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INTRODUCTION

1. The Technical Assessment (TA) has been carried out as part of the preparation of the Program-
for-Results (PforR). The purpose of the TA is to evaluate, with the support of National and Provincial
Government, the adequacy of Program arrangements across the three aspects of (i) strategic relevance
and technical soundness, (ii) expenditure framework, and evaluation capacity, and (iii) economic
justification.

2. The PforR is anchored in Government’s Program for the Yellow River Basin Ecological
Restoration and High-Quality Development as implemented through the basin level YRCC activities and
the sub-national Provincial Programs in Henan and Shaanxi Provinces. The national program of Yellow
River Basin Ecological Restoration and High-Quality Development is strategically outlined in the YRB Plan
issued on October 8, 2021, which highlighted six key working areas: (a) enhancing ecological and
environmental protection; (b) promoting water conservation; (c) strengthening disaster management;
(d) enhancing integrated pollution management; (e) facilitating high-quality development; and (f)
protecting, inheriting and promoting the Yellow River culture.

3. The PforR will support a subset of activities from the Government’s national YRB Plan as
implemented through the sub-national provincial programs in Henan and Shaanxi Provinces. Activities
supported by PforR financing will directly contribute to the three key working areas of the Government’s
Program of enhancing ecological and environmental protection, promoting water conservation, and
enhancing integrated pollution management. At the demonstration sub-basins and counties in Henan
and Shaanxi Province, the Program will improve water conservation by increasing water use efficiency
and reducing water consumption, improve water quality by reducing point source pollution from
domestic wastewater in rural area and reducing non-point source pollution from agricultural sector, and
improve ecosystem management by promoting integrated landscape management planning and
restoring key ecosystems. Error! Reference source not found.The two provinces are expected to
summarize the lessons learned from the demonstration sub-basins and guide the other sub-basins to
prepare the integrated ecosystem and water management plans.

4. The PforR will also enhance the capacity of the basin organization to scale up the integrated
ecosystem and water management approach from demonstration sub-basins to the Yellow River Basin.
The Program is anchored in the mandates given to the YRCC as part of the YRB Plan to enhance the
YRCC’s technical capacity and regulation capacity. The Program will support the institutional capacity
building of the YRCC in three key areas: (a) enhancing the capacity to support integrated ecosystem and
water management; (b) enhancing the capacity for integrated ecosystem and water monitoring; and (c)
issuing guidelines and promoting data sharing.



PROGRAM EXPENDITURE FRAMEWORK

1. Description and assessment of program expenditure framework

Introduction

Pursuant to the Bank Guidance on Program-for-Results Financing Technical Assessment effective July
26, 2019, the Expenditure Framework Assessment (EFA) was conducted based on information provided

by Henan Province, Shaanxi Province and Yellow River Conservancy Committee (YRCC).

According to the agreed PforR Program activities, the EFA defined the Program boundary in terms of
budget expenditure and reviewed the relevant fiscal context, government budget reporting and
expenditure efficiency as well as the financial sustainability. The duration of the PforR is from 2022 to
2027.

The total Program financing is estimated at US$1,520 million, of which US$1,140 million (75 percent)
will be financed by the Government and USS380 million (25 percent) will be financed by an IBRD loan
(Table 2). Of the USS$1,140 million Government financing, it is estimated that US$36 million (3.2 percent)
will come from YRCC, US$421 million (36.9 percent) will come from Henan Province, and US$683 million
(59.9 percent) will come from Shaanxi Province. Of the US$380 million IBRD loan, US$6.5 million will be
allocated to a disbursement linked indicator (DLI) supporting the YRCC and the basin-level program
[TBC], with USS$186.75 million each allocated to Henan and Shaanxi Provinces in support of their

respective sub-national programs.!

Table 1 Program Financing (2021-2025)

YRCC Henan Province Shaanxi Province Total
Source Amount Amount Amount Amount
(uss, e (uss, sad (uss, | %of (Uss, %
millions) Total millions) Total millions) | Total millions) | Total
Government 36 84.7 421 69.3 683 78.5 1,140 75
IBRD 6.5 15.3 186.75 30.7 186.75 215 380 25
Total 42,5 2.8 607.75 40.0 869.75 57.2 1,520 100

PforR Program Activities and Geographic Program Boundary

The Program activities and geographic Program Boundary have been summarized by

Table 2. There are three result areas (RAs), each of which has different geographic scope.

1The exchange rate is USD1 for RMB 6.5.




Table 2 Program Boundary

‘Yellow River Basin Ecological Protection and High-quality Development Master Plan’ (YRB Plan)
National guiding plan with six key areas: (a) ecological and environmental protection,; (b) water conservation, (c) disaster
management, (d) pollution management, (e) high-quality development, and (f) Yellow River culture. Covering 9 provinces and
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National
program

YRCC
program

Henan
Provincial
program

Shaanxi
Provincial
program

Program
Activities

Boundary

752,443 km?2.

YRCC's ‘Water Security Plan for the YRB Ecological Protection and High-Quality Development’
Basin agency plan with five key areas on ensuring water resources security, enhancing water ecological protection and
restoration, strengthening soil and water conservation, and enhancing basin management capacity. Covering 9 provinces and

752,443 km?2.

‘Henan YRB Ecological Protection and High-Quality Development Plan’
Provincial plan with areas on enhancing ecosystem protection and restoration, enhancing water use efficiency, strengthening
flood management, strengthening pollution management, and promoting capacity building and institutional reform. Covering 7

municipalities and 36,200 km?2.

‘Shaanxi Province Wei River Basin Water Ecological Restoration Plan’

Provincial plan with six key areas, including water conservation, ecological protection and restoration, and water pollution
reduction. Covering 66 counties and 67,000 km?2.

RA 1: Improving Water Use

Efficiency

e Modernizing and rehabilitating o
irrigation schemes

e Improving agronomic practices

e Developing and implementing
TVAPs .

o Building or rehabilitating rural
water supply systems and
pipelines

o Improving the capacity of local ]
communities and WUAs on
agricultural water management

e Increasing the participation of ]
women in leadership roles
within the WUAs

RA 2: Improving Water
Quality

Upgrading effluent
standards within existing
wastewater treatment
plants

Installing rural
wastewater treatment
systems with household
connections
Rehabilitating rural
wastewater treatment
pipelines

Improving livestock and
poultry manure
collection and treatment
rate

Promoting organic
fertilizer use and precise
chemical fertilizer
application

RA 3: Improving
Ecosystem
Management
Integrated
landscape
management
planning
Afforestation/
reforestation
with increased
species diversity
Degraded forest
restoration with
promoted
natural
regeneration
Soil and water
conservation
including
terracing
Wetland
protection and
restoration

Henan: Hong Nong Jian, Qing Long Jian, and Jian sub-basins, covering 6,900 km? (five

counties and one municipality)

Shaanxi: Qishui, Jing, Shichuan, and Beiluo sub-basins, covering 38,842 km2 (nine

counties in two municipalities)

RA 4. Strengthening integration of
ecosystem and water resources
management into strategic planning

e Preparing integrated ecosystem
and water resources management
plans for demonstration sub-basins

e Preparing provincial-level
guidelines for integrated ecosystem
and water resources management
planning, and developing
provincial-level integrated plans

e Developing a monitoring system
supported by a consumption-based
water resources assessment in a
pilot interprovincial sub-basin

e Developing an integrated
ecosystem and water resources
management model for the YRB

e Preparing a technical guideline for
integrated ecosystem and water
resources management in the YRB

e Training and capacity building on
ecosystem and water resources
management at the provincial and
basin levels

Demonstration sub-basins in Henan

and Shaanxi

Yellow River Basin Henan Province,

Wei River Basin Shaanxi Province

YRB-wide through support to YRCC




Fiscal Context

China takes a cascading approach to decentralization arrangements. The CG decides its tax sharing and
expenditure assignments with provinces and municipalities, and each province and municipality decides
on its respective tax sharing and expenditure assignments with prefectures and counties in its
jurisdiction. Typically, the counties receive transfers from upper-level governments and play a key role
in providing public services to the local residents.

During the 13™ Five Year Plan period, the central government in China has been changing its fiscal
relations with provinces. One of the major changes is the delineation of the expenditure responsibility
between the central government and provinces and in turn between province and county governments.
This clarification of the division of functions is expected to increase the predictability of the mandates
imposed on SNGs and clarity of accountability. In principle, provision of basic public services, or other
public services involving cross-region benefits, shall be classified as a shared functionality; provision of
public services where benefits are more confined to local residents shall be classified as a local

functionality.

According to the Reform Plan for Delineating the Functions and Expenditure Responsibility between the
Central Government and Provinces regarding Ecology and Environment Protection (Guo Ban Fa[2020]
No.13) issued in May 2020, national level ecological environment planning, policy and law making,
implementation monitoring, management, law enforcement and capacity building has been classified
as central functionality, prevention and control of water pollution in key basins such as the Yangtze River
and Yellow River has been classified as shared functionality, local level ecological environment planning,
policy and law making, implementation monitoring, management, law enforcement and capacity
building, as well as the prevention and control of soil pollution, agricultural and rural pollution, solid
waste pollution, chemical pollution, groundwater pollution and other local air and water pollution, has

been classified as local functionality (see Error! Reference source not found.).

So far, Henan and Shaanxi have formulated the plan for delineating the functions and expenditure
responsibility between the provincial government and counties regarding ecology and environment
protection(see table 4)2, combining the principles set by central government through Guo Ban Fa[2020]
No.13, the Program activities for RA1 and RA3 will be financed by provincial government with support
of central government, and the Program activities for RA2 will be financed mainly by county

governments with support of provincial government.

2 The division of Henan Province is basically the same as that of Shaanxi Province. Due to space limitations, only the policy

documents of Shaanxi Province are displayed.



Table 3 Responsibilities for Ecology and Environmental Protection (nationwide)

Ecological
environme
planning

Ecological
environme

. . - Responsible
Function and Expenditure Responsibility P .
authority
The formulation of national ecological environment planning,
nt  Cross regional ecological environment planning, key river basin central
and sea area ecological environment planning
The formulation of local eco-environmental planning provincial
Construction, operation and maintenance of the national
ecological environment monitoring network, inspection and
nt supervision on the implementation of ecological environment central

monitoring  laws and regulations and related policies; national ecological

and law
enforceme

Ecological

environment law enforcement inspection and supervision

nt local ecological environment monitoring, law enforcement
inspection and supervision
The environmental impact assessment and supervision of
planning and construction projects in the charge of relevant
departments of the State Council, the evaluation and assessment
of ecological civilization construction goals such as national key
pollutant emission reduction and environmental quality central
improvement, the setting and management of national river and

provincial

environment sea sewage outlets, and the unified supervision of national
management pollutant emission control license system, paid use and trading of

affairs and
capacity
building

Prevention
and contro

environmental basins such as the Yangtze River and Yellow River, key sea areas

emission rights, and carbon emission trading management, etc
The environmental impact assessment management of local
planning and construction projects and the supervision during
and after the event; the evaluation and assessment of local key
pollutant emission reduction, environmental quality improvement  provincial
and other ecological civilization construction objectives; the local
supervision and management of pollutant emission control
permission system etc.

The prevention and control of cross-border water pollution central

The prevention and control of radioactive pollution, the
prevention and control of air pollution in key areas with greater

. . Lo Central
| of impact, and the prevention and control of water pollution in key

/provincial

pollution and key areas with greater impact
The prevention and control of soil pollution, agricultural and rural
pollution, solid waste pollution, chemical pollution, groundwater provincial
pollution and other local air and water pollution
The research and formulation of laws and regulations, national
Other matters policies, standards and technical specifications in the field of central
in the field of ecology and environment.
ecological The research and formulation of local laws and regulations, local
environment policies, standards and technical specifications in the field of provincial

ecology and environment.




Table 4 Responsibilities for Ecology and Environmental Protection (Shaanxi Province)

Establishment
of ecological
environment
planning
system

Ecological
environment
monitoring,
inspection,
law
enforcement

Eco-
environmental
management
affairs and
capacity
building

Function and Expenditure Responsibility

The provincial overall ecological and environmental protection
planning and special planning, cross-regional ecological
environmental protection planning, ecological protection planning
for key ecological function areas, the provincial climate change plan
and greenhouse gas inventory compilation, the provincial water
function zoning

The formulation of the city and county ecological environment
planning system

Construction and operation and maintenance of the provincial-
controlled ecological environment monitoring network, special
monitoring to support provincial assessments, supervision and
inspection of the implementation of ecological environment laws
and regulations and related policies, and the implementation of
ecological environment quality responsibilities, and the province-
wide ecological environment law enforcement inspection and
inspection

City and county regional ecological environment monitoring, law
enforcement inspection, inspection and rectification

The relevant departments of the provincial government are
responsible for the management of environmental impact
assessment, technical assessment, and in-process and post-event
supervision of planning and construction projects, the
management of the provincial ecological environment access list,
the provincial key pollutant emission reduction, and the
effectiveness of pollution prevention and control. Evaluation and
assessment of construction targets, the establishment and
management of sewage outlets in the province, the investigation
and treatment of larger and above environmental pollution
incidents and ecological damage incidents in the province, the
provincial control of pollutant discharge permit system, the paid
use and trading of pollution rights, and the carbon emission rights
market Unified supervision and management of transactions and
third-party carbon verification, determination of the pollution-
holding capacity of the provincial main environmental elements
such as air and water, the provincial ecological environment
census, statistics, special surveys and evaluations, observations,
forecasts, etc., and provincial-level audits of key enterprises’ clean
production assessments And acceptance, guidance, coordination
and supervision of ecological protection and restoration with a
wide range of ecological benefits of the provincial strategic
significance, provincial nuclear and radiation safety supervision
and management, provincial ecological environment publicity and
education, provincial major environmental information
construction and The unified release of information, the
coordination of the implementation of international treaties
related to the provincial ecological environment and other matters
are confirmed as provincial fiscal powers, and the provincial level

Responsible
authority

provincial

City/County

provincial

City/County

provincial




bears the responsibility for expenditures.

Environmental impact assessment management, technical
assessment and in-process and post-event supervision of city and
county planning and construction projects, evaluation and
assessment of ecological civilization construction targets such as
the reduction of key pollutants in cities and counties and
improvement of environmental quality, and city and county
supervision and management of pollutant discharge permit
systems , The paid use and transaction of pollution discharge rights
in the administrative area, the assessment and acceptance of City/County
cleaner production of key enterprises audited by the municipal

level, the guidance, coordination and supervision of ecological

protection and restoration in cities and counties with strong

ecological benefits, and the supervision and management of city

and county radiation safety. Publicity and education of ecological

environment in cities and counties, environmental information

construction and information release, control of greenhouse gas

emissions, etc.

Prevention and control of radioactive and electromagnetic

radiation pollution, emergency monitoring and rescue of radiation

accidents, prevention and control of air pollution in key areas with

greater impact, prevention and control of water pollution in major provincial&
tributaries of the Handan River and the Yellow River, and City/County
prevention and control of water pollution in key areas with greater
impact, Qinling and other areas with important ecological
functions Pollution prevention and ecological protection matters
Soil pollution prevention and control, agricultural and rural
pollution prevention and control, solid waste pollution prevention
and control, chemical pollution prevention and control,

Environmental
pollution
prevention

groundwater pollution prevention and control, and municipal and 374837
county regional air and water pollution prevention and control,
noise, light, odor and other pollution prevention
Formulate laws and regulations, policies and standards, and
Other matters technical specifications in the field of ecological environment in the .
in the field of whole province, establish a provincial-level ecological environment SIEEE
ecological credit system and establish a list of untrustworthy systems
environment Formulate local policies in the field of ecological environment in .
City/County

cities and counties

2. Program Expenditure Boundary

Henan Program
Introduction

In Henan, Sanmenxia Finance Bureau provided the team with a detailed list of sources and usages of
budget funding (central, provincial and prefecture-level) on water environment management from 2018
to 2020. As shown in Table 5, the total budget funding in 2018 to 2020 amounted to RMB 2113.91
million (USD 325 million), with the growth rate reaching 62.09% in 2019 and 45.92% in 2020
respectively. As the ecological protection and high-quality development of the Yellow River Basin has

been listed as a national strategy, the officials from Sanmenxia Finance Bureau predicted that the



budget funds related to the ecological management of the Yellow River Basin during the 14th Five-Year
Plan period will only increase compared with those during the 13th Five-Year Plan period. To be prudent,
the World Bank team used the arithmetic average method to estimate that the water environment
management budget funding will reach RMB 3522 million (USD 542 million) during the period 2021-
2025.

Table 5 Scale of financial funds related to comprehensive improvement of watersheds in Sanmenxia
City (2018-2025)

2018-2020
2021-2025
2018 2019 2020 )

Tt (estimated)

Total Funding (RMB
. unding ( 423.76 686.86 1002.29 211291 3521.51

million)
% of total general
public budget 3.76 5.57 7.89 5.74 5.74
revenue
% of GDP 0.35 0.52 0.75 0.54 0.54

Source of funds

According to the schedule of funds, we analyzed the source structure of the budget funding on water
environment management in Sanmenxia during 2018-2020. Specifically, the funds consist of three parts:
transfers from the central government, transfers from provincial governments, prefecture-level own-
source funds®. As shown in Figure 1, from 2018 to 2020, the transfers from the higher-level government
(the central and provincial governments) accounted for more than 80% of the total budget funds, and
the transfers from the central government accounted for more than 50%. This shows that the budget

funds for the water environment treatment in Sanmenxia are stable and can be guaranteed.

3 So far, the budget funds in Sanmenxia do not include the funds raised by the subordinate counties and districts.
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Figure 1 The source structure of budget funding on water environment management in Sanmenxia
(2018-2020)

Usage of funds

The usage of budget funding on water environment management in Sanmenxia can be divided into four
major categories: water pollution treatment, water resources conservation and intensive use, ecological
protection and restoration, and relevant institutional reforms. Table 6 shows the scale of budget funds

used in the above four categories from 2018 to 2020.

Table 6 Usage of budget funding on water environment management in Sanmenxia (2018-2020)

(RMB million)
Activity Category 2018 2019 2020 Total
Water pollution treatment 94.95 40.8543 72.7276 208.5319

Water resource conservation and
intensive use

182.265 485.094 540.7754 1208.134

Ecological protection and restoration 105.8523 159.9021 388.5667 | 654.3211

Institutional reforms 40.6892 1.01 0.22 41.9192

Total 423.7565 | 686.8604 1002.29 2112.907

As shown in Figure 2, the budget funding on water environment management in Sanmenxia is mostly
used for “water conservation and intensive use”, with the percentage keeping above 40% from 2018 to
2020. The second important usage is “ecological protection and restoration”, for which the percentage



exceeds 20% every year. Besides, the funds spent on water pollution control accounted for an average

of about 10% in three years.

2020

2019

2018

0% 20% 40% 60% 80% 100%

Environmental pollution system governance
Deepen the reform of system and mechanism
Ecological protection and restoration

Water resource conservation and intensive use

Figure 2 The expenditure structure of financial funds related to comprehensive improvement of
watersheds in Sanmenxia City (2018-2020) (%)

Table 7 shows the specific activities under the four major usages. These specific activities are named
after the various ear-marked funding programs. To summarize, “water pollution treatment” mainly
includes activities such as water ecological compensation and water environment governance funded
by governments at all levels. “Ecological protection and restoration” include watershed planning and
preparation, forest tending, water and soil conservation engineering, water conservancy construction,
water system connectivity and improvement, small and medium-sized river management, flood and
drought prevention and other activities. “Water conservation and intensive use” include agricultural
water-saving irrigation, agricultural farmland water conservancy construction, and rural drinking water
safety projects, tap water supply pipeline connection, water-saving supporting facilities in key
management areas and other activities. “Institutional reforms” include subsidies for equipment update

and technological improvement in agriculture, animal husbandry, water conservancy and other fields.*

4 The corresponding funds for subdivided project activities are relatively complicated, and the follow-up team needs to

further sort out and screen key funds closely related to the World Bank-supported projects.



Table 7 Activity categories and corresponding funds related to comprehensive improvement of

watersheds in Sanmenxia City (2018-2025)

Activity Activities
Category
Agricultural resources and ecological protection, provincial water
Water environmental quality ecological compensation, provincial water ecological
llution compensation, provincial water pollution control special, municipal water
t?;)atment ecological compensation, central rural environmental improvement, central
water pollution control special, animal epidemic prevention, pig industry
development, Other.
Preliminary funds for feasibility studies and surveys of urban ecological
water source projects, municipal key forestry projects, Qinglongjian River
water replenishment, provincial aerial seeding afforestation, provincial
wetland protection, provincial afforestation subsidies, water and soil
conservation engineering construction, small dangerous reservoirs
Reinforcement, silt dam treatment, small and medium-sized river
Ecological treatment, central forest tending subsidy, central afforestation subsidy
. funds, national nature reserve subsidies, water conservation and ecological
protection . . . . .
and protection and high-quality development planning fees for the Yellow River

restoration

Basin, urban ecological water system connection project in Sanmenxia City,
mountain torrents Disasters, municipal flood control and drought
resistance, soil and water conservation, national key projects for soil and
water conservation, national land greening construction awards,
comprehensive rural water system improvement pilot county projects, flood
and drought disaster prevention funds, water conservancy disaster relief
funds, water system connectivity and comprehensive rural water system
improvement, Swan Lake Flood control renovation and upgrading project.

Water
resource
conservation
and intensive
use

High-efficiency water-saving irrigation and other farmland water
conservancy construction, agricultural production development funds,
water conservancy project maintenance and maintenance, water diversion
fees and construction subsidies for water diversion and storage projects
from the Yellow River, central financial special agricultural projects,
farmland construction subsidies, agricultural production disaster relief,
comprehensive agricultural water price reforms, Municipal-level rural
drinking water safety maintenance and maintenance, water resources
conservation and protection, water-saving supporting transformation of key
and medium-sized irrigation areas and river pond dredging, rural drinking
water project maintenance and maintenance, Sanmenxia Dashijian
Reservoir, tap water supply pipeline connection project.

Institutional
reforms

Animal husbandry production development subsidies, agricultural
machinery purchase subsidies, grassroots water conservancy service system
construction, new water conservancy technology promotion and water
dispute projects, agricultural machinery deep loose land preparation
operations subsidies.




Shaanxi Program
Introduction

The activities of the Program in Shaanxi are mainly implemented in Tongchuan and Xianyang, both of
which are prefecture-level cities. The World Bank team has obtained the data on sources of budget
funding (central, provincial and prefecture-level) on water environment management in Tongchuan and
Xianyang, respectively (see Table 8). It can be seen that the scale of funding in both Tongchuan and
Xianyang has declined from 2018 to 2020, with the drop rate of Tongchuan (109.6%) much higher than
that of Xianyang (3.2%). For Tongchuan and Xianyang as a whole, from 2018 to 2020, the scale of river
basin ecological governance funds has declined at 35.4%°. As the ecological protection and high-quality
development of the Yellow River Basin has been listed as a national strategy, it is reasonable to predict
that the budget funds related to the ecological management of the Yellow River Basin during the 14th
Five-Year Plan period will increase substantially compared with those during the 13th Five-Year Plan
period, therefore, the World Bank team used the arithmetic average method to estimate that the total
amount of budget funding in Tongchuan and Xianyang on water environment management will reach
about 5.031 billion yuan (774 million US dollars) during 2021-2025.

Table 8 The budget funding on water environment management in Tongchuan and Xianyang (2018-
2020, RMB million)

Tongchuan city Xianyang city Shaanxi total
2021-2025
2018 2019 2020 2018 2019 2020 2018 2019 2020 .
(estimated)
Total
Funding 817.05 | 630.02 | 389.73 | 427.44 | 340.71 | 413.93 | 1244.49 | 970.73 | 803.66 5031.46
% of
total
I
g;:;:i 3537 | 26.12 | 1558 | 4.80 | 3.82 | 456 | 11.09 | 857 | 6.94 8.87
budget
revenue
% of
GDP 2.49 1.78 1.02 0.18 0.16 0.19 0.46 0.38 0.31 0.38

5> The expenditure boundary need to be further clarified together with the client, and some of the unstable fund need to be

dropped, so the data is just rudimentary at present.




Source of funds

According to the detailed list of funds, we analyzed the source structure of the budget funding on water
environment management in Tongchuan and Xianyang, and found that it is mainly composed of four
parts: transfers from the central government, transfers from provincial governments, the prefecture-
level funds, and the own-source funds arranged by county-level cities and counties. Table 9 shows the
specific proportions of the four sources of funding in Tongchuan and Xianyang from 2018 to 2020.

Table 9 Breakdown of the budget funding on water environment management in Tongchuan and
Xianyang City (2018-2020) (% of total)

Central | Province Prefecture County

2018 19.54 74.98 1.77 3.71

Tongchuan city 2019 34.72 59.32 3.43 2.53
2020 38.99 2481 10.89 25.31

2018 44.63 50.55 4.08 0.74

Xianyang city 2019 48.35 45.92 5.15 0.59

2020 45.11 47.35 6.24 1.30

2018 28.16 66.59 2.56 2.69

TongCh”ac?inanya”g 2019 | 3950 | 54.62 4.03 1.85
2020 42.14 36.42 8.49 12.94

Taking Tongchuan and Xianyang as a whole, Figure 3 shows the changes in the structure of the funding
source in the two regions from 2018 to 2020. It can be found that transfers from higher-level (central
and provincial) governments constitute the major funding source, accounting for more than 75% of the
total budget funding. Over the three years, the proportion of provincial transfers has declined, but the
proportion of central transfers has increased year by year. In general, the budget funding in Tongchuan

and Xianyang on water environment management is stable and can be guaranteed.
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Figure3 The structure of budget funding on water environment management in Tongchuan and
Xianyang (2018-2020)

Usage of funds

The usage of budget funding on water environment management in Tongchuan and Xianyang can be
divided into three major categories: water pollution treatment, water resources conservation and

intensive use, and ecological protection and restoration (see Table 10).

Table 10 The Usage of budget funding on water environment management in Tongchuan and
Xianyang (2018-2020) (RMB million)

Tongchuan City Xianyang City Tongchuan&Xianyang City
Usage Total
2018 | 2019 | 2020 | 2018 | 2019 | 2020 | 2018 | 2019 | 2020
Category
Water
pollution | 38.40 | 63.96 | 88.88 | 97.78 | 7.60 | 103.79 | 136.18 | 71.56 | 192.66 | 400.41
treatment
Ecological
pro:izt'on 607.09 | 89.65 | 127.91 | 157.17 | 109.95 | 90.88 | 764.25 | 199.60 | 218.78 | 1182.64

restoration

Water
resource

conservation | 171.57 | 476.41 | 172.94 | 172.49 | 223.16 | 219.27 | 344.06 | 699.56 | 392.21 | 1435.83

and intensive
use

Total 817.05 | 630.02 | 389.73 | 427.44 | 340.71 | 413.93 | 1244.49 | 970.73 | 803.66 | 3018.88




Taking Tongchuan and Xianyang as a whole, it can be found from Figure 4 that budget funding on
water environment management are mostly used on “water resources conservation and intensive
use” and “ecological protection and restoration”. In 2018-2020, the sum of the proportions of these
two major usages exceeded 75% each year. The proportion of the funds spent on water pollution
control treatment is relatively small, being about 10% on average.

100.00%
80.00%
60.00%
40.00%

20.00%

0.00%
2018 2019 2020

m Water resource conservation and intensive use
m Ecological protection and restoration

m Environmental pollution system governance

Figure 4 The usage structure of the budget funding on water environment management in
Tongchuan and Xianyang (2018-2020)

Table 11 shows the specific activities financed under the three major usage categories. The words in
red indicates the activities that were financed only in Tongchuan, the words in blue indicates the
activities that were financed only in Xianyang, and the words in black indicates the activities that were
financed in both Tongchuan and Xianyang. In summary, “water pollution treatment” includes activities
such as water eco-compensation and restoration, water pollution control, and rural environmental
improvement; “ecological protection and restoration” include water and soil conservation, flood and
drought prevention, water conservancy project maintenance, forest cultivation, water system
connectivity and other activities; “water resources conservation and intensive use” includes activities
such as rural drinking water projects, water-saving transformation of key irrigation areas, farmland

water conservancy construction, and special projects for landscapes, forests, fields, and lakes.



Table 11 Usage categories and corresponding activities financed in Tongchuan and Xianyang (2018-
2020)

Usage Category Activities financed

Toilet revolution, agricultural resources and ecological protection, water eco-
compensation, water pollution prevention and control, comprehensive
improvement of rural environment, comprehensive improvement of rural
human settlements, rural waterlogging, Ecological restoration project of pool
water.

Water pollution
treatment

Irrigation area water-saving transformation, national water and soil
conservation key projects, mountain torrent disaster prevention and control,
special funds for mountains, rivers, forests, fields and lakes, provincial-level
aerial seeding afforestation funds, provincial-level wetland protection funds,
water conservancy project facility maintenance and maintenance, water
conservancy disaster relief funds, water and soil conservation, small and
medium-sized river governance, Central forest tending subsidy funds, central
afforestation subsidy funds, national land greening construction subsidy
funds, provincial forest ecological construction and afforestation subsidy
funds in Henan, small reservoirs and reinforcement, loess plateau protection,
farmland construction subsidy funds, farmland water conservancy, water
Drought disaster prevention funds, water system connectivity and
comprehensive improvement of rural water systems, and silt dams are
eliminated and strengthened.

Ecological
protection and
restoration

Rural people drinking, farmland construction subsidies, comprehensive
reform of agricultural water prices, maintenance of water conservancy
projects, water resources management, maintenance of rural drinking water
projects, subsidies for farmland water conservancy construction, special funds
for landscapes, forests, and lakes, water conservancy relief funds, water
resources conservation and Protection, water-saving transformation of key
and medium-sized irrigation areas, county-level investment in mountain,
paddy, forest and lake projects, water source engineering, agricultural
production and water conservancy disaster relief, and tap water supply
pipeline connection projects.

Water resource
conservation and
intensive use

3. Program expenditure efficiency
Program expenditure efficiency mainly focuses on whether the Program expenditures can achieve the

desired targets and realize value for money.

Regulations on the direction of the use of funds

In Henan Province, the provincial government has formulated the allocation rules and management
measures for Agricultural Development Funds and Water Conservancy Development Funds, the two

major earmarked funds related to project activities.



For Agricultural Development Funds, the management measures stipulate that the funds shall mainly
be used to promote agricultural development, and the specific expenditure directions include the

protection of arable land fertility, agricultural green development and technical services.

For Water Conservancy Development Funds, the relevant management measures stipulate that the
scope of expenditure is related to water conservancy construction and reform and development,
including water-saving reconstruction of irrigation areas and rural water conservancy construction,
small and medium-sized river management, water and soil conservation, silt dam management, water
system connection, water resources conservation and protection, prevention and control of mountain

torrent disasters, etc.

Fund allocation methods and factors

In Henan Province, Water Conservancy Development Funds are allocated through a combination of
factor-based method and project-based method. For funds allocated through the factor-based method,
performance factors account for 30% in the weight. Specifically, the financial and water conservancy
departments will organize and carry out relevant performance evaluation, supervision and inspection,
and allocate funds of current fiscal year on basis of the performance results and budget execution out-
turn of previous years. It is worth noting that the management method stipulates that the allocation of

funds shall favor the areas with excellent performance evaluation results.

In Henan Province, Agricultural Development Funds mainly adopt the factor-based method for funds
allocation. The factors include basic resource factors, policy task factors, poverty-stricken areas factors
and work performance factors. Specifically, work performance factors include fund management,
project management, supervision management, other work conditions and policy implementation

effects.

Shaanxi has formulated fund management methods similar to that of Henan. For the allocation of water
conservancy development funds, performance factors account for 30% of the weight. For the allocation
of Agricultural Development Funds, the provincial government adopts the method of "subsidizing
mainly, combining rewards and subsidies", according to which 80% of the earmarked funds shall be
allocated in advance, and the remaining 20% shall be allocated as rewards on basis of the performance

evaluation results.

In Shannxi, expenditure performance evaluation rules have been established and applied to all the ear-
marked funds, which help to ensure value for money. However, so far, the team has not got access to

the evaluation reports, so the effectiveness of the performance evaluation is still uncertain.

Therefore, the funding allocation rules of Henan Province and Shaanxi Province can provide strong
incentives for the counties to achieve the desirable objects set by provincial governments and helps to

ensure value for money.

4. Program funding predictability
In China, many earmarked funds from the central or provincial governments are not disbursed all at

once every fiscal year, by contrast, they may be divided into two parts with one part disbursed at the



end of preceding fiscal year (typically in December) and the other part disbursed in the current fiscal

year.

In Henan, as can be seen in Table 12, for Water Conservancy Development Fund (Central/Provincial
level), more than 80% of the funds were disbursed at the end of preceding fiscal year. However, 100%
of the Agricultural Production Development Funds (Central/ Provincial level) were disbursed in the
second half of current fiscal year. Such manner of fund disbursement may undermine the predictability
of the funds, because late distribution of budget quota prevents the local government from including

the funds in its budget and delays the implementation of planned activities.

Table 12 Timing of Disbursement of Major Budget Funds Supporting Project Activities (Henan,

2018)

2018.8.13 249.63 0.00 0.00

Agricultural Development 2018.8.14 2069.40 65.54 100.00
Fund (Central)

2018.12.5 75.00 0.00 0.00

2018.3.23 51.41 1.27 10.84

Agricultural development 2018.3.23 129.32 0.95 8.14

funds (provincial level) 2018.5.8 10.95 0.00 0.00
2018.6.27 237.73 9.45 81.01

2017.12.6 2923.96 90.68 98.86

Water Conservancy

Development Fund (Central) 2018.7.12 179.36 1.05 114
2017.12.6 1186.80 51.34 80.81

Water conservancy 2018.3.28 294.66 5.06 7.96

development funds (provincial

level) 2018.6.20 353.30 6.55 10.31

2018.7.12 40.00 0.58 0.91

Source: Department of Finance of Henan Province

In Shaanxi, as can be seen in Table 13, for Agricultural Development Funds (Central level) and Water
Conservancy Development Funds (provincial level), more than 75% of the funds were disbursed at the
end of preceding fiscal year. However, for Water Conservancy Development Funds (Central level), nearly
65% of the funds were disbursed in the current fiscal year.



Table 13 Timing of Disbursement of Major Budget Funds Supporting Project Activities (Shaanxi,

2019)
2018.12.18 70.00 4.00 10.15 12.00 7.25
Agricultural Production 2018.12.18 815.05 34.40 87.31 127.60 77.05
Development Fund
(Central) 2019.6.13 190.00 1.00 2.54 26.00 15.70
2019.7.18 13.05 0.00 0.00 0.00 0.00
Water Conservancy 2018.12.3 1408.97 43.68 63.67 39.80 35.48
Development Fund
(Central) 2019.5.16 733.61 24.92 36.33 72.38 64.52
Water conservancy 2018.12.3 701.40 7.00 73.68 74.90 75.80
development funds
(provincial level) 2019.4.1 500.62 2.50 26.32 23.91 24.20

Data source: Department of Finance, Shannxi Province.

5. Financial Sustainability

In Henan, the Program will be carried out only in Sanmenxia. As can be seen in Table 14, the overall
financial situation in Sanmenxia is sound and stable. The unfolded CODIV-19 Pandemic is expected to
have negative but only short-lived impact on the government finance. Besides, the budget funding of
the Program activities accounts for less than 6% of the general budget revenue of Sanmenxia (see Table
5), therefore, the financial sustainability is not a major concern

Table 14 Financial Situation in terms of General Public Budget, Sanmenxia (RMB Billion)

Billion RMB As Percentage of GDP (%)
2018 2019 2020 2018 2019 2020
Expenditure 24.48 26.72 27.10 16.02 18.51 18.68
Revenue 12.02 13.14 13.54 7.87 9.10 9.33
Tax 8.46 9.22 8.48 5.54 6.39 5.85
Non-tax 3.56 3.92 5.06 2.33 2.72 3.49
Transfer from Upper-Level Governments 9.47 9.74 10.94 6.20 6.75 7.54
Tax Rebate 0.58 0.58 0.58 0.38 0.40 0.40
General Transfer 5.15 8.20 9.46 3.37 5.68 6.52
Earmarked Transfer 4.96 2.44 2.30 3.25 1.69 1.59
(-) transfer to Upper-level Government 1.22 1.48 1.40 0.80 1.03 0.97
Transfer from GFB and Others 3.05 3.55 2.56 2.00 2.46 1.76
Overall Balance 0.06 -0.29 -0.06 0.04 -0.20 -0.04
Change in cash balance 0.00 0.00 0.00 0.00 0.00 0.00
Withdrawal from Reserve -0.60 0.18 -0.43 -0.39 0.12 -0.30
Financing 0.07 -0.10 0.02 0.05 -0.07 0.01
Borrowing 1.18 1.25 1.68 0.77 0.87 1.16
Debt Amortization 111 1.35 1.66 0.73 0.94 1.14

Source: Department of Finance, Sanmenxia. The final accounts for 2021 are still not available



In Shaanxi, the Program will be carried out in selected counties in Tongchuan and Xianyang. The overall
financial situation in Tongchuan and Xianyang is sound and stable (see Table 15 and Table 16), it can be
seen that the budget funding of the Program activities accounts for less than 9% of the general budget
revenue in Shaanxi (see Table 8), so financial sustainability is not a major concern for the Program.

Table 15 Financial Situation in terms of General Public Budget, Tongchuan City (RMB Billion)

Billion RMB As Percentage of GDP (%)
2018 2019 2020 2018 2019 2020
Expenditure 12.80 12.36 13.21 38.55 33.48 34.60
Revenue 231 241 2.50 6.96 6.53 6.55
Tax 1.75 1.84 1.60 5.28 4.98 4.18
Non-tax 0.56 0.57 0.91 1.68 1.55 2.37
Transfer from Upper-Level Governments 7.70 7.88 8.70 23.19 21.35 22.80
Tax Rebate 0.22 0.22 0.22 0.67 0.60 0.58
General Transfer 461 6.25 7.40 13.89 16.92 19.39
Earmarked Transfer 2.97 1.56 1.17 8.94 421 3.07
(-) transfer to Upper-level Government 0.10 0.14 0.09 0.30 0.39 0.24
Transfer from GFB and Others 2.40 1.75 1.60 7.24 4.73 4.19
Overall Balance -0.39 -0.32 -0.41 -1.17 -0.86 -1.07
Change in cash balance -0.21 -0.26 0.14 -0.64 -0.69 0.36
Withdrawal from Reserve -0.06 0.06 -0.05 -0.18 0.16 -0.13
Financing 0.66 0.52 0.32 1.99 1.40 0.84
Borrowing 3.07 1.10 1.69 9.24 2.99 4.42
Debt Amortization 241 0.59 1.37 7.26 1.59 3.58

Source: Department of Finance, Tongchuan. The final accounts for 2021 are still not available

Table 16 Financial Situation in terms of General Public Budget, Xianyang City (RMB Billion)

Billion RMB As Percentage of GDP (%)
2018 2019 2020 2018 2019 2020
Expenditure 37.98 40.38 41.38 15.98 18.39 18.77
Revenue 8.91 8.91 9.07 3.75 4.06 4.11
Tax 7.25 7.11 7.05 3.05 3.24 3.20
Non-tax 1.66 1.80 2.02 0.70 0.82 0.92
Transfer from Upper-Level Governments 25.61 26.42 29.57 10.78 12.03 13.41
Tax Rebate - - - - - -
General Transfer - - - - - -
Earmarked Transfer - - - - - -
(-) transfer to Upper-level Government 0.44 0.47 0.34 0.19 0.21 0.16
Transfer from GFB and Others 2.17 2.98 2.47 0.91 1.36 1.12
Overall Balance -1.29 -2.06 -0.26 -0.54 -0.94 -0.12
Change in cash balance -0.32 0.95 -0.31 -0.14 0.43 -0.14
Withdrawal from Reserve 0.14 1.99 -0.33 0.06 0.91 -0.15
Financing 1.47 0.58 0.90 0.62 0.26 0.41
Borrowing 3.23 1.90 3.29 1.36 0.87 1.49
Debt Amortization 1.77 1.32 2.39 0.74 0.60 1.08

Source: Department of Finance,Xianyang. The final accounts for 2021 is still not available.




6. Recommendations

In Henan Province and Shaanxi Province, the budget funding for the Program activities is largely stable.
The earmarked funds provide financial support for each of the Program activities. The allocation of the
funds are based on evaluation of results and other performance indicators alike, which helps to ensure

value for money.

However, in Henan, more than 80% the Agricultural Development Funds are disbursed in the second
half of the current fiscal year, and in Shaanxi, nearly 65% of the Water Conservancy Development Funds
(central) are disbursed in the current fiscal year, which prevents the local governments carrying out the
Program activities from including the entire compensation funds in its budget and delays the
implementation of planned activities. Therefore it was suggested that a Multi-Year Program Budget
System shall be established for the water conservancy development funds, which will enable the
recipient county government to incorporate the water conservancy development funds into their

original budgets and fundamentally improve the predictability the Program funding.



STRATEGIC RELEVANCE AND TECHNICAL SOUNDNESS

The Program has been requested to support the Government’s national strategy for the YRB Ecological
Protection and High-Quality Development at the Basin level and within target provinces of Henan and
Shaanxi. The Program supports the Government’s programs in the areas of water conservation, water
pollution management, and ecosystem protection and restoration, and promote innovation through
integrated landscape approaches to catchment management. The Bank’s international experience and
knowledge will be used to develop and introduce an innovative, integrated water and ecosystem
management approach into the Government’s program, identifying tradeoffs and optimizing options for
improved water and ecosystem management, introducing incentives for cross-sectoral and inter-
jurisdictional collaboration to further leverage the Government’s program. These integrated ecosystem
and water management approaches will be piloted and demonstrated in the select demonstration sub-
basins and further scaled up to the YRB through the central component. Four Results Areas were identified
to address the main challenges of water scarcity, water pollution and ecosystem degradation in the YRB.

Results Area 1 focuses on Improving Water Use Efficiency within the demonstration sub-basins, the
provincial and YRB basin levels. The YRB Master Plan emphasized the government will establish and
implement the double control on total water consumption and water consumption intensity. The PforR
Program will promote consumption based water management approach (i.e. ET management approach)
in the YRB and help bend the curve on projected future water consumption within sustainable limits for
demonstration regions. The YRB Master Plan also identified the needs to further specify and implement
the principles of “water determines urban and agricultural development, population growth, and
production”. The municipalities and counties will investment accelerating the rehabilitation of water
supply networks to reduce leakages, promote the application of water-saving equipment, improve rural
water supply infrastructure, encourage the use of non-conventional water resources, accelerate water
price reforms, and promote water right trading. The YRB Master Plan highlighted that the government
will improve the water allocation for the mainstream and tributaries, and establish ecological flow
monitoring systems. The PforR Program will support the development of an integrated hydro-economic
model for water allocation and support monitoring through development of an integrated ecosystem and
water resources information management platform to support decision-making on ecosystems and water
resources in the YRB. In addition, the PforR Program will directly support the water saving in agricultural
and domestic sectors highlighted in the YRB Master Plan, including improving irrigated water use
efficiency, encouraging the cultivation of low water consumption and drought tolerant crops, guiding
sustainable agricultural development under water constraint, and rehabilitating water supply networks
to reduce leakages.

Results Area 2 focuses on Improving Water Quality within the demonstration sub-basins, the provincial
and YRB basin levels. The YRB Master Plan emphasized the key working areas of strengthening
agricultural non-point source pollution management and enhancing point source management from
industrial, urban and rural domestic sectors. The PforR Program will directly support key working areas of
pollution management outlined in the YRB, including increasing the use efficiency of fertilizers and
pesticides, improving urban and rural sewage collection networks, and improving wastewater treatment
efficiency. The key working areas include increasing the use efficiency of fertilizers and pesticides,
improving the agricultural waste recycling and utilization system, promoting water pollution management
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of the agricultural drainage water in major irrigation districts, and accelerating the total phosphorus
management in the downstream regions.

Results Area 3 focuses on Improving Ecosystem Management within the demonstration sub-basins, the
provincial and YRB basin levels. The YRB Master Plan highlighted the key working areas in the upper,
middle and downstream areas, including the adoption of natural restoration approaches in the upper
reaches to restore high attitude wetlands and key water sources, the enhancement of soil and water
conservation in the Loess Plateau in the middle reaches, and the protection and restoration of the Yellow
River Delta and the coastal areas in the downstream. The PforR Program will directly support the
ecosystem restoration and protection in the middle reaches. The YRB Master Plan emphasized that water
balance assessment is critical to determine the sustainable soil and water conservation interventions,
which are suitable for the local geology, soil, climate and technical conditions. The PforR Program will
promote water balance analysis to guide soil and water conservation. The Plan also highlights the
importance of conducting comprehensive small watershed management, and integrate efficient
agricultural development with the soil and water conservation interventions to promote crop pattern
adjustment, temporary land retirement, and water saving. The PforR Program will support the small
watershed management in the seven demonstration sub-basins in Henan and Shaanxi provinces, with a
focus on enhancing wetland protection and restoration, ensuring ecological flows, establishing the green
ecological corridors through wetland restoration, and preventing soil salinization and seawater intrusion.

Results Area 4 focuses on Promoting integration of ecosystem and water resources management into
strategic planning within the demonstration sub-basin, provincial and the YRB level. The PforR Program
recognized the interconnections among water conservation, water quality and ecosystem protection and
restoration and introduced the integrated approach to address these interconnected challenges. Water
balance analysis will be first conducted to assess the water constraint for basin development. The
interventions of water conservation, pollution management and ecosystem restoration will be optimized
and prioritized under the water constraint. This approach is well aligned with the basic principle of the
government’s program to consider water as the most rigid constraint. Seven integrated ecosystem and
water management plans will be prepared for the seven demonstration sub-basins. This integrated
ecosystem and water management approach will be further scaled up under the PforR to help adjust and
optimize the government’s YRB programs. Henan and Shaanxi provinces will learn from the sub-basin
experience and issue the provincial guideline for the other sub-basins to prepare their integrated plans
accordingly. Build upon the lessons at the demonstration sub-basin and provincial levels, the YRCC will
scale up the integrated approach, further develop the related tools and systems, and issue guidelines to
support the integrated ecosystem and water management within the YRB.
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Technical Soundness

Comprehensive water balance assessments had been carried out for all Program areas. The precipitation
and the inflow were based on measured data. The actual water consumed by agriculture (i.e. actual
evapotranspiration from rainfed and irrigated agricultural lands and orchards), ecosystem (i.e. actual
evapotranspiration from grasslands, forests, wetlands and other terrestrial ecosystems), bare land and
water surface (i.e. actual evaporation from bare lands and water bodies) were estimated through remote
sensing. The actual water consumption by the industrial and domestic sectors was converted from the
industrial and domestic water use data collected through field studies. The changes of storage were
considered as zero for annual time scale. Only limited groundwater abstraction data were available to
estimate net groundwater use.

Water balance analysis results revealed that current government’s program will increase total water
consumption and reduce streamflow. The analyses were first conducted for at least six consequent years.
The average water balance results of these years were considered as the results of the baseline year. The
proposed interventions in the current government’s program were then included into the water balance
analyses to estimate the impacts of the current government’s programs on water consumption.
Comparing with the baseline results, the analyses revealed that the water consumed by the agricultural
sector will decrease mainly due to irrigation modernization, crop adjustment, and the reduction of
terraces; the water consumed by the industrial and domestic sectors will decrease mainly due to the
improvement of water use efficiency; and the water consumed by ecosystems will increase mainly due to
afforestation. As a result, the current government’s program would increase the total water consumption
and threaten the assurance of ecological flows.

Water quality assessments had been carried out for all Program areas. The technical assessments
collected the water quality data from all the monitoring stations within the Program areas, along with the
pollutant discharge data from point and non-point sources. A pollutant migration and transformation
process, QUAL2K model, was applied to all Program areas. The water quality targets for each river
segments were determined based on the national water function zone requirement. The water quality
assessments revealed that Chemical Oxygen Demand (COD), Ammonia Nitrogen and Total Phosphorous
(TP) are the major water pollutants in the Program areas. As water consumption is relatively high and river
flow is low especially during the dry season, the Program areas face challenges to reach water quality
targets during low flow seasons in winter.

Landscape assessments had also been carried out for all Program areas. The technical assessments
analyzed the baselines of current ecosystem status and carried out a thorough review of relevant
government’s programs. The assessment revealed that the key ecosystem degradation issues are low
vegetation quality that fall short to regulate water flow, improve groundwater recharge and support
biodiversity habitats. There are urgent needs to restore impaired ecosystem structure and functions in
critical areas, especially these areas in upper catchments. The overall restoration targets should be
focusing on improving the quality of existing vegetation community (secondary and plantation
forests/shrubs) in the upper watershed for water retention and biodiversity values, while putting in place
soil erosion measures in gullies and other erosion-prone areas to control erosion and improve vegetation
quality.
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Based on the assessments on water balance, water quality and ecosystem status, the ET-EC-ES approach
was applied to adjust and optimize the current government’s programs. The water balance assessment
revealed that the current government’s programs need further adjustments and optimization to reduce
total water consumption (i.e. reduce total water consumption under ET targets). The technical
assessments suggested that the government’s programs should optimize the proposed interventions to
further promote irrigation modernization and crop adjustment and to reduce the proposed afforestation
areas and adopt natural regeneration. These actions will be able to increase the streamflow to ensure
minimum ecological flow requirements. The water quality assessment revealed that it is challenging to
achieve the water quality targets during low flow seasons. Therefore, besides increasing streamflow
during dry seasons, further pollution reduction measures are needed to reduce the pollutant loads
discharging into the water bodies (i.e. reduce pollutants under EC targets). The landscape assessment
suggested improving the quality of existing vegetation community in the upper stream can further reduce
water consumption and increase biodiversity values. Some critical soil erosion measures will be placed in
gullies and other erosion-prone areas to control erosion and improve vegetation quality. These activities
will further improve water retention capacity, regulate flood, and increase downstream water availability.

Results Area 1 Improving Water Use Efficiency

Water balance assessments were carried out for all Program areas. In Sanmenxia, Henan, water balance
assessments were conducted for three Program areas separately, namely the Jian River area, the Qing
Long Jian River area, and the Hong Nong Jian River area. In Shaanxi, similar water balance assessments
were carried out for four Program areas, including Shichuan River area, San Shui River area, Qi Shui River
area and Gan Shui River area. The water balance assessments had collected various data, including
hydrological data, meteorological data, and local statistical data. These data include, but not limited to,
the data of population, industrial production, GDP, crop patterns, irrigated areas, domestic water use and
industrial water use, the soil and water conservations measures during the past five years, precipitation
data from different sources (including the precipitation data from local meteorological stations, remote
sensing-based GPM, TRMM, GLDAS, and ERAS precipitation data), flow data from gauging stations, water
level data from groundwater monitoring wells, land use and land cover data from 1990 to 2020, and high
resolution irrigated land and rainfed land data.

Water balance assessments were conducted with the support of remote sensing techniques. Water
balance was estimated based on the equation of P + | = ET, + ETh + O, with P as precipitation, | as inflow,
ET» as natural water consumption, ETy as the water consumption induced by human activities, and O as
the outflow. The natural water consumption includes water consumption from natural forests, grasslands,
wetlands, shrub, bared land, and some urban concreted areas (ETn = ETfor + ETgra + ETwet + EThr + ETurs +
ETwtr + ETbar). The water consumption induced by human activities includes the water consumption from
irrigation, domestic water use and industrial water use (ETh = ETir + ETing + ETdom). Water consumption
from agricultural sector, terrestrial ecosystems, bared land, and water bodies were calculated using
ETWatch model based on remote sensing techniques, which had been successfully applied in most river
basins in China and other areas in South Asia, Middle Asia, and North Africa regions. Water consumption
from domestic and industrial sectors were estimated based local statistical data and local water resources
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bulletin, with further verification of remote sensing data. The precipitation and the inflow and outflow
data were based on measured data from different sources of in-situ measurements and remote sensing-
based data productions. Only limited groundwater data are available from the monitoring wells. The
changes of storage were considered as zero for annual time scale.

The baseline assessments of water balance were conducted for at least six consequent years. For
Sanmenxia, Henan, the water balance analyses were conducted for Jian River area, Qing Long Jian River
area, and Hong Nong Jian River area for the years from 2010 to 2018, and the average water balance
results were considered as the baseline results. Similarly, for Shaanxi, the water balance assessments were
carried out for the Shichuan River area for the years from 2014 to 2019, with the averaged results as the
baseline. The water balance assessments for the rest Program areas in Shaanxi Province are undergoing,
including San Shui River area, Qi Shui River area, and Gan River area. The baseline results are shown in
Table 17. The ‘Outflow’ results were calculated from the water balance analysis results, and then verified
against actual measured outflow data of ‘Measured Outflow’. The outflow verifications showed good
agreements between the water balance assessment results and the measured outflow results, excepting
for the Hong Nong Jian River area where measured outflow data is not available. It is worth noting that
the waterbodies in Shi Chuan River area are seasonal ponds.

Table 17. Baseline Water Balance Assessment Results

Jian River Area Qing Long Jian River Area Hong Nong Jian River Area Shi Chuan River Area
ET Category line (2010-2018) line (2010-2018) line (2010-2018) line (2014-2019)
Average (mm) |Amount (108xm3) Average (mm)‘Amount (losxmx) Average (mm)‘Amount (1oaxm3) Average (mm)|Amount (108xm3)

Precipitation 609 7.16 652 8.1551 651 20.7236 608 13.145
Interbasin Transfer 0 0 0 0 0 0 0.15
Forests 661 2.244 666 3.1018 637 11.2217 632 6.484
Orchard 643 0.005 560 1.2941 546 1.009 511 0.1684
Grassland 535 1.423 568 0.8042 568 1.2534 556 1.9534
Wetland 0 0 559 0.0124 617 0.0764 560 0.0007
Natual ET|Waterbody 796 0.116 615 0.1328 689 0.1991 531 0.0174
Agriculture-Rainfed 540 0.915 554 0.5482 550 2.2735 512 1.8791
Agriculture-Irrigated 518 1.693 474 0.9059 550 2.2533 498 1.1486
Urban Concreted Area 467 0.271 488 0.4277 519 0.8017 453 0.678
Green Areas-Rainfed 461 0.005 569 0.0646 482 0.0047 439 0.0058
ET  |Orchard-Irrigated Water 101 0.001 108 0.2486 106 0.1964 194 0.0639
induced |Agriculture-Irrigated Water 56 0.183 129 0.2461 121 0.4944 201 0.4635
by Green Areas-Irrigated Water 46 0.001 106 0.0121 125 0.0012 183 0.0024
Human |Industrial Water Consumption 0.078 0.0662 0.1007 0.0978
Activities |Domestic Water Consumption 0.108 0.1963 0.1212 0.1378
Total Water Consumption 7.043 8.061 20.0067 13.1008
Outflow 0.117 0.0942 0.7169 0.1943
Measured Outflow 0.117 0.0949 0.1938

The baseline results revealed that most Program areas are already under severe water scarce and facing
challenges to ensure minimum ecological flow requirements. The government’s minimum ecological
flow requirements set the minimum flow targets to sustain the basic ecosystem function, which are
0.1397x10% m? flow per year for the Jian River Basin, 0.1009x10% m? flow per year for the Qing Long lJian
River Basin, 0.690x108 m3 flow per year for the Hong Nong Jian River Basin, and 0.1988x10% m? flow per
year for the Shi Chuan River Basin. The current outflows of most Program areas were already lower than
the minimum ecological flow requirements, except for the Hong Nong Jian River Basin.

The water balance assessments further analyzed the impacts of current government’s programs.
Although the government’s programs outlined a comprehensive investment strategy, these interventions
were not rationally planned with the consideration of rigid water constraint and the water-ecosystem
tradeoffs. Therefore, the water balance assessments further analyzed the potential water consumption
changes due to the planned activities in the current government’s program. In Jian River Basin area, the

28



government’s program planned to increase orchard area by 5.6 km?, adjust crop patterns to switch from
wheat and maize to Zanthoxylum (Sichuan Pepper) by 20 km?, modernize irrigated areas by 9.8 km?,
improve vegetation quality of the soil and water conservation measures by 16 km?, convert terrace areas
to forest areas by 0.33 km?, convert slopes into terrace areas by 25 km?, and convert farmland to forest
areas by 23 km? In other Program areas, the similar interventions were planned in the current
government’s program. Based on literature data and the remote sensing based ET data, it is estimated
that improving vegetation quality can reduce 21 mm water consumption per year; adjusting crop patterns
to Zanthoxylum can reduce 75 mm water consumption per year; and irrigation modernization can reduce
18 mm water consumption per year, while the other activities will potentially increase total water
consumption (see Table 18). The water balance assessments revealed that if the current government’s
programs are implemented, the total water consumption of the Program areas will further increase.

Table 18. Water Balance Assessments for the Government’s Program

Jian River Area Qing Long Jian River Area Hong Nong Jian River Area Shi Chuan River Area
Total Total Total Total
Ch Ch Ch Ch
Planned | Changes |, anges Planned | Changes |. anges Planned | Changes |. anges Planned | Changes |. anges
Planned N in Water |Planned N in Water |Planned N in Water |Planned N in Water
R Areas inET . Areas inET N Areas inET . Areas inET
Interventions Km? (mm) Consump |Interventions Km? (mm) Consump |Interventions Km? (mm) Consump |Interventions Jm? (mm) Consump
(k) tion (km?) tion (k) tion (km?) tion
(10*m?) (10°xm®) (10°xm?) (10°xm®)
Vegetation Vegetation Vegetation
Quality 16 -21.31 -34.09 |Quality 16 -21.31 -34.09 |Quality 20 -21.31 -42.62 |New Greenlands 1271 169.05  214.92
Improvement Improvement Improvement
Coverting
Rainfed 23 12133 27906 [NV 10 122 122 VW 16 9035  144.55 Irrigation 38 -107.74  -409.4
Agriculture to Afforestation Afforestation Modernization
Forests
Coverting
Rainfed
a”t‘ N New Irrigated New Irrigated Water Saving
Agriculture to 5.6 102.84 114.45 11.8 113.52 133.96 15.9 102.41 162.83 _— 4.91 -15.94 -7.82
8 Orchards Orchards Irrigation
Irrigated
Orchards
Coverting Coverting
. . N
Rainfed 20 7572 -asia [Fanfed 33 7572 aaase [N Nawrel o gi309 g1y | Orchard 11.13 15 167
Agriculture to Agriculture  to Restoration Modernization
Zanthoxylum Zanthoxylum
(o til
overting Coverting Slopes River Bank New Irrigated
Slopes to 25 17.64 144.11 33 17.64 19.02 . 4.2 90.346 37.95 2 192.13 38.43
to Terrace Greening Orchards
Terrace
. Coverting
Coverting . .
Terace  to 033 8748 289 |rcoucne 045 6353 29y |tainfed 2 s;2 asag | Wetknd 288 2913 8.4
Terrace Agriculture to Restoration
Forests
Zanthoxylum
Irrigation 98  -17.64 -17.29 |IiE3fON 135 -17.64  -23.82 |ReducingTerrace 037  -30.44  -1.13 | >oiand Water 47.43  119.87  568.57
Modernization Modernization Conservation
Irrigati N N, |
rigation 167 764 2046 VoW NRLggg g33 7508
Modernization Restoration
Total 99.73 337.67 |Total 58.36 185.2 |Total 85.17 278.29 |Total 186.25 505.78

The water balance assessments suggested that the current government’s programs need further
adjustments and optimization. Comparing with the baseline results, the analyses revealed that the water
consumed by the agricultural sector in all sub-basins will decrease mainly due to irrigation modernization,
cropping pattern adjustment, and the reduction of terraces. The water consumed by the industrial and
domestic sectors will decrease mainly due to the improvement of water use efficiency; and the water
consumed by ecosystems will increase mainly due to afforestation. As a result, the current government’s
program would increase the total water consumption and threaten the assurance of ecological flows. Due
to the government’s intervention, the outflow will decrease 10 percent, 25 percent, 25 percent and 3
percent in Shi Chuan River Basin, Jian River Basin, Qing Long Jian River Basin, and Hong Long Jian River
Basin, respectively. The current government’s programs need further adjustments and optimization to
reduce total water consumption.

The interventions on agricultural water conservation will be further promoted. The Program will support
irrigation modernization, which will reduce water consumption and improve water use efficiency. The

29



Program will also support cropping pattern adjustment. For example, converting wheat and maize to
Zanthoxylum (Sichuan Pepper) will reduce 75 mm water consumption per year. It was estimated that new
orchard development will increase around 110 mm water consumption per year. Therefore, the Program
will not support new orchard and suggest adjusting the government’s program to limit the development
of orchard.

The current government programs on afforestation and ecosystem restoration need further adjustment
and optimization to reach the water consumption limit. The water balance assessment showed that the
baseline water consumption was higher than the water consumption limit, while the government’s
programs will further increase total water consumption. To reduce water consumption, the potential
interventions on afforestation need to be adjusted. The Program will promote the water-saving
afforestation technical approaches. It will be achieved by largely supporting degraded forest restoration
and promoting the use of diversified tree species mixtures in forest management and reforestation to
gradually transfer monoculture forests to mixed structure; reduce planning density and select species,
and not support city greening and commercial forests. Based on the remote sensing data, it was estimated
that the diversification of tree species will decrease around 20 mm water consumption per year. The use
of indigenous tree species and a minimum specious richness threshold will be established in the Program
verification standards. The Program will also promote natural restoration and reduce the impacts of
human activities. It was estimated that new afforestation will increase around 90-120 mm water
consumption per year according to the remote sensing data. Therefore, the Program will not support large
scale afforestation and suggest adjusting the government’s program to limit afforestation.

Results Area 2 Improving Water Quality

Three major pollutants in the Program areas are Chemical Oxygen Demand (COD), Ammonia Nitrogen
and Total Phosphorous (TP). This Technical Assessment focuses on the Sanmenxia city in Henan and
Shichuan River Basin in Shaanxi. The major pollutions occur primarily in the tributaries. Severely polluted
rivers include Beiluo River and Shichuan River in the Wei River Basin in Shaanxi; moderately polluted rivers
include Jian River in Sanmenxia in Henan province. The main pollutants for non-compliance in the Yellow
River Basin are Ammonia-Nitrogen (non-compliance rate® of 17.6%), Total Phosphorous (non-compliance
rate of 8.3%), COD (non-compliance rate of 6.5%), followed by Permanganate Value (PV), BOD etc.’

Methodology and data sources:

Polluting source inventory: Pollution source inventory data are obtained from the Ministry of Ecology and
Environment, National Development and Reform Commission, provincial Departments of Ecology and
Environment. This assessment has included seven major pollution sources, i.e. urban domestic point
sources, industrial point sources, service industry point sources, large-scale livestock and poultry point
sources, rural domestic non-point sources, free-range livestock and poultry non-point sources, and
plantation non-point sources in the study areas.

6 Defined as the percentage of control sections with a specific pollutant concentration exceeding the required value for a
certain water function zone.
7 https://huanghejg.mee.gov.cn/hjzl/lyz|/202103/P020210325590445974543.pdf (undisclosed after Jan 2021)
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Annual water pollution generation: The emission data of point sources can be obtained directly from the
census of pollution sources, while emission from non-point sources need to be calculated based on
economic and social statistics. (i) Pollution from urban domestic wastewater is calculated based on the
second national survey of pollution sources, the domestic pollution source production and discharge
coefficient manual, and the 2016 statistical yearbook at the prefecture and city levels; (ii) Pollution from
industrial sources are calculated based on the environmental statistics of industrial enterprises in 2015
and the manual of industrial source pollution emission coefficients® for the second national pollution
source survey, etc.; (iii) Pollution from large-scale livestock and poultry breeding is calculated based on
the environmental statistics of the livestock and poultry breeding industry in 2015, data on the types and
number of livestock and poultry in the large-scale livestock and poultry farms, and the first pollutant
source survey of livestock and poultry breeding industry pollution production coefficient manual®; (iv)
Pollution from rural domestic wastewater can be calculated based on the National Statistical Yearbook
and the Second National Pollution Source Census Manual of Domestic Pollution Source Production and
Emission Coefficients; (v) Pollution from fertilizer application can be calculated according to the "National
Technical Guidelines for the Verification of Water Environment Capacity" issued by the China
Environmental Planning Institute.®

Water quality targets determination: Water quality targets of each control sections are determined
according to the water function zoning and other policy requirements, such as the Water Ecological
Environmental Protection Plan for Key River Basins (2021-2025) issued by the Ministry of Ecology and
Environment.

Pollutant migration and transformation process- QUAL2K model: The QUAL2K model is developed by
the US EPA based on the QUAL2E model and is currently one of the most widely used water quality models
in the world. The basic theory of the QUAL2K model is a one-dimensional advection - diffusion and mass
conservation equations. The model is suitable for dendritic rivers, allowing multiple point source
wastewater discharge, non-point source inflow, water intake, tributary inflow and flow changes along the
river, and simulates the impact of pollutants, amounts and specific discharge locations on the water
quality of receiving water bodies. Pollution from both point and non-point sources are from the above
inventory analysis.

Assessment Results — Sanmenxia City in Henan Province

Current status of water quality in Sanmenxia: In 2020, the quality of surface water in Sanmenxia is rated
“excellent”. Among the 12 main rivers, only the water quality of Jianhe meets Class IV, and the water
quality is “moderately polluted” while the others are either good or excellent. Compared with the previous
year, the surface water quality of Sanmenxia City has improved from “good” to “excellent”. The water
quality of Jianhe River has improved significantly, from "severe pollution" to "moderately pollution".

8 Handbook of Industrial Source Production and Discharge Coefficients for the Second General Survey of Pollution Sources

9 Handbook of Pollution Discharge Coefficients of Livestock and Poultry Production for the First General Survey of Pollution
Sources

10 Standard farmland refers to farmland where the crops are wheat, the soil type is loam, the fertilizer application rate is 25-35
kg/ mu - year, and the precipitation is within the range of 400-800 mm. The standard farmland source strength coefficient is
COD 10kg/ mu - year and ammonia nitrogen 2 kg/ mu - year.
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Table 19. Pollutant Discharges in Sanmenxia City in 2020

Pollution source COD (tons) | Ammonia Nitrogen (tons) | TP (tons)
Rural Domestic 17,150.46 652.74 99.57
Urban Domestic 121.79 913.36 22.83
Free-range livestock and poultry | 42,686.17 934.55 500.03
Large-scale livestock and poultry | 9,323.71 122.62 97.34
Industrial source 1,706.14 218.32 3.28
Agricultural source 2.62 87.90 80.43
total 70,990.94 2,929.57 803.49
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Figure 5 Four selected water quality control sections at Sanmenxia

Control Section selection and water quality target determination: Considering water quality
requirements of MEE, and there are two outflow entries to the Yellow River System from Sanmenxia, four
nationally control sections are selected for this analysis: the Hongnongjian Potou section is determined as
the main control section, for which the 14" FYP requires Class IV control targets. A complementary control
section was added, i.e. the Xiwang Village section, to monitor the independent entry of the Haoyang River
flowing into the Yellow Water, for which the "14th FYP" implements Class Il control targets. In addition,
two other control sections, i.e. the Mianchi Wuzhuang and Luohe Bridge, are used to monitor the
outflowing rivers, i.e. Jianhe and Luohe respectively, into the Yellow River, for which the "14th FYP"
requires category lll and Il control targets respectively.

Current water quality compliance rate at the four control sections: In 2020, the pollutant loads generally
meet the environmental capacity requirements at the four control sections. Pollutant exceeded targets at
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some sections in several months, primarily in low-flow seasons. At Mianchi Wuzhuang, COD exceeded the
environmental capacity in March and July, and the Ammonia Nitrogen exceeded the environmental
capacity in January; Similarly COD exceeded the environmental capacity in March, July, November and
December at Hongnongjian Potou."

Effects of proposed water pollution control projects: The main water pollution reduction projects
proposed by Sanmenxia City include a list of rural wastewater treatment projects, farmland non-point
source treatment projects, and sewage facility upgrade projects. According to the table below, if all the
proposed projects are implemented, for Mianchi Wuzhuang, Ammonia Nitrogen still exceeds the target
in January and COD still exceeds target in July; for Hongnongjian Potou, COD still exceeds the targets in
March, July, November and December.

Table 20. Pollutant reduction due to the proposed interventions in Sanmenxia, Henan

CoD Ammonia Nitrogen Total Phosphorous
1 2 3 4 1 2 3 4 1 2 3 4

Jan 1.77 1.30 1.91 6.68 0.17 |0.01 |0.01 [0.13 |0.01 |0.02 [0.04 [0.01
Feb 1.93 1.25 5.79 6.11 0.08 [0.01 |0.02 [0.04 [0.01 [0.01 [0.03 |0.01
Mar 2.28 1.34 10.07 3.12 0.01 0.01 |0.03 [0.06 [0.00 [0.00 [0.04 |0.01
Apr 1.23 1.01 5.04 3.71 0.00 [0.01 |0.12 [0.05 [0.00 |0.01 [0.03 [0.01
May 2.95 6.56 15.57 10.65 [0.01 [0.05 |0.70 |0.07 [0.01 |0.05 [0.11 |0.05
Jun 2.86 0.00 8.56 5.74 0.04 |0.02 |0.01 [0.09 [0.01 [0.01 [0.03 |0.04
Jul 5.23 1.30 22.56 5.73 0.01 [0.06 [0.04 [0.08 [0.01 |0.01 [0.06 [0.05
Aug 1.66 0.00 10.00 10.97 (0.05 [0.01 |0.39 [0.09 [0.01 |0.02 [0.06 [0.07
Sep 1.17 0.00 3.06 4.71 0.00 [0.00 0.05 [0.05 [0.01 |0.01 [0.03 |0.03
Oct 1.81 1.06 3.04 4.86 0.02 |0.00 |0.01 [0.07 [0.02 [0.01 (0.04 |0.04
Nov 2.72 2.19 12.48 10.25 (0.01 [0.00 [0.01 [0.10 [0.00 [0.01 [0.13 |0.04
Dec 2.20 2.03 12.87 9.46 0.01 0.01 0.01 [0.11 [0.00 |0.02 [0.08 |0.01
Total 27.81 18.04 110.95 81.97 [0.41 |0.21 |1.39 [0.95 (0.08 [0.17 |0.68 [0.37

Note: 1 — Mianchi Wuzhuang; 2 — Xiwang Village; 3 — Hongnonghe Potou; 4 — Luohe Bridge

Additional analysis was conducted on inter-annual flow variations. It is found that during low-flow years,
COD exceeds its monthly targets almost all year around at Mianchi Wuzhuang except in October, as well
as at Luohe Bridge except in June and October; both COD and TP exceed their respective monthly targets
at Xiwang Village except in October and November, as well as at Hongnonghe Potou except in September
and October. Therefore, it is evident that increased flow conditions would contribute to the reduced risks
of water quality non-compliance.
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Assessment Results — Shichuan River Basin in Shaanxi Province

The Shichuan River is a secondary tributary of the Yellow River and a primary tributary of the Weihe
River. According to MEE, there are currently two nationally controlled sections in the Shichuan River Basin,
of which the Chakou section is located in Tongchuan City, a project area of the proposed Yellow River
Program. During the 14th FYP period, the assessment target is determined as Category V for this control
section. In addition, a provincial control section, Sanlidong located in Wangyi District, is selected in the
project area, i.e. Tongchuan City, to monitor the water flowing from the project area into the Yellow River,
for which the 14™ FYP requires Class IV water quality by 2025.
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Figure 6. Two selected water quality control sections at Shichuan River in Tongchuan City, Shaanxi

The Shichuan River was polluted in 2020. The water quality category of the Chakou section of the "14th
FYP" is Class V, which meets the 2020 target assessment requirements (Class V). Compared with the Class
IV water quality target of the water function zone, the main pollutants at the Chakou section are Ammonia
Nitrogen (0.27 times exceeding the standard) and Total Phosphorus (0.11 times exceeding the standard).
From 2017 to 2019, the main pollutants of the main stream of the Shichuan River were COD, Ammonia
Nitrogen and TP, and the pollutant concentration showed a slight downward trend. In general, the source
water of the main stream of the Shichuan River is good, the water in the middle reaches is poor, and the
downstream remains in the middle. The upper and middle reaches of the river basin in Tongchuan City
are more polluted, resulting in greater pressure on the cross section.

Pollution status of the Shichuan River in 2020: In 2020, the total discharge of COD in the Chakou
catchment area is 5751 tons, the total discharge of Ammonia Nitrogen is 199.07 tons, and the total
discharge of TP is 77.71 tons. Large-scale livestock and poultry farming accounted for the highest
proportion of pollutant emissions.
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Table 21 Pollutant discharge of various pollution sources in the Chakou catchment area in 2020

Chakou Catchment Area COD (tons) Ammonia nitrogen (tons) TP (tons)
Rural Domestic 1,361.31 60.00 7.90
Urban Domestic 911.37 91.76 18.32
Free-range livestock and poultry 1103.52 13.21 9.19
Large-scale livestock and poultry 2,242.29 23.67 24.18
Industrial source 132.41 0.87 0.31
Agricultural source 0.09 9.56 17.81
total 5751.00 199.07 77.71

Target values for pollutant loads in Shichuan River in Tongchuan: According to the EC assessment, the
target values for COD, ammonia nitrogen, and TP discharge in the Chakou catchment area in Tongchuan
city are 2912.09 tons / year, 145.60 tons / year, and 29.12 tons / year. The monthly target values are
shown in the table below. From 2020 data analysis during the year, at the Chakou section of the Shichuan
River, COD does not exceed the environmental capacity, while Ammonia Nitrogen exceeds the target from
January to March, Total Phosphorus exceeds the target in January and February.

Table 22. EC assessment results in Shichuan River

CoD Ammonia Nitrogen Total Phosphorous

time EC target | Pollution Exceeding |[EC target| Pollution | Exceeding [EC target| Pollution | Exceeding
Load Rate Load Rate Load Rate
Jan 155.35 120.39 0.78 7.77 24.04 3.10 1.55 3.34 2.15
Feb 123.28 95.54 0.78 6.16 15.59 2.53 1.23 3.24 2.63
Mar 121.06 102.90 0.85 6.05 12.08 2.00 1.21 1.15 0.95
Apr 104.72 89.01 0.85 5.24 1.70 0.33 1.05 0.51 0.48
May 122.14 76.33 0.63 6.11 4.34 0.71 1.22 0.82 0.68
Jun 151.37 56.76 0.38 7.57 3.07 0.41 1.51 1.07 0.71
Jul 367.48 137.80 0.38 18.37 6.52 0.36 3.67 1.62 0.44
Aug 1082.07 568.09 0.53 54.10 11.09 0.21 10.82 4.87 0.45
Sep 162.78 63.08 0.39 8.14 2.36 0.29 1.63 0.55 0.34
Oct 193.92 75.14 0.39 9.70 5.62 0.58 1.94 0.73 0.38
Nov 189.73 99.61 0.53 9.49 4.79 0.51 1.90 0.82 0.43
Dec 138.21 86.38 0.63 6.91 3.46 0.50 1.38 0.46 0.33
total 2912.09 1,571.05 0.54 145.60 94.66 0.65 29.12 19.18 0.66

Effects of water pollution control measures: After the proposed projects by Shaanxi are implemented, it
is found that Ammonia Nitrogen will still exceed the EC target in January, February, March while TP will
still exceed its targets in January and February.

Additional analysis was conducted on the low-flow season. It was found that under the rainfall conditions
in dry years, the amounts of pollutants entering the river in the Chakou control section would exceed the
respective target value every month. It is thus evident that increased flow conditions would contribute to
the water quality compliance at Shichuan River.
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Results Area 3 Improving Ecosystem Management

Strategic Relevance

Ecosystem degradation is the root cause of low ecosystem resilience in Yellow River basin. Defined as
the process(es) in which the ecosystem is compromised with limited structure stability and impaired
ecosystem functions, ecosystem degradation in YRB is rooted in high level of soil erosion and low water
retention capacity'*?, both of which are the critical ecosystem functions underpinning the sustainability
and prosperity of YRB societies. Research shows that about 34 percent of land areas in YRB suffer from
erosion, particularly in the middle reaches of YRB (i.e. Loess Plateau) where half of the region is erosion-
prone ' and where ninety percent of the sediment in Yellow River is originated®*. Erosion undermines the
ecosystems’ capacity to retain water in soil, recharge ground-water aquifer, while transporting non-point
source pollution ending up in river courses®, causing siltation in dams and exacerbating flooding risks. On
the other hand, meta-analysis in China showed that restoring vegetation cover (particularly forest,
grassland, shrublands, agroforestry) can increase water infiltration in soil layers by 40-80 percent
compared to baselines’®, and increase soil organic carbon by 28 to 45 percent?’, thus increasing land
productivity and soil carbon storage. Studies of Loess Plateau restoration suggest that vegetated land
cover can reduce run-off and sediment by 50 to 70 percent compared to bare land*®. Without a healthy
vegetation structure, there is no water retention, no arable land in the YRB, but more polluted rivers,
silted dams and more floods.

The Master plan of the Yellow River Basin's Ecological Protection and High-quality Development has
identified the biggest problem of YRB as ecological vulnerability, and that the first principle of
sustainable management should be ecological protection and green development. It further points out
water and soil conservation as the key strategy for managing the middle reach of YRB through vegetation
improvement, soil erosion control and water-saving agriculture development. The two basins under this
PforR, namely Wei River Basin and Sanmenxia Yellow River Basins, are located within the Loess Plateau
and belongs to the middle reach of Yellow River. Over 75 percent of the targeted river basins in Wei River

11 Shan Lun, Wang Fei, Some Scientific Issues in the cooperative management of the Yellow River Basin. Yellow River. 2021 43.
(10) : 7-10 [in Chinese]

12 Li Jingjing, Su Pengfei, Zhang Jiangguo. Soil erosion characteristics and prevention countermeasures for ecological protection
and high-quality development planning in the Yellow River Basin. Bulletin of Soil and Water Conservation, 2021, 41(5), 238-243.
[in Chinese]

13 Li Jingjing, Su Pengfei, Zhang Jiangguo. Soil erosion characteristics and prevention countermeasures for ecological protection
and high-quality development planning in the Yellow River Basin. Bulletin of Soil and Water Conservation, 2021, 41(5), 238-243.
[in Chinese]

14 Xin, Z., Ran, L. and Lu, X.X., 2012. Soil erosion control and sediment load reduction in the Loess Plateau: policy perspectives.
International Journal of Water Resources Development, 28(2), pp.325-341.

15 Berhe, A. A., Arnold, C., Stacy, E., Lever, R., McCorkle, E. & Araya, S. N. (2014) Soil erosion controls on biogeochemical cycling
of carbon and nitrogen. Nature Education Knowledge 5(8):2

16 Sun, D., Yang, H., Guan, D., Yang, M., Wu, J., Yuan, F., Jin, C., Wang, A. and Zhang, Y., 2018. The effects of land use change on
soil infiltration capacity in China: A meta-analysis. Science of the Total Environment, 626, pp.1394-1401.

17 Gong, L., Liu, G., Wang, M., Ye, X., Wang, H. and Li, Z., 2017. Effects of vegetation restoration on soil organic carbon in China:
a Meta-analysis. Chinese Geographical Science, 27(2), pp.188-200.

18 Hu, J., LG, Y., Fu, B., Comber, A.J. and Harris, P., 2017. Quantifying the effect of ecological restoration on runoff and sediment
yields: a meta-analysis for the Loess Plateau of China. Progress in Physical Geography, 41(6), pp.753-774.
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suffers from soil erosion, losing 60 ha of fertile arable land every year. Similarly, the Sanmenxia stretch of
Yellow River is at the edge of Loess Plateau and is one of the worst eroded areas in Henan province. About
one third of the land areas in Sanmenxia are susceptible to erosion, which enter directly into the
Sanmenxia Dam. Due to accumulated sediment deposition from the Loess Plateau, Sanmenxia dam and
the upper steam rivers are under increasing pressure of dam siltation and flooding risks.

The fragile YRB ecosystem necessitate an integrated landscape management approach that can restore
impaired ecosystem structure and functions in critical areas, most specifically the soil layers and
vegetation in upper catchments. Based on a thorough review of relevant government strategies
investment programs and baselines analysis in Shaanxi, the program identified four key sub-basins as
priority areas, namely Shichuan River basin, Beiluo River basin, Qishui River Basin and Jing River basin. The
above-mentioned sub-basins of Wei River Basin locate in the key soil conservation zones of Loess Plateau
as identified by the National Ecological Function Zone strategy (revised)*, as part of the Liupan Mountain
- Ziwu Mountain Ridge biodiversity zone as identified in the Priority Biodiversity Conservation zones of
China® , and as part of the key agriculture ecological zones under the Shaanxi Provincial Ecological
function Zone®' . Therefore, the four sub-basins as the target areas in this PforR program in Shaanxi
province play a critical role in restoring the much-needed ecosystem functions of water retention, soil
conservation and biodiversity conservation in Wei River basin. Through ecosystem restoration
investments in these four sub-basins, the PforR can help demonstrate integrated and scalable solutions
to the sustainable development of the wider Yellow River basin.

In Sanmenxia sub-river basins, the geographical basin boundaries include all the counties adjacent to
Yellow River in the municipality, namely Hongnongjian River, Qinglongjian River, and Jianhe River
management areas, totaling 6900km?2. In Sanmenxia region, around 3000 km? erosion-prone areas are yet
to be treated, including over 16947 gullies. As first order tributaries, these rivers are not only the last lines
of defense for preventing erosion and non-point source pollution from entering the Yellow River
mainstream but also provide important habitats for migratory birds of Anatidae and other waterbirds?.
In particular, it has regular sighting of endangered species such as Scaly-sided merganser (EN??), Great
Bustard (VU), and over 10,000 Whooper swans (over 70 per cent of wintering population in China), a
nationally protected animal (level 2). (source: Sanmenxia Forestry Bureau).

Technical Soundness of the Proposed PforR

Adopting a landscape approach, the PforR has proposed integrated river basin management model that
focus on tackling key degradation drivers in critical areas. Assessment of baseline conditions of key

19 Ministry of Ecology and Environment, 2015. National Ecological Function Zone strategy (revised), Available in Chinese :

https://www.mee.gov.crg{EkmI/hbb/bgg/201511/t20151126_317777.htm
20 Ministry of Ecology and Environment, 2015. Priority Biodiversity Conservation zones of China, Available in Chinese from

https://www.mee.gov.cn/gkml/hbb/bgg/201601/t20160105_321061.htm

21 Government of Shaanxi. 2008. the Shaanxi Provincial Ecological function Zone. Available in Chinese from:
http://www.shaanxi.gov.cn/zfxxgk/zfgb/2005/d1q_4292/200806/t20080626_1640189_wap.html

22 Gongqi Sun, Mingxiang Zhang, Guangchun Lei. Wetland water bird biodiversity conservation strategies in the Yellow River
basin[J]. Biodiv Sci, 2020, 28(12): 1469-1482.

23 The seven categories of IUCN Redlist statues in increasing order of conservation importance are Least Concern (LC), Near
Threatened (NT), Vulnerable (VU), Endangered (EN), Critically Endangered (CR), Extinct in the Wild (EW) and Extinct (EX).
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watershed reveals low ecosystem quality in both Shaanxi and Henan YRB sub-basins. In the Wei River
basin, the environmental quality of 37.7 percent of the counties in Wei river basin has no change or
worsen, 55.7 percent has slight improvement and only 4 counties showed noticeable improvement.?* The
upper catchment especially in Beiluo river sub-basin has need significant improvement of its water
retention capacity and quality. Much of the natural vegetation has been destroyed and rebuilt. Over half
of the current vegetation are artificial in origin, such as croplands, orchards and monoculture plantations.
For the remaining secondary forests and shrubland vegetation, the biodiversity level is low. A big issue
is the over-abundance of Black locust (Robinia pseudoacacia) which is an introduced species from North
America. The non-native broadleaf tree species is well adapted to central and south China and a popular
choice of reforestation for its quick establishment effect. However, increasing evidence shows that
monoculture plantations like the black locust are water-consumptive, have low ecosystem stability and
biodiversity values. This necessitates improvement of forest ecosystem structure and composition using
other indigenous broadleaved or conifer species, ideally using assisted natural regeneration.

Based on findings from the landscape assessments, the identified key degradation problems are low
vegetation quality that fall short to regulate water flow, improve groundwater recharge and water
quality and the provision of biodiversity habitats. Accordingly, the overall restoration targets should be
focusing on improving the quality of existing vegetation community (secondary and plantation
forests/shrubs) in the upper watershed for water retention and biodiversity values, while putting in place
soil erosion measures in gullies and other erosion-prone areas to control erosion and improve vegetation
quality. The integrated landscape management approach adopted by this PforR follows the prevalent
Mountain-river-forest-farmland-lake-grassland restoration approach. It requires integrated consideration
of landscape patches and ecosystem processes, that a tailored restoration approach to different site
conditions, specially, using indigenous species in restoration, and aim at restoration of multi-story
vegetation community structure. In summary, restoration should prioritize upper catchment where
water-retention is easiest and erosion is strongest, while restoring the critical landscape patches such as
riparian zones and wetlands to enhance their contribution to landscape functioning.

Based on these principles, the integrated ecosystem restoration models at sub-basin levels are
proposed as followed, as well as their applicable conditions and key interventions.

1) Water resource protection model — aims at protecting water resource in headwater and key
watershed, mainly use assisted natural regeneration, reforestation and forest management for a
mixed forest structure dominated by indigenous species, coupled with non-point source pollution
control. This model is generally applied in upper watersheds where headwater of rivers or critical
water supply catchment are located.

Key interventions: natural regeneration, forest management, rural waste collection and
treatment, wetland restoration.

2) Ecosystem restoration model — aims at controlling soil erosion by integrated conservation
measures such as building the terrace for farming conservation tillage, and engineering in gullies,
enhancing water retention capacity delivered by a healthy resilient forest and shrub vegetation.
The model is applicable to upper and middle watershed where slope is generally steeper, lack of

24 2019 Shaanxi Province Ecological Environmental Report. available from
http://sthjt.shaanxi.gov.cn/newstype/hbyw/hjzl/hjzkgb/20210604/55508.html
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3)

4)

conservation measures and the higher tableland region with high erosion risks.

Key interventions: natural regeneration, reforestation, terrace farming, gully engineering, water-
saving irrigation.

Mix model combines soil erosion control, ecological restoration and provide green development
options, treatment of low-quality vegetation improvement, cash tree production non-point source
pollution and river channel restoration. This is generally applied to area close to settlements with
a diverse mix of natural resources.

Key interventions: natural regeneration, forest management, economic forest plantation, terrace
farming, gully engineering, water-saving irrigation, rural waste collection and treatment, water-
saving irrigation.

Ecological corridor model aims to restore ecologically important corridors and connect
fragmented landscape patches to maintain important ecological processes, function and
biodiversity values (eg. hydrological processes in a catchment, seed dispersal, wildlife movement
between different habitats and genetic exchange of different populations)

Key interventions: natural river re-habilitation, wetland restoration.

In short, the key interventions within the PforR boundary are summarized in the three categories:

1)

2)

3)

vegetation improvement at upper watershed, including assisted natural regeneration,
reforestation and silviculture management, community-based close-to-nature forest
management that facilitate rapid establishment of local regeneration and minimizing human
disturbance, reforestation, silviculture management that could diversify species composition and
community structure. In particular, species diversification of black locust monoculture plantation
using local conifer species (eg. Manchurian red pine) can improve its water and soil conservation
capacity by 2-4 times while reducing landscape evaporation.

soil and water conservation measures in the middle watershed and gully areas; including terrace
farming and gully engineering for erosion control. Terracing land has been proven to be an
effective soil and water conservation strategy which can retain almost all surface run-off and
increase groundwater infiltration by 1.62 times compared to forests. Given that the erosion rate
of the program area is around 2000 -5000 t / km2, terracing land can hold back almost all surface
run-off while increasing food production. The soil and water conservation can also combine with
sustainable use of land resources and improving rural livelihoods. The program requires local
development must be within ecosystem carrying-capacities and strive to improve irrigation
efficiency and minimize pollution and plastic wastes from agriculture, especially land cover
membranes.

wetland restoration and river rehabilitation across the landscape - restore critical riparian
wetlands and riverbank to add additional wildlife habitats. This includes the use of natural
materials, leaving crakes on embankments to facilitate natural exchange of energy and nutrients,
and the use of wetland vegetation cover for bank stabilization.

Landscape assessment also ensures PforR investments are aligned with the spatial priorities of sub-
basins, maximizing the improvements of desired ecosystem functions in targeted sub-basins. Sub-basin
level assessment confirms the critical role of upper catchments in water cycle regulation and habitats
provision for biodiversity. The following table are the critical counties of each sub-basins. In Qishui river
sub-basin, PforR prioritizes the restoration of Yongshou and Qianxian counties, where high erosion and
critical reservoir catchment exist. In Beiluo He sub-basin, Huanglin, Yiyun, Huanglong and Yaozhou
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counties are critical for water retention and biodiversity conservation. In Shichuan sub-basin, Yaozhou,
Yintan counties are critical for all desired ecosystem functions while Xunyi and Yijun county are important
for biodiversity conservation. The priority watershed areas in Jing sub-sub-basin are Xunyi, Linyou and
Yongshou counties. In Sanmenxia, Henan Province, all the upper catchment of the three river-basins
flowing into the Yellow River mainstream are critical for erosion control and biodiversity.

Program Development Objective (PDO) and Disbursement linked indicator (DLI) under Result Areas 3.
Given that the key restoration objective is to improve water retention and soil erosion control effects in
upper and middle catchment, the Program Development Objective would be the increase of Reduction of
soil loss intensity (t/km2.a) as a result of improved forest coverage, quality and structure, watershed
management, construction of silt dams, improvement of sloping farmland and improved terracing.
Considering yearly precipitation fluctuation and the time-lag effect of restoration measures, the DLl under
Result Area 3 will focus on the achievement of ecosystem restoration areas based on pre-defined technical
quality standards, and measured as “Areas supported by the Program with improved mixed species forest
cover and/or terracing (Ha)”, including 1) Areas of Improved Mixed-species Plantations having a survival
rate of 85 percent at the end of the first year after planting (Ha); 2) Areas of degraded and monoculture
forests restored using a diversified forest structure (Ha); 3) Areas of terracing establishment and
rehabilitation (ha).

Two additional intermediate indicators are set up to quantify the global public goods of ecosystem
restoration interventions, namely climate change mitigation and biodiversity enhancement.
Reforestation and silviculture management will have direct impact on the sub-basins carbon capture and
storage capacity, which will be quantified using carbon emission methodologies, namely, Methodologies
For Forestry Carbon Sequestration Projects®®, and Methodology for silviculture management projects® .
Given the ecological importance of river and riparian zones, restoration of riverine ecosystems and
wetland areas could bring additional habitats for local wildlife, strengthen the weaken biotic links of
regional ecosystem processes, and ultimately contributing to safeguarding the downstream flows to
sustain the biodiversity of the Yellow River, including its Delta (wetland of international importance) and
associated coastal areas. The verification protocols of DLIs and intermediate indicators is provided
separated.

The assessment on corresponding system of ecosystem restoration models and corresponding technical
management was undertaken. It presents that the design and implementation of the PforR program is
based on a number of technical guidelines and regulations, including those for reforestation, soil and
water conservation, wetland protection and restoration, vegetation restoration with promoted natural
regeneration, natural river rehabilitation, together with well-established technical and quality control
procedures needed for forest monitoring and evaluation. Key regulations are included in the following
table.

The technical assessment has concluded that this PforR has generally included appropriate NbS
interventions. Good NbS design could reduce flood peaks, enhance local water retention capacity,

25 http://www.ccchina.org.cn/archiver/cdmcn/UpFile/Files/Default/20131225084916995640.pdf
26 http://www.thjj.org/files/2012/r6.pdf
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improve land productivity, thus strengthening natural ecosystem resilience as well as delivering
biodiversity benefits, such as through the use of diversified local species in revegetation, creating complex
ecosystem structure of multi-layer vegetative structure with tree-shrub-ground cover. River rehabilitation
resembling natural river and wetland ecosystems are particularly effective in flattening flood pulses,
regulate local micro-climate and creates micro-habitats for local wildlife.

The relevant regulations for natural regeneration, reforestation and forest management provide
detailed guidance and instructions for reforestation, and silviculture management design, including tree
species selection, seedling production, soil preparation, seedling planting, planting density, enrichment
planting, hill closure, forest tending, thinning, natural regeneration, the rehabilitation of degraded forest
land, environmental protection, and quality control. The typical design of Sanmenxia and Shaanxi have
supplemented with locally appropriate tree selection such as Manchurian Red pine (Pinus tabuliformis)
on slopes and weeping willow (Salix babylonica) in gullies. However, it is found that there is insufficient
emphasis on mixed species, especially on minimum species composition of restored forests. It is
recommended that more indigenous tree species are used and a minimum specious richness threshold is
established in the project completion and verification standards.

Technical guidelines governing small watershed restoration and ecological protection and rehabilitation
of mountain-river-forest-farmland-lake-grass cover all aspects integrated watershed management,
including the planning, implementation and monitoring and evaluation of both biological measures (NbS
interventions) as well as gully engineering measures. It is particular commendable that current project
design of Shaanxi ecosystem restoration has adopted a mix of agriculture irrigation efficiency
improvement, forest management, rural livelihoods improvement and rural non-point source pollution
control and treatment.

In both project sub-basins, the technical interventions wetland restoration and natural river
rehabilitation have incorporated ecological features. Further improvement suggestions are as follows: 1)
Soil erosion control with riparian terraces. It creates water-front recreation opportunities under different
water depth, while helping to slow down the flow and speed of river flow during heavy rains, delay the
flood peaks of urban rivers, and build aquatic plant belts along river banks. Without changing the flood
carrying capacity of the river, the design can change the simple trapezoidal shape embankment to multi-
layer stepped compound structure, and use natural or bionic materials to create various types of cross
section and vertical section, to restore the natural surface of riparian banks. 2) Gentle slopeland along
riparian strips. Change the original vertical or trapezoidal rigid embankment to a gentle slope form with
wetland vegetation cover. It can create a wide-open view while meeting the requirements of flood control.
Shallow slopes is mainly composed of wet plants and hydrophilic trees to form canopy line and plant belt
of diverse height. 3) Repair the micro-habitats for migratory birds of Anatidae. It is recommended to
restore wetlands along the Yellow River and inland wetlands to make them suitable as overwintering
habitats for geese and ducks such as whooper swans, especially riparian wetlands and flats with abundant
grass, as well as lakes and reservoirs with abundant grass vegetation in appropriate inland areas. 4)
Riparian vegetation strips should use native species only. The canopy layer can consider weeping willows,
cedars, cypresses, hibiscus, etc., which can be used in seasonally flooded areas in the land-water
intersection; shrub and grass layers can consider cattails, reeds, barnyard grass, Lythrum chinensis,
Iridescent grass, Setaria viridis, Imperata cylindrica, etc., mainly used in waterfront and seasonally flooded
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areas. Further biodiversity enhancement include animal passages be added along embankments, such as
stepped passages for amphibians such as frogs, and gentle slope passages for snakes. Weeping willows
and other tall trees are planted along the embankments, for stabilizing and protecting riverbanks and
providing resting places for birds. In open / large water surface, inaccessible habitat islands or rock piles
in wider waterways can be set up to create underwater habitats for fish with different flow speeds and
create habitat islands for birds.

Table 23. Key technical interventions relevant to the program

Key interventions

Applicable government standards

Description

Integrated Small
watershed
management

(SL 534 — 2013) technical guideline on ecological and
clean small watershed guideline

The guideline specifies the
standards for restoring,
managing and verifying the
achievement of integrated
watershed management.

natural regeneration

GB/T 15163-2004. Technical regulations for setting

Technical guideline on setting

apart hills including sand area for tree growing aside areas for natural
regeneration
Reforestation GB/T  15162-2005 Technical regulation for | Technical guidelines on
afforestation by aerial seeding reforestation including aerial
GB/T15776 - 2016 Afforestation Technical | seeding and planting, and
Regulations reforestation for  erosion

LY/T2083-2013 National Afforestation and Forest
Management Comprehensive Verification Technical
Regulation

Forest Management Verification
Regulation (Forestry 2014 — No. 140)

Technical

control

forest management | GB/T 18337.4 - 2008 Non-commercial forest | Technical guidelines on non-
construction--Verification regulation commercial forest
GB/T15781-2015 Forest Tending Regulation management, forest tending
and other silviculture

management.
economic forest | DB11/T 548—2008 Technical regulations for | Restoration of small
plantation ecological and clean small-watersheds watershed including gully

terrace farming

gully engineering

water-saving
irrigation

waste
and

rural
collection
treatment

water-saving
irrigation

SLXX-2006 Assessment code of practice for quality of
soil and water conservation engineering

Guidelines on mountain-river-forest-farmland-lake-
grass ecological protection and restoration projects
GB/T 16453.1-2008 Technical specification for
comprehensive control of soil and water
conservation - Technique for erosion control of slope
land

GB/T16453.2-2008 Comprehensive control of soil
and water conservation.Technical
specification.Technique for erosion control of waste

management, construction of
small check dams and other
soil erosion engineering
structures, revegetation on
slopes, terrace farming, water-
saving irrigation techniques
natural river rehabilitation and
wetland restoration.
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land

natural river re- DB11/T 1300—2015 Technical Regulations for
habilitation Wetland Restoration and Construction

HJ 2005 - 2010 Constructed Wetland Sewage
wetland restoration | Treatment Technical Regulations

2014 Technical Guidelines for Ecological Restoration
of Inlet Rivers and Rivers in Lake Basins by the
Ministry of Ecology and Environment
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PROGRAM ECONOMIC EVALUATION

Rationale for public sector provisioning/financing. Public sector financing is justified by the provision of
public goods (both global and domestic) to be generated by Program interventions. The Program will
support soil and water conservation activities to increase vegetation coverage, which would increase
carbon sequestration; the Program will also further reduce GHG emissions through improved livestock
waste management and reduced fertilizer application. In addition, the Program will improve both
terrestrial and aquatic ecosystems, which will contribute to biodiversity. In particular, wetland protection
and restoration, enhanced ecological flows for aquatic ecosystems, and improved water quality—and the
upscaling of these at the provincial level—will improve downstream flows to sustain water use,
ecosystems, and biodiversity, including the Yellow River Delta and coastal region. The Program is further
addressing cross-sectoral and inter-jurisdictional barriers that impede the efficient and optimal allocation
of resources (under a water scarcity situation). The Program is addressing inefficiencies caused by the
presence of externalities, and public goods that the private sector would not have the incentive to
address, as it cannot capture the economic benefits of most Program outcomes.

Furthermore, the Program will improve the efficiency and effectiveness of public goods delivery through
strengthening institutional systems and capacity building. The Program will support integrated ecosystem
and water resources management plans in the demonstration sub-basins, which will inform the
preparation of provincial guidelines for integrated planning and facilitate the integration of ecological and
water resources information into ecosystem and water resources management models and guidelines to
support decision-making at the YRB. It will further promote data-sharing and coordination mechanisms in
line with the strategies for the ecological protection and high-quality development of the YRB.

Value added of the World Bank’s support. The Government has an ambitious national program in the
YRB with strong commitments from the central to local governments. The World Bank’s value added
includes the application of innovative approaches for ecosystem and water resources management, the
application of results-based financing and incentives to reach scale, and leveraging of national and
international experiences. More specifically, the Program will introduce an integrated ecosystem and
water resources management approach, which can be further scaled up in the existing Government
programs to drive the Government’s YRB programs toward success. By leveraging the existing
Government programs, the PforR instrument will provide geographic coverage beyond that possible
through traditional IPF operations. The Program will also support the demonstration sub-basins in Henan
and Shaanxi Provinces on integrated water and ecosystem management through activities in water use
efficiency, water pollution control, and ecosystem restoration. The reliance on Government systems, and
the design of the Program through a nested hierarchy, is aligned with China’s fiscal governance structure
and differentiated responsibilities across governance levels as specified under the YRB Plan.

The World Bank’s involvement will help leverage international experience and good practices in
landscape/watershed management, water pollution control, and environmental/ecological restoration.
In addition, the World Bank has supported the implementation of a number of projects related to
ecosystem restoration and water pollution control in China and conducted analytical work including
through the Country Water Resources Partnership Strategy, the Water Governance Strategy, and studies
on eco-compensation mechanisms. Lessons learned and good practices generated from these documents
can be readily incorporated during Program preparation and implementation.

Assessment methodology. Given the diverse range and multiple purposes of the Program interventions,
the economic assessment has been conducted by results area. For RA 1 (improving water use efficiency)
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and RA 3 (improving ecosystem management), a CBA has been adopted, using a benefit transfer method.?”
For RA 2 (improving water quality), a CEA has been applied, as the benefits from water pollution control
are difficult to quantify in a reliable manner, especially those pertaining to public health and the
environment. The key objective of the CEA is to demonstrate that the proposed investments represent a
priority with regard to the overall Program objectives and that these objectives are met in the most cost-
effective way (based on evaluated lifecycle costs and compared on a net present value per unit
incremental cost basis).

The economic assessment compares a scenario of ‘no Government program’ to a scenario of a
Government program including World Bank support. This approach is used because, under a PforR,
Government and World Bank funds are combined to achieve results into a single Program, with virtually
no distinction at the activity level between World Bank-financed and Government-financed achievements.
This approach can determine whether the overall Program is socially beneficial after considering economic
benefits and economic costs.

Assessment Results by Results Area
Results Area 1 (improving water use efficiency)

CBA has been conducted to assess this results area’s economic viability by selecting a representative
irrigation scheme (in terms of size and status of the infrastructure) for rehabilitation. The major
guantifiable benefits (on an incremental basis) of the Program are derived from (a) the incremental
agricultural production from improved irrigation efficiency and water productivity, realized through
irrigation infrastructure improvement and construction, and improved water management and agronomic
practices; (b) economic value of water resources saved by measuring the reduction in ET; and (c) climate
benefit as estimated by the GHG reduction through substituting fertilizer with treated livestock waste.

To increase water productivity and reduce consumptive use of water in irrigated agriculture, the water-
saving technologies supported under the Program will follow the concept of real water savings and ET
management and adopt integrated measures including engineering (land leveling, canal lining, low-
pressure pipes, improved drainage, micro-sprinkler), agronomic (cropping pattern changes, adoption of
improved variety, soil fertility improvement through application of treated livestock waste, and soil
salinity control), and water management measures (irrigation scheduling and conjunctive use of surface
water and groundwater).

Program economic benefits. With Program interventions, the increases in crop production would be
achieved through (a) enhanced cropping intensity, (b) crop yield increases arising from timely provision
of water in the critical stages of crop production, and (c) changes in crop patterns shifting to high-value
produce. Additional benefits will accrue from the value of water resources saved, which has been valued
conservatively as the value of water productivity in agriculture, that is, the value of crop produced per m?
of water.

27 Benefits transfer refers to the process of applying valuation results, functions, data, or models derived in one location or
context to estimate economic values of ecosystem services in an alternative context or location.
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The costs include (a) investment costs for additional irrigation works and canal rehabilitation, (b) on-farm
costs for dripping/pumping system and equipment, (c) incremental costs for crop production, and (d)
O&M costs for works and equipment.

The main assumptions include the following: (a) a representative rehabilitation model of a medium-size
scheme of 1,000 ha is selected for analysis; (b) the economic life of the scheme after rehabilitation will be
20 years; (c) both cost and benefit flows are based on 2020 constant prices, net of duties and taxes; and
(d) the discount rate adopted by the analysis is 6 percent according to guidelines from the NDRC, which is
in line with the World Bank’s guidance for discount rate.?®

Cash flows of benefits and costs for the scheme are projected over a 20-year period to estimate the
Program ERR. Based on the technical parameters and efficiency coefficients (crop yield increases, water
productivity improvement, fertilizer use reduction, real water savings, and investment and O&M costs) of
the World Bank China Water Conservation Project 11 (covering Hebei, Shanxi, and Ningxia Provinces, all
in the YRB), the ERRs with GHG reduction are estimated at 20 percent (with low carbon shadow price)
and 21 percent (with high carbon shadow price)*® and ERR without GHG reduction at 19 percent, which
is well above the discount rate of 6 percent, indicating that the scheme to be rehabilitated is economically
viable.

No sensitivity test is warranted due to (a) output prices in the analysis representing a conservative trend
for the Program life and (b) significant unquantifiable E&S benefits including (i) mitigation of overuse of
scarce water resources and accompanying degradation of ecological environment and (ii) benefits from
improved water management, social capital, and institutional capacity.

It should be noted that the above ex ante assessment is based on the findings and results of the World
Bank China Water Conservation Project Il, which was completed in 2017. This assessment, using the
benefit transfer method, should therefore be treated as indicative. Ex post assessment should be
conducted using the technical parameters actually achieved after Program completion.

Results Area 2 (improving water quality)

CEA is applied to RA 2. Activities at demonstration sub-basins were selected based on their relative
contribution to pollution noncompliance, as described in annex 3, and include point source pollution
control through upgrading WWTPs to meet higher effluent standards, that is, reducing residual pollutant
discharge at WWTPs, as well as increasing rural household access to decentralized wastewater treatment
facilities and rural household connection to sewage systems. An integrated method covering the entire
wastewater collection system of the demonstration sub-basins and counties within them has been
adopted to design the wastewater collection system to increase the coverage of wastewater collection

28 World Bank. 2015. Technical Note on Discounting Costs and Benefits in Economic Analysis of World Bank Projects. The
discount rate is recommended as 6 percent for investments with long-term unquantified E&S benefits.

29 https://projects.worldbank.org/en/projects-operations/project-detail/P114138.

30 According to the World Bank’s guidance note on shadow price of carbon in economic analysis issued on November 12, 2017,
projects’ economic analysis should use a low and high estimate of the carbon price starting at US$40 and 80, respectively, in
2020 and increasing to US$50 and US$100 by 2030; the low and high values on carbon prices are extrapolated from 2030 to
2050 using the same growth rate of 2.25 percent per year that is implicit between 2020 and 2030, leading to values of US$78
and US$156 by 2050.
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and improve the operation of existing WWTPs.

For WWTPs, the technical design alternatives, location options, and other parameters will be evaluated
in the mandated feasibility study reports against technical, environmental, and economic criteria to
identify the most cost-effective solution along all key design dimensions including the collection system.
With regard to the design of the collection system, various topological, land availability, and gravity flow
versus pumping stations cost considerations and other parameters will be assessed to ensure consistency
with projected local development patterns and the existing drainage master plans. Detailed comparisons
of alternatives and the selected options will be conducted in activity-specific feasibility study reports as
required by the county development and reform committees to ensure the least cost alternative is
selected.

RA 2 will also support activities to reduce NPS pollution, mainly from the agriculture sector. Improved
manure management at livestock and poultry farms will be supported by increasing manure collection
and treatment. The Ministry of Agriculture and Rural Affairs (MARA) issued ‘Technical Norms and
Specifications for Livestock/Poultry Waste Management’ in 2018,3! which provides technical details to
select the most effective and least cost options for various sizes and animal-specific waste management
approaches. Each county has developed its own plan to promote the application of organic fertilizer to
replace chemical fertilizer use and to reduce NPS pollution, following MARA’s guidance for waste
management.

Results Area 3 (improving ecosystem management)

CBA has been conducted to assess this results area’s economic viability by selecting a representative
watershed model for rehabilitation of degraded and monoculture forests. Degraded and monoculture
forests would be restored and transferred to mixed forests through supplementary planting of native
species and natural regeneration.

The incremental costs and benefits have been estimated for the Program using the ongoing China Forest
Ecosystem Improvement in the Upper Reaches of Yangtze River Basin Program3 as departure point,
adjusted for the Yellow River conditions as advised by the local experts. Costs include both rehabilitation
and O&M costs, while benefits include (a) carbon sequestration, (b) reduced soil erosion, (c) increased
water conservation, and (d) reduced tree losses due to lower pest incidence (potential opportunity costs
in the without-Program scenario were evaluated; however, no relevant one was identified, whereas
timber and non-timber forest goods and services are negligible in the demonstration sub-basins). The
main assumptions include the following: (a) a representative rehabilitation model of small watershed of
100 ha is selected for analysis; (b) the economic life will be 30 years; (c) both cost and benefit flows are
based on 2020 constant prices, net of duties and taxes; and (d) the discount rate adopted by the analysis
is 6 percent.

Cash flows of benefits and costs are projected over a 20-year period to estimate the base case Program
ERR. Based on the technical parameter and efficiency coefficients (including carbon sequestration,

31 http://www.moa.gov.cn/gk/tzgg_1/tfw/201801/t20180111_6134801.htm.
32 https://projects.worldbank.org/en/projects-operations/project-detail /P164047.
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reduced soil erosion, increased water conservation, and reduced tree losses due to lower pest incidence)
of the World Bank’s China Forest Ecosystem Improvement in the Upper Reaches of Yangtze River Basin
Program (covering Sichuan Province and is ongoing), the ERRs with GHG reduction are estimated at 16
percent (with low carbon shadow price) and 19 percent (with high carbon shadow price) and ERR
without GHG reduction at 13 percent, which is substantially above the discount rate of 6 percent,
indicating that the degraded and monoculture forests rehabilitation is economically viable.

No sensitivity test is applied as the shadow prices of carbon, water conserved, and soil erosion reduced
are based on lower ends of estimations. Further, the assessment does not include the benefits of
improved biodiversity, amenity services of forestry cover, institutional capacity building, and improved
forest planning and development strategies, which are not readily quantifiable. ERRs are conservative
estimations and therefore no sensitivity test is warranted. It should be noted the above ex ante
assessment is based on the design of the ongoing World Bank’s China, Sichuan Forest Ecosystem
Improvement in the Upper Reaches of Yangtze River Basin Program. The assessment, using benefit
transfer method though adjusted for this Program’s conditions, should be treated as indicative. As for RA
1, ex post assessment should be conducted using the technical parameters actually achieved after the
Program completion.

Greenhouse Gas Emissions Mitigation Assessment

GHG emission mitigation. A quantification of GHG net emissions is made here focusing on activities under
RA 1, RA 2, and RA 3. Specifically, there are three sources of quantifiable emission reduction benefits,
which are assessed over the 20 years of Program life (including 5-year implementation).

(@) The improvements in water use efficiency will lead to water savings in irrigation, which in
turn will result in energy use reduction for drafting/pumping water, estimated at 9.27 million
kWh annually. Using the Ex-Ante Carbon-Balance Tool (EX-ACT) for GHG accounting, this is
converted into 0.16 million tonnes of CO,-e reduction during Program lifetime.

(b) Forest cover with improved water retention capacity in the demonstration sub-basins
(50,725 ha). The EX-ACT tool was used for GHG accounting. The carbon-balance is defined
as the net balance from all GHGs expressed in CO, equivalent that will be emitted or
sequestered due to Program implementation compared to a ‘without project’ scenario. EX-
ACT is a land-based accounting system, estimating carbon stock changes (that is, emissions
or sinks of CO,) as well as GHG emissions per unit of land, expressed in equivalent tonnes of
CO; per ha and year. With baseline conditions of forests and type of reforestation identified,
inputting improved forest cover of 50,725 ha into the forest management tab (in the tool)
will result in an estimated net mitigation of 3.66 million tonnes CO,-e over the Program life.

(c) COD reduced at wastewater treatment facilities in demonstration sub-basins (tonnes).
Improvement in wastewater treatment efficiency is expected to result in an improvement in
the reduction of COD concentrations (influent minus discharge) from 50 mg/L to 65 mg/L.
The improved efficiency is expected to apply to wastewater services for people in the
Program counties. Most of the counties use an anaerobic-anoxic-oxic (A20) method, and no
methane capturing technology is currently being applied. The improvements are expected
to result in reduced fugitive methane emissions, leading to 141,499 tonnes of CO-e
reduction over the Program life.
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(d) Treatment and reuse of livestock/poultry manure (through on-farm treatment facilities,
biogas generation, and organic fertilizer reuse). Additional manure use is expected to be
85,570 tonnes accounting for the two provinces,* which will substitute chemical fertilizer
use. Assuming a conservative NFRV (Nitrogen Fertilizer Replacement Value) of 0.5 kg for
total N in treated livestock manure with respect to urea,** 43,435 tonnes of urea are to be
reduced, which would result in a reduction of 3.99 million tonnes of CO,-e over the Program
life.

In total, the Program is expected to realize at least 7.95 million tonnes CO,-e in emission mitigation over
the Program life. This represents a subset of the total expected benefits that are attributable to the World
Bank’s financing. The calculations are limited to the demonstration sub-basins included in the Program.
Further, RA 4 would lead to more GHG mitigation benefits that add substantially to those calculated
above. These are challenging to quantify, and so the quantitative estimates presented here should be
considered a lower bound on the Program’s overall GHG mitigation.

33 Assuming annual standing pig population at 39,000 in 78 pig farms (each with 500 pigs); each pig produces 0.73 tonnes
manure annually.

34 Hijbeek, R. et al. 2018. Nitrogen Fertiliser Replacement Values for Organic Amendments Appear to Increase with N Application
Rates. Nutrient Cycling in Agroecosystems 110: 105-115. (link)
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GENDER ASSESSMENTS

As Chinese women increasingly participate in farming activities, they have limited access to resources
and agricultural extension services which affect their effective adoption of water-saving technologies.
According to the White Paper of "Gender Equality and Women's Development in China" in 2015, women
account for about 70 percent of agricultural labor force. In past decades, a significant number of people
have migrated from rural to urban areas for jobs, and the majority of them were men. Women, especially
those between the ages of 36 and 50, tended to remain in rural source communities and spending more
hours on the farm.3® As a result, the role of women has increased both in the participation of farm labor
and in the duties that women take on in the daily management of farms. Notwithstanding the increasing
farm participation role of women, it is still men who make major decisions on rural affairs for better access
to agricultural technologies, knowledge, and information. In China, agricultural extension is still an
important driver in technology introduction and adoption. However, research suggests that the top-down
approach followed by the extension services in China through a men-dominant decision-making system
further reinforces the social norms in knowledge dissemination, which in fact prioritize men in technical
training and capacity building activities.” As a result, women’s technology adoption rates are therefore
affected by their limited access to resources, including their lesser access to credit, information, and
discriminatory practices in dissemination of new technologies.®®

Women’s limited role in farmers’ organizations further affects their uptake of water-saving
technologies and engagement in water conservation. Although rural women are involved as water users,
they are underrepresented in Water User Associations (WUAs) with limited input in decision-making
beyond the household. Since its initiation in mid 1990s, WUAs have been promoted as a part of the
irrigation management reform in China. By the end of 2014, 834,000 WUAs had been established which
comprised 29.2% of the country’s effectively irrigated area.®® While statistics on women’s and men’s
participation in WUAs in China is not available, research showed that women have limited participation
in WUA meetings, and that fewer women play leadership roles in local WUAs.* Records of World Bank
projects with WUA components showed that in Program areas, women account for about one-fourth of
the WUA membership, and about 14-18% of the heads/executive members of WUA are women.*! A
number of factors may influence women’s participation in decision-making and in the WUAs, which
include the protocol for household heads to attend community meetings, the narrow male-dominant
professional culture, relatively low educational level and social skills of women, their high domestic and
productive workloads, and relatively higher economic and social costs for women to attend such
meetings. Last but not least, there is a general lack of confidence in both genders on women’s leadership

35 Gender Equality and Women's Development in China (September 2015), Information Office of the State Council of the
People's Republic of China. http://www.scio.gov.cn/zfbps/ndhf/2015/Document/1449896/1449896.htm

36 International Food Policy Research Institute (2012) The Feminization of Agriculture with Chinese Characteristics. Discussion
Paper. http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/126960/filename/127171.pdf

37 Chen et al (2015) Research in the Promotion Mode of Water Saving Irrigation Technology under the Background of
Agricultural Feminization—A Case Study of Wuwei City, Gansu Province

38 UNWomen (2011) Rural Women'’s Access to Science and Technology in the Context of Natural Resource Management
39 Yao et al (2017) China’s Water-Saving Irrigation Management System: Policy, Implementation, and Challenge.
https://doi.org/10.3390/su9122339

40 Lu (2008) Why is it so Difficult to Tackle Gender in Water User Associations -- a case from Gansu, China.
https://www.joinforwater.ngo/en/why-it-so-difficult-tackle-gender-water-user-associations-case-study-gansu-china

41 Mainstreaming Climate Change in Irrigated Agriculture Irrigated Agriculture Intensification Il Project, World Bank.
https://www.worldbank.org/en/results/2013/12/20/china-mainstreaming-climate-change-in-irrigated-agriculture
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and management capacity, which further marginalizes women'’s role in local water use governance.
Research found that farmers’ groups are effective vehicles in disseminating technologies by building a
sense of shared purpose, and enabling cooperative actions in sustainable natural resources management
and development. Evidence shows that awareness and adoption of technology by farmers of the same
sex increases the probability of adoption, especially for female farmers.3® The lack of women’s
participation in WUAs therefore presents a missing opportunity for women’s empowerment in the
adoption of new and improved agricultural technologies.

Sampling data from demonstration areas in Sanmenxia City and Shaanxi shows that women’s
representation in local WUA and irrigation-relevant farmers’ organizations are low. The proportion of
women as members of the associations varies from 9.2 to 50 percent across different regions, with an
average of 37.7 percent. The average proportion of women as executive members is 17 percent (ranging
from 0 to 44 percent). Both figures are higher than what was reported in a 2007 study on WUAs in norther
part of China, showing the progress in the engagement of women in rural public affairs in terms of water
use. However, the finding is consistent with the previous study in terms of the overall underrepresentation
of women in farmers water use organizations, especially in leadership positions. In these associations
where women account for one-third or less of the membership, with 4 or 5 male executive members for
every female one, women’s voice and influence in local water management can be marginalized. The gap
persists even though rural women undertake about 60 percent of farming activities and 70 percent of
irrigation activities, including extensive participation in water conservancy, canal renovation, silt dredging,
and irrigating activities.

Table 24 Women's representation in local WUAs and other irrigation-relevant farmers organizations

Women'’s representation in local WUAs Baseline for Yellow River Program
and other irrigation-relevant farmers Area Reference*
organizations
Sanmenxia | Shaanxi Total
Number of Water Us'er Assouatlops,' 12 2481 2493
agriculture cooperative and associations
Total number of members 837 36294 37131
Number of female members 218 13778 13996
Proportion of female members 26.0% 38.0% 37.7% about 25%
Number of executive members 105 3910 4015
Number of female executive members 32 650 682
Proportion of female executive members 30.5% 16.6% 17.0% About 10%

* from a 2007 study on 12 rural WUAs in Hubei and Hebei

The management practices of WUA needs to be improved to ensure equal participation of both genders.
Various The assessment on the practices of several WUAs found that the association’s election process
generally involves members electing the executive members and chairman. Male members are likely to
vote for male leaders. Therefore, the imbalance of female membership will result in low representation
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of women at all levels. Also when registering a member of the WUA, it should be noted that the
membership of the association should not be limited to the “head of the household”, which is usually
man. Both female and male members of the household who are actively involved in agricultural
production and irrigation shall be encouraged to participate in the WUAs equally. Female members of the
household who are not the head of the household should be eligible to become WUA members on behalf
of the family. The increasing voice and decision-making of women will also help in better protecting the
rights and benefit of women-headed households and other vulnerable people in the rural settings.

WUAs shall carry out targeted capacity development initiative to ensure equal benefit of both genders.
While WUAs have generally brought benefits to both men and women, women may not benefit as much
as men. Earlier WUA study found that women did not learn as much from the process of participating
WUA as men, especially in terms of improving management skills, autonomy, and self-esteem. Therefore,
in addition to ensuring greater representation of women in the WUAs, targeted capacity building should
be carried out as a part of the WUA work plan to ensure that women not only improve their irrigation
technology in the WUAs, but also strengthen their leadership and management capabilities, enhance their
motivation and confidence in leading, managing and participating in the rural water use affairs. The
approach will also help sustain women'’s leadership role in local WUAs.

Furthermore, it is necessary to cultivate gender awareness in government agencies that manage
farmers' water use. The gender awareness and support from key agencies such as comprehensive water
conservancy departments and rural development departments are critical in the promotion of women’s
role and their participation. The gender awareness shall also be reflected in the development of water
conservation plans, manuals and implementation strategies that take gender into considerations. In the
meantime, the program will benefit from a solid partnership with women's federations at provincial and
local levels, to take advantage of the contextual knowledge and outreach network of the women's
federations in organizing and mobilizing women in rural affairs.

Gender Results Chain

Women's

underrepresentation in Increase women’s participation in WUA as Percentage of

local WUAs decision makers and empower women in females in executive
local water use management, providing bodies of WUA

(about one-third of the targeted training for WUAs and water (chair/co-chair or

local WUA members are professionals to improve their awareness on executive committee

women, and 6 or more gender issues in water management, and members) of WUAs

male executive strengthening their capacity to incorporate

members for every gender consideration in the development and Baseline: 15.7%

female one) implementation of water conservation plans Target: 40%
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CLIMATE CO-BENEFITS ASSESSMENTS

China is among the countries that are most prone to potential adverse impacts of climate change.
Climate change, if left unchecked, will increase the likelihood of severe, pervasive and irreversible impacts
on people and ecosystems. The 3™ National Assessment Report on Climate Change issued in 2015 found
that China is acutely vulnerable to climate change facing significant threats from sea level rise, extreme
weather events, such as droughts, heavy rains and heat waves, increased water variability and impaired
water security, biodiversity loss etc.

China is also the world’s largest carbon emitter whose carbon emissions make up about 30 percent of
the global total. It was found that China's forests are the major carbon sinks, contributing 80 percent of
the carbon storage by terrestrial ecosystems, while the croplands and shrub lands make up 12 percent
and 8 percent respectively. Together they are able to offset about 14 percent of the carbon emissions
from burning fossil fuels.

China has implemented a national strategy of actively responding to climate change. NDRC has issued a
National Climate Change Program in 2007 and further published a National Strategy for Climate Change
Adaptation in 2013 and is drafting a National Strategy for Climate Change Adaptation 2035. China has
undertaken a series of policy measures to respond to climate change, including reducing carbon
emissions, increasing forest carbon sink and improving climate resilience, as stated in the ‘Responding to
Climate Change, China’s Policies and Actions’, issued by the State Council in 2021.

In 2020, China announced new Nationally Determined Contributions targets and measures*2. By the end
of 2019, China had delivered on its 2020 climate action targets ahead of schedule as in its 2015 NDC*,
China submitted ‘China’s Achievements, New Goals and Measures for Nationally Determined
Contributions’ as an update of the 2015 NDC, aiming to peak carbon dioxide emissions before 2030, to
achieve carbon neutrality before 2060 and to increase the forest stock volume by 6 billion cubic meters
by 2030 from the 2005 level, with an additional forest stock of 1.5 billion cubic meters compared to the
2015 NDC targets.

China has committed to the following climate change mitigation measures in its NDC, including to: (i)
refine livestock and poultry manure treatment and utilization in order to reduce GHG emissions from
livestock and poultry breeding; (ii) implement forest protection and restoration, improve forest quality,
promote water and soil conservation and continue to increase forest area and accumulation to increase
forest carbon sink; and (iii) strengthen the protection and restoration of wetlands and to increase carbon
storage capacity of wetlands.

On the other hand, China has committed to proactively adapting to climate change, especially in key
areas such as in forestry and water resources, undertaking specific actions including (i) to properly
develop and optimize water resources allocation, promote sustainable economic and social development
with water resources as rigid constraints; and to (ii) build water-saving society, develop water-saving
agricultural irrigation and adjust planting structure according to the endowment of water resources.

42 https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/China%20First/cover%20letter.pdf
43 China submitted its first NDC to the UNFCCC in 2015
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Climate Co-benefits of the YRB Ecological Protection and Environmental Pollution Control Program

The Yellow River Basin is expected to experience multifaceted impacts by climate change. Several
studies** have pointed out that temperature across the Yellow River basin is expected to continue to
rise, while with average annual precipitation projected to increase while runoff to decrease with higher
decadal and spatial variability. Climate change will likely aggravate the severity and frequency of both
water shortages and flooding in the basin region, which could generate detrimental social, economic and
environmental consequences. Furthermore, climate change has induced a series of ecological problems
in the Yellow River Basin, such as land desertification and aggravated soil erosion.

The YRB Ecological Protection and Environmental Pollution Control Program (the Program) intends to
contribute to both climate change mitigation and adaptation in the Yellow River Basin in line with
China’s NDC. The climate change mitigation and adaptation co-benefits are summarized below and
illustrated in greater detail in the table attached.

In terms of climate change mitigation, the Program intends to implement the below measures in select
regions in the Yellow River Basin: (i) reducing fugitive methane emissions from polluted water bodies due
to reduced pollutant discharges (DL/2); (ii) reducing energy consumption and associated GHG emissions
by increasing agricultural water productivity (DL/1); (ii) increasing carbon sequestration due to forest and
wetland protection and restoration (DL/3); (iii) incorporating climate mitigation measures into integrated
ecosystem and water resources management plans and other policy documents at both basin and sub-
basin levels (DL/4).

In terms of climate change adaptation, the Program intends to implement the below measures in select
regions in the Yellow River Basin: (i) improving resilience towards water scarcity by increasing water
productivity (DL/1); (ii) improving resilience towards heat waves by improving ecological flows (DL/1); (iii)
improving resilience towards water pollutions by reducing pollutant discharges (DLI2); (iv) improving
resilience towards floods by improving vegetation area and quality and reducing water and soil erosions
(DLI3); (v) incorporating climate change considerations and adaptation measures into integrated
ecosystem and water resources management plans and other policy documents at both basin and sub-
basin levels (DL/4).

44 Wang, et al. (2017) Impacts of climate change on water resources in the Yellow River basin and identification of global
adaptation strategies. Mitigation and Adaptation Strategies for Global Change. 22, 67-83.

45 Wang et al. (2018) Potential impact of climate change to the future streamflow of Yellow River Basin based on CMIP5 data.
Proc. IAHS. 376: 97-104.
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Disbursement

Description and Intent to Address

Adaptation co-benefits

Mitigation co-benefits

Linked Climate Change
Indicator
DLI1 Agriculture is the main consumer of This DLI will have adaptation co-benefits due to The Yellow River Basin is
Agricultural water in the Yellow River Basin. In a expected impacts in two aspects: water scarce, with limited
water context of water scarcity and (1) Reduced water consumption improves per-capita availability of
productivity competition for water resources, and resilience against increased frequency and | water resources. If
increased in considering the need to guarantee severity of water-scarce events due to consumption continues to
Program areas | environmental flows, this DLI will climate change. Climate scenarios suggest a | increase, water needs to
(USD/m3) provide incentives to increase potential increase in severity and frequency | either be pumped from
productivity of the water utilized, and of extreme events, such as droughts and underground aquifers, or
thus reduce inefficiencies in its use. floods®. In both cases, improving water use | imported through water
efficiency is a robust, no regret adaptation | transfers and others. All
strategy for local economies these processes are high
energy-consuming.

(2) Total water consumption control Therefore, this DLI will have
contributes to assuring ecological flows, mitigation co-benefits due
needed for ecosystem conservation. In to reduced energy
future scenarios where drier conditions consumption, and
might affect seasonality and streamflow, associated upstream GHG
the DLI promotes efficiency of water emissions, for water
consumption, contributing to ecological pumping and diversions.
flows and thus building ecosystem
resilience. Resilient ecosystems are key for
a number of ecosystem services such as
flow regulation, carbon capture and
storage, timber and non timber forest
products, biodiversity conservation and
others.

DLI 2 Annual DLI 2 measures the annual pollutant This DLI will have adaptation co-benefits due to the | Mitigation co-benefits under
pollutant (e.g. BOD, COD, TN, TP) as to be reduction of environmental pollution risks, 5.5: GHG-emission
reduced by determined reduced from both point especially against the context of increased water- reduction in wastewater

46 Huang et al. (2014) have shown that extreme rain events are significantly increasing in Yellow River basin of China in the past 50 years based on historical data.




Disbursement

Description and Intent to Address

Adaptation co-benefits

Mitigation co-benefits

Linked Climate Change
Indicator
project and non-point source pollutions due to | scarce risks under climate change. Polluted water management of the revised

activities (tons)

project activities

bodies, wetlands and streams are more fragile and
vulnerable to external shocks such as droughts as
water shortages could reduces the environmental
carrying capacity of water bodies.

Joint MDB List of Eligible
Mitigation Activities if net
GHG emissions reduction
can be confirmed and if it is
substantial.

Net GHG emission reduction
is generated from reduced
fugitive methane emissions
from waterbodies due to
reduced pollutant
discharges.

DLI 3 Areas
supported by
the Program
with improved
mixed species
forest cover
and/or
terracing (Ha)

Areas applying forestry and/or
agricultural (terracing) measures to
improve soil management, soil water
retaining capacity, and restoring other
key ecosystem functions of forests and
terrace lands

This DLI will promote climate adaptation by
increasing soil water retention capacity, promoting
erosion control and reduction of soil loss, which
directly contribute to improved resilience towards
potentially increased frequency and severity of
flood risks and/or drought events under climate
change.

Program interventions will promote close-to-nature
vegetation cover, forested areas using multiple
species, and reduction of monoculture plantation
areas. The enrichment of ecosystem structural
complexity, species diversity and increased
vegetation cover make ecosystems more resilient
to climate change impacts, while providing much-
needed stable wildlife habitats for species
resilience in a changing climate.

This DLI has full potential for
mitigation co-benefits as it
increases carbon capture
and storage from increased
biomass.

DLI4.1
Integrated

DLI4 is defined that all sub-basins in the
Yellow River Basin in Henan and Wei

This DLI will address several climate change impacts
(e.g. floods, droughts, heat waves) by promoting

This DLI has potential for
mitigation co-benefits to




Disbursement

Description and Intent to Address

Adaptation co-benefits

Mitigation co-benefits

Linked Climate Change
Indicator
water River Basin in Shaanxi have developed resilience measures in the sub-basin level include climate change

environment
and ecosystem

integrated ecosystem and water
resource plans.

integrated plans and provincial guidelines. The
provincial guidelines will have a large geographic

mitigation measures, both
by reducing carbon

planning This DLI will be achieved through three | coverage and will influence the way investments emissions and increasing
process intermediate outcomes: (i) Year 2: Five | are planned at basin scales. The Program will carbon sequestration, in the
developed demonstration sub river basins promote integrated planning that improves water sub-basin level integrated

adopted integrated planning in Henan efficiency, reduces pollution, and increases quality | plans and provincial

and Shaanxi (three in Henan and two in | and extent of vegetation cover, all of which have guidelines

Shaanxi); both adaptation and mitigation co-benefits.

(i) Year 3: Henan and Shaanxi province

issue technical guidelines;

(iii) Year 5: all sub river basins within

the Yellow River basin within Henan

and Wei River Basin in Shaanxi adopt

integrated plans

*This indicator is to be further

confirmed jointly by provincial

departments and the World Bank task

team
DLI 4.2 Basin This DLI will measure the improved This DLI integrates several climate change This DLI has potential for
organization ability of the Yellow River Conservancy | considerations, including climate change impacts mitigation co-benefits to
capacity Commission, (the Yellow River basin (e.g. floods, droughts, heat waves) and resilient include climate change
enhanced to authority) to carry out consumption- measures, at the Yellow River Basin. Results mitigation measures, since
support based water resource assessment and implemented through this DLI will include improved | YRCC will be equipped with
integrated water balance using advanced ability by YRCC to model future runoff and non- a platform that will support

ecosystem and
water
resources
management
of the Yellow
River Basin

technologies such as remote sensing. It
will also measure the ability of YRCC to
improve their ability to carry out future
climate change projections and climate-
informed actions through the
preparation of a coupled land-

runoff water resources, and water consumption,
and thus facilitate planning and resilience-building
at the entire basin

the monitoring of the health
of ecosystems, facilitate the
identification of degraded
ecosystems, and provide
information useful for their




Disbursement
Linked
Indicator

Description and Intent to Address
Climate Change

Adaptation co-benefits

Mitigation co-benefits

atmosphere model. Finally, it will
support YRCC in the establishment of
an integrated ecosystem and water
resources information management
platform to support decision-making on
ecosystems and water resources in the
YRB. This platform will measure, record
and integrate ecosystem and water
resources information for monitoring
and informed action.

restoration and contribution
to carbon sequestration.




