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Highlights:

= the findings can be used as a model for the sustainable management of land use for site development in other green spaces around the worldwide;

= the AHP-entropy weight approach and spatial econometric regression model can be used to investigate the direct and indirect influencing elements
of ecological sustainability;

= the ecological sustainability evaluation of the current state and the planning scenario can aid the planning of ecological space;

= implementing ecological sustainability assessment of land development and landscape design in mega-event processes is necessary.

Abstract. This study employs the AHP-entropy weight methodology and a spatial econometric regression
model to evaluate the ecological sustainability and its changes between the current situation and the plan-
ning scenario at the 2024 Chengdu International Horticultural Exposition in China. The results indicate a no-
table shift: a reduction in areas of low and highest sustainability and significant expansion in medium levels,
which spans 34.04 hm2. The transformation of village settlements, wastelands, and farmland into exhibition
gardens and water bodies is shown to bolster medium-level ecological sustainability by enhancing rain and
flood security and mitigating the risk of flood disasters. The development of Integrated Service areas will lead
to an increase in impervious surfaces. The anticipated forest loss, along with declines in vegetation coverage,
three-dimensional green volume, and vegetation carbon stock will adversely affect the highest sustainability.
The study identifies a robust correlation between ecological sustainability level and quantitative indicators,
with regression coefficients ranging from 0.5875 to 0.7148. This analysis provides policymakers with valuable
insights and directions for the sustainable planning and development of mega-events.

Article History:

= received 25 September 2023
= accepted 16 October 2024

Keywords: ecological space, habitats diversity, soil erosion intensity, sustainable development, planning scenario.

#These authors contributed to the work equally and should be regarded as co-first authors.
¥ Corresponding author. E-mails: shangkankan@163.com; huyonghong@csnbgsh.cn
®=Corresponding author. E-mails: penghongming@icbr.ac.cn; jiangzehui@icbr.ac.cn

1. Introduction

The International Horticultural Exposition (hereinafter re-
ferred to as EXPO) promotes the urban ecological para-
digm of harmonious coexistence between the city and
nature (Gao, 2020). The goals of the EXPO'’s construction
are to improve various aspects of the city, including urban
regeneration, the quality of life for citizens, the natural
ecosystem, the ecological environment (Wang, 2019), ad-
dressing climate change and enhancing human well-being

(Reyes-Riveros et al., 2021). Meanwhile, mega-events like
EXPO typically occupy a specific area of territory, consume
a large number of resources and energy, and exert a sig-
nificant impact on subsequent land use. Throughout the
EXPO’s life-cycle, the imperative of sustainable develop-
ment must be addressed, taking into account economic,
social, and environmental dimensions. The Liverpool EXPO
in England, for instance, managed to revitalize an aban-
doned location while efficiently utilizing spatial resources
(Clouston, 1984). Similarly, the 2006 Shenyang EXPO in
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China showcased an innovative approach by collecting
approximately 600 varieties of overwintering trees in the
open area to realize the transformation of new cities in
the ancient industrial city with “Harmonious Coexistence
with Nature” (Jin & Wang, 2006). Geo-technical engi-
neering technology and ecological engineering tech-
nology were integrated at the 2016 Tangshan EXPO in
China (Guo et al., 2016). The EXPO in Beijing in 2019 and
Yangzhou in 2021 have reached a new level of maturity,
adhering to the the principle of "minimizing destruction
of existing vegetation and protecting original trees as
much as possible”, thereby embodying an ecologically
friendly development strategy.

In 2015, the United Nations embraced the 2030
Agenda for Sustainable Development, which includes 17
Sustainable Development Goals (SDGs) and 169 specific
indicators (United Nations, 2015). These SDGs are de-
signed with a focus on alleviating poverty and cover a
diverse range of development, including environmental,
economic, and social issues (Eisenmenger et al., 2020).
Regarding the environment sector, a positive trend is
observed, with 17% of the SDGs-oriented environmental
indicators demonstrating a shift towards sustainability
over the past 15 years (United Nations Environment
Programme, 2019). The advancements in environmental
sustainability are poised to contribute to human prog-
ress (Schroder et al., 2020). These advancements can
be attributed to the expansion of terrestrial, mountain,
and marine protected areas, efforts to combat invasive
species, and significant progress in renewable energy
(Malay, 2021).

While the significance of SDGs for human survival
is widely recognized, the progress toward these objec-
tives remains slow in most countries (Yang et al., 2020;
Obaideen et al., 2022). Energy, finance, water resources,
agriculture, and other sectors have been evaluated at
both regional and national levels (Kuc-Czarnecka et al.,
2023). A study by Estoque et al. (2021) found that the
SDGs region in Europe and Northern America has the
lowest land-use efficiency. Urban expansion is widely
recognized as one of the most prevalent anthropogenic
drivers of city development, economic output, and pop-
ulation density (Zhong et al., 2023). The increasing de-
pendence on natural resources in developing countries
has unfortunately resulted in significant damage to local
ecosystem, environmental pollution and climate change,
especially in Asian countries (Cobbinah et al., 2015;
Kong & Khan, 2019). In China, although the resource-
dependent cities faced severe challenges for more effec-
tive actions of both economic transformation and land
consumption, the evolution of urbanization is heading
toward a more sustainable and coordinated process in
the implementation of 2030 SDGs (Jiang et al., 2021).
Kaorngv et al. (2020) and Del Campo et al. (2020) have
shown how SDGs can be used to ensure that strategic
goals are taken into account in environmental assess-
ment processes while still maintaining their essence

within the traditional framework. This demonstrates a
tendency to focus on positive impacts and a wide varia-
tion in how contributions to the SDGs are evaluated and
presented (Boess et al., 2021). Thus, exploring the inte-
gration of SDGs in other types of evaluation processes,
such as sustainability evaluations, may also provide new
insights.

One approach involves establishing a framework for
analyzing sustainability by collecting data on various
SDG indicators and statistically assessing the sustain-
ability and progress of different regions (Xu et al., 2020;
Zhang et al., 2020). There has been substantial research
on sustainability evaluation in various contexts, includ-
ing global (Sarkodie, 2022), national (Zhang et al., 2021),
regional (Pandey & Asif, 2022), and city (Mauree et al.,
2019) levels. Academics have recently conducted thor-
ough research on evaluating of sustainability at even
smaller scales, including industrial parks (Valenzuela-
Venegas et al., 2016), pilot zones (Li et al., 2021), and
communities (Berardi et al.,, 2013). The evaluation of
ecological sustainability using SDGs-oriented indicators
at the scale of a mega-event site has not been reported.

The equal weight approach (van Asselt et al., 2015),
the entropy weight method (Tai et al,, 2020), and prin-
cipal component analysis (Gatto & Busato, 2020) are
the three most commonly used methodologies for sus-
tainability assessment. It is important to note that the
sustainability ratings derived from these different tech-
niques can exhibit considerable variation. Numerous
economic analysis techniques, including the ordinary
least squares model, the geographical lag model, and
the spatial error model, can be utilized to determine the
impact of variables on changes in sustainability (Zhou
et al., 2018). The spatial lag model and the spatial error
model can both account for the spatial effects of the
ecological service value and avoid estimation errors by
incorporating the spatial matrix (Liu et al., 2019; Yoo
& Ready, 2016). The ordinary least squares model, in
contrast, disregards the spatial auto-correlation of the
ecological service value. According to the findings of a
study, the spatial lag model fits these data through spa-
tial auto-correlation better than the spatial error model
in terms of spatial auto-correlation (Zheng et al., 2021).
To explore the inter-regional relationships between lev-
els of ecological sustainability and their driving factors,
employing a spatial lag model is a viable approach.

Therefore, a SDGs-oriented evaluation of the ecologi-
cal sustainability of international horticultural exposition
sites in Chengdu, China have been conducted. An inte-
grated evaluation system has been established which is
comprised of 14 indicators by SDGs-oriented AHP-entro-
py weight methodology, coupled with a spatial econo-
metric regression model. The objectives of this study are
1) to evaluate ecological sustainability and its changes
between the current situation and the planning scenario,
2) to identify its driving factors and 3) to provide guid-
ance for sustainable development mega-events.
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2. Material and methods

2.1. Overview of the study area

The Chengdu EXPO site is located in the eastern New Dis-
trict of Chengdu, Sichuan Province, China, along the eco-
logical corridor of the Jiangxi River (Figure 1). Because of
its subtropical location, Chengdu experiences a subtropi-
cal monsoon climate. The average annual temperature is
17.2 °C, and the annual rainfall is 752.0 mm. In 2022, the
highest temperature ever recorded was 41.4 °C (Zhou,
2021). The amount of rainfall has increased recently and
is expected to reach a total of 1404 mm in 2020. In the
spring and summer, drought often occurs 65% and 90%
of the time, respectively.

The gentle hills that comprise the majority of the EXPO
site’s topography vary in elevation from 420 to 430 meters.
The Jiangxi River's width ranges from 24 to 30 meters, and
its water level decreases from 418.8 meters in the west to
415.0 meters. Its soils consist of silty clay mud-stone and
argillaceous rock, with a pH of 7.07 to 8.31. Its vegeta-
tion types mainly include coniferous forests, broad-leaved
forests, shrub forests, and bamboo forests, as well as rice
crop plantations.
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2.2. Site planning

The site of the Chengdu EXPO has a total planning area of
242.2 hm2. Farmland, villages, forests, water bodies, nurs-
eries, and wasteland are different land use situations that
can be distinguished thorough UAV aerial photography
image interpretation and field investigation. One belt, one
ring, three axes, and four groups served as the primary
planning theme for the site. It consisted of six pavilions,
seven districts, and 100 gardens (Figure 2). The EXPO site
was divided into several partitions, including the Park City
Exhibition (26.5 hm?), the International Horticultural Exhi-
bition (19.4 hm?), the Tianfu Habitat Exhibition (40.2 hm?),
the Children’s Dream World Park (64.2 hm?2), the Future
Horticultural Exhibition (19.9 hm?), the Chinese Horticul-
tural Exhibition (30.3 hm?2), and the Integrated Service
(41.7 hm2).

Presently, the forest occupies the majority of the avail-
able land, with a distribution area of 110.47 hm?, ac-
counting for 45.61% of the total area. Farmland, nurser-
ies, wasteland, and water bodies made up the remaining
forms of land use, with proportions of 19.17%, 11.34%,
9.86%, and 3.07%, respectively. The wasteland is pri-
marily occupied by rural roads and village settlements.
Farmland accounted for 57.26% of the total reduction
in land use in the planning scenario, mainly occurring
in the International Horticultural Exhibition, the Tianfu
Habitat Exhibition, and the Future Horticultural Exhi-
bition. The visible increase in land use is in the water
body, which has nearly tripled in size. This mainly oc-
curred at the Children’s Dream World Park, the Future
Horticultural Exhibition, and the Chinese Horticultural
Exhibition. The forest area also decreased to 11.99 hm?,
primarily in the Future Horticultural Exhibition and the
Chinese Horticultural Exhibition. The transformation of
land use in the Tianfu Habitat Exhibition is evident in its
public spaces. More detailed information on land use in
each partition is shown in Table 1.

Fabitat exbivicion bl
, Legend
Planning zoning
Park City Exhibition Area
[ | International Horticultural Exhibition Area
| Tianfu Habitat Exhibition Area
[ Children’s Dream World park Area
Future horticultural Exhibition Area
[ Chinese Horticultural Exhibition Area
[ Integrated Service Area

Figure 2. Planning scheme framework of the Chengdu EXPO
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Table 1. Land use cover and change between current situation and planning scenario
Current situation (hm?) Planning scenario (hm?)
Partitions Farm- Forest | Nurserv | Village Water | Waste- Farm- Forest Flowers | Exhibition | Water | Public
land Y 9 body land land sea garden | body | space
Park City Exhibition 7.45 11.76 0.00 239 | 124 3.66 331 10.56 | 0.34 2.84 276 | 6.69
International Horti- 419 | 924 | 000 | 360 | 000 | 238 000 | 763 | 398 | 534 | 114 | 130
cultural Exhibition
Tianfu Habitat 1379 | 1631 | 000 | 750 | 110 | 150 000 |1567| 000 | 1170 | 247 | 1035
Exhibition
Children’s Dream 1129 | 2035 | 1736 | 811 | 105 | 604 999 | 3041 858 347 | 717 | 458
World Park
Future Horticultural 263 | 1418 | 110 | 134 | 064 | 000 000 | 792 | 026 | 479 | 645 | 049
Exhibition
Chinese Horticultural | oo | 5176 | 349 | 052 | 235 | 160 000 | 644 | 099 | 1179 | 958 | 150
Exhibition
Integrated Service 651 | 1685 | 553 305 | 105 | 870 6.55 | 19.84 | 5.18 016 | 0.00 | 9.97
Total 4644 | 11047 | 2747 | 2651 | 743 | 2388 19.85 | 9848 | 1934 | 4009 |2957 | 34.87

2.3. Establishment of an evaluation index
system

2.3.1. Indicators of sustainability

The evaluation system for ecological sustainability, which
is oriented towards the Sustainable Development Goals
(SDGs), contains 14 indicators across four dimensions:
water ecology, biodiversity, soil protection, and site de-
velopment. This system was established for comparison
purposes (Table 2). In terms of water ecology, the density
of the water network, the pattern of rainfall safety, and
the distribution of water buffers corresponding to SDG 6.6
in SDGs 6 (Clean water and sanitation) were selected to
reflect the health status of the water ecosystem and the
potential impact of their planning scenario. In terms of
biodiversity, habitat diversity, habitat fragmentation, veg-
etation cover, and naturalness of the forest network cor-

responding to SDG15.1, SDG15.3, and SDG15.4 in SDGs15
(Life on land), these factors were chosen to represent
the protection, restoration, and promotion of sustainable
use of terrestrial ecosystems. In order to reflect the abil-
ity to mitigate climate change, the following factors were
chosen to represent SDG13.1 in SDGs13 (Climate action):
soil protection, soil erosion intensity, flood risk intensity,
drought risk intensity, and geological hazard risk intensity.
In terms of site development, the intensity of landscape
development, three-dimensional green volume, and veg-
etation carbon stock corresponding to SDG15.4 in SDGs
15 (Life on land) and SDG11.3 in SDGs 11 (Sustainable cit-
ies and communities) were selected to reflect sustainable
residential planning and management capacity (Backes &
Traverso, 2022). More details on the interpretation of in-
dicators and the impact of the direction of 14 indicators
are shown in Table 2.

Table 2. Evaluation index system of ecological sustainable development for Chengdu EXPO site

Dimension Indicator (code) Indicator interpretation SDGs Data Trend
(code) sources
Water network density Length of rivers per unit area, abundance of natural river SDH6.6 ad N
cn resources
Water Rainfall safety pattern Influenced by extreme rainfall, topography, and land use SDH6.6;
Ecology acde +
(B1) (C2) types SDG13.1
Distribution of the water | Ecological protection potential, calculated and obtained SDH6.6 e N
buffer zone (C3) according to different corridor widths ’
Habitat diversity (C4) Complexity of ecological patches, Shannon index calculated SDG15.5 abe .
by Fragstats
Habitat fragmentation Ratio of patch number to total area of total habitats,
T . . SDG15.5 abe -
Biodiversity | (C5) expressed by the complexity of spatial structure
(B2) . Percentage of vegetation cover areas, calculated by the
Vegetation cover (C6) normalized vegetation cover index (NDVI) SDG15.1 ae *
Naturalness of the forest . . e SDG15.3;
network (C7) Relative density of natural and artificial forests <DG154 abe +
. Soil erosion intensity Multiple factors influence soil physical and chemical SDH6.6; acde _
Soil . (C8) properties, rainfall, topography, and vegetation cover SDG13.1
protection SERT
(B3) Flood risk intensity (C9) | Influenced by topography, flood flow, and other factors SDG15.3’ acde -
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End of Table 2

Dimension Indicator (code) Indicator interpretation SDGs Data Trend
(code) sources
Drought risk intensity Multiple factors influence climate, rainfall, the physical and | SDG13.1; acde _
(C10) chemical properties of soil, and topography SDG15.3
_Geologlcal hazard risk Influenced by water-soil interaction and human activities SDG15.3 acde -
intensity (C11)
Intensity of landscape Impact of human activities on ecosystem health,
y P determined by site planning and design of roads, SDG11.3 ae -
development (C12) o 2
exhibition areas, and activity sites
Site
develop- Three-dimensional green | Spatial structure and ecological benefits of woodland, SDG154 abe .
ment volume (C13) influenced by the development of woodland ’
(B4)
Vegetation carbon stock | Carbon stock and carbon sink of woodland, influenced by
(C14) the development of woodland sDG154 abe *

Note: a, high-definition aerial images of 2022; b, vegetation investigation; ¢, Digital Elevation Model (DEM); d, official statistical records; e, overall planning

scheme; +, positive direction; —, negative direction.

2.3.2. Data collection

For this study, we assembled a comprehensive data under
current conditions and planning scenarios, drawing from
five distinct source (as detailed in Table 2). These included
the high-resolution aerial images of 2022, vegetation in-
vestigation, authoritative statistical records, Digital Eleva-
tion Model (DEM), and an overall planning scheme. The
high-resolution aerial imagery was obtained through RGB
drone photography. The DEM data were extracted from
the AutoCAD files of the Chengdu EXPO'’s plant, utilizing
ArcGIS 10.8 software. Within the soil protection dimension,
the four indicators leveraged Normalized Difference Veg-
etation Index (NDVI), derived from the analysis of high-
resolution aerial images using ENVI 5.3 software. Field in-
vestigations conducted in the summer of 2022, three-di-
mensional green volume and vegetation carbon stock per
square area were obtained using the typical plot method.
Additionally, information regarding water systems, rainfall,
and extreme rainfall events was sourced from the literature
published by Lu et al. (2021).

2.3.3. Data normalization

The 14 indicators that represent the role of ecological sus-
tainability are expressed in Table 2. The values of each
indicator should be standardized using the membership
function method. The indicator presented positive direc-
tion was adopted by Equation (1), while negative direction
was adopted by Equation (2), respectively.

~ xij—min(xj) .
yij_max(xj)—min(xj)' 0

max(xj)—x

Y

where Xx; is the statistical value of indicator j for county

and Yij is the standardized value for X;j. Max (x)) and min x;

Y= ! (2)

are the maximum and minimum values of the jth indicator,
respectively.

2.3.4. Indicator weight determination

In general, weight allocation methods could be broadly
classified into two different categories: subjective judg-
ment and objective calculation (Tripathi & Singal, 2019).
In this study, a weighted sum methodology based on the
analytic hierarchy process and entropy theory (the AHP-
entropy weight methodology) was proposed to identify
the 14 indicators of ecological sustainability. It makes the
evaluation result more accurate and objective (Xiao et al.,
2022).

Firstly, the discriminant matrix was established by hi-
erarchical analysis using Equation (3), and the weights of
each factor were calculated by the sum-product meth-
od using Equation (4) and passed the consistency test
(CR < 0.1), and finally, the weights of each index were
obtained.

n
Y :m (j=1,2..n) ®

T
Wih=—— (@)

2,0

where T); represents the NTH power root of the product of
each row of elements of the discriminant matrix. n is the
number of evaluation indicators. F;\,]- is the scalar value
obtained by comparing the relative importance of the ith
factor with the jth factor, and Wﬂ is the calculated factor
weight.

Secondly, the information entropy (e)) for each indica-
tor can be obtained using Equation (5).

n
=

Inn

©)

e =
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n .

where p; = y;/ 21:1}/"1" If p;j = 0, then define
lim p;Inp; = 0.nis the number of units of evaluations.
p[-jaO

The information entropy redundancy (d) can be ob-
tained using Equation (6). The weight of each indicator (w;
can be obtained using Equation (7). The aggregate index
(Al) for each country can be obtained using Equation (8).

dj =1—ej; (6)
d.
w;=—2r—; @)
Zj:1dj
« 8
Al = Zj:1pywj. (8)

Thirdly, the average value obtained by the analytic hi-
erarchy process and entropy method is taken as the com-
prehensive weight using Equation (9).

W.,+W.
N2
w; = > . 9)

2.3.5. Evaluation method

The ecological sustainability evaluation level of each in-
dicator at different dimensions was determined by Jenks
natural breaks classification method, which was arranged
into different classes (Chen et al., 2013). The evaluated
scores of each indicator were classified into low, medium,
high, and highest levels according to the reference by
Wang et al. (2022).

2.3.6. Exploration of influencing factors for ecological
sustainability

Many econometric analysis models including the ordinary
least squares model (OLS), spatial lag model (SLM) and
spatial error model (SEM) can be used to identify influ-
encing factors for the changes of ecosystem service value
(ESV) (Zhou et al.,, 2018). The OLS method ignores the spa-
tial auto-correlation of the ESV. In contrast, the SLM and
SEM effectively incorporate the spatial dynamics of ESV
by integrating a spatial matrix, thereby mitigating estima-
tion biases (Liu et al., 2018; Yoo & Ready, 2016). These
models, SLM and SEM, demonstrate superior performance
over OLS in scenarios involving data with spatial auto-cor-
relation. A recent study by Zheng et al. (2021) indicates
that the SLM provides a more accurate fit compared to
the SEM. Consequently, all data processing was conducted
using the SLM within Excel 17.0 and ArcGis 10.8.

The spatial relationships between the levels of ecologi-
cal sustainability and 14 indicators, within the context of
the planning scenario, were analyzed by the SLM, utiliz-
ing the GeoDa 1.14 software (Zheng et al., 2021). In this
analysis, the comprehensive assessment level of ecological
sustainability was designated as the dependent variable,
with the 14 indicators serving as independent variables.
The validity of the findings was further substantiated by

regression correlation coefficients, as delineated in Equa-
tion (10).

E, =pof, +BF +g, (10)

where E, is the ecological sustainability level in grid x; p
is the spatial lag parameter in spatial lag model; ® is the
spatial weight matrix of the lag terms and error terms;
B is the parameter revealing the correlation between the
ecological sustainability level and driving factors; F is the
value of driving factors; and ¢ is a constant.

3. Results

3.1. Level of ecological sustainability at site
scale

Changes in the level of ecological sustainability at this
EXPO site would occur as a result of changes in land use
and land cover differences between the current situa-
tion and the planning scenario (Figure 3). In compari-
son to the current situation, the area with low levels of
ecological sustainability for the planning scenario would
decrease by 46.54%, while the area with the highest lev-
els would decrease by 28.41%. On the other hand, the
area with medium levels would increase by 71.43%, and
the area with high levels would increase by 2.80%. The
poor levels of ecological sustainability are primarily con-
centrated along the riparian areas of the Jiangxi River
and in village settlements in the southwest regions of
the current scenario (Figure 4). The area with medium
ecological sustainability has mainly been converted from
village settlements in the southwest of this site. Addi-
tionally, riparian reinforcement has been implemented
throughout the entire site, including parts of the high-
level forests in the south.
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Figure 3. Changes in area at different levels between
current situation and planning scenario

The sustainability level of seven partitions would be
represented by various adjustments, either increasing or
decreasing, in the planning scenario (Table 3). The degree
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Figure 4. Spatial distribution of sustainability between current situation and planning scenario

of sustainability varies greatly, particularly in the Integrat-
ed Service, which includes features with a proportion of
low to high levels greater than 10%. The proportion of low
and medium sustainability levels is primarily presented as
sluggish, while the proportion of high and highest sustain-
ability levels is either slow or unchanged. The sustainabil-
ity level in the International Horticultural Exhibition and
the Tianfu Habitat Exhibition either experienced minimal
changes or remained unchanged.

3.2. Level of ecological sustainability at four
dimensions

On a four-dimensional scale, the proportion of ecological
sustainability would shift significantly between the current
situation and the planning scenario (Figure 5). In contrast
to the current situation, the area of medium-level water
ecology would decrease by 41.38%, while the area of low-
level biodiversity would decrease by 14.00%. Low-level
soil protection increased by 5.48%, while highest-level soil
protection declined by 9.17%. Under the current situation,
the areas with the highest levels of biodiversity and site
development are predominantly found in nurseries, farm-
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Table 3. Changes in the ranking of the aggregate index
between current situation and planning scenario

Partitions Low | Medium | High | Highest
Park City Exhibition (PC) ! I 1 1
International Horticultural
Exhibition (IH) ! © ! ©
Tianfu Habitat Exhibition
(TH) ! l (@) O
Children’'s Dream World L L 1 N
Park (CD)
FutL.lrc_e.HomcuItural L ! 1 N
Exhibition (FH)
Chinese Horticultural
Exhibition (CH) ! ! ! ©
Integrated Service (IS) 1 ) 1 )

Note: 1 proportion up (1%~10%); 11 proportion up (>10%); | proportion
down (1%~10%); 11 proportion down (>10%); O remaining unchanged.

lands, and wastelands in the southern region. The area
with medium-level water ecology, low-level biodiversity,
and highest-level site development was primarily con-
verted from forest on both the north and south sides of

Soil protection Site development
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Figure 5. Ecological sustainability at four dimensions between current situation and planning scenario
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the river. Both banks of the river and the farmlands to the
northeast of the site contributed to the transformation of
the high-quality soil-producing area.

The sustainability level in four dimensions of seven
partitions of the planning scenario was presented, show-
ing various tendencies of change (Table 4). Each high-lev-
el region of the partition was mostly transformed into a
medium-level water ecology area. The Integrated Services
underwent the biggest changes, totaling 10.66%. Low-level
biodiversity areas and soil protection areas both showed
significant increases of 4.85% and 2.38%, respectively. The
level of soil protection in the Children’s Dream World Park
was significantly reduced throughout the entire site, re-
sulting in a 3.94% decrease in the area of high and high-
est-level soil. The medium-level area of site development
is influenced by both lower and highest levels. The transi-
tions between the seven partitions were often seamless in
other respects.

3.3. Level of ecological sustainability at the
indicator scale

Different degrees of changes in land use cover and change
would have an impact on the ecological sustainability level
(Table 5). In contrast to the current situation, there was a
minor increase in the risk level of indicators with a negative
impact trend, but a decrease in habitat fragmentation from
3.28 to 0.18. There was a significant reduction of 1.40 m3
and 1.94 m3 per unit area in the three-dimensional green
volume and carbon storage, respectively. Under the current
situation, the areas with high-level of habitat fragmentation
are primarily found in the forests on both sides of the moun-
tain. The forest land on the southern parts and both sides
of the Jiangxi River mostly experiences a decline in three-
dimensional green volume and vegetation carbon stock.

Table 5. Compares the scores on an indicator scale between
current situation and planning scenario

Table 4. Changes in scores at the four dimensions between Average value per unit area
current situation and planning scenario Indicator Current Planning
Dimen- situation scenario
Partitions sion Low | Medium | High Highest Water network density
m/km?) 5.86 6.09
B1 -0.008 0.041 -0.033 0.000 mainfall saf
ainfall safety pattern
Park City B2 0.014 | -0.004 | -0.008 | -0.002 @ levels) s 3.15 3.44
Exhibition B3 -0.012 | -0.004 | 0010 | 0.006 Distribution of water 549 180
B4 | -0.001 | 0009 | 0.005 | -0.014 buffer zone (m) ' '
Interna- - -
tional Horti- B2 0.010 0002 | -0.009 | -0.004 Habitat fragmentation 3.28 0.18
cultural B3 0012 0.007 20015 | -0005 Vegetation cover (-1~1) 0.97 0.68
Exhibition
B4 | 0009 | 0001 | -0001 | -0.008 Naturalness of forest 0,04 -0.04
network (-1~1)
. B1 -0.011 0.065 -0.057 0.002 Soil erosion intensity 103 502
L'agft“ . B2 0.035 | -0.010 | -0.013 | -0.010 (@ levels) : :
apita N N .
Exhibition B3 0.011 -0.012 | -0.001 0.005 aolzse'i':)k intensity 2.01 249
B4 | -0010 | 0020 | 0002 | -0.013 S
B1 | -0.031 | 0099 | -0.073 | 0004 o g risk intensity 230 230
gfr‘!:rf” s B2 | 0004 | 0010 | -0014 | 0.000 Geological hazard risk 05 e
World Park B3 0.020 | 0017 | -0.021 | -0.019 intensity (4 levels) ‘ '
B4 0020 | -0.007 | 0003 | -0016 Intensity of landscape
0.50 0.63
B1 -0.006 0.031 -0.029 0.003 development (4 levels)
Future . : . . Three-dimensional green
Horti- B2 0.004 | -0.001 | -0.007 | 0.003 volume (m?) 4.33 293
Eu:}gi] B3 0.008 | 0001 | -0.004 | -0.005 Vegetation carbon stock 203 509
On . .
S B4 | 0000 | 0003 | 0007 | -0.011 (m?)

) B1 -0.009 | 0.034 | -0.026 | 0.001 S -
Chinese i~ 0.025 0,002 0023 | 0001 The sustainability indicators for the seven partitions
HC::tI- | - e e : would be displayed in the planning scenario with vari-
Eihil:)riztiion B3 -0.010 | 0.009 0008 | -0.004 ous modifications (Figure 6). The Tianfu Habitat Exhibi-

B4 0.008 | -0.003 | 0011 | -0.015 tion exhibits a significant change in the 14 indicators. The

B1 -0.001 | 0.107 | -0.103 | -0.002 highest shift rang among them was 0.4 increase in the

Integrated B2 0.048 | -0014 | —0023 | 0012 naturalness of the forest network and a 0.17 rise in the
Service B3 0024 | 0006 | —0.021 | —0013 intensity of landscape development. The carbon storage
- 0019 | 0,033 0.000 0016 per unit area has decreased by 2.50 m3, which is signifi-

e . . e cantly higher than the typical level for this site. The water

Note: Value =V (the planning scenario) — V (the current situation).

network density has risen by 68% and the risk intensity of
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Figure 6. Level changes at an indicator scale between current situation and planning scenario

geological disasters has dropped by two degrees, resulting
in significant improvements to the Children’s Dream World
Park. 14 indicators from the remaining 5 partitions change
only slightly, typically shown a downward tendency in the
positive trend indicators and an upward trend in the nega-
tive indicators. Positive trend indicators include significant
decrease in three-dimensional green volume and carbon
storage in vegetation. The vegetation carbon storage in
the International Horticultural Exhibition was decreased by
5.30 m2. A significant change in the single index occurred
at the Chinese Horticultural Exhibition and the Integrated
Service. In the former, the number of habitats per unit
area were decreased by 2.49, and in the latter, the average
vegetation coverage was less than 0.

3.4. Correlation between the ecological
sustainability and indicators

The fluctuations in the ecological sustainability indicator
exhibit a spectrum of impacts, primarily on the trend of
influence and its association (Table 6). In contrast to the
current situation, water ecological and site development

are strongly correlated to overall ecological sustainability.
The intensity of landscape development (C12) is a sub-
stantial negative association among them. The ecological
sustainability level would decline by 0.2502% for every 1%
rise in intensity. The rainfall safety pattern (C2), distribution
of water buffer zone (C3), three-dimensional green vol-
ume (C13), and vegetation carbon stock (C14) showed the
highest increase, with each 1% increase contributing to a
0.1653%, 0.0733%, 0.0642%, and 0.0836% improvement in
ecological sustainability level, respectively. There are sig-
nificant positive associations with the naturalness of the
forest network (C7) in Children’s Dream World Park and
Future Horticultural Exhibition. Each 1% increase in natu-
ralness would enhance the ecological sustainability level
by 0.0562% and 0.1204%, respectively. There are signifi-
cant positive relationships between the intensity of land-
scape development (C12) in the Chinese Horticultural Ex-
hibition and Integrated Service and the ecological sustain-
ability level. Specifically, for each 1% increase in landscape
development, there is a corresponding enhancement of
0.3950% and 0.3814% in ecological sustainability, respec-
tively. Tianfu Habitat Exhibition and habitat fragmentation
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(C5) have a significant inverse relationship, with each
1% increase resulting in a decrease in ecological sustain-
ability by 1.4310%. In terms of soil protection dimension,
the importance of each partition is minor.

4. Discussions

While past and present studies offer valuable insights into
land use planning and management, analyzing land use
cover and change, as well as changes in ecological sus-
tainability, from a predictive perspective can provide early
warnings and facilitate more informed decisions (Sannigra-
hi et al., 2020; Zheng et al,, 2021). Furthermore, predicting
future landscape patterns and assessing ecological service
values under various scenarios are crucial for planning and
policy design, aiming to balance diverse development and
conservation goals (Li et al,, 2021). Traditional spatial plan-
ning studies have been categorized into setting planning
targets, spatial patterns analysis, and the comparison and
selection planning schemes (Dong et al., 2022). However,
the sustainability of site planning has often been over-
looked, and comprehensive research on future landscape
prediction is scarce, particularly concerning how ecological
service value responds to landscape changes across multi-
ple scenarios (Kim & Kwon, 2021; Zheng et al., 2021). The
variations in landscape patterns between the current situ-
ation and the planning scenario were used in this study to
evaluate ecological sustainability using quantitative meth-
ods. This has high assessment accuracy and can success-
fully handle the complexity and ambiguity of converting
between different types of landscapes.

Mega-events like the EXPO often occupy a specific
amount of land, which can reactivate abandoned lands
and provide a sustainable paradigm for the coexistence
of humans and nature (Gao, 2020; Han et al., 2020). Due
to its dependence on the spatiotemporal scale, it is chal-
lenging to establish a universal standard for ecological
sustainability evaluation (Peng et al., 2011). Land use cover
and change are very complicated processes that are influ-
enced by a variety of factors (Zheng et al.,, 2021). Many
sustainable landscape evaluations have employed a spa-
tial overlap approach, focusing on individual landscape
elements, identifying hotspots, and often ignoring trade-
offs and synergies among assessment indicators (Fentaw
et al,, 2022). This paper proposes an improved technique
for assessing local ecological sustainability in accordance
with the SDGs. A subset of 14 indicators related to water
ecosystems, biodiversity, soil protection, and site devel-
opment were also included in the United Nations' (2015)
Millennium Development Goals (Griggs et al., 2014). The
AHP-entropy weight methodology and spatial economet-
ric regression model utilized in this study eliminate the
subjectivity of general landscape pattern prediction be-
cause ecological sustainability can only be adequately de-
fined with reference to specific spatial and time scales. The
regressive correlation influencing the outcomes between
ecological sustainability level and quantitative indicator

ranges from 0.5875 to 0.7148 (Han et al., 2020; Xing et al.,
2021). This approach would demonstrate the alignment
with landscape characteristics and its validity.

The Children’s Dream World Park, the Future Horticul-
tural Exhibition, and the Chinese Horticultural Exhibition all
showed an improvement in their medium level of ecologi-
cal sustainability, as indicated by the findings of the study.
Moreover, the ratio of low to high ecological sustainability
has decreased (Figure 3). The construction of public spac-
es and exhibitions, as well as forest destruction, primarily
accounts for the decline at the highest level. Conversely,
the transformation of cropland and forest into water bod-
ies is mainly responsible for the increase in medium and
decrease in the low level, consistent with Li et al. (2022).
The primary cause of ecological sustainability decline is
the conversion of agricultural and forested areas into
construction sites, including the creation of impervious
surfaces such as roads, buildings, and public spaces. Re-
vetment reconstruction can enhance the water ecological
environment and preserve the natural resilience of riparian
habitats (Martinez-Fernandez et al., 2017). However, Miiller
(1998) also noted that the loss of natural disturbances in
riparian ecosystems due to civil engineering interventions
is a primary causes of biodiversity decline. Thus, sustain-
able land use in the planning scenario can achieve ecologi-
cal stability and habitat integration.

Direct and indirect driving factors can be broadly
categorized into two groups (Zheng et al,, 2021). Direct
variables are connected to changes in landscape patterns,
given the significant role of ecological landscape types
such as wetlands, forests, and grasslands in providing
essential ecological services. It is crucial to create and
improve multifunctional landscape patterns to maximize
the effectiveness of multiple SDGs and enhance human
well-being (Wang et al., 2021). Consequently, changes
in landscape patterns significantly alter the ecosystem’s
structure and function (Liu et al, 2019). The landscape
is shaped by socioeconomic and environmental process-
es that have an indirect impact on ecosystems, such as
climatic conditions, urbanization, economic expansion,
infrastructure, and policies for ecosystem preservation
(Aretano et al., 2013; Song et al,, 2021). This study pri-
marily utilizes the rate of land use transitions and their
ecological safety. Comparatively, water ecology is a main
driver of both the highest and lowest levels of ecologi-
cal sustainability. Site development is a key factor con-
tributing to the increase in ecological sustainability, sup-
ported by a study conducted by Marques (2001), which
found that human activities exert pressure on ecosys-
tems, leading to a reduction in biodiversity and threats
to ecosystem integrity. The spatial econometric analysis
shows the correlation between water and site develop-
ment to be significant in demonstrating the impact of
landscape type changes on ecological sustainability. The
Future Horticultural Exhibition was a key site for observ-
ing significant changes in water ecology, with ecological
sustainability levels closely linked to both the pattern of
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rain and flood security (C2) and the risk of flood disasters
(C9). Farmland reduction and increased regional water
purification service capacity are the primary factors con-
tributing to the improvement of ecological sustainability
levels. Changes in the proportion of farmland, forest, and
construction land affect the water ecological environment
(Li et al., 2021). The International Horticultural Exhibition,
Tianfu Habitat Exhibition, Children’s Dream World Park,
and Chinese Horticultural Exhibition have all undergone
significant site development changes. The vegetation
coverage (C6), three-dimensional green volume (C13),
and vegetation carbon stock (C14) of the four divisions
are all strongly associated with the level of ecological
sustainability. Plant production in terrestrial ecosystems
is affected by forest land conversion and planned land
development, which are the primary causes of the dete-
rioration in ecological sustainability levels (Li et al., 2022).

5. Conclusions

The contemporary value in event planning is to host
large-scale events with a commitment to social and
environmental responsibility, encompassing proactive
sustainable management and operations. The ecological
sustainability of the Chengdu EXPO site in 2024, which
promotes the concept of peaceful cohabitation between
the city and nature, has been evaluated and compared
in this study, considering both the current state and the
planned scenario. The level of ecological sustainability
and its changes are assessed using a collective evalua-
tion system that includes 14 indicators. This assessment
is done within the context of the AHP-entropy weight
technique and spatial econometric regression model.
This study provides guidance and recommendations for
the practical implementation of the planning, charting a
course for ecologically sustainable development at the
Chengdu EXPO site. The land use pattern and landscape
cover are projected to evolve, with village settlements,
wasteland, and farmland transforming into exhibition
gardens and water bodies, thereby enhancing flood risk
management (C9) and rain and flood protection meas-
ures (C2), and increasing ecological sustainability. How-
ever, site expansion will increase the impervious sur-
face, particularly in areas of Integrated Service and for-
est loss, potentially reducing vegetation coverage (C6),
three-dimensional green volume (C13), and vegetation
carbon stock (C14), and impacting the maximum level
of ecological sustainability.

This research technique is based on current situation
and planning scenario, and it takes into account natural
factors, site development, and environmental circum-
stances. It is adaptable for widespread used in future
studies evaluating the ecological sustainability of large
urban green spaces. The study’s accuracy is poised for
enhancement in future evaluations by integrating soil
and water quality assessments and utilizing multi-spec-
tral remote sensing images for vegetation extraction.
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