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Executive Summary 

Xin’an River is an important watershed for ecological security and strategic water 
source in Southeast of People’s Repubic of China (PRC). It originates from Huangshan 
City, Anhui Province and flows into Qiandao Lake across the provincial boundary in 
Hangzhou City, Zhejiang Province, PRC. It is an important source of drinking water in 
Zhejiang Province and a strategic reserve water source for the whole Yangtze River 
Delta region. In the 1990s, the water quality became increasingly eutrophic 
downstream of Qiandao Lake. The discrepancy deepened between the need to protect 
water resources and economic growth in the upstream and downstream regions. To 
address these issues, the government of the PRC introduced a pilot transboundary 
ecological compensation (eco-compensation) scheme between Anhui and Zhejiang 
Provinces in 2012, as a mechanism to address cross-provincial water quality concerns 
in the Xin’an River Basin. After three rounds of implementation of the Xin'an River 
Basin eco-compensation pilot, the water quality of the Xin'an River Basin has shown 
an improvement trend, and the trophic status index of Qiandao Lake has shown a 
downward trend as a whole, achieving the goal of promoting the overall protection 
and coordinated development of the upstream and downstream of the basin with eco-
compensation as the main incentive mechanism.  

To support the sustainable clean-up of Xin’an River, the Asian Development Bank 
(ADB) approved a US$100 million loan for Anhui Huangshan Xin’an River Ecological 
Protection and Green Development Project in December 2019, as part of the ADB-PRC 
Yangtze River Economic Belt (YREB) development program. The project, currently 
under implementation stage, is piloting innovative green finance mechanisms to 
reduce rural pollution and complement the ongoing cross-provincial eco-
compensation scheme while supporting the green development of agroecological 
businesses with a dual fund mechanism: The Cross-Provincial Eco-compensation 
Green Investment Fund (GIF) and the Green Incentive Mechanism (GIM). This report 
identifies how nature-based solutions (NbS) have contributed to address threats to 
surface water quality that stem from agricultural diffuse (or non-point source) 
pollution in Xin’an River basin. The study builds on the analysis of the most innovative 
project components which include:(i) design and applicationof NbS at Huangshan 
Municipality and Qiandao lake in Hangzhou; (ii) piloting of  transboundary eco-
compensation in Anhui and Zhejiang provinces to fund NbS; (iii) use of GEP to improve 
and increase eco-compensation rates; (iv) use of innovative green finance mechanisms 
to finance NbS at project level. application.  
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(i) Nature-based Solutions (NbS) and Sustainable Agricultural Development

The concept of NbS has emerged within the last decade, as international 
organizations search for ways to adapt to and mitigate climate change effects, while 
improving sustainable livelihoods and protecting natural ecosystems and biodiversity. 
Although the terms referring to NbS used in international and European context 
diverge, the common idea is that nature can be used as a valuable tool to strengthen 
the resilience of ecosystems, and major social challenges could be addressed through 
effective ecosystem services, with a strong focus on a series of environmental, social 
and economic synergies. In recent years, considerable progress has been made in the 
field of NbS, which improves ecosystem functions of environments and landscapes 
affected by agricultural practices and land degradation, while enhancing livelihoods 
and other sociocultural functions. The effective application of NBS can improve the 
soil health, enhance the quality of cultivated land and ensure the sustainable 
development of plantation.  

In the PRC, agricultural non-point source pollution has brought about severe 
problems such as the degradation of water and soil resources, the decline of arable 
land fertility and heavy metal pollution, which have greatly hindered the sustainable 
development of agri-food system. After several years of prevention and control, the 
situation of extensive agricultural non-point source pollution  in the PRC has been 
curbed. However, agricultural non-point source pollution is still the main source of 
river basin pollution. Reducing the use of chemical fertilizers, pesticides, and 
herbicides while promoting their more efficient use can improve water quality and 
reduce carbon emissions. In recent years, awareness has increased about the 
importance of investing in NbS as effective measures to mitigate and adapt to climate 
change impacts. However, there is a significant funding gap for NbS. Furthermore, 
attention has been focused on identifying promising approaches and developing 
initiatives that can finance NbS for adaptation (more than mitigation), blending public 
capital and private capital. 

(ii) Biophysical and Socioeconomic Assessment of Huangshan’s Eco-
compensation

By the end of 2020, three rounds of an eco-compensation pilot in Xin'an River 
were implemented, for a total of US$798 million of compensation funds. These have 
included US$314 million invested by the central government, US$229 million by 
Zhejiang Province and US$254 million by Anhui Province. The ecological compensation 
fund of Xin'an river has been mostly used for funding NbS solutions and in particular: 
comprehensive environmental treatment, water pollution prevention and control, 
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ecological protection construction, industrial structure adjustment, industrial layout 
optimization and other conservation activities to restore the watershed upstream. 

Significant ecological and economic benefits can be observed through three 
rounds of Xin’an river cross-provincial ecological compensation pilot.  

First, water quality in Xin’an river and Qiandao Lake greatly improved. Water 
quality of cross-boundary sections met the standard of class II surface water all year 
around and even reaches the standard of class I surface water in some years. Nearly 7 
billion cubic meters of high-quality water is transported to Qiandao Lake every year1 
(. Water quality and overall protection of of Qiandao Lake significantlyimproved 
simultaneously in the three rounds of this pilot, through a coordinated development 
of the upstream and downstream reaches of the river basin.  

Second, economic development has also maintained a positive growth trend, 
with upgraded economic activities and greener industries. This tren shows that 
ecological protection and socio-economic development can coexist. 

Third, a series of water and soil pollution control practices, including fertilizer 
reduction, pesticide reduction ,use of pesticides with lower toxicity, emission 
reduction for livestock breeding, and sewage treatment in the rural area, have been 
taken up more widely to promote water quality improvements inXin’an River Basin.  

A number of lessons can be learnt from the Xin’an River eco-compensation model. 
Under the principle of shared interests and shared responsibilities, a cross-regional 
water pollution control mechanism has been established to promote coordinated 
governance of upstream and downstream provinces, public participation and green 
lifestyles have been encouraged, and new eco-compensation models through 
common development and shared prosperity have been created. However, a long-
term mechanism of environmental preservation and pollution control has not been 
established. While many confronting challenges such as difficulties of setting 
assessment objectives, agricultural non-point source pollutios, and controversies 
about the source of non-point pollutants among different administrative departments 
exist, the key is lack of an eco-compensation fund to cope with high pressure on water 
quality in the Huangshan sourroundings. To address the funding issue, a new thinking 
to enhance the eco-compensation fund, basing the calculation on the concept of Gross 
Ecosystem Products (GEP) is needed.  

(iii) GEP-based Transboundary Eco-compensation at Xin’an River Basin

1 Finance Bureau of Huangshan Municipality, 2021
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The accounting of Gross Ecosytem Product (GEP) is a vital tool to analyze and 
quantify the economic value of products and services provided by ecosystems for 
human survival and well-being, based on quantifying ecosystem products. This report 
calculated the GEP of forests, wetlands, farmland and other ecosystems in the Xin'an 
River Basin based on land use data with a spatial resolution of 1km from 2015 to 2019, 
MODIS NDVI data, and the 2020 Huangshan Statistical Yearbook. The calculation 
results show that the GEP of the Xin 'an River Basin is on the rise, reaching US$16 
billion in 2015 and US$18 billion in 2019, with an average annual growth rate of 2.9%. 
In 2019, the GDP of the Xin 'an River Basin was US$13.7 billion with the annual GDP 
growth rate of 7.7% from 2015 and the Green-gold Index (the ratio of GEP to GDP) of 
the Xin'an River Basin was 1.32.  

The eco-compensation level for the Xin'an River Basin can be designed based on 
the water and soil conservation indicators which are benefiting the downstream areas, 
as well as endeavors devoted to maintain the normal operation of the local ecosystem. 
From 2015 to 2019, the ecological value created by the upstream for the downstream 
stood between US$2.3 and US$3.9 billion each year. If the average of the five-year GEP 
accounting results is used as the reference for formulating the eco-compensation 
standard, the downstream in Zhejiang would need to pay US$3.0 billion each year for 
the upstream in Anhui from 2015-2019. In addition, the compensation should be 
distributed among districts and counties according to the flow amount of the 
ecological benefits created. Among them, Xiuning County and She County should 
receive the most ecological compensation funds, US$1.1 billion and US$1.0 billion 
respectively, followed by Jixi County, Yi County and Huizhou County, US$0.6 billion, 
US$0.24 billion and US$0.21 billion respectively. Qimen County, Huangshan District 
and Tunxi District should receive relatively less ecological compensation funds. It is 
recommended to conduct a spatial analysis to calculate  the ecological contribution 
of specific districts and counties should when the Xin'an River eco-compensation funds 
will be allocated.  

(iv) Green Finance to Support Ecological Restoration and Conservation

Financing NbS suffers a fundamental challenge, as NbS projects often take longer 
upfront cost for adoption of new technologies to restore ecosystems, which makes 
the investment cycle for such projects longer and the return on investment uncertain. 
Moreover, barriers to finance NbS include decentralized business operations, lack of 
established ownership and perceived uncertainties of long-term impact and return of 
project, less in-house expertise dedicated to handle technical issues with NbS 
deployment. In the PRC, even though local governments are strongly encouraging use 
of green finance to support ecological restoration and are adopting policy incentives 
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to facilitate sustainable agricultural and forestry development, those efforts are still 
nascent with bottlenecks and present financing challenges. Reasons include low 
recognition of green agricultural products in the market, high cost of small-scale green 
agriculture, and difficulties in mortgaging or pledging agriculture assets.  

To address some of these financing challenges, the Huangshan government and 
ADB invested ADB in the Anhui Huangshan Xin'an River Ecological Protection and 
Green Development Project, approved in August 2019. The total investment amounts 
to US$211 million, including 90.09 million Euros from ADB sovereign loans, 50 million 
Euros of joint financing from KfW Bank, and US$49.97 million Euros funded by the 
Huangshan government. With a size of US$37.7 million, the dual Green Incentive and 
Investment Fund was set up to explore a new market-oriented and internationally 
adopted model for watershed management and green development. The dual fund is 
composed of aGreen Incentive Mechanism (GIM) and a Green Investment Fund (GIF), 
which will play a dual role of levereging eco-compensation funds and promote equity 
investment to develop agribusiness, respectively. Supported by GIF, Yixian Younong 
Eco-Agriculture Co., Ltd. has planned to adopt technologies to improve farmland 
efficiency, minimized the use of fertilizers and pesticides, contributes to local 
economy and green agriculture.  

In addition to the government and ADB investment, TNC has established a 
"Qiandao Lake Water Fund" with social capital such as private sector and NGOs, 
aiming to innovate NbS in protecting water sources. The "Qiandao Lake Water Fund" 
provides an innovative mechanism featuring multi-stakeholder joint governance and 
the use of technology for products traceability and targeted rewarding.  

Recommendations for the value realization of Ecological Products at Xin’an River 
Basin  

On the basis of the above findings, this report puts forward the following ten 
recommendations for promoting green development and realizing the value 
realization  of ecologic products at Xin’an River Basin, with a particular focus on 
Huangshan and its surrounding project areas: 

1. Integrate NbS in cross-basin nature protection planning and sustainable
agricultural development. The integration of NbS in watershed planning and
management could bring a wide range of synergies and has a great potential for
advancing action on climate change mitigation and adaption, while improving
biodiversity and human wellbeing. Agricultural diffuse (or non-point source)
pollution is still the main source of river basin pollution in Huangshan and
sourruning regions. Reducing the use of chemical fertilizers, pesticides, and
herbicides and using them more efficienciently can contribute to reduce carbon
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emissions and improve water quality. Well-designed public and private financing 
mechanisms are  instrumental and paramount for upscaling NbS for agriculture. 

2. Improve the quality and the supply capacity of ecological products in the market.
Developing a regional brand can be useful to increase the value of the ecological
products at Huangshan. Concertedefforts are needed for obtaining a price
premium of tea industry – the pillar industry of Huangshan. A modern agricultural
business system can be established by initiating the training projects for new
agricultural entities, developing various forms of agricultural cooperatives with
appropriate scales, and improving the mechanism for aligning the interests of the
new entities and that of the small farmers.

3. Develop diversified tourism products and enhance the value of cultural and eco-
tourism. New ideas, new paths, and new models to transform the tourism industry
of Huangshan need to be created to realize the value of its environment and eco-
tourism. Cultural resources also need to be developed to enhance publicity,
spread the name of Huangshan, and create a multi-dimensional city brand of
"Fantasy Huangshan & Etiquette Huizhou". Besides, local governments can lay out
public tourism facilities, connect tourism routes, and form a transboundary-
regional tourism marketing alliance.

4. Establish Eco-Banks to Mobilize financial Resources for Farmers and Villages.
Eco-banks can help mobilize scattered resources in the hands of farmers and
villages. It can also establish a flexible pricing mechanism for natural resources,
and form a relatively stable pricing method for different resources based on
resource equity attributes and property rights transfers. Visualized, traceable and
dynamic tracking of the transactions could be realized in order to attract capital
flow in the local natural resource sector.

5. Build a carbon sink ecological product trading system. The government should
play a supporting and guiding role in incorporating the carbon neutralization
targets into leading officials' performance appraisal system, encouraging and
regulating carbon sink projects to better improve ecosystem, establishing a sound
mechanism for matching the supply and demand of forest carbon sinks, and
exploring to establish of a transboundary-city carbon trading mechanism between
the Huangshan and other cities in the YREB.

6. Improve water pricing to reflect the true cost of water. It is important to
recognize that the current water prices are low relative to their true cost. It is
critical to establish a water resource grading and price assessment mechanism to
reflect the true cost of water, set benchmark prices for different industries, and
build a water ecology-based system for economic development.
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7. Create a new model for watershed ecological compensation, shared protection
and joint governance of the ecological environment. Local governments should
implement major projects through various compensation methods to promote
better interaction and coordinated development between the protection areas
and beneficiary areas, and form a new development model featuring shared
protection, cost-sharing, industry co-prosperity, and shared achievement between 
downstream and upstream regions.  It is critical to formulate and implement the
new plan for joint protection and governance of Xin'an River Basin to coordinate
the protection of the water environment, resources, and ecology, and promote of
the watershed joint protection and joint management. A holistic approach to
water environment protection in the Xin'an River Basin, including carrying out the
comprehensive treatment and ecological restoration on the low hills and gentle
slopes, practicing the 10-year fishing ban, building ecology buffer zones in
estuaries and river or lake shorelines, and protecting the wetland and forest.

8. Jointly set up a market-based fund for regional ecosystem investment by local
governments and the private sector. When restoring the ecology and develoing
eco-industries, public funds shall de-risks, stabilize investment expectation and
convince market of its sustainability. Establishing an inventory of enterprisesand
projects for  green agri-business that connects and serves local banks for debt-
equity blended financing is encouraged. Local government-backed-city
investment companies and industrial funds could also engage in facilating the
investment. The example is, Huangshan government has used ADB's low-cost
sovereign loans to set up a Green Incentive and Investment Fund with dual
mechanism, integrating the eco-compensation pool with market-based equity
investment, facilitating transition from government-led eco-compensation to a
market-oriented protection model. In this regard, the well-designed equity fund
can help attract private capital by ADB's low-cost loans and become a sustainable
market model. It also encourages market players such as green agricultural
business to join in the project, getting listed when qualified.

9. Provide innovative green financial products and service for the value realization
of ecological products Financial institutions can provide innovative financing
products and incentive mechanisms based on the collateral and pledge of
ecological assets , such as water right, forestry right, carbon sinks, GEP, etc.
Financial instituions should design financial products which are linked to
borrower's eco-efficient performance, and they should take into account national
strategies on ecological restoration and protection, local ecological conditions,
and ecological compensation and investment as reference for helping borrowers
set their performance targets, so that more green funds can flow into business
committed to green and ecological industries. Fintech or blockchain can make
financial institutions better understand their clients' risk, and help facilitate the
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production and sales of agricultural products trusted by consumers with sound 
traceability, certification, and labeling mechanisms. Green finance is a new way to 
support green agriculture and increase the values of ecological products, and is 
worthwhile to promote further so as to support agricultural NbS in the future.
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1. Introduction

1.1 Background 

Eco-compensation is defined as a PRC’s policy mechanism that adjusts the 
interest’s distribution between stakeholders by economic means to promote the 
protection of ecosystem services. In other words, it can be understood as a mechanism 
for the distribution of costs and benefits of the environmental protection for 
stakeholders. A number of people promote the polluter payment principle, meaning 
that the environment destroyers should pay compensation funds, and the affected 
individuals from the damage should be compensated accordingly (Kemkes, 2010). 
Others follow the beneficiary payment principle, meaning that individuals who enjoy 
ecosystem services should pay for the contributors (Muradian et al., 2010). The most 
direct purpose of eco-compensation is to protect the ecosystem which is the basis for 
the above-mentioned services, and make the services sustainable. Similar to 
internationally recognized incentive instruments known as Payment for Ecosystem 
Services (PES), eco-compensation schemes assess the economic value of ecosystems. 

The PRC government “two mountains theory” stating that "green waters and 
green mountains are gold and silver mountains" is forms part of president Xi Jinping's 
vision of ecological civilization. As the foundation of the “Two Mountains” theory, 
ecological products with their economic values underpin green development. In April 
2021, the General Office of the CPC Central Committee and the General Office of the 
State Council issued a guideline on setting up and improving the mechanisms to 
account for the full  value of ecological products, which is the first program-based 
document to put the "Two Mountains" theory into practice. As an important 
mechanism for value realization of ecological products2, improving the compensation 
mechanism of ecological products is vital.  

 The Yangtze River Economic Belt (YREB) is one of the three economic growth 
engines of China. Despite extensive growth since the late 1980s, the YREB faces 
development challenges from increasing pollution and pressure on degraded natural 
resources. Against this background, the PRC government (2015) formulated the YREB 
Development Plan 2016-2030 to prioritize ecological protection and promote green 
development as the guiding principle for the YREB’s future growth. ADB adopted a 
framework that prioritizes ecosystem restoration, environmental protection and 
management of water resources in its loan support to the YREB. This project is 

2 The value realization of ecological products referes to promoting the transformation from regional 
ecological advantages to economic advantages through market or non-market policy means, so as to 
internalize the externality of of ecological products.  
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included as part of the YREB framework. 

 As important “Water Tower” of the Yangtze River Delta region, Xin’an River is an 
important ecological security barrier and strategic water source for the Yangtze River 
delta in the PRC. The Xin’an River originates from Huangshan City, Anhui Province, and 
flows into Qiandao Lake across the provincial boundary in Hangzhou City, Zhejiang 
Province (Figure 1). Its basin covers an area of 6736.8 km2 in Anhui Province, including 
all Tunxi district, Huizhou district, Qi county of Huangshan city; part of Huangshan 
district, Xiuning county, Yi county, and Qimen county of Huangshan city; and part of 
Jixi county, Xuan City. The length of Xin’an River is about 359 km, of which 242.3km is 
in Anhui Province, with more than 600 tributaries. The total area of the basin is about 
11,452.5km2, of which the area of Huangshan City is 5,856.1km2, accounting for 51.1% 
of the total watershed area. The annual average outflow water of the provincial 
boundary section is 6.32 billion m3, accounting for more than 60% of the annual inflow 
water of Qiandao Lake. Qiandao Lake has a catchment area of 10,442 km2 and a 
storage capacity of 17.84 billion m3, 98% of which is in Chun’an County, Zhejiang 
Province. Xin’an River is an important source of drinking water in Zhejiang Province 
and a strategic reserve water source for the whole Yangtze River delta region. 
Ecological compensation in Xin’an River Basin is a "model" of transboundary (or 
vertical) eco-compensation ecological compensation in the PRC. It is of great 
significance and practical value to analyze the effect and mechanism of ecological 
compensation and the value realization of ecological products. 

Figure 1. Map of the Xin’an River in Anhui and Zhejiang Provinces 



18 

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission. 

1.2 Anhui Huangshan Xin’an River Ecological Protection and Green Development 
Project 

 With a population of 1.48 million in 2018, Huangshan is a popular domestic tourist 
destination, largely due to its mountain scenery. Rapid economic development, 
urbanization, intensive agriculture production, and tourism growth have increased the 
pressures on water resources and environment in the basin. The Xin’an River is of 
critical importance for water supply for over 11 million people in the two provinces of 
Anhui and Zhejiang, as well as many other cities in the Yangtze River Delta area 
including Shanghai. Besides, it is the only water source for Huangshan Municipality, 
and the only water supply for Qiandao Lake, a large reservoir downstream in Zhejiang 
Province, which provides water supply for over 10 million people.  

 In the 1990s, the water quality became increasingly eutrophic downstream of 
Qiandao Lake (Ren et al., 2020). The discrepancy also deepened between the need to 
protect water resources and economic growth in the upstream and downstream 
regions. In order to address these issues and promote regional development, the 
government introduced a pilot transboundary ecological compensation (eco-
compensation) scheme between Anhui and Zhejiang provinces in 2012, as a new 
mechanism to address cross-provincial water quality concerns in the Xin’an River Basin. 
The water quality in the Xin’an River and eutrophication of the Qiandao Lake have 
improved significantly after the implementation of the eco-compensation scheme. 
Specifically, water quality across the provincial boundary had steadily reached the 
standard of class II of surface water environmental quality, and some indexes reaching 
the standard of class I (Bulletin on Ecological Environment of Huangshan Municipality, 
2020).  

 At the end of 2020, the Xin'an River Basin ecological compensation pilot has been 
implemented in three rounds. The majority of the resources mobilized were invested 
in Huangshan for the control of industrial wastewater pollution, improvement of 
wastewater collection and treatment capacity, and restoration of the ecosystem along 
the river. Through the pilot project, the water quality of the Xin'an River Basin has 
shown an improvement trend, and the trophic status index of Qiandao Lake has shown 
a downward trend as a whole, achieving the goal of promoting the overall protection 
and coordinated development of the upstream and downstream of the basin with 
ecological protection compensation as a link.  

 In December 2019, ADB approved a US$100 million loan for Anhui Huangshan 
Xin’an River Ecological Protection and Green Development Project to support the 
clean-up of Xin’an River and promote green development in Anhui Province, as part of 
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the ADB-PRC Yangtze River Economic Belt (YREB) program. The project aims to support 
the Huangshan Municipality to demonstrate water pollution reduction in the Xin’an 
River Basin through improving urban and rural wastewater management, reducing soil 
erosion and non-point source pollution from agriculture, while strengthening 
financing mechanisms, water resources management capacity and public awareness, 
within three districts (Huangshan, Tunxi, and Huizhou) and four counties (She, Xiuning, 
Yi, and Qimen). The project is piloting innovative green finance mechanisms to reduce 
rural pollution and complement the ongoing cross-provincial eco-compensation 
scheme while supporting the green development of agroecological businesses, 
through the following two interventions: The Cross-Provincial Eco-compensation 
Green Investment Fund (GIF) and the Huangshan Tea Famer Green Incentive 
Mechanism (GIM).  

 The Huangshan Tea Farmer Green Incentive Fund serves as a rewarding 
mechanism, through which HMG can provide cash grants as financial incentives to tea 
farmers who have achieved pollution control targets through adoption of sustainable 
farming practices, in accordance with a well-designed pollution control plan. In parallel, 
introducing a green investment fund to provide financing to support small- and 
medium-sized enterprises (SME) involved in green business development would give 
further impetus to venture into and expand ecological agriculture, eco-tourism, and 
pollution control. These new financing mechanisms were introduced on a small-scale 
pilot basis under the project, in comparison with the traditional input-based and 
infrastructure-oriented public interventions in the PRC.  

1.3 The Purpose and Objectives 

 To promote nature-positive approaches, the Asian Development Bank (ADB) plans 
to establish a Regional Natural Capital Lab (NCL), aligned with ADB’s “One ADB” 
initiative. The NCL is designed as a virtual platform focused on addressing the triple 
and interlinked challenges of increasing food insecurity and poverty, biodiversity loss, 
and climate change risks. Through science-based and technology driven partnerships 
and collaboration, the NCL aims to leverage the tools that already exist to capture the 
value of ecosystem services and share policy instruments, institutional and regulatory 
frameworks to incentivize nature-positive investments and discourage activities 
leading to environment degradation in the COVID-19 era. Besides, the Regional NCL 
aims to support ADB’s Strategy 2030 operational program and meet the SDGs and 
multilateral environmental agreements, especially Convention on Biological Diversity 
(CBD) and United Nations Framework Convention on Climate Change (UNFCC). This 
project is an integral part of ADB’s efforts on promoting nature-positive investments 
on natural capital, take Huangshan as a pilot to demonstrate practices on cross 
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province eco-compensation, green finance mechanisms and NbS under the Regional 
Natural Capital Lab.  

 In this context, this report identifies where NbS can contribute to address threats 
to surface water quality that stem from diffuse pollution in Xin’an River basin, based 
on a case report on the pilots of transboundary eco-compensation, innovative green 
finance mechanisms and NbS practices at Huangshan Municipality and Qiandao lake. 
The case study will include their experiences in promoting  transboundary eco-
compensation, green finance mechanisms and nature-based solutions along with 
transformation of ecological value, and provide policy recommendations for improved 
agricultural practices and sustainable growth. The effective and innovative innovations 
are envisaged to serve a demonstrative role for municipalities with pervasive 
ecological pressures in the Yangtze River Economic Belt and other parts of PRC, and to 
promote regional public goods by reversing the negative impacts of pollution within 
and beyond the PRC. 

1.4 Methodology 

 This study is a qualitative and quantitative analysis which combines literature and 
policy review, data collection and analysis, and field visits. The literature and policy 
review incorporates the application of NbS in agricultural landscapes that contribute 
to reducing negative trade-offs between sustainable production and conservation 
objectives. The literature review relies primarily on peer-reviewed sources, reports of 
international organizations, government official documents, and news report on 
website. It draws on the experiences of both public and private sector stakeholders, 
personnel and institutions, and relevant scientific and finance experience worldwide 
and PRC specific. In order to better understand the meaning of ecological value, eco-
compensation mechanisms and green development funds in the PRC, data and 
information is collected from various agencies of the ADB, the World Bank, and the 
line ministries with a focus on agricultural sector, water quality, ecological 
development and finance.  

 In addition, to make an evidence-based study of the Huangshan Case, primary 
data and information have been collected through key informant interviews. The 
information for the field visits were gathered through a) consultations with 
government, business, academic representatives and advisers involved in issues 
related to agricultural and ecological development in Huangshan, Chun An, and 
neighboring cities; b) development partners working in agricultural and ecological 
development in Huangshan, Chun An, and neighboring cities; and c) private sectors in 
Huangshan, Chun An, and neighboring cities; and d) smallholder farmers.  
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2. Nature-based Solutions and Sustainable Agricultural Development

2.1 Solutions in Nature 

 Intensifying global challenges such as climate change, loss of biodiversity, 
degraded food systems, water shortages, and frequent natural disasters, bring 
significant impacts on the economy and human wellbeing, directly and indirectly 
(WWF, 2016). Humanity and other life on the planet are approaching a catastrophic 
tipping point (IPCC, 2018). It is in times of crisis that the forgotten Nature-based 
Solutions (NbS) is revived, as an increasingly important pathway to address these 
multiple challenges in an integrated and holistic manner. In 2020, Chinese President Xi 
Jinping endorsed the concept of NbS at the United Nations Biodiversity Summit, 
emphasizing that people could strive to find development opportunities while 
preserving nature, and achieve win-win in both ecological conservation and high-
quality development (CGTN, 2020). In August 2020, China's Ministry of Natural 
Resources, the Ministry of Finance and the Ministry of Ecology and Environment, 
jointly issued the "Guidelines for Ecological Conservation and Restoration of 
Mountains, Rivers, Lakes and Grasses (Trial)", which fully integrated NBS's new 
concepts and methods. 

2.2 Development of Nature-based Solutions Concept 

 The NbS concept has emerged within the last decade or so, as international 
organizations search for ways to adapt to and mitigate climate change effects, while 
improving sustainable livelihoods and protecting natural ecosystems and biodiversity. 
The International Union for Conservation of Nature (IUCN) defines NbS as actions to 
protect, sustainably manage and restore natural or modified ecosystems, which 
address societal challenges (e.g. climate change, food and water security or natural 
disasters) effectively and adaptively, while simultaneously providing human well-being 
and biodiversity benefits (IUCN, 2016). The European Commission defines NbS as the 
solutions to societal challenges that are inspired and supported by nature, which are 
cost-effective, simultaneously provide environmental, social and economic benefits 
and help build resilience (European Commission, 2020). The Intergovernmental Panel 
on Climate Change (2018) launched a special report on “Global Warming of 1.5 °C”, 
indicating that climate-related risks to health, livelihoods, food security, water supply, 
human security, and economic growth are projected to increase with global warming 
of 1.5°C and increase further with 2°C. NbS also contributes to a variety of social, 
environmental and economics needs, and offers cross-cutting solutions to the 
achievement of Sustainable Development Goals (SDGs). Specifically, it offers solutions 
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to SDG 15 by protecting the sustainable use of terrestrial ecosystems that provide 
favorable conditions for water-related ecosystem services that directly underpin 
poverty eradication (SDG 1), the zero-hunger initiative (SDG 2), ensure water and 
sanitation services (SDG 2), and mitigate negative effects under climate change (SDG 
13) systematically (Figure 2).

Figure 2. SDG’s related to NbS 

 Although the terms referring to NbS used in international and European context 
diverse, the common idea is that nature can be used as a valuable tool to strengthen 
the resilience of ecosystems, and major social challenges could be addressed through 
effective ecosystem services, with a strong focus on a series of environmental, social 
and economic synergies. NbS focuses on the relationship between human and nature, 
which is the result of the change of human's attitude towards nature from resource-
based utilization to the functional thinking of nature conservation. It emphasizes the 
full utilization of ecosystem services, such as water conservation, soil health 
improvement, atmospheric environment purification, biodiversity protection, carbon 
sequestration and oxygen release, to address the severe threats and challenges faced 
by human society, such as climate change, frequent disasters and biodiversity loss.  

 The core of NbS is to maximize the human-centered ecosystem services, 
emphasizing the full use of a variety of ecosystem services to cope with a series of 
major threats of the society, while bringing a variety of economic, environmental and 
social benefits. The emergence of NbS provides a clear path for the delivery of 
ecosystem services. It re-examines the relationship between humanity and nature, 
emphasizing on the integration of social factors in conservation. NbS aims to 
simultaneously improve the availability and quality of water resources and raise 
agricultural productivity. As the global population grows, pressure exerted by human 
activities on nature also increases, and resources that are vital to agriculture (such as 
soil and water) are becoming scarce. According to the Food and Agriculture 
Organization of the United Nations (FAO), about 52% of the world's agricultural land is 
already moderately to severely degraded, forcing some farmers to abandon their land. 
One way to stop further land degradation while meeting the growing demands on the 
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food system is to adopt nature-based solutions in agriculture. As one of the largest 
ecosystems on earth, agriculture covers about half of the world's habitable land 
(Figure 3).  

This ecosystem is critical to sustaining a population, when human needs are 
expected to increase by 50 percent by 2050. Besides, more than 1 billion people (such 
as farmers, pastoralists and fishermen) work closely with agriculture for a living. 
According to a study conducted in 2016, 65 percent of the working poor make their 
living from agriculture sector. This shows an importance of agriculture for livelihoods 
and poverty reduction (FAO, 2021). However, if not managed properly, agriculture can 
also pose a threat to sustainable human development, leading to land degradation, 
water shortages, biodiversity loss and more. 

Figure 3. Global land use for food production 

Source: Our World in Data. https://ourworldindata.org/land-use 

2.3 Leveraging Nature-based Solutions for Agricultural Development 

 In recent years, considerable progress has been made in the field of NbS, which 
improves ecosystem functions of environments and landscapes affected by 
agricultural practices and land degradation, while enhancing livelihoods and other 
sociocultural functions. In agricultural landscapes, NbS can be used for soil health, soil 
moisture, carbon mitigation (through soil and forestry), downstream water quality 
protection, biodiversity to benefit agricultural production and supply chains to achieve 
net zero environmental impacts, while achieving food and water security as well as 
climate goals (Sonneveld et al., 2018).   

https://ourworldindata.org/land-use
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 The FAO (2008) defines soil health as the “continued capacity of soil to function 
as a vital living system, within ecosystems and land-use boundaries, to sustain 
biological productivity, promote the quality of air and water environments, and 
maintain plant, animal and human health”. Healthy soils maintain diverse soil biomes 
and promote plant nutrient cycling. Besides, through positive impacts on soil water 
holding capacity and nutrient carrying capacity, soil structure and fertility could be 
enhanced, and ultimately increase crop yields. Healthy soils can also contribute to 
climate change mitigation by maintaining or increasing their own carbon stocks. 

 Land degradation is potentially the most threatening ecosystem change that 
impacts the livelihoods of the poor. Land degradation diminishes biological diversity 
and many of the ecosystem goods and services on which human societies depend. As 
food security is rooted in soil, land degradation marginalizes efforts to secure long-
term food security, rural productivity, and development. More than 40% of China’s 
arable land is degraded from reduced fertility, erosion, changes in acidity and the 
effects of climate change as well as damage from pollutants (UNDP, 2016). As for water, 
China’s water pollution problem has become increasingly severe, and the main reason 
is agricultural nonpoint-source pollution (AGFEP et al., 2021). Data from the second 
China’s National Pollution Survey (MEE, 2020) show that the total nitrogen and 
phosphorus emissions from plantation account for about 24% of the total water 
pollution emissions in China. Taking the Yangtze River Basin as an example, agricultural 
non-point source pollution accounts for more than 50% of the nitrogen and 
phosphorus input into the Yangtze River. In the past 30 years, soluble inorganic 
nitrogen and phosphorus in the Yangtze River Basin has increased 4-5 times, 
contributing 60% and 88% of the coastal nitrogen and phosphorus emissions. 

 The effective application of NBS can improve the soil health, improve the quality 
of cultivated land and ensure the sustainable development of plantation. To 
strengthen the application of NbS in agricultural production, it is significant to 
maximize the restoration of natural vegetation or the construction of natural habitat 
in and around the farmland; promote the protective cultivated land model, such as 
reducing mechanical disturbance to the soil; plant cover crops to improve soil fertility 
and increase vegetation cover on the surface. Besides, as most of the soil pollution 
comes from the overuse of fertilizer and other chemicals, precise and on-demand 
application of fertilizer and other chemicals and the use of the right fertilizers and 
chemicals to improve the efficiency of fertilization and other chemicals, are critical to 
reducing soil pollution in farmland and river basins.  
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2.4 Nature-based Solutions for Agricultural Nonpoint Source Pollution Control 

 In the past 30 years, PRC has made remarkable achievement in agriculture 
production, feeding 1.4 billion population in the country. However, agricultural non-
point source pollution has brought about severe problems such as the degradation of 
water and soil resources, the decline of arable land fertility and heavy metal pollution, 
which have greatly hindered the sustainable development of agricultural system. In 
order to achieve high grain yields and meet the needs of growing population, the use 
of chemical fertilizers, pesticides and agricultural film has increased twofold to fourfold 
in China. The potentially excessive use of agricultural chemicals has increased the risk 
of agricultural non-point source pollution. Fertilizer nutrients applied to the soil are 
discharged into the environment in many ways. For example, fertilizer nitrogen enters 
land and water through ammonia volatilization, nitrification and denitrification, 
surface runoff and leaching, and phosphorus can enter the water through runoff, 
erosion and leaching, leading to water eutrophication and air pollution and other 
environmental problems. Excessive residual nutrients in soil may also increase the risk 
of nutrient loss and environmental pollution.  

 Facing these problems, the former Ministry of Agriculture and other ministries 
jointly formulated the "The Plan for agricultural sustainable development (2015-
2030)" and put forward the objective and task which can be concluded as ‘one 
regulation, two reductions, three basics” to control agricultural non-point source 
pollution. After several years of prevention and control, the situation of extensive 
agricultural non-point source pollution in China has been curbed. According to a recent 
report (AGFEP et al., 2021), the application amount and intensity of chemical fertilizer 
in China decreased for four consecutive years since 2015. In terms of the total use of 
pesticides, the amount of pesticide has decreased for five consecutive years since 2014. 
According to the Bulletin on the Second National General Survey of Pollution Sources 
(fiscal year 2017), released by the China’s Ministry of Ecology and Environment (MEE), 
chemical oxygen demand (COD), nitrogen and phosphorus from agricultural sources 
were 10,671,300 tons, 1,414,900 tons and 21,200 tons, respectively, accounting for 
61.7 percent, 46.5 percent and 67.2 percent of China's total water pollution emissions. 
Therefore, agricultural non-point source pollution is still the main source of water 
pollution in China. In the discharge of rural water pollutants in China, total nitrogen 
and total phosphorus are important contributors, and nitrogen and phosphorus 
mainly come from fertilizers and pesticides applied in the process of crop planting. 
Reducing the use of chemical fertilizer and pesticide and improving the quality of 
organic fertilizer are effective measures to control agricultural non-point source 
pollution.  
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2.5 Financing Nature-based Solutions for Sustainable Development 

 In recent years, awareness has increased about the importance of investing in NbS 
as climate change mitigatation and adaption measures. Attention has been focused on 
identifying promising approaches and developing initiatives that can scale finance for 
NbS for adaptation, often through innovative mechanism that blend public and private 
capital. In ongoing international discussions and UN governance processes on climate, 
biodiversity, and oceans, there is a strong consensus that NbS are fundamental to 
climate safety and biodiversity. NbS can provide over one-third of the cost-effective 
climate mitigation needed between now and 2030 to stabilize warming to below 2°C, 
achieving nature’s mitigation potential of 10-12 gigatons of CO2 per year. Adequate 
investment in NbS will help reduce the financial cost of climate change and contribute 
to the creation of new jobs, to livelihood resilience, and to reducing poverty (UNEP, 
2019).  

However, there is a significant funding gap for NbS (Swann, 2021). In the 
Adaptation Gap Report 2020, the United Nations Environment Programme (UNEP) 
identified adaptation investment needs of more than US US$140 billion per year by 
2030 (UNEP, 2021). The Climate Policy Initiative (CPI) estimates that only US$30 billion 
in funding flowed for adaptation in 2018. It is difficult to quantify the NbS funding gap, 
as few analyses has been done of the amounts, types and channels of public 
international funding to support NbS in developing countries. Given the importance of 
public capital in funding NbS, a better understanding of these sources of funding is 
needed.  

 In addition, innovative financial and policy mechanisms are significant for the 
watershed protection, especially when the upstream part of a watershed gives up 
development opportunities and/or invests in environmental protection in order to 
provide downstream part of the watershed with good quality water and acceptable 
quantity of water (ADB, 2021). To secure the funding for watershed protection, since 
2011, the Ministry of Finance and Ministry of Ecology and Environment (previously 
Ministry of Environmental Protection) led the pilot implementation of the national 
pilot scheme of ecological compensation mechanisms across the province in Xin’an 
River Basin. Under existing watershed compensation mechanisms, authorities use 
established water quality standards as a basis for controlling water resource use and 
pollutant discharges. The NDRC, MEE, Ministry of Finance and six other government 
agencies jointly released the most recent policy paper titled ‘Action Plan for 
Establishing Market-Oriented and Diversified Eco-Compensation Mechanism’ in 
January 2019, with the aim to relieve the burden of public finance and render the 
existing schemes more efficiently and effectively. Green finance mechanisms including 
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Green Inventive and Investment Fund and other innovative financing mechanisms 
such as the Qiandao Lake Water Fund will be discussed in section 5.   

3. Biophysical and Socioeconomic Assessment of Huangshan’s Practices

3.1 Introduction of Xin’an River Cross-provincial Eco-compensation 

 The Ministry of Finance, the former Ministry of Environmental Protection, and 
provinces of Anhui and Zhejiang jointly signed the agreement of “Water quality 
compensation in Xin'an River” in 2012. The implementation of this agreement 
established China's first transboundary ecological compensation pilot from 2012-2014. 
By the end of 2020, three rounds of eco-compensation pilot in Xin'an River were 
implemented. A total of US$798 million of compensation funds had been arranged in 
the three rounds of the pilot, including US$314 million invested by the central 
government, US$229 million invested by Zhejiang Province and US$254 million 
invested by Anhui Province (Table 1). 

During the first round of the pilot (2012-2014), the central government issued a 
total of US$144 million funds, while Zhejiang Province compensated US$48 million and 
Anhui Province allocated US$55 million. During the second round of the pilot (2015-
2017), the central government allocated US$138 million funds, while Zhejiang 
Province compensated US$92 million and Anhui Province allocated US$101 million. 
During the third round of the pilot (2018-2020), the central government withdrew 
from the pilot, while Zhejiang compensated US$88 million and Anhui allocated US$97 
million. The pilot funds for the three round eco-compensation pilots in Xin'an River 
were in the form of special financial transfer payment, which was jointly paid by the 
central and provincial finance from Zhejiang and Anhui to Huangshan Municipality and 
Jixi County (Table 2). 

“Payment by the beneficiaries” is the basic principle of ecological compensation 
in Xin'an River. The upstream and downstream establish a valuation adjustment 
mechanism (VAM) agreement through the mutually agreed compensation criteria (the 
compensation index p3). The p value is based on the permanganate index, ammonia 
nitrogen, total nitrogen and total phosphorus of the cross-border section of Anhui and 
Zhejiang provinces along Xin'an river. If p is greater than 1 or a major water pollution 

3The compensation index P = 𝐾𝐾 × ∑ 𝐾𝐾𝑖𝑖
𝐶𝐶𝑖𝑖
𝐶𝐶𝑖𝑖𝑖𝑖

4
𝑖𝑖=1 ，𝐾𝐾refers to the water quality stability coefficient. 

Considering the variation factors of natural conditions such as rainfall and runoff, K is taken as 0.85-
0.90; 𝐾𝐾𝑖𝑖refers to the index weight coefficient of the index. According to the average of the four 
indexes, 𝐾𝐾𝑖𝑖  is 0.25; 𝐶𝐶𝑖𝑖refers to the annual average concentration value of an index; 𝐶𝐶𝑖𝑖𝑖𝑖refers to the 
basic limit of an indicator. 
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accident occurs within the boundary of Anhui Province in the Xin'an River Basin, Anhui 
will allocate US$16 million to Zhejiang. In the process of three rounds of ecological 
compensation pilot, the water quality had improved. The benchmark of compensation 
index in Xin'an basin exhibited an increasing trend round by round. The value of water 
quality stability coefficient K4 had increased from 0.85 in the first round to 0.89 in the 
second round and 0.9 in the third round (Huangshan Government,2021). 

The ecological compensation fund of Xin'an river is specially used for 
comprehensive environmental treatment, water pollution prevention and control, 
ecological protection construction, industrial structure adjustment, industrial layout 
optimization and other specific ecological compensation. Moreover, a green fund 
through Public-Private Partnership (PPP) program was established to attract social 
capital investment in the comprehensive water quality management of Xin'an River. 
The total investment of the pilot scheme is US$2.9 billion, of which US$1.7 billion has 
been invested in the first round, including 261 projects in five categories: rural non-
point source pollution, urban sewage, garbage treatment, industrial point source 
pollution remediation, ecological restoration projects, and capacity-building. A total of 
US$700 million was invested in the second round, while US$1.0 billion was invested in 
the third round of compensation pilot projects.

Table 1. Source of eco-compensation funds in Xin'an River (million USD ) 

Source Central 

Government 

Zhejiang 

Province 

Anhui Province Total 

2010 7.66 - - 7.66 

2011 30.65 - - 30.65 

2012 45.97 15.32 15.32 76.61 

2013 45.97 15.32 18.39 79.68 

2014 45.97 15.32 18.39 79.68 

2015 61.29 30.65 33.71 125.65 

2016 45.97 30.65 33.71 110.32 

2017 30.65 30.65 33.71 95.00 

2018 - 30.65 33.71 64.36 

2019 - 30.65 33.71 64.36 

2020 - 30.65 33.71 64.36 

Total 314.11 229.84 254.36 798.31 
Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

4Water quality stability coefficient K is a parameter in the calculation of the compensation index P to 
reduce the impact of dry season and wet season on water quality. From the calculation formula of P, 
the greater the K value, the greater the pressure on water quality improvement in the upstream area. 
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Table 2. Allocation of eco-compensation funds in Xin'an River (million USD) 

Year Huangshan Municipality Jixi County Total 

2010 7.08 0.58 7.66 

2011 23.69 6.96 30.65 

2012 70.48 6.13 76.61 

2013 72.02 7.66 79.68 

2014 72.02 7.66 79.68 

2015 114.92 10.73 125.65 

2016 101.13 9.19 110.32 

2017 87.34 7.66 95.00 

2018 58.23 6.13 64.36 

2019 58.23 6.13 64.36 

2020 58.23 6.13 64.36 

Total 723.35 74.96 798.31 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

3.2 Major Achievements 

 Significant ecological and economic benefits had been achieved by adopting NbS 
through three rounds of Xin’an river cross-provincial ecological compensation pilot. 

3.2.1 Improved water quality in Xin’an river and Qiandao lake 

The water quality of Xin’an river had gradually improved during the three rounds 
of the pilot. The water quality stability coefficient K increased from 0.85 in the year 
2012 to 0.90 in the year 2020. The water quality of cross-boundary sections meets the 
standard of class II surface water5 all year around and even reaches the standard of 
class I surface water in some years (Bulletin on ecological environment of Huangshan 
municipality, 2020). Nearly 7 billion cubic meters of high-quality water is transported 
to Qiandao Lake every year (Finance Bureau of Huangshan municipality, 2021). The 
water quality of Qiandao Lake had been improved simultaneously in the three rounds 
of the pilot. Overall an objective of promoting the overall protection with a 

5 According to environmental quality standards for surface water issued by Ministry of Ecology and 
Environment and General Administration of Quality Supervision, Inspection and Quarantine of China, 
there are five classes of water quality: Class I is mainly applicable to source water and national nature 
reserves; Class II is mainly applicable to class I protection areas of surface water sources of drinking 
water, habitats of rare aquatic organisms, fish and shrimp production sites, feeding sites for young fish, 
etc. Class III is mainly applicable to secondary protection areas of surface water sources of drinking 
water, fish and shrimp wintering grounds, migration channels, aquaculture areas and other fishery 
waters and swimming areas. Class IV is mainly applicable to the common process water use and the 
human body non-direct contact entertainment water use. Class V is mainly applicable to agricultural 
water use and general landscape water use. 
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coordinated development of the upstream and downstream of the river basin through 
the ecological compensation pilot had been achieved. 

Figures 4-7 indicated that the concentrations of permanganate index, ammonia 
nitrogen, total phosphorus, and total nitrogen decreased from 2005 to 2020. Among 
them, the permanganate index fluctuated around the class I, the average 
concentration of ammonia nitrogen and total phosphorus fluctuated between class I 
and class II, and the average concentration of total nitrogen fluctuated around 1.5mg/L. 
Notably, the water quality index of Huangshan in 2020 ranks among the top 30 cities6 
in China for the first time, ranking 28th among 337 cities in China and 1st in the Yangtze 
River Delta region. 

Figure 4. The concentration of permanganate index in Xin’an River from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

Figure 5. The concentration of ammonia nitrogen in Xin’an River from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

6Top 3 cities in water quality in 2020 : Liuzhou and Guilin in Guangxi Province, Zhangye in Gansu Province. 
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Figure 6. The concentration of total phosphorus in Xin’an River from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

Figure 7. The concentration of total nitrogen in Xin’an River from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

For the downstream, the water quality of Qiandao Lake remained in the range of 
class I and class II. Among the specific indicators, the concentration of potassium 
permanganate and ammonia nitrogen meet the standard of class I surface water (0.15 
mg/L) (Figure 8-12). There was an inflection point in 2012, after which the 
concentration showed a downward trend. The total phosphorus concentration 
generally remained at class I - II, and showed a downward trend from 2010 to 2017, 
reaching the class I standard of lake and reservoir (0.01mg/L). However, it slightly 
increased in the year 2018 and 2019, but still reaching the class II standard 
(0.025mg/L). Compared with other indicators, the total nitrogen concentration was 
relatively high, fluctuating up and down at 1.0mg/l. The total nitrogen concentration 
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in 2020 is 0.777 mg/L, 27.6% lower than that in 2019. 

Figure 8. The concentration of permanganate index in Qiandao Lake from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

Figure 9. The concentration of ammonia nitrogen in Qiandao Lake from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 
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Figure 10. The concentration of total phosphorus in Qiandao Lake from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

Figure 11. The concentration of total nitrogen in Qiandao Lake from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 

Figure 12. The eutrophic state index (TSI) in Qiandao Lake from 2005-2020 

Source: Xin’an River Ecological Protecton Administration, Huangshan City Finance Bureau 
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A total of US$3.0 billion had been invested in water quality control in Xin'an River 
Basin during 2012 to 2021 (National Development and Reform Commission of PRC, 
2021). The investment in non-point source pollution control, urban sewage and 
garbage treatment, industrial point source pollution control, the ecological restoration 
project, and environmental protection capacity construction accounted for 7.7%, 
10.6%, 18.3%, 61.6%, and 1.8% of the total investment, respectively. Effective progress 
had been made in controlling industrial wastewater discharge during the pilot years. 
In 2018, the total discharge of industrial wastewater was 6.283 million tons, a decrease 
of 44% compared with 1,123.6 tons in 2011 the year before the implementation of the 
eco-compensation pilot. Specifically, industrial COD emissions and industrial ammonia 
nitrogen emissions dropped from 3,424 and 459 tons in 2010 to 1,089 and 112 tons in 
2018, respectively (Huangshan Stistical Yearbook, 2020). Meanwhile, the centralized 
sewage treatment rate had been increased year by year, from 88% in 2012 to 94.1% in 
2019 (Huangshan Statistical Yearbook, 2020). Agricultural non-point source pollution 
had also decreased. The synthetic fertilizer use was 32,820 tons at Huangshan in 2020, 
a decrease of 5,744 tons (14.9%) compared with 38,564 tons in 2015. The pesticides 
use decreased from 2,515 tons in 2015 to 2,545 tons in 2020, a decrease of 24% 
(Huangshan Government, 2021). The utilization rate of high efficiency, low residue, 
and biological pesticides increased to 85% in 2020. Meanwhile, 100% of pesticide 
packaging bags were recycled in 2020. In terms of the domestic sewage discharge 
control, the total emissions had fallen and the harmless treatment rate of domestic 
waste improved simultaneously, which stabilized at 100% since 2014. 

3.2.2 Upgraded economic structure and greener industries 

While achieving environmental goals, Huangshan had also maintained a positive 
economic growth. Per capita GDP increased from US$4983 in 2012 to US$8385 in 2020 
in nominal term. From 2012 to 2020, the nominal GDP of the upstream Huangshan 
increased year by year, from US$6.7 billion to US$12.3 billion. In addition, according 
to the assessment by the Planning Institute of the Ministry of Ecology and Environment, 
the value of the Xin'an River ecosystem services was estimated at US$17.3 billion in 
2019, of which the value of the water ecosystem services is US$2.1 billion . More 
detailed information about the value of the other ecosystem services is presented in 
Section 4. 

With strengthening environmental protection and regulation, Huangshan’s 
economic structure has been transformed. The shares of the primary sector, 
secondary industry, and tertiary sector were 7.9%, 34.7%, and 57.4% in 2020, 
respectively, representing a significant shift from the shares in 2012 (11.4%, 46.2%, 
and 42.3%) (Figure 13). Specifically, the share of secondary industry output value 
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decreased by 11.5% from 2012-2020, mainly due to the shutdown and renovation of 
traditional industries with high pollution and high energy consumption. The 
proportion of tertiary sector output value increased by 15% from 2012 to 2020, which 
was attributed to in-depth development of ecotourism relying on the environmental 
advantages. There was a noted decrease of 3.5% in the share of the primary sector 
output value from 2012 to 2020. 

Figure 13. Changing Economic Structure of Huangshan from 2010-2020 

Source: Huangshan Bureau of Statistics. (2012-2020). Statistical Yearbook of Huangshan City. 

In terms of primary sector, Huangshan is developing towards greener agriculture. 
Various efforts have been made to reduce agricultural pollution and develop ecological 
products. Food produced with ecological agricultural practices has become one of the 
pillar primary industries of Huangshan. Various forms of ecological agriculture pilot 
areas, pollution-free food and green products production bases have been established, 
and the modernization and ecology of agricultural production have been gradually 
realized. Tea is the leading agriculture product at Huangshan and an important income 
source for more than 700,000 tea farmers. Huangshan has a tea plantation area of 
more than 50,000 hectares, which is equal to the planting area of grain crops. It is a 
famous tea producing areas in China and one of the main tea producing areas in Anhui 
Province. While developing high quality agriculture, Huangshan also actively connects 
with the large consumption market in the Yangtze River Delta to expand sales channels. 

Since the implementation of the transboundary ecological compensation pilot, 
Huangshan has accelerated an upgrading of traditional industries. In the three rounds 
of pilot, more than 220 polluting enterprises were closed, and more than 90 
enterprises were relocated to the manufacturing districts, which were equipped with 
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more advanced drainage system and industrial sewage treatment equipment. 500 
projects were optimized and upgraded and more than 190 polluting projects were 
rejected by the Huangshan government. Huangshan had made efforts to develop an 
ecological circular economy with rising level of comprehensive utilization of resources. 

 In terms of the service industry, Huangshan has focused on developing ecotourism 
relying on its environmental and natural advantages and strengthen the excavation of 
Hui culture at the same time. The tertiary service industry represented by tourism and 
cultural industries is growing, and its eco-friendly industrial characteristics are 
becoming more and more prominent The emerge of the new tourism pattern has 
drived the vigorous development of rural tourism, leisure vacation, and other business 
forms. Through the construction of beautiful villages, Huangshan has actively created 
exquisite "small scenic spots" in rural areas, developed 298 star-level farmhouses and 
nearly 1,000 Home Inns. Nearly 200 administrative villages are engaged in rural 
tourism reception, and more than 100,000 farmers are engaged in the tertiary industry 
dominated by tourism, with an annual per capita income of more than US$1237. 

 In the context of economic restructuring driven by transboundary ecological 
compensation pilot in Huangshan, a green economic system dominated by tourism, 
supported by strategic emerging industries and modern service industries, and based 
on delicate agriculture has started to taken a shape. 

3.3 Water pollution control practices at Huangshan 

While industrial structure had been adjusted gradually in response to the 
tightening environmental regulations at Huangshan, there are a number of specific 
measures taken to control water pollution. 

3.3.1 Non-point source pollution (NPSP) control measures 

NPSP is an important challenge in the process of implementing Xin’an River 
ecological compensation scheme. The main sources of NPSP come from the discharge 
of total nitrogen and total phosphorus from agricultural production activities (ADB, 
2019), especially from the use of chemical fertilizers and pesticides. To control for the 
NPSP, a set of technological measures and nature-based solutions have been used in 
Huangshan municipality. Moreover, the water fund at Qiandao Lake provides an 
innovative mechanism to control NPSP. Detailed information on the water fund can be 
found in Section 5.4. 

1) Fertilizer reduction measures

 Technologies such as integrated management of water and fertilizer, rice lateral 
deep fertilization technology, and soil testing fertilization have been used to improve 
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nitrogen use efficiency, which can not only reduce the fertilizer use and save labor 
costs, but also increase the productivity. Substituting chemical fertilizer with organic 
fertilizer is another effective measure to deal with the overuse of chemical fertilizer. 
Therefore, an organic fertilizer subsidy program with a standard of US$62 per ton of 
organic fertilizer is implemented to incentivize farmers to adopt environmentally-
friendly practices. Especially, the government has funded the construction of organic 
fertilizer rail transport tracks in the mountain areas considering the high transportation 
cost in mountain area, which is an innovative practice in Huangshan. In addition, straw 
crushing and returning to the field is a good way to improve water pollution and air 
pollution caused by dumping and incineration, and it can improve the soil and reduce 
the amount of fertilizer simultaneously. Moreover, Slow-release fertilizer, water-
soluble fertilizer, and microbial fertilizer are used to improve the utilization rate of 
chemical fertilizer. 

2) Pesticide reduction measures and extension use of low-toxic pesticides

 Since 2015, the Huangshan municipality government has established a centralized 
pesticide distribution system to promote the use of low-toxic pesticides to eligible 
large growers, family farms, farmers' professional cooperatives, and agricultural 
leading enterprises, which aims to control the pesticide use from the supply side. 
Specific measures were adopted through the implementation of the pesticide 
distribution system. Firstly, the catalog of recommended pesticide varieties for crop 
pest control and the catalog of prohibited and restricted pesticides were issued by the 
government. Among the 132 recommended pesticide varieties, there are 40 biological 
pesticides and 4 plant protection products, all of which are high-efficiency, low toxicity, 
and low residue varieties. Then, a company was selected through public bidding to be 
responsible for the distribution, procurement, and recycling of waste pesticide 
packaging in the city. Moreover, pesticide prices are unified to encourage farmers to 
buy pesticides in the distribution system. Meanwhile, the financial department will 
subsidize the pesticide distribution entities and distribution outlets according to the 
proportion of 30% of sales. By the end of 2020, Huangshan has completed the 
construction of 466 standardized outlets, achieving 100% coverage of centralized 
pesticide distribution at the township level and 80% coverage at the village level.
Through centralized recycling and harmless treatment of waste pesticide packaging 
materials, 35.38 million waste packaging materials were recycled with the recycling 
rate of waste packaging materials of 90%, which contributed to the NPSP control 
(Huangshan Government, 2021). 

The digital management system is established to track and monitor the sales and 
distribution of pesticides. Green pest control technologies, such as solar insecticidal 
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lamps and insect luring yellow plates, are widely used in Huangshan municipality. 
These are physical tools to kill the pests by using their characteristics of phototaxis, 
wave, and color tendency. Spraying biological pesticides with UAVs can reduce the 
pesticides use by one-third. In addition, through the centralized collection and 
treatment of various packaging materials, and medicine bottles, the secondary 
pollution caused by littering in the field is avoided. Importantly, maintaining ecological 
balance is a nature-based solution for controlling pests, and Biyun Organic Tea 
Company in Xiuning county is a model of this practice. 

3) Emission reduction measures for livestock breeding

 On the one hand, 24 livestock and poultry farms in prohibited areas and 292 large-
scale livestock and poultry farms have been closed and relocated since 2012. On the 
other hand, technical measures such as rain and sewage diversion, biogas digester, 
micropower treatment, and ecological fermentation bed have been taken to complete 
the pollution control of more than 500 large-scale livestock and poultry farms in the 
basin. 

4) Waste treatment and sewage treatment in the rural area

 The PPP projects for rural waste treatment and rural sewage treatment were 
launched, enabling 692 administrative villages in 101 towns and townships to treat 
rural household waste. The harmless treatment rate of domestic waste in both urban 
and rural areas reached 100%, and the average daily treatment capacity reached more 
than 400 tons. All 96 stations of rural sewage treatment PPP projects in the city have 
been built and put into operation, with a daily treatment capacity of 14,160 tons. 

3.3.2 Soil erosion control 

 According to the dynamic monitoring results of soil erosion, the area of water and 
soil erosion in Huangshan decreased from 2587.4 square kilometers at the beginning 
of 2011 to 1653.73 square kilometers at the end of 2019, a decrease of 36.1%. The 
area and intensity of water and soil erosion achieved "double decline", especially in 
the south township of She County and southeast of Xiuning County. The situation of 
Soil and water loss has been improved obviously through high standard construction 
of soil and water conservation forest, economic forest and small water and soil 
conservation project, and the intensity of soil and water loss has realized a historic 
change from "high" to "low" (Huangshan Government). 
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3.3.3 Other measures 

 The ship sewage collection devices were upgraded and collection points were built 
in port areas. Huangshan has basically achieved zero sewage discharge from passenger 
and cargo ships. To build a green ecological barrier, a "five Green" campaign was 
carried out to increase the forest coverage rate from 77.4 percent to 82.9 percent, 
focusing on protecting forests and preventing and controlling pinewood nematodes. 
The Yuetan reservoir, a key water conservancy project with a total investment of 460 
million, has been completed. 16 main river courses in the upstream have been 
comprehensively renovated, 5 aquatic biological reserves have been returned to 
capture and fully banned, and 5993 net cages along the river have been banned. 

Box 1: Eco-beauty Supermarket (Garbage Exchange Market) 

In Huangshan city, garbage disposal used to be a problem for remote mountainous area. 
On one hand, villagers lived relatively scattered; On the other hand, the young generation 
has moved to large cities for income and garbage disposal is not convenient for the elderly. 
Garbage was piled up along the river side.  

In 2016, the Eco-beauty Market (then called "garbage exchange market") was launched, as 
a measure to improve the quality of rural living environment and an expansion of public 
participation in garbage classification and collection in the Xin’an River Basin. For example, 
ten mineral water bottles can be exchanged for a packet of yellow wine or a toothbrush, 
and five old batteries or 60 cigarette packets can be exchanged for a packet of salt. Through 
public environmental education on garbage classification and collection, the situation of 
garbage pollution was improved in many places. The exchangeable garbage mainly includes 
mineral water bottles, cigarette butts, plastic bags and other easily collected garbage, while 
the exchangeable goods mainly include edible salt, yellow rice wine, toothbrush, soap and 
other necessary materials for villagers.  
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3.4 Lessons from Xin’an River Eco-Compensation Practices 

3.4.1 Promote environmental treatment measures through compensation under the 
principle of shared interests and responsibilities 

Following the basic principles of "local priority, central supervision", "monitoring 
as the basis and compensation for treatment", a "Xin'an River Model" for Chinese 
watershed transboundary ecological compensation has been created through the 
Evaluation Adjustment Mechanism between upstream and downstream based on the 
compensation index p and the implementation of the Eco-compensation principle of 
“shared interests and shared responsibilities”. This model of transboundary eco-

Box 2: Nbs of water and soil conservation 

In recent years, Huangshan City constantly improve the prevention and rectification of soil 
erosion institutional mechanism, and strictly investigate the production and construction 
practices that violating soil and water conservation. From January to July this year, 40 
square kilometers of soil erosion has been controlled, and 150 square kilometers have 
been protected. 

Approach 
1. Strengthen the institutional safeguards.
Huangshan City Water and Soil Conservation Plan (2018-2030) was issued, which is the
first special plan for water and soil conservation approved and implemented by the city
government. The Plan systematically analyzes the current situation and existing problems
of water and soil erosion and its prevention and control, and clarifies the prevention tasks,
comprehensive treatment, monitoring and supervision, etc. It also provides technical
support for the prevention and control of soil erosion, the maintenance of ecological
balance, the enhancement of disaster prevention and mitigation capacity, and the
construction of ecological civilization.

2. The combination of forest and grass measures and engineering measures.
Huangshan City implemented basin-wide flood and environment management, through
water and soil conservation measures, riverside landscape improvement, and construction 
of wastewater collection systems.

3. Participatory livelihood development and ecological protection projects
The development of featured forestry industry, such as camellia oleifera and tea, improves
the structure of forest species and enhances the ability to defend forest fire and forestry
pests. Rural surplus labor participates in planting, weeding, fertilization, pruning, picking
and other labor services, provide employment opportunities at home and increase
household income.
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compensation mechanism has been widely applied to other watershed, including the 
Jiuzhou River in the provinces of Guangxi and Guangdong, the Ting River & Han River 
in the provinces of Fujian and Guangdong, the Luan River from Hebei province to 
Tianjin Munipacility, the Dongjiang River in the provinces of Jiangxi and Guangdong, 
and the Chaobai River in Hebei province and Beijing Munipacility. It is of great 
reference significance for the trans-boundary Eco-compensation in the Yellow River 
and Yangtze River, setting up a good example for China's transboundary eco-
compensation practice. At the same time, a set of comprehensive water 
environmental treatment measures that implement the principle of “promoting 
treatment through compensation” have been built through top-level design , such as 
a linkage mechanism for prevention and control between upstream and downstream, 
new ecological supermarkets, centralized distribution of pesticides and fertilizer, cross-
sectional water quality assessment, ecological compensation funds, project 
management and protection mechanisms. In addition, Two funds named The Cross-
Provincial Eco-compensation Green Investment Fund (GIF) and the H Green Incentive 
Mechanism (GIM) are supported by ADB to further explore the market-based solutions 
for watershed governance and green development in Xin’an River. Detailed 
information of the two funds is introduced in Section 5.3.4. All of these practices have 
great reference value for the construction of watershed trans-boundary ecological 
compensation mechanisms in Southeast Asia. 

3.4.2 Establish a cross-regional water pollution control mechanism to promote 
coordinated governance of upstream and downstream  

The Xin'an River basin ecological compensation mechanism has effectively 
promoted the communication and cooperation between the upstream and 
downstream areas in terms of the water pollution control. Anhui and Zhejiang broke 
the administrative boundary, established a consultation system for mutual visits 
between the upstream and downstream areas, and built a cross-regional mechanism 
to coordinate the joint prevention and control of water pollution. Other coordinate 
measures were also adopted including the joint monitoring, joint fishing during the 
flood season, joint law enforcement in the watershed areas and joint emergency 
response as well as regular joint meetings between Huangshan and Hangzhou. In the 
joint management of cross-provincial water pollution, and prevention and treatment 
of related disputes, the upstream and downstream closely cooperated to improve the 
pollution control capacity and efficiency, promote the benign interaction between 
regions, and enhance the co-governance of the river basin. Moreover, the unified 
planning, monitoring and law enforcement in the river basin have effectively 
addressed the difficulties in the cross-regional water protection, and ensured the 
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water safety. 

3.4.3 Encourage public participation and green lifestyles 

In order to improve the governance system and capabilities, effective practices 
such as ecological supermarkets, centralized pesticide distribution, kitchen waste 
treatment, river or lake chief system, and ecological protection circuit court, have been 
incorporated into over 70 government documents for further improving watershed 
management system, including Huangshan Ecological Supermarkets Development 
Plan and Huangshan Farm Chemical Safety Regulation. After the extensive solicitation 
of opinions, the government revised Interim Measures for Ecological Compensation of 
Cross-section Surface Water in Huangshan, and established an evaluation mechanism 
for eco-compensation rewards and punishments. She County, Huizhou District, and 
Huangshan District successively carried out the evaluation for cross-section water eco-
compensation and the evaluation results were linked to local officials' compensation 
package, rewarded their positive performance and punished the negative so as to 
unleash local motivation and initiative to strengthen ecological protection. At the same 
time, local governments also commended the outstanding collectives and individuals 
that made great contribution to the Xin'an River management and green development. 
Besides, a series of promotion activities were also launched in that regard, such as "We 
Are Acting to Protect Our Mother River--Xin'an River Ecological and Environmental 
Protection", and "Green and Fresh Xin’an River Is My Beautiful Home". The opening 
ceremony of the 2020 China Huangshan Sports Event Themed with Lucid Water and 
Green Mountain was held in the downtown area, creating a good atmosphere for 
environment protection in the society. In 2020, national and provincial mainstream 
media, such as CCTV, Xinhua News Agency, People's Daily Online, Xuexi.cn, China 
Environmental News, and Anhui Daily, reported on the Xin’an River ecological 
compensation pilot project for 31 times. Ecological supermarkets quantity rose to 264, 
covering all key villages and towns in the river basin, becoming a model case for the 
Ministry of Water Resources to promote the river or lake chief system all over China. 

3.4.4 Create new eco-compensation models through shared prosperity 

 Through three rounds of ecological compensation pilots in the Xin'an River Basin, 
its upstream and downstream governments have realized that improving the overall 
environment cannot be achieved by simply practicing eco-compensation for the 
environment management. Instead, coordinated and integrated development 
between regions is the right way towards China's high-quality development featuring 
"ecological industrialization and the industrial ecology".  

To this end, the forthcoming fourth round of ecological compensation in the Xin'an 
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River Basin adopts a different path. The Xin'an River-Qiandao Lake Ecological 
Compensation Pilot Zone has been built to realize the value of ecological products, 
innovate ecological compensation models and promote coordinated development 
among different regions. In 2020, the Huangshan Government and the Hangzhou 
Government signed an agreement to promote the green industrial parks cooperation 
in the two cities, aiming to improve policy coordination through integrated and cross-
regional designs and measures. The various cooperation methods including the 
cooperations among industrial parks and enterprise an give full play to the market-
oriented allocation of productive factors in the two regions, which will help to create 
a green industrial cluster in the upstream and downstream of the Xin'an River, 
promote the construction of Inter-provincial Tourism Cooperation Demonstration 
Zone, and jointly create a world-class ecological and cultural tourism corridor. The two 
cities have initiated the preparation of a joint protection plan for the Xin'an River, 
laying a solid foundation for joint construction, prevention and governance for the 
Xin'an River and Qiandao Lake ecological conservation, and promote the high-quality 
development and high-level protection in the upstream and downstream areas. 

3.5 The Challenges Faced at Xin’an River Basin 

 Though significant achievements have been made at Huangshan, a long-term 
mechanism of environmental preservation and control has not been established. 
There are a number of challenges that need to be addressed. 

1) High pressure on water quality. Except for total nitrogen, other water quality
indicators including the concentrations of permanganate index, ammonia nitrogen, 
and total phosphorus of water quality in the Xin'an River remain the standard between 
class I and class II. There is little room for further water optimization and improvement. 
Under the current compensation mechanism with water quality as the main 
assessment standard, there is great pressure to continuously improve water quality in 
a short time in terms of technology and financial support. Moreover, due to the water 
quality does not meet the standard caused by specific natural climate conditions, there 
is still a lack of common solutions between the upstream and downstream. How to 
build a long-term compensation mechanism to make the ecological compensation 
fund meet the needs of upstream water environmental pollution control is a great 
challenge.  

2) The setting of assessment objectives of water quality, compensation
standards, uses of funds, and diversified compensation are still the difficulties of 
ecological compensation in Xin'an River. In terms of capital compensation standard, it 
failed to give reasonable compensation to protectors based on comprehensive 
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consideration of protection cost, opportunity cost and, ecosystem service value. 
Huangshan government has to invest US$306 million every year to promote the 
implementation of ecological compensation mechanism and ensure the operation of 
projects under construction. However, there’s still a large gap for compensation funds 
compared with the treatment funds invested in water environment protection. As an 
underdeveloped area, Huangshan Municipality has great pressure on the follow-up 
fund of water pollution control. In terms of the use of compensation funds, there is 
still a lack of direct or indirect compensation for the protectors, especially farmers who 
made sacrifices for the protection of the Xin'an River. Hence, we need to design the 
ecological compensation level based on the accounting of the total value of ecological 
products (Shi, 2021). 

3) Non-point source pollution is still the main source for water pollution control
in Xin’an River, and most of the total nitrogen and phosphorus pollutants in the water 
come from agriculture, according to the project on nitrogen and phosphorus pollution 
control and water quality Goal decision support in Xin’an River, Huangshan 
Municipality (2020). Measures have been taken in the upper reaches of the Xin'an 
River to strictly ban farming, reduce fertilizer and pesticide use, recycle agricultural 
waste, and control rural sewage and garbage. However, the average concentration of 
total phosphorus and total nitrogen are stable for many years, and there is no obvious 
link between the control of non-point source pollution and the improvement of water 
quality. In addition, the young and better educated farmers have continued to move 
to cities. The lack of labor force on the farm leads to the potentially over-application 
of chemical fertilizer. Notably, tea gardens were abandoned due to the limited income 
from cultivating tea. How to effectively manage the abandoned land is an important 
problem for NPSP control. Organic agriculture is one of the market-based solutions for 
NPSP control, but organic products are faced with low prices and low enthusiasm. The 
land fragmentation makes ecological supervision and management difficult. How to 
cultivate new agricultural business entities to be more conducive to the intensification 
of resources and the spillover of ecological product value is key in the future. 

4) There are controversies about the source of non-point pollutants among
different administrative departments. Officers form the Bureau of Agriculture and 
Rural Affairs, Huangshan Municipality, and Bureau of Ecology and Environment, 
Chun’an County, seemed to have different opinions regarding to the sources of NPSP, 
as evidenced from the stakeholder interviews. Bureau of Agriculture and Rural Affairs, 
Huangshan Municipality, attributed the pollution sources to the rainfall runoff that 
picks up organic matter from the forest in the upstream area. The Bureau of Ecology 
and Environment, Chun’an County, analyzed the water quality parameters from 
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monitoring sites and argued that Xin’an River had substantial amounts of pollutants 
from excess uses of fertilizers, herbicides and insecticides from agricultural lands. 

5) Limited source of eco-compensation funds. Pollution control, ecological
protection, and restoration are mainly promoted through top-down financial transfer 
payments or trans-regional ecological compensation, lacking market-based 
mechanisms. The Huangshan government has limited financial support to support a 
replacement of chemical fertilizer by organic fertilizer. The current subsidy standard 
can’t incentive farmers to use more organic fertilizer effectively because of high 
transportation costs and the aging of the labor force.  

4. GEP-based Transboundary Provincial Eco-compensation at Xin’an River Basin

The fund devoted into the three rounds of Xin'an River ecological compensation
from 2012 to 2020 was US$800 million. Meanwhile, a total of 2.8 billion  was invested 
in environmental governance in the upstream area to meet the water quality 
assessment requirement during the same period, according to Xin’an River Ecological 
Protecton Administration, Huangshan City Finance Bureau. There exists a significant 
gap between the amount of ecological compensation received by Huangshan and the 
level of governmental expenditure for water protection. Clearly the true value of 
upstream water protection has not been fully recognized by the government and 
various stakeholders. The question is what is an appropriate amount of the 
compensation that needs to be offered by the downstream to the upstream. We aim 
to provide an estimate for the amount based on the accounting of Gross Ecosytem 
Product (GEP). The calculated GEP in Huangshan indicates that there is still much room 
to improve in terms of the ecological compensation level and the eco-diversified eco-
compensation mechanism. In addition, there is still a lack of direct or indirect 
compensation for the people that have made great contribution and sacrifice to the 
water protection. Our field visits in Xin'an River shows that NPSP has become the main 
factor affecting its water quality, but its control has turned out to be ineffective so far. 
Motivating farmers to engage in non-point source pollution control is a vital part of 
the solution. In order to establish a long-term mechanism for controlling NPSP, it is 
important to take farmers as the main target for compensation. Any initiatives need to 
reward soil testing and use of formula and organic fertilization in tea gardens, to 
increase the construction of rural rain and sewage diversion facilities, and to ensure 
peasants are the direct stakeholders the river basin project. To this end, the Xin'an 
River Basin needs to expand ecological compensation funds and their use scope, make 
use of the National Green Development Fund, and increase investment in its ecological 
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protection and green development. 

4.1 Concepts of GEP, PES and Eco-compensation 

    GEP is a vital tool to evaluate the economic value of the ecosystem contribution 
to human well-being. It is the sum of the value of the supply services, regulation 
services and cultural services from the ecosystem (United Nations, 2014; Wang et al., 
2021). GEP accounting is the value calculation based on quantity of the ecosystem 
products. GEP is an important scientific basis for designing the eco-compensation 
system and determining the compensation standards (Ouyang et al., 2013). GEP is 
composed of the contribution of the natural ecosystem, labor input and human 
preferences, but what benefits the downstream is the flowing natural contribution, 
mainly including water and soil conservation. This report calculated the GEP of forests, 
wetlands, farmland and other ecosystems in the Xin'an River Basin based on land use 
data with a spatial resolution of 1km from 2015 to 2019, MODIS NDVI data, and the 
2020 Huangshan Statistical Yearbook, covering Tunxi District, Huizhou District, She 
County, Huangshan District, Xiuning County, Yixian County, and Qimen County in 
Huangshan, as well as parts of Jixi County in Xuancheng City. The accounting method 
and main parameters are mainly based on the Technical Guidelines on Terrestrial GEP 
Accounting released by the Ministry of Ecology and Environment in 2020. The specific 
indicators and methods of GEP accounting in Xin'an River Basin are shown in Table 3.
The ecosystem value does not bring all benefits to other places, there are certain 
amount of services need to maintain the normal operation of the local ecosystem. 
Therefore, the eco-compensation coefficient needs to be determined, and 0.6 is used 
as a empirical reference (Fan et al., 2007). 

Table 3. GEP Accounting Methods in Xin'an River Basin 

Indicators Physical Quantity Accounting Methods Value Accounting Methods 

Provisioning service Statistical survey Market valuation 

Climate regulation Evapotranspiration Modeling Replacement cost 

Carbon sequestration Carbon sequestration modeling Replacement cost 

Oxygen release Oxygen release modeling Replacement cost 

Water purification Pollutant purification modeling Replacement cost 

Air purification Pollutant purification modeling Replacement cost 

Water retention Water balance method Replacement cost 
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Flood storage Mechanism modeling Replacement cost 

Soil conservation Revised Universal Soil Loss Equitation Replacement cost 

Cultural service Statistical survey Travel Cost Method 

4.2 GEP accounting in Xin'an River Basin 

Costanza (1997) published an article "The value of the world's ecosystem services 
and natural capital" on Nature, which has drawn rising attention to the value of 
ecosystem services. Various international organizations have then promoted a series 
of large-scale ecosystem value accounting research in the methodology and policy 
application of ecosystem service value accounting, including the Millennium 
Ecosystem Assessment (Millennium Ecosystem Assessment, 2005), EU Ecosystem and 
Biodiversity Economics Project (TEEB, 2009), and the Environmental Economic 
Accounting System-Ecosystem Account (SEEA-EA) by the United Nations Statistics 
Department (UNSD) (United Nations, 2021). Chinese scholars such as Zhiyun Ouyang 
and Jinan Wang (Ouyang, 2020; Wang et al., 2021) have carried out a large number of 
researches on GEP in China. This report carried out Xin'An River GEP accounting based 
on the accounting method by Wang et al. (2021).  

Based on GEP accounting methods listed in Table 3, Chinese Academy of 
Environmental Planning calculated the GEP of the Xin'an River from 2015 to 2019. The 
calculated GEP exhibits a rising trend during the same period. Its GEP in 2015 was 
US$16 billion and US$18 billion in 2019, with an average nomial annual growth rate of 
2.9%. In 2019, its GDP was US$13.7 billion, and the ratio of GEP to GDP (green golden 
index) was 1.3. In terms of specific accounting indicators of GEP, cultural services, 
water retention, soil conservation, and climate regulation accounted for a large 
proportion, reaching 88.2% in 2019 (Figure 14). From 2015 to 2019, the value of 
cultural services increased from US$6.1 billion to US$10.0 billion in nominal term and 
its share rose from 37.8% to 55.3%. In this regard, cultural tourism made great 
economic contribution to the region. The regulation service mainly existed in She 
County and Xiuning County, and its value there accounted for about 70% of total 
amount in the Xin'an River Basin. 
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Figure 14. Share of GEP accounting indicators of Xin'an River Basin in 2019 

The calculation results of GEP can serve as a scientific basis for policy-making, 
including the formulation of eco-compensation standards, the value realization of the 
eco-products, the design of green financial products, and the dual-evaluation of 
territorial and spatial planning. However, there are still a number of controversies and 
uncertainties associated with the computation of GEP, including GEP indicators, its 
structure construction, selection of accounting methods, the determination of key 
parameters, and the application of accounting results. To this end, it is worth to note 
that the Opinions on Improving the Value Realization of Ecological Products issued by 
the General Office of the CPC Central Committee and the General Office of the State 
Council in 2020 calls to form a more scientific GEP accounting system in 2025 to 
address the difficulties in measurement, mortgage, transaction and liquidity of 
ecological products. As such the calculated GEP in this repor needs to be appreciated 
under such a note.  

4.3 GEP-based Eco-compensation Standard in Xin’an River Basin 

The GEP-based eco-compensation standard for the Xin'an River Basin was 
designed based on the water and soil conservation indicators which are benefiting the 
downstream areas, as well as endeavors devoted to maintain the normal operation of 
the local ecosystem. From 2015 to 2019, the ecological value created by the upstream 
for the downstream stood between US$2.3 and US$3.9 billion each year. If the average 
of the five-year GEP accounting results is used as the reference for formulating the 
eco-compensation standard, the downstream in Zhejiang should pay US$3.0 billion 
each year for the upstream in Anhui from 2015-2019. In addition, the compensation 
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should be distributed among districts and counties according to the flow amount of 
the ecological benefits created. The scale of eco-compensation funds is directly related 
to the value of ecological services provided by the region. This report takes the 8 
districts and counties where Xin'an River is located as the accounting unit, and 
concludes that the eco-compensation standards of different districts and counties are 
quite different. Due to their large ecological area, Xiuning County and She County have 
relatively the highest water and soil conservation, and they should receive the highest 
eco-compensation. Xiuning County and She County can get US$1.1 billion and US$1.0 
billion respectively, followed by Jixi and Yixian and Huizhou counties, which can get 
US$0.6 billion, US$0.24 billion and US$0.21 billion respectively. Qimen County, 
Huangshan District and Tunxi District can receive US$75.5 million, US$75.5 million and 
US$45.3 million respectively (Table 4). For this reason, it is recommended that the 
ecological contribution of specific districts and counties should be considered when 
the Xin'an River eco-compensation funds are allocated.  

Table 4. Eco-compensation funds obtained by different districts and counties in 
Xin'an River Basin ( million USD) 

Source: The author’s own calculation 

Province District/Cou 2015 2016 2017 201 2019 Average 

Anhui Jixi County 363 332 242 317 212 302 

Anhui Xiuning 1435 1103 1027 108 861 1103 

Anhui Yixian 332 242 212 257 181 242 

Anhui Qimen 91 76 60 76 45 76 

Anhui Huizhou 272 196 166 227 151 212 

Anhui Huangshan 106 91 60 91 45 76 

Anhui Tunxi District 45 30 30 45 60 45 

Anhui She County 1269 1088 876 101 786 997 
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5. Green Finance to Support Ecological Restoration and Conservation

5.1 Global Status for Financing NbS 

At present, NbS is facing a large funding gap globally. In 2020, about US$133 
billion flowed into NbS globally, including 86% public funds and 14% private funds. 
Around two-thirds of the US$115 billion public funds were used for forest restoration, 
peatland recovery, source watersheds protection, pollution control, and regenerative 
agriculture. Private funds invest only US$18 billion in NbS each year, far lower than 
what is need for climate finance. In order to achieve the global goals on climate change, 
biodiversity protection, and mitigation of land degradation, it is estimated that the 
annual investment in NbS will increase at least three times by 2030 and four times by 
2050 to a total of US$8.4 trillion. 

However, financing NbS suffers fundamental challenge, which is maturity 
mismatch between the timing of investments and return. NbS projects often take 
longer upfront cost to restore natural features or adopt new technologies to re-
establish ecosystems, making the investment cycle for such projects long and the 
return on investment uncertain. Moreover, barriers to finance NbS include 
decentralized business operations, lack of established ownership and perceived 
uncertainties of long-term impact and return of project, less in-house expertise 
dedicated to handle technical issues with NbS deployment. As thus, in the absence of 
policy incentives, investors and financiers prefer more liquid investments, higher 

Box 3: GEP-based Eco-compensation Calculation at Xin’an River 

GEP accounting is the value calculation based on quantity of the ecosystem products, 

which is an important scientific basis for designing the eco-compensation system and 

determining the compensation standards.  

The GEP-based eco-compensation standard for the Xin'an River Basin was designed based 
on the water and soil conservation indicators which are benefiting the downstream areas, 
as well as endeavors devoted to maintain the normal operation of the local ecosystem. 
The results showed that the ecological value created by the upstream for the downstream 
stood between US$2.3 and US$3.9 billion each year from 2015 to 2019. These amounts 
are much higher than the total amounts of eco-compensation funds (478 million) paid by 
Zhejiang province from 2015 to 2019, indicating that there is still much room to improve 
the ecological compensation level. In addition, the ecological contribution of specific 
districts and counties should also be considered when the Xin'an River eco-compensation 
funds are allocated. 
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financial returns, and better risk reduction measures, resulting in insufficient 
willingness to invest in NbS.  

5.2 Challenges to scale up financing agriculture NbS in China 

China has a wide range of natural assets, including areas rich in biodiversity, 
forests and grasslands, arable land, oceans, and water resources. Each comprises a 
complex ecosystem. NbS can play a significant role in conserving the natural 
environment and contributing to China's commitment to carbon neutrality by 2060. 
The projects related to agriculture NbS are generally funded by the government or by 
farmers’ self-raised funds. Even though local governments have introduced green 
finance to support ecological restoration and adopted policy incentives to facilitate 
agricultural and forestry industry, those efforts are still nascent with bottlenecks in 
financing for sustainable agriculture. The reasons include: 

1) Green agricultural products are hardly recognized by the market. Consumers’
distrust in green products partly leads to its challenge at present. There is a lack of 
nationwide definition of ecological agricultural products, which may be defined by 
various factors like origin of production, methodologies, quality and inspection result, 
etc. Besides, provinces and cities have not reached consensus on standard. A lack of 
unified and practical definition as well as certification of green products often causes 
phenomenon of “Greenwashing” and “Fake eco-labeling” of agricultural products, 
making consumers unwilling to pay for “green labels” while true eco-friendly products 
cannot be distinguished and appreciated by market. 

2) The cost of small-scale green agriculture is high. When unrecognized by
market, the cost of the green planting and breeding by individual farmers is inevitably 
high and prohibitive. In China, the food production, cash crop planting, and stock 
breeding run by individual farmers are mostly small-scale with little any brand 
recognition. Without the fully-fledged agricultural value chain, green agriculture at 
grassroots level in China can be quite costly. On the one hand, organic fertilizers, 
ecological farming, and manure recycling are often more expensive than traditional 
ones, while equipment upgrading and maintenance, capacity building for farmers 
have all exacerbated the difficulties in scaling up small or individual green agriculture 
at the grassroots level. 

3) Mortgaging or pledging agriculture assets is difficult. Currently, financial
institutions mainly assess collateral and cash flow as the premise for providing credit. 
However, there is no unified definition of collateral or credit-rating standards due to 
the unique nature of ecological products and limited local resource. In addition, 
agricultural projects are difficult to get general loans from banks due to their long 
investment cycles, low returns and uncertainties of weather. Moreover, risk 
management framework for agricultural projects is inadequate due to limited 
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varieties and narrowly defined coverage of agricultural insurance. All above-
mentioned factors have aggregated into hardly obtained mortgaging and pledging.  

5.3 Green Finance Mechanism: ADB's Anhui Huangshan Xin'an River Ecological 
Protection and Green Development Project 

5.3.1 Project Background 

The Yangtze River Economic Belt (YREB) is an important region in China's 
economic growth, covering nine provinces with 21% of total fresh water and over 40% 
Chinese population. After of economic surge since 1980s, the YREB has suffered from 
severe environmental pollution, poor coordination of strategic planning, lack of 
economic integration and slow green transition. Therefore, central government issued 
the Guidelines to Develop Yangtze River Economic Belt, giving priority to ecological 
protection and green development for its future. Against this background, Asian 
Development Bank (ADB) and Chinese government agreed to adopt a framework by 
prioritizing ecosystem protection and restoration, water resource management, 
inclusive green industry transition, integrated multi-modal transport corridors, and 
institutional and policy reforms. The Anhui Huangshan Xin'an River Ecological 
Protection and Green Development Project stands within the Yangtze River Economic 
Belt Development framework. 

In 2012, central government piloted a cross-province ecological compensation 
pilot scheme between Anhui and Zhejiang Province to help Huangshan government 
deal with water quality issues in Xin’an River Basin. From 2012 to 2017, with the 
support of central and two provincial governments, the ecological compensation 
mechanism raised US$580 million of funds, most of which were used to control 
industrial wastewater pollution, improve waste water collection and treatment in 
Huangshan, and restore ecosystems along the river. Therefore, Huangshan 
government has applied for support from ADB to sustain benefits from this 
government-led ecological compensation mechanism through better project design 
and implementation. 

5.3.2 Project Profile 

To continue the fruitful result of the Xin'an River Basin ecological compensation 
pilot scheme and facilitate ecological governance and green industries, approved by 
the State Council, Huangshan government applied and leveraged the financial support 
of ADB to launch the Anhui Huangshan Xin'an River Ecological Protection and Green 
Development Project in August 2019. 

The total investment amounts to US$211 million, including 90.09 million Euros 
from ADB sovereign loans, 50 million Euros of joint financing from KfW Bank, and 
49.97 million Euros funded by Huangshan government. The three parties contribute 
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to a project fund pool based on investment proportion of 2:1:1. Within the period of 
six years (2020-2026), this project is made up by four components, namely urban point 
source pollution control and governance, rural point source and non-point source 
pollution control, green finance pilots, and project-related capacity building. The 
90.09 million Euros (or equivalent US dollars) provided by ADB are general 
conventional loans, with a maturity of 25 years, including a 6-year grace period. ADB 
sets the annual interest rate based on London Interbank Offered Rate (LIBOR), with 
an annual commitment fee of 0.15% and other terms and conditions specified in 
drafted loan and project agreement. According to the straight-line repayment method, 
the average loan maturity is 15.75 years and the maturity premium payable to ADB is 
0.10% per year. 

Table 5. The fund composition of the Anhui Huangshan Xin'an River Ecological 
Protection and Green Development Project 

Source of Fund USD EUR7 Proportion 

ADB General Sovereign Loan US$100 million €90.09 million 47.4% 

KfW Project Loan US$ 55.53 million €50 million 26.3% 

Huangshan government 
fund 

US$ 55.5 million €49.97 million 26.3% 

Total €190 million 100% 

5.3.3 Expected Output 

The project aims to further implement the ecological compensation mechanism 
in Xin'an River Basin and improve the overall ecological governance and green 
industries in the region, which is crucial to convert ecological value into economic and 
social value. The expected outputs include the following four aspects: 

1) Upgrade facilities to control urban point source pollution, including: a)
upgrading the existing sewage system in the urban area of Huangshan and its 
neighboring four counties; and b) building river embankments to prevent flood. 

2) Build up facilities and systems to control rural point source and non-point
source pollution. Innovate methods to control point source and non-point source 
pollution and support ecological agriculture are introduced, including: a) establishing 
decentralized rural environmental management system and sewage treatment 

7 €0.900896 = US$1.00 as of 2 Aug 2019. 
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facilities; b) replacing fertilization by using organic fertilizers and low-toxic bio-
pesticide; and c) improving the growth of pine forests through disease monitoring and 
prevention. 

3) Pilot the Green Finance Mechanism, including: (a) setting up the Green
Incentive Mechanism (GIM) to encourage farmers to pursue sustainable farming, and 
(b) setting up the Green Investment Fund (GIF) to provide financial support to SMEs
which dedicates to environment protection.

4) Capacity building for local government in ecology and project management,
including: (a) establishing an EHS (Environment, Health and Safety) system to 
empower Huangshan government for industrial and urban environment monitoring 
and emergency response; (b) installing an information management system with 
smart integration; (c) carrying out research on ecological compensation assessment, 
green agriculture certification, pig manure management, and pollution discharge; and 
(d) providing support for capacity building and implementation capabilities to
Huangshan government.

5.3.4 Green Incentive and Investment Funds 

Since 2012, Huangshan City and Zhejiang Province have carried out three rounds 
of pilot projects on the Xin'an River Basin ecological compensation mechanism with 
effective control of pollution from industry and households from Huangshan into 
Xin'an River. Currently the focus has shifted to agricultural non-point source pollution 
control, including use of nitrogen, phosphorus and pesticides. Tea is a pillar industry 
in Huangshan with 800,000 mu of tea gardens and 40,000 tons of tea leaves in 2020. 
Since 2015, Huangshan government has adopted supportive policies such as green 
prevention and control measures for tea gardens, using organic fertilizer, and 
centralized pesticide distribution, which have played a significant role in reducing the 
use of chemical fertilizers and pesticides in conventional agricultural production. 
Nevertheless, these top-down measures such as formulated fertilization, pollution 
prevention and control technologies, are still based on government funding and lack 
of active engagement of tea farmers. Therefore, a Green Incentive and Investment 
Fund was set up to explore a new market-oriented and internationally adopted model 
for watershed management and green development. This fund is an innovative 
attempt different from previous ADB sovereign loans provided to local governments, 
aiming to encourage business and farmers to actively engage into non-point source 
pollution control in farming activities and facilitate green agriculture and eco-tourism 
through applying green finance. 

With a size of US$37.7 million, the Green Incentive and Investment Fund is 
composed of two parts, namely Green Incentive Mechanism (GIM) and Green 
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Investment Fund (GIF), which will play a dual role of precisely- targeted eco-
compensation and equity investment to develop green industry. 

Figure 15.The Fund Structure of ADB Anhui Huangshan Green Development Project 

1) Green Incentive Mechanism (GIM)

With a funding size of US$8.7 million, the Green Incentive Mechanism (GIM) is a 
financial rewarding mechanism which grants farmers to actively and continuously 
participate in the pollution prevention and control of tea gardens. As part of the eco-
compensation funds in the Xin'an River Basin managed by the Huangshan government, 
GIM compensation funds are mainly used to encourage the pollution prevention and 
control of tea gardens in Huangshan, featuring "yellow sticky trap board + bio-
pesticide+ eco-agricultural machinery and farming ". It encourages practices such as 
centralized pesticide distribution model through unified procurement, unified 
management, unified recycling and subsidizes farmers to purchase organic pesticides, 
yellow sticky trap board, etc. 

In order to provide precisely targeted ecological compensation, ADB Office in 
Huangshan is currently entrusting an expert team to carry out a feasibility study on 
the ecological compensation project for green tea gardens in Huangshan, aiming to 
formulate appropriate compensation standard and performance evaluation system 
for the eco-compensation with a full understanding of tea industry and agricultural 
non-point source pollution in Xin'an River Basin. Besides minimizing chemical 
fertilizers and pesticides from the very beginning, GIM also incorporates a series of 
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integrated approaches including replacing slope with terrace in tea gardens, 
integrating water and fertilizers, process control of green fertilizer in planting, and 
end-of-pipe treatment such as digging ecological outflow ditches in tea gardens. 
Meanwhile, the third party is invited to quantitatively monitor the effects of the 
adopted measures. Auxiliary services such as green tea garden certification, brand-
building and marketing will also be incorporated in the compensation scheme. 

Based on the green production measures adopted by tea farmers, the size of the 
tea garden, and different needs for future, GIM can be carried out through various 
ways such as direct subsidies, interest-free or low-interest loans, etc. If the results-
based targeted compensation method of GIM is proved to be effective, it will provide 
a new way for mobilizing funds and resources for current Xin'an River ecological 
compensation mechanism. It can also be widely scaled up to encourage more farmers 
to adopt innovative and diversified sustainable farming solutions. 

2) Green Investment Fund (GIF)

With an initial scale of $29 million, Green Investment Fund, an equity investment 
fund, is set up at 2:1:1 ratio with ADB loan, KfW Bank loan funds and Xin'an River 
Ecological Compensation Fund managed by the Huangshan government, aiming to 
support SMEs' green business and further promote the attempts and best practice of 
ecological agriculture, eco-tourism and pollution control. This fund is managed by 
Huangshan Trust and Investment Corporation (HTIC), a subsidiary of Huangshan 
Xintou Group8, with 25-year maturity (2021-2045). Its operational period lasts for five 
years, including investment stage in the first three years and exit stage in the last two. 
Based on actual operation, if approved by Investment Decision Committee, the exit 
period can be extended for one year each time with no more than two extensions. GIF 
is planned to invest in business engaged in eco-tourism, eco-agriculture, 
environmental remediation, non-point source pollution control, and green energy in 
Huangshan. According to ADB’s conservative financial estimation, GIF’s financial 
internal rate of return on the green projects is designed with 3.8%9. 

5.3.5 The Project Candidate Invested by GIF: Yixian Younong Eco-Agriculture Co., Ltd. 

 Based on GIF requirements and project applications from various districts and 
counties in Huangshan, three projects have been selected into the first batch of 
candidates for the fund investment at this stage. Among them, Yixian Younong Eco-
Agriculture Co., Ltd. ("Younong" for short) has already been approved for 
implementation. Established in 2014, Younong is an agricultural business in Yixian 

8Established in 2016, Huangshan Xintou Group is one of the five investment groups under the 
Huangshan Municipal Government. 
9Financial Analysis Report, from Project documents of ADB Anhui Huangshan Xin'an River Ecological 
Protection and Green Development 



57 

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission. 

County of Huangshan City, Anhui Province. The company has explored diversified 
agricultural business models such as farmers’ shareholding and dividends by land 
share, consortium of high-quality grain and oil producers, consortium loans, 
combination of agriculture and tourism, etc., fueling local small and medium-sized 
farmers' engagement into agricultural production. In 2017, the "Younong Model" 
(Sohu, 2020) was summarized into the Huangshan Government Work Report and 
replicated throughout the province. This model adopted technologies to improve the 
farmland efficiency, minimized the use of fertilizers and pesticides, contributes to local 
economy and green agriculture, all of which have led to its selection into GIF project 
by ADB. GIF plans to invest US$4.6 million into Younong Eco-Agriculture Co., Ltd. in 
equity, so as to support it in capital market, making it the first domestic platform to 
provide market-based service along the entire value chain of green agriculture, based 
on our interview with Younong Company (ADB, 2021). 

Figure 16. Two Funds of ADB’s Green Incentive and Investment Fund 
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Box 4: Younong Model 

Established in 2014, Younong is an agricultural business in Yi County of Huangshan City, Anhui 
Province. At present, its planting area in Huangshan reaches 20,000 mu, mainly producing paddy rice, 
corn, rapeseed, chrysanthemum, etc. The company has explored diversified agricultural business 
models such as farmers’ shareholding and dividends by land share, consortium of high-quality grain 
and oil producers, consortium loans, combination of agriculture and tourism, etc., fueling local small 
and medium-sized farmers' engagement into agricultural production with upgrade into modern 
agriculture. In 2017, the "Younong Model" was written into Huangshan Government Work Report 
and promoted throughout the province. 

Since 2014 in Pingshan Village under Hong Village, Younong has tried to transfer farmers' land 
into rice fields to mechanize grain and oil crops planting in mountainous areas. At the same time, it 
has built a demonstration site with premium brand to help local farmers' standardized production. 
At present, the "Pingshan Model" has covered six villages, and more than 4,600 mu of land has been 
transferred. During the operation, Younong deeply understood the importance of working with 
village collectives to effectively integrate and mobilize local resources, therefore, it encouraged 
farmers to become shareholders by land, establish planting bases, align agriculture with the interests 
of individuals and village collectives, and apply advanced technology to raise revenue for collectives. 

Yongnon model is a consortium of "agricultural technology company + farmers + cooperatives + 
scientific research institute", aiming to establish an entire market-based agricultural value chain 
providing centralized raw material, planting, mechanical service, purchases and brand marketing. 

Different from normal argi-enerties providing social services to famers’ agricultural activities, 
the innovations of the "Younong Model" also include:  

1) Green production: Whole-village cooperation model can also demonstrate to and guide farmers
to modernize their production, ensuring the entire production green with safe products. Younong
standardized its planting management system while innovating new technologies, such as rice
precision seeding, upgraded rice-transplanting machines, rice sideways fertilization, customized
production of plant protection drones, and mobile straw carbonization equipment. These
technologies and solutions have lowered averagely over 30% of the rice planting cost per mu and
saved 25% of chemical fertilizers.

2) Technological innovation: It independently developed multi-functional plant protection drones to
provide plant protection services for the company and industry consortium. 23 ball-shaped monitors
were deployed in the company's base to provide real-time monitoring of seedling management and
field operations. Younong cooperated with Anhui Academy of Agricultural Sciences to test over 7,000
mu of soil and start building a formula fertilizer plant based on the testing result. It also successfully
piloted the mechanized transplanting technology of rapeseed blanket-seedlings, which effectively
raised the production efficiency and reduced labor. The technology has already been applied on over
200 mu of land. At present, Younong is actively engaging in R&D of mobile straw carbonization
equipment, turning wasted straw into carbon-based fertilizer for the field, which will not only
minimize the environmental damage caused by straw burning, but also improve fertility of land and
capture more carbon.

3) Industry extension: Younong integrated industrial value chain and business into one consortium,
providing farmers with new technologies, new varieties, financing support, lucrative procurement,
machinery operations and other services, bringing tangible benefits to farmers. In addition, it also
cooperated with financial institutions to provide well-targeted mortgage-free loans to support
business, bringing farmers sufficient capital for production.
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5.3.6 Innovations in ADB's Green Finance Mechanism 

 A number of innovations are observed in ADB’s green finance mechanism, 
including 

1) Design Dual Fund Mechanism

Compared with the previous ADB's sovereign loans invested in infrastructure, 
this green fund designs a Dual Fund Mechanism, combining the incentives of 
ecological compensation with market-based equity investment. GIM is combined with 
the cross-provincial financial compensation under the existing Xin'an River eco-
compensation mechanism which raises both accuracy and efficiency of compensation. 
Moreover, the market-based GIF equity fund can attract social capital blended with 
low-cost fund from ADB, in which its equity earnings can be reinvested. The 
investment into eco-agriculture, eco-tourism and other green projects is also 
financially feasible, therefore government-led eco-compensation with full fiscal 
support can seamlessly shift to market-based ecological protection. 

2) Couple fund use with environmental performance

Through investment, these two funds aim to encourage farmers to adopt 
environmentally sustainable farming methods or business/project which can generate 
direct environmental benefits. Setting an overall expected environmental 
performance of project and keeping regular tracking and verification of key 
environmental indicators will serve as basis for the funds to provide compensation or 
decide an investment, which will not only facilitate effective control of agricultural 
non-point source pollution in specific areas but also bring tangible environmental 
benefits through the fund use. 

At present, GIM is entrusting a third-party consulting and evaluation agency to 
study the standards and implementation plans of eco-compensation, including 
providing concessional loans and green insurance for tea business and farmers that 
adopt environmentally-sustainable farming methods. When selecting the projects for 
investment, GIF not only considers general financial indicators such as the return on 
investment, but also evaluates the expected environmental benefits as important 
criteria. These environmental performance indicators include: a) Point source 
pollution control indicators: the reduction of pollutants (total nitrogen, total 
phosphorus, chemical oxygen demand and ammonia nitrogen) discharged into the 
water, and the reduction of used chemical fertilizer and pesticide. b) Green economy 
indicators: the farming land area converted to green or organic agriculture, the 
number of jobs created by green industry, and the number of eco-tourists. c) Climate 
change adaptation and mitigation indicators: land coverage with better adaptation to 
climate change and the reduction of greenhouse gas emissions. When investment is 
completed, fund management company will use the same economic, environmental 
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and social performance indicators to regularly track its progress and provide follow-
up report. 

3) Adopt ADB's environmental and social safeguards on the investment projects

 To avoid or mitigate potential environmental and social risks by its investment 
and financing projects, ADB has set strict rules requiring borrowers/clients to follow 
during the whole project period. As a professional fund management company, 
according to ADB's requirement, HTIC has identified and mitigated the potential 
environmental and social impacts of all invested companies and projects, setting up 
an internal position of environment and social manager for the first time. Compared 
to the previous domestic practice that used Environmental Impact Assessment report 
as the only environmental compliance requirement for projects or business, ADB's 
requirement in safeguards can minimize environmental pollution or ecological 
damage in the processes of project selection and implementation. Therefore, by 
working with ADB, HTIC also built its own capacity for ESG (Environment, Social 
Responsibility and Corporate Governance) investment. 

5.4 The Water Fund: the TNC Pilot at Qian Dao Lake 

5.4.1 Project Background 

Qiandao Lake, also known to be Xin'an River Reservoir, is at Chun'an County and 
Jiande City of Hangzhou in Zhejiang Province, covering more than 560 square 
kilometers. The Xin'an River, as water source of Qiandao Lake, originates from Xiuning 
County of Huangshan in Anhui Province, owns a drainage area of 11,453 square 
kilometers. It flows into Qiantang River through Zhejiang Qiandao Lake, playing a vital 
role in environmental quality and water supply for the middle and downstream area 
of Qiantang River. Since 2013, Qiandao Lake and the upstream of Xin'an River have 
been officially defined as "a strategically important water source and ecological 
barrier for Yangtze River Delta." Starting in 2020, Qiandao Lake provided drinking 
water to more than 10 million residents in Hangzhou and surrounding areas, 
accounting for at least 50% of Hangzhou’s drinking water supply. After years of 
treatment, the overall water quality of Qiandao Lake is high at present, maintaining 
Class I or Class II Water Standard between 2001 and 2015 and ranking top in the 
national list of water environment. However, like many other water sources for large 
and medium-sized cities, it's still facing serious agricultural non-point source pollution. 
Total nitrogen has become the primary water pollutant, making water quality once fall 
close to the Class III standard and the lake entering eutrophication stage. The alarm 
of water quality has been set. 

In 2016, National Development and Reform Commission (NDRC), Ministry of 
Finance and Zhejiang Province have jointly introduced loans from World Bank to 
implement the "Qiandao Lake and Xin'an River Basin Water Resources and Ecological 
Environment Protection Project", covering two administrative districts of Jiande and 
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Chun'an with a total investment of US$300 billion, including 150 million dollars of 
loans from World Bank and 150 million dollars of government supporting capital. The 
project focused on agricultural non-point source pollution control, forest ecosystem 
restoration, and rural drinking water safety, small watersheds and river course 
management, water conservancy facilities renovation and urban construction, etc., 
aiming to build Qiandao Lake into a national demonstration area for watersheds 
management. 

Since the very beginning, the World Bank has partnered with The Nature 
Conservancy (TNC), who provided scientific support of watersheds non-point source 
pollution analysis and planning. TNC's analysis has unveiled that the pollution of 
Qiandao Lake mainly came from rural area due to the improper farming methods in 
catchment area such as excessive use of pesticides, fertilizers, herbicides and intensive 
livestock and poultry farming, which was also the main challenge of its watershed 
governance. Agricultural non-point source pollution sources are generally scattered 
among a large number of farming households, making it difficult and costly to control 
only by the government. Integrating the livelihoods of local farmers and economic 
growth with pollution control is also key to the long-term sustainable treatment of 
rural non-point source pollution. 

Therefore, in order to motivate farmers engaging into demonstration models, 
TNC established a "Qiandao Lake Water Fund" with social capital such as private sector 
and NGOs, aiming to innovate NbS in protecting water sources, and relevant long-
term management and financing mechanism in watersheds agricultural non-point 
source pollution control, which can significantly improve water quality in the long-run 
and create a win-win situation for both ecological protection and green economy. 

5.4.2 Qiandao Lake Water Fund 

In 2018, Alibaba Foundation and Minsheng Foundation jointly initiated a non-
profit fund of US$1.5 million and established the "China Water Source Protection 
Charity Trust", which is the first domestic fund targeted for water source restoration 
and ecological environmental protection. "Qiandao Lake Water Fund" is one water 
source protection project funded by this trust and is currently the largest water fund 
in China. The fund entrusts TNC as the science adviser to formulate and guide the 
watersheds protection investment and performance evaluation. Wanxiang Trust 
serves as the trustee for fund management. 

The "Qiandao Lake Water Fund" provides an innovative mechanism featuring 
multi-stakeholder joint governance of the same river basin for the "Qiandao Lake and 
Xin'an River Basin Water Resources and Ecological Environment Protection Project" 
financed by the World Bank. With the science-based support of TNC's in watersheds 
governance, the fund is carrying out a pilot project on small watersheds ecological 
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protection in Anyang Town of Chun'an County, namely the Eco-Island Water 
Purification Project, which is also being replicated by World Bank's Qiandao Lake and 
Xin'an River Basin Project to a much larger scale. On the other hand, the Water Fund 
Trust funded a new social enterprise, i.e. Hangzhou Qiandao Lake Huku Agricultural 
Technology Co., Ltd. ("Huku" for short) to be its eco-industry and brand operator, 
which provides derivative products and service on water sources protection, such as 
ecological products, nature-based education, ecological experience, cultural sideline 
projects, etc., thus facilitating multiple channels for stakeholders to engage in water 
source protection. 

 

 

 

 

 

 

 

 

 

The "Qiandao Lake Water Fund" provides a new mechanism of multi-party 
governance over the same river basin. On the one hand, it financially supports the 
pilot of ecological water control measures such as NbS and replication of the 
experience to the whole river basin. Supported by TNC's science-based research on 
watersheds governance, the Water Fund is piloting on small watersheds for ecological 
protection in Anyang Town of Chun'an County, namely the Eco-island Water 
Purification Project,  

Through science-based water protection in source area, the Water Fund of TNC 
(2020) has achieved tangible ecological, economic and social benefits, for example: 

Box 5: Pilot Eco-island Purification System under Water Fund 

Location: Shangwuxi Village, Anyang Town, Chun'an County 
Area:  Two sections covered by eco-island purification system account for 400 square 
meters. 
Purpose: Reduce agricultural non-point source pollution on key land plot that affect the 
water quality of the river basin, and improve the water quality of the small watersheds. 

Project Description: 

1) Develop aquatic economy, encourage insect-trapping and flowering plant, breed
aquacultured fishes, and build sediment areas and ecological ponds.
2) Identify the most cost-effective key plot and governance strategy to control non-point
source pollution by quantitative evaluation and quantify the water quality improvement.

Rationale: 

Introduce the drainage from paddy fields to eco-island purification area to save irrigation 
water and reuse farmland waste water; divide the ecological island purification area into 
many small blocks to ensure even and controllable water distribution; if appropriate, 
encourage aquatic commercial plants, insect-trapping plants and flowering plants and 
raise aquatic animals, so as to achieve benefits of pollution purification, ecological 
conservation, green prevention and control, drainage reuse, and economic benefits 
growth for farmers. 
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1) Ecological benefits Economic benefits: The science-based solutions adopted by
the paddy rice demo site have significantly reduced the total loss of nitrogen and 
phosphorus by 15 to 20%. The measures in tea plantation have also effectively cut loss 
of total nitrogen and total phosphorus by 36% and 38% respectively. The total length 
of the ecological tea ditches to intercept nitrogen and phosphorus is 310 meters, 
across more than 500 mu of farming catchment, which can effectively hold up 15% of 
COD and 15% to 20% of nitrogen and phosphorus in the backwater of the covered 
farmland.  

2)Economic benefits:  The paddy rice demo project raised tea farmers' income
by US$116 per mu, which is equivalent to an increase of 30% to 40% for their tea 
garden revenue. 

3) Social benefits: In 2019, the Chun'an River Chief Volunteer Team was built up
with cooperation of Chun'an County Water Co-governance Office by five government 
agencies, and more than 100 local officials and chief volunteers in the county received 
capacity building on water protection. With cooperation of Jiande City, the training of 
"Zhejiang Qiandao Lake and Xin'an River Basin Water Resources and Ecological 
Protection—Jiande City Agricultural Non-point Source Pollution Control Project 
funded by World Bank" was provided to more than 2,300 people in total. 

5.4.3 Innovations of "Qiandao Lake Water Fund" 

A number of innovative charctaristics of the water fund are summarized below. 

1) Multi-stakeholder collaboration in watershed conservation

By working with local governments, projects funded by World Bank improved 
governance over Qiandao Lake through investment into water conservancy and urban 
infrastructure. The Qiandao Lake Water Fund attracted social capital into eco-
industries in small watersheds, summarizing successful water management 
experience and raising local awareness, which in turn complemented and facilitated 
the World Bank funded project. 

The Qiandao Lake Water Fund has set a good example of cooperation and 
governance framework of watersheds conservation: TNC focusing on science-based 
support for protection, Wanxiang Trust on fund management, Alibaba Foundation and 
Minsheng Foundation on joint decision-making of the Fund as founders, donors and 
stakeholders. This multi-stakeholder framework integrated resource from business, 
social capital, and NGOs, benefiting long-term protection of water source. 

2) Introduction of charity trusts to efficiently use the fund

The Qiandao Lake Water Fund has pioneered in introducing a charity trust 
structure and incorporated non-profitable fund and ecological industries into its 
funding scheme, which attracts more diversified and influential investments besides 
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traditional charity donations. Under this trust structure, business, farming households 
and individuals can become trustees of investment or donation. When the eco-
industry supported by the Water Fund is running well, the trustees can appreciate 
their investment and obtain non-cash returns while gaining both economic and social 
benefits by protecting nature. This trust model also ensures that donors' or investors' 
funds are solely used for public welfare and pollution prevention under third-party 
supervision, with open and transparent use of fund through decision-making and 
information disclosure. 

3) Business model of water conservation

The Water Fund Model is one of the most effective fund management schemes 
for non-point source pollution control in the world. Firstly, this model brought private 
sector into ecological industries, centrally managing small and scattered farming land 
through rural land rights transfer and eco-friendly farming, combining ecological 
industries and non-point source pollution control. Secondly, the "Huku" company 
initiated by the trust offered new channels for market entities to participate in the 
project. Based on water source protection, the company also conducted R&D, 
production and branding of high value-added agricultural products, creating a self-
sustainable model for water protection and ecological industries in Qiandao Lake area. 

In the demonstration tea garden, business organized local farmers to improve 
the quality of fresh tea leaves by ecological water-saving planting and unifying picking 
standards. The project also strove to build the "Qiandao Qingquan (or Qiandao 
Spring)" brand, and sold certified tea, rice and other agricultural products, which made 
agricultural products more value-added and brought an extra of US$116 per mu for 
farmers, equivalent to an increase of 30% to 40% of their tea garden revenue. Through 
online booking, Taobao live-streaming, and customized production, the company 
boosted sales of agricultural products in water-protection area, bringing over 
US$14493 (100,000 RMB) of sales revenue to local farmers. At the same time, Qiandao 
Lake protection has become more well-known by public through media publicity, 
brand marketing, and business cooperation. 

4) IT for products traceability and targeted rewarding

The Water Fund cooperated with Ant Group of Alibaba, developing an online
smart platform called Water Conservation APP (or Hushui Bao). By using blockchain 
technology, this APP can regularly record and check the plants through photo, track 
down certification of agricultural products that adopt ecological water conservation 
measures, which now covers over 5,000 mu of watersheds. Currently, traceable 
ecological agricultural products include rice, pecans, citrus, tea, etc. In addition, this 
smart platform can also use videos to ensure the credibility of the water conservation 
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implementation, give rewards to compliant farmers, which makes watersheds 
protection reward more transparent and efficient. 

5) Exploration in Payment for Ecosystem Service

Payment for ecosystem service can be divided into two categories: one is public
payment with government budgetary funding, and the other is the payment by private 
sector, individuals or social organizations for environment service they enjoy. At 
present, individuals and business that use better-quality water of Qiandao Lake do not 
pay a premium besides normal water price.  

The Water Fund Model aims to engage business that enjoy high-quality water 
provided by Qiandao Lake, pay for the ecosystem restoration and water conservation, 
thus helping farmers in Water Fund Eco-friendly projects to obtain remuneration and 
enjoy the dividends from downstream industries. With better water quality from 
Qiandao Lake, the neighbouring areas also enjoy high-quality and sustainable drinking 
water. At Present, Qiandao Lake Water Fund team is talking to manufactures who use 
water as raw material in Hangzhou, Shanghai and the Yangtze River Delta region, 
attempting to customize payment mechanisms for different types of business, so that 
users of high-quality water from Qiandao Lake can be closely connected to protectors 
and create a sustainable funding for water protection. 

5.5 A Reflection 

The pollution control, ecological protection and restoration in various regions are 
mainly funded through top-down fiscal transfer payment or cross-region eco-
compensation. A number of challenges remain, such as the limited recipients and 
formality of compensation, single funding source, low eco-compensation standard, 
and a lack of farmers' engagement, which also existed during the Xin'an River Basin 
Ecological Compensation Project in the past decade. The financing of ecological 
restoration, protection, and NbS cannot rely solely on the government or market. It 
requires an integration of various solutions such as financial incentives, environmental 
rights trading mechanism, and green finance. By examining two ADB cases, namely 
ADB's Xin'an River Basin Ecological Protection Project and Qiandao Lake Water Fund, 
it unveils that green finance is a new way to support green agriculture, and is 
worthwhile to be applied in agricultural NbS in the future. 

6. Recommendations for realizing value of ecological products at Xin’an River Basin

The Opinions on Establishing and Improving the Mechanism for Realizing the 
Value of Ecological Products was issued by the General Office of the CPC Central 
Committee and the General Office of the State Council in April 2021. The Opinion 
makes it clear that improving compensation for ecological products is an important 
mechanism for their value realization. The Xin'an River Basin eco-compensation 
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project is a paragon for China's trans-boundary watershed and is of great significance 
in studying model, mechanism, and approach of the value realization of ecological 
products. Ecological products are distinguished from general ones with their multiple 
attributes such as publicness, non-exclusiveness, and non-competitiveness. Their 
value realization is sustainable since their stock does not decline and the flow does not 
diminish.  It is useful to classify ecological products into three types according to their 
nature of  public and market attributes, including commercial eco-products (tourism 
products, green agricultural products), quasi-public eco-products (forest, water, 
mining, farmland and other resources) and pure public ones (Climate Regulation，
Water Retention，Soil Conservation) (Wang 2021). It is necessary to consider different 
paths to realize their value of ecological products according to their types.  

Moreover, the investment and financing of ecological restoration, protection, and 
NbS cannot solely rely on either the government or the market, but require a 
combination of multiple means such as financial incentives, environmental rights 
trading, and green finance. The two cases of ADB's Xin'an River Basin Ecological 
Protection Project and Qiandao Lake Water Fund, reveal that green finance is a new 
way to support green agriculture and the value realization of ecological products, and 
is worthwhile to promote it further so as to support agricultural NbS in the future.  

Based on the findings from literature/policy review, field missions, and GEP 
calculation, this report puts forward ten specific recommendations below to promote 
the value realization of ecological products at Xinan river basin. 

6.1 Integrate NbS in cross-basin nature protection and green agricultural 
development  

The integration of NbS in water resource management such as the Eco-island 
Purification System and restoration of wetland could bring a wide range of synergies 
and has great potential for providing progress on both climate change mitigation and 
adaption, while contributing to other key agendas on biodiversity and human 
wellbeing. The effective implementation of NbS requires the transformation from the 
traditional top-down governance model to a participatory model of both public and 
private sectors. Chinese government needs to design institutional policy, regulatory 
and financial enabling environment that facilitates the take up of NbS by both public 
agencies and private actors. Hence, it is important to create an enabling policy 
environment for private sector investment and innovation, including promotion of 
market mechanisms, as a way to finance nature-based solutions.  

The protection of Xin’an River Basin illustrates the need of local solutions that 
take into account the specific needs and constraints water, food, hydropower, flood 
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protection, etc. It also implies that the cross-provincial eco-compensation policies 
should link initiatives that support uptake of NbS with strong monitoring, reporting 
and verification. However, NbS currently lacks appropriate financing instruments and 
standardized financing models, which make them particularly unattractive for 
potential financiers. Well-designed new financing mechanisms, such as public 
subsidies for ecosystem stewardship that meet the NbS guidelines and support climate 
change mitigation, the promotion of market mechanisms and sustainable business 
model, could be instrumental for upscaling NbS and improving social-ecological 
resilience to climate change. Besides, mobilize enhanced international development 
cooperation to support nature protection with sustainable economic development. 
Future policies can develop specific guidelines and supervision for funding and 
investment of NbS. For example, encouraging private-public partnership (PPP) for 
financing nature-based interventions, employing incentive schemes and 
compensation mechanisms to help fund NbS initiatives, and provide necessary market 
conditions for NbS financing. Additionally, international funding can be used to 
promote NbS as an effective adaptation strategy. Proper measurement, reporting and 
verification systems can also ensure sustainable finance mechanism to benefit from 
NbS.  

6.2 Improve the quality and the supply chain capacity of ecological products in the 
market 

To realize the value of ecological products, there are two aspects have to be 
improved, one is ensuring products quality from supply side and another is market 
premium from demand side. In terms of improving the quality of ecological products, 
it recommend to strengthen intensive enterprise management, establish "Three 
Products and One Certificate System" (non-polluted agricultural products, green food 
products, organic agricultural products and geographical certificate of agricultural 
products) market supervision system to achieve ecological products quality traceable, 
verificable, and accounable, to establish transparent supervision and rapid inspection 
of product quality. In terms of market premium, it recommend to establish of public 
relations brands, increase market recognition of ecological products so as to market 
premium of high-quality ecological products, incentvise producers of high-quality 
ecological products to have the motivation to continuously improve quality. 

Build a regional brand. Empowering farmers through improving quality, adopting 
green production practices and building brands is critical for developing a modern and 
green agriculture in Huangshan. It is important to build a green food industry 
innovation platform of specialty agricultural products such as tea, natural drinking 
water, traditional Huizhou food, and healthy leisure food, featuring green, safety, 
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health and high-quality. Huangshan needs to intensify the certification of agricultural 
products, promote the standardized practices, including field management, post-
harvest processing, grading, packaging, storage and transportation, product 
traceability, and information collection for high-quality agricultural products, as well 
as strengthen the quality and safety traceability system. Establishing a regional brand 
is useful way to add more value to the ecological products at Huangshan.  As tea is a 
major agricultural product in the region, it is important to set up a provincial tea quality 
inspection center and a green food testing and brand promotion center to enhance 
the influence of the "China Famous Tea Capital". More efforts need to make to create 
a batch of competitive green food brands, including Huangshan Chrysanthemum, 
Huangshan Shaobing, Huizhou Mandarin Fish, Yixian Specialties, and Wucheng Dried 
Bean Curd. In terms of natural drinking water industry development, Huangshan needs 
to cultivate high-end brands, such as "Wujixue", "Liugujian", and "Sanyang Golden 
Spring", and to launch a batch of influential ecological product brands such as "Pastoral 
Huizhou" and "Huangshan Water". These efforts are critical to cultivate and expand 
green industrial clusters so as to accelerate the construction of Xin'an River Ecological 
Economic Demonstration Zone. 

Consolidate efforts to expand the tea industry. Tea is the pillar industry of 
Huangshan. There are about 800,000 mu of tea gardens in the prefecture, and the 
output of tea in 2020 reached to 40,000 tons. Among the top ten famous teas in China, 
four are from Huangshan, including Huangshan Maofeng Tea, Taiping Koukui Tea, 
Liu'an's Guapian Tea, and Qimen Black Tea. However, there are rooms for obtaining 
price premium of Huangshan tea. Firstly, elevate tea value by improving the quality. It 
is important to promote the tea industry, enhance the value of the four mentioned tea 
brands, implement the ten major tea gardens projects such as green prevention and 
control in the whole region, popularize the model of "sticky insect yellow board + 
biopesticide + ecological agriculture", and continue the practice of reducing chemical 
fertilizers and pesticides through centralized distribution of pesticides and substitution 
by organic fertilizers, so as to forge a whole industrial supply chain and create a 
modern tea industry cluster with strong competitiveness and characteristics. Secondly, 
build comprehensive ecological tea gardens featuring tea-woods-tourism with tea 
culture and technology, so as to conserve the eco-environment, improve tea varieties, 
efficiently manage the gardens, and boost the added value of tea. Thirdly, promote 
local tea brands, raise the brand awareness, and expand their market share. Fourthly, 
endeavor to protect, breed and promote the famous tea varieties, popularize the 
ecological three-dimensional planting mode featuring the co-existence of woods, tea 
and grass, encourage tea gardens to plant arbors and green manure plants, accelerate 
the replacement of chemical fertilizers with organic ones, and promote the centralized 
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slope-to-terrace project in a large area. Finally, strength the brand certification and 
market supervision of organic tea through an introduction of traceable and certified 
tea products. The concrete steps include combining the trace of product quality and 
production environment and establishing a complete cycle of data collection, analysis, 
and application for agricultural products by blockchain technology. 

Cultivate new agricultural entities. A modern agricultural business system can be 
established by initiating the training projects for new agricultural entities, developing 
various forms of agricultural cooperatives with appropriate scales, and improving the 
mechanism for aligning the interests of the new entities and that of the small farmers. 
New business entities such as family farms and professional farmers' cooperatives, and 
build agricultural industrialization consortia featuring "leading enterprises + 
professional farmers' cooperatives + family farms + large professional farm 
households". It is critical to accelerate the training of new generation farmers, rural 
practical talents, and rural industry leaders. It is important to bring well-known 
domestic enterprises to Huangshan to forge linkages of leading agricultural enterprises 
with local specialized operators for agricultural production and to carry out socialized 
agricultural production services in farming, planting, disaster prevention, and 
harvesting. It is also important to put in place a sound village-township-county sales 
network and encourage new agricultural entities to develop new businesses mode 
such as direct supply, cold chain distribution, and community purchases through e-
commerce. 

6.3 Develop diversified tourism products and enhance the value of cultural tourism 

Huangshan is a renowned tourist city in China, the core area of the Southern 
Anhui International Cultural Tourism Demonstration Zone and the Huizhou Cultural 
Ecological Protection Zone. However, its tourism business still is confronted with a 
challenge of low economic returns from the tourism chain of "food, lodging, travel, 
shopping and entertainment". It is important to develop new ideas, new paths, and 
new models to transform its tourism industry and realize the value of its high-quality 
ecological environment and eco-tourism. 

Create new tourism forms and new products. It is recommended to attract 
tourists from the YREB such as Zhenjiang and Shanghai to travel to Huangshan by its 
peculiar products such as health preservation service, culture-based home-stayes and 
experiential tourism. Measures should be taken to improve the quality and enlarge the 
capacity of the Huizhou home-stay hotels to create a Huizhou-style leisure 
accommodation brand by building a batch of boutique home-stays, featured inns, 
leisure resort hotels and camping sites, and forming a home-stay industry clusters 
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around Huangshan, Ancient Huizhou Cultural Tourism Zone, Taiping Lake, the Xin'an 
River, and the Yuetan Lake for diversified customer groups. It is also necessary to 
highlight the characteristics of Huizhou folk houses, transform local home-stays into 
theme-based creative industry clusters, and integrate experiential tourism elements 
such as studies, cuisine, and photography, so as to create a popular tourism brand of 
Huizhou in the YREB. Meanwhile, Xin'an Healthcare Brand could be created by building 
a whole industrial chain of medical service, health management and health 
preservation through concrete measures, including introducing well-known medical 
and healthcare institutions, promoting the cooperation among high-quality medical 
centers, recuperation institutions and tourism service operators, building athletes 
rehabilitation bases and TCM convalesce centers for chronic diseases, and offering 
featured products such as TCM recuperation, forest recuperation, and employee 
recuperation. Moreover, efforts should also be devoted to apply for the approval to 
build a natural oxygen bar, and speed up the construction of Qiankou Health Town, 
Xin'an Health Town, etc., so as to create health tourism demonstration sites, staff 
recuperation bases, and a popular recuperation brand. 

Expand the space for cultural tourism. Efforts need to make to promote the 
innovative and integrated development of cultural industries, upgrade the traditional 
cultural industries, and develop new cultural enterprises, forms and consumption 
patterns, so as to transform cultural resources into industrial competitiveness and 
create a new development pattern. Efforts need to make to consolidate the intangible 
cultural and creative industry, and launch intangible cultural heritage products 
featuring special technology and service such as souvenirs. In addition, it is 
recommended to introduce intangible cultural heritage projects around the scenic 
spots, such as master studios, skills training centers and performances, so as to 
activate local cultural resources and expand the influence. New cultural museum 
industry could be developed, such as building living museums in ancient villages and 
towns, creating local ecological museums in which that integrate Hui cultural history 
and modern life, and developing digital experience for Huangshan natural scenery and 
Hui culture. These efforts are devoted to enhance publicity, spread the name of 
Huangshan, tell the story of Huangshan, and create a multi-dimensional city brand of 
"Fantasy Huangshan & Etiquette Huizhou", with an aim at making it a global 
recogenized and a world-class tourist city. 

Build a tourism transportation network. It is important to view the Huangshan 
tourism development beyond its city and place it in the whole Yangtze River Delta. 
Linkage with different scenic areas of Yangtze river delta can be achieved through 
sharing the brand, tourism routes, products, and development concepts. Local 
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governments can lay out public tourism facilities, connect tourism routes, and form a 
transboundary-regional tourism marketing alliance based on the positioning of one 
regional tourism center. Meanwhile, it is also of great significance to improve the 
transportation system, including achieving one-hour access to the Hangzhou 
metropolitan area, two-hour access to the major cities in the Yangtze River Delta, and 
five-hour access to Beijing-Tianjin-Hebei and Guangdong-Hong Kong-Macau by the 
high-speed railway, upgrading leisure road facilities such as Huizhou ancient roads, 
hiking trails, and cycling roads, making public transport in the city more convenient 
and creating a self-driving paradise in Eastern China. In addition, a "Landscape Gallery" 
golden tourism waterway system can be developed along the Xin'an River, Taiping Lake, 
Yuetan Lake, and Tunxi River. The efforts are to be made to build a world-class natural 
and cultural tourism corridor, to develop an International Golden Tourism Route in 
Hangzhou and Huangshan, and to launch the "Five Famous" boutique tourist routes 
(famous cities, famous lakes, famous rivers, famous mountains and famous villages) so 
as to significantly enhance the overall competitiveness of the regional tourism.  
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Box 6. Xin'anyuan Organic Tea Industry 

Xin'anyuan Company aims to develop organic tea industry by pursuing green 
ecology and quality product. With a focus of improving corporate efficiency and 
farmers’ income, Xin'anyuan Company has committed to practice the development 
philosophy of "lucid waters and green mountains are priceless" for over 20 years by 
following EU organic tea standards, innovating tean production base models, and 
consolidating the supplies of raw tea material. Its main methods are as follows: 

1. Build ecological tea gardens and protect the ecological environment at the
origin of the Xin'an River. It established a green organic tea garden base in the Liukou 
area at the origin of the Xin'an River. At present, it has 25,000 mu tea production base, 
of which nearly 6,800 mu has passed the EU and national organic certification for 24 
consecutive years. According to preliminary statistics, since 2015 the construction of 
organic tea ecological bases has reduced over 1,000 tons of pesticides and herbicides 
and 25,000 tons of chemical fertilizers in Liukou area alone, which has effectively 
controlled rural non-point source pollution and improved the ecological environment 
and water quality at Huangshan. 

2. Strictly control the product quality at the source and establish a new
management model for its green organic bases. In order to ensure the quality and 
safety of tea products and energize its innovative mechanism, Xin’anyuan Company 
attached great importance to the improvement of management at the source. In 2008, 
it established plant protection service stations in the core production area covering 16 
villages. In 2011, it established a distribution center for the plant protection service, 
forming a complete base management service network, which provides technical 
consultation, new technology training, application of high-tech and new products for 
the organic tea gardens at the source area of the Xin’an River. Meanwhile it also 
provides services of distributing biopesticide, organic fertilizers and other materials to 
local tea farms, monitoring diseases and insect pests in the area, reporting the 
monitoring dynamics to the relevant functional departments in a timely manner, and 
taking effective and timely measures accordingly. The new model is well received and 
praised by local tea farmers. 

3. Adopt the management model of "company + cooperatives + bases + farm
households" to help farmers to get out of poverty. Xin'an yuan Company positions 
itself as a healthy organic tea producer, aiming to develop organic tea industry as the 
engine of poverty-alleviation in the mountainous area by making the most of the high-
quality ecological environment and abundant tea resources at the source of the Xin'an 
River. It actively promoted the model of "company + production base + farmer" and 
"cooperative + production base + farmer", carried out technical training, led the 
establishment of professional cooperatives for local tea peasants, and mobilized the 
poor villages and farmers to develop organic tea industry and achieve steady income 
growth through its demonstration base. 
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6.4 Establish Eco-Banks to Mobilize Natural Resources in Rural Villages 

Natural resources such as forest, water, land and other are typically scattered 
around the villages and farmers with diversified ownership and use rights. It is 
important to explore a mechanism for flexible property rights transfer and return, 
promote resources transfer through a combination of multiple solutions such as 
leasing, redemption, joint stocks, and trusteeship, and create a diversified return 
mechanism through "basic income + equity dividends + labor participation". It critical 
to improve the centralized resources purchasing and storage, and promote the 
consolidation of forest, water, mining, arable land and other resources by county, and 
optimize the scale operation. To achieve that, a practice of establishing Eco-Banks like 
ones at Qiandao lake is recommended for Huangshan. The eco-bank can help in the 
following ways. Firstly, establish a flexible pricing mechanism for natural resources, 
and form a relatively stable pricing method for different resources based on resource 
equity attributes and property rights transfers using variety of methods including 
market pricing, open bidding, and industry average return pricing. Secondly, promote 
their standardized and systematic development, formulate the regulations for them, 
build their digital platform, and clarify their standards and procedures for resource 
acquisition and storage, property rights transfer, resource enhancement, price 
evaluation, industry coordination, project operation and profit distribution, so as to 
realize a visualized, traceable and dynamic tracking of the transactions, and define the 
respective functions of different municipal departments on natural resources, forestry, 
development and reform, and finance. Thirdly, ensure their evaluation, transaction, 
pricing, and investment invitation are risk controllable and guide market capital to flow 
in the natural resource development. 
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Box 7. The Ecological (Two Mountains) Bank in Qiandao Lake 

Located in Chun'an County, Zhejiang Province, Qiandao Lake is an important source 
of drinking water in Zhejiang Province and beyond. In order to explore the value realization 
mechanism for the local ecological products and better protect the drinking water source, 
Chun'an County leveraged its digital platform and established the ecological bank in the 
county to carry out overall management for its natural resource and related information. 

Build a database for natural resources registration. A county-wide natural resource 
registration database was established after sorting out the type, boundary, area, quantity, 
quality of the natural resources, defining the subject and boundaries of ownership, and 
reporting the information to the real property registration agency. It issues certificates for 
the management rights of rural contracted land to promote orderly circulation and large-
scale operations. It establishes a trading system for rural collective operation land, to 
promote the transfer, lease, and mortgage transactions of its use rights. It also creates an 
ecological credit file with positive and negative lists for enterprises and individuals, and 
integrated the ecological credits into financial credit, administrative approval, medical 
insurance, and social assistance. 

Set up the whole procedures of "investigation-evaluation-control-circulation-
reserve-planning-upgrading-development-supervision". The county-level ecological 
resource asset management company carries out property rights acquisition and storage, 
resource improvement, resource measurement, dynamic management, resource 
evaluation, resource project credit enhancement, resource package promotion and market 
transactions, as well as risk control throughout the process. The company's subsidiaries 
have been established in villages and towns to form a county-level ecological asset 
operation and management system, and build a whole-process operational mechanism. 

Explore the paths to realize the value of ecological products. Chun'an has actively 
explored the establishment and sustainable development of agricultural big data system 
for the whole industry chain of each of its major products including tea, fruit, vegetables, 
medicine, and honey. It also integrates product quality information, traces production 
environment trace, and establishes a circular system of data collection, analysis and 
application for its ecological products. Chun'an has connected Eco-Bank to its central 
database and set up a management system composed of one database and three 
platforms, namely the ecological resource asset database with data integration and 
integrated display functions, Eco-Bank operation platform for data analysis, and an online 
resource exchange platform that provides information and communication for resource 
owners and developers or investors. 
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6.5 Build a carbon sink ecological product trading system 

With abundant resources, ecological diversification, and good environment 
quality, Huangshan is not only an important forest area in Anhui Province, but also a 
key ecological protective area in East China. It has created a diversified carbon sink 
ecological product trading system covering a wide range of subjects, including carbon 
compliance companies, VER (voluntary emissions reduction) enterprises, and the 
public, etc., forming a composite market structure in which compliance markets, 
voluntary markets, and inclusive markets are interconnected and complementary. It 
has also established a forest carbon sink verification and certification system for the 
annual net carbon sequestration of forests, which is used as a transaction object under 
the carbon neutralization category to be traded on the ecological product transaction 
platform. According to GEP accounting results, the carbon sinks generated by the 
ecosystems of Xiuning County and She County account for about 70% of total in the 
Xin'an River Basin. These two counties can explore ways to verify and certify their 
forest carbon sequestration capacity. The government should play a supporting and 
guiding role in incorporating the carbon neutralization targets into leading officials' 
performance appraisal system, encouraging and regulating carbon sink projects to 
better improve ecosystem, establishing a sound mechanism for matching the supply 
and demand of forest carbon sinks, and exploring to establish of a transboundary-city 
carbon trading mechanism between the Huangshan and other cities in the YREB. Local 
governments should also be guided to develop flexible management models similar to 
eco-banks for carbon sink accounting, promote the sound development of the carbon 
trading market, and effectively manage and protect terrestrial ecosystems. 

6.6 Improve the water price system 

As the drinking water is key product, its pricing has a significant impact on the 
value realization for Huangshan. The water price for residential use is US$0.24/m3, 
US$0.29/m3 for administrative and industrial use, US$0.43/m3 for business services 
and US$0.46/m3 for special use in Huangshan10. The household water consumption in 
Huangshan was 20.28 million tons. Given the average disposable income at Huangshan 
was US$2446 in 2019, it means that the share of water expenditure in the average 
household disposable income was only 0.24%. UNDP set the ceiling for water expenses 
at 3% of household income, while EPA proposed it should not exceed 2.5% of the 
median household's pre-tax income and in the UK, the proportion is no more than 3% 
in practice. In contrast, Based on the small share of water expenditure in household 
disposable income at Huangshan, it is clear that the water price for residential use is 

10 http://www.sdfcxw.com/shuifeijiage/huangshan.html 
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relative low and has a room to increase. The similar conclusion can be reach for other 
uses of water in terms of water prices. The low water price is not conducive to the 
conservation of water resources or the value realization of water-related products. 
Therefore, it is important to establish a water resource grading and price assessment 
mechanism and set benchmark prices for different industries including packaged water, 
high-end aquaculture, spa&resort, and sports tourism based on overall water 
environment quality and development conditions. The central government (2013) 
issued Guiding Opinions on Accelerating the Establishment of a Tiered Water Price 
System for Urban Residents requires each household have one water meter. Existing 
studies have been conducted to further improve the water price system to enlarge 
water price ratio at different stage. For instance the existing water price ratio is 1:1.5:3 
at stage I, II and III respectively. It is important to formulate policies and measures to 
improve water resources pricing, promote resource integration, reflect ture value of 
water resources, and promote the rational distribution and sustainable utilization of 
various water resources. Meanwhile, it is also necessary to build a water ecology-
based system for economic development, formulate project access standards and 
negative list in the Xin'an River Basin, and put in place clear regulation and policy 
guarantee for local industrial projects regarding to project access, support, and 
operation supervision. 

6.7 Explore new models of watershed ecological compensation 

The value of ecological benefits provided by the Xin'an River upstream of to the 
downstream reached an average of US$3 billion from 2015 to 2019, but the ecological 
compensation funds provided by Zhejiang to the downstream areas were only US$30 
million at present and the largest compensation fund was provided in 2015, which was 
US$123 million. In order to improve the water quality, the upstream areas invested 
some US$0.3 billion each year on its governance. In other words, it is difficult to 
continuously mobilize the enthusiasm for water improvement in the upstream areas 
since the ecological compensation standard is low. In order to ensure the stable 
improvement of the water quality of the Xin'an River Basin, it is necessary to accelerate 
the establishment of a market-oriented, diversified and integrated mechanism, 
improve the compensation standards, and implement the Construction Plan for the 
Xin'an River-Qiandao Lake Ecological Experimental Zone. Meanwhile, local 
governments should also jointly implement major projects through various 
compensation methods such as counterpart cooperation, technical support, industrial 
transfer, talent exchange, and shared industrial parks, to promote the benign 
interaction and coordinated development between the protection areas and 
beneficiary areas, and form a new development model featuring common protection, 
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cost-sharing, industry co-prosperity, and shared achievement between downstream 
and upstream. Consequently, these efforts will ensure that the clear water from Xin'an 
River make further contribution to the national ecological protection system. 

6.8 Create a new model for common protection and joint governance of the 
ecological environment 

It is critical to formulate and implement the new plan for joint protection and 
governance of Xin'an River Basin to coordinate the protection of the water 
environment, resources, and ecology, and promote of the watershed joint protection 
and joint management. Huangshan and Hangzhou need to explore to construct cross-
regional infrastructure and carry out cross-regional operation for ecological protection, 
create new joint supervision and governance models for cross-regional environmental 
protection, and improve the coordinated protection, monitoring, and law 
enforcement mechanisms in the upstream and downstream. We should take a holistic 
approach to water environment protection in the Xin'an River Basin, including carrying 
out the comprehensive treatment and ecological restoration on the low hills and 
gentle slopes, practicing the 10-year fishing ban, building ecology buffer zones in 
estuaries and river or lake shorelines, and protecting the wetland and forest. It is also 
important to implement the ecological interception project of nitrogen and 
phosphorus to control the regional agricultural non-point source pollution. It is 
important to effectively implement the ADB's Huangshan Xin'an River Basin Ecological 
Protection and Green Development Project as it has two innovative funds to support 
green agricultural development at Huangshan. It is equally important to ensure the 
normal operation of the urban resource recycling base and kitchen waste treatment 
facilities, establish a long-term monitoring mechanism for rural residential sewage, 
and implement effective measures to improve its treatment capacity such as 
ecological supermarkets, ecological incentives, and reuse of the reclaimed water. 
These efforts will ensure the stable high-quality water in the river basin. 

6.9 Jointly set up a market-based fund for regional ecosystem investment by local 
governments and private sector  

When restoring ecologu and develoing eco-industries, public funds shall de-risks, 
stabilize investment expectation and convince market of its sustainability. Establishing 
a inventory of enterprises and projects for green agri-business that connects and 
serves local banks for debt-equity blended financing is encouraged. the local 
government backed- investment companies and industrial funds shall also engage in 
green agri-busniess. For example, Huangshan government has used ADB's low-cost 
sovereign loans to set up a Green Incentive and Investment Fund with dual mechanism, 
integrating the eco-compensation pool with market-based equity investment, 
facilitating transition from government-led eco-compensation to a market-oriented 
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protection model. In this regard, the well-designed market-oriented equity fund can 
help attract private capital by ADB's low-cost loans and become a sustainable market 
model. It also encourages market players such as green agricultural companies to join 
in the project, getting listed when qualified.  

6.10 Provide innovative green financial products and service to realize value of 
ecological products 

A number of green financing innovation can be considered as follows: 

1) Update the definition of collateral and credit-rating standard to address
difficult access to collateral 

The Ecological (Two Mountains) Bank created by local governments can integrate 
the previously scattered and idle ecological resources, identify borrowers for banks 
and connect ecological resources with green finance. Financial institutions can provide 
innovative financing products based on the collateral and pledge of ecological assets 
(such as water right, forestry right, carbon sinks, GEP, etc.). Meanwhile, they can also 
vigorously develop innovative insurance products, such as green insurance, forest 
insurance, weather index insurance, price index insurance, collateral-based insurance, 
etc., to facilitate the financing for farmers and agricultural business and industrialize 
the whole value chain. For example, the Water Fund provides centralized 
management of household land of small farmers through land use rights transfer and 
introduced commercial capital to the ecological industries. Another example is the 
Eco-Bank in Chun'an, which established a platform of resource right confirmation, 
value evaluation, and transaction for farmers and enterprises that operate tea 
gardens, orchards, woodlands, etc. It also built a financial channel with the local 
commercial bank, the Chun'an Branch of Industrial and Commercial Bank of China 
(ICBC) in Hangzhou, and provided value assessment of corporate forest rights through 
the third-party. ICBC Chun'an Branch provided inclusive loans for farmers by adding 
more weight of forest rights into client's first credit-rating profile. These efforts 
provided easier access to financing at lower cost for farmers and agricultural business 
and opened up a financing route from ecological resources to assets and to funds. 

2) Design financial products which are linked to eco-efficient performance

Bonds and loans related to environment sustainability are still relatively new.
Since the sustainability-linked loan emerged in market in 2017, it has surged from the 
5 billion US dollars at the beginning to 40 billion US dollars in 2018 and 92 billion US 
dollars in 2019 (CECEP, 2020). Compared with traditional green financial products 
such as green credit and green bonds, its lender regularly adjusts the loan interest 
based on the borrower's sustainability performance, which motives the borrowers to 
adopt best practice to continuously improve performance, bringing more benefits by 
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green finance When local financial institutions make investment decisions or design 
financial products, they should take into account national strategies on ecological 
restoration and protection, local ecological conditions, and ecological compensation 
and investment as reference for their performance targets, so that more green funds 
can flow into business committed to green and ecological industries. For example, 
when GIF selected an investment project, it not only reviewed general financial 
indicators such as return on investment, but also considered the potential 
environmental benefits of the project as important criteria. Besides, it also conducted 
regular evaluations in that regard. 

3) Enhance the value of ecological products through green finance + technology

Fintech or blockchain have been applied more in the eco-agricultural chain since 
it traces and certified agricultural products from the planting to the market, boosting 
consumers' confidence in food safety and purchase behaviour. Fintech can also alarm 
farmers and enterprises on potential meteorological disasters in specific areas, 
making financial institutions better understand their clients' risk. With sound 
traceability, certification, and labeling mechanisms, financial tools can facilitate the 
production and sales of agricultural products trusted by consumers. 
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