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Abstract: The Food and Agriculture Organization of the United Nations (FAO) launched the
conservation initiative of the Globally Important Agricultural Heritage Systems (GIAHS) in 2002,
providing a new solution to current global problems such as widening gap between rich and poor,
environmental pollution, biodiversity destruction and degradation of agro-ecological functions.
However, since the implementation of GIAHS, few studies have evaluated the role of GIAHS in
regional sustainable development. To fill this research gap, this paper attempts to build an
evaluation index system that integrates economic, social and environmental sustainability by
matching the 169 subgoals and 232 indices of the UN Sustainable Development Goals (SDGs) with
five FAO-GIAHS selection criteria and selecting the indices. The index weights are determined
through Delphi method (expert scoring) and Analytic Hierarchy Process (AHP). Then the GIAHS
site of the Kuaijishan Ancient Chinese Torreya Community in Shaoxing City, Zhejiang Province is
taken as an example for evaluation to enhance the empirical study. The results show that the
comprehensive score for this heritage site is 77.90 points, of which economic, social and
environmental sustainability scores 88.27, 86.12 and 69.71 points respectively, showing a
descending trend. Thus, ecological protection of the Kuaijishan Ancient Chinese Torreya
Community should be strengthened and be given prominence in the future. As for the contribution
to further research, this SDGs-based GIAHS sustainability evaluation framework can serve as an
important guide for assessing the approaches and effects of GIAHS in promoting the achievement
of the SDGs. It can also be used for future international GIAHS sustainability assessment and
comparison and provide a basis for adjusting the development model of GIAHS sites.

Keywords: United Nations Sustainable Development Goals (SDGs); GIAHS; evaluation index
system; sustainability evaluation

1. Introduction

At the Millennium Summit in September 2000, 189 heads of state and representatives
of the UN member nations signed the United Nations Millennium Declaration, which
unanimously adopted the 8 general goals, 21 concrete targets and 60 indices of the
Millennium Development Goals (MDGs). After more than a decade of international
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cooperation on development, in September 2015, the UN established Sustainable
Development Goals (SDGs) as a programmatic document to guide world development
policies and the use of funds from 2015 to 2030 for global poverty eradication as well as
sustainable social, economic and environmental development. Scholars around the world
have positively responded to the SDGs and focused on cities, energy, health, climate and
poverty elimination [1-3]. The UN Sustainable Development Solutions Network [4]
evaluates the SDGs baseline of 149 countries using the World Bank Database and referring
to Bertelsmann Stiftung Dashboards, which provides an important reference for the
comparison of sustainable development in different regions in the future. Chen et al. have
completed a quantitative evaluation of the implementation of the 2030 Agenda for
Sustainable Development in Deqing County, Zhejiang Province, using a comprehensive
method combining statistics and geographical information. This is the first quantitative
evaluation report on the practice of the 2030 SDGs in China [5]. However, although food
production systems, traditional technologies and biodiversity are abundant in rural and
agricultural fields, few researchers have paid attention to the SDGs [6].

In response to the loss of traditional technologies, loss of biodiversity, degradation of
agro-ecosystems and unsustainable agricultural development caused by the rapid
urbanization, industrialization and application of modern technologies in agriculture, the
FAO also launched the initiative for Globally Important Agricultural Heritage Systems
(GIAHS) conservation at the World Summit on Sustainable Development in Johannesburg
in August 2002 and implemented the GIAHS Dynamic Conservation and Adaptive
Management Project with the support of the Global Environment Facility (GEF). It aims
to establish a conservation system for GIAHS and their relevant landscapes, biodiversity,
knowledge and culture, and to gain recognition and protection worldwide, providing
technical support for sustainable agricultural and rural development. As a global program
to find wisdom for sustainable human development from traditional farming
civilizations, the GIAHS project has been widely recognized by the international
community for nearly 20 years since its launch, attracting more and more countries to
GIAHS protection. However, the FAO has not yet put forward the requirements and
guidance on GIAHS monitoring and evaluation since its implementation, and the existing
literature is mainly on the exploration by Chinese, Japanese and Korean scholars to
establish national GIAHS evaluation index systems and monitoring systems as well as to
sum up the monitoring methods [7-10]. The theory of sustainable development was first
proposed at the World Commission on Environment and Development in 1987. Goodland
[11] believes that sustainable development is a process of change in which resource
utilization, investment orientation, technological progress and policy adjustment are
coordinated and continuously enhance the potential to meet human needs now and in the
future. Therefore, it should be evaluated from social, economic and environmental views.
The GIAHS project is an important initiative to achieve the SDGs, but there are few
scholars evaluating the role of GIAHS in promoting sustainable regional development
under the UN SDGs framework [12]. Therefore, this paper tries to build an integrated
weighted index system that applies the SDGs indices to GIAHS evaluation and validates
it through an empirical study on the GIAHS site of the Ancient Chinese Torreya
Community in Shaoxing City, Zhejiang Province. The system is also applicable to
sustainability evaluation, management and protection of other countries and regions.

The following section of this text includes four sections: the first section is
RESEARCH METHOD, which analyzes the correlation between GIAHS selection criteria
and 17 SDGs and constructs an evaluation index system through expert scoring method;
the second section is CASE STUDY, taking the Kuaijishan Ancient Chinese Torreya
Community in Shaoxing City, Zhejiang Province as a research object and assessing it
sustainability; the third section is DISCUSSION, analyzing this study’s the reasonability
of results, academic contributions and existing shortcomings; the last section is
CONCLUSIONS AND RECOMMENDATIONS, stating the main findings from this study
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and proposing recommendations for sustainability evaluation tasks of GIAHS in the
future.

2. Research Methods
2.1. Analysis of the Correlation between GIAHS Selection Criteria and 17 SDGs

There are five criteria for identifying GIAHS: (1) food and livelihood security, (2)
agro-biodiversity, (3) local and traditional knowledge systems, (4) cultures, value systems
and social organizations as well as (5) landscapes and seascapes features [13]. All of these
official criteria are closely related to the UN SDGs. For example, China’s Rice Fish Culture
was identified as a GIAHS site in 2005, and after 10 years of development, the price of rice
produced in the region has doubled and tourism revenues have increased in Qingtian
County. Obviously, the GIAHS conservation is the implementation of SDGS8. Several
GIAHS sites in China have adopted new technologies and cooperated with the private
sector to promote products of the heritage sites and create jobs, achieving SDG 8. The
United Republic of Tanzania’s GIAHS site has helped raise women’s voice and involved
them in the decision-making process in their villages, promoting gender equality (SDG 5).
The specific correspondence is shown in Figure 1. It should be noted that based on the
literature and explanation of indices, the correspondence is not absolute authoritative,
which needs to be improved in the follow-up study.

Criterion 1: Food and livelihood security. Sustainable agricultural systems for food
production and economic activities for rural livelihoods and decent jobs in GIAHS sites
are linked to the SDG1 and SDGS8 [14]; and encouraging the sustainable consumption and
food production of GIAHS is relevant to the SDG12 [15].

Criterion 2: Agro-biodiversity. Rich agro-biodiversity contributes to hunger
alleviation, climate change adaptation and conservation of biodiversity in surrounding
terrestrial and aquatic ecosystems, which is associated with the SDG6, SDG11 and SDG15
[16].

Criterion 3: Local and traditional knowledge systems. The sustainable use of natural
resources with the help of traditional knowledge and practices can also contribute to
conserving terrestrial and aquatic environment and combating climate change, which is
related to the SDG13 [17].

Criterion 4: Cultures, value systems and social organizations. Equity in the use of and
access to natural resources can be promoted by recognizing the role of women in
maintaining cultural and social values, which is linked to the SDG3, SDG4, SDG5, SDG11
and SDG16; and partnerships between rural and urban areas can be built by taking an
innovative and dynamic integrated approach to conservation, which is relevant to the
SDGY, SDG16 and SDG17 [6].

Criterion 5: Landscapes and seascapes features. The ecological resilience of GIAHS
ensures the supply of clean water and protects habitats for terrestrial and aquatic
organisms, which is linked to the SDG6 and SDG15 [18].

GIAHS identification and evaluation are highly relevant and therefore can be
conducted in the same GIAHS in different years according to the five criteria [19]. When
a traditional agricultural system is designated by FAO as GIAHS, its corresponding
indices will be continually followed up and assessed for a comprehensive evaluation. As
shown in Figure 2, the SDGs and their concrete indices are well matched with the five
GIAHS certification criteria, which will guide GIAHS evaluation and make the indices
more comprehensive and authoritative. Due to the many factors involved in the SDGs and
their indices and the complex technical process, the research on the SDGs faces many
challenges such as the scientific understanding of the global index system, integration and
processing of massive spatial and temporal data, index calculation taking geospatial
information into account, fact-based analysis and evaluation of the SDGs, comprehensive
interdisciplinary analysis as well as communication and coordination among multiple
institutions [20]. The research and application of the SDGs in China and beyond are still
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at the stage of conceptual design, methodological exploration as well as single-index and
small-scale pilot.

The 5 GIAHS Criterion The 17 UN Sustainable Development Goals
SDG1 End poverty in all its forms everywhere
Criteri Food and livelihood Promote sustained, inclusive and sustainable economic growth, full and
riterion 1 A SDGS8
security productive employment and decent work for all
SDGI12 Ensure sustainable consumption and production patterns
SDG6 Ensure availability and sustainable management of water and sanitation for all
SDGI11 Make cities and human settlements inclusive, safe, resilient and sustainable
Criterion 2 Agro-biodiversity Protect, restore and promote sustainable use of terrestrial ecosystems,
SDGI15 sustainably manage forests, combat desertification, halt and reverse land
degradation and halt biodiversity loss
Criterion 3 Local and traditional SDGI13 Take urgent action to combat climate change and its impacts

knowledge systems

SDG3 Ensure healthy lives and promote well-being for all at all ages

Ensure inclusive and equitable quality education and promote lifelong learning

SDG4
opportunities for all
SDG5 Achieve gender equality and empower all women and girls
Cultures, value SDGY Build resﬂlen.t u\fras'tnjtctu.re, promote m.duswe 'and sustainable
o . industrialization and foster innovation
Criterion 4 systems and social
organizations SDGI11 Make cities and human settlements inclusive, safe, resilient and sustainable

Promote peaceful and inclusive sodieties for sustainable development, provide
SDG16 access to justice for all and build effective, accountable and inclusive institutions
at all levels

Strengthen the means of implementation and revitalize the Global Partnership

SDG17 for Sustainable Development
SDG6 Ensure availability and sustainable management of water and sanitation for all
Criterion 5 Landscapes and Protect, restore and promote sustainable use of terrestrial ecosystems,
seascapes features SDGI15 sustainably manage forests, combat desertification, halt and reverse land

degradation and halt biodiversity loss

Figure 1. Correlation between Globally Important Agricultural Heritage Systems (GIAHS) selection
criteria and 17 SDGs.

According to the Beijing Declaration on Sustainable Development issued at the 7th
Asia-Europe Summit in October 2008, three indicators - economic development, social
progress and environmental protection-have been identified as the three pillars of
sustainable development. Therefore, to comprehensively evaluate the sustainable
development potential of GIAHS on the basis of the UN SDGs, this study matches the five
selection criteria with the SDGs and integrates them into three evaluation dimensions:
economic, social and environmental.



Sustainability 2021, 13, 9957

5 of 16

GIAHS identification connotations

Fully considering the heritage site’s current and future ic, social and envi
in terms of food and livelihoods, ecol | functions, agricultural culture, agricul
well as functions of land and water resources management

. Food and Agro- Local and Cultures, value Landscapes
Extracting keywords livelihood biodiversity traditional systems and social and seascapes
security knowledge systems 1 features
| !
/ (1) Recognizing women's social value, innovating dynamic protection and
imizing rural-urban 3
Integrating and
interpreting keywords (2) Reducing hunger, adapting to clinate change, p ing the regil and |¢—
A ——»| diversity of ding ecosy dp ing equitable accefs to natural [€——
resources
—» ()P ing inabl iculturpl systems | bi Zy use, L
i and food production b
. { SDG5 [ !
Matching degree
— sDG8 SDG4 [ SDGS
SDG11
SDG1
5 2
L] SDGI2 sDG3 | SDG13 |
SDG16 [
v
. - SDGo | SDG15 [—
SGD:s classification soG17

L <—| 1 ’—> ________________ /

I SDGs classification |

Figure 2. Interpretation of the matching degree between the SDGs and GIAHS identification
connotations.

2.2. Establishment of the Evaluation Index System
2.2.1. Process and Basic Principles of the Establishment of the Evaluation Index System

The GIAHS evaluation system is a methodology based on quantitative parameters
for the evaluation and management of GIAHS sites, and its validation needs the
participation of the stakeholders in this field or multidisciplinary surveys by experts
[21,22].

GIAHS plays an important role in conserving biodiversity, promoting social
organization and improving ecological and environmental quality. Therefore, the
establishment of the GIAHS evaluation index system should follow several principles.

Objectivity. The objectivity of the evaluation index system determines the credibility
of the results. Therefore, the establishment of the system should objectively reflect the
development of GIAHS sites, and be based on the UN SDGs to form a systematic and
hierarchical framework where the meanings of the indices should be clear and reflect
facts.

Comprehensiveness. The idea of sustainable development involves social, economic
and environmental factors, thus the establishment of the GIAHS evaluation index system
should also be comprehensive and consider these aspects. Based on the UN SDGs, the
system should take the holistic development strategy of “economic growth, social
inclusion and environmental protection” into account, covering economic, social and
environmental aspects.

Operability. Operability means that it is possible to use the evaluation index system
to make calculation. Therefore, the expressions of the indices should be clear in terms of
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time interval and spatial scope, with concise and unambiguous meanings. The statistics
of the indices should have scientific methods and fixed channels, so that the data are easily
accessible and quantifiable, the measurement methods are accurate and standardized, and
the evaluation results are comparable. The selection of three elements of economy, society
and environment is based on the Driving force-State-Response (DSR) framework model
of sustainable development. “Driving force” is human activities, processes and ways that
have an impact on sustainable development, that is, environmental problems. “State”,
namely the state of sustainable development, means changes caused by various human
activities such as socio-economic ones. “Response” refers to the choice and reflection of
the changing state of sustainable development, that is, social system [23].

2.2.2. Selection and Determination of the Evaluation Indices

The SDGs involve 232 indices, and each index is still being refined. With reference to
the practices of Chinese scholars [24,25], this paper divides these indices into three types:
the first type has clear definitions, scientific calculation methods and readily available
statistics; the second type has clear definitions and exact calculation methods, but no
available statistics; the third type is unclear in terms of definition, method and data, and
therefore cannot be evaluated and calculated. Finally, the GIAHS evaluation index system
is developed based on the UN SDGs and indices. The evaluation indices are identified in
two steps as follows.

(1) Preliminary selection. This step solicits the opinions of 10 specialists through
expert scoring method. 5 professors in the fields related to GIAHS, agricultural economics
and sustainable development from domestic universities and 5 Chinese government or
agency officials engaged in GIAHS declaration, monitoring, evaluation and subsequent
sustainable management are selected. They have formed a team of experts (including 5
professors, 3 associate professors or associate research fellows and 2 high-level
government officials) and scored the matching degree of 232 indices on a scale of 1 to 5.
According to the 5-point Likert scale, 5 points mean “extremely matching”, 4 points “very
matching”, 3 points “obviously matching”, 2 points “slightly matching” and 1 point “not
matching”. Based on the data collected and sorted out, the single index of which the total
score made by 10 experts exceeds 40 is defined as a highly matching index (when 10
experts all think the index is very matching, it will acquire 40 points, so the boundary line
is set as 40). When the total score of a single index is between 20 and 40, it is defined as a
generally matching one. If the total score is less than 20, the index is defined as a low
matching one (since the 10 experts all think the matching degree is low, the index will
acquire a total of 20 scores which is set as the boundary line). According to this standard,
25 highly matching indices, 83 generally matching ones and 124 low matching ones are
finally obtained. Then, a secondary selection is carried out in these 25 indices to make the
types of industry as well as the spatial and temporal scope of the indices more concrete
and localized.

(2) Secondary selection. According to the type and range of first-hand data available
in GIAHS field study and monitoring as well as the distribution of comprehensive scores,
12 evaluation indices are selected and included into the GIAHS sustainability evaluation
index system. Through further classification and integration, the four-level system is
established. The first is the goal level, namely, the sustainable development goal of GIAHS
sites. The second is the orientation level. As the 2030 Agenda for Sustainable Development
emphasizes the strategic development goal of balancing economic growth, social
inclusion and environmental sustainability, this paper also divides this level into three
orientations of economic, social and environmental sustainability. The third is the
indicator level, which distinguishes the various aspects under the orientation level. For
example, economic and social sustainability are mainly reflected in the economic
contribution of agriculture and social equity, respectively, and environmental
sustainability has three indicator levels: environmental protection, ecological resources
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and disaster resilience. The fourth is the index level which consists of the direct indices
for measuring the development effect of GIAHS.

As shown in Table 1, economic sustainability is mainly reflected in the contribution
of GIAHS to local economy, including the proportion of the population living below the
national poverty line, the annual growth rate of per capita GDP in GIAHS sites and the
growth rate of GDP directly due to GIAHS. Social sustainability, mainly shown in social
equity, is used to evaluate the cultural consciousness, female equity and sustainable
development idea in heritage sites, and serves as an important measure of the
sustainability of local social organizations. Environmental sustainability is mainly
reflected in environmental protection, ecological resources and disaster resilience.
Protecting environment is necessary for the sustainable development of heritage sites.
Ecological resources demonstrate the balance of the local ecosystem. Disaster resilience
directly affects the natural and social environment. The more resilient a GIAHS site is, the
more sustainable it will be.

Table 1. Globally Important Agricultural Heritage Systems (GIAHS) evaluation index system based on the UN SDGs.

Goal Level Orientation Level Indicator Level Index Level
Proportion of the population living below national
Economic Economic poverty line (Q1)
sustainability (L1) contribution (P1) Annual growth rate of pcié cza;pita GDP in GIAHS sites
Growth rate of GDP directly due to GIAHS (Q3)
. o Proportion of female contributors in GIAHS sites (Q4)
Social siit;)mablhty Social equality (P2)  Proportion of females who own a mobile phone (Q5)
Proportion of GIAHS workforce (5-17 years old) (Q6)
GIAHS Inputs into water and sanitation protection (e.g.,
Evaluation integrated water resources management, wastewater
(A) Environmental treatment, rainwater collection, etc.) (Q7)
protection (P3)  Inputs into the conservation of world cultural and natural
Environmental heritage (Q8)
sustainability Land area where biodiversity is fully protected (Q9)
(L3) Area of important sites for regional terrestrial and

Ecological resources

P4) freshwater biodiversity (Q10)

Forest and grass coverage (Q11)

Disaster resilience ~ Direct economic losses caused by natural disasters or
(P5) accidents (Q12)

2.2.3. Calculation of Index Weight

The methods of determining the evaluation index weight include subjective
weighting method, objective weighting method and comprehensive weighting method.
Due to the restrictions on data collection in GIAHS sites, this paper combines the AHP
with Delphi method to determine the index weight. It is assumed that the final evaluation

goal is A and the index setisL={ 1 [;l5 ...... L}, then the judgment matrix P(A-L) is
l11 e lln
P=|: =~ (1)
bn o Ly

l;j indicates the relative importance of the factors, and the values are shown in Table
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Table 2. A-L judgement matrix and its meaning.

Value of [ Meaning

1 l; and [; are equally important

3 l; is slightly more important than [;

5 l; is obviously more important than [;

7 l; is much more important than [;

9 l; is very important comparing to [;
2,4,6,8 between 1-3, 3-5, 5-7 and 7-9, respectively,
li=1/1;; the extent to which i is more important than j

Note: the definition of the comparison of importance. 1. Equally important: score 1, (I;-1;)/;<<10%
2. Slightly important: score 3, 10%=(l;—I;)/l;<<30% 3. Obviously important: score 5, 30%<(l;~1;)/]; <
50% 4. Much more important: score 7, 50%<(l;—;)/l; <<70% 5. Very important: score 9,
L=1)/1270%.

GIAHS evaluation is considered as the overall goal, and the orientations of economic,
social and ecological sustainability are L1, L2 and L3, respectively. Based on the
assessment of the 10 specialists, the expert judgment matrix is shown in Table 3.

Table 3. A-L comparative judgement matrix.

A L L» L3
1 1

L, 1 — Z
: %

L 2 1 —
2 2
L; 3 2 1

By calculation, the eigenvectors W (ranking weights of factors) of the above matrix
are [0.16, 0.30, 0.54]. Since the results of the judgment matrix are highly subjective, it is
impossible to determine whether the matrix obtained from calculation has consistency or
not. AHP is effective only when the judgment matrix has complete consistency and
satisfactory consistency [26]. Therefore, the consistency test is conducted and the test
formula is:

_a
" RI

CR indicates the consistency ratio. When it is less than 0.10, the judgment matrix is
usually considered to have acceptable consistency, otherwise it needs to be revised. CI

means the general consistency index, and RI shown in Table 4 is the average random
consistency index.

CR )

-n
Cl = }‘”L 3)
n—1
n is the order of the judgment matrix, and Ay, is its maximum eigenvalue. When
CR is less than 0.1, the judgement matrix has consistency, otherwise it needs to be re-

judged. Anax should be calculated in five steps:

(1) Calculating m,, the product of the elements in each row of the matrix

n
m; = ) bl],(l = 1,2 """ ,n) (4)

J=1

(2) Calculating W,, the nth root of m;:

S
I

VM ()

(3) Regularizing the vectors:
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W= " (6)
LW,
(4) Calculating the eigenvector W; = [Wy, W,, ... ... » W,]T , namely the weight of each
index.
(5) Calculating Apay:
no(AW);
nax =0, @
Table 4. Random consistency parameters.
Order (n) 1 2 4 5 6 7 8 9
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45

Matlab can be used to calculate the ranking of index weights at each level and ranking
of all index weights, and the final GIAHS evaluation system is obtained and shown in
Table 5.

Table 5. GIAHS evaluation index system based on UN SDGs.

Goal Level Orientation Weight Indicator Weight Index Level Weight
Level Level
Proportion of the population living 0.45
. . below national poverty line (Q1) '
Economic Economic Annual growth rate of per capita
SuSta(l{lii;Dlllty 0.30 COIltZ‘;)bll;tIOn 1.00 GDP in GIAHS sites (Q2) 0.23
Growth rate of GDP directly due to 032
GIAHS (Q3) ]
Proportion of female contributors 0.55
. in GIAHS sites (Q4) '
Social Social equalit Proportion of females who own a
sustainability 016 quaty 100 P ) 0.18
(12) (P2) mobile phone (Q5)
Proportion of GIAHS workforce (5- 027
17 years old) (Q6) '
GIAHS Inputs '1nto wate.r and sanitation
. protection (e.g., integrated water
Evaluation
(A) resources management, wastewater  0.20
treatment, rainwater collection,
Environmental 0.30 etc.) (Q7)
protection (P3) ' Inputs into the conservation of
i world cultural and natural heritage ~ 0.47
Environmental
sustainabilit 0.54 Q)
(L3) y ’ Land area where biodiversity is 033
fully protected (Q9) ]
Area of important sites for regional
Ecological 0.54 terrestrial and freshwater 0.24
resources (P4) ' biodiversity (Q10)
Forest and grass coverage (Q11) 0.76
Disaster 016 Direct economic losses caused by 1.00

resilience (P5)

natural disasters or accidents (Q12)

The index data in the system should be annual statistics for GIAHS sites.
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I

Zhejiang

China

3. Case Study: GIAHS Sustainability Evaluation of the Kuaijishan Ancient Chinese
Torreya Community in Shaoxing City, Zhejiang Province

3.1. Overview of the Research Area

The Kuaijishan Ancient Chinese Torreya Community in Shaoxing City (Figure 3) is a
unique mountain use system with a variety of functions, including economic function,
biodiversity conservation, agricultural landscape preservation, agricultural cultural
inheritance and ecological protection. The GIAHS site is located at 59 administrative
villages in 12 townships in Keqiao district, Zhuji city and Shengzhou city, with a total area
of 402 square kilometers. According to our survey, there are 105,000 large Chinese Torreya
trees in this area, of which 72,000 are over 100 years old and 4500 are over 1000 years old.
More than 2000 years ago, the ancestors in Shaoxing selected and grafted the wild Chinese
Torreya trees to cultivate this quality variety [27]. Due to artificial grafting, many of the
existing ancient Chinese Torreya trees have visible scars in the shape of bull’s leg at the
base. The oldest one is 1567 years old (till 2012) and stands 18 m tall, similar to a giant
umbrella [28]. Despite being a thousand years old, these ancient trees are still fruitful,
making them a rare “living specimen” of ancient breeding and grafting techniques.

2USON .
e B S
0N / .
. N B
Y

Figure 3. Location of the Kuaijishan Ancient Chinese Torreya Community.

The ancestors in Shaoxing built terraced fields (fish-scale pits) on steep-sloped hills
to plant Chinese Torreya trees, with tea, miscellaneous grains and vegetables intercropped
under the trees. The compound management system of Chinese Torreya trees, terraces
and undergrowth crops constitutes a unique system of steep-slope hills featuring water
and soil conservation and high production [29]. The evergreen and beautiful ancient
Chinese Torreya trees form a spectacular landscape merged with the traditional villages,
abundant streams and mountains. From ancient times to the present, prose, poetry and
art works have been produced in praise of Chinese Torreya, and there have been a variety
of related rituals and festivals [30]. This area is listed as a cultural relic protection site in
Zhejiang Province, and there are two provincial nature reserves, one national forest park
and two provincial forest parks in the area.

3.2. Evaluation Methods
3.2.1. Data Sources

The research sites were Shiao, Zhan’ao and Chencun villages in Jiandong Town,
Keqiao District, as well as Lvao and Yushu villages in Gulai Town, Shengzhou City which
are located in the core area of the GIAHS site. In order to facilitate the collection of
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empirical data, the research was conducted in November when farmers had relatively
sufficient time as they had already finished harvesting and selling the green fruits of
Chinese Torreya. The survey had two parts: a questionnaire for the farmers and a
discussion with the government staff. Considering the literacy and cognitive level of the
farmers, and to ensure the response rate and effectiveness of the questionnaires, the
researchers conducted household surveys to ask the respondents questions and record
their answers faithfully, and interview served as a supplement. A total of 180
questionnaires were distributed to the farmers, of which 172 were valid.

3.2.2. Data Standardization

To facilitate comparison, the data for each index of this GIAHS site were expressed
as percentages in this paper, and the index data were linearly transformed to standard
values between 0 and 100, with the formula for data adjustment in the range of 0 to 100
being [31]

, x — lower(x)

X = *
upper(x) — lower(x)

100 8)

x is the original data with upper and lower values indicating best and worst
performance, respectively, and x' is the recalibrated standard value with a threshold
referring to the report of the UN Sustainable Development Solutions Network. Values
above 100 are still equivalent to 100, and negative values are equivalent to 0, as shown in
Table 6.

Table 6. Actual and reference values for standardization.

Standard
I D
ndex ata Values (%)
Proportion of the population living below national poverty line
0% 100
Q1)
Annual growth rate of per capita GDP in GIAHS sites (Q2) 42% 40
Growth rate of GDP directly due to GIAHS (Q3) 88% 85
Proportion of female contributors in GIAHS sites (Q4) 52% 56
Proportion of females who own a mobile phone (Q5) 100% 100
Proportion of GIAHS workforce (5-17 years old) (Q6) 0% 100
Inputs into water and sanitation protection (e.g., integrated
water resources management, wastewater treatment, rainwater  6.40% 8
collection, etc.) (Q7)
Inputs into the conservatlf)n of world cultural and natural A7 60% 50
heritage (Q8)
Land area where biodiversity is fully protected (Q9) 63.60% 72
Area of important 51tes' for. reglf)nal terrestrial and freshwater 36.60% 35
biodiversity (Q10)
Forest and grass coverage (Q11) 83% 88
Direct economic losses caused by natural disasters or accidents
Q12) 0.35% 90

3.2.3. Evaluation Function Model

The GIAHS evaluation index system in this paper can assess sustainability using a
comprehensive method with the following function.

A= i(i Qr * GHW; ©)

i=1 j=1
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A is the comprehensive evaluation score, Q; is the score of a single index,G;is the
weight of a single index at its level, and W; is the index weight of the three orientation
levels.

3.3. Evaluation Results

According to Formula (9), the comprehensive evaluation score of the Kuaijishan
Ancient Chinese Torreya Community is 77.90 points, of which economic, social and
environmental sustainability scores 88.27, 86.12 and 69.71 points respectively, showing a
descending trend (see Table 7).

In terms of economic sustainability, there is no population living below the national
poverty line in this GIAHS site, and the growth rate of GDP directly due to GIAHS is
relatively high, indicating that this GIAHS site has a good economic potential and thus
can serve as an important guarantee for local economy. As for social sustainability, the
Ancient Chinese Torreya Community provides equal employment opportunities for local
workforce of different ages. Women are treated more equally in terms of their living
standard and social interaction, although their contribution to heritage conservation is
relatively low. When it comes to environmental sustainability, investment in
environmental protection is insufficient, particularly in relation to water and sanitation
protection. The low score for area of sites which are important for regional terrestrial and
freshwater biodiversity suggests that efforts to set up dedicated areas for biodiversity
conservation also seem to be inadequate. However, the heritage system that have been
developed over a long period of time to date shows its outstanding resilience to disasters.

Table 7. Evaluation scores for the GIAHS site of the Kuaijishan Ancient Chinese Torreya
Community (%).

Goal Level Orlentation core Indicator Score Index Level Score
Level Level
Proportion of the population
living below national 45.00
. poverty line (Q1)
Economic Econ‘oml‘c Annual growth rate of per
sustainability 8827 contributio 81.40 capita GDP in GIAHS sites  9.20
" (Q2)
Growth rate of GDP directly 2790
due to GIAHS (Q3) '
Proportion of female
GIAHS contributors in GIAHS sites 30.80
Evaluation . . - (Q4)
Score S‘f)Clal' 8612 Socu‘al 75 80 Proportion (?f females who 18.00
77 90 sustainability equality own a mobile phone (Q5)
Proportion of GIAHS
workforce (5-17 years old) 27.00
(Q6)
Inputs into the activities
related to water and
Environmental Environme sanitation protection (e.g.,
s 69.71 ntal 48.86 integrated water resources 1.60
sustainability .
protection management, wastewater

treatment, rainwater
collection, etc.) (Q7)
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Inputs into the conservation
of world cultural and 23.50
natural heritage (Q8)

Land area where
biodiversity is fully 23.76
protected (Q9)
Area of important sites for
regional terrestrial and

8.40
Ecological freshwater biodiversity
75.28
resources (Q10)
Forest and grass coverage 66.88
(Q11)
. Direct economic losses
Disaster

90.00 caused by natural disasters 90

5
restience or accidents (Q12)

In the future, the GIAHS site of the Kuaijishan Ancient Chinese Torreya Community
will increase its efforts to protect the ecological environment and place ecological
protection in a prominent position in the GIAHS conservation to sustain the existing
biological resources and biodiversity. More efforts should also be made to monitor the
dynamics of the region’s terrestrial and freshwater biodiversity and issue timely warnings
to minimize the potential loss of ecological resources or reduction of biodiversity.

4. Discussion

This paper matches the 232 indices of the UN SDGs with the connotations of FAO-
GIAHS certification as a theoretical basis for the GIAHS sustainability evaluation index
system, making the system scientific and sound (see Figure 1). First, GIAHS was set up to
achieve the SDGs, which is the primary reason why this paper bases the GIAHS
assessment system on the SDGs. In 2002, the GIAHS Dynamic Conservation and Adaptive
Management Project was initiated by the FAO to establish a globally recognized system
which was aimed to protect GIAHS and related landscape, biodiversity, knowledge and
culture, as well as to provide technical support for sustainable agricultural and rural
development. GIAHS have become an important contributor to the UN SDGs and the
Convention on Biological Diversity. In September 2015, the UN member states adopted
the 2030 Agenda for Sustainable Development and 17 SDGs. Food and agriculture are key
to achieving all the SDGs, and rural development and investments in agriculture, namely
crops, livestock, forestry, fisheries and aquaculture, are powerful tools for eradicating
poverty and hunger and achieving sustainable development. China’s Rice Fish Culture in
Qingtian County, Zhejiang Province, a GLIAHS site selected in 2005, has greatly increased
the rice price and tourism income after a decade [32]. Some of the GIAHS sites in China
have achieved several SDGs by using new technologies and cooperating with private
enterprises to promote local products and employment [33]. Secondly, there is a
correlation between the GIAHS selection criteria and SDGs. According to the official FAO-
GIAHS report, there are five identification criteria for GIAHS sites, namely food and
livelihood security, agro-biodiversity, local and traditional knowledge systems, cultures,
value systems and social organizations as well as landscapes and seascapes features. As
mentioned above, all of these officially designated criteria are closely linked to the UN
SDGs, especially to SDGs 1, 2, 3, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15 and 17 [4]. Therefore, the
SDGs and their specific indices which are well matched with the connotations of GIAHS
certification will guide the evaluation of GIAHS and make the indices more
comprehensive and authoritative.

Some innovations have been made on the basis of previous research. Firstly, this
paper selects and determines the evaluation indices through qualitative analysis, and then
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establishes the system through quantitative analysis. It is the first study in China to build
a quantitative evaluation system for GIAHS based on the SDGs, combining and
upgrading domestic and foreign research and applications of the SDGs. Secondly, the
GIAHS evaluation index system in this paper follows the three principles of objectivity,
comprehensiveness and operability, so that the meaning of the indices is concise and
unambiguous. The data of the indices have scientific statistical methods and fixed
statistical channels. The setting of indices has also taken into account many factors such
as easy accessibility, quantifiability, accurate and standardized measurement methods
and comparability of evaluation results, laying a foundation for the subsequent
promotion and application of the evaluation system. Thirdly, this paper ensures the
completeness of the evaluation indices by using AHP.

The GIAHS evaluation index system based on the UN SDGs aligns with the
international focus on sustainable development and GIAHS. Based on the existing GIAHS
evaluation systems, it further optimizes the indices by cutting the amount to facilitate
statistics and selects indices that better reflect the core of the SDGs and GIAHS. Compared
to the previous evaluation systems, the process of establishing this system is less
influenced by subjective factors, such as the professional background of researchers. Even
though this paper only takes the Kuaijishan Ancient Chinese Torreya as an example for
the sustainability evaluation of GIAHS, the system is not only applicable to this heritage
site, but also to many other sites in China and beyond. In the future, this evaluation index
system can be popularized worldwide to compare the sustainability of GIAHS sites
around the world and underpin the subsequent adjustment of their development models.

However, this paper has shortcomings in terms of indices and data. As the UN SDGs
are a large and complicated evaluation system, it is difficult to directly convert and
quantify the evaluation indices, and there are complex synergy and balance among them.
Due to the restricted access to data, the paper excludes indices for which data are not
available, which to some extent makes the indices less comprehensive. Different regions
and types of industry determine the selection of different evaluation indices. The
standardization and localization of the SDG indices and a unified evaluation system are
the prerequisites for further application of the SDGs in GIAHS evaluation. More inputs
should be devoted to statistical capacity building, and each SDG index data should be
processed and disclosed by different departments to reduce the incompleteness of the
evaluation due to missing data. In addition, this paper combines Delphi method with
AHP for building the evaluation system, which is somewhat subjective. In the future,
when more regions apply the SDGs to GIAHS evaluation or when more adequate data are
obtained, a combination of subjective and objective methods can be used to calculate the
weights of indices in the evaluation system. Meanwhile, the evaluation system will help
build a transnational cooperation platform for the global scientific research and protection
of GIAHS, promoting international exchanges and providing scientific basis for
multidisciplinary analysis [34].

5. Conclusions and Recommendations

Based on the matching analysis of the 232 indices of the UN SDGs with FAO-GIAHS
identification connotations, this paper shows the process and basic principles of
establishing the evaluation index system in accordance with the international focus on
sustainable development and existing FAO-GIAHS selection criteria system. The GIAHS
sustainability evaluation index system that takes into account economic, social and
environmental aspects and index weights are built through two selection processes and
expert systematic assessment, which provides an objective methodological reference for
evaluating the contribution of GIAHS to the achievement of the UN SDGs. Using this
index system to evaluate the GIAHS sustainability of the Kuaijishan Ancient Chinese
Torreya Community in Shaoxing City, Zhejiang Province shows that ecological
sustainability is the shortcoming of GIAHS conservation. The protection of environment
and biodiversity is particularly easy to be neglected.
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Future GIAHS conservation should focus on the following aspects: (1) establishing
GIAHS conservation implementation guidelines at the FAO and national levels, especially
conservation action guidelines on environment and biodiversity; (2) strengthening
regular GIAHS monitoring and assessment, and building a scientific monitoring and
evaluation index system as well as supervision and management mechanism for GIAHS
site conservation; (3) promoting science popularization of GIAHS conservation, and
raising the awareness of the public, especially the elderly, women and other key
protectors; (4) strengthening scientific research on GIAHS conservation and evaluation to
provide scientific and technological support for GIAHS protection and its international
comparison and exchange.
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