);

(2) During the period of the united Abkhazian Kingdom (8th–12th centuries), a significant
increase in the population of at least 2.5 times was noted;

(3) After the 12th–13th centuries, a sharp decline began: New temples were built, and in
the 14th–15th centuries, those temples were abandoned and destroyed.

Figure 6. Temples in the areas of the Dgamsh and Mokva rivers.

An indirect but objective indicator of population growth during the period of the
Abkhazian Kingdom (8th–12th centuries) is a sharp increase in the number of workshops
to create pottery and containers for storing food. During this period, the majority of pithoi,
which are large storage containers used primarily for the bulk storage of fluids and grains,
were found [52].

Moreover, stamps of unified workshops were found. A meshed circle stamp was
found in the Mamai-Kale fortress near Sochi [53], as well as during the excavations of the
Markul settlement, meaning that pottery was delivered to different parts of northwestern
Colchis [54] (Figure 7).
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Figure 7. The stamp on the pithoi in the form of a meshed circle and the places where they were
found marked on the map.

When discussing agriculture, the economic foundation of the Late Antique and Me-
dieval periods, it is important to take into account the results of analyses by related scientific
disciplines. Indeed, the basis of nutrition was determined to be agricultural products, after
an analysis of the isotopic indicators of nitrogen and carbon in the teeth of buried people.
This analysis was carried out on bodies buried at the Markul temple and in the village of
Vesyoloe, yielding similar outcomes [17] (Figure 8).

Figure 8. Maps and isotopic indicators of nitrogen and carbon: comparison of data from the village
of Vesyoloe (black dots) and the Markul settlement (red dots), and samples of animals (crosses).

In terms of paleoclimatic studies, attention was drawn to the results of the analysis
of the soil of the watershed surface between the Bzugu and Sochapa rivers close to the
Experimental Gardens of the Institute of Floriculture and Subtropical Crops (Sochi). The
scientists of the Laboratory of Agrochemistry and Soil Science identified a mineral horizon
atypical of this soil lying at a depth of 12–30 cm. In contrast to the contemporary natural soil
of similar landscapes, the newly formed surface organic horizon, formed on the artificially
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created medieval carbonate claystone, is characterized by a low content of humus. Taking
into account the fact that this horizon was formed to a fully mature state, this lower humus
content was likely caused by changes in climatic conditions during the Holocene (the
time of the formation of modern soils). The modern Subatlantic period of the Holocene,
which continues to this day, is referred to as a regressive climatic stage. Average annual
temperatures in the Subatlantic period were, on average, below the levels of the Middle
Holocene Atlantic climatic optimum. The low content of humus in the newly formed
surface of the organogenic horizon, formed on artificially created medieval masonry of
carbonate claystone, served as the basis for the signal point located on this massif and
indicated that this site has not been used since the Holocene climatic optimum [55], which,
as shown by the climatic curve derived by A.S. Monin and Yu. A. Shishkov (Figure 9),
occurred approximately in the 11th–12th centuries.

 

Figure 9. Climatic curve for the last two thousand years based on data on the width of the rings for
one of the pine species (in mm); the curve was created based on the data given in [29].

Second only to agriculture in the Late Antique and Medieval periods was distant
pastoralism. An important factor for the efficiency of this method was the length of the
grazing period in alpine meadows. During the period of the climatic optimum, “the upper
boundary of the vertical distribution of forests in the Alps, in the mountains of Central
Europe and in Scandinavia increased by 100–200 m” [29]. Thus, it can be presumed that the
period of summer vegetation of alpine meadows was longer. However, after the onset of
cooling, this pattern changed. An indicative factor in the study of atsanguars (pastoral stock
farming areas) is the presence of arrowheads typical for the Middle Ages and the complete
absence of any material associated with firearms. Furthermore, the folk epos depicts
atsanguars as the houses of Atsan dwarves, and such homes appear in a mythological,
fairy-tale context; this suggests that the true purpose of these structures and their role in
the economy of the region have been wiped from people’s memories in recent centuries.
Climatic variability was also described in greater detail in the medieval epos. As mentioned
above, the Nart epos actively reflects severe cooling as a climatic cataclysm [50].
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Thus, on the basis of the above facts, it can be assumed that the end of Early Middle
Ages coincides with the deterioration of agriculture in the entire region. Comparing the
above conditions with the borders of European territories, the objective correlation becomes
obvious. During the Little Ice Age, the Caspian Sea level increased, indicating a rise in the
amount of precipitation in the basin of the river Volga and, possibly, reduced evaporation.
Chronicles and other historical documents confirm that cold snowy winters and rainy
summer seasons became more frequent, and floods occurred more often [29].

Hydrographic networks are also an important factor in the reconstruction of paleogeo-
graphic patterns, since the physical and geographical data associated with such networks
are extremely important for an objective assessment of the historical and cultural landscape
and its development. Let us take the Imereti Lowlands as an example (Figure 10). The
hydrographic network in the territory of the Imereti Lowlands area is a part of the Black
Sea basin and represented by the Mzymta and Psou rivers, bounding the lowlands, from
the west and east, respectively, as well as inland water bodies of natural (sea retreats)
and artificial (excavated ponds) origin [56]. The Imereti Lowlands is a territory featuring
shallow groundwater (1–2 m), which emerges during the rainy season. Nearly the entire
territory of the lowlands is flooded and swampy. The central part is flooded especially
intensively during periods of river floods [56]. The effects of flooding are now considerably
mitigated by a drainage system designed in the lowlands and consisting of a network of
drainage channels. In the period preceding construction, a significant part of the territory
was occupied by malarial swamps, namely, lakes filled with silt and peat [57].

Figure 10. Temples in the Imereti Lowlands.

Archaeological excavations in the Imereti Lowlands during the construction of the
Olympiad facilities in 2010–2014 revealed a number of new sites and made it possible to
carry out complete excavations of previously identified archaeological sites. Archaeologists
examined almost the entire Imeretiskaya lowlands for two years. All the sites identified by
archaeologists and dating from the most ancient sites to the late Middle Ages were located
on the outskirts of the valley, while nothing was found in the center where the stadiums
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were built [57]. Based on the results of the research, it was concluded that there used to
be a large freshwater lake on the territory of the Olympic Park, and people settled along
its shores.

Another important point is the identification of historical sites along the coast. Particu-
lar attention was given to the temple in the park “Southern Cultures”, which is marked on
historical navigation maps under the toponym “Saint Sophia”. The fact that this location is
marked on navigation maps is of crucial importance and may indicate the presence of a
seaport in this area in Antiquity. Indirect evidence for this seaport is the presence of a “bay”
mentioned in the reports of I.K. Nedolya, who examined this basilica in the middle of the
20th century [58]. Today, this bay does not exist.

A seaport with a large temple, which, most likely, was located inside a fortress that
has not survived (a lake in the center of the lowlands), allows us to draw an analogy with
a similar region on the coast that has been fairly well explored by paleogeographers and
for which a detailed reconstruction has already been made: the area of Pitsunda Cape
and the ancient Roman fortress Great Pitiunt [59]. Here, on the modern area of swampy
lakes, there was a large inland lake open to the sea in the Ancient and early Medieval
periods. Therefore, it is possible that the lake in the Imereti Lowlands could have been
open to the sea. On the site of the temple in the park “Southern Cultures” on the territory
of modern Sochi, there was a fortress that was one of the points of the Roman–Byzantine
Pontic Limes [60]. The presence of such a fortress in that area appears logical if we analyze
the settlement structure, as there are traces of caravan routes directed toward the Krasnaya
Polyana region and Aibga Pass [61].

A natural question arises: Why are there no traces of this fortress? The answer lies in
the study of seismic activity maps (Figures 4 and 5).

The Imereti Lowlands is a part of the new Sochi–Adler Depression and is separated
from Sochi by discontinuities of the Adler flexure–fault zone, which is a seismogenic struc-
ture. This territory belongs to the 8–9 point earthquake zone [56]. Traces of damage after
earthquakes, in particular, can be seen in the temples of the villages Vesyoloe and Loo [62].

Based on an analysis of the available seismological databases, a consolidated unified-
magnitude MS catalogue of historical and instrumentally registered earthquakes was
compiled, covering the entire territory of the Western Caucasus (Figure 4). Comparison
of the results showed an obvious predominance of seismic activity in the Sochi, Adler,
Sukhumi and Ochamchira regions. However, in the Gudauta region, especially in the
area of Pitsundsky and Bombor capes, Gali regions, and the the Ingur river basin, such
activities were not observed. This result explains the different preservation levels of objects
of historic and cultural heritage. Temples similar in time of construction, architecture, and
dimensions in the village Vesyoloe and Lykhny have a radically different appearance from
each other. According to archaeological research, the temple in Vesyoloe was destroyed
between the 11th and 13th centuries, and the temple in Lykhny stands undamaged to this
day (Figure 11).

Nothing remains of the fortress in the area of the Southern Cultures Park, and the
temple is located at the level of the foundation, while the magnificent medieval cathedral
in Pitsunda has survived to this day almost without serious damage; additionally, the walls
of the fortress from the ancient period have been preserved.
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Figure 11. Lykhny temple (a), Pitsundsky cathedral (b), and fortress (orthophotoplan) (c).

4. Discussion

The crucial point of the study was to identify the impact of natural factors upon the
transformation of the settlement system, which led to deurbanization in northwestern
Colchis in the 12th century. A retrospective analysis of literary references revealed the
absence of previous studies of the area during this certain period. However, the correlation
between changes in the natural environment and the development of human society
in earlier eras has long been noted by numerous researchers. Global climate changes,
transgressive–regressive developments in ocean affairs, and the glacial–interglacial cycles
of the Russian plains and mountain zones have been outlined as the most significant natural
factors for the Black Sea area [63].

Historically, the fall of the Byzantine Empire was considered the main factor in the
decline and deurbanization of the Black Sea region in the Middle Ages [1] and the changes
in trade routes. The present study demonstrated that, for this particular historical period,
climate and coastline alterations were the primary causes. Natural factors made the bays
(previously convenient for parking ships) shallow, thus leading to the formation of sub-
aerial gravel–pebble deposits, which completely separated the bay from the sea. Steadily,
former bays without access to the sea turned into swamps, and the fortresses that guarded
those ports lost their importance and trade froze. This picture can be observed in Cape
Pitsunda [26]. Recent geo-archaeological examinations initiated by our expedition [64]
showed that, according to an analysis of geological deposits in Cape Bombora, the paleo-
geographic reconstruction is comparable to that of Cape Pitsunda. This has been confirmed,
in particular, by the results of studies on the chemical and granulometric composition
of deposits, their carbonate content, and the constructed lithological column (Figure 12).
In the near future, in order to verify these findings, a wider range of studies, including
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isotopic, spore pollen, faunal analysis, etc., are planned. In addition, geological research
of the Imereti Lowlands is essential. Although archaeological data mostly confirm our
assumptions, it is impossible to prove the influence of natural factors on the development of
the settlements without conducting comprehensive geological studies at the present level.
Therefore, the conclusions of our article, based on an integrated approach, also present
new challenges.

Figure 12. The structure and composition of the section of sedimentary rocks found in Cape Bombora:
1. calcite; 2. dolomite; 3. sand; 4. loose pebbles; 5. dense pebbles; 6. siltstone; 7. shell detritus; 8. frag-
ments of lime microorganisms; 9. fragments of plant tissue; 10. carbonate concretions; 11. sod layer.
Loss on Ignition (LOI) curve No. 550 indicates the amount of combustible organics, No. 950 shows
the amount of carbonate minerals that release carbon dioxide at specified temperatures.

It should be noted that the participation of hydrologists and geologists in assessing
changes in the channels of large rivers at their confluence with the Black Sea highlights
important areas for further research. As can be seen from the corresponding analysis
that many coastal have been insufficiently studied by archeologists. Wide estuary valleys
were, and remain, the areas at the center of urbanization, so the imbalance between the
number of archeological findings and modern settlements cannot be merely accidental. The
transgressive–regressive developments that caused active changes in the Black Sea coastline
and the contours of the riverbed, in addition to the subsequent modern urbanization of
the area, could hide ancient settlements and fortresses vital for study. Moreover, estuarine
valleys are the most active zones in the formation of sewage sediments from the entire
drainage of large rivers.

Other factors associated with uneven precipitation on the coast are the area of Holocene
terraces and their distance from the adjacent mountain slopes. These factors affect the
thickness and rate of deposit formation. When studying and identifying architectural
sites that have survived seismic impacts, these concerns are not as critical. However, for
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completely ruined objects, deposit formation is of extreme importance. A completely
ruined temple in the zone, featuring the slow formation of soil influxes, is usually a low
hill two to three meters in height. However, in the zone of active influx of soils on the
foothill terrace, such hills can be completely buried at a maximum height to the horizon
of the adjacent territory, which makes them particularly difficult to notice when applying
conventional methods. Therefore, the application of an interdisciplinary approach is crucial
and will assist in further clarifying and supplementing the layered composition of spatial
information in the developed archaeological GIS.

5. Conclusions

This study was based primarily on archaeological data, which served as the basis
for analyzing the settlement structures of historical and cultural heritage sites via the
GIS. For territories that offer data left by previous inhabitants, analyses were carried out
using the methods of various sciences, both natural (climatology, seismology, hydrology,
etc.) and humanities-based (folklore, historical cartography, etc.). Synthesis of these data
revealed a clear correlation between various factors. In terms of the impact of the physical
environment on human evolution, data confirmed that climate change that occurred at the
turn of the 12th century led to a crisis in agriculture, producing a decline in both farming
and cattle breeding, which certainly affected demography. Seismic activity, noted in the
same period, led to the destruction of many buildings (temples and fortresses) and a change
in the nature of hydrological networks, which are directly linked to climate change. These
changes yielded the formation of swamp lakes on the ground, and, as a result, led to the
loss of a number of coastal sites and their abandonment.

Thus, it can be concluded that natural, rather than political, factors played the key
role in changing the settlement structure (in terms of both demographic decline and
deurbanization). The political changes that took place were the consequence of changes in
the physical environment.
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Abstract: Cultural landscapes are joint masterpieces of man and nature with outstanding universal
value. Adequate knowledge of their evolutionary process and mechanism is crucial to their develop-
ment, protection, and management. However, theoretical understanding about such has been limited
as existing studies tend to focus on the descriptive and interpretative analysis of the evolutionary
process and pay less attention to the underlying mechanism of the process. Integrating the traditional
perspective of landscape ecology in cultural landscape research and theories of path dependence and
path creation in evolutionary economic geography, this paper constructs a triple-layered integrated
analytical framework of cultural landscape evolution and applies the framework to empirically
examine the cultural landscape evolution of Mount Lushan. To grasp an accurate and full picture of
the process, field observation and historical data collection were carried out, and a combination of
thematic analysis and chronological organization was conducted. The research finds that the cultural
landscape evolution of Mount Lushan has experienced three stages, i.e., coexistence and mutual
influence of multiple cultures, conflict and integration of Chinese and Western cultures, as well as
landscape transformation, revival, and expansion. Such evolution is a non-linear, dynamic, and
complex process across which the elements, functions, and patterns of landscapes were constantly
constructed and reconstructed. Fundamentally, it is the result of the synergistic effect of path de-
pendence and path creation, and is driven by the interplay of the behavior of associated actors and
the change of contextuality. The findings of this study can provide some strategic references for the
management practice of cultural landscape heritage sites.

Keywords: cultural landscapes; landscape ecology; evolutionary economic geography; spatiotempo-
ral evolution; Mount Lushan

1. Introduction

As a joint masterpiece of man and nature with outstanding universal value, cultural
landscapes mingle stunning natural landscapes and unique cultural connotations [1]. In
1992, the 16th General Assembly of the World Heritage Committee formally introduced
“cultural landscape heritage” and included it as a subcategory of cultural heritage. This ini-
tiative has further stimulated scholars in fields including geography, history, anthropology,
and sociology to pay increasing attention to the nomination, development, conservation,
and management of cultural landscapes. The utilization of cultural landscape heritage
resources, such as the development of heritage tourism, is a necessary means to make
their outstanding and unique value known to the public and to protect them sustainably.
However, in many heritage sites, development actions failed to adequately acknowledge
the uniqueness of cultural landscapes such that irreversible damage to the associated
cultural landscapes [2], and issues of fragmentation, isolation, artificialization, and over-
commercialization was induced [3–5].
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An adequate ontological understanding of cultural landscapes is a prerequisite for
their effective conservation and sustainable development [6]. Cultural landscapes do
not emerge from a vacuum, but are evolved through a dynamic, complex, and multi-
faceted historical process [7]. The systematic analysis of the historical evolution of cultural
landscapes, the changes in the forms, elements, structures, and values of the landscapes
through the evolutionary process, as well as the driving mechanism and influencing factors
of the evolution, can provide strategic reference for the development, conservation, and
management of respective cultural landscapes in terms of identifying heritage values and
functions, establishing heritage development directions and methods, and formulating
adaptive management tools [8]. However, the existing studies and management practices
of cultural landscapes are mostly based on the status quo of particular heritage sites,
imperfectly mapping the dynamic nature of the cultural landscapes and offering insufficient
knowledge about their value identification, conservation, and management [9].

Landscape ecology, especially the landscape ecosystem theory, is the mainstream and
traditional perspective of cultural landscape research [10–13]. From a holistic and inte-
grated standpoint, it regards human activities and their surrounding natural environment
as a whole, while emphasizing the subjectivity of humans [14,15]. It goes beyond the
dualistic view of nature and humanity and offers a panoramic, multi-dimensional, and
multi-scale perspective toward the evolution of cultural landscapes. The key notions of
landscape ecology, such as pattern, function, elements, and process, provide a comprehen-
sive analytical framework for explaining the spatial and temporal evolution of cultural
landscapes. Regarding the driving mechanisms of cultural landscape evolution, landscape
ecology highlights the joint impacts of economic, social, political, and technological fac-
tors [14,15]. Overall, it considers the influence of the exogenous contextual factors on
landscape evolution, but pays little attention to the impacts of the intrinsic factors, such as
heritage site resources and historical evolutionary paths, as well as the associated agents,
such as governments, tourists, and heritage site residents, and their actions. As a result,
more theoretical attempts have been investigated by cultural landscape researchers in order
to reveal the underlying mechanism of cultural landscape evolution [16,17].

Path dependence and path creation, as the two major theories of economic geography
to examine the spatio-temporal evolution of economic landscapes, may provide further
inspirations in that regard. Path dependence theory considers economic landscapes as
an open, non-unitary equilibrium system. It emphasizes the important role of time and
history in analyzing the evolution of economic landscapes, taking it as a process governed
by the past development paths of landscapes [18–20]. Path creation theory, on the other
hand, focuses on the creativity and novelty in the evolution of economic landscapes
and emphasizes the important role of the dynamic actions of relative agents through the
evolutionary process [21]. Their emphasis on the historicity and subjectivity of the evolution
of economic landscapes and their attention to the synergistic interaction of endogenous and
exogenous factors through the spatio-temporal process provide a comprehensive analytical
framework for understanding the deep underlying mechanisms of cultural landscape
evolution [22–25]. In view of the above background, based on the notions of pattern,
function, elements, and process in landscape ecology, and drawing inspirations from path
dependence theory and path creation theory, this paper constructs an analytical framework
for the evolution process and mechanism of cultural landscapes. It further takes the world
cultural landscape heritage of Mount Lushan in China as an example to conduct an in-depth
analysis on the process and mechanism of the spatio-temporal evolution of its elements,
pattern, and function. The purpose of such is to enrich the theoretical understanding
of cultural landscape evolution and to provide strategic reference for the conservation,
development, and management of cultural landscapes.

2. Literature Review and Conceptual Framework

The concept of “cultural landscape” emerged with the rise of human geography. In the
second half of the 19th century, German scholar F. Ratzel first proposed the concept of “cul-
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tural landscape”, and O. Schluter (1906) further proposed the “cultural landscape theory”,
which clarified the important relevance of landscape to human society [26]. Thereafter,
American scholar Carl. O. Sauer (1927) [26] founded the landscape school, and German
scholar C. Troll (1939) founded landscape ecology, indicating an increasing academic focus
on the landscape patterns and processes under human actions. The increasing academic
research has promoted the currency and acceptance of the concept of cultural landscape,
marked by that world cultural landscape heritage became a subcategory of world heritage
in December 1992. Since then, a growing number of studies have been conducted surround-
ing different types of cultural landscapes, such as industrial landscapes [27], agricultural
landscapes [28,29], landscapes of traditional villages [16], historic towns [30], and linear
landscapes [11], and on diverse topics such as value identification, conservation of the
authenticity and integrity [31], sustainable development (of heritage tourism) [32], adap-
tive management [33], the impacts of world heritage inscription on heritage conservation
and management [34], and so forth. Overall, the existing research of cultural landscapes
predominantly focus on the question of “what cultural landscapes should be?”, while there
is less concern about “why cultural landscapes have evolved into what they are” [6].

Landscape ecology, especially the landscape ecosystem theory, is the mainstream and
traditional perspective of cultural landscape research. As a comprehensive interdisciplinary
subject, landscape ecology concerns the interplay between a landscape’s biophysical and so-
cioeconomic components across spatial and temporal scales, emphasizing the heterogeneity
of patterns throughout the process [35]. The major research object of landscape ecology is
the landscape ecosystems, i.e., inherently complex systems of landscapes and the ecological
processes they support. Generally, landscape ecosystem studies insist a holistic analysis of
the pattern, function and dynamics of landscapes and the agency of humans [13–15]. As
complex human–earth systems, cultural landscapes are landscape ecosystems with specific
patterns, functions, and dynamics at scales of interest, the evolution of which is influenced
by the interaction between nature and humans [36]. In recent years, many scholars have
introduced the notions of pattern, function, process, mechanism, and scale from landscape
ecosystem theory into cultural landscape studies, analyzing the elements, functions, and
characteristics of cultural landscapes, and exploring the evolutionary processes, patterns,
and mechanisms of the spatio-temporal evolution of cultural landscapes [37,38]. Pattern
means the spatio-temporal arrangement of landscape elements of different sizes and shapes.
Function represents the interaction between landscape structures and ecological processes,
or the interaction between landscape structural units. Process refers to the evolution of
landscape structure and function over time. Mechanism explains the way different factors,
such as the economic, political, social, cultural, and technological ones, drive the evolution
of landscape elements, structure, and function. Scale refers to the size of the area of the
studied ecosystem (spatial scale) or the time interval of its dynamic changes (temporal
scale). Many scholars have pointed out that a solid understanding of the evolutionary
process and mechanism of cultural landscapes requires an in-depth examination of the inter-
action of human and ecological components across the landscape evolution process [39,40].
In that regard, landscape ecosystem theory offers a comprehensive, multidimensional,
and multi-scale analytical framework which integrates human and natural elements such
as economic, social, geographic, and ecological factors into the analysis of the complex
evolution processes of cultural landscapes. However, the driving factors of cultural land-
scape evolution do not act independently; rather, they interact with one another, jointly
influencing the evolution of cultural landscapes [41]. The existing studies on the evolution
of cultural landscapes focus on the process and pattern of the spatio-temporal evolution,
noticing that the functions of the landscapes coevolve through the process [42], and that the
process is driven by different influencing factors [43,44]. Nevertheless, the deep mechanism
of how different factors individually and jointly drive the evolution of cultural landscapes,
and how the functions and the patterns of the landscape ecosystems coevolve through the
process, is less addressed. In this aspect, the studies of the cultural landscape evolution are
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probably still in need of complementary theories in addition to the landscape ecosystem
theory to develop a more systematic theoretical framework.

Regarding that, path dependence theory, which is commonly used to examine causal
processes, and path creation theory, which emphasizes the role of human actors, may
provide supplementary inspirations on the evolutionary process and mechanism of cultural
landscapes in addition to the landscape ecosystem theory. Path dependence and path
creation are two different perspectives in evolutionary economic geography for analyzing
the evolution of regional economic landscapes. In the 1980s, path dependence theory was
first introduced into the field of economics from biological research by American economic
historian Paul A. David (1985) [45], and gradually became an important theoretical tool
for studying the laws of economic and social evolution [20]. Path dependence theory
emphasizes the importance of time and history, focusing on the dependence of system
development on its own historical path and the resources, institutions, knowledge, technol-
ogy, etc., inherited from the path [19]. The common result of path dependence is lock-in,
i.e., once a system enters a certain development path (whether a good or bad one), it will
continuously reinforce and gradually lock-in to that particular path under the effect of iner-
tia until an “external shock” occurs to unlock it [46]. However, the path dependence theory
does not involve the discussion of whether and how the locked path can be transformed,
nor does it explain whether and how a new alternative path can be generated while the
economic landscape is locked to a development path [47]. In this aspect, path creation
theory provides an effective supplementary angle. The path creation theory originated
from economist Schumpeter’s theoretical research on creative destruction, that is, the en-
trepreneur’s willpower plays a decisive role in the creation of new development paths.
Garud and Karne (2001) explicitly introduced the notion of “path creation”, highlighting
economic actors’ behavior of “conscious deviation” from the existing path [48]. Generally,
path creation theory focuses on the dynamic role of the actors and their actions, which are
embedded in economic, social, and cultural contexts across scales, in the reconstruction of
economic landscapes [49]. It rejects the historical deterministic view of landscape evolution
and regards path locking as a controllable and temporary conditional equilibrium state [50].
With the joint impacts of actors’ conscious deviation behavior and the shock brought by
the change of external economic, social, and cultural contexts, economic landscapes may
break out the state of lock-in to make their development paths deviate from the existing
ones and open new rounds of evolution [51]. Nevertheless, new paths are not created out
of a vacuum [48]. There must be a certain basis on which path creation may be developed.
Path dependence and path creation are relations of the unity of opposites in the evolution
of economic landscapes. Thus, the two theories are complementary to one another in
explaining the evolutionary process and mechanism of cultural landscapes.

Cultural landscapes are inherently complex landscape ecosystems with heterogeneous
historical legacies [52]. The evolution of cultural landscapes is not only a cultural phenomenon,
but also a socio-economic process. It is embedded in multi-scale economics, social and cultural
contexts, and driven by the behaviors and interactions of actors from the local, regional,
national, and even international spheres [53]. For the evolution of cultural landscapes, it is not
sufficient to examine only their geographical rootedness and temporal historicity, and neither
the dynamic behaviors of associated actors [54,55]. In these regards, path dependence theory
and path creation theory are complementary to each other in explaining the evolutionary
process of cultural landscape heritage and its inner driving mechanisms. The “historicity”
of path dependence theory and the “subjectivity” of path creation theory jointly offer an
integrated approach to systematically expound the interplay of endogenous and exogenous
forces in the spatio-temporal evolution of cultural landscapes, uncovering the laws and
mechanisms behind the evolution process [56]. In recent years, some scholars have noted the
phenomenon of path dependence in cultural landscape evolution [57–59], while few scholars
have explored the phenomenon of path creation in the field of cultural landscapes. Therefore,
how path dependence theory and path creation theory could jointly provide a comprehensive
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analytical framework for the analysis of the evolution of cultural landscapes remains in need
of thorough academic examination.

Under the above theoretical background, this paper constructs a triple-level analytical
framework of cultural landscape evolution on the basis of landscape ecosystem theory and
with reference to theoretical propositions of path dependence theory and path creation
theory (Figure 1). Following the research philosophy of critical realism, the framework
highlights a stratified ontology of cultural landscape evolution that expounds the evolution
from three layers, i.e., the layer of landscape, the layer of mechanism, and the layer
of dynamics. First, the layer of landscape refers to the surface evolution of landscape
patterns, elements, and functions that happened but were not necessarily experienced or
observed by humans. Second, the layer of mechanism explores the generative mechanisms
that produce the empirical changes at the landscape layer. In this paper, the generative
mechanisms include the path-dependent mechanism and the path-creating mechanisms
which influence and co-evolve with each other and have different effects on the landscape
evolution. Third, the layer of dynamics examines the driving forces of the behaviors of
actors and the changes of contextuality that enable the path-dependent mechanism and
the path-creating mechanisms to take effects such that the surface evolution of cultural
landscapes happens. On the one hand, the active behavior of actors is the primary driving
force for the continuous evolution of cultural landscapes. The impacts of actors’ behavior on
the evolution of cultural landscapes may be positive or negative. The behavior that aligns
with the historical development path will strengthen such a path, while the behavior that
deviates from the existing evolutionary path makes the transformation of the path possible.
On the other hand, the evolution of cultural landscapes and the behavior of associated
actors are embedded in particular economic, social, and cultural contexts at local, regional,
national, and even international scales. The change of contextuality across scales produces
a supportive or restrictive environment for the evolution of cultural landscapes and the
behavior of associated actors, which drives the cultural landscapes to evolve according to
the existing path or in a new direction.

 

Figure 1. The Analytical Framework of Cultural Landscape Evolution from an Integrated Perspective
of Landscape Ecology and Evolutionary Economic Geography (Source: The Authors).

3. Methods

3.1. Case Selection

This study takes Mount Lushan of China as an example. Mount Lushan is located
in Jiujiang City, Jiangxi Province, China. It is the first World Cultural Landscape Heritage
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of China, listed by the United Nations Educational, Scientific and Cultural Organization
in 1996. Bounded to the south by Poyang Lake and to the north by the Yangtze River,
Mount Lushan displays an integrated panorama of hills, lakes, and rivers (Figure 2). It is
a well-known beautiful scenic area with sheer precipices and peaks, changeable fogs and
clouds, flying waterfalls and silver springs, as well as secluded forests and deep valleys
(Figure 3). The beauty of this scene has been attracting religious, artistic, and intellectual
figures for over two millennia. Mount Lushan is home to over two hundred antique
buildings, the majority of which are prayer hall complexes that have been renovated and
expanded throughout the centuries to serve as a dynamic hub for learning and worship.
Among these are the complex of Buddhist East Grove Temple and West Grove Pagoda built
in late 4th century, the Taoist Temple of Simplicity and Tranquility constructed in AD 461,
and the Confucius Academy of White Deer Cave founded in AD 940. Up to the 19th century,
a great number of libraries, temples, and study halls were added to this extensive complex,
which continued to be destructed, restored, reopened, and extended many times. The stone
single-span Guan Ying Bridge of AD 1015 and over 900 inscriptions on stone tablets and
cliffs further make this area significant. In addition, around 600 villas were constructed
in the area by Chinese visitors and international migrants between 1896 and 1935 during
which Mount Lushan was developed into a famous resort and served as the Summer
Capital of the Republic of China for a period. The villas, built in a variety of architectural
styles, were set out in the landscape using then-conventional Western planning ideas.

Figure 2. Geographical Location and Main Attractions of Mount Lushan (Source: The Authors).

Overall, through a long history of evolution, Mount Lushan has become a leading
example of Chinese landscape culture, a unique model of Chinese academy-based educa-
tion, and an outstanding representative of the successful fusion of Chinese and Western
cultural traditions. Mount Lushan’s natural beauty and historic architecture and features
complement each other beautifully, resulting in a cultural landscape that is truly one-of-a-
kind, and whose exceptional aesthetic worth is strongly identified with the spiritual and
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cultural life of China. Throughout its evolutionary history, Mount Lushan experienced
the transformation of path several times, making it a good example for examining the
evolutionary process and mechanism of cultural landscapes.

 

Figure 3. Main Natural Sceneries of Mount Lushan (Source: http://www.china-tour.cn/jiujiang/
lushan-mountain-map.htm (accessed on 24 October 2022)).

3.2. Data Collection and Analysis

Researchers of this study are all highly familiar with Mount Lushan with the first
author having conducted research surrounding the regional history of Mount Lushan for
nearly 15 years, the second author being a local of Jiujiang city where Mount Lushan locates,
and other authors having visited Mount Lushan a number of times. Moreover, in order to
grasp the evolution history of Mount Lushan accurately and fully, this study employed
the mixed method of field observation and historical data collection. First, researchers
conducted three field trips to Mount Lushan between 2020 and 2022, with a total stay of
seven days. During the field trips, researchers visited, observed, and photographed key
sceneries of Mount Lushan, and drew basic information such as the locations, structures,
construction years, and associated historical figures and events of the sceneries from the
interpretation system of Mount Lushan. Second, researchers collected rich historical data
regarding the evolution history of the cultural landscape of Mount Lushan from different
secondary sources, for example, the Chronicle of Mount Lushan, the contemporary journal
articles and monographs that focus on the history of Mount Lushan, and the literature
relevant to Mount Lushan that were produced in different historical periods. Through field
observation and collection of historical data, a repository of notes, transcripts, photos, and
videos with respect to the functions, tangible and intangible elements, spatial and temporal
patterns, as well as associated figures and events of the cultural landscape of Mount Lushan
and its evolution was built.

Afterwards, the combination of thematic analysis and chronological organization
was adopted to analyze the data generated from field observation and historical sources.
A thematic analysis was carried out in order to discover, investigate, and report on recurring
themes and patterns found within the data. At the horizontal level, thematic analysis makes
it possible to describe and organize the data collected [60]. Chronological organization
means that the earliest occurrences are listed first, while the most recent events are included
last. It is the process of organizing and rearranging previously gathered information into a
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coherent, meaningful, and clear-eyed storyline [61]. Specifically, in this study, five steps
of data analysis were performed. First, all of the materials that had been gathered were
carefully examined, and each individual piece of data was initially coded and assigned a
theme and a time mark. Second, the connections between the themes that were produced
in the previous step were examined and then grouped into sub-categories and categories.
Third, additional research was carried out to determine how the themes, sub-categories,
and categories were related to one another. This was achieved through a mix of deductive
and inductive reasoning, and the results were compiled into a narrative that discussed
the elements and dimensions of the evolution of the cultural landscapes of Mount Lushan.
Fourth, the codes, themes, categories, and sub-categories were reorganized chronologically;
periodization analysis of the evolutionary process of the cultural landscapes of Mount
Lushan was performed. Fifth, by incorporating the narrative that was generated in the third
step, an integrated historical storyline regarding the evolution of the cultural landscapes of
Mount Lushan was produced. To ensure the rigorousness of the data analysis process and
the trustworthiness of the research findings, the triangulation of investigators as suggested
by Denzin and Lincoln (2011) [62] was employed, with two different researchers performing
data analysis individually and then comparing with each other their report of findings.

4. The Cultural Landscape Evolution of Mount Lushan

As with common cases, the cultural landscape of Mount Lushan is a combined work of
men and nature. Its evolution is based on and shaped by its unique multi-genetic complex
natural landmarks. Mount Lushan features typical quaternary glaciations, horst fault-
blocking, metamorphic core complex structures, and water erosion landforms (Figure 4).
First, during the Jurassic to Early Tertiary Period, when strong tectonic movements were
observed, Lushan had formed a fault block landscape after the late Himalayan movement
20 million years ago. In response to the movement of the Pacific plate, Mount Lushan
was uplifted in the Miocene due to crustal compression deformation. Consequently, cliffs
(e.g., the Longshou Cliff), peaks (e.g., Wulaofeng Peak), and canyons (e.g., the Jinxiu
Valley) were formed along the fault weak lines. Lakes (e.g., the Ruqin Lake and the Lulin
lake), rivers, slopes and rock formations were created by elevation and subsidence in
the strenuous fault-block movement. Second, the glacial motions during the Quaternary
Period enriched the natural landscape of Mount Lushan with rich glacial remnants such
as U-shaped valleys, ice tables, glacier horns, and ridges that record the process of glacial
evolution and palaeoclimatic change. Third, with a large amount of rainfall, different kinds
of hydraulic actions including abrasion and chemical weathering caused large amounts
of erosion, forming the landforms of waterfalls (e.g., Sandie Waterfall) and natural caves
(e.g., Fairy Cave). The many grotesque rocks, towering peaks and cascading waterfalls
constitute a spectacular natural landscape, which provide a good environmental base for
and shape the process of the cultural landscape of Mount Lushan.

   

Figure 4. Examples of natural landforms in Mount Lushan; an example of glacial remnants (Lushan
Flyover) in the left, an example of tectonic landforms (Longshou Cliff) in the middle, and an example
of water erosion landforms (Sandie Waterfall) in the right (Source: https://travel.qunar.com/p-cs298
166-lushanshi-jingdian (accessed on 24 October 2022)).
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Jointly shaped by the actions of humans who came to live in the region and the pre-
formed unique natural landscape, Mount Lushan gradually experienced a dynamic complex
process of cultural landscape evolution, which can be divided into three stages (Figure 5).

Figure 5. The Evolutionary Process of the Cultural Landscape of Mount Lushan (Source: The Authors).

4.1. From the Pre-Qin and Han Dynasties to the Ming and Qing Dynasties (Pre–1895):
The Coexistence of Diverse Cultures and Their Mutual Impact
4.1.1. A Landscape Centered upon a Hermitic Culture

The arrival of human activities are the key factor that drove the preliminary changes
of the original landscape spaces at Mount Lushan. From the perspective of landscape
function, Mount Lushan gradually evolved from a natural landscape to a cultural one. Its
natural material base and rich cultural heritage laid the possibility and the conditions for
the development of a hermitic culture at Mount Lushan.

As a fault-block mountain, namely, one that stands by itself and does not form part of
a mountain range, Mount Lushan is located in the Middle-Lower Yangtze Plain, next to
Poyang Lake. Apart from its excellent geographic location, Mount Lushan has significant
vertical differentiation in terms of its geology, landforms, hydrology, and climate, endowing
it outstanding natural landscape. In the early days, the majestic and lofty Mount Lushan
received deep reverence and sincere worship from nearby people who were in short of
scientific knowledge and production capacity. They produced many myths and legends that
were associated with Mount Lushan and paved the way for the development of culture and
cultural landscape of the region. During the turbulent times in Wei and Jin dynasties, while
regimes changed frequently and government officials competed fiercely among themselves
for power and profit, the literati not only found it difficult to exercise their talents to make
a difference in politics, but also constantly feared for their life and safety. Consequently,
many from the learned class became disappointed with the political situation at the time
and decided to abandon city life to live in seclusion, trying to seek a spiritual refuge in
the vague and unreal realm of the immortals and to ease their frustration through living a
minimalist life, drinking alcohol, feigning insanity, and so on.
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Under the influences of that hermitic culture, Mount Lushan, with its advantage in
terms of being away from cities but with good accessibility as well as having vast lands,
high mountains, and dense forest, unsurprisingly became an ideal place where the literati
could find refuge and indulge themselves in nature. As a result, a large number of learned
men visited Mount Lushan and lived there in seclusion, thus adding a humanistic touch to
the landscape evolution of Mount Lushan. Among them, Tao Yuanming, in particular, has
had the greatest influence on later generations. At the beginning of the Yi Xi Era during
the Jin dynasty (405 AD), Tao Yuanming started his life in seclusion in his hometown near
Mount Yujing towards the southern foothills of Mount Lushan, due to his “reluctance to
bow to nasty persons in the village merely for the sake of earning five buckets of rice”.
Focusing on the landscape of Mount Lushan, Tao Yuanming produced lots of poems which
have been recognized as the first of its kind in Chinese landscape poems. Those poems, to
a great extent, eulogized and promoted Mount Lushan. In the later era, numerous poets
and intellectuals such as Li Bai, Zhou Dunyi, Zhu Xi, and many others chose to spend
time in seclusion at Mount Lushan. Inspired by the mountain’s beautiful natural sceneries,
they produced countless literary works, which promoted Mount Lushan to become the
birthplace of Shanshui poetry and Shanshui painting. In that regard, Mount Lushan became
increasingly famous among those who wished to seek a life of seclusion, with the hermitic
culture being further enriched and developed in the region.

During this stage, the contextuality of social upheaval and the behaviors of the literati
hermits jointly provoked the birth and development of hermitic culture at Mount Lushan.
The emergence of this culture, in turn, also contributed, as a decisive factor, to the formation
of Mount Lushan’s first cultural landscapes. Subsequently, the interplay of the literati’s
behavior and the dynamic contexts at the period redefined the mountain’s landscape
function. The landscape spaces demonstrated a dynamic pattern that moved in general
from the range extension towards the mountain mass, with the landscape elements largely
distributed in clusters at the southeastern foothills of the mountain. Being a major part of
the spiritual culture of Mount Lushan, the hermitic culture prompted the formation of the
evolutionary path of the cultural landscape of Mount Lushan. Additionally, as the cradle
and bedrock of the cultural landscape of Mount Lushan, the hermitic culture was a culture
of rootedness, and laid a strong foundation for the subsequent cultural landscape evolution
of the mountain.

4.1.2. A Landscape Centered upon a Religious Culture

The settlement and prosperity of Buddhism and Daoism caused the cultural landscape
of Mount Lushan to evolve from one centered on hermitic culture to one focused on
religious culture. Due to the effects of path dependence, the natural resources, the landscape
features, and the cultural foundation developed at Mount Lushan during the previous
stage, offered a solid material and spiritual basis for the formation and development of the
evolutionary path of a landscape that centered upon a religious culture.

During the Wei, Jin, and Southern-Northern dynasties, the social upheavals and the
poverty and hardship people experienced, to a great extent, became a hotbed for the develop-
ment of a religious culture. Indeed, the Buddhist and the Daoist cultures largely satisfied the
spiritual needs of ordinary people, as the former promoted the idea that “those chanting the
Buddha will go to the Western Pure Land of Ultimate Bliss”, while the latter emphasized the
possibility of “becoming immortal through cultivation”. Moreover, during the Qin and Han
dynasties, the emperors’ offerings of official sacrifices and rites to pay homage to mountains,
rivers, heaven and earth, processes that were themselves characterized by strong religious and
political overtones, also accelerated the popularization of a religious culture among ordinary
people, turning religion into a dominant part of social life.

Notably, both Buddhism and Daoism tend to emphasize the importance of seeking a
pure and unadulterated natural environment, for the purpose of cultivation. In this regard,
with great height and steepness, vast lands and rich resources, Mount Lushan, the “cottage
of the immortals”, offered an ideal environment where monks and Daoist priests, namely,
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the key driving actors of Cultural Landscape Evolution in Mount Lushan at this stage, could
preach, teach, and work on the translation and interpretation of scriptures. During the
Eastern Jin dynasty, Huiyuan, a senior monk, arrived at Mount Lushan to build the Donglin
Temple and to establish Pure Land Buddhism by combining and fusing foreign Buddhist
thought with the dominant doctrines of Confucianism and Daoism. Through Huiyuan’s
work, Mount Lushan became the center and icon of Southern China Buddhism. Then, in
the Southern dynasty, Lu Jingxiu, a Daoist priest, arrived at Mount Lushan to practice
cultivation. He also built the Jianji Temple. Then, he systemized the Daoist scriptures by
summarizing and categorizing all the available scriptures he had found and built the largest
depository of Daoist texts at that time, thus turning the Jianji Temple on Mount Lushan
into a research center for studying Daoism. During the Tang and Song dynasties, Mount
Lushan’s religious culture further consolidated, based on its previous path development.
This period saw a significant increase in numbers of both Buddhist and Daoist temples.
Additionally, the frequent communication between the literati and the Buddhist monks
and Daoist priests elevated the status and fame of Mount Lushan as a religious center.
Subsequently, Mount Lushan attracted the attention and even won the support of the
ruling class. Prompted by the historical contextuality at the period and favored by those in
power, Mount Lushan’s religious culture thus entered a stage of prosperity. Regarding the
development of the Buddhist culture, this period saw the appearance of “three hundred
guesthouses to accommodate the monks visiting Mount Lushan” and “three hundred
and sixty temples in the Song dynasty”. Regarding Daoist culture, Guangfu Temple,
Taiping Palace, Baihe Temple, and Qizhen Temple were successively built, contributing to
“gorgeous palaces and Daoist temples with magnificent views”.

In summary, it was the support of political forces, the spiritual needs of the ordinary
people, and the promotion work done by both the Buddhist and Daoist religionists that
jointly drove the cultural landscape evolution of Mount Lushan to deviate from its original
development path of that centered upon a hermitic culture and follow a new path that
centered upon a religious culture. During this stage, with the appearance of new landscape
elements such as Buddhist and Daoist temples, the cultural landscape of Mount Lushan
acquired multiple functions, in contrast with its single function during the previous stage.
Overall, the landscape elements tended to concentrate at the southern and the northern
foothills of the mountain. As the material carrier of the religious landscape, the Buddhist
and Daoist temples, along with their distribution and evolutionary process, were thus the
spatial expression of the evolution of the religious cultural landscape at Mount Lushan.
The dynamic evolution of the Buddhist temples should also be understood as a localized
construct in the process of the localization and Sinicization of Buddhism in China. Conse-
quently, Mount Lushan’s increasing fame as a religious center and the intermingling and
flourishing of Confucianism, Buddhism and Daoism, each being a self-contained system,
contributed to the prosperity of the cultural landscape of Mount Lushan.

4.1.3. A Landscape Centered upon the Culture of Neo-Confucianism

As time passes and circumstances change, during the process of its development and
inheritance, the core of a given culture may give rise to new core values, which can, in turn,
cause changes in the evolutionary pathways of a cultural landscape. Thus, with rich culture
and beautiful natural environment, as well as prompted by the prevalence of the imperial
examination system, the support of governmental policies, and the intellectuals’ efforts
to seek official posts by first spending some time in seclusion, Mount Lushan gradually
stepped into a path that centered upon the culture of neo-Confucianism.

The rise of the imperial examination system to a great extent facilitated the formation
of Mount Lushan’s neo-Confucian culture. Since the Sui dynasty, imperial examination
had become an important method for identifying talent in feudal China. During the Song
dynasty, the state’s emphasis on culture and education further prompted the intellectuals
to view the imperial examination as the key means for achieving personal goals. However,
there were numerous intellectuals that failed the imperial examination again and again,
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despite their talent and capabilities to run the country well and bring peace and security to
its people. With the ruling class tending to favor those intellectuals living in seclusion and
treat them with respect and esteem, many learned men thus chose to study while living a
secluded life. By doing this, they could, on the one hand, indulge themselves in nature and
ease their frustration, while on the other hand, they could also create an elegant image of
themselves and, in this way, be better prepared for government recruitment. Consequently,
seeking official posts by first spending time in seclusion had thus become a shortcut for
many intellectuals to achieve their ambitions.

Against this backdrop, Mount Lushan, with its beautiful natural landscape, its well-
developed hermitic culture, and its fame as a religious cultural center, subsequently at-
tracted many intellectuals to study in seclusion, where they could seek knowledge and
search for the right path. For example, Li Bo, a Tang Dynasty scholar, studied at Mount
Lushan for a long period and was appointed as a government official afterwards. Li
discovered and managed the White Deer Grotto, turning this location into a secluded
study place. Later, the place gradually became a famous scenic spot among intellectuals.
During Southern Tang dynasty, the imperial court established a national academy of Chi-
nese studies at the White Deer Grotto. The academy was a prestigious institute of higher
education at that time. The establishment of the academy then paved the way for the later
foundation of the White Deer Grotto Academy. After the Song dynasty, the academy of
classical learning gradually assumed the responsibility of training and fostering future
officials. At the same time, to varying degrees, it also acquired the functions of government-
owned schools. During the Northern Song dynasty, under the encouragement of Emperor
Taizu of Song, the White Deer Grotto Academy was finally established, soon attracting
thousands of students and becoming one of the four most renowned Chinese academies of
classical learning, with the other three being the Yuelu Academy, the Songyang Academy,
and the Shigu Academy. Zhou Dunyi also created the Lianxi Academy at Lotus Peak of
Mount Lushan, where he completed his Diagram of the Supreme Ultimate Explained and
Penetrating the Classic of Change, two works that laid the foundation of neo-Confucianism.
In addition, he also taught two disciples, Cheng Hao and Cheng Yi, who later both became
leading figures in neo-Confucianism. Following Zhou Dunyi and his Lianxi Academy,
the spread of neo-Confucian philosophy was accelerated by the rise of school education
at the academy of classical learning, which served as a solid base for neo-Confucianism
thought to flourish at Mount Lushan. At the beginning of the Southern Song dynasty, Zhu
Xi, the preeminent Neo-Confucian master, which is generally ranked as second only to
Confucius, was appointed as the governor of Nankang, an upper administrative district of
Lushan. Zhu revitalized the academy of classical learning and created new academic rules.
Based on the proposals made by Cheng Hao and Cheng Yi, Zhu further contributed to the
development of neo-Confucianism and turned it into a mature theoretical system. Thanks
to his efforts, the reputation of the White Deer Grotto Academy soared; subsequently, it
not only attracted the most famous scholars in Chinese history, such as Lu Jiuyuan, Wang
Yangming, and Li Mengyang, to come to teach at the Academy, but also successfully trained
tens of thousands of outstanding intellectuals.

During this stage, the interaction between the imperial examination system and the
rise of school education at the academy of classical learning, as well as intellectuals’ wish to
seek official posts by first living a secluded life, brought changes to Mount Lushan’s cultural
landscape. At the same time, these changes introduced new landscape elements such as
academies of classical learning, thatched huts, cottages, and pavilions. The distribution
of the landscape spaces was also altered, exhibiting a dynamic pattern with the spaces
moving from the foothills towards the summit of the mountain. Compared to the previous
stage, at this stage of its cultural landscape evolution, Mount Lushan had developed a
richer cultural landscape where the connections between the different cultures seemed to
be tighter and stronger. In addition, the agglomeration of academies of classical learning,
including the White Deer Grotto Academy, the Lianxi Academy, and others, eventually
turned Mount Lushan into the cradle of Chinese neo-Confucian philosophy.
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4.2. From the End of the Qing Dynasty to the Republic of China (1895–1949): The Conflicts and
Integration between Chinese and Western Cultures

For a long time, Chinese traditional culture remained the core of Mount Lushan’s
cultural landscape, changing little over time and giving rise to a “locked in” path. However,
despite its inheritance of location advantages, great natural environment, and excellent
sightseeing resources, at this stage, the heavy blow dealt by Western powers eventually
forced Lushan’s cultural landscape to integrate Western cultural elements along its path
of evolution.

Towards the end of the Qing dynasty, China suffered from political corruption,
a backward defense system, and both internal and external crises. Western powers took
advantage of this situation and attempted to exert influences over China. After the Second
Opium War, the Qing government entered the Treaty of Tientsin with Western forces,
according to which various cities along the Yangtze River, such as Jiu Jiang and Han Kou,
were to open to foreign powers as treaty ports. As a result, the Yangtze River Basin was
forced open by external powers, subsequently allowing many Westerners to enter port
cities along the Yangtze River. The middle and lower reaches of the Yangtze River are
located in a subtropical monsoon climate zone, and cities such as Wu Han and Nan Jing
are well-known “furnaces”. In summertime, many Westerners living there thus suffered
heavily from the hot weather and diseases caused by the weather. It was precisely against
this backdrop that the search for a summer resort with beautiful surroundings and a rich
culture became a real need for foreign residents.

Driven by all these factors, Mount Lushan, unsurprisingly, attracted the attention
of certain foreign envoys, merchants, politicians, and in particular, foreign missionaries,
given its location between two large port cities, Han Kou and Nanjing, beautiful scenery,
cool climate, and easy access. Towards the end of 1895, the British missionary Li Deli
(Edward Selby Little) first obtained permission to build a summer house at Guling Town,
Mount Lushan. Following Li, foreign residents from eighteen Western countries, including
the United Kingdom, the United States, France, Germany, and Russia, arrived at Mount
Lushan successively. After the Northern Expedition, the Nationalist government made
Mount Lushan a summer capital. Subsequently, politicians, government officials, warlords,
and those from the wealthy class purchased land and built villas at Mount Lushan. Over
time, an architectural landscape with buildings of different styles from all over the world
and with varied functions including housing, education, and religion, for examples, villas,
schools, churches, and hospitals, were built at Mount Lushan, turning the place into a
summer resort whose fame not only spread throughout China, but also reached beyond its
borders. Due to the invasion of Western cultures, Mount Lushan was no longer suitable for
those seeking a life of seclusion, and the literati, monks, Daoist priests, and many others
left. Following these people’s evacuation from the area, cultural landscape elements such
as the academies of classical learning, religious sites, and thatched huts either gradually
decayed or were completely destroyed.

The foreign invasion of China and Westerners’ attempts to purchase lands and build
summer resorts subsequently prompted Mount Lushan’s cultural landscape to gradually
turn to an evolutionary path that was dominated by Western cultures. During this period,
Mount Lushan saw the appearance of many landscape elements that were typical of Western
cultures, such as Catholic churches and foreigners’ villas, which tended to concentrate on
the summit area of the mountain. With the conflicts, struggles, and integration between
Chinese culture and Western culture, Mount Lushan had, eventually, evolved from a
renowned center of ancient Chinese culture, where Confucianism, Buddhism, and Daoism
coexisted and prospered, to a “capital of various nations” with a strong “Western touch”.

4.3. After the Establishment of the New China (1949–Present): Landscape Transformation,
Revitalization, and Expansion

Whether being a coincidence or not, the cultural landscape evolution of Mount Lushan
that took place at a previous stage would allow for or create opportunities for new evolution
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possibilities at subsequent stages. In this regard, the evolutionary path of Mount Lushan as
a “summer resort” that had taken shape previously obviously facilitated the transition of
the mountain’s cultural landscape towards one that would highlight the mountain’s status
as a “holiday resort”, due to the strong connections, in terms of facilities, resources, and
technology, between Mount Lushan’s previous evolutionary path and its current one, i.e.,
a focus on tourism.

The integration between Chinese and Western cultures and the opening of Guling
Town stimulated the development of Mount Lushan’s culture of leisure and recreation.
Following the establishment of the New China, as the “summer capital” of the previous
Nationalist government, as well as the site where three important conferences of the Central
Committee of the Chinese Communist Party were held, Mount Lushan has been widely
recognized, both domestically and internationally, as a political center and a great summer
resort. In particular, following experts’ findings in 1956 that confirmed the status of Mount
Lushan as the best natural sanatorium in an alpine climate in China, the proposal to turn
Mount Lushan, which had already developed a healing function, into a large “nursing
home” finally took shape. On the basis of this proposal, Mount Lushan soon went through
careful planning and development stages, subsequently paving the way for the further
evolution of the mountain’s cultural landscape. Since the reform and opening up, social
stability and economic development have not only improved people’s living standard,
but also changed people’s day-to-day lifestyle in China. People’s growing demands for
traveling and visiting different places consequently triggered the development of mass
tourism. Under such circumstances, the function of Mount Lushan as a site for healing and
official retreats was thus undermined over time.

In 1982, Mount Lushan was among the first Key National Parks of China promoted
by the State Council of the People’s Republic of China. Later, in 1996, it was also included
in World Heritage List as a “cultural landscape”. In this way, Mount Lushan’s beautiful
natural landscape and rich culture thus gained wide recognition. At the beginning of 1980,
the screening of the Chinese movie “Romance on Mount Lushan” further increased the
mountain’s fame. Against this backdrop, many tourists have visited Mount Lushan to
sightsee and participate in excursions and other activities. The local government has set up
a special department to facilitate the development and reinforce the management of Mount
Lushan. Additionally, tourism businesses have also flocked to Mount Lushan, encouraged
by its burgeoning tourism industry. With the influx of tourists and tourism businesses and
support from the local government, Mount Lushan has gradually developed a tourism-
based industrial structure, which has, in turn, modified the mountain’s previous landscape
spaces. The new changes mainly include the appearance of tourism landscape elements
such as tourist attractions, retreat facilities, restaurants, and accommodations to address
tourists’ varying needs. In this way, Mount Lushan has gradually become a holiday resort
where tourists’ demand for leisure and recreation can be met and satisfied.

During this stage, the development of tourism was the dominant factor that drove
the evolution of Mount Lushan’s cultural landscape. The activities conducted by tourists,
tourism businesses, and the local government also injected new vitality into the cultural
landscape evolution of Mount Lushan. As a result, this stage has included the appearance
of many landscape elements, such as walking trails and hotels, whose main purpose is to
address the needs of tourists, and the distribution of such elements tends to demonstrate
an overall spread-out pattern. Thus, in the context of the New Era, the co-evolution of the
elements, functions, and patterns of Mount Lushan’s cultural landscape has accelerated
the development of a modern tourism industry in the region and brought the cultural
landscape evolution of Mount Lushan into a new stage.

5. Discussion

A systematic examination of the process, mechanism, and influencing factors of the
spatiotemporal evolution of cultural landscapes is significant for enhancing the ontological
understanding of cultural landscapes and further providing scientific references for the
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effective conservation and sustainable development of cultural landscapes. Based on the
traditional perspective of landscape ecology in cultural landscape research and synthesizing
the mainstream perspectives of economic geography on regional landscape evolution,
i.e., path dependence and path creation, this paper constructs a triple-layered integrated
analytical framework of cultural landscape evolution. The framework is empirically applied
to examine the evolutionary process of Mount Lushan at the layers of the landscape,
mechanisms, and dynamics. The major findings of this study include:

First, as Arce-Nazario (2007) discussed in his analysis on the history of the reconstruc-
tion of Peruvian Amazon landscape [39] and Nickens (2022) implicated in his study of the
evolution of cultural landscapes in North America [42], cultural landscapes are not fixed,
static, and inert presentations, but non-linear, dynamic, and complex products of historical
and cultural processes. Across the evolutionary process, the elements, functions, and pat-
terns of cultural landscapes are constantly constructed and reconstructed, giving them rich,
diversified, and profound historical and cultural values. The cultural landscape of Mount
Lushan has gone through three stages of evolution: the coexistence of hermitic, religious,
and Confucian culture, the fusion of Chinese and Western culture, and the transformation,
revival, and development of landscape under the context of modern tourism development.
In this process, Mount Lushan evolves from a simple natural landscape to a mountain that
possesses rich cultural elements including temples, study halls, and villas, and further to a
scenic area that was developed on the basis of its splendid natural and cultural landscape
and equipped with excellent modern tourism facilities. Across the process, the key areas of
its landscape changed from the southern foothills to the southern and northern foothills
to the mountain tops and to all major areas of the mountain. In addition, its landscape
functions became richer and richer with its core value changed from stage to stage.

Second, the evolution of cultural landscapes is the result of the synergistic effect of
path dependence and path creation. On the one hand, the cultural landscape evolution
of Mount Lushan highlights the effect of the path-dependent mechanism on constraining
the evolutionary process. Above all, the geographical location, topography, ecological
environment, and other natural factors provide the environmental basis for the cultural
landscape evolution of Mount Lushan and play a vital role across the entire evolutionary
process. Furthermore, although the evolutionary path of the cultural landscape of Mount
Lushan has changed several times, the hermitic culture, religious culture, Confucian culture,
and Western culture developed during the process has not been completely abandoned in
subsequent evolutionary stages. Many of their associated tangible and intangible elements
were preserved and reused such that subsequent and even the current evolutionary process
of the cultural landscape of Mount Lushan has been influenced. For example, the temples,
study halls, and villas built in the first two stages have become the resource basis for the
development of modern tourism in Mount Lushan in the third stage. This is consistent
with the argument of Nickens (2022) on the “layering” of past cultural landscapes, which
is believed to have considerable impacts on the modern-day heritage management [42].
On the other hand, the cultural landscape evolution of Mount Lushan also highlights
the role of the path-creating mechanism in generating a holistic, dynamic, and non-linear
evolutionary process, which is reflected in the multiple changes of the evolutionary path
and the significant differences among evolutionary stages in terms of landscape elements,
functions, and patterns.

Third, existing studies have acknowledged the importance of the behavior of as-
sociated actors [54] and the change of contextuality [43] in shaping cultural landscape
evolution. Analogously, this article found that the interplay of the behavior of associated
actors and the change of contextuality is the fundamental dynamic that drives the evolution
of cultural landscapes. In different stages of the cultural landscape evolution of Mount
Lushan, litterateurs, monks, Taoists, Christian missionaries and other Westerners, tourists,
tourism enterprises, governments, and other actors dynamically adapted to the changes of
contextuality such as social unrest, the invasion of foreign powers, as well as modern eco-
nomic and social development. Their actions, be they in terms of pursuing hermitic life or
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constructing temples, study halls, and villas, created new possibilities for further evolution
and thus promoted changes of the evolutionary path. After a new evolutionary path was
created, the continued aligning and even enhancing behaviors of the associated actors and
the continuation of supportive changes of contextuality enabled further development and
growth of the path.

6. Conclusions

This paper is only a preliminary attempt to apply the theories of path dependence
and path creation into the examination of the evolution of cultural landscapes. It has not
explored in depth the boundaries and points for attention while applying the theories in
the context of cultural landscapes. Compared with the major applied research target of
the theories of path dependence and path creation, i.e., the evolution of regional economic
landscapes which generally lasts a few decades, the evolution of cultural landscapes often
lasts hundreds or even thousands of years. The evolutionary process of cultural landscapes
is therefore rightly more complex, and the factors, elements, and actors involved in the
process are also more diverse. In this regard, further empirical studies on other cases of
cultural landscapes are called to deepen and improve the application of path dependence
and path creation theories in the field of cultural landscape evolution. In addition, due to
the difficulties existing regarding the collection of full detailed historical data, the paper
may not be specific enough in depicting the evolutionary process of the cultural landscape
of Mount Lushan. The findings of this paper may offer some strategic references for
heritage sites in monitoring the evolutionary process of cultural landscapes, responding to
internal and external contextual changes, managing the behavior of different actors, and
introducing proactive development strategies.
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Abstract: The urban street has evolved into an important indicator reflecting citizens’ living standard
today, and pedestrian walking activity in the streets has been proved to be a major facilitator of
public health. Uncertainties, however, exist in the factors affecting pedestrian walking behavior
and walking experience in streets. Especially, the factors affecting pedestrian walking behavior and
walking experience in the historical and cultural streets. For the study of their main influencing
factors, Hefang Street business block and Gongchen Bridge life block in Hangzhou are selected here
as the study objects. Both non-participatory and participatory research methods are adopted to
collect pedestrian information and observe pedestrians’ ambiguous behavior, specific behavior, and
stopping behavior. According to the study result, walking preference, walking time, environmental
characteristics, and land-use mix (LUM) significantly impact pedestrian walking motivation. The
type differences between Gongchen Bridge life block and Hefang Street business block leads to
the difference in pedestrians’ behaviors and their stopping time in business. Meanwhile, gender
differences bring pedestrians’ significant differences in walking motivation. Pedestrian walking
preference and walking time are positively correlated with walking motivation in both streets.
Environmental characteristics and LUM have also been proved to be important influencing factors
of pedestrians’ walking motivation. In this article, design and planning strategies are proposed for
streets of different types in an attempt to provide reference for the revitalization and utilization of
cultural heritage streets.

Keywords: historical and cultural streets; walking experience; walking behavior; public health

1. Introduction

The urban street is a necessary part of the city. Since ancient times, urban streets have
reflected citizens’ living standards, and related behavioral activities have been conducted by
street pedestrians in the street space. This serves as a big promoter of public health. Today,
as material civilization becomes increasingly mature, the streets morph into the dividing
line between administrative areas, commercial areas, living areas and traffic areas, as well as
an important carrier for functions of leisure, commerce, and entertainment. Therefore, the
planning, construction and management of urban streets have become subjects worthy of
key consideration. Studies on urban streets have been initiated at an early time, with a wide
range of areas involved. As early as 1961, Jane Jacobs [1] in “The Death and Life of Great
American Cities” conducted studies and made recommendations from the perspective of
maintaining urban diversity and vitality. It’s proposed that streets and sidewalks should
be the main public areas in cities, and an in-depth analysis of the street’s vitality and
safety was conducted. Moreover, researchers extensively analyze the street space and its
impact on pedestrian walking behavior and walking experience within the space from
two dimensions: pedestrian’s own conditions and environments. The impact of spatial
environment on pedestrian satisfaction is explained via assessment and analysis [2,3].
Other studies have been carried out based on the relationship between people and streets.
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Ways of creating spatial environments are provided via the study on pedestrian needs, the
evaluation on the quality of pedestrian spaces, as well as the development and optimization
of spatial design strategies [4–7].

In the study, Hangzhou of Zhejiang Province, a city with rich history and culture,
is taken as the research background. Here, Hefang Street business block, and Gongchen
Bridge life block are selected in Hangzhou for comparative analysis. These two streets
are chosen for the case study because these two, in the same administrative district, ex-
hibit different spatial and economic patterns of streets, thus the author can conduct an
in-depth study on the pedestrian behavior, walking experience and their influencing factors
in different blocks. An in-depth analysis is made on the street’s history, passenger flow,
spatial form, business distribution, and public facilities to lay the foundation for a study
on analysis methods of these two blocks’ differences. Literature from home and abroad
is analyzed from four perspectives: pedestrian walking behavior, walking experience,
pedestrian cities, and pedestrian streets, as well as the relationship between walking and
public health, thus knowing the current situation and shortcomings of existing studies.
Meanwhile, the pedestrian information is collected and analyzed through questionnaires.
These questionnaires are distributed on weekdays, and followed up on weekends, with
a view to obtaining as many samples as possible. Finally, 100 valid samples are collected
from the streets. The basic information of pedestrians in these two streets is analyzed. In
addition, SPSS data software is used to analyze the relationship between age and pedestrian
ambiguous behavior, specific behavior and business stopping behavior. Besides, in the
article, the impact of pedestrians’ age, education level, walking preference, walking moti-
vation, environmental characteristics and LUM on pedestrian walking time, is discussed,
and the key factors impacting pedestrians’ walking time are analyzed.

From the study perspective, the environmental assessment of the historic district is
conducted by the observation of pedestrian walking behavior. In terms of study method-
ology, both participatory and non-participatory research and analyses are proposed to
provide a basis for street researches of the same type. As for study application, life block
and business block in historical streets are selected for comparison. The case selection
containing cultural attribute, provides reference for the revitalization and utilization of
cultural heritage streets from home and abroad.

2. Literature Review

2.1. Pedestrian Walking Behavior and Experience

While studying pedestrian walking behavior—a hot topic in recent years, some re-
searchers have discussed it from different perspectives and multifaceted viewpoints based
on the division of different pedestrian populations, largely in an attempt to figure out
factors affecting walking, and study walking safety. For example, Ross [8], via the docu-
mented observations of relationship between children’s walking behavior and the factors
associated with it, discussed the impact of children’s gender and walking time on their
walking behavior. In the study of the built environment and walking behavior, Mirzaei [9]
argued that most previous studies on walking behavior have focused on utilitarian or recre-
ational walking behavior. Considering the differences in walking purposes, she explored
the different effects of the built environment on walking behavior, thus confirming the
necessity of study on walking motivation. Marisamynathan [10] discussed the influence of
personal information, income, and road facilities on walking behavior of pedestrians cross-
ing the road by studying the factors that affect walking behavior of pedestrians crossing
the road, providing a method by which walking behavior of pedestrians crossing the road
and its safety levels can be predicted. While conducting a comprehensive study of factors
affecting walking behavior of pedestrians crossing the road, Aghabayk [11] discussed the
differences between the signalized crossing and the unsignalized one, and examined overall
the effects of gender, age, crossing awareness, technical equipment, and carried items on
pedestrian crossing behaviors at the signalized crosswalk and the unsignalized one. In
urban life, there are many road accidents involving pedestrian behavior that plays a central

170



Land 2022, 11, 1491

part in these accidents. Jay Mathilde [12] studied the walking behavior of French and
Japanese populations based on their differences, with a view to analyzing accidental risks
caused by pedestrian behavior and providing selections for safe road crossing behavior.
Mukherjee [13], from the survey data about video images from the signalized crossings,
extracted individual pedestrian acts in violation of regulations and individual pedestrian
road crossing behaviors, thereby predicting possible accidents.

The perspective of study on walking experience now is generally the combination of
environmental psychology, walking experience and modern technology. Simulation and
analysis and more are generally adopted as study methods [14,15]. The study content is
divided into two parts: study and definition on the types of pedestrians [16], and study
from perspectives including the intervention of the physical environment, the impact on
pedestrians’ psychological experience, and the humanitarian for special populations. For
example, Bornioli, Anna [17], in the article, explored whether the physical environment
affects the pedestrian walking experience and pedestrian psychology based on theories
related to environmental psychology, concluding that the physical environment affects the
pedestrian sensory experience- a key element of the walking experience. Then strategies can
be established to create a good sensory experience through the construction of the physical
environment. Stevenson and others [18] investigated the pedestrian walking experience
via the interviews, as well as conceptualized and captured the pedestrian walking experi-
ence, in a bid to help pedestrians further deepen sense of leisure experience in a dynamic
space, connect their physical environment, and bodily and mental environment to others,
as well as strengthen their experience of the space through a wide range of connections.
JIYOUNG [19] studied the negative pedestrian walking experience caused by subway
stations by collecting materials, as well as analyzing and examining the function of subway
stations. Here, the implication of walking as an experience was redefined, with the study
purpose of turning a subway station into a positive space and creating a good pedestrian
experience through music, sensors, and interesting facilities. Wong, Jeremy D [20] proposed
that the preferred gait during walking can be adjusted by the nervous system to facilitate
the reduction of the physical fatigue that pedestrians experience while walking, and the
enhancement of the pedestrian’s walking status from a neurological perspective. Cambra,
Paulo [21] studied the interventions and effects of the built environment on adult walk-
ing behavior by modifying the physical environment, and also conducted a postmortem
analysis. The study suggested that environmental interventions serve as an important
factor influencing walking behavior, and possibly small-scale interventions in the walking
environment can more effectively improve the walking experience. Tz-Yang Chao [22]
improved the walking experience by adopting mixed reality technology. Pedestrians were
guided to walk and interact with virtual characters within a prescribed range of mixed
virtual reality technology, providing a new paradigm for the improvement of the walking
experience. Ohjisuck [23] provided a realistic walking experience for the visually impaired
by creating a new virtual walking experience environment, and setting up walking paths
and braille devices, in the study on the walking experience of special populations from a
sociological perspective. Jiyoung, Kwahk [24] developed pedestrian experience guidelines
by analytical research and interviews with special populations with impairments in hearing,
vision, speech, and physical mobility. These guidelines were used as a reference standard
for the design and evaluation of pedestrian friendliness in pedestrian environments.

2.2. Cities and Pedestrian Streets

Based on urban pedestrian planning, the study is conducted from aspects of trans-
portation, economy, and policy in the literature of this category. In these studies, the
effective use of public transportation systems and information and communication tech-
nologies are advocated; innovations are made in implementation methods; and valuable
proposals for urban economy, transportation, and environmental sustainability as well as
the improvement of living spaces for urban residents, are offered based on the pedestrian
city concept. For instance, Varma [25] suggested that the effective use of public transport
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systems and pedestrian cities should be becoming a priority for urban development. Varma
also explored the impact of new trends in urban mobility and information and communica-
tion technologies on the cities’ future development. With Seoul as an example, Young, Kim
Sun, and others [26] analyzed the gait features of pedestrians by photographing walking
streets in order to find the relationship between the rational selection of pedestrians and
the extracted walking environment. Rebecchi [27] proposed a framework for assessing the
walkability of cities to study the strengths and weaknesses of the urban environments and
to improve healthy living spaces. Yassin [28] proposed an innovative practice specially
used for pedestrians, in a bid to re-attract people to the downtown and pedestrian environ-
ment. Sustainable urban development is realized by the restoration of urban walkability.
Fallahranjbar [29] proposed that putting people first should be a key development principle
for all cities that aim to improve urban quality; and a healthy environment should be
fundamentally related to a pedestrian community. Fancello [30] explored how citizens’
preferences and values vary spatially, as well as designed walking policies that improve
citizens’ quality, providing new recommendations for mapping out walkability-oriented
urban policies. Hui He [31] pointed out that population density was negatively correlated
with sport frequency and total sport time, and proposed intervention strategies for an
aging-appropriate urban environment. The research focus was the relationship between
vehicle conditions, visual signals such as monitors and environmental perception signals,
and walking decisions. Fanny Malin [32] evaluated the short- and long-term impact of
speed display signs in pedestrian street on the speed of moving vehicles in a low-speed
urban environment. If the speed displays are installed at pedestrian crossings, the speed of
moving vehicles will be reduced, and pedestrian safety will be guaranteed. With historical
street of Shapowei, Xiamen, as an example, Lemin Zhang [33] constructed a street vitality
evaluation system based on spatio-temporal data of pedestrians, as well as systematically
examined the impact of the built environment on street vitality in historical streets using
multi-modal analysis techniques.

2.3. Impact of Walking on Public Health

Considering the inevitable link between walking and public health, there are increasing
studies on how urban transportation planning meets the need of public health. Most
literatures focus on the benefits of a walking lifestyle for public health, including physical
and mental benefits. On this basis, the discussion is made based on specific influencing
factors in these literatures. Also, some researchers have studied the adverse effects of
walking on public health by attributing them to the external environments on basis of a
comprehensive consideration. The positive impact of walking on health has been studied
mainly from internal factors. For instance, D. Merom [34] argued that less dependence
on cars facilitates public health, and that active behavioral activities provide a solution to
sedentariness and lack of physical activities. James F Sallis [35] concluded from his analysis
that most environmental attributes are positively correlated with physical activities. The
study results are similar in each and every city. James pointed out, the design of urban
environments contributes a lot to physical activities, and the global health burden brought
by physical inactivity can be reduced through the participation of all departments. Other
researchers discussed on basis of specific walking-based influencing factors of the health
benefits. Mohammad Javad Koohsari [36] noted that, public open space brings many health
benefits physically and mentally. In the study, multilevel logistic regression models are
adopted to examine the correlation between measured values of public open space and
walking and depression, and the importance of the potential impact of these assessment
criteria on health is emphasized. By conducting experiments, Ming-YiHsu [37] proved that
brisk walking, as an effective physical activity promoting mental health in adolescents, can
reduce depression and anxiety as well as improve self-assessment. However, the walking
lifestyle is a double-edged sword for health. The negative impacts are mainly studied from
external factors, such as air quality. Giorgos Giallouros [38] argued that, commuting by
walking, compared with vehicles, may increase the intake of fine particles for pedestrians,
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and cause negative health effects. The arguments were started from an integrated relative
risk perspective. Caihua Zhu [39] et al. thought, PM2.5 in the air impact physical health
when pedestrians are fully exposed to the outside environment. They studied the specific
impacts as a way to evaluate the risk features of walking and provide recommendations
for the improvement of residents’ health and decision making about walking trips.

It’s found from the analysis of the literature that. Two main features of the existing
studies are as follows:

The study is conducted on external factors of pedestrians. Pedestrians are impacted
by many factors amid walking. Especially, the physical environment can directly impact
pedestrians’ physical and psychological experiences. Thus it can be said that pedestrian
walking experience is related to the physical environments (roads, signals, facilities, etc.).
It is confirmed that, amid the street construction, it is necessary to provide an excellent
physical and sensory experience for pedestrians via the construction of the physical envi-
ronment on the one hand. The impact of the physical environment on different groups,
as well as their applicability in the environment, need to be taken into account, thereby
meeting the walking experience of people of different types on the other hand. On this
basis, the factors influencing the pedestrian walking experience are further investigated via
the interventions and technological means that change the physical environment.

The study on the pedestrian ontology. On the one hand, it’s confirmed physiologically
and psychologically that a walking lifestyle can improve the emotional state, thus promot-
ing public health. Amid construction, physical and mental impact on the public should
be considered, and the negative impact from external environment should be minimized.
An all-round street space environment, which facilitates daily traveling, and promotes
public health, should be constructed. On the other hand, the study is conducted on the
division of pedestrian types, and pedestrian behavior differences; the construction of a
sustainable city is explored from the urban walkability; policies based on walking city are
advocated; importance is attached to the planning of walking environment; citizens’ walk-
ing behavior is guided. However, in most existing studies, non-participatory pedestrian
behavior is referred, and attention is more likely to be paid to pedestrians’ behavior and
experience in a single physical environment. While the subjective intention of pedestrians
is neglected. The policies about street design and pedestrian urban planning are proposed
without support of enough studies on pedestrian ontology. Additionally, there is still much
room for improvement in comparative studies on walking behaviors in different places.
Therefore, in the study, both non-participatory and participatory approaches are adopted,
with emphasis on the subjective evaluation of pedestrians. Pedestrian behavior states on
streets of different types are observed and recorded, and a multi-dimensional study of
pedestrian walking behavior is conducted, so as to put forward constructive suggestions in
a targeted manner.

3. Methods and Measures

Literature from home and abroad is analyzed to learn the current situation and short-
comings of existing studies. In the study, two blocks-Hefang Street business block and
Gongchen Bridge life block are selected. The mainly investigated roads in Hefang Street
include the main road of Hefang Street, Qinghefang Community, Gaoyin Street, Huimin
Road, Dingan Road, and Huaguang Road. The mainly investigated roads in Gongchen
Bridge involve Xiaohelu Community, Lishui Road, and Scenic Street Area. Here major
factors impacting pedestrian behaviors are explored in the block.

The investigation is divided into two parts: field investigation and user investigation.
The former consists of two parts: site investigation and behavior observation. Interview,
photo-taking and other forms are adopted to obtain the distribution information of street
businesses, including the distribution locations of businesses of different types and the pro-
portion of the business of a certain type in the business as a whole. In terms of building scale
and street paving and decoration, the building height, road width and paving material are
investigated and analyzed. While behavior observation activity is performed, pedestrian
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behavior is observed and recorded in tracking investigation, that is, pedestrians are tracked
in real time in the street and their status and staying time in shops are recorded. Different
business types include essential necessities, commercial consumption facilities, leisure and
entertainment facilities and public service facilities. In the user survey, pedestrians, staff
of surrounding shops, recreational residents in the community and other street users are
invited to fill out questionnaires for information collection. While some of pedestrians
with poor educational background or the aged ones can’t read the questionnaires, so they
are inquired orally and recorded. The questionnaire contents include pedestrian behav-
iors, socio-demographic characteristics, total walking time, walking preference, walking
motivation and environmental characteristics. Information including the participants’ de-
mographic data, their environment satisfaction and daily travelling behavior preferences
are obtained in the questionnaire of the study (Figure 1).

Figure 1. Data analysis framework.

“Socio-demographic characteristics” include gender, age, education, profession, and
income. There are two categories of gender: male and female. The ages are divided
into three categories: 1–30, 31–55, 55 or above. Street walkers are divided into utilitarian
walkers, recreational walkers, and no-specified walkers. Utilitarian walkers mainly walk
for commuting between home and school or workplace. Recreational walkers mainly walk
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and jog. The no-specified walkers mainly walk for daily affairs, such as going shopping,
going to hospital, visiting friends, and doing some commute-related things.

The specific businesses where pedestrians stay are: (1) essential necessities such as
restaurants, traditional Chinese medicine pharmacies, daily necessities stores, and clothing
stores; (2) commercial consumption facilities such as snack bars, milk tea beverage stores,
dessert shops, gift shops, perfume shops, and specialty shops; (3) leisure and entertainment
facilities such as web celebrity shops, and exhibition halls; (4) public service facilities:
postcard stations, parks, toilets, rest seats, and sharable chargers.

“Total walking time” is assessed by individual items, with a 5-point system (1 = 10 min
or below; 2 = 11–30 min; 3 = 31–60 min; 4 = 61–120 min; 5 = 121 min or above) adopted to
measure respondents’ “daily walking time”.

“Walking preference” is assessed by an individual item, with a 3-point system (1 = “dislike”;
2 = “normal”; 3 = “Like”) adopted to answer the question “How much do you enjoy walking
on a daily basis?”.

“Walking motivation” is assessed by six items, with a 5-point system adopted to
measure (1 = none; 2 = few; 3 = some; 4 = most; 5 = all), and six categories include “walking
with children”, “walking to study”, “walking to work”, “walking to shop”, “taking a walk
to play”, and “walking exercise”.

“Environmental characteristics” refer to four dimensions, of which social quality, street
quality and safety issues, are scored based on a 5-point system (1 = none; 2 = minority;
3 = some; 4 = majority; 5 = all). For the LUM, the 5-point system (1 = 1–5 min; 2 = 6–10 min;
3 = 11–20 min; 4 = 21–30 min; 5 = over 30 min) is adopted to measure the walking time
of respondents using facilities of 4 types. Here, social quality refers to two dimensions:
namely, “activity richness” and “social interaction degree”; street quality includes four
dimensions: namely, street landscape style, street architectural style, street cleanliness
and street connectivity; safety issue is street safety; LUM involves four dimensions: i.e.,
essential facilities, commercial consumption facilities, leisure and entertainment facilities,
and public service facilities.

The LUM consists of 17 items used to assess land-use mix, “LUM (Land-use Mix)”and
a 5-point system (1 = 1–5 min; 2 = 6–10 min; 3 = 11–20 min; 4 = 21–30 min; 5 = over 30 min) is
adopted to measure respondents’ walking time in 17 amenities, with lower scores indicating
higher levels of land-use mix. The 19 items of LUM are grouped into four dimensions:
(1) essential facilities; (2) commercial consumption facilities; (3) leisure and entertainment
facilities; and (4) public service facilities.

4. Results

4.1. Historical Evolution
4.1.1. The Historical Evolution of Hefang Street and Gongchen Bridge Life Block

In this study, the Hefang Street business block and the Gongchen Bridge life block,
both of which are located in the main city zone of Hangzhou, are the study subjects. These
two differ in street forms and economic patterns.

As shown in Figure 2, Hefang Street located at the foot of Wushan, is part of Qinghe-
fang and belongs to the old city of Hangzhou. Located in the northern part of Hangzhou
city, the whole Gongchen Bridge is built above the ancient Beijing-Hangzhou Grand Canal,
mainly including two parts: Gongchen Bridge block and the historical and cultural block
in the west of the bridge.
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Figure 2. Location map of Hefang Street business block and Gongchen Bridge life block (according to
Baidu map).

Once upon a time, Hefang Street was the “root of the imperial city” of Hangzhou,
the capital of ancient times, and also the cultural center and economic and trade center
of the Southern Song Dynasty. As shown in Figure 3, as the only old street in Hangzhou
that maintains the historical appearance of the old city, Hefang Street, where time-honored
brands (stores) stood in great numbers, integrated the most representative historical culture,
commercial culture, marketplace culture and architectural culture in Hangzhou, so that it was
saved from the fate of total demolition during the transformation of the old city of Hangzhou.

 

Figure 3. paintings in the past (left), Street pattern map of southern Song Dynasty (middle) and
Street pattern map of Ming and Qing Dynasties (right). (online website https://jz.docin.com/p-2811
341437.html accessed on 22 November 2021).

In 1999, the Hangzhou Municipal Government decided to redevelop the 13.6-hectare
block adjacent to the Wushan (Town God’s Temple) square into an antique pedestrian street
of commerce and tourism. The renovated Hefang Street was opened in October 2002, as
shown in Figure 4. Nowadays, Hefang Street reveals the style of the late Qing Dynasty and
early Ming Dynasty. The cultural value is highlighted here to create a marketplace culture
of commerce, pharmaceutical industry, and architecture. Its historical authenticity, cultural
continuity and the overall appearance of the landscape are maintained. On both sides of
Hefang Street, there are mainly local products, antiques, paintings and tourist souvenirs, and
a craft pavilion is set up in the center of the street to display folk handicraft performances.
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Figure 4. Photos of Hefang Street in 1966 (left) and the current (right). (online website http://www.
360doc.com/content/20/0812/10/17132703_929812656.shtml accessed on 25 November 2021).

Now, there are many problems in Hefang Street. First of all, the public design at the
monotonous node of the entrance space of Hefang Street is relatively simple. Most of them
are seats combined with tree pools and simple humanoid sculptures. They are not attractive
to walkers. The whole street is similar in format and has a high repetition rate. The feeling
is bland and cannot produce great fluctuations in the sensory psychology of walkers. The
viewing speed of respondents has not changed significantly. Secondly, in the design process
of Hefang Street, there is not enough leisure space at the door of the shop which is easy to
arouse pedestrians’ interest, and the influence of natural factors such as season and climate
is not considered, which is easy to cause local space congestion due to natural factors
such as sunshine and rain, which affects pedestrians’ walking experience. Finally, due to
the high degree of commercialization of blocks in the old city bring vitality, the excessive
commercialization and destruction of the traditional charm of space in Hefang Street reflects
the traditional culture. Except for the architectural appearance, most of them show the
traditional life scene by sculpture. Such facilities cannot interact with pedestrians, cannot
render the traditional cultural atmosphere of the street, cannot leave a deep impression on
pedestrians, and lack of interactive interest.

The relatively desolate original site of Gongchen bridge featured by a dotted scattering
of the street layout was later evolved into the terminal dock of the Grand Canal in ancient
times(Figure 5). The street was developed linearly along the river and extended radially
to the interior. The Qing government, after the Sino-Japanese War, signed the Treaty
of Shimonoseki with the Japanese imperialists, and Gongchen bridge was set up as a
Japanese concession. Later, as the renovation project of the old city of Gongchen bridge
area advanced, the faceted blocks and grouped factories took shape. In modern times,
Gongchen bridge becomes a cultural preservation unit of Zhejiang Province, and also a
part of the downtown. Unlike Hefang Streat with a mature business block mode, Gongchen
Bridge, as a living pedestrian street, mainly serves pedestrians and surrounding residents.

Figure 5. Morphological evolution of Gongchen Bridge Block. (Self-painted according to the historical
evolution of Gongchen Bridge).
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At present, the main problems of Gongchen Bridge block are that some houses were
built earlier, and the street landscape environment quality in some roadways was not good.
Because of the lack of protection awareness of historical and cultural blocks, the color volume
of newly built buildings could not be well integrated with the style of historical and cultural
blocks, which seemed to be somewhat out of place. Secondly, due to the high population
density and mostly elderly people, the problem of aging in streets is prominent, and the blocks
lack vitality and provide leisure and entertainment facilities are also in short supply.

4.1.2. Block Spatial Scale

In the form of street space, two streets have different forms of site distribution
(Figure 6).The ratio of distance (D) and height (H) of building along Hefang Street-D/H =
13/6 = 2.167 > 2. The less closed and more open space as a whole is spacious and low, with
an overall trend of horizontal extension generating a sense of openness and flow, but less
affinity. Therefore, store seats in Hefang Street have been set up in the middle section of the
road, increasing pedestrians’ sense of safety for this place and creating spacious human
touch in the block.

 

Figure 6. Maps of Hefang Street business block and Gongchen Bridge life block (according to Baidu map).

The streets in historical Gongchen Bridge block are mainly divided into two types-
Qiaoxi Straight Street—a commercial block and Jixiang Temple Alley-a living alleyway.
The ratio of distance (D) and height (H) of buildings along the commercial block—Qiaoxi
Straight Street is D/H = 6/9 = 0.667 < 1, and the ratio of distance (D) and height (H) of
buildings along the living alleyway Jixiang Temple Alley is D/H = 2.5/8 = 0.3125 < 1. It can
be seen that the overall space of Gongchen Bridge block brings a strong sense of closure,
and the long and narrow street creates a sense of profundity in the space.

4.1.3. Block Business Distribution

In Gongchen Bridge life block, there are totally 9 essential facilities accounting for 11%,
14 commercial consumption facilities taking up 20%, 10 leisure and entertainment facilities
accounting for 13%, and 41 public service facilities taking up 55%. In Hefang Street business
block, there are totally 63 essential facilities accounting for 20.3%, 109 commercial consumption
facilities taking up 35%, 16 leisure and entertainment facilities accounting for 5.1%, and
123 public service facilities taking up 39.5%. In terms of essential facilities, restaurants play
the biggest part in both Gongchen Bridge and Hefang Street, while there is only one daily
necessities store in Gongchen Bridge. There is the same number of Traditional Chinese
Medicine pharmacies in both of them. In terms of commercial consumption facilities, gift
shops (5 in Gongchen Bridge and 65 in Hefang Street) play the biggest part in both of them.
There is only one snack bar, one perfume shop and one specialty store in Gongchen Bridge,
while there are 13 snack bars, 19 specialty stores, and only 1 dessert shop in Hefang Street. In
terms of leisure and entertainment facilities, there is almost the same number of web celebrity
shops in these two. There are 11 exhibition halls in Hefang Street and there is 6 in Gongchen
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Bridge. In terms of public service facilities, there are 15 rest seats, and 22 sharable chargers in
Gongchen Bridge, and 49 rest seats and 70 sharable chargers in Hefang Street. The number of
postcard stations, parks and toilets is the same in these two.

According to the statistics of the number and proportion of businesses in the two
blocks (Table 1), Hefang Street business block, relatively, boasts rich businesses, and the
proportion of facilities of different types is balanced. Only leisure and entertainment
facilities play a very small part there. Essential necessities and commercial consumption
facilities in Hefang Street business block, outnumber that in Gongchen Bridge life block.
Public service facilities have the highest proportion in Gongchen Bridge life block, while
essential facilities account for the least there, so that the daily needs of the surrounding
residents can’t be met. In terms of the proportion of leisure and entertainment facilities and
public service facilities, Gongchen Bridge outperforms Hefang Street.

Table 1. Number formats of Hefang Street business block and Gongchen Bridge life block.

Type Formats
Gongchen Bridge

Life Block
(n)

Gongchen Bridge
Life Block

(%)

Hefang Street
Business Block

(n)

Hefang Street
Business Block

(%)

Essential facilities

Restaurant 4 5% 50 16%
Traditional Chinese
Medicine pharmacy 3 4% 3 1%

Daily necessities store 1 1% 8 2.5%
Clothing 1 1% 2 0.6%

Total 9 11% 63 20.3%

Commercial
consumption facilities

Snack Bar 1 1% 13 4.2%
Milk tea beverage store 3 4% 9 2.9%

Dessert shop 3 4% 1 1%
Gift shop 5 10% 65 21%

Perfume shop 1 1% 2 0.6%
Specialty stores 1 1% 19 6%

Total 14 20% 109 35%

Leisure and
entertainment facilities

Web celebrity shop 4 5% 5 1.6%
Exhibition Hall 6 8% 11 3.5%

Total 10 13% 16 5.1%

Public service facilities

Post card station 1 1% 1 1%
Park 1 1% 1 1%
Toilet 2 3% 2 0.6%

Rest seat 15 20% 49 15.8%
Sharable charger 22 30% 70 23%

Total 41 55% 123 39.5%

4.2. Basic Pedestrian Information

Descriptive statistics of pedestrians in both blocks are shown in Table 2. The number
of male respondents is almost equal to that of female respondents in Hefang Street, with
females accounting for 52% and males taking up 48%. Pedestrians aged 1–30, the main
part of pedestrians, account for 54.7% of all, followed by those aged 31–55 accounting for
31.3%; those aged 56 and above account for only 14%. Pedestrians in Hefang Street are
mainly recreational walkers, accounting for 43.3% of the total, while utilitarian walkers
play a small part, taking up only 16% of the total. Among respondents in Gongchen
Bridge, females account for 43.3% and males 56.7%. Those aged 31–55, the main part of
respondents, account for 56.7% of all, followed by those aged 1–30 taking up 30%; those
aged 56 and above, as the small part of the whole, only account for 13.3%. Pedestrians
in Gongchen Bridge are mainly recreational walkers accounting for 55.3% of the total,
followed by utilitarian walkers taking up 25.3%. No-specified walkers account for only
19.3% of the total.
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Table 2. Pedestrian information in Hefang Street business block and Gongchen Bridge life block.

Pedestrian
Information

Describe
GCQ HFJ

n % n %

All All 150 100% 150 100%

Gender
Male 85 56.7% 72 48%

Female 65 43.3% 78 52%

Age
1–30 45 30% 82 54.7%

31–55 85 56.7% 47 31.3%
56 or above 20 13.3% 21 14.0%

Pedestrian type

Utilitarian walkers 38 25.3% 24 16%
Recreational walkers 83 55.3% 65 43.3%
No-specified walkers 29 19.3% 61 40.7%

4.3. Pedestrian Behavior Analysis

1. The data about different genders and business staying time show that (Table 3):

Table 3. Mean and standard deviation of dwell time for pedestrian street furniture of different
genders.

Gender The Overall Male Female

HFJ GCQ HFJ GCQ HFJ GCQ

N = 150 N = 150 N = 72 N = 85 N = 78 N = 65

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Pedestrian behavior (stay)

Essential facilities

Restaurant 0.880 1.634 2.200 2.288 1.014 1.756 2.318 2.341 0.756 1.513 2.046 2.225
Traditional Chinese
Medicine pharmacy 0.860 1.810 1.693 2.397 0.861 1.739 1.788 2.508 0.859 1.884 1.569 2.257

Daily necessities
store 0.520 0.981 0.947 1.310 0.597 1.057 0.765 1.151 0.449 0.907 1.185 1.467

Clothing 0.927 1.457 1.540 1.709 1.083 1.545 1.141 1.465 0.782 1.364 2.062 1.870

Commercial consumption facilities

Snack Bar 1.267 1.294 1.453 1.256 1.403 1.411 1.447 1.305 1.141 1.170 1.462 1.200
Milk tea beverage

store 0.627 1.127 1.093 1.318 0.667 1.163 1.071 1.289 0.590 1.098 1.123 1.364

Dessert shop 0.887 1.156 0.973 1.080 0.806 1.182 1.106 1.124 0.962 1.133 0.800 1.003
Gift shop 1.507 1.646 1.767 1.826 1.583 1.642 1.729 1.880 1.436 1.656 1.815 1.767

Perfume shop 0.507 0.910 0.747 1.112 0.583 1.071 0.494 0.840 0.436 0.731 1.077 1.327
Specialty stores 0.967 1.234 0.887 1.308 1.056 1.299 0.882 1.331 0.885 1.173 0.892 1.288

Leisure and entertainment facilities

Web celebrity shop 0.993 1.445 1.593 1.655 1.125 1.501 1.612 1.655 0.872 1.390 1.569 1.667
Exhibition Hall 1.787 2.298 2.827 2.716 1.819 2.222 3.106 2.699 1.756 2.381 2.462 2.716

Public service facilities

Post card station 0.867 1.544 1.653 1.791 1.000 1.653 1.835 1.883 0.744 1.436 1.415 1.648
Park 0.993 1.679 1.887 1.859 1.042 1.736 1.941 1.911 0.949 1.635 1.815 1.802
Toilet 0.480 0.857 0.880 0.989 0.556 0.933 0.706 0.828 0.410 0.780 1.108 1.134

Rest seat 1.653 1.843 2.207 2.162 1.653 1.602 2.271 2.055 1.654 2.050 2.123 2.308
Sharable charger 0.253 0.657 0.380 0.720 0.333 0.751 0.400 0.727 0.179 0.552 0.354 0.717

SD—standard deviation. Pedestrians (staying): “0” means “no staying”; “1” means “within 1 min”; “2” represents
“1–5 min”; “3” means “6–10 min”; “4” represents “11–20 min”; “5” means “20–30 min”; “6” means “over 30 min”.

Generally, the staying time in all business types is for pedestrians in Hefeng Street
is shorter than that in Gongchen Bridge. Pedestrians in Hefang Street have the longest
stay in commercial consumption facilities (5.762), while those in Gongchen Bridge have
the longest stay in public service facilities (7.007). In terms of pedestrian’s staying time in
essential facilities (Hefang Street = 3.187, Gongchen Bridge = 6.380), the difference in both
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blocks is the most obvious. Pedestrians in both blocks have the shortest staying time in
recreational facilities (Hefang Street = 2.780, Gongchen Bridge = 4.420).

Male pedestrians in Hefang Street spend the longest time in commercial consump-
tion facilities (6.098), while the male pedestrians in Gongchen Bridge spend the longest
time in public service facilities (7.153). In addition, there is an obvious difference be-
tween male pedestrians’ staying time in public service facilities (Hefang Street = 4.584,
Gongchen Bridge = 7.153) in the two. For example, the park staying time in Hefang Street
(1.042) is less than that in Gongchen Bridge (1.941).

The female pedestrians in both blocks spend the longest time in commercial consump-
tion facilities (Hefang Street = 5.450, Gongchen Bridge = 7.169), while there is the most
obvious difference between female pedestrians in both blocks in terms of the time spent
on essential necessities (Hefang Street = 2.846, Gongchen Bridge = 6.862). For example,
pedestrians’ staying time in restaurants in Hefang Street (0.756) is shorter than that in
Gongchen Bridge (2.046).

2. The data of age and business staying time (Table 4):

Table 4. Mean and standard deviation of dwell time for pedestrian street facilities of different ages.

Age 1–30 31–55 56 or Above

Hefang Street
Gongchenqiao

Street
Hefang Street

Gongchenqiao
Street

Hefang Street
Gongchenqiao

Street

N = 82 N = 45 N = 47 N = 85 N = 21 N = 20

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Pedestrian behavior (stay)

Essential facilities

Restaurant 0.610 1.368 2.022 2.426 1.000 1.694 2.235 2.213 1.667 2.176 2.450 2.373
Traditional Chinese
Medicine pharmacy 0.476 1.269 1.311 2.087 0.809 1.715 1.576 2.362 2.476 2.786 3.050 2.819

Daily necessities
store 0.366 0.854 0.689 1.145 0.809 1.191 1.012 1.314 0.476 0.814 1.250 1.585

Clothing 0.793 1.438 1.667 1.895 1.085 1.501 1.541 1.666 1.095 1.446 1.250 1.482

Commercial consumption facilities

Snack Bar 1.378 1.330 1.644 1.317 1.213 1.250 1.365 1.184 0.952 1.244 1.400 1.429
Milk tea beverage

store 0.476 0.933 1.089 1.240 0.766 1.088 1.000 1.185 0.905 1.729 1.500 1.906

Dessert shop 0.976 1.165 1.156 1.127 0.766 1.237 0.929 1.067 0.810 0.928 0.750 1.020
Gift shop 1.220 1.457 1.933 1.900 1.745 1.811 1.741 1.774 2.095 1.786 1.500 1.933

Perfume shop 0.585 0.942 1.111 1.210 0.511 0.997 0.635 1.056 0.190 0.402 0.400 0.940
Specialty stores 0.854 1.101 0.822 1.336 1.106 1.463 0.859 1.329 1.095 1.179 1.150 1.182

Leisure and entertainment facilities

Web celebrity shop 1.061 1.651 2.156 1.953 0.830 1.129 1.400 1.474 1.095 1.221 1.150 1.387
Exhibition Hall 1.500 2.218 3.000 2.820 1.617 2.202 2.800 2.689 3.286 2.348 2.550 2.704

Public service facilities

Post card station 0.927 1.661 2.289 2.030 0.681 1.337 1.376 1.647 1.048 1.532 1.400 1.501
Park 0.744 1.464 1.489 1.727 1.196 1.928 2.035 1.930 1.524 1.778 2.150 1.785
Toilet 0.427 0.847 0.822 0.936 0.489 0.804 0.906 0.971 0.667 1.017 0.900 1.210

Rest seat 1.390 1.762 2.289 2.052 1.809 1.789 1.953 2.098 2.333 2.129 3.100 2.511
Sharable charger 0.317 0.752 0.489 0.589 0.106 0.312 0.294 0.651 0.333 0.796 0.500 1.147

SD—standard deviation. Pedestrians (staying): “0” means “no staying”; “1” represents “within 1 min”; “2” means
“1–5 min”; “3” represents “6–10 min”; “4” means “11–20 min”; “5” represents “20–30 min”; “6” means “over 30 min”.

Pedestrians aged 1–30 in both blocks spend the longest time in commercial consump-
tion facilities (Hefang Street = 5.489, Gongchen Bridge = 7.755). Pedestrians aged 1–30 in
Hefang Street spend the shortest time in essential facilities (2.245), while pedestrians aged
1–30 in Gongchen Bridge spend the shortest time in the leisure and entertainment facilities
(5.156). In addition, there is the most obvious difference in the staying time of pedestrians
aged 1–30 in public service facilities (Hengfang Street = 3.805, Gongchen Bridge = 7.738) be-
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tween these two. For example, pedestrians in Gongchen Bridge stay longer in the postcard
station (2.289) than that in Hefang Street (0.927).

Pedestrians aged 31–55 in both blocks have the shortest staying time in leisure and
entertainment facilities (Hefang Street = 2.447, Gongchen Bridge = 4.200). Pedestrians aged
31–55 in Hefang Street spend the longest time in commercial consumption facilities (6.107),
while pedestrians aged 31–55 in Gongchen Bridge spend the longest time in public service
facilities (6.564). Moreover, the most obvious difference can be seen in the staying time of
essential facilities for pedestrians aged 31–55 in these two blocks (Hefang Street = 3.703,
Gongchen Bridge = 6.364). For example, pedestrians stay longer in restaurants in Gongchen
Bridge (2.235) than those in Hefang Street (1.000).

Pedestrians aged 56 and above in both blocks have the shortest stay time in leisure
and entertainment facilities (Hefang Street = 4.381, Gongchen Bridge = 3.700). Pedestrians
aged 56 and above in Hefang Street spend the longest time in commercial consumption
facilities (6.047), while pedestrians aged 56 and above in Gongchen Bridge spend the
longest time in public service facilities (8.050). Besides, there is the most obvious difference
in staying time in essential facilities for pedestrians aged 56 and above in both blocks.
(Hefang Street = 5.714, Gongchen Bridge = 8.000). For example, pedestrians stay longer in
daily necessities store in Gongchen Bridge (1.250) than those in Hefang Street (0.476).

3. The business staying time data about walkers of different types show (Table 5):

Table 5. Mean and standard deviation of dwell time in street furniture for different pedestrian types.

Utilitarian Walkers Recreational Walkers No-Specified Walkers

Hefang Street
Gongchenqiao

Street
Hefang Street

Gongchenqiao
Street

Hefang Street
Gongchenqiao

Street

N = 24 N = 38 N = 65 N = 83 N = 61 N = 29

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Pedestrian behavior (stay)

Essential facilities

Restaurant 0.667 1.373 2.895 2.252 0.954 1.605 2.193 2.361 0.885 1.771 1.310 1.834
Traditional Chinese
Medicine pharmacy 0.208 1.021 2.447 2.882 0.815 1.776 1.759 2.366 1.164 2.026 0.517 0.986

Daily necessities
store 0.333 0.702 0.974 1.325 0.569 1.060 1.036 1.392 0.541 0.993 0.655 1.010

Clothing 0.750 1.511 1.053 1.723 1.138 1.609 1.807 1.797 0.770 1.244 1.414 1.268

Commercial consumption facilities

Snack Bar 1.042 1.160 1.395 1.480 1.492 1.301 1.506 1.173 1.115 1.318 1.379 1.208
Milk tea beverage

store 0.500 0.885 0.737 1.131 0.569 1.104 1.277 1.417 0.738 1.237 1.034 1.180

Dessert shop 0.833 1.274 0.895 1.110 0.800 1.121 0.940 1.016 1.000 1.155 1.172 1.227
Gift shop 1.000 1.351 1.395 1.636 1.938 1.767 1.904 1.992 1.246 1.524 1.862 1.529

Perfume shop 0.375 1.013 0.368 0.883 0.431 0.770 0.940 1.253 0.639 1.001 0.690 0.806
Specialty stores 0.417 0.830 0.737 1.131 1.185 1.345 0.831 1.305 0.951 1.189 1.241 1.504

Leisure and entertainment facilities

Web celebrity shop 0.417 1.018 1.447 1.589 0.985 1.474 1.614 1.738 1.230 1.510 1.724 1.533
Exhibition Hall 0.958 2.010 2.158 2.707 2.385 2.415 3.277 2.760 1.475 2.142 2.414 2.428

Public service facilities

Post card station 0.792 1.414 1.184 1.449 0.738 1.492 1.795 1.924 1.033 1.653 1.862 1.747
Park 0.625 1.610 1.868 1.891 1.219 1.906 2.036 1.916 0.902 1.422 1.483 1.639
Toilet 0.292 0.624 0.711 0.898 0.508 0.937 0.940 1.052 0.525 0.849 0.931 0.923

Rest seat 0.917 1.472 1.737 2.140 1.985 1.663 2.398 2.252 1.590 2.077 2.276 1.888
Sharable charger 0.042 0.204 0.237 0.431 0.292 0.824 0.422 0.798 0.295 0.558 0.448 0.783

SD—standard deviation. Pedestrians (staying): “0” means “no staying”; “1” represents “within 1 min”; “2” means
“1–5 min”; “3” represents “6–10 min”; “4” means “11–20 min”; “5” represents “20–30 min”; “6” means “over 30 min”.

Utilitarian walkers (4.167) and recreational walkers (6.415) in Hefang Street stay in commer-
cial consumption facilities for the longest time, while utilitarian walkers in Gongchen Bridge stay
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in essential necessities (7.369) for the longest time and recreational walkers there stay in public
service facilities (7.519) for the longest time. No-specified walkers stay in commercial consump-
tion facilities (Hefang Street = 5.689, Gongchen Bridge = 7.378) for the longest time. The is the
most obvious difference in no-specified walkers’ staying time in public service facilities (Hefang
Street = 4.345, Gongchen Bridge = 7) in both blocks. There is the most obvious difference between
utilitarian walkers (HFJ = 3.476, GCQ = 6.795) and recreational walkers (Hefang Street = 3.476,
Gongchen Bridge = 6.795) in terms of the staying time in essential facilities.

4.4. Pedestrian Walking Experience

(1) The data of pedestrian walking experience of both genders demonstrate that (Table 6):

Table 6. Correlation analysis of daily walking time and multiple factors of pedestrians of different
genders on two streets.

Gender The Overall Male Female

HFJ t GCQ t HFJ t GCQ t HFJ t GCQ t

Walking preference 0.352 0.000
*** 0.274 0.001

*** 0.227 0.137 0.294 0.031 ** 0.340 0.008
*** 0.173 0.114

Walking
motivation

Walking with
children −0.034 0.646 0.000 0.997 −0.156 0.166 −0.028 0.832 0.072 0.496 0.032 0.784

Walking to school 0.078 0.301 0.090 0.309 −0.106 0.376 −0.139 0.340 0.213 0.056 * 0.246 0.032 **
Walking to work −0.079 0.262 −0.067 0.431 −0.032 0.764 −0.341 0.018 ** −0.016 0.880 0.099 0.366
Walking to shop 0.099 0.247 0.141 0.084 * 0.040 0.766 0.224 0.084 * 0.210 0.066 * 0.116 0.296

Recreational
walking 0.240 0.008

*** 0.047 0.579 0.250 0.092 * −0.210 0.111 0.193 0.123 0.338 0.004
***

Sports-based
walking −0.043 0.601 −0.008 0.920 0.081 0.572 0.008 0.952 −0.063 0.568 −0.163 0.153

Environmental
characteristics
Social quality −0.029 0.746 0.014 0.864 0.026 0.850 0.003 0.984 0.011 0.937 0.031 0.792
Street quality 0.106 0.318 −0.048 0.552 0.387 0.020 ** 0.056 0.666 −0.181 0.237 0.004 0.971
Social safety −0.034 0.646 −0.024 0.769 −0.156 0.166 −0.157 0.287 0.072 0.496 −0.009 0.932

LUM
Essential facilities 0.057 0.405 0.135 0.100 0.038 0.735 0.310 0.022 ** 0.020 0.842 −0.038 0.725

Commercial
consumption

facilities
−0.110 0.126 −0.213 0.063 * −0.162 0.181 −0.164 0.358 −0.140 0.189 −0.279 0.074 *

Leisure and
entertainment

facilities
0.102 0.194 0.165 0.079 * 0.052 0.643 0.219 0.132 −0.086 0.461 0.168 0.190

Public service
facilities −0.064 0.444 −0.115 0.303 0.047 0.714 −0.011 0.953 −0.216 0.075 * −0.120 0.431

*** p < 0.01, ** p < 0.05, * p < 0.1.

Generally, walking preferences (Hefang Street: r = 0.352, p < 0.01, Gongchen Bridge:
R = r = 0.274, p < 0.01) significantly impact pedestrian walking experience in a positive
manner in both blocks. In terms of walking motivation, recreational walking (r = 0.240,
p < 0.01) impacts pedestrian walking experience in a positive manner in Hefang Street.
Walking to shop (r = 0.141, p < 0.1) significantly impacts pedestrian walking experience
in a positive manner in Gongchen Bridge. In terms of environmental characteristics, the
distribution of commercial consumption facilities (r = −0.213, p < 0.1) significantly impacts
the pedestrian walking experience in a negative manner in Gongchen Bridge. While the
distribution of leisure and entertainment facilities (r = 0.165, p < 0.1) is negatively correlated
with pedestrian walking experience.

Walking preferences (r = 0.294, p < 0.05) significantly impact the walking experience of
male pedestrians in a positive manner in Gongchen Bridge. In terms of walking motivation,
recreational walking (r = 0.250, p < 0.1) greatly impacts the walking experience of male
pedestrians in a positive manner in Hefang Street. Walking to work (r = −0.341, p < 0.05)
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and walking to shop (r = 0.224, p < 0.1) greatly influence the walking experience of male
pedestrians in Gongchen Bridge. The former is negatively correlated with the walking
experience, while the latter is positively correlated with it. In terms of environmental char-
acteristics, street quality (r = 0.387, p < 0.05) significantly impacts the walking experience
of male pedestrians in a positive manner in Hefang Street. The distribution of essential
facilities (r = 0.310, p < 0.05) has a significant impact on the walking experience of male
pedestrians in a positive manner in Gongchen Bridge.

Walking preference (r = 0.340, p < 0.01) has a significant impact on the walking
experience of female pedestrians in a positive manner in Hefang Street. In terms of walking
motivation, walking to school (r = 0.213, p < 0.1) and walking to shop (r = 0.210, p < 0.1) have
significant influence on the walking experience of female pedestrians in a positive manner
in Hefang Street. Walking to school (r = 0.246, p < 0.05) and recreational walking (r = 0.338,
p < 0.01) have significant influence on the walking experience of female pedestrians in
a positive manner in Gongchen Bridge. In terms of environmental characteristics, the
distribution of public service facilities (r = −0.216, p < 0.1) significantly impacts the walking
experience of female pedestrians in a negative manner in Hefang Street. The distribution of
commercial consumption facilities (r = −0.279, p < 0.1) significantly impacts the walking
experience of female pedestrians in a negative manner in Gongchen Bridge.

(2) The data of pedestrian walking experience of different age groups show that (Table 7):

Table 7. Correlation analysis of daily walking time and multiple factors of pedestrians of different
ages on two streets.

Age 1–30 31–55 56 or Above

HFJ t GCQ t HFJ t GCQ t HFJ t GCQ t

Walking preference 0.389 0.003
*** 0.355 0.065 * 0.218 0.256 0.196 0.096 * −0.283 0.443 0.300 0.290

Walking
motivation

Walking with
children −0.035 0.718 −0.033 0.902 0.017 0.899 −0.089 0.462 0.212 0.386 −0.063 0.928

Walking to school 0.144 0.222 0.066 0.799 −0.092 0.551 0.067 0.562 −0.154 0.665 0.611 0.248

Walking to work 0.012 0.913 0.006 0.980 −0.445 0.006
*** −0.054 0.637 0.082 0.804 −0.050 0.888

Walking to shop 0.206 0.097 * 0.100 0.616 0.264 0.214 0.186 0.128 0.346 0.292 0.516 0.201
Recreational

walking 0.221 0.115 0.084 0.646 0.405 0.015 ** −0.090 0.464 0.007 0.986 0.111 0.841

Sports-based
walking 0.060 0.605 0.136 0.479 −0.066 0.694 −0.123 0.319 −0.602 0.118 0.785 0.222

Environmental
characteristics
Social quality −0.217 0.132 −0.268 0.212 −0.063 0.659 0.158 0.227 1.042 0.093 * 0.687 0.345
Street quality 0.234 0.130 −0.167 0.402 0.181 0.043 ** 0.015 0096 * 0.212 0.186 0.823 0.094 *
Social safety −0.035 0.718 −0.167 0.335 0.017 0.899 0.044 0.708 −0.154 0.665 −0.261 0.503

LUM
Essential facilities 0.064 0.504 −0.012 0.942 −0.053 0.722 0.140 0.241 −0.110 0.663 0.387 0.264

Commercial
consumption

facilities
−0.084 0.382 −0.203 0.415 −0.089 0.647 −0.158 0.352 0.310 0.204 0.068 0.927

Leisure and
entertainment

facilities
−0.044 0.662 −0.055 0.791 0.227 0.126 0.072 0.574 0.113 0.787 −0.009 0.990

Public service
facilities 0.100 0.423 −0.043 0.875 −0.115 0.530 −0.022 0.884 −0.528 0.033 ** −0.786 0.250

*** p < 0.01, ** p < 0.05, * p < 0.1.

Pedestrian preference of pedestrians aged 1–30 in Hefang Street and Gongchen Bridge
(Hefang Street: r = 0.389, p < 0.01, Gongchen Bridge: r = 0.355, p < 0.1) is positively correlated
with the total walking time. The correlation between pedestrian preference and total walking
time in Hefang Street is stronger than that in Gongchen Bridge. It indicates that the walking
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experience of pedestrians aged 1–30 in business block is more likely to be influenced by walking
preference. The walking motivation of pedestrians aged 1–30 in Hefang Street (r = 0.206,
p < 0.1) impacts their walking experience the most, while that of pedestrians aged 1–30 in
Gongchen Bridge has no significant influence on their walking experience. The environmental
characteristics have no significant impact on pedestrians aged 1–30 in both blocks.

In addition, walking preference has no significant impact on pedestrians aged 31–55
in both blocks. The walking motivation of walking to work for pedestrians aged 31–55
(r = −0.445, p < 0.01) in Hefang Street is negatively correlated with their walking experience,
while the walking motivation of recreational walking (r = 0.405, p < 0.05) for those aged
31–55 in Hefang Street is positively correlated with their walking experience. The walking
motivation has no obvious impact on walking experience for those aged 31–55 in Gongchen
Bridge. Social quality in the environmental characteristics (Hefang Street: r = 0.181, p < 0.05,
Gongchen Bridge: r = 0.015, p < 0.1) significantly impacts the walking experience of
pedestrians aged 31–55 in a positive manner in both blocks.

Besides, walking preference and walking motivation have no significant impact on
pedestrians aged 56 and above in both blocks. The social quality in the environmental
characteristics (r = 0.823, p < 0.1) has a significant impact on the walking experience of
pedestrians aged 56 and above in a positive manner in Gongchen Bridge. LUM of public
service facilities (r = −0.528, p < 0.05) is negatively correlated with the walking experience
of pedestrians aged 56 and above in Gongchen Bridge.

(3) The data of walking experience of walkers of different types show that (Table 8):

Table 8. Correlation analysis of daily walking time and multiple factors of different walker types on
two streets.

Utilitarian Walkers Recreational Walkers No-Specified Walkers

HFJ t GCQ t HFJ t GCQ t HFJ t GCQ t

Walking preference 0.772 0.129 0.104 0.502 0.443 0.001
*** 0.290 0.013 ** 0.264 0.152 0.636 0.036 **

Walking
motivation

Walking with
children −0.248 0.462 0.225 0.190 −0.108 0.347 −0.120 0.314 −0.189 0.230 0.068 0.808

Walking to school −0.383 0.215 0.394 0.039 ** −0.002 0.984 0.122 0.341 0.157 0.274 0.136 0.673
Walking to work −0.907 0.158 −0.045 0.776 0.001 0.990 −0.092 0.437 −0.126 0.332 −0.180 0.483
Walking to shop 0.862 0.139 −0.192 0.227 −0.026 0.827 0.271 0.026 ** 0.122 0.496 0.188 0.470

Recreational
walking 0.197 0.647 0.296 0.172 −0.011 0.930 −0.013 0.913 0.345 0.057 * 0.003 0.991

Sports-based
walking 0.396 0.321 −0.329 0.121 −0.207 0.060 * 0.009 0.942 −0.058 0.749 0.207 0.480

Environmental
characteristics
Social quality −0.362 0.292 0.162 0.398 0.007 0.955 −0.063 0.594 0.071 0.678 −0.130 0.703
Street quality 0.502 0.277 −0.235 0.181 0.121 0.537 0.039 0.731 −0.005 0.977 0.075 0.785
Social safety −0.248 0.462 0.025 0.871 −0.108 0.347 −0.095 0.422 −0.189 0.230 0.385 0.237

LUM

Essential facilities 0.093 0.835 0.657 0.001
*** 0.060 0.581 −0.036 0.745 0.076 0.530 0.211 0.436

Commercial
consumption

facilities
0.285 0.461 −0.114 0.560 −0.021 0.847 −0.199 0.171 −0.184 0.240 −0.349 0.495

Leisure and
entertainment

facilities
0.174 0.640 0.454 0.016 ** −0.015 0.895 0.083 0.540 0.010 0.949 0.177 0.563

Public service
facilities 0.936 0.129 −0.412 0.128 −0.353 0.008

*** −0.176 0.193 −0.062 0.690 −0.077 0.867

*** p < 0.01, ** p < 0.05, * p < 0.1.

Walking preference (Hefang Street: r = 0.443, p < 0.01, Gongchen Bridge: r = 0.037, p < 0.05)
significantly impacts the walking experience of recreational walkers in a positive manner.

185



Land 2022, 11, 1491

Additionally, the walking motivation and environmental characteristics have no sig-
nificant influence on the walking experience of utilitarian walkers in Hefang Street but
have great influence on the walking experience of utilitarian walkers in Gongchen Bridge.
Here, walking to school (r = 0.394, p < 0.05), street safety (r = 0.025, p < 0.1), distribution of
essential necessities (r = 0.657, p < 0.01) and leisure and entertainment facilities (r = 0.454,
p < 0.05) are positively correlated with the walking experience of utilitarian walkers.

In addition, walking motivation and environmental characteristics significantly impact
the walking experience of recreational walkers in both blocks. The street quality (Hefang
Street: r = 0.121, p < 0.1, Gongchen Bridge: r = 0.037, p < 0.1) is positively correlated
with the walking experience of recreational walkers in both blocks. Sports-based walking
(r = −0.207, p < 0.1) and the distribution of public service facilities (r = −0.353, p < 0.01) are
negatively correlated with the walking experience of recreational walkers in Hefang Street.
Walking to shop (r = 0.271, p < 0.05) and street quality (r = 0.039, p < 0.05) are positively
correlated with the walking experience of recreational walkers in Gongchen Bridge.

Moreover, environmental characteristics have no significant impact on the walking
experience of no-specified walkers in Hefang Street, while the walking motivation has
a significant impact on the walking experience of no-specified walkers in Hefang Street.
Recreational walking (r = 0.345, p < 0.1) is positively correlated with the walking experience
of no-specified pedestrians in Hefang Street. It is worth noting that walking motivation
and environmental characteristics have no significant influence on the walking experience
of utilitarian walkers in Gongchen Bridge.

5. Discussion

To find specific factors impacting pedestrian walking behavior, create a favorable envi-
ronment in the historical and cultural block, and benefit the pedestrian walking experience
in the street, an objective approach is adopted in this paper to analyze pedestrian behavior
in the street and demonstrate the correlation between (pedestrians’ own factors and the
street environment) and (pedestrian behavior and pedestrian walking experience). As for
study methods, questionnaires and Statistical Product and Service Solutions (SPSS) data
analysis are used in the study to more objectively and effectively decompose the correla-
tions between various factors. In terms of the study content, the attention was paid to the
walking of dynamic level in recent study in recent years. While this paper focuses more on
the walking behavior of pedestrians who are lingering, and a relevant study is therefore
conducted. Meanwhile, in previous studies, more attention was paid to the environmental
construction and traffic planning of physical environment characteristics, and less attention
was paid to the perspectives of the street cultural atmosphere and historical appearance.
From the perspective of pedestrian walking behavior and walking experience, this paper
explores the comprehensive characteristics of pedestrian walking in cultural heritage streets
qualitatively and quantitatively. Multi-angle research can more accurately grasp the factors
affecting pedestrian walking, provide empirical evidence for better building street space
environment, provide research data support for the renovation and renewal of heritage
streets in the future, and promote the related research on the improvement of street walking
environment to a certain extent.

Based on the cultural attributes of historical and cultural blocks, the historical evolution,
spatial scale and business distribution of the two blocks in the article are studied. Then the
differences of pedestrian walking behaviors and walking experiences of different age groups
are specifically analyzed. It’s confirmed that the walking preference is generally positively
correlated with the total walking time, with the influencing factor of pedestrian walking
preference in Hefang Street business block being 0.352, and that of Gongchen Bridge life
block being 0.274. In addition, due to the difference of pedestrians’ walking motivation
and block environment characteristics, and the difference in pedestrian’s walking time in
these two blocks, there are different correlations between LUM and walking time. The
influence coefficient of social quality dimension in Hefang Street is −0.029, while that in
Gongchen Bridge is (+)0.014. Meanwhile the influence coefficient of street quality dimension
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in Hefang Street is 0.106, but that in Gongchen Bridge is −0.048. Above all, environmental
characteristics have totally different influences on walking time in different blocks.

5.1. Differences of Pedestrian Walking Behaviors

It’s found from the multiple linear regression analysis of both genders, daily walking
time and multiple factors in Table 6, that for different genders of pedestrians, different
pedestrian walking experiences will be produced.

(1) The correlation between gender and walking behaviors

Pedestrians’ staying time in Gongchen Bridge life street is longer than that in Hefang
Street business block. Pedestrians around the business block prefer staying in commercial
consumption facilities, while pedestrians around the life block prefer staying in public
service facilities. Male pedestrians prefer staying in commercial consumption facilities in
business block, while they prefer staying in public service facilities in life block. Female
pedestrians prefer staying in commercial consumption facilities in both blocks, which was
possibly triggered by marginal effects. Previous studies have demonstrated that travel-
ling time significantly impacts walking behaviors of both genders. Distance significantly
impacts pedestrians’ walking tendency. The marginal effect of distance is greater among
women than among men in work trips, while the opposite is true in shopping trips [40];

(2) The relationship between different age groups and walking behaviors.

Commercial consumption facilities have a great influence on the walking behaviors of
pedestrians in both blocks. It is worth noting that commercial consumption facilities have
a great influence on the walking behaviors of pedestrians over 30 years old in business
block, and public service facilities have a great influence on the walking behaviors of
pedestrians over 30 years old in life block. It is shown in a study that young consumers
show increasing spending power, and their spending rate is much higher than that of
previous generations [41]. Compared with the elderly consumers, young people have the
highest level of income, savings, and expenditure. Consumers over 65 years old show
stronger emotional brand attachment than those aged 50 to 65 [42]. At present, the newly
established business model is more likely to attract pedestrians aged 1–30;

(3) The relationship between walkers of different types and walking behaviors.

In both blocks, commercial consumption facilities have a strong influence on the
pedestrian walking behaviors of different types. Existing studies have shown that blocks
with various shopping options will attract pedestrians to stay for a long time, and shopping
activities in blocks will positively impact pedestrians [43]. In addition, the essential facilities
have a strong influence on the walking behaviors of utilitarian pedestrians in life block,
while the public service facilities have an influence on the walking behaviors of recreational
walkers and no-specified walkers.

5.2. Differences in Pedestrian Walking Experience

(1) The relationship between both genders and walking behaviors

Male pedestrians’ walking experience in life block is influenced by their walking
preferences. In business block, the walking motivation that has a great influence on male
pedestrians’ walking experience is recreational walking. In terms of environmental char-
acteristics, street quality impacts their walking experience. For example, street landscape,
architectural style, street cleanliness and connectivity are likely to influence their walking
experience. Walking motivations that have great influence on male pedestrians’ walking
experience in life block involve walking to work and walking to shop. The influence of
environmental characteristics on their walking experience can be reflected in the distribu-
tion of essential facilities. That’s possibly because that most male pedestrians in Hefang
Street are students who go for entertainment. The existing research shows that the student
group has evolved into the main consumption force [44], and the walking environment
impacts pedestrians’ sense of security. While males who like walking boast a higher sense
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of security [45], and the marginal effect of males’ shopping distance is greater than that
of females’ [40]. Female pedestrians’ walking experience in business block is influenced
by their walking preference. Walking motivations in business block that have great influ-
ence on female pedestrians’ walking experience include walking to school and walking
to shop. The influence of environmental characteristics on their walking experience is
reflected in the distribution of public service facilities. Walking motivations that have great
influence on female pedestrians’ walking experience in life block are walking to school
and recreational walking. The influence of environmental characteristics on their walking
experience is reflected in the distribution of commercial consumption facilities. Previous
studies have shown that women’s extroversion and openness to experience give them
a stronger desire to buy compared with men [46], while there is not much commercial
development in Gongchen Bridge life block, and most female walkers are college students,
mainly travelling with friends. Close social distance promotes pedestrians’ consumption
behaviors [47]. While in Hefang Street business block with concentrated businesses, the
consumption purpose is very clear. While the scattered businesses of Gongchen Bridge
make pedestrians more likely to wander;

(2) Relationship between different age groups and walking experience

Previous studies have shown that younger teenagers tend to be more physically
active and prefer walking [48]. The data of this study show that the walking preference of
pedestrians aged 1–30 has a greater impact on their total walking time. Most pedestrians
aged 1–30 in Hefang Street and Gongchen Bridge, attend elementary school or junior high
school. They hang out in the pedestrian block together with their family members. In
the above research, social quality is positively correlated with the overall walking time
of pedestrians aged 31–55 in Hefang Street and pedestrians aged 31–55, 56 and above
in Gongchen Bridge. Previous studies have shown that the relationship between built
environment and elderly people’s travelling behaviors can be explained by peer effect
or collective socialization [49]. The block activity richness and social interaction have a
strong influence on middle-aged and elderly people. Neighborhood is an outdoor space,
a transportation place, and an important area of the elderly friendly community. Studies
have shown that there is a positive correlation between walking activities and social
interaction [50]. This view is verified in our research. For the elderly, the harm caused by
their lack of spiritual comfort is even more serious than that caused by physical diseases.
With the acceleration of population aging, the geographical relationship between neighbors
and friends in public space is particularly important for the mental health of the elderly;

(3) Relationship between walkers of different types and walking experience.

The walking experience of recreational walkers will be strongly influenced by their
walking preferences. Additionally, utilitarian walkers’ walking experience is strongly
influenced by street safety, the distribution of essential facilities: restaurants, Traditional
Chinese Medicine pharmacies, daily necessities store and clothing stores, as well as the
number of leisure and entertainment facilities: web celebrity shops and exhibition halls.
Studies have shown that utilitarian walkers, as the name suggests, are utilitarian [51].
They walk mainly for commuting but pay little attention to social quality and street
quality. Some studies have also shown that there is a causal relationship between walking
experience and street safety values [52]. In addition, the walking experience of recreational
walkers is strongly influenced by street quality referring to street landscape style, street
architectural style, street cleanliness and street connectivity. The research shows that the
key factor impacting the evaluation of recreational walking comfort is street quality [53].
The construction of infrastructures such as green road has a positive impact on the increase
of pedestrians’ weekly walking time [54]. The walking experience of recreational walkers in
business block will be impacted by the distribution and quantity of public service facilities,
such as postcard stations, parks, toilets, rest seats and sharable chargers. Recreational
walking is a factor that significantly influences the walking experience of non-specified
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pedestrians in business block. Previous studies have shown that recreational walking is
more likely to produce positive and healthy emotions than utilitarian walking [55];

(4) Comparison of existing studies

The study result here is similar to that from researchers who study on pedestrians’
walking behavior and walking experience. The block business distribution tends to have
a greater impact on street dynamics than the block cultural characteristics. Compared
with other environment characteristics, the dimension of functional feature nurtures street
dynamics. The business reflects pedestrians’ immediate needs. It’s found the study that
higher LUM facilitates commuting and leisure walking, instead of walking of practical
nature [56]. In this study, a variability exists in the effect of LUM on pedestrian walking
behavior for streets of different types. In Hefang Street block of greater walkability, the
utility of walking to work and walking to study is not significantly impacted by LUM, and
the leisure walking coefficient of walking to shop sees a significant rise. While a different
result is demonstrated in the life-oriented Gongchen Bridge block, where the utility of
walking to school is significantly impacted by LUM.

6. Conclusions and Implications

6.1. Conclusions

The main conclusions of this study can be summarized as follows:

(1) Pedestrian walking behavior

The walking behavior of those aged 1–30 is greatly influenced by commercial con-
sumption facilities. The walking behavior of pedestrians aged over 30 in the business block
is greatly influenced by the commercial consumption facilities, and the walking behavior of
those aged over 30 in the life block is greatly influenced by the public service facilities. In
both blocks, recreational walkers, utilitarian walkers, and no-specified walkers will stay in
commercial consumption facilities for a long time. Essential facilities will have an impact
on the walking behavior of pedestrians in life block, and public service facilities will have
an impact on the walking behavior of pedestrians in business block;

(2) Pedestrian experience

Men prefer walking in life block, while women prefer walking in business block. The
street quality of business block is positively correlated with men’s walking time. The
street landscape, architectural style, cleanliness and connectivity have a significant impact
on men’s walking experience in business block. Men’s walking experience in life block
is greatly influenced by the distribution of essential facilities, while women’s walking
experience is greatly influenced by the distribution of public service facilities in business
block. Walking preference has a strong influence on the walking experience of pedestrians
aged 1–30, but a weak influence on the walking experience of pedestrians over 30. Street
environmental characteristics, especially social quality, are positively correlated with the
total walking time of pedestrians aged 56 and above. Activity richness and social interaction
have a significant impact on the walking experience of pedestrians aged 56 and above.
Walking preference will impact the walking experience of recreational walkers, and street
quality will influence the walking experience of recreational walkers. Here, street landscape
style, street architectural style, street cleanliness and street connectivity are important
factors (in terms of street quality).

As the closest way to daily life and the healthiest way to environmental protection,
it is necessary and meaningful to study the correlation between environment and pedes-
trian behavior, update and improve walking environment, stimulate pedestrian walking
behavior, and enhance pedestrian walking experience. First, it can improve the health level
of individuals and promote more pedestrians to participate in the cultural heritage blocks
by improving the walking environment of cultural heritage streets, so that their body and
mind can develop together. Second, the construction of neighborhood atmosphere and
the improvement of quality of life create more opportunities for pedestrians to stay, build
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street space with humanistic care and social atmosphere, enhance the overall vitality of
cultural heritage streets, and improve the quality of life of pedestrians, which is also of
great significance to public health.

6.2. Implications

The main recommendations of the study can be summarized as followed:

(1) For pedestrian walking behaviors

As the commercial consumption facilities have a universal influence on the walking
behaviors of pedestrians of all types, attention should be paid to the role of commercial
consumption facilities in block. The consumption preferences of pedestrians of all age
groups should be considered in the commercial consumption facilities of business block.
But in both types of blocks, the setting of business types can be mainly aimed at pedestrians
aged 1–30. The commercial consumption facilities inside the block should be considered.
In addition, amid the construction of the block, the connection with the surrounding
commercial complexes must be strengthened.

There is a strong correlation between the walking behavior of pedestrians over 30 years
old and the block types. When the life block is designed, meeting the basic living needs of
the surrounding residents should be considered, essential facilities should be diversified,
so that residents can enjoy greater convenience. In addition, public service facilities should
be fully improved in life block. When the block environment is renewed and constructed,
the design that is friendly to the elderly can be prioritized. The full play is given to the
historical and cultural functions of streets, so that the historical and cultural functions of
street spaces can impact the physical and mental health of pedestrians, promote walking
exercise, and improve public health;

(2) For pedestrian walking experience

Pedestrians of different genders have different preferences for block types. When
various types of blocks are planned and designed, attention should be paid to pedestrians
of the target gender and the preferences of pedestrians of the other gender should be
catered in other aspects. For example, if life blocks mainly attract male pedestrians, amid
construction, the walking experience of male pedestrians in essential facilities and street
quality must be mainly considered. Besides, more attention should be paid to the walking
experience of female pedestrians in commercial consumption facilities and public service
facilities, so as to meet the walking needs of pedestrians of both genders.

As the pedestrian’s walking preference over 30 years old has a weak influence on
the walking experience, the influence of other factors on pedestrians’ walking experience
should be fully considered in the process of block construction. For example, the needs of
the elderly for social quality, activity richness and social interaction should be considered.
Specifically, the circulation and landscape of the block can be improved. A platform for
communication can be provided to strengthen the block interaction.

6.3. Limitations and Future Research

There is a higher correlation between the walking experience of recreational walkers
and various influencing factors, so the opinions of such walkers are more likely to deserve
attention. In addition, before the block is designed, the structures of pedestrians of different
types should be investigated. Corresponding design strategies must be made according to the
pedestrian structure after the site properties and pedestrian opinions are fully considered.

There are some limitations in the study. For example, pedestrians are picked up
selectively rather than randomly to complete the questionnaires. Therefore, there may be
some bias in the whole process of data statistics. Moreover, some respondents are impatient
or pay less attention while filling out questionnaires. Thus, the subsequent analysis is
possibly hampered by the lack of authenticity and reliability of the information.

Due to the difference in street attributes, or the variability in the streets where re-
spondents are, the study conclusion is impacted to some degree. The pedestrians in the
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article can’t fully represent all populations due to the differences in personal circumstances,
insufficient sample size, and uneven distribution of population of different information.
Thereby, the validity and generalizability of the conclusions obtained in the article are
possibly affected. In addition, direct observation is adopted, and the observation result is
more likely to be influenced by subjective factors and the specific surrounding environ-
ments. The observer’s attention and memory alone cannot make sure the complete record
of pedestrians’ complex behavioral activities. Also, the observation result is impacted by
various factors.

It’s found from the pedestrian information of the research samples, there is a small
number of young and old respondents. There is not sufficient research on these two age
groups, which then will be supplemented in subsequent studies. Besides, due to the
investigation time, it is not possible to determine the impact of seasonal and climatic factors
on pedestrian behaviors in the street space. It is also a key consideration for future research.
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Abstract: Coastal Peru, one of the driest deserts in the world, is a key region to investigate the
connection between climate processes and Earth surface responses. However, the trends in space
and time of the landscape effects of El Niño events throughout the last millennium are hard to
outline. A deeper understanding of geological and archaeological data in pre-Hispanic time can
help to shed light on some critical questions regarding the relationship between such a coupled
atmosphere–ocean phenomenon and landscape modifications. The bibliographic sources required
for this purpose are scattered throughout various disciplines, ranging from physical to human
sciences, and thus comprehensive databases were used to identify and screen relevant studies.
The performed examination of these documents allowed us to assess strengths and weaknesses of
literature hypotheses and motivate additional studies on targeted research objectives.

Keywords: desert landscape; coastal plain; paleoflood record; El Niño proxies; debris flow; slack-
water deposit; braided streams; desert pavement; regolith denudation

1. Introduction

Due to the dynamic of the El Niño-Southern Oscillation (ENSO), the coastal desert of
Peru is a key region to investigate the connections between climate processes and Earth
surface responses [1–3]. El Niño precipitation events cause abrupt and rapid landscape
modifications on the whole central Pacific coast of South America [4,5]. However, the
trends in space and time of the landscape effects of El Niño events on the coastal Peru
throughout the last millennia are hard to outline [6,7].

Coastal Peru has recently experienced dramatic landscape changes and asset destruc-
tion during precipitation events due to El Niño. Widespread landslides and extensive
floods are the more relevant hydrogeomorphic signatures [8–12]. With reference to the late
Holocene, geoarchaeological studies are crucial to explore El Niño proxies and paleoflood
record [4,9,13]. As a matter of fact, several archaeological and geological studies have
focused on the strong impact on settlements and irrigation systems of severe precipitation
events named “Super” and “Mega” El Niños [14–19], sometimes believed to be the cause of
the collapse of centuries-old cultures [20–23]. However, for some case studies, alternative
interpretations involving gradual evolution of the landscape or questioning the occurrence
itself of the catastrophic events have been provided in the literature [24–26].

A deeper understanding of the geological and archaeological data can help to shed
light on some critical questions about the relationship between landscape modifications
and El Niño events. This review aims to explore the period from the rise of “modern”
periodicity of ENSO [13,27] and beginning of the Little Ice Age (roughly coincident with the
arrival of the Spanish conquistadors) [28,29], herein called “late pre-Hispanic”. The biblio-
graphic sources required for this purpose are scattered throughout the literature of various
disciplines ranging from physical to human sciences. Thus, the identification and screening
of pertinent documents (Sections 3 and 4) have been performed by the citation databases of
Web of Science (WoS) and Scopus, in accordance with the Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses statement (PRISMA) [30,31]. Episodes of landscape
change ascribed to severe precipitations in the late pre-Hispanic time are discussed, and
their consistencies and inconsistencies are exposed (Section 5). Some examples of variation
in landscape response due to extensive human intervention are also reported. The careful
examination of geoarchaeological data allowed strengths and weaknesses of literature
hypotheses on landscape effects of El Niño events to be assessed and motivates additional
studies on targeted research objectives (Sections 5 and 6).

2. Background Knowledge about the Topic

Due to the interdisciplinary nature of the subject matter, some basic concepts must be
given before addressing the Materials and Methods (Section 3).

2.1. Physical Setting

The landscape of coastal Peru (Figure 1) is characterized by hill ridges—the western
Andean offshoots named lomas—made up of pre-Tertiary carbonate, igneous, and metamor-
phic rocks, and flat areas crossed by rivers—the pampas—made up by Tertiary-Quaternary
clastic rocks produced from the dismantling of the Andes during orogenesis. Both are de-
void of soil and vegetation and partially covered by deposits produced by eolian processes
(dunes, desert pavements, and reg soils). Typical landforms are the quebradas, which dry
braided stream and ravine systems mainly located at the Andean footzone (over alluvial
fans) or next to the coast.

Figure 1. Main geographical regions of Peru. Numbers indicate the location of the cases discussed in
the text; 1, Batan Grande; 2, Racarumi; 3, Caballo Muerto and Quebrada de los Chinos; 4, Huacas de
Moche; 5, Casma and Cerro Sechin; 6, Pachacamac and Urpi Kocha; 7, Samaca; 8, Palpa; 9, Cahuachi;
10, Quebrada Miraflores; 11, Rio Muerto.

Coastal Peru (3◦30′–18◦30′ S, 81◦30′–70◦30′ W) is one of the driest regions in the
world. Such a desert environment results from the SE Pacific anticyclone and the Humboldt
Current coming from the Antarctic Sea, because they both prevent rain [32,33]. Annual
precipitation values are rather uniform along the entire coast, averaging 10–25 mm per year.
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The desert along the Pacific is narrow, only about 120 km wide before the land rises into
the Andes Highlands, where precipitation increases with elevation. Tens of perennial or
seasonal rivers, coming down from the Andes, pass through the desert on the way to
the ocean (Figure 1). They allow both biological life and human settlement within and
in the surrounding riparian oases. Once every 7–15 years, an El Niño brings warm sea
surface temperatures and torrential rainfall on the coastal region, breaking the hyperarid
state. Within the last century, severe El Niño events occurred during the years 1925/1926,
1940/1941, 1957/1958, 1972/1973, 1982/1983, 1997/1998, and 2015/2016, the latter with an
extraordinary prolongation in 2017 [7,10,34–37].

2.2. El Niño Event and Landscape Response

The term El Niño was initially applied to a weak warm ocean current that runs
southward along the Ecuador and Peru coastline around Christmastime. It is the warm
phase of the El Niño–Southern Oscillation (ENSO), an interannual fluctuation in sea surface
temperature and air pressure across the equatorial Pacific Ocean [38–41]. The cold phase is
called La Niña, and the neutral phase is the intermediate one. Such coupled atmosphere–
ocean phenomena dominate the interannual variability of planetary climate system and
cause strong drought and flood around the world [42,43]. ENSO has dramatically changed
in occurrence and magnitude during the Holocene, increasing in frequency to reach its
current features about 3.0 Ka ago [27,44,45], roughly corresponding with the beginning of
the Early Horizon (ca. 800–200 BCE).

Coastal Peru is responsible for a direct correspondence among El Niño severity, flood-
ing, and landscape modifications. During El Niño, the South Pacific anticyclone weakens
while the northern boundary of the Humboldt current migrates southward. In such a con-
dition, significant precipitation is able to reach the coastal desert, where it is reinforced due
to the rain-shadow effect of the Andes [17]. However, the flood magnitude does not affect
the different desert areas equally [34,35,37]. Latitude 12◦ S roughly divides north-central
coastal Peru, which is hardest hit by El Niño events, from southern coastal Peru, which is
usually less affected [46]. Nevertheless, large events, such as that in 1925/1926, can extend
much farther south [47].

Severe precipitation and flooding may be also produced by other atmospheric patterns.
The eastern desert margin is involved in monsoonal fluctuations, and thus thunderstorms
can occasionally reach it and cause convective precipitation, especially over southern
Peru [48,49]. Again, enhanced precipitation across the Andes highlands during the La
Niña event may produce flooding on main valleys [50,51]. From the perspective of pale-
oflood analysis, such processes make it more challenging to detect the triggering cause of
hydrogeomorphic events preserved in geoarchaeological sequences [4,9].

The strength of ENSO events is measured by conventional physical indices. Regional
Sea Surface Temperature (SST) indices and the surface atmospheric pressure-based South-
ern Oscillation index (SOI) are the most widely used indexes to classify ENSO events.
However, there is no agreement among scholars about which index best defines ENSO
strength, timing, and duration, and fits severe precipitations satisfactorily [38,42,52–54].
To address the change in frequency and intensity of events ascribed to El Niño events that
hit the central Pacific coast of South America in pre-instrumental time, various approaches
have been used, including geoarchaeological studies [10,55]. After the event of 1982/1983,
scholars have focused on the power and occurrence of extremely strong events. Events
with a recurrence interval up to 400 years were labeled as Super El Niño, while the ones
that happen once every 1000 years as Mega El Niño [19,56].

The frequency and spatial variability of El Niño events is very difficult to establish
and predict. Historical climatic and hydrological records may reflect specific atmospheric
conditions of each valley and parts of them. To give some examples, the Lower Chicama
Valley (northern Peru, Figure 1) saw extensive flooding as a result of the 1997/1998 El
Niño event and none during the 2015/2016 El Niño event but again flooding during its
anomalous prolongation that occurred during 2017 [57]. Instead, the upper Moquegua
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Valley (southern Peru, Figure 1) experienced torrential rain and flood during the 1982/1983
El Niño event, but no significant surface process occurred 15 years later [7,22,47].

In arid regions, a landscape response to rainfall events is typical. In fact, severe
precipitations “are more likely to cause landform change than are floods of similar magnitude
elsewhere” [58]. In contrast, weathering and erosion rates are orders of magnitude lower
than in less dry environments, and soil development processes differ markedly from those
found on the vast majority of the Earth’s surface [5,59,60]. As a result, in coastal Peru,
landscape modifications are slow compared to non-desert regions, except during major
alluvial and eolian events [61–63]. With a multi-century recurrence interval for precipitation
events, exceptional debris flows are reported in dry landscapes [64,65]. Under favorable
conditions, layers deposited as a result of high magnitude flood events can be used as
horizon markers in ancient landscape reconstruction. Slack-water deposits are significant
examples of such useful beds [66]. In the last century, an event that produced a notable
landscape impact in the valleys of northern Peru was El Niño of 1925/1926. For what
concerns Moche Valley (see Figure 1 for location), the river spilled over vast tracts of
alluvial plain, destroying bridges and irrigation systems and threatening the stability of
the Huaca del Sol, the great archaeological monument of the Early Intermediate Period
(ca. 100–800 CE) [14].

3. Materials and Methods

The screening of the documents relevant to this review was conducted according to
the PRISMA statement [30,31], which assists reviewers and meta-analysts in transparently
reporting why the review was conducted, what the authors accomplished, and what
they discovered. To identify and select the documents, Scopus and WoS databases were
processed [67–69]. To increase the chances to find useful documents, the topics “Ecuador”
and “Chile” were added in the search modes. Moreover, the tag “*” was used in the search
phrases to cover as many keyword combination as possible (Table 1). The databases were
last consulted on 30 August 2022.

Table 1. WoS/Scopus database search modes.

Search Field Search Phrase Document Type

WoS TS = Topic (Title, Abstract, Author
Keywords, and Keyword Plus)

(((TS = (“El Nino*” OR Nino* OR
ENSO OR “El Nino Southern

Oscillation”)) AND TS = (Peru OR
Ecuador OR Chile)) AND

TS = (landscape* OR settlement* OR
site* OR archaeolog*))

Articles, Review Articles, Proceedings
Papers, Early Access, Book Chapters

Scopus TITLE-ABS-KEY (Article Title,
Abstract, and Keywords)

(TITLE-ABS-KEY (El Nino* OR Nino*
OR ENSO OR El Nino Southern

Oscillation) AND TITLE-ABS-KEY
(Peru OR Ecuador OR Chile)) AND

TITLE-ABS-KEY (landscape* OR
settlement* OR site* OR archaeolog*))

Article, Conference Paper, Conference
Review, Review, Book Chapter

Despite their great advantages, Scopus and WoS platforms may have introduced
biases that favor Natural Sciences, Engineering, and Biomedical Research at the expense of
Social Sciences, Arts, and Humanities. In a similar manner, documents written in English
predominate over those written in other languages [68]. In any case, to find further articles
and other works pertinent to the review, a careful examination was made of the reference
list of the documents whose full text was examined. For the full-text analysis, basic criteria
to establish how consistently literature data support the occurrence of El Niño events had to
be defined. Since the review deals with geological and archaeological data, epistemological
features of the respective disciplines (see [70–72] for geology and [73–75] for archaeology),
as well as of the cross-disciplinary geoarchaeology [76,77], have driven the choice of these
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criteria. The works cited above give particular attention to the conceptual meaning of the
“data” in geology and archaeology and to the distinction between “data interpretation” and
“data explanation” as a premise for the different perception of what counts as knowledge.
Nevertheless, the peculiarity of the logical procedures inherent in the way of reasoning
of geologists and archaeologists to interpret or explain the data is focused (see especially
Frodeman [70] and Fogelin [74]). Accordingly, for the literature analysis, the following
criteria were established and used: (a) geomorphological and stratigraphic features of the
related deposits; (b) relationships between deposits and archaeological remains; (c) method
of dating used to determine the age; (d) presence or absence of converging evidence;
(e) consistency with data from other studies.

4. Screening Results

Among the documents extracted from the databases, only one duplicate was found,
thus 458 works were identified in total (Table 2).

Table 2. Summary of identification, selection, and full-text examination stages.

WoS Scopus

Database mined documents 383 306
After duplicate check 383 305
Documents found in both databases 230
Identified documents 458

Excluded after abstract evaluation 337 402 261
Selected documents 46 56 44

From bibliography of selected works 14
Reviewed documents 70

Then, careful abstract evaluation allowed the selection of 56 documents. A total of
402 documents were disregarded because they dealt with topics in other subject areas (i.e.,
medicine, public health, sustainability, ethnology, anthropology, oceanography, tectonic,
geochemistry, psychic atmosphere, meteorology, glaciology, dendroclimatology, palynology,
biology, zoology, botany, ecology, astronomy, history, economy, and sociology) or were irrel-
evant to the review’s objective in space and/or in time (i.e., study cases not on the central
Pacific coast of South America or outside the considered time). Fourteen documents identi-
fied by examination of the bibliography of the selected works were added for the review
analysis (Table 2); thus, a total of 70 documents were finally reviewed (Tables 3 and 4).

Table 3. Summary of reviewed documents. BSD = Bibliography of selected documents.

Author(s) and Year Source Sites/Study Areas

Nials et al., (1979 a, b) [14,15] BSD Huaca del Sol and 2 other sites (Moche Valley)
Samaniego et al. (1985) [78] BSD Cerro Sechin (Casma Valley)

Craig and Shimada (1986) [16] Scopus Batan Grande (La Leche Valley)
Sandweiss (1986) [79] Scopus Las Salinas (North coast of Santa mouth)

Rollins et al. (1986) [80] Scopus Las Salinas (North coast of Santa mouth)
DeVries (1987) [81] BSD Review article

Wells (1987) [82] BSD 7 sites (Casma Valley)
Wells (1990) [17] BSD 7 sites (Casma Valley)

Grodzicki (1992) [20] BSD Pampa de Nazca (Nazca Valley)
Moseley and Richardson (1992) [83] BSD Huaca del Sol (Moche Valley)

Moseley et al. (1992) [84] BSD Las Salinas (North coast of Santa mouth)
Ortlieb and Machare (1993) [85] WoS, Scopus Review article

Uceda and Canziani Amico (1993) [86] BSD Huaca de la Luna (Moche Valley)
Grodzicki (1994) [21] BSD Cahuachi and other 3 sites (Nazca Valley)

Keefer et al. (1998) [87] BSD Quebrada Tacahuay (Moquegua Valley)
Wells and Noller (1999) [88] Scopus Review article
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Table 4. Summary of reviewed works. This table continues from Table 3.

Author(s) and Year Source Sites/Study Areas

Veit (2000) [89] Scopus Review article
Franco and Paredes (2000) [90] BSD Pachacamac (Lurin Valley)

Satterlee et al. (2000) [22] BSD Quebrada Miraflores (North coast of Moquegua mouth)
Magilligan and Goldstein (2001) [24] WoS, Scopus Rio Muerto (Moquegua Valley)

Sandweiss et al. (2001) [55] WoS, Scopus Review article
Van Buren (2001) [91] WoS Review article

Calderoni et al. (2002) [61] Scopus Mejia (Tambo Valley)
Huckleberry and Billman (2003) [92] WoS, Scopus Quebrada de los Chinos (Moche Valley)

Keefer et al. (2003) [93] Wos, Scopus Review article
Dillehay et al. (2004) [94] WoS, Scopus Los Mochicas del Norte Valleys

Federici and Rodolfi (2004) [95] WoS, Scopus Ensenada de Atacames, Ecuador
Keefer and Moseley (2004) [96] WoS, Scopus lower Moquegua Valley

Brooks et al. (2005) [97] WoS, Scopus Santa Rita (Chao Valley)
deFrance and Keefer (2005) [98] WoS, Scopus Quebrada Tacahuay (South coast of Moquegua mouth)

Eitel et al. (2005) [4] WoS, Scopus Quebrada Palpa (Grande Valley)
Zaro and Alvarez (2005) [99] WoS, Scopus Moquegua Valley and North coast of Moquegua mouth

Fabre et al. (2006) [100] WoS, Scopus Mollendo (North coast of Tambo mouth)
Machtle et al. (2006) [101] WoS, Scopus upper and middle Grande Valley
Manners et al. (2007) [50] WoS middle Moquegua Valley
Andrus et al. (2008) [102] WoS, Scopus Review article

Magilligan et al. (2008) [51] WoS 3 sites (Moquegua Valley)
Beresford-Jones et al. (2009a) [103] Wos, Scopus Samaca (Ica Valley)
Beresford-Jones et al. (2009b) [104] Scopus Samaca (Ica Valley)

deFrance et al. (2009) [105] WoS North and south coast of Moquegua mouth
Eitel and Machtle (2009) [106] WoS upper and middle Grande Valley

Mettier et al. (2009) [1] WoS, Scopus middle Piura Valley
Reindel and Wagner (2009) [107] WoS upper Grande Valley

Abbuhl et al. (2010) [108] WoS, Scopus middle Piura Valley
Beresford-Jones (2011) [109] Scopus Samaca (Ica Valley)

Bernal et al. (2011) [110] WoS Pastaza Valley, Ecuador-Peru area of Amazon Basin
Goldstein and Magilligan (2011) [111] WoS, Scopus upper and middle Moquegua Valley

Gayo et al. (2012) [112] WoS, Scopus Pampa del Tamarugal, Chile
Huckleberry et al. (2012) [113] WoS, Scopus middle La Leche Valley

Sandweiss and Kelley (2012) [114] WoS, Scopus Review article
Sandweiss and Quilter (2012) [115] WoS Review article

Winsborough et al. (2012) [23] WoS, Scopus Urpi Kocha Lagoon (Rio Lurin)
Etayo-Cadavid et al. (2013) [116] WoS, Scopus North and south coast of Moche mouth

Hanzalova and Pavelka (2013) [117] Scopus Ciudad Perdida de Huayuri (upper Grande Valley)
Macthle and Eitel (2013) [118] WoS, Scopus upper Grance Valley and middle Nazca Valley

Kalicki et al. (2014) [119] Scopus Lomas de Lachay (South of middle Huaura Valley)
Nesbitt (2016) [120] WoS Caballo Muerto Archaeological Complex (middle Moche Valley)

Caramanica and Koons (2016) [121] WoS, Scopus Pampa de Mocan (Chicama Valley)
Pavelka et al. (2016) [122] WoS Cantalloc (upper Nazca Valley)
Christol et al. (2017) [123] WoS, Scopus West coast of La Leche mouth

Wang et al. (2017) [124] WoS Salar Grande, Chile
Kalicki et al. (2018) [125] WoS, Scopus Lomas de Lachay (South of middle Huaura Valley)

Delle Rose et al. (2019) [26] WoS, Scopus Cahuachi (middle Nazca Valley)
Caramanica et al. (2020) [126] WoS, Scopus Pampa de Mocan (Chicama Valley)

Kalicki and Kalicki (2020) [127] WoS Lomas de Lachay (South of middle Huaura Valley)
Sandweiss et al. (2020) [13] WoS, Scopus Review article

Uceda et al. (2021) [128] WoS, Scopus Review article
Sandweiss and Maasch (2022) [129] WoS, Scopus Review article
Rubinatto Serrano et al. (2022) [130] WoS, Scopus Rio Muerto and 3 other sites (Moquegua Valley)

Thirteen review articles are present among the documents whose full text was ana-
lyzed (Tables 3 and 4). None of these focused on landscape modifications due to El Niño
events along the whole coastal Peru. Moreover, no useful data for this review were found
in twenty reviewed works, including three articles on Ecuador and Chile case studies
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(Table A1 in Appendix A). The major subject in archaeology studies centers on human
response. The reviewed archaeological studies mainly aimed to understand the occupation
history of sites or the function of issues related to monumental buildings, where the recov-
ery of deposits ascribable to El Niño was apparently incidental. However, useful insights,
for the purpose of this review, can be argued also from such literature. To expose and
discuss the findings, data on landscape changes extracted from the reviewed documents
were grouped and related according to main study areas (Section 5).

5. Main Study Areas for Landscape Changes

5.1. Los Mochicas del Norte Valleys

This area includes the valleys between Rio La Leche and Rio Jequetepeque and has an
ethno-historical significance [131]. The earliest work identified by citation database queries
is the one of Craig and Shimada [16] on the Batan Grande archaeological complex (see
Figure 1 for location). Recent Quaternary stratigraphy, analysed along a modern hydraulic
excavation, suggests to the authors that few deposits survive from the 1925/1926 El Niño
event, except for slack-water beds roughly dated between 650 and 1000 CE by associated
funerary pottery. Such deposits accumulate in areas of reduced velocity during flood flows
and may be related to episodes of fluvial morphological adjustment and reshaping channel
morphology [66]. Unluckily, the contained archaeological finds do not allow more precise
dating, and thus the use of the above deposit as a horizon marker is prevented. Such a
question may be addressed by absolute dating of several samples.

South of Batan Grande, along the Jequetepeque Valley (Figure 1), Dillehay et al. [94]
documented several sediment release signatures of slack-water deposits containing Late
Moche and Chimu ceramics and 14C dated between 415 and 1420 CE. These authors also
documented different debris flow deposits as well as erosional truncation of floors at
several archaeological sites, all likely associated with El Niño events. The multidisciplinary
character of this study and the numerous radiocarbon dating of organic material extracted
from alluvial deposits make the findings reliable. A long-term landscape shaping due to
severe ENSO-related floods characterized the northern coastal desert before the arrival
of the Spanish conquistadors. The human responses to the destructive effects of El Niño
events are evaluated as “highly sophisticated” by the authors. Large rebuilding activities on
damaged hydraulic structures, inferred by stratigraphic analysis at different archaeological
sites, seem in fact to have allowed communities to avoid socio-economic repercussions of
the hydrogeomorphic calamities. Similar results are obtained by Huckleberry et al. [113]
for the inter-valley canal system named Racamuri (upper La Leche Valley, Figure 1), a
millennial construction that reached its maximum extension between 900 and 1470 CE.
Despite ENSO-driven floods and droughts, such a hydraulic structure would continue to
work for centuries, likely even after the beginning of the colonial occupation. As a whole, for
the northernmost valleys of coastal Peru, the selected literature data do not suggest drastic
landscape changes or dramatic human responses to strong hydrogeomorphic episodes.
Only the ca. 775 CE episode of abandonment of the Pampa Grande site (45 km southeast of
Batan Grande) may be associated with a strong El Niño with good confidence [129]. It must
be highlighted that this date is located within the time interval of the event postulated in
Ref. [16]. Thus, a detailed geoarchaeological study on this case is suggested.

5.2. Huacas de Moche (Lower Moche Valley)

The settlement of Huacas de Moche is an early capital of the Moche state. It is located
in the lower Moche Valley and includes the well-known buildings named Huaca del Sol
and Huaca de la Luna (Figure 2). In their pioneering works, Nials et al. (a) [14] report “the
discovery of an El Niño catastrophe of a magnitude far greater and more devastating than all other
such natural disasters striking the coast since the conquistadors first arrived in 1532. Transpiring
about 1100 A.D., this prehistoric Niño was of unprecedented magnitude, and the devastation it
wrought taxes the imagination of geologists and archaeologists alike”. Since about 1000 CE, the
Chimu culture had completely transformed the desert landscape, building a complicated
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system of reclamation channels over an area of tens of square kilometers. According to
the authors (who have surveyed hundreds of kilometers of ancient waterways), all the
channels experienced massive erosion and dropped from use before the beginning of the
successive sub-cultural phase (a few tens of years later). This allowed an approximate
dating of the hydrogeomorphic disaster, which was consequently called the Chimu Flood.
Later, much of the reclaimed area would revert to desert in short time. However, the lack
of absolute dating makes this reconstruction questionable.

Figure 2. Huacas de Moche; 2004 satellite image (8◦07′25′′–8◦08′22′′ S, 79◦00′17′′–78◦58′35′′ W).
Huaca del Sol and Huaca de la Luna are marked by a red circle and blue circle, respectively. The depo-
sitional origin of late Holocene layers covering the plain between the monumental buildings should
be ascertained, taking into account the landscape processes argued by the authors [14,83,128].

The water level of the Chimu Flood would be still recognizable on the western side
of the adobe brick pyramid Huaca del Sol (see Figure 7 on page 12 of Nials et al. (a) [14]),
marked by a notch about 10–15 m above the present Rio Moche level. However, according to
the geomorphological reconstruction of the authors, the major landscape change happened
at the middle Moche Valley, 5–10 km upstream Huaca del Sol, with the lowering of the
alluvial plain due to erosion estimated in ca. 5 m [15] (see Section 5.3). Moreover, the
authors stated that “a very conservative estimate would be flood waters at least 2 to 4 times the
size of the 1925[/1926] floods, the worst in the last 400 years” [15].

Several works selected from Scopus and WoS databases by the method described
in Section 3 cite the works of the research group of Nials. Craig and Shimada [16] hint
at a possible regional correlation with the slack-water deposit they found along the Rio
La Leche Valley (see Section 5.1), thus laying the groundwork for the conceptualization
of an 11th century El Niño event. Wells [17] suggests the possible coincidence of the
Chimu Flood with the so-called Naymlap Flood, an ethno-historically recorded hydro-
logical disaster associated with the name of a cultural hero [7,132]. Again, Wells and
Noller [88] use the Chimu Flood to explicate the recurrence interval of the “Mega” El Niños
in northern coastal Peru. Finally, Van Buren [91], Nesbitt [120], Huckleberry et al. [113], and
Caramanica et al. [126] cite Nials et al. [14,15], simply to describe the destructive effects of
the major El Niño events on the ancient irrigation systems and the consequences on the
human communities. None of these studies deals with the reliability of the reconstruction
provided by Nials et al. [14,15].

By archaeological excavations on Huaca de la Luna, Uceda and Canziani Amico [86]
argued for the occurrence of moderate El Niño events before the Chimu Flood. They
interpreted three layers of sediment with remnants of painted washed-off walls, found on
successive floors of the temple, as evidence of intense precipitation and runoff processes, the
most recent dated around 600 CE. This latter should have produced significant flow within
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the braided streams of the Moche Valley without, however, causing either changes in the
landscape or the abandonment of the settlement as asserted by Moseley and Richardson [83].
Instead, according to these authors, between 500 and 600 CE, “flood water brought by El
Niño struck the Moche capital, they leveled much of the city, stripping as much as 15 feet” (about
4.6 m) “off some areas. It is unclear if the magnitude of destruction reflects more than one El Niño
events, perhaps exacerbated by an earthquake. The survivors rebuilt their city only to see it gradually
inundated by sand dunes that swept inland after forming on the beach at the mouth of the Moche
River”. It is apparent how the interpretation of geoarchaeological data coming from the
same site can even lead to conflicting hypotheses [128]. Thus, the impact of the El Niño
event around 600 CE on settlement and landscape at Huacas de Moche must be further
investigated, especially with the aim of filling possible gaps in knowledge and addressing
the above question.

The study by Prieto et al. [133] on a mass-sacrifice event discovered at a site of the
lower Moche Valley, in addition to reporting a possible landscape process due to an El
Niño event dated between 1400 and 1450 CE, is a remarkable example of the indissoluble
connection between geological and archaeological data in the late pre-Hispanic coastal
Peru. According to these authors, “stratigraphic evidences suggests that the sacrifice was made
following a heavy rain/flood that deposited a layer of mud on top of the clean sand in which the
children and camelids were buried”. The conspicuous number of 14C dated samples ensures a
high reliability of the chronological attribution.

5.3. Caballo Muerto and Quebrada de los Chinos (Middle Moche Valley)

Caballo Muerto Archaeological Complex and Quebrada de los Chinos are located
in the middle valley of Rio Moche (Figure 1). The first includes the building named
Huaca Cortada, from which data on the effects of El Niño events on settlement and
landscape have recently been collected by Nesbitt [120]. According to this author, the whole
archaeological complex “is situated within an environment susceptible to El Niño flooding”. Due
to its geomorphological setting, especially the alluvial fan located 10.5 km north-east of
Huacas de Moche (Figure 3) may preserve significant geoarchaeological proxies.

Figure 3. Caballo Muerto Archaeological Complex; 2021 satellite image (8◦03′59′′–8◦04′53′′ S,
78◦55′19′′–78◦53′44′′ W). The alluvial fan on which lies the main settlement of the complex is marked
by a red line. Its stratigraphy should contain a wealth of data regarding El Niño events (see text).

Archaeological excavations at Huaca Cortada documented the occurrence of four El
Niño events throughout the second half of the second millennium BCE. The identified El
Niño proxies are laminated muddy layers deposited from runoff water. They contain thin
laminas of white paint, which formed as the rain washed off the painted, plastered surfaces
of the temple walls. These layers are sandwiched between pre- and post-event structures

203



Land 2022, 11, 2207

and were exposed to weathering for a short time, as inferred from their sedimentological
features. By the 14C method, a date of 1600–1450 BCE is established for the earliest El
Niño proxy of Huaca Cortada. The age of the subsequent events lies between 1100 and
900 BCE, as inferred from pottery finds. Finally, it must be noted that, as Caballo Muerto
is surrounded by quebradas, changes in the shape of the braided streams for each event
may be supposed, which would be significant modifications for a desert environment.
Such a question should be addressed with geological studies. Nevertheless, according to
Nesbitt [120], the communities of the Initial Period were able to rapidly reconstruct and
enlarge buildings, and thus “the social, religious and economic mechanisms that allowed for the
mobilisation of labour [. . .] were not negatively impacted by El Niño”.

The geoarchaeological record of the middle Moche Valley preserves a frequent re-
currence of El Niño also for the two millennia of the Common Era. Huckleberry and
Billman [92] describe 13 ENSO-related flood and debris flow deposits beneath the present
floodplain surface of Quebrada de los Chinos, which are younger than 2000 cal y BP.
The findings of these authors seem to confirm the inference by Nials et al. [15] on apparent
fluvial landscape changes due to severe precipitations (see Section 5.2), and reflect the late
Holocene increases in El Niño activity [10,55]. With reference to methodological issues, the
authors underline the need for a correct correlation between the geological characteristics
of the deposits and the causative climatic events to make strong hypotheses [92].

5.4. Casma and Cerro Sechin (Lower Casma Valley)

With reference to radiocarbon dating, Wells [17,82] analysed in detail the alluvial
terraces system, which characterizes the lower Rio Casma Valley (Figure 1). The system
presents three floodplain surfaces whose ages of formation are between 3000 and 200 cal y
BP (see Table 1 and Figure 4 of Reference [17], pp. 1135–1136), thus suggesting significant
geomorphological changes during the late pre-Hispanic time driven by river sediment
transport and tectonic uplift. These results are consistent with data on the beach ridge
accretion of the Pampas Las Salinas [79,80], about 50 km northwest of the Rio Casma
mouth. From a geological point of view, such a landscape dynamics is not surprising for
valleys and coasts of the Peruvian desert. Late Pleistocene and Lower Holocene were,
for example, earlier periods throughout which El Niños severely impacted coastal Peru,
leaving signatures on ancient landscapes (see, e.g., References [19,85,93]).

Thirteen flood deposits younger than 3.2 ka are recorded along the stratigraphic
section of Wells [17,82], six of which were deposited before the conquistadors first arrived
in 1532. The upper two and the lower two of these latter are 14C dated by means of
incorporated organic material. The author, however, does not recognize the ca. 1100 event
(i.e., The Chimu Flood) defined by Nials et al. [14] in the Moche Valley (see Section 5.2). She
focus mainly on the recurrence of the hydrogeomorphic events rather than their strength
and suggests, for the considered time interval, the increase in frequency of flooding and
the occurrence of an event “much larger than that which occurred during 1982–1983” at least
once every 1000 years. This hypothesis can be explained as follows: (a) the Mega El Niño
events [19,80] actually exist and cause flood disasters in coastal Peru and possibly extreme
climatic anomalies worldwide; or (b) the rainfall associated with the El Niño event is
distributed such that extraordinary floods occur near Casma once every 1000 years [17].
Clearly, this question is crucial for the topic treated in the review.

Complementary evidence on the paleoflood record of the Casma district can be pro-
vided by archaeological data from Cerro Sechin site (Figure 1). However, only one lami-
nated mud deposit ascribed to runoff water has been archaeologically dated (see Samaniego
et al. [78]) and may be correlated to a terraced alluvial deposit 14C dated at 1200 BCE by
Wells [82]. Likely, new geoarchaeological research in this area would help in providing
significant data on landscape change due to El Niño events.
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5.5. Old Temple of Pachacamac and Urpi Kocha Lagoon (Lower Lurin Valley)

According to Franco and Paredes, the Old Temple of Pachacamac (Figure 4) was
abandoned around 600 CE due to heavy rains that washed away and damaged the adobe
walls of the building while runoff water deposited around thick layers of mud [90]. These
authors argue that an unusual climate event triggered temple modifications and led to the
development of new social trends and the introduction of architectural elements from the
Andes Highlands. Later, Franco stated “there is no doubt that the rains that caused this event
correspond to a Mega Niño” [134], which is now referred to also as the 6th-century El Niño
event. The sedimentological and palynological study by Winsborough et al. on the near
Urpi Kocha Lagoon (located 0.4 km west of Pachacamac) confirms such a suggestion [23].
These last authors found, in cores extracted from the bottom of the pool, evidence of three
major floods associated with El Niño events in late pre-Hispanic time, the middle event
dated between 436 and 651 CE (see Table 5 of Winsborough et al. [23], p. 611).

Figure 4. Pachacamac archaeological site; 2016 satellite image (12◦15′08′′–12◦16′02′′ S,
76◦55′08′′–76◦53′31′′ W). Old Temple and Urpi Kocha Lagoon are marked by a red circle and a
blue circle, respectively. Archaeological and geological inferences on El Niño events were argued for
by the authors [23,90,134].

The El Niño signature left at Pachacamac as recognized and interpreted by Franco
and Paredes [90] is similar to the ones described by Samaniego et al. [78] and Wells [82]
at Cerro Sechin (see Section 5.4) and by Nesbitt [120] at Caballo Muerto (see Section 5.3),
respectively. It is apparent that, in late pre-Hispanic settlements, El Niño events may
have left traces in the geoarchaeological record likely corresponding to landscape changes.
Nevertheless, as carried out from further archaeological excavation, the adobe constructions
of Pachacamac were seriously affected by repeated torrential rains up to the twentieth
century, and especially by the 1925/1926 El Niño event [135]. The erosive processes caused
by these rains have partially erased the traces of the most ancient events, making the
reconstruction of the paleoflood record at the lower Lurin Valley more difficult.

The validity of the hypothesis that one, or even two, El Niño events affected the
central coastal Peru around 600 CE is confirmed by the findings of Mauricio [136] at
Huaca 20 site (Maranga archaeological complex, lower Rimac Valley, 30 km north-west of
Pachacamac). Within such a site, now incorporated into the southern suburbs of Lima, the
author describes two destructive floods separated by a phase of reconstruction during the
Middle Horizon (14C dated between 550 and 690 CE). Despite the limited size of the site,
several geoarchaeological sections showing the above sequence are reported as basic data.

Other areas in the lower Lurin Valley offer opportunities for future research on the
relationships between landscape modifications and El Niño events in the Initial Period
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and Early Horizon. Archaeological studies at the sites of Mina Perdida (5 km north-east
of Pachacamac) and Manchay Bajo (10 km north-east of Pachacamac) have revealed the
existence of debris flow, flood, and slack-water deposits in the respective geoarchaeo-
logical record [137,138]. A number of 14C dating on organic remains extracted from the
stratigraphic successions provide chronological references for the El Niño signatures.

5.6. Pampa de Palpa (Valleys of Rio Ica and Rio Grande)

The pampa southwest of Palpa (Figure 1) constitutes the northern margin of the Ata-
cama desert, and was inhabited by several cultures during the pre-Hispanic times. It has
been the object of different studies on the development of loess deposits, paleosoils, and
alluvial terraces that provide insights about the long-term relationship between climate
processes and desert landscape changes [4,101,106,118]. Moreover, this hyper-arid region
includes relevant sites of interest for the present review and is next to the ceremonial center
of Cahuachi (which will be discussed separately in Section 5.7).

Located at the lower valley of Rio Ica, the Samaca fluvial plain (Figure 1) is currently
a riparian oasis that hosts numerous archaeological and paleobotanic remains. The latter
are mainly constituted by partially fossilized trunks of the phreatophyte Prosopis, as es-
tablished by Beresford-Jones et al. [103,104]. The geomorphological, archaeological, and
paleoenvironmental evidence gathered by these authors allows them to state the occurrence
of a major El Niño event “at some time toward the end of the Early Intermediate Period, which
spread a deep fluvial layer across the upper Samaca Basin, caused the river to cut some 5 m down
into its floodplain and had catastrophic effects upon [a] canal system” [103]. Such a result is con-
sistent with the conclusions of other studies made in northern and central Peru [23,84,86].
However, it explicates part of the above landscape modification, as well as of the decline in
the settlement. In fact, according to [103,104,109], human-induced gradual destruction of
the Prosopis forest in pre-Hispanic time would have considerably increased the exposure
to the flood hazard of landscape and settlement, making them more vulnerable to severe
events. The deforestation process would culminate during the Middle Horizon, causing
the final abandonment of the settlement [104].

Later, large urban settlements developed in the Late Intermediate Period (1000–1400 CE)
within the pampa of Palpa, the most prominent example of what is the so-called Ciudad
Perdida de Huayuri that, according to Hanzalova and Pavelka [117], was destroyed by an
El Niño event. However, no indications or evidence of such an episode were found in
other articles identified by citation database queries (Section 4, Tables 3 and 4). It must
be observed that Eitel and their colleagues [4,106] posit an abandonment of such a “lost
city” as a consequence of the depletion of water reserve, likely related to a climate change.
The above questionable information in Ref. [117] may be due to a gap in the knowledge in
the literature.

5.7. Cahuachi Ceremonial Center (Middle Nazca Valley)

According to Grodzicki [21,139], the archaeological site of Cahuachi (Figure 5) was
affected by three catastrophic floods caused by El Niño between 2100 and 1000 BP. These
studies support the major landscape changes ascribed to El Niño events in late pre-Hispanic
time for the whole coastal desert of Peru. The second event would have even caused the
collapse of the Nasca Culture (around 600 CE), while the third completely buried the
ceremonial center [20,21]. In support of their hypothesis, the author describes conglomerate
deposits that would result from deposition of exceptionally large, fluid debris flows. Finally,
the landscape of Cahuachi would have been re-shaped (and the monumental building
unearthed) throughout the last millennium. A necessary assumption for this argument is
that abandonment and burial of the ceremonial center preceded the construction of the
Nazca Lines [20]. However, such geoglyphs, created on the desert pavement by removing
colored pebbles and leaving the underlying reg soil exposed, are mainly dated from 400 BCE
to 600 CE [140–143].
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Dealing with the second catastrophic flood inferred by Grodzicki [139], Silverman [6]
observes that around 600 CE “Cahuachi had ceased to function as the great early Nasca ceremonial
center”. In their review on the occurrence of El Niño events, Machare and Ortlieb [56] consider
the hydrogeomorphic events posited in References [20,21] no more than possible local climate
change indicators. Nevertheless, the main question on the reliability of the Grodzicki’s
hypothesis comes from the research group headed by Eitel and Machtle [4,101,106]. Starting
from the observation of “the good state of preservation of geoglyphs, even where they cross valleys
or erosion rills”, such authors “disagree with ideas that catastrophic El Niño events destroyed the
Nasca Civilization” [4]. Again, as a result of extensive field surveys, they remark how the
integrity “of the line exemplarily illustrates that the valley floor has never been flooded since the
Nasca period. Only a small channel in the foreground provides evidence for weak episodic runoff
events during the past two millennia” [106]. Finally, these authors also extend their conclusion
to the contiguous pampa of Palpa (see Section 5.6).

Figure 5. Cahuachi ceremonial center; 2022 satellite image (14◦48′41′′–14◦49′30′′ S,
75◦07′45′′–75◦06′11′′ W). The monumental building area investigated by Grodzicki [20,21], Or-
efici [144], and Delle Rose et al. [26] is marked by a red line.

To further test the consistency of the hypothesis of Grodzicki, stratigraphic and pet-
rographic analyses of upper bedrock and surficial cover of the ceremonial center were
carried out by Delle Rose et al. [26]. The results of this study show that the conglomerate
deposits interpreted by Grodzicki as signatures of El Niño events, belonging instead to the
Tertiary–Quaternary clastic succession that forms the regional substratum. Moreover, such
coarse-size sediments are a source of pebbles and cobbles, which form the desert pavement.
The inconsistency of Grodzicki’s hypothesis was likely due to knowledge gap in geological
stratigraphy [26].

Recent archaeological excavations on Templo Sur have shed new light on hydrogeomor-
phic events that damaged the adobe brick buildings at Cahuachi during the development
of the Nasca Culture. In fact, the inferences of Orefici [144] about two torrential rains that
partially destroyed roof and walls of the temple next to the end of the fourth century CE,
a time with no El Niño events reported in the reviewed literature, lead us to reconsider
both the climatic pattern responsible for the events and the type of Earth surface response
expected for the coastal desert. It must be noted that samples gathered at Cantalloc (20 km
east of Cahuachi) by Pavelka et al. [122], considered by these authors remains of an ancient
flood, are 14C dated between 47 and 480 CE.

5.8. Moquegua Valley and Quebrada Miraflores

Geoarchaeological studies throughout Moquegua Valley and surrounding areas [22,24,51,84]
were mainly aimed to argue the relationships between El Niño events and human responses
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rather than possible landscape processes [91]. Nevertheless, data exposed in the reviewed works
allow one to argue for abrupt geomorphological changes to the desert environment. As a matter
of fact, already thirty years ago, Moseley et al. [84] stated that “serious landscape modification should
indicate extreme ENSO conditions or ancient ‘Mega-Niño’ phenomena”.

Three main depositional units confidently ascribed to El Niño events have been identi-
fied and dated by the authors. Two of them have a late pre-Hispanic age, while the third
(named Chuza Unit) is dated at 1607–1608 CE [96]. The oldest 14C dated unit (730–690 CE)
is formed by debris flow deposits (identified within the dry Rio Muerto sub-basin [24] (see
Figure 6)), and flood deposits recognized elsewhere [51]. As it signaled fast and extensive
regolith mobilization, this unit constitutes evidence of a singular hydrogeomorphic event.
For what concerns the regolith production, in a highly seismic region such as coastal Peru,
it is increased by the shattering of the landscape during the frequent earthquakes that
produce pervasive ground cracking and microfracturing of hill-slope materials [84,96].

Figure 6. Rio Muerto sub-basin; 2020 satellite image (17◦17′58′′–17◦18′45′′ S, 70◦59′11′′–70◦57′34′′ W).
The sample point of the Miraflores Unit [51] is indicated by the red arrow (see text). Upstream, the
cracked hill-slope area of regolith production may be observed.

The second depositional unit of interest for this review is a horizon marker referred
to as the Miraflores Flood event [84]. It is formed by debris flow deposits and flood
deposits indirectly dated between 1350 and 1370 CE by ice core data of the Quelccaya Ice
Cap [22,145,146]. Such an age is confirmed by radiocarbon dates of samples taken at Rio
Muerto [51] (Figure 6). At Quebrada Miraflores (Figure 7), the thickness of the marker
reaches 1.2 m, which is a higher order of magnitude compared with any other flood deposits
preserved in the geological record, including the Chuza Unit.

In this last area, mobilized sediments spread laterally out of the braided streams and
up the ravine walls before descending to the sea across the coastal plain. Large clasts and
boulders with a diameter of up to 3 m were also moved across the coastal plain by the
Miraflores Flood [22]. Such a hydrogeomorphic event would also be implicated in the
collapse or decline of the Chiribaya culture [111,147]. The imprint on the Peruvian desert
surface of this 14th-century El Niño event is confirmed by zooarchaeological research.
Rubinatto et al. posit “that the abundance of anuran remains” they found in Rio Muerto
area may be related to the Miraflores Flood, since “this event generated increased rainfall
in the desert, creating conditions favorable for frogs and toads” [130]. However, for a critical
examination of such a hypothesis, these authors exhort further paleoenvironmental and
zooarchaeological studies. In any case, the potential of Miraflores Unit as a horizon marker
should be fully exploited in landscape reconstruction.
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Figure 7. Quebrada Miraflores; 2021 satellite image (17◦25′49′′–17◦26′36′′ S, 71◦22′22′′–71◦21′42′′ W).
The extent of the Miraflores Unit according to Satterlee et al. [22] is marked by a red line and the
location of Chiribaya settlement by a blue circle (see text).

5.9. Discussion Summary

Landscape processes confidently ascribed to El Niño events are chronologically sum-
marized in Table 5. They are considered responsible for changes in late pre-Hispanic coastal
Peru to varying degrees.

Table 5. Chronology of late pre-Hispanic El Niño events argued as possibly responsible for land-
scape modifications.

Date Landscape Process Basin or Site Reference

ca. 1450 CE 1 formation of alluvial terraces Rio Casma [17]
1400–1450 CE 1 mud deposition from runoff Rio Moche [133]
1360–1350 CE 1 debris flow activation, flood sedimentation Q. Miraflores, Rio Moquegua, Rio Muerto [22,24,51,84]

1325 CE 1 formation of alluvial terraces Rio Casma [17]
ca. 1100 CE 2 flood sedimentation Huacas de Moche [14,15]
1008–995 CE 1 mud deposition from runoff Pachacamac [23]
1000–650 CE 2 flood sedimentation Batan Grande [16]
730–690 CE 1 debris flow activation, flood sedimentation Rio Muerto, Rio Moquegua [24,51]
651–436 CE 1 mud deposition from runoff Urpi Kocka [23]
ca. 600 CE 2 mud deposition from runoff Pachacamac [18,90]
ca. 600 CE 2 mud deposition from runoff Huacas de Moche [86]
600–550 CE 2 flood sedimentation Samaca [103,104,109]

ca. 0 CE 1 formation of alluvial terraces Rio Casma [17]
100 BCE 1 debris flow activation Rio Muerto [51]

900–1100 BCE 2 mud deposition from runoff Caballo Muerto [120]
ca. 1200 BCE 1 formation of alluvial terraces Rio Casma [17,82]

ca. 1450–1600 BCE 1 mud deposition from runoff Caballo Muerto [120]
1 calibrated 14C age; 2 date inferred from archaeological remains.

The above chronology may be tentatively compared with paleo El Niño proxies. By an-
alyzing a high resolution marine sediment record about 60 km west of Lima, Rein et al. [148]
argued maximum of El Niño activity during the third and second millennium BP, while El
Niño events would have been persistently weak during the Medieval Climate Anomaly
(MCA, ca. 900–1300 CE). Yan et al. [149], computing SOI (Section 2) from different precipi-
tation proxy records in Pacific Ocean, found negative index during MCA, which indicates
general El Niño-dominated conditions. However, such differences in climatic reconstruc-
tions may reflect the geographic complexities of the Pacific coastal regions [45]. As a matter
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of fact, SOI calculated for the Galapagos Islands (850 km off the coast of Ecuador) shows
positive values during MCA in contrast with the ones of the western Pacific [149]. The
oxygen isotopes ratio (δ18O) of ice core record from Quelccaya ice cap is depleted in 18O
between 1100 and 1300 CE, thus highlighting a warming trend over the Andes [150]. Such
a finding is consistent with low El Niño activity during MCA [148,151]. Consequently, the
hydrogeomorphic events that can be attributed to El Niño with the lowest uncertainties
should be those that precede or follow the MCA.

As a result of the WoS and Scopus data mining and the subsequent full-text analysis,
the first evaluable hydrogeomorphic signature is located at Caballo Muerto and 14C-dated
at about 3.5 ka BP [120]. However, it is in advance of the beginning of ENSO’s modern
periodicity (Section 2). Three more recent deposits dated around 3.0 ka and ascribed to
El Niño events were also reported by this author (Table 5). To date, the magnitude of
landscape response to these events along the middle Moche Valley is not yet investigated,
while the only identified surface process is mud deposition from runoff over archaeological
structures (Section 5.3). Moreover, the lower Lurin Valley also preserves geoarchaeological
proxies [137,138] that can help shed light on the landscape modifications that occurred
around the transition from the second to the first millennia BCE.

Around 1200 BCE, Casma Valley was affected by torrential rains, and thus, related
proxies are preserved in both alluvial terrace sequences [82] and archaeological records
of Cerro Sechin [78]. The hypothesis that both signatures were produced by the same El
Niño event should be verified by further research (Section 5.4). According to Wells [17],
the alluvial terrace system of the Casma Valley contains 13 flood deposits ascribable to late
Holocene El Niños. Four 14C-dated events occurred in pre-Hispanic time, but unfortunately,
no date fits well with events identified in other basins or sites (Table 5). In contrast, one or
more events transpiring about 600 CE have hit the valleys of Rio Moche (Huacas del Sol),
Rio Lurin (Pachacamac), and Rio Ica (Samaca) (Sections 5.2, 5.5, and 5.6). Such evidence
has led some authors to speak of a 6th-century Mega El Niño (see, e.g., [21,23,134]).

Nevertheless, the recognition of one or more events to the transition from the first to
the second millennium CE at some sites of north-central coastal Peru (Table 5) has strength-
ened the paradigm of the 11th-century Mega El Niño (see, e.g., [21,56,152]). The seminal
reconstruction of the Chimu Flood by Nials et al. [14,15] has greatly influenced the lit-
erature, but it should be tested by further research, and the related deposits should be
absolute-dated. Furthermore, the age of the ethno-historical Naymlap Flood remains un-
clear [84,132]. It ranges from around 1000 CE (see, e.g., [16,23]) to around 1350 CE (see,
e.g., [17,153,154]). As a matter of fact, Naymlap Flood “may refer to different floods in different
valleys at different times during the Late Intermediate Period” [7].

If on the one hand, El Niño events had catastrophic consequences associated with flood-
plain stripping, irrigation system damage, and settlement destruction, on the other hand,
they also provided cultural opportunities, triggered technological innovation, strength-
ened community resilience against hydrogeomorphological events, and played impor-
tant roles in replenishing and maintaining groundwater resources throughout the coastal
desert [51,88,138]. Nevertheless, extensive human intervention (desert reclamation, Prosopis
deforestation) has likely caused some variations in landscape response, also increasing
exposure to extreme events of settlements and infrastructures (Sections 5.2 and 5.6).

Authors have deeply investigated the landscape response and destructive effects of
the Miraflores Flood, the last hydrogeomorphic event ascribed to a “Mega” El Niño in pre-
Hispanic times [22,24,51,84,111,147] (Section 5.8). With the arrival of Spanish conquistadors,
the production of historical documents begins, so the sources of knowledge on El Niño
events are enriched with a fundamental element [34,56,81,155]. However, it is only with
the systematic observations of the warm ocean current running along the central Pacific
coast of South America (El Niño in its initial meaning, see Section 2) that all the necessary
criteria to assess El Niño events are available.

A final consideration must be made on the limitation of the above finding due to the
use of WoS and Scopus. Papers published in journals not indexed in these citation databases
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are obviously excluded. Moreover, as remarked upon in Section 3, documents written
in English are favored over those written in other languages in data mining from WoS
and Scopus [68]. Such problems may have partially affected this review. However, in the
discussion on the main study areas (Section 5),documents written in Spanish and published
in (not WoS- and/or Scopus-indexed) Peruvian journals and books ([131,134–136]) were
also used, to the best of the author’s knowledge. Clearly, the result may be hereafter
improved and updated. On the other hand, data mining from other databases, systematic
reading of papers written in Spanish and published in Peruvian journals, and the use of
web search engines such as Google Scholar could be goals of future investigations.

6. Conclusions

Landscape modifications ascribed to El Niño events in late pre-Hispanic coastal Peru
were mined and summarized by processing comprehensive databases (Section 3). Then, a
review of the selected documents was performed in accordance with dependable guide-
lines (Section 4). The examination of the reliability of data contained in the reviewed
documents allowed us to identify some critical questions in the treated topic and suggest
several research goals (Section 5). The El Niño proxies discussed provide incomplete and
heterogeneous paleoflood records for coastal Peru. The current state of geoarchaeological
knowledge is not enough to define the temporal and spatial trend of the landscape effects
of El Niño events during the late pre-Hispanic time. However, it gives some essential
milestones (Section 5.9, Table 5).

Several landscape processes ascribable to El Niño events have been recognized by
authors (Table 5). The less impressive one, mud deposition from runoff, has, however,
sometimes been identified in archaeological sites, thus allowing valuable chronological
attributions (Sections 5.3 and 5.5). Slack-water deposits found along the valleys of Rio
La Leche and Rio Jequetepeque (Section 5.1), as well as other flood sediments recognized
along the valleys of Rio Casma and Rio Samaca (Sections 5.4 and 5.6), and at the sites
Huacas de Moche and Batan Grande (Sections 5.1 and 5.2), could have great potential in
landscape reconstruction. The activation of debris flows has been recognized throughout
Jequetepeque Valley (Section 5.1), Moche Valley (Section 5.3), Moquegua Valley, and the
surrounding areas (Section 5.8). Within the catchment of Rio Muerto, regolith denudation
and mobilization have shown a great size and extent (Section 5.8). The Miraflores Unit
resulted in one of the major landscape changes for the whole coastal Peru, which was also
involved in the end of the Chiribaya culture. It is apparently the better investigated proxy
record confidently ascribed to an El Niño event (Section 5.8, Table 5).

Throughout the review, some possible research goals were highlighted that might
be helpful in overcoming critical questions. They do not claim to be all-inclusive and are
reported (not in the order of importance) in what follows: (a) to increase the number of
the absolute dating of selected geoarchaeological records (see, e.g., the case of the deposits
related to the Chimu Flood in the lower Moche Valley, Section 5.2); (b) to analyze strati-
graphic successions that should preserve different proxies (see, e.g., the case of the alluvial
fan within the Caballo Muerto Archaeological Complex, Section 5.3); (c) to investigate the
landscape response of El Niño signatures discovered in archaeological sites (see the cases
of Huaca Cortada and Cerro Sechin discussed in Sections 5.3 and 5.4, respectively); (d) to
test the consistency of literature hypothesis with methods of various disciplines (see, e.g.,
the paleoecological and zooarchaeological study performed in the Rio Muerto catchment,
Section 5.8); (e) to extract data from other databases also including documents written in
Spanish and published in Peruvian journals (Section 5.9).
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Appendix A. Works Excluded from the Discussion by Full-Text Analysis

As explained in Section 4, 20 documents selected from database search were not dis-
cussed in Section 5 because they were not appropriate for the review’s purpose (Table A1).

Table A1. Works whose full text was analyzed with no data useful for the objective of the review.

Reference Main Issue

[1] Geomorphological effects of 1982/83 and 1997/98 El Niños
[61] Morpho-pedological characterization of a Western Andean offshoot
[87] Early-middle Holocene human-nature relationships
[95] Late Quaternary evolution of a stretch of the Ecuador coast
[97] Ancient peoples ability to mitigate El Niño effects
[98] Debris flow burial episode of a Late Pleistocene site
[99] Late pre-Hispanic desert reclamation and El Niño effects mitigation

[100] Development of desert soil under ENSO conditions
[50] Reliability of agricultural practices to face El Niño negative effects

[105] Early-middle Holocene occupation history of a costal site
[107] Introduction on methods and technologies in geoarchaeology
[108] Geomorphological effects of El Niño on Western Andean Slope
[110] Late Quaternary evolution of an Amazon Basin sector
[116] Characterization of late Holocene coastal upwelling in Peru

[119,125] El Niño influences on settlement pattern of a Western Andean offshoot
[121] Paleobotanical analysis aimed to explore ancient desert reclamation
[123] Reconstruction of the paleo-evolution of a coastal lagoon
[124] Biological crusts effects on reg soil evolution
[127] Late Quaternary environmental history of a Western Andean offshoot
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