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An approach based on ecosystem
services for assessing progress
towards sustainable development
goals at both national and
provincial levels in China

Ying Huang?, Ao Kang?, Zhuoting Jiang?, Jin Li3, Yingjie Ma**, Xiaoyu Gan? & Bo Zhou?

Ecosystem services (ESs), the benefits nature provides to people, are an important basis for fulfilling
sustainable development goals (SDGs). Therefore, an ES-based approach will help deepen our
understanding of the relationships between natural systems and human well-being and provide co-
benefit pathways for sustainable development. However, monitoring progress towards achieving the
SDGs based on the contributions of ESs to SDGs is lacking. Using the linkages between ESs and SDGs,
this study quantified progress towards the SDGs in China from 2000 to 2020 and determined future
development priorities at both the national and provincial levels. Our results indicated that (1) during
the period 2000-2020, China showed decreasing trends in the 11 SDGs and SDG index scores; (2) there
were significant differences in the scores for SDGs and the SDG index across 31 provinces; (3) SDG
3,SDG6, SDG11, SDG13, and SDG15 were recognized as the highest national priorities, concerning
health and environment; and (4) 31 provinces faced diverse economic, social, and environmental
development challenges. The ES-based approach may assist policy-makers in monitoring and
comparing progress towards the SDGs in an integrated and composite way, prioritizing local action,
and providing a scientific basis for formulating policies to achieve SDG implementation.

Keywords Sustainable development, Sustainable development goals, Performance assessment, Ecosystem
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Having noted that ecological and social issues are becoming increasingly critical and urgent, the 2030 Agenda
for Sustainable Development was officially launched by the United Nations Sustainable Development Summit
in September 2015. It consists of 17 universal sustainable development goals (SDGs) with 169 nested targets to
ensure a balanced and sustainable future in social, economic, and environmental dimensions'. Several countries
around the world have adopted the SDGs as a holistic framework for addressing local pressing development
issues faced by humans, such as food insecurity, gender discrimination, environmental pollution, and ecological
degradation®. To turn SDGs into problem-solving tools, it is essential to objectively assess progress towards
achieving the SDGs, which can have a direct impact on tracking human efforts towards sustainability and
support locally relevant policies, strategies, and programs that incorporate social, economic, and environmental
dimensions?. In this view, SDG performance assessment is a consensus in the international community, as well
as a common action.

Numerous studies have monitored the regional performance of the SDGs by constructing assessment
indicator frameworks*®. As an example, Allen® developed an SDGs assessment framework and assessed national
progress towards the SDGs in Australia through 86 SDG targets and 144 corresponding indicators. Huan’
constructed a complete indicator framework and utilized 108 indicators to assess progress towards achieving
four-dimensional SDGs, including society, economy, environment, means of implementation, and cooperation,
in 15 countries along the “Belt and Road” In a study by Xu®, an framework comprising 17 SDGs and 119
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corresponding indicators was used to measure spatio-temporal progress towards all SDGs in China during
2000-2015. However, the relevant (and available) data on which these indicators are based are mainly provided
by statistical agencies, resulting in inconsistent statistical standards and methodologies’. As a consequence, the
current SDG assessment fails to adequately reflect the potential trade-offs between the environment and human
society, which in turn hinders the eventual realization of the SDGs in an integrated manner.

In recent years, several studies have demonstrated using composite indicators that integrate data from
the biophysical, social, and economic spheres can help monitor the status of SDGs. As one of the composite
indicators, the ecosystem service (ES) indicator is based on comprehensive environmental and socio-economic
data with integrated biophysical and socio-economic characteristics in coupled human-nature systems!®!!. ES
indicators are capable of providing information about how natural resources contribute to human well-being!>13.
Therefore, the ES-based approach can help establish linkages between natural systems and human well-being for
targeted policy action'* and should be considered in monitoring the performance of the SDGs!>~18,

A growing literature has proven the multiple linkages between ES indicators and SDGs and the delivery of
one or more ESs could make important contributions to achieving 41 targets across 14 SDGs by functioning
in provision, regulation, support, and culture!®?, In the context of more than 12 SDGs, notably SDG6 (Clean
Water and Sanitation), SDG13 (Climate Action), SDG14 (Life Below Water), and SDG15 (Life on Land),
the provision of food and water, carbon storage, and habitat & biodiversity contribute significantly to their
achievement?!. Moreover, even one ES (e.g. soil conservation) is found to have strong linkages to multiple SDGs
(e.g. SDG 6, SDG13, and SDG15). There is a strong link between food provision and 3 SDGs, including SDG1
(No Poverty), SDG2 (Zero Hunger), and SDG13 (Climate Action)?’. Thus, applying ES-based approaches in
SDG performance assessment is therefore essential. Despite this, monitoring progress towards achieving the
SDGs based on the critical roles of ESs in SDGs is still lacking, making it difficult for policymakers to incorporate
them into development plans?>23,

Despite the significance of sustainable development goals for humankind, progress in their implementation
has varied from country to country. This means that the SDGs cannot be achieved simultaneously in different
countries®®. For instance, the most prioritized SDGs in Africa are those related to food security, energy,
employment, and industrialization, while at the global level, the most important SDGs are also related to
global climate change, ecological environment, and human health?®. Accordingly, achieving the SDGs needs to
work together from all stakeholders at local, regional, and national levels and the priorities of SDGs should be
determined at different levels®.

Over the past few decades, China has made great progress in social and economic development since
the reforms and opening-up policies were implemented in 1978. There is no doubt that China has become
the second-largest economy in the world?. In parallel, the landscape has changed dramatically, resulting in
imbalances in its economy and environment?3. Therefore, it is of strategic and practical importance to monitor
the fulfillment status of the SDGs and identify the development priorities for sustainable decision-making in
China. The ultimate goal of ES-based research is to provide scientific guidance and reference for decision-
making to promote human well-being and achieve sustainable development?*3. Recently, most of these research
efforts in China have been based on the quantification of the biophysical or economic values of ESs*!-3>, trade-
offs/synergies between ESs***’, ES bundles®®, the balance between the supply and demand of ESs**-*2, and ES
flow*>44, For example, quantifying and mapping the spatial patterns of ESs is essential to help clarify the current
situation of ESs, understand the impacts of driving forces on ESs, and develop localized ecological management*.
Exploring the tradeoffs and synergies between different ESs can help decision-makers identify potential trade-
offs, avoid unwanted and possibly irreversible effects, and offer a win-win solution?®. Match analysis of ES supply
and demand contributes to identifying hotspot and coldspot areas of ES supply and demand, determining the
key areas of mismatched supply and demand of ESs, and formulating local strategies that promote the balance
of supply and demand of ESs*’. In order to efficiently manage multiple ESs, policy makers should obtain the
types and distributions of the ES bundles for a better understanding of the interactions among multiple ESs*3
and capture distant interdependencies and impacts®. ES flow analysis is a prerequisite for further connecting
production and human beneficiaries, identifying spatial dissimilarities between provisioning and benefitting
areas, and enhancing the delivery of ESs to beneficiaries®. Numerous studies have assessed SDG progress in
China at the national and subnational levels through environmental and socioeconomic indicators, however,
how ES knowledge and methods can guide decision-making in regional sustainable development has not yet
been thoroughly examined, rendering it difficult to effectively represent the direct link between ecosystems and
human well-being. In summary, for decision-making in China, it is imperative to apply the ES-based approach
to assess progress towards achieving the SDGs and differentiate the prioritized SDGs that incorporate social,
economic, and environmental dimensions.

Based on the understanding of the critical roles of ESs in the SDGs, this study aimed to track progress towards
the achievement of the SDGs in China from 2000 to 2020. The objectives of this work were to (1) analyze the
temporal changes of ESs in China from 2000 to 2020, (2) assess the SDGs and SDG index based on the “ES-SDG
linkages” at both the national and provincial levels, and (3) define national and provincial development priorities
according to the SDG dashboards. The findings may assist policy-makers in monitoring and comparing progress
towards the SDGs, prioritizing local action, and providing a scientific basis for formulating policies to achieve
SDG implementation by 2030.

Materials and methods

Study area

China is located in eastern Asia, between 3° 51'-53° 33’ N, 73° 33'-135° 05’ E. It consists of five major regions of
West, North, Southwest, Middle, and East coastal China, and covers a total area of approximately 9.6 million km?
(Fig. 1). Vast territory forms complex topography and diverse climates in China®'. The elevation ranges from -197
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Fig. 1. Locations of study area. .

to 8369 m>2. The terrain descends from the west to the east, forming three spatial ladder-like distributions, and
it is mainly composed of mountains, hills, terraces, and plains. The climate of China belongs to the subtropical
monsoon climate, temperate monsoon climate, tropical monsoon climate, temperate continental climate, and
alpine climate.

Data sources and descriptions

Since the Reform and Opening-up Policy began in the late 1970s, China has been undergoing rapid economic
development and industrialization®*>4, At the end of 2021, the proportion of the urban population was 63.89%,
and the area of urban construction land was 61,300 km? (http://www.stats.gov.cn/). Long-term high-intensity
industrial development and a lack of scientific spatial management have resulted in large socioeconomic
challenges such as income and gender inequality>, and dramatic ecological issues such as air pollution, water
shortages, biodiversity loss, and ecosystem destruction®®. It is worth noting that these socioeconomic and
environmental challenges within China vary substantially from region to region®”. Therefore, there is an urgent
need to assess the regional process of the SDGs in China to support the formulation of sustainable management
policies and ecological civilization construction. This study used 31 provinces, except Hong Kong, Macao, and
Taiwan in China as the research sample (Fig. 1).

In this study, data were obtained from the following sources.

(1) Land use and land cover data in 2000 and 2020, with a resolution of 30 m, were derived from the Resource
and Environment Science and Date Center, Chinese Academy of Sciences (http://www.resdc.cn/). Accordi
ng to the National Standard Land-Use Classification of China using supervised classification, the primary
land use types were divided into six first-level categories, including cropland, forestland, grassland, wa-
ter-body, construction land, and bare land.

(2) The digital elevation model (DEM) data came from the Geospatial Data Could Platform (http://www.gsclo
oud.cn), and the acquired data was uniformly projected and preprocessed for cropping correction.

(3) Soil datasets (soil type, soil moisture, soil depth, soil organic carbon, and soil particle composition) with a
resolution of 30 m were drawn from the Harmonized World Soil Database 1.1 (HWSD), which was con-
structed by the United Nations Food and Agriculture Organization (FAO) and the Vienna International
Institute for Applied Systems (IIASA) (Fischer et al. 2008)® (http://www.fao.org/soils-portal/soil-survey/so
il-maps-and-databases/).

(4) Meteorological datasets (temperature, precipitation, solar radiation, and evapotranspiration) were obtained
from the Chinese National Meteorological Science Data Service Center (http://data.cma.cn/).

(5) The normalized difference vegetation index (NDVI) in 2000 and 2020, with a resolution of 1000 m, was
supported by the Resource and Environment Science and Date Center, Chinese Academy of Sciences (http
://www.resdc.cn/).
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Research methods

In this study, we quantified progress towards the SDGs in China from 2000 to 2020 and determined future
development priorities at both the national and provincial levels through the following steps and contents: (1)
the biophysical provisions of five ESs were quantified using diverse methods (e.g. USLE, InVEST model); (2) 11
SDGs and SDG index were assessed based on the “ES-SDG linkages” at both the national and provincial levels;
and (3) SDG dashboards were calculated according to the 11 SDGs scores at the national and provincial levels.
The methodological framework of this study is presented in Fig. 2.

Selection and quantification of ESs

Wood?! conducted an anonymous online survey in two rounds of 328 experts in ESs and 231 experts in
development decision-making worldwide, to gather their perceptions of ES contribution to SDG and SDG
targets. This work identifies that 16 ESs were closely connected to 12 SDGs and 41 targets, which could further
analyze the role of specific ESs and support multiple development targets. Among them, carbon storage services,
habitat maintenance services, water purification services, and water provision services were the most closely
related®. Moreover, according to previous research®, SDG performance assessment should also include soil
retention services as ES indicators for actively safeguarding local natural resources. Therefore, five types of ESs
that significantly contribute to regional ecosystem function and sustainable development in China were selected
in this study, naming carbon storage, habitat maintenance, soil retention, water purification, and water provision.
The specific methods of quantifying these ESs are shown in Table 1.

Calculation of the SDGs and SDG index

Normalization of ecosystem service biophysical values

To eliminate the differences in quantification methods and units between the five ES indicators, the biophysical
values of each service were normalized to a value between 0 and 100 by using min-max normalization. The
range normalization formula was as follows (Eq. 1):

ESstd = (Esobs - ESmin) / (ESmax - Esmin) x 100 (1)

where ES 4 refers to the normalized values of each ES; E.S o4 refers to the biophysical values of each ES; and
ESmin and ESmaq refer to the minimum and maximum biophysical values of each ES, respectively.

Calculation of the SDG scores

Based on the ES-SDG linkages proposed by Wood?!, some of the relationships between ESs and SDGs that are
considered to provide strong support for regional sustainable development in China were chosen . As shown
in Fig. 3, the contributions of five selected ESs to 11 SDGs were selected in this study: SDG1 (No Poverty),
SDG2 (Zero Hunger), SDG3 (Good Health & Well-Being), SDG6 (Clean Water & Sanitation), SDG7 (Affordable
& Clean Energy), SDG8 (Decent Work & Economic Growth), SDG9 (Industry, Innovation & Infrastructure),
SDGI11 (Sustainable Cities & Communities), SDG13 (Climate Action), SDG14 (Life Below Water) and SDG15
(Life on Land). It is evident that individual ES that releases more lifelines are more likely to strongly support
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Fig. 2. Methodological framework of this study..
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CCS = Cabove + Cbelow + Csoil + Cdead
C'cs=total carbon storage;

Clabove =aboveground carbon storage;

Carbon storage Carbon storage module
Chrelow= underground carbon storage;

C's0i1= soil carbon storage;

C dead= dead matter carbon storage

0 (- (v220)

Q ;= habitat quality in LUCC j;
H = habitat suitability in LUCC J;

Habitat maintenance Habitat quality module

D, j= total threat level in LULC Js

k= scaling parameter
A=RxKxLSx(1—-CP)

A =annual soil conservation;

R=rainfall erosivity factor;

Soil retention RUSLE model K=soil erodibility factor;

LS =slope length and steepness factor;

C=cover-management factor;

P =support practice factor

ALV = HSS X pol
ALV =adjusted output;

Water purification Nutrient delivery ratio model
HSS= hydrological sensitivity score;

pol= output coeflicient;
_ AET
Y =(1-48F) x P

Y =annual water yield;

Water provision Water yield module

AET =actual annual evapotranspiration;

P =annual total precipitation

Table 1. Ecosystem service indicators related to the SDGs and quantification methods.
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Fig. 3. The ES-SDG Target-SDG parallel linkage map.
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SDGs and their targets. Hence, according to the number of ES-SDG linkages, the normalized values of the ES
indicators were used to calculate the score of the SDGs using the following equation (Eq. 2):

Z?:l(ESZ X x; X T’i]' X yj)
2 (Tig)

where SDG| refers to the calculated scores of each SDG/; T, refers to the number of ES-SDG linkages under
SDGYj; and z; and y; are the weights of £/S; and goals within SDG;, respectively. Considering that each ES
indicator plays an important role in the fulfillment of the SDGs, both x and y were set to 1. The SDG scores were
also normalized from 0 to 100.

SDG; = @)

Calculation of the SDG index
The SDG index, representing the overall performance towards achieving all assessed SDGs, can be calculated
using the following formula (Eq. 3):

S SDG;

m

SDG index = (3)

where {m}is the number of all calculated SDGs.

Calculation of the SDG dashboards

The SDG dashboard provides comprehensive information about the average performance for each province
(municipality) within each SDG. Therefore, it helps to identify those provinces that are falling behind.
Furthermore, the SDG dashboard is constructed to determine the major challenges faced by each province and
the implementation priorities for each province (municipality)®!. In this study, 11 goal scores for each province
in China were calculated by the weighted mean, and each goal score was divided into three levels (yellow, orange,
or red) to display different progress performances for the SDGs. In detail, a province with a ‘green’ category
(score above 50) indicates that it has achieved the goal, a province with a ‘yellow’ category (score below 50
and above 30) indicates that it has significant challenges, and a province with a ‘red’ category (score below 30)
indicates that it faces major challenges.

Results

Temporal changes in ESs

Five ESs in China were quantified and their temporal change trends were analyzed at the national level (Table
1). As shown in Fig. 4, carbon storage and habitat maintenance declined in China between 2000 and 2020, while
soil retention, water purification, and water provision increased to varying extents. Specifically, the mean value
of carbon storage in China showed a downward trend from 11774.79 Mg/hm? in 2000 to 11662.12 Mg/hm? in
2020, which represents a 0.96% drop. The changing trend of the mean values of habitat quality in China showed
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Fig. 4. The biophysical values of five ESs in China from 2000 to 2020.
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a slight downward trend from 0.55 in 2000 to 0.53 in 2020, with a decrease of 4.04%. In terms of soil retention
service, the values of soil retention per unit area in China increased from 2061.77 t/hm? in 2000 to 3060.08 t/hm?
in 2010 and then decreased to 2238.32 t/hm? in 2020. Over time, it is evident that the annual average of water
purification and water yield in China rose from 2.91 kg ha~! in 2000 to 4.10 kg ha™! and 1880.01 mm in 2000 to
3190.39 mm in 2020. There was an increase of 40.97% and 69.70%, respectively.

Temporal changes in SDGs scores

Characteristics at the national level

Figure 5 showed the scores of the SDGs and SDG index in China from 2000 to 2020 at both the national and
provincial levels. Regarding individual SDG processes, all the calculated scores of the 11 SDGs in China declined
at the national level. Over the past decade, the SDGs scores varied from a 0.41% drop (SDG 7, Clean energy)
to a 6.56% drop (SDG 1, No Poverty). The top five SDGs were SDG 8 (Economic growth), SDG 14 (Life on
water), SDG 1 (No poverty), SDG 2 (Zero hunger), and SDG 9 (Industry & Infrastructure) in 2000, while
SDG 8 (Economic growth), SDG 14 (Life on water), SDG 7 (Clean energy), SDG 2 (Zero hunger), and SDG 9
(Industry& Infrastructure) in 2020. From 2000 to 2020, the top-five SDGs with the lowest decline rate were SDG
1 (No poverty), SDG 3 (Good health), SDG 9 (Industry& Infrastructure), SDG 2 (Zero hunger), and SDG 13
(Climate action).

Characteristics at the provincial level

The 11 SDGs were achieved differently by the 31 provinces at the provincial level. Specifically, all the calculated
SDGs decreased in 23 of the 31 provinces from 2000 to 2020. As to the 23 degraded provinces, changes in the
SDG scores ranged from 0.04% in Qinghai to 19.58% in Jiangsu. Eight other provinces improved their scores,
namely, Gansu, Zhejiang, Heilongjiang, Chongqing, Hunan, Shanghai, Inner Mongolia, and Jiangxi. The SDGs
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Fig. 5. The SDG goals and SDG index scores of China in 2000 and 2020, and the differences between the two
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scores among advanced provinces increased from a 0.39% increase (Heilongjiang) to a 5.24% increase (Jiangxi).
Asan example, SDG7 in Heilongjiang, SDG13 in Chongging, and SDG11 in Shanghai increased by 0.39%, 0.44%,
and 5.22%, respectively, from 2000 to 2020. Among the 11 goals in Gansu and Zhejiang, two have improved from
2000 to 20,202, namely SDG 13 and SDG 14 and SDG 2 and SDG 3. Over the period 2000-2020, SDG 13, SDG
14, and SDG 15 in Inner Mongolia showed upward trends, SDG 13, SDG 14, and SDG 15 improved in Inner
Mongolia from 2000 to 2020, while the scores of the remaining 9 SDGs decreased gradually. Moreover, Jiangxi’s
performance on SDG 13 and SDG 15 decreased between 2000 and 2020, while its performance on all other nine
SDGs improved.

Temporal changes in the SDG index

As shown in Fig. 5, at the national level, the SDG index scores declined by approximately 3.53% from 37.81 in
2000 to 34.28 in 2020, whereas at the provincial level, the SDG index scores showed significant characteristics
across provinces in temporal variation. There were five provinces in East China with the highest SDG index
scores: Jiangxi (61.48), Fujian (61.38), Guangxi (61.12), Hainan (58.64), and Guangdong (57.65). As for the
bottom five provinces, Xinjiang (12.47), Gansu (22.13), Tianjin (26.31), Qinghai (27.08), and Shandong (27.79)
were mostly located in western and northern China. These results were consistent with the findings of previous
studies®!%2. Thirty of the 31 provinces in China experienced declines in SDG index scores from 2000 to 2020,
ranging from a -10.81% drop (Jiangsu) to a — 1.13% drop (Gansu). The above results indicated that compared
with developed regions, the less developed provinces struggled to achieve most SDGs during our study period,
contributing to the significant differences in geographic location, natural resources, and economic foundation®2.

Characteristics of SDG dashboards

Characteristics at the national level

Figures 6 and 7 showed the SDG dashboards for the 31 provinces (municipalities) in China from 2000 to 2020. In
this study, according to previous research®, the 11 SDG goals were divided into three dimensions, including the
social dimension (SDGI, SDG2, SDG3, SDG11), environmental dimension (SDG6, SDG13, SDG14, SDG15),
and economic dimension (SDG7, SDGS8, SDG9).

There are five SDGs that were identified in China as priorities for 2000 and 2020, including SDG3 (Good
Health & Well-Being), SDG6 (Clean Water & Sanitation), SDG11 (Sustainable Cities & Communities), and
SDG13 (Climate Action). These findings indicated that over the study period, China had good performance
in terms of fulfilling SDGs in the economic dimension, such as SDG7, SDG8, and SDG9Y, but still faced major
challenges concerning environmental and social SDGs, such as SDG3, SDG6, and SDG15. Thus, despite great
efforts made in recent decades, health and ecological conservation remain the top priorities in China.

Characteristics at the provincial level

As a result of the SDG dashboard, each province can keep track of progress towards achieving the 11 SDGs,
and be able to identify the key implementation challenges that it faces. For instance, most of the western and
northern provinces were challenged in all three dimensions, including Tibet, Ningxia, Xinjiang, Qinghai, Gansu,
Inner Mongolia, Shandong, and Tianjin. Several provinces, including Shanxi, Henan, Hebei, Shanghai, and
Liaoning, had pressing problems achieving the SDGs in the social dimension, particularly with regard to SDG1
(No Poverty), SDG2 (Zero Hunger), and SDG3 (Good Health & Well-Being). As well, from 2000 to 2020, none
of the SDGs in the southwestern region (Guangxi, Guizhou, Sichuan, Chongging, Yunnan) were red-rated. The
central region of the country did not encounter great challenges in 2000, but Henan did meet some challenges
in 2020, such as SDG1 (No Poverty), SDG2 (Zero Hunger), SDG3 (Good Health & Well-Being), SDG6 (Clean
Water & Sanitation) and SDG 7 (Affordable & Clean Energy). Also, eastern coastal regions (Beijing, Fujian,
Guangdong, Hainan, Hebei, Jiangsu, Shandong, Shanghai, Tianjin, Zhejiang, and Liaoning) encountered several
challenges, including the Sustainable Development Goals 1 (No Poverty), 2 (Zero Hunger), 3 (Good Health &
Well-Being), 6 (Clean Water & Sanitation), and 7 (Affordable & Clean Energy) in 2000 and 2020. Above all, in
China, national development priorities mainly revolve around health and the environment, including SDG3
(Good Health & Well-Being), SDG6 (Clean Water & Sanitation), and SDG15 (Life on Land). However, some
provincial development priorities are also related to essential material needs, such as SDG2 (Zero Hunger) and
SDG1 (No Poverty). Several relevant studies have confirmed that countries, especially economically developed
countries, generally perform poorly on eco-related SDGs, such as SDG11 and SDG13. This suggests that the
scarcity of resources and ecological damage, as well as green transformational development, are common
problems around the world.

Discussion

Advantages of the ES-based method

ESs can improve human well-being and serve as an important basis for fulfilling the SDGs®. Our results indicated
an overall downward trend in the scores of individual SDG and the SDG index for China between 2000 and
2020. In particular, the greatest declines occurred in SDG 1, SDG 3, and SDG 2. It was identified that China has
over the past two decades experienced dramatic changes in individual SDG and SDG index scores due to habitat
maintenance and water provision, based on ES-SDG linkages. The results of Wood?! also demonstrated that these
two services were identified as key services that contributed to the most SDGs, 26 and 21 targets, respectively.
The maintenance of habitats has contributed significantly to the achievement of 10 SDGs, including SDGI,
SDG2, SDG3, SDG6, SDGS, SDGY, SDG11, SDG13, SDG14, and SDG15, while water provision significantly
contributes to SDG1, SDG2, SDG3, SDG6, SDGY, SDG11, SDG13, and SDG15. This might be due to the fact that
the higher the habitat quality, the more stable the ability of ecosystems to provide multiple services to human
society®!. Moreover, water provision service provides our primary needs and contributes to food security, water
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Fig. 6. The SDGs dashboard of China in 2000.

scarcity, climate change, biodiversity loss, and health threats as one of the critical services. Therefore, multiple
SDGs in China were improved as a result of the increase in these two key services.

ESs connect all spheres of sustainability, from the biosphere to society and economy!®. ESs are the foundation
of sustainability, and sustainable development requires the protection and maintenance of ecosystems to ensure
a long-term supply of ESs®. Thus, depending on the contribution of ESs to SDGs, the ES-based approach can
monitor progress towards the achievement of SDGs from a more holistic and systemic perspective and provide
insight into the relationships between natural systems and human well-being in coupled human-nature systems.

Implications for sustainable development management

SDG achievement requires both maintaining critical stocks of natural capital goods as well as continuous supply
and sustainable usage of ESs®*%’. ES-based solutions that combine improved benefits and human well-being
derived from natural systems, and reduced costs of ecological conservation and restoration can therefore provide
co-benefit pathways for the fulfillment of the SDGs®.

In this study, we identified the most prioritized SDG at the national and provincial levels. China’s 2030
Agenda for Sustainable Development is most likely to be limited by eco-related SDGs, based on our studies.
Thus, the challenges of achieving SDGs in China involve taking into account the conservation and restoration
of biodiversity and the aquatic environment®®®. Our results also support the findings of Sachs’®, who advocate
the need for transformations of key investments in human well-being as well as sustainable food, land, and
water. The following points should be taken into consideration by government policymakers when performing
ecological preservation and planning.

First, to protect the ecological space, especially in ecologically fragile areas, we must strictly implement
the ecological red line policy and prohibit all human activities within it. Second, to guarantee the stable and
continuous supply of ESs for future generations, critical ecological spaces, especially those in drinking water
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Fig. 7. The SDGs dashboard of China in 2020.

sources, must be identified and included in the ecological protection red line area for strict control and
reservation. Third, it is required to strengthen ecological conservation and restoration efforts in fragile and
degraded areas to restore and improve local vegetation coverage, ecosystem quality, and functions, as well as
biodiversity. Fourth, the sustainable management and utilization of water resources should be strengthened.
Significant investments should be made into rural toilet renovations, urban sewage treatment, and water
efficiency®. Finally, the adoption of an ES-based approach and the realization of SDG targets and goals cannot
be realized without considering the interactions across services. For this reason, strategies should focus on
reconciling trade-offs or synergies among key services to better balance short-term and long-term efforts and
achieve multiple SDGs simultaneously!®.

Limitations and future directions

Despite the contributions to related SDG performance assessment , several limitations remain in our study.
First, because of data availability, this study only calculated five types of ESs. It will be important for future
research to take into account more types of ESs to provide more accurate estimates for the current status of
SDG achievement. Second, in the context of cross-regional development and regional collaboration, spillover
effects were not considered in this study. Region-to-region and country-to-country spillover effects should be
explored in future research®. Finally, the complex impact of policy on sustainable development needs to be
further examined®!.

Conclusion

How to achieve the overall implementation of the SDGs remains an enormous challenge worldwide. While
several studies have shown that the delivery of ESs could make important contributions to achieving SDGs;
however, few studies have assessed progress towards achieving the SDGs using these connections. This study

Scientific Reports|  (2024) 14:29250

| https://doi.org/10.1038/s41598-024-78632-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

filled this research gap by assessing the progress towards achieving the SDGs based on “ES-SDG linkages” and
identifying the development priorities in terms of economic, social, and environmental dimensions in China
from 2000 to 2020. The main conclusions were summarized below: (1) Regarding individual SDG processes, at
the national level, all the calculated SDG scores in China showed downward trends from 2000 to 2020, while
11 SDG goals performed differently across 31 provinces. (2) The SDG index scores of China decreased from
37.81 in 2000 to 34.28 in 2020, representing a drop of 3.53%. (3) The SDG index scores showed significant
differences across 31 provinces in terms of temporal variation. (4) To boost progress towards achieving SDGs in
China, according to SDG dashboards, SDG 3 (Good Health & Well-Being), SDG 6 (Clean Water & Sanitation),
SDG 11 (Sustainable Cities & Communities), SDG 13 (Climate Action), and SDG 15 (Life on Land) should be
prioritized. (5) 15 provinces in China faced significant challenges in meeting the SDGs, and the prioritized SDGs
of 31 provinces differed across economic, social, and environmental dimensions. Our results highlighted that
habitat maintenance and water provision were the critical factors that made great contributions to fulfilling the
SDGs in China. This research can assist decision-makers in tracking efforts towards the achievement of the local
SDGs and identifying critical development issues to facilitate the overall implementation of the SDGs in 2030.
The ES-based approach will help deepen our understanding of the relationships between natural systems and
human well-being and provide co-benefit pathways for sustainable development. This approach might also lay a
foundation for monitoring progress in achieving SDGs in an integrated and composite way for other countries
and across local to global levels.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author upon reasonable request.

Received: 13 June 2024; Accepted: 4 November 2024
Published online: 25 November 2024

References

1. Nations, U. Transforming our world: The 2030 Agenda for Sustainable Development. p 18 (2015).

2. Chen, D,, Zhao, Q, Jiang, P. & Li, M. Incorporating ecosystem services to assess progress towards sustainable development goals:
A case study of the Yangtze River Economic Belt China. Sci. Total Environ. 806, 151277. https://doi.org/10.1016/j.scitotenv.2021.1
51277 (2022).

3. Wernecke, B. et al. Tracking progress towards the sustainable development goals in four rural villages in Limpopo South Africa.
Ann. Global Health 87, 3139. https://doi.org/10.5334/a0gh.3139 (2021).

4. Moyer, J. & Hedden, S. Are we on the right path to achieve the sustainable development goals? World Dev. 127, 104749. https://do
i.org/10.1016/j.worlddev.2019.104749 (2020).

5. Schmidt-Traub, G., Kroll, C., Teksoz, K., Durand-Delacre, D. & Sachs, J. D. National baselines for the sustainable development
goals assessed in the SDG index and dashboards. Nat. Geosci. 10, 547-555. https://doi.org/10.1038/nge02985 (2017).

6. Allen, C, Reid, M., Thwaites, J., Glover, R. & Kestin, T. Assessing national progress and priorities for the sustainable development
goals (SDGs): Experience from Australia. Sustain. Sci. 15, 521-538. https://doi.org/10.1007/s11625-019-00711-x (2020).

7. Huan, Y, Liang, T, Li, H. & Zhang, C. A systematic method for assessing progress of achieving sustainable development goals: A
case study of 15 countries. Sci. Total Environ. 752, 141875. https://doi.org/10.1016/j.scitotenv.2020.141875 (2021).

8. Xu, Z. et al. Assessing progress towards sustainable development over space and time. Nature 577, 74-78. https://doi.org/10.1038/
$41586-019-1846-3 (2020).

9. Wood, S. L. & DeClerck, E Ecosystems and human well-being in the sustainable development goals. Front. Ecol. Environ. 13,
123-123. https://doi.org/10.1890/1540-9295-13.3.123 (2015).

10. Millennium Ecosystem Assessment, M. Ecosystems and Human Well-Being: Synthesis 1-15 (Island Press, 2005).

11. Huang, Y., Wu, Y., Niu, S. & Gan, X. Estimating the effects of driving forces on ecosystem services and their responses to
environmental conditions. Environ. Sci. Pollut. Res. 29, 71474-71486. https://doi.org/10.1007/s11356-022-20867-x (2022).

12. Daily, G.R. Nature’s Services: Societal Dependence on Natural Ecosystems 1-392 (Island Press, 1997).

13. Costanza, R., Arge-Groot, R. D., Farberk, S. & Belt, M. The value of the world’s ecosystem services and natural capital. Nature 387,
253-260. https://doi.org/10.1016/S0921-8009(98)00020-2 (1997).

14. Boyd, J. & Banzhaf, S. What are ecosystem services? The need for standardized environmental accounting units. Ecol. Econom. 63,
616-626. https://doi.org/10.1016/j.ecolecon.2007.01.002 (2010).

15. Geijzendorffer, I. R. et al. Ecosystem services in global sustainability policies. Environ. Sci. Policy 74, 40-48. https://doi.org/10.101
6/j.envsci.2017.04.017 (2017).

16. Johnson, J. A. et al. Mapping ecosystem services to human well-being: A toolkit to support integrated landscape management for
the SDGs. Ecol. Appl. 29, e01985. https://doi.org/10.1002/eap.1985 (2019).

17. Wood, E. M. & Pidgeon, A. M. Extreme variations in spring temperature affect ecosystem regulating services provided by birds
during migration. Ecosphere 6, 1-16. https://doi.org/10.1890/ES15-00397.1 (2015).

18. Prince, S. D. Challenges for remote sensing of the sustainable development goal SDG 15.3.1 productivity indicator. Remote Sens.
Environ. 234, 111428. https://doi.org/10.1016/j.rse.2019.111428 (2019).

19. Cochran, E, Daniel, J., Jackson, L. & Neale, A. Earth observation-based ecosystem services indicators for national and subnational
reporting of the sustainable development goals. Remote Sens. Environ. 244, 111796. https://doi.org/10.1016/j.rse.2020.111796
(2020).

20. Yin, C., Zhao, W., Cherubini, F. & Pereira, P. Integrate ecosystem services into socio-economic development to enhance achievement
of sustainable development goals in the post-pandemic era. Geogr. Sustain. 2, 68-73. https://doi.org/10.1016/j.geosus.2021.03.002
(2021).

21. Wood, S. L. R. et al. Distilling the role of ecosystem services in the sustainable development goals. Ecosyst. Serv. 29, 70-82. https:/
/doi.org/10.1016/j.ecoser.2017.10.010 (2018).

22. Hu, S. et al. Integrating ecosystem services into assessments of sustainable development goals: A case study of the Beijing-Tianjin-
Hebei region China. Front. Environ. Sci. 10, 792. https://doi.org/10.3389/fenvs.2022.897792 (2022).

23. Pires, A. P. E, Rodriguez Soto, C. & Scarano, E R. Strategies to reach global sustainability should take better account of ecosystem
services. Ecosyst. Serv. 49, 101292. https://doi.org/10.1016/j.ecoser.2021.101292 (2021).

24. Rosen, M. How can we achieve the UN sustainable development goals? Eur. J. Sustain. Dev. Res. 1, 1-4. https://doi.org/10.20897/e
josdr/74536 (2017).

Scientific Reports |

(2024) 14:29250 | https://doi.org/10.1038/s41598-024-78632-8 nature portfolio


https://doi.org/10.1016/j.scitotenv.2021.151277
https://doi.org/10.1016/j.scitotenv.2021.151277
https://doi.org/10.5334/aogh.3139
https://doi.org/10.1016/j.worlddev.2019.104749
https://doi.org/10.1016/j.worlddev.2019.104749
https://doi.org/10.1038/ngeo2985
https://doi.org/10.1007/s11625-019-00711-x
https://doi.org/10.1016/j.scitotenv.2020.141875
https://doi.org/10.1038/s41586-019-1846-3
https://doi.org/10.1038/s41586-019-1846-3
https://doi.org/10.1890/1540-9295-13.3.123
https://doi.org/10.1007/s11356-022-20867-x
https://doi.org/10.1016/S0921-8009(98)00020-2
https://doi.org/10.1016/j.ecolecon.2007.01.002
https://doi.org/10.1016/j.envsci.2017.04.017
https://doi.org/10.1016/j.envsci.2017.04.017
https://doi.org/10.1002/eap.1985
https://doi.org/10.1890/ES15-00397.1
https://doi.org/10.1016/j.rse.2019.111428
https://doi.org/10.1016/j.rse.2020.111796
https://doi.org/10.1016/j.geosus.2021.03.002
https://doi.org/10.1016/j.ecoser.2017.10.010
https://doi.org/10.1016/j.ecoser.2017.10.010
https://doi.org/10.3389/fenvs.2022.897792
https://doi.org/10.1016/j.ecoser.2021.101292
https://doi.org/10.20897/ejosdr/74536
https://doi.org/10.20897/ejosdr/74536
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

D’Alessandro, C. & Zulu, L. From the millennium development goals (MDGs) to the sustainable development goals (SDGs): Africa
in the post-2015 development agenda a geographical perspective. Afr. Geograph. Rev. 379, 2206-2211. https://doi.org/10.1080/19
376812.2016.1253490 (2016).

Wei, D., Liu, B., Duan, Z. & Yang, W. Measuring local progress of the 2030 Agenda for SDGs in the Yangtze River Economic Zone,
China. Environ. Develop. Sustain. Multidiscipl. Appr. Theory Pract Sustain. Develop. 24, 7178-7194. https://doi.org/10.1007/s1066
8-021-01743-z (2022).

Liu, X, Liu, Y. & Wang, B. Evaluating the sustainability of Chinese cities: Indicators based on a new data envelopment analysis
model. Ecol. Ind. 137, 108779. https://doi.org/10.1016/j.ecolind.2022.108779 (2022).

Pan, Z. & Wang, J. Spatially heterogeneity response of ecosystem services supply and demand to urbanization in China. Ecol. Eng.
169, 106303. https://doi.org/10.1016/j.ecoleng.2021.106303 (2021).

Huang, Y. et al. Integrating the effects of driving forces on ecosystem services into ecological management: A case study from
Sichuan Province China. PLoS ONE 17, €0270365. https://doi.org/10.1371/journal.pone.0270365 (2022).

Bai, Y., Chen, Y,, Alatalo, J. M., Yang, Z. & Jiang, B. Scale effects on the relationships between land characteristics and ecosystem
services- A case study in Taihu Lake Basin. China Sci. Total Environ 716, 137083. https://doi.org/10.1016/j.scitotenv.2020.137083
(2020).

Wang, S., Cao, Y, Li, S. & Bai, Z. Temporal-spatial evolution and driving mechanism of ecosystem service in coal-based towns in
loess region. China Ecol. Ind. 160, 111805. https://doi.org/10.1016/j.ecolind.2024.111805 (2024).

Liu, Z., Wang, S. & Fang, C. Spatiotemporal evolution and influencing mechanism of ecosystem service value in the Guangdong-
Hong Kong-Macao Greater Bay Area. J. Geograph. Sci. 33, 1226-1244. https://doi.org/10.1007/s11442-023-2127-5 (2023).

Jia, Z. et al. Exploring the spatial heterogeneity of ecosystem services and influencing factors on the Qinghai Tibet plateau. Ecol.
Ind. 154, 110521. https://doi.org/10.1016/j.ecolind.2023.110521 (2023).

Yang, Y. et al. Analysis of the evolution of ecosystem service value and its driving factors in the Yellow River Source Area. China
Ecol. Ind. 158, 111344. https://doi.org/10.1016/j.ecolind.2023.111344 (2024).

Yu, Y., Xiao, Z., Bruzzone, L. & Deng, H. Mapping and analyzing the spatiotemporal patterns and drivers of multiple ecosystem
services: A case study in the yangtze and yellow river basins. Remote Sens. 16, 411. https://doi.org/10.3390/rs16020411 (2024).
Chang, B. et al. Analysis of trade-off and synergy of ecosystem services and driving forces in urban agglomerations in Northern
China. Ecol. Ind. 165, 112210. https://doi.org/10.1016/j.ecolind.2024.112210 (2024).

Zhao, T. & Pan, J. Ecosystem service trade-offs and spatial non-stationary responses to influencing factors in the Loess hilly-gully
region: Lanzhou City, China. Sci. Total Environ. 846, 157422. https://doi.org/10.1016/j.scitotenv.2022.157422 (2022).

Zhang, X. et al. Mapping ecosystem service clusters and exploring their driving mechanisms in karst peak-cluster depression
regions in China. Ecol. Ind. 158, 111524. https://doi.org/10.1016/j.ecolind.2023.111524 (2024).

He, L. et al. Exploring the interrelations and driving factors among typical ecosystem services in the Yangtze river economic Belt.
China J. Environ. Manag. 351, 119794. https://doi.org/10.1016/j.jenvman.2023.119794 (2024).

You, C.,, Qu, H., Feng, C.-C. & Guo, L. Evaluating the match between natural ecosystem service supply and cultural ecosystem
service demand: Perspectives on spatiotemporal heterogeneity. Environ. Impact Assess. Rev. 108, 107592. https://doi.org/10.1016/j
.eiar.2024.107592 (2024).

Wu, X. et al. Quantification and driving force analysis of ecosystem services supply, demand and balance in China. Sci Total
Environ. 652, 1375-1386. https://doi.org/10.1016/j.scitotenv.2018.10.329 (2019).

Xin, R. et al. Identifying key areas of imbalanced supply and demand of ecosystem services at the urban agglomeration scale: A
case study of the Fujian Delta in China. Sci. Total Environ. 791, 148173. https://doi.org/10.1016/j.scitotenv.2021.148173 (2021).
Shi, Y., Shi, D., Zhou, L. & Fang, R. Identification of ecosystem services supply and demand areas and simulation of ecosystem
service flows in Shanghai. Ecol. Ind. 115, 106418. https://doi.org/10.1016/j.ecolind.2020.106418 (2020).

Wang, C., Li, W, Sun, M., Wang, Y. & Wang, S. Exploring the formulation of ecological management policies by quantifying
interregional primary ecosystem service flows in Yangtze river delta region. China. J. Environ. Manag. 284, 112042. https://doi.org
/10.1016/j.jenvman.2021.112042 (2021).

Raudsepp-Hearne, C. & Peterson, G. D. Scale and ecosystem services: How do observation, management, and analysis shift with
scale—Lessons from québec. Ecol. Soc. 21, 16. https://doi.org/10.5751/ES-08605-210316 (2016).

Deng, X., Li, Z. & Gibson, J. A review on trade-off analysis of ecosystem services for sustainable land-use management. J. Geograph.
Sci. 26, 953-968. https://doi.org/10.1007/s11442-016-1309-9 (2016).

Wang, D,, Liang, Y., Peng, S., Yin, Z. & Huang, J. Integrated assessment of the supply—demand relationship of ecosystem services in
the Loess Plateau during 1992-2015. Ecosyst. Health Sustain. 8, 2130093. https://doi.org/10.1080/20964129.2022.2130093 (2022).
Schirpke, U. et al. Integrating supply, flow and demand to enhance the understanding of interactions among multiple ecosystem
services. Sci. Total Environ. 651, 928-941. https://doi.org/10.1016/j.scitotenv.2018.09.235 (2019).

Schréter, M. et al. Interregional flows of ecosystem services: Concepts, typology and four cases. Ecosyst. Serv. 31, 231-241. https:/
/doi.org/10.1016/j.ecoser.2018.02.003 (2018).

Serna-Chavez, H. M. et al. A quantitative framework for assessing spatial flows of ecosystem services. Ecol. Ind. 39, 24-33. https:/
/doi.org/10.1016/j.ecolind.2013.11.024 (2014).

Wu, J., Cheng, D., Xu, Y., Huang, Q. & Feng, Z. Spatial-temporal change of ecosystem health across China: Urbanization impact
perspective. J. Cleaner Prod. 326, 129393. https://doi.org/10.1016/j.jclepro.2021.129393 (2021).

He, J., Pan, Z,, Liu, D. & Guo, X. Exploring the regional differences of ecosystem health and its driving factors in China. Sci. Total
Environ. 673, 553-564. https://doi.org/10.1016/j.scitotenv.2019.03.465 (2019).

Chen, W,, Chi, G. & Li, ]. The spatial association of ecosystem services with land use and land cover change at the county level in
China, 1995-2015. Sci. Total Environ. 669, 459-470. https://doi.org/10.1016/j.scitotenv.2019.03.139 (2019).

Liao, S., Wu, Y., Wong, S. W. & Shen, L. Provincial perspective analysis on the coordination between urbanization growth and
resource environment carrying capacity (RECC) in China. Sci. Total Environ. 730, 138964. https://doi.org/10.1016/j.scitotenv.202
0.138964 (2020).

Xie, Y. & Zhou, X. Income inequality in today’s China. Proc. Natl. Acad. Sci. 111, 6928-6933. https://doi.org/10.1073/pnas.140315
8111 (2014).

Liu, J. et al. China&apos;s environment on a metacoupled planet. Ann. Rev. Environ. Resour. 43, 1-34. https://doi.org/10.1146/ann
urev-environ-102017-030040 (2018).

Ouyang, Z. et al. Improvements in ecosystem services from investments in natural capital. Science 352, 1455-1459. https://doi.org
/10.1126/science.aaf2295 (2016).

Fischer, G. et al. Global agro-ecological zones assessment for agriculture (GAEZ 2008). Laxenburg, Austria andFAO, Rome, Italy
(2008).

Yang, S. et al. Prioritizing sustainable development goals and linking them to ecosystem services: A global expert’s knowledge
evaluation. Geogr. Sustain. 1, 321-330. https://doi.org/10.1016/j.geosus.2020.09.004 (2020).

Wen, Y., Liu, G. & Wu, R. Eco-Compensati on in Guanting reservoir watershed based on spatiotemporal variations of water yield
and purification services. J. Resour. Ecol. 9, 416-425. https://doi.org/10.5814/j.issn.1674-764x.2018.04.009 (2018).

Wang, Y. et al. Spatial variability of sustainable development goals in China: A provincial level evaluation. Environ. Develop. 35,
100483. https://doi.org/10.1016/j.envdev.2019.100483 (2020).

Wang, Q. et al. Study of the spatio-temporal variation of environmental sustainability at national and provincial levels in China.
Sci. Total Environ. 807, 150830. https://doi.org/10.1016/j.scitotenv.2021.150830 (2022).

Scientific Reports |

(2024) 14:29250 | https://doi.org/10.1038/s41598-024-78632-8 nature portfolio


https://doi.org/10.1080/19376812.2016.1253490
https://doi.org/10.1080/19376812.2016.1253490
https://doi.org/10.1007/s10668-021-01743-z
https://doi.org/10.1007/s10668-021-01743-z
https://doi.org/10.1016/j.ecolind.2022.108779
https://doi.org/10.1016/j.ecoleng.2021.106303
https://doi.org/10.1371/journal.pone.0270365
https://doi.org/10.1016/j.scitotenv.2020.137083
https://doi.org/10.1016/j.ecolind.2024.111805
https://doi.org/10.1007/s11442-023-2127-5
https://doi.org/10.1016/j.ecolind.2023.110521
https://doi.org/10.1016/j.ecolind.2023.111344
https://doi.org/10.3390/rs16020411
https://doi.org/10.1016/j.ecolind.2024.112210
https://doi.org/10.1016/j.scitotenv.2022.157422
https://doi.org/10.1016/j.ecolind.2023.111524
https://doi.org/10.1016/j.jenvman.2023.119794
https://doi.org/10.1016/j.eiar.2024.107592
https://doi.org/10.1016/j.eiar.2024.107592
https://doi.org/10.1016/j.scitotenv.2018.10.329
https://doi.org/10.1016/j.scitotenv.2021.148173
https://doi.org/10.1016/j.ecolind.2020.106418
https://doi.org/10.1016/j.jenvman.2021.112042
https://doi.org/10.1016/j.jenvman.2021.112042
https://doi.org/10.5751/ES-08605-210316
https://doi.org/10.1007/s11442-016-1309-9
https://doi.org/10.1080/20964129.2022.2130093
https://doi.org/10.1016/j.scitotenv.2018.09.235
https://doi.org/10.1016/j.ecoser.2018.02.003
https://doi.org/10.1016/j.ecoser.2018.02.003
https://doi.org/10.1016/j.ecolind.2013.11.024
https://doi.org/10.1016/j.ecolind.2013.11.024
https://doi.org/10.1016/j.jclepro.2021.129393
https://doi.org/10.1016/j.scitotenv.2019.03.465
https://doi.org/10.1016/j.scitotenv.2019.03.139
https://doi.org/10.1016/j.scitotenv.2020.138964
https://doi.org/10.1016/j.scitotenv.2020.138964
https://doi.org/10.1073/pnas.1403158111
https://doi.org/10.1073/pnas.1403158111
https://doi.org/10.1146/annurev-environ-102017-030040
https://doi.org/10.1146/annurev-environ-102017-030040
https://doi.org/10.1126/science.aaf2295
https://doi.org/10.1126/science.aaf2295
https://doi.org/10.1016/j.geosus.2020.09.004
https://doi.org/10.5814/j.issn.1674-764x.2018.04.009
https://doi.org/10.1016/j.envdev.2019.100483
https://doi.org/10.1016/j.scitotenv.2021.150830
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

63. Wu, ], Guo, S., Huang, H., Liu, W. & Xiang, Y. Information and communications technologies for sustainable development goals:
State-of-the-art, needs and perspectives. IEEE Commun. Surv. Tutor. 20, 2389-2406. https://doi.org/10.1109/COMST.2018.2812301
(2018).

64. Mononen, L. et al. National ecosystem service indicators: Measures of social-ecological sustainability. Ecol. Ind. 61, 27-37. https:/
/doi.org/10.1016/j.ecolind.2015.03.041 (2016).

65. Wang, R. et al. Study on the response and prediction of SDGs based on different climate change scenarios: The case of the urban
agglomeration in central Yunnan. Ecol. Indic. 156, 111076. https://doi.org/10.1016/j.ecolind.2023.111076 (2023).

66. Smith, P. et al. Impacts of land-based greenhouse gas removal options on ecosystem services and the united nations sustainable
development goals. Ann. Rev. Environ. Resour. 44, 129. https://doi.org/10.1146/annurev-environ-101718-033129 (2019).

67. Wu, J. Landscape sustainability science: Ecosystem services and human well-being in changing landscapes. Lands. Ecol. 28, 999-
1023. https://doi.org/10.1007/s10980-013-9894-9 (2013).

68. Keesstra, S. et al. The superior effect of nature based solutions in land management for enhancing ecosystem services. Sci. Total
Environ. 610-611, 997-1009. https://doi.org/10.1016/].scitotenv.2017.08.077 (2018).

69. Johnson, J. et al. Mapping ecosystem services to human well-being: A toolkit to support integrated landscape management for the
SDGs. Ecol. Appl. https://doi.org/10.1002/eap.1985 (2019).

70. Sachs, J. et al. Six transformations to achieve the sustainable development goals. Nature Sustain. 2, 805-814. https://doi.org/10.103
8/s41893-019-0352-9 (2019).

Acknowledgements
This work was supported by the Sichuan Science and Technology Program (Grant Nos. 2024NSFSC1233,
2024NSFSC0877) and the National Natural Science Foundation of China (Grant No. 51108284).

Author contributions

Y.H.: Conceptualization, methodology, formal analysis, data curation, writing-original draft, visualization. A.K.:
Methodology, visualization, writing-review, and editing. Z.].: Resources and review. J.L.: Software, validation.
Y.M.: Review and editing, supervision. X.G.: Conceptualization, data curation, funding acquisition. B.Z.: Super-
vision, project administration, funding acquisition.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:29250 | https://doi.org/10.1038/s41598-024-78632-8 nature portfolio


https://doi.org/10.1109/COMST.2018.2812301
https://doi.org/10.1016/j.ecolind.2015.03.041
https://doi.org/10.1016/j.ecolind.2015.03.041
https://doi.org/10.1016/j.ecolind.2023.111076
https://doi.org/10.1146/annurev-environ-101718-033129
https://doi.org/10.1007/s10980-013-9894-9
https://doi.org/10.1016/j.scitotenv.2017.08.077
https://doi.org/10.1002/eap.1985
https://doi.org/10.1038/s41893-019-0352-9
https://doi.org/10.1038/s41893-019-0352-9
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿An approach based on ecosystem services for assessing progress towards sustainable development goals at both national and provincial levels in China
	﻿Materials and methods
	﻿Study area
	﻿Data sources and descriptions
	﻿Research methods
	﻿Selection and quantification of ESs
	﻿Calculation of the SDGs and SDG index
	﻿Normalization of ecosystem service biophysical values
	﻿Calculation of the SDG scores
	﻿Calculation of the SDG index
	﻿Calculation of the SDG dashboards


	﻿Results
	﻿Temporal changes in ESs
	﻿Temporal changes in SDGs scores
	﻿Characteristics at the national level


	﻿Characteristics at the provincial level
	﻿Temporal changes in the SDG index
	﻿Characteristics of SDG dashboards


