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CURRENCY EQUIVALENTS 
(As of 19 October 2012) 

Currency unit – yuan (CNY) 
CNY1.00 = $0.1600 

$1.00 = CNY6.2503 

 
ABBREVIATIONS 

AB – agriculture bureau 
ADB – Asian Development Bank 
BFA – balanced fertilizer application  
CAD – comprehensive agricultural development 
CPMO – central project management office 
DI – design institute 
EA – executing agency 
EIA – environmental impact assessment 
EMP – environmental management plan 
EMS – environmental monitoring station 
EMU – environmental management unit 
EPB – environmental protection bureau 
FRB – forestry bureau 
GDP – gross domestic product 
IA – implementing agency 
IEE – initial environmental examination 
IEM – independent environmental monitor 
IPM – integrated pest management 
LPMO – local project management office 
MEP – Ministry of Environmental Protection 
MOF – Ministry of Finance 
NDRC – National Development and Reform Commission 
O&M – operation and maintenance 
OEE – onsite environmental engineer 
PLG – project leading group 
PMO – project management office 
PPMO – provincial project management office 
PPMS – project performance management system 
PPTA – project preparatory technical assistance 
PRC – People‘s Republic of China 
SOCAD – State Office for Comprehensive Agricultural Development 
SEPA – State Environmental Protection Administration (now MEP) 
TA – technical assistance 
WRB – water resource bureau 

 
WEIGHTS AND MEASURES 

   
ha – hectare 
km – kilometer 
m – meter 
m

2
 – square meter 

m
3
 – cubic meter 

mg/l – milligrams per liter 
mg/m

3
 – milligrams per cubic meter 

mu – unit of land area equal to 1/15 ha or 667 m
2 
 

 
NOTE 

In the report, ―$‖ refers to US dollars. 
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A. EXECUTIVE SUMMARY 
 
1. This report summarizes the results of the environmental assessment of the 
Comprehensive Agricultural Development Project. The project has been classified by the Asian 
Development Bank (ADB) as category B for which an initial environmental examination (IEE) is 
required. This IEE is prepared in accordance with the requirements of ADB‘s Safeguard Policy 
Statement (SPS, 2009),1 and complements the domestic environmental impact assessment 
(EIA) report that meets the requirements of the EIA Law (2003)2 and relevant regulations of the 
People‘s Republic of China (PRC). 
 
2. Under the PRC‘s environmental laws and regulations, and in consideration of the 
multiprovincial nature of the project, a comprehensive environmental assessment has been 
undertaken. The domestic EIA has been completed by a qualified local institute 3  using 
methodologies and standards consistent with relevant guidelines established by the PRC‘s 
Ministry of Environmental Protection (MEP). The approving authority for the domestic EIA report 
is the MEP. The project preparatory technical assistance (PPTA) consultants assisted in the 
preparation of the domestic EIA, which was approved by MEP on 28 July 2011.  
 
3. The IEE concludes that the project will generate multiple environmental benefits. The 
major anticipated environmental benefits will include (i) water savings from existing irrigated 
lands; (ii) reduced use of agrochemicals per hectare (ha); (iii) reduced soil loss, and improved 
soil quality; (iv) reduced salinization and waterlogging; (v) recovery of plastic mulch; (vi) 
promotion of green agriculture; and (vii) increased climate resilience. They will contribute to 
sustainable agricultural development and income generation for farmers. 
 
4. No project activities will be carried out in environmentally or socially sensitive areas. 
With the implementation of mitigation measures, the potential environmental impacts of 
construction activities are anticipated to be minor, temporary, and localized, considering the vast 
area and small scale of the engineering works. 
 
5. In identifying and assessing the potential environmental impacts during the operation 
phase, a review of the World Bank‘s previous comprehensive agricultural development projects 
in the PRC has been carried out. The environmental analysis focused on the key potential 
impacts, including (i) use of additional water resources; (ii) ground water tables; (iii) irrigation 
water quality; (iv) impact of irrigation tail water on ambient water quality; (v) lake eutrophication; 
(vi) water impoundments; (vii) pollution prevention and public health; (viii) protected areas and 
species; and (ix) physical and cultural resources.  
 
6. A consolidated environmental management plan (EMP) has been developed. The EMP 
include, among other things, a detailed description of the potential environmental impacts and 
mitigation measures, environmental monitoring program, public consultation program, reporting 
and supervision, feedback and adjustment mechanism, and institutional responsibilities. It is 
carefully designed to fit into the PRC‘s existing environmental management system. It has been 
concluded that, with mitigation measures and agreed monitoring arrangements, the residual 
impacts will be insignificant. 
 

                                                
1
  ADB. 2009. Safeguard Policy Statement. Manila. 

2
  PRC. 2003. EIA Law of the People’s Republic of China. Beijing: People‘s Congress. 

3
  China Agriculture University EIA Center with a Class A Certificate issued by the PRC‘s Ministry of Environmental 

Protection. 
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B. POLICY, LEGAL, AND ADMINISTRATIVE FRAMEWORK 
 

1. Legal Framework 
 
7. The environmental management system in the PRC consists of a well-defined hierarchy 
of regulatory, administrative, and technical institutions. At the national level, the People‘s 
Congress has the authority to issue national environmental laws; the State Council promulgates 
the national environmental regulations; and MEP issues the environmental guidelines. The 
provincial and local governments can also issue provincial and local environmental regulations 
and guidelines in accordance with the national ones. In addition, the local ordinances, national 
and local environmental standards, and national and local five-year environmental protection 
plans form important parts of the legal framework. 
 
8. The major laws that established the PRC‘s legal and administrative framework for 
environmental and natural resource management include, among others, the Environmental 
Protection Law (1989), Environmental Impact Assessment Law (2003), Water Law (2002), 
Water Pollution Prevention and Control Law (2008), Air Pollution Prevention and Control Law 
(2000), Solid Waste Pollution Prevention and Control Law (2005), Soil Erosion Control Law 
(1991), Marine Environment Protection Law (2000), Law of Protection of Wild Fauna (2004), 
Flood Prevention Law (1998), Fishery Law (1987), Forest Law (1998), Land Administration Law 
(1999), Highway Law (1998), Energy Conservation Law (2008), and Urban and Rural Planning 
Law (2008). The major regulations pertaining to EIA of this project entail the Regulation on 
Environmental Protection of Construction Projects (1998), Regulation on EIA of Plans and 
Programs (2009), Regulation on Protection of Terrestrial Wild Fauna (1992), and Regulation 
Nature Reserves (1994). 
 
9. The implementation of the laws and regulations is supported by a series of management 
and technical guidelines. The major management and technical guidelines applicable to this 
project are provided in Table 1.  
 

Table 1: Applicable Environmental Guidelines 
Guideline Code–Year 

Guideline on Jurisdictional Authorities for Approval of EIAs of Construction 
Projects 

 
2009 

Guideline on EIA Classification of Construction Projects 2008 

Guideline on Environmental Information Disclosure (Trial) 2007 

Interim Guideline on Public Participation in EIA 2006 

Technical Guideline on EIA: Surface Water HJ/T 2.3–1993 

Technical Guideline on EIA: Atmospheric Environment HJ 2.2–2008 

Technical Guideline on EIA: Acoustic Environment HJ 2.4–2009 

Technical Guideline on Ecological Assessment (Trial) HJ/T 192–2006 

Technical Guideline on Control of Pollution from Agricultural Solid Waste HJ 588–2010 

Technical Guideline on Environmental Safety of Use of Chemical Fertilizers HJ 555–2010 

Specifications for Environmental Quality Assessment of Production Areas of 
Edible Agricultural Products 

 
HJ 332–2006 

Specifications for Environmental Quality Assessment of Production Areas of 
Greenhouse Vegetables 

 
HJ 333–2006 

Commercial Organic Fertilizers NY 525–2002 

Compound Organic–Inorganic Fertilizers NY 481–2002 
EIA = environmental impact assessment. 

 



3 

 

10. In 2006, the State Council released the Directive on Implementing Scientific Perspective 
on Development and Strengthening Environmental Protection. The policy directive called for 
strengthening of (i) water pollution prevention and control, with emphasis on drinking water 
safety and pollution control for key national watersheds; (ii) urban environmental protection, with 
emphasis on urban pollution prevention and control; (iii) air pollution prevention and control, with 
emphasis on sulphur dioxide (SO2) emission reduction; (iv) rural environmental protection, with 
emphasis on soil contamination prevention and control; and (v) ecological protection, with 
emphasis on promoting human–nature harmony. In line with the basic national policy of building 
a resource-efficient and environment-friendly society, the national 12th Five-Year Plan (2011–
2015) confirmed the importance of reducing energy intensity and pollution loading. For the 
agriculture sector, the farmland reserves will be maintained at 1.818 million mu, and it is 
forecasted that the water efficiency coefficient will be increased to 0.53. 
 

2. Institutional Framework 
 
11. In the PRC, the enforcement of environmental laws and regulations rests with the 
environmental protection authorities within each level of the government. At the national level, 
MEP is the regulatory, enforcement, and supervision authority. Each province has an 
environmental protection department (EPD). The environmental management authorities at the 
municipal and county levels are the environmental protection bureaus (EPBs). These authorities 
are supported by the environmental monitoring centers and the environmental protection 
research institutes. 
 
12. There is a well-developed environmental monitoring network across the country. There 
is an environmental monitoring center each at the national, provincial, and municipal level. The 
national and provincial environmental monitoring centers are responsible for, among other 
things, setting up and supervising the implementation of environmental monitoring standards 
and protocols; and compiling and publishing environmental quality statistics at the national and 
provincial level, respectively. The regular monitoring of ambient environmental quality and the 
compliance monitoring of pollution sources rest with the municipal (prefecture) and county (or 
county-status city) environmental monitoring center and/or station. Moreover, five regional 
environmental inspection and supervision centers were set up across the country in 2008, with 
the responsibility to oversee environmental law enforcement, investigate serious pollution 
cases, and mediate cross-regional environmental disputes.  
 

3. Applicable Environmental Standards 
 
13. The environmental standard system that supports the implementation of the 
environmental protection laws and regulations in the PRC can be classified into two categories 
by function—ambient environmental quality standards, and pollutant emission and/or discharge 
standards. The applicable standards are summarized in Appendix 1. The standards meet or 
exceed internal guidelines and best practices, and are considered adequate for the project. 
 

C. DESCRIPTION OF THE PROJECT 
 

1. Project Impact, Outcome, Components, and Outputs 
 
14. The overall impact of the project is expected to be enhanced food security and increased 
rural incomes arising from the increased output of grain and high-value crops. At the same time, 
there is expected to be an increase in water use efficiencies through the adoption of water-
saving technologies. Capacity development for provincial and city and/or county agencies will 
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also assist in extending the technologies to other areas. The ADB loan will be used particularly 
for the modernization of irrigation and agricultural infrastructure with the main focus on medium- 
and low-yield farmland. 
 
15. The project comprises two investment components: (i) improved irrigation infrastructure 
and operation and maintenance (O&M), and (ii) improved agricultural support. There is also a 
capacity development component that focuses on improved project management in the two 
important areas of (i) improving the project management capacity of all implementing agencies 
(IAs) from the provincial down to the county level, as well as at the national level, where 
necessary; and (ii) developing the project monitoring and management system at county, 
provincial, and national level by providing equipment and training in modern approaches. 
Training in comprehensive agricultural development (CAD) policies will be strengthened for the 
rural cadres, technicians, finance personnel, and benefited farmer households in the project 
counties, making them familiar with the requirements of fund and project management and 
therefore better fulfill the tasks of the project. 
 
16. The proposed project covers a total of 69 counties and county-status cities and districts 
in five provinces and one autonomous region: Anhui, Heilongjiang, Henan, Jilin, and Yunnan 
provinces, and the Ningxia Hui autonomous region (Table 2; see location maps in Appendix 2).4 
The six project provinces have been selected on the basis of geographical diversity and food 
self-sufficiency (see section C.2), so that the success from the project can be disseminated to 
other provinces of similar conditions. In terms of geographical coverage, Heilongjiang and Jilin 
are situated in the northeastern region, Anhui and Henan in the central area, Ningxia in the 
northwest, and Yunnan in the southwest of the PRC. To maximize poverty benefits, the 
relatively wealthy eastern provinces are excluded. 
 
17. The project outputs include improved (i) irrigation and drainage infrastructure, (ii) 
agricultural support, and (iii) project management. The project will improve irrigation and 
drainage of about 117,000 ha of land in the project area. Improved irrigation and drainage 
infrastructure will support the construction and rehabilitation of irrigation and drainage 
infrastructure, and improve O&M measures. These will include (i) upgrading and completing 
drainage and irrigation systems covering an area of 56,588 ha, and increasing the surface 
irrigated area by 8,650 ha; (ii) developing and upgrading tube well (groundwater) irrigation 
systems in 32 cities and/or counties covering an area of 41,183 ha, and increasing the irrigated 
area by 29,979 ha; (iii) introducing water-saving technology on 74,495 ha of surface- and 
groundwater-irrigation systems; and (iv) facilitating establishment and supporting of 68 water 
users associations (WUAs).   
 
18. Improved agricultural support will focus on improving (i) soil quality for about 67,138 ha, 
including land leveling; soil testing and analysis for appropriate fertilizer application; promotion 
of crop residue returning to farmland; and salinity improvement, particularly in Ningxia; (ii) on-
farm service roads of about 1,866 kilometers (km) for field operations and transportation of 
crops; (iii) agricultural practices, such as distribution and promotion of wider use of quality 
seeds; and provision of agricultural machinery for field cultivation and harvest activities; (iv) 
reduced land degradation in critical areas through expansion of shelterbelt forest and 
environmental production forest; (v) demonstration of modern agricultural technologies, such as 
greenhouse agriculture; and pollution-free and/or green agriculture; and (vi) farmer capacity 
through training and the establishment of 117 farmer professional associations (FPAs) or 
cooperatives on balanced fertilization application, farming technologies, and marketing skills.  

                                                
4
  For the purpose of this IEE report, the Ningxia Hui autonomous region is referred to as a province.  
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19. Improved project management will focus on (i) increasing the capacity of the 6 provincial 
and 69 city and/or county CAD offices by providing training, information exchanges, and 
necessary equipment; (ii) upgrading the information management system, and establishing a 
project performance management system (PPMS); (iii) establishing national-, provincial-, and 
county-level expert teams to provide technical advice for project implementation and safeguards 
management; (iv) conducting research and studies on water conservation, farmer participation, 
and farming technologies; and (v) training on real-water saving and reducing water footprints. 
 
20. Detailed descriptions of the project activities by province are presented in Appendix 3. 
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Table 2: Project Provinces and Counties 

Province Prefecture 
No. of 

Counties County and/or City and/or District 

Anhui Fuyang City 6 Jieshou City, Taihe County, Funan County, Linquan County, 
Yinquan District, Yinzhou District 

Bozhou City 2 Mengcheng County, Guoyang County 

Heilongjiang Haerbin City 1 Binxian County 

Qiaihaer City 1 Fuyu County 

Mudanjiang City 2 Hailin City, Ning‘an City 

Jiamusi City 3 Huachuan County, Huanan County, Fujin County 

Shuihua City 2 Qing‘an City, Wangkui County 

Daqing City 2 Dumeng County, Saertu District 

Hegang City 2 Luobei County, Suibin County 

Shuayashan City 2 Raohe County, Baoqing County 

Jixi City 1 Hulin City 

Heihe City 1 Nengjiang County 

Henan Zhengzhou City 2 Zhongmou City, Xinzheng City 

Kaifeng City 3 Lankao County, Qi County 
Kaifeng County 

Xinxiang City 2 Yanjin County, Changyuan County 

Jiaozuo City 2 Qinyang City, Mengzhou City 

Jilin Changchun City 5 Yushu City, Jiutai City, Dehui City, Shuangyuang District, 
Nongan County 

Jilin City 2 Changye District, Yongji County 

Songyuan City 1 Fuyu County 

Siping City 1 Lishu County 

Liaoyuan City 2 Dongfeng County, Dongliao County 

Tonghua City 3 Meihetou City, Liuhe County, Huinan County 

Baicheng City 1 Taobei District 

Ningxia  Yinchuan City 3 Helan County, Yongning County, Lingwu County 

Wuzhong City 2 Qingtongxia City, Wuzhong City 

Zhongwei City 2 Zhongwei City, Zhongning County 

Ningxia Farming 
and Cultivation 
Bureau 

1 Pengjibao Cattle Farm 

Yunnan Kunming City 2 Yiliang County, Songming County 

Qujing County 1 Qilin County 

Baoshan City 2 Tengchong County, Channing County 

Zhaotong City 1 Zhaoyang Ditrict 

Lijiang City 1 Yulong County 

Chuxiong 
Prefecture 

1 Yao‘an County 

Honghe 
Prefecture 

1 Shiping County 

Dali Prefecture 2 Heqing County, Eryuan County 

Dehong 
Prefecture 

1 Luxi City 

Total  69  

 
2. Background and Criteria for Selection of Project Provinces and Counties 

 
21. National food security is considered a major policy issue for the PRC; and provinces 
were selected that represent the major food-surplus regions of the country, and the food-
balanced regions of the northwest and southwest of the country. Major grain surplus provinces 



7 

 

have to maintain and enhance their food production, so that they can continue exporting surplus 
foods to other provinces and autonomous regions. The 13 major grain-producing provinces in 
terms of area each account for more than 3% of the national area, and its total in 2008 
accounted for 66.8% of the national area.5 These same 13 provinces are the main cereal-
growing areas6 and together accounted for 68.0% of the national area in 2008. In terms of 
output, the 13 largest producing provinces accounted for 75.5% of national grain output and 
77.0% of national cereal output. The food-balanced regions, i.e., those provinces and 
autonomous regions that are currently producing just sufficient food for their own consumption, 
also have to maintain and enhance their food production, so that they will not become food-
deficit regions. Currently, many provinces in the western part of the country are under this 
category. 
 
22. The provinces of Anhui, Heilongjiang, Henan, and Jilin are among the 13 food-surplus 
provinces, while Ningxia and Yunnan are food-balanced provinces. Anhui, Heilongjiang, Henan, 
and Jilin—the top four food-surplus provinces in the country––are all included in the top 10 in 
terms of area and production of grains and cereals; and in aggregate, accounted for 29.5% and 
28.0% of the area of grains and cereals, respectively; and 29.2% and 29.6% of output of grains 
and cereals, respectively, in 2008. This confirms the importance of these four provinces in 
ensuring food security. Yunnan is also one of the larger grain and cereal producers in the 
country, being ranked 11th and 13th, respectively. However, in terms of output, Yunnan is 
ranked outside the top 13, producing only 2.9% of the national grain output and 2.6% of national 
cereal output, suggesting that current yields are significantly below the national average. 
Ningxia, while self-sufficient in grain and cereal production, is a minor producer within the 
national context. 
 
23. Of the six project provinces of Anhui, Heilongjiang, Henan, Jilin, Ningxia, and Yunnan, 
the first four project provinces represent the major food-surplus regions of the country and the 
last two project provinces represent food-balanced regions of the northwest and southwest of 
the country. The wealthier eastern seaboard provinces were excluded from consideration. 
These six project provinces provide a reasonable basis on which to develop new concepts that 
could be extended to the rest of the country. 
 
24. Within each project province, cities and/or counties were selected for participation in the 
project. Based on the translated national proposal, the criteria used for selecting the project 
districts were that (i) the project areas should be part of the country‘s main grain production 
areas, with a large contiguous area of land that is suitable for developing agriculture on an 
increased production scale and for developing a sustainable agricultural base; (ii) the availability 
of water resources should be assured, including the existence of an adequate water 
conservancy framework that reflects the situation with respect to irrigation, drainage, and flood 
control; (iii) government at the provincial, prefecture and/or municipal, and city and/or county 
level and farmers are enthusiastic about the project; have an urgent need for a CAD project; 
and can assure the local counterpart financial contributions; (iv) CAD organizations at all levels 
have already been established and have experience in project management; (v) the proposed 
project will not be implemented in an environmentally sensitive area and will not include any 
activities with critical negative environmental impacts; and (vi) there are clear and sound 
economic, social, and environmental benefits associated with implementation of the project. 
 

                                                
5
  Grain crops are defined as cereals, soybeans, and tubers. 

6
  Rice, wheat, and maize. 
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25. Out of the five criteria for the selection of project counties, three are environmental 
considerations. This ensured the incorporation of environmental considerations at the early 
stages of project preparation and design for maximization of environmental benefits, and 
avoidance and minimization of adverse environmental impacts. 
 

3. Previous ADB and World Bank Projects 
 
26. In recent years, ADB and World Bank financed a number of agricultural development 
projects in the PRC. For ADB, these include (i) Henan Ecological Agriculture and Productivity 
Improvement Project (2007–2014); (ii) Dryland Sustainable Agriculture Development Project 
(2008–2014); (iii) Ningxia Integrated Ecosystem and Agricultural Development Project (2008–
2014); and (iv) Shanxi Integrated Agriculture Development Project (2009–2015). In the past 
decade, the World Bank has financed a series of CAD projects in the PRC. They include (i) 
Irrigated Agriculture Intensification Project I (1991–1995); (ii) Irrigated Agriculture Intensification 
Project II (1998–2005); (iii) Guanzhong Irrigation Improvement Project (1998–2003); (iv) Anning 
Valley Agricultural Development Project (1999–2006); (v) PRC Water-Saving Irrigation Project 
(2001–2005); (vi) Jiangxi Integrated Agricultural Mechanization Project (2004–2010); (vii) 
Irrigated Agriculture Intensification Project III (2005–2010); and (viii) Agricultural Technology 
Transfer Project (2005–2011). A summary of the most recent World Bank projects with 
reference to this project is provided in Appendix 4. 
 
27. The review of related projects has enabled the study to focus on critical environmental 
issues of concern. These critical environmental issues of concern were identified early in the 
project preparation process in reference to ADB and World Bank project experiences, and in 
partnership between the central, provincial, and local government officials, local design and EIA 
experts, ADB officers and specialists, PPTA consultants, and community representatives. They 
have been closely examined by ADB, PPTA, and local environmental specialists. 
 
28. For the ADB- and World Bank-financed CAD projects in the PRC, the identified positive 
impacts include (i) improving the balance between supply and demand of the limited water 
resources by reducing leakage and improving water use efficiency; (ii) slowing down the rise in 
ground water table and avoiding salinization and waterlogging; (iii) reducing soil erosion; (iv) 
reducing the use of agrochemicals; (v) promoting integrated water resource management and 
integrated pest management (IPM) among the users; and (vi) raising the income and social 
wellbeing of the beneficiary farmers. The identified adverse environmental impacts include (i) 
risk of spread of crop diseases and pests from conversion of rain-fed to irrigated land, (ii) 
additional use of agrochemicals; and contamination of soils and ground water, especially in 
areas with a shallow ground water table; (iii) risk of eutrophication of receiving water bodies 
from agricultural runoff; and (iv) safety of dams and reservoirs used for irrigation. With the 
implementation of mitigation measures, the adverse impacts can be minimized to an 
insignificant level. 
 

D. DESCRIPTION OF THE ENVIRONMENT 
 

1. General 
 
29. The project areas are encompassed in six provinces (Jilin, Heilongjiang, Anhui, Henan, 
Yunnan and Ningxia Provinces) and 69 counties stretching from the Russian border in 
northeastern part of the PRC to the border of Myanmar, Laos and Viet Nam in the southwestern 
region of the PRC. It therefore carries a broad range of characteristics with regards to climatic 
variation, rainfall patterns, cultivation practices, cropping systems, water sources, and water 
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availability. A brief summary of selected climatic variables in the provincial capitals of the six 
provinces are indicated in Table 3. Further details for each of the provinces are described in 
subsequent sections. 

Table 3: Selected Climatic Variables for the Six Provinces: 2008 

  
City/Province 

Precipitation (mm) 

Temperature 

(℃) 

Mean 
Relative 
Humidity 

(%) 

Annual 
Sunshine 

(Hours) 

Frost-Free 
Days Jan Jul Annual Jan Jul 

Ave-
rage 

Harbin, Heilongjiang 0.0 94.8 439.0 (17.6) 24.4 6.6 60 2,337.8 100–150 
Changchun, Jilin 0.2 199.8 716.8 (15.6) 23.5 7.2 59 2,380.9 120–160 
Yinchuan, Ningxia 8.1 79.4 194.6 (10.2) 24.6 9.9 49 2,824.2 140–160 
Zhengzhou, Henan 17.0 309.7 658.2 (0.7) 26.6 15.6 58 1,850.6 170–239 
Hefei, Anhui 89.8 162.3 910.2 1.0 28.7 16.4 75 1,801.2 210–200 
Kunming, Yunnan 13.6 281.5 982.2 10.7 19.4 15.4 70 1,921.0 210–365 

( ) = negative, ℃ = degree centigrade, mm = millimeter. 
Note: Data are based upon meteorological data of the provincial capital and not for the whole province. 
Sources: China Statistical Yearbook. 2009. Tables 11-13, 11-14, 11-15, and 11-16; China Agricultural Yearbook. 
2008. 

 
30. Notably, all provinces have most of the rainfall during the summer period June–
September. Ningxia is the driest province with 194 millimeters (mm) of annual rainfall; and 
hence, in most need of irrigation; while other provinces have a range of annual precipitation 
between 439 mm and 982 mm, and where irrigation is supplementary to annual rainfall. The 
number of frost-free days indicated in the table is representative of the length of the growing 
season in each province and which increases from the northeast of the PRC (Heilongjiang) 
towards the southwest of the PRC (Yunnan). 
 
31. While all the project area center on irrigation, drainage, and infrastructural 
improvements, these are to be made in the broader context of CAD so that each project varies 
with local conditions. The six project provinces proposed for the program represent very 
different levels of development with respect to farm sector conditions and commodity production 
in both agriculture and agroforestry. As the major problems in each of the six project provinces 
are different, slightly different approaches will likely be required for their solution. Table 4 
provides a comparison of some standard agricultural indicators for the six project provinces. 
 

Table 4: Agricultural Technology Indicators and Production: 2007 

Item National Jilin 
Heilong- 

jiang Anhui Henan Yunnan Ningxia 

Total sown area (‗000 ha) 156,266 4,998 12,088 8,977 14,147 6,056 1,207 

Irrigated area (‗000 ha) 58,471 1,654 3,123 3,454 4,989 1,537 452 

Total power all ag. equip. 
(‗000 kw) 821,904 18,000 30,184 48,075 94,293 20,139 6,579 

2008 investment in rural 
hydropower (CNY million) 45,689 529 33 178 128 8,826 0 

Grain (000 t) 528,709 28,400 42,250 30,233 53,655 15,186 3,292 

Cotton (000 t) 7,492 5 0 363 651 0 0 

Oil crops (000 t) 29,528 518 285 2,280 5,053 304 136 

Fruit (all) (000 t) 192,202 2,739 3,675 6,919 21,296 3,134 1,858 
 

ag. equip. = agricultural equipment, CNY = Chinese yuan, ha = hectare, kw = kilowatt, t = ton.  
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32. In all six project provinces, agricultural production is limited by the irrigation facilities 
which either have been degraded and require rehabilitation or can be expanded utilizing 
unexploited water resources. In Anhui, Heilongjiang, and Jilin provinces, waterlogging is a 
serious problem affecting yields where either the water table is high or the drainage is poor due 
to heavy soils. In Henan province and Ningxia Hui autonomous region, the water table is high in 
the vicinity of the Yellow River which impacts upon yield largely as a result of increased salinity 
of soils caused by upward migration of salts from the water table to the surface of the soils due 
to high evaporation rates. 
 
33. Some areas plan standard improvements to irrigation and drainage systems, while 
others will adopt far more comprehensive solutions requiring the integration of land 
improvement, the introduction of new techniques promoted by extension classes, and upgrading 
of the irrigation systems.  
 
34. In the northeastern provinces of Heilongjiang and Jilin, the main problem for irrigated 
agriculture is related to the cold temperature regime and short growing season, limiting 
expanded agricultural production. How to make the fullest use of the limited accumulated 
temperature in these provinces is one of the most significant challenges to increasing 
agricultural productivity. In some sites within Heilongjiang and Jilin, large-scale professional 
irrigated-covered nurseries (temporary greenhouses) will be established for rice transplants to 
reduce the time required for maturation by 5–10 days. At the same time, researchers are 
developing mechanized rice seedling transplanting technology which will further reduce planting 
time from 10 to 3 days. Thirdly, mechanization of the harvest will shorten the time required for 
harvest by several days and should reduce yield losses in harvesting. Taken together, there is a 
potential saving of 2 weeks after these innovations are adopted, allowing the use of higher-
yielding varieties with a longer growing season that will result in higher yields and higher profits 
for grain farmers. Reflecting CAD, water, new equipment, new varieties, low-cost plastic 
greenhouses, and combines come together to assure greater production and higher incomes.  
 
35. In Henan province and Ningxia Hui autonomous region, problems for improving both 
production and reliability of production are related to limited water resources and degraded 
irrigation systems. The main issues that must be addressed in these cases are related to how to 
(i) adopt water-saving technologies to reduce water loss; and (ii) increase the effectiveness of 
irrigation, improvements to water use efficiency, balanced fertilization, and mulching to improve 
agricultural productivity.  
 
36. In Yunnan province, major problems are related to the fact that in some project areas, 
the availability of water resources (precipitation and irrigation water) and available radiation are 
concomitant; in others, these two vital components for food production systems are not. 
Specifically, while inter-annual temperature change is small, inter-annual radiation and annual 
precipitation varies greatly. Much of this available radiation (accumulated temperature) is not 
fully utilized due to the lack of appropriate systems for storage and management of water 
resources. Improvements to water retention facilities and irrigation systems will allow more 
effective use of abundant radiation. 
 

2. Heilongjiang Province 
 
37. Geography and environmental resources. Heilongjiang province is situated in 
northeastern PRC, between longitude 121°11'–135°05' E and latitude 43°25'–53°33' N. It lies in 
the eastern part of Eurasia, west shore of the Pacific Ocean, belonging to the continental, 
temperate, and monsoon climate. The average annual temperature is -5°C to +5°C. The 
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average annual precipitation is 531 mm. The precipitation in the growing season (April to 
September) accounts for more than 80% of the total for the whole year. The frost-free period for 
the year lasts 100–150 days on average. The average sunshine hour per year totals 2,400–
2,800 hours. Many mountains are located in the central part of the province. 
  
38. The project area involves 10 cities, 17 counties (cities or districts), 17 villages and towns, 
85 administrative villages, and 68,000 farmer households in the province. There are 272,000 
agricultural population in the project area. The number of the workforce is 109,000. The area of 
land totals 34,680 ha, including 24,276 ha of arable land. In 2008, the total grain output was 
279,700 tons, agricultural gross output value was CNY1,823 million, gross income of farmers 
was CNY1,130 million, and per capita income of farmers is CNY3,463.  
 
39. In the project area, there are 34 organizations that provide improved crop varieties at the 
county and township levels, with the number of agricultural technicians totalling 449. The total 
area of the improved varieties bases is 1,020 ha and the improved variety warehouse amounts 
to 47,600 square meters (m2). There are 374 sets of improved varieties processing equipment, 
with a capacity of 8,010 tons; improved variety coverage rate has reached 90%. There are 34 
agricultural extension service organizations at the county and township levels, with 459 
agricultural technicians. The total power of the agricultural machineries and 116,000 sets of 
agricultural tools, reached 917,800 kilowatts (kW). There are 8 reservoirs with a capacity of 162 
million cubic meters (m3), 284 powered wells with a capacity of 5,687 kW for 4,300 ha of arable 
land. There are 28 trunk canals with a length of 165 km and 125 branch canals of 251 km. The 
area of farmland shelter forest is 1,694 ha. The forest cover has reached 7.0%. 
 
40. There are 39 protected areas in the project counties in Heilongjiang province. No project 
activities are located in any of the protected areas. Biological surveys, as part of the domestic 
EIA, did not reveal any protected species.  
 
41. Water resources. Heilongjiang is endowed with relatively rich water resources. Its five 
major water systems include Heilongjiang River, Wusuli River, Songhua River, Nen River, and 
Suifenhe River. Although annual rainfall is moderate (400–650 mm) equivalent to total 249.2 
billion m3 of precipitation, potential water resources are generally adequate due to low 
evapotranspiration rate, the cool climate, and low use of water resources due to low population. 
However, exploitation of Heilongjiang‘s water resources has developed dramatically over the 
past 10 years resulting in the expansion of the irrigation area by 45% between 2000 and 2008, 
from 2.00 million ha to 2.95 million ha. Similarly, the reservoir capacity has almost doubled in 
the same period from 8.4 billion m3 to 15.7 billion m3 largely through construction of large- to 
medium-sized reservoirs (Table 5). As of the end of 2008, the province has 694 water storage 
facilities with 22 large-sized reservoirs and 78 medium-sized reservoirs. The newer reservoirs 
are well constructed and of little need for repair; however, the smaller reservoirs built in the 
1960s and 1970s often have earthen dams and are in need of reinforcement. The province has 
developed 1,241 water diversions and a total of 178,000 electromechanical wells and 
supporting water saving facilities. The accumulative water savings in 2008 are estimated at 17 
billion m3, of which about 50% was through surface water and 50% through groundwater.  
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Table 5: Irrigation Area, Reservoir and Well Data in Heilongjiang Province, 2000–2008 

Item 2000 2005 2007 2008 
Increase (%) 
2000–2008 

Effective irrigated area (‗0,000 ha) 203.2  239.4  295.0  295.0  45.2 

Drainage and irrigation areas of electrical and mechanical 
devices (‗0,000 ha) 

221.3  257.6  306.1  306.1  38.3 

Irrigated regions, 666.7 ha and over (no.) 321 320  318  318  (0.9) 

Irrigated area of irrigated region over 666.7 ha     (‗0,000 
ha) 

47.4  56.1  63.4  65.3  37.8 

Reservoirs (no.) 609 628  660  694  14.0 

Large (above 100 million m
3
) 17  17  22  22  29.4 

Medium (10 million–100 million m
3
) 59  63  72  78  32.2 

Small (100,000–10 million m
3
) 533  548  566  594  11.4 

Reservoir capacity (100 million m
3
) 84.2  87.7  155.6  157.6  87.2 

Large 52.5  53.9  117.2  117.2  123.2 

Medium 18.6  20.2  24.3  26.0  39.8 

Small 13.2  13.6  14.1  14.4  9.1 

Electrical and mechanical wells (‗0,000s) 17.1  21.0  25.1  28.1  64.3 

Irrigated area electrical and mechanical well      (‗0,000 ha) 101.8  107.3  136.3  141.0  38.5 

Area liable to flooding or waterlogging (‗0,000 ha) 428.0  428.6  446.0  446.4  4.3 

Area with flood prevention measures (‗0,000 ha) 313.8  325.9  329.4  330.5  5.3 
Proportion prone to floods or waterlogging (%) 73.3  76.0  73.8  74.0  1.0 

ha = hectare, m
3
 = cubic meter, no. = number. 

Source: Heilongjiang statistical year book 2009. 

 
42. Most of these increases have taken place within the prefectures included in the project 
(Table 6). The expansion of Heilongjiang‘s water reservoirs demonstrates the increasing 
demand as dictated by the expansion of the irrigation area. However, agricultural expansion has 
taken a toll on Heilongjiang‘s wetland area.7 The PRC‘s largest freshwater wetlands are located 
in the eastern region of Heilongjiang province in the Sanjiang plains, and were converted to 
agricultural land by local farmers and soldiers between the 1950s and the 1970s.8 As a result, 
the area of the Sanjiang plains has decreased by 4.32 million ha (80%) over the past 50 years; 
only 1 million ha of wetlands now remain. ADB under the Global Environment Facility (GEF) 
provided a grant of $12.14 million for rehabilitation of wetlands in the Sanjiang plains.9  

 

43. In Heilongjiang, waterlogging remains a serious problem affecting yields where either the 
water table is high or the drainage is poor due to heavy soils. To date, some 3.3 million ha have 
undergone some flood prevention measures.  
 
44. Much of the existing irrigation systems constructed in the 1960s and 1970s has 
deteriorated. The irrigation coefficient is only 0.40 and is a severe constraint to agricultural 
production. The overall concept in the project area in Heilongjiang province is to (i) renovate and 
line existing earthen irrigation canal systems which will allow the water in the canals to reach a 
larger irrigation area, and (ii) construct new canal systems. The increased irrigation area will 
allow a change of cropping system from dry land crops (maize and soybeans) to a rice 
production cropping system which has a higher crop value and higher yields. In areas which are 

                                                
7
 ADB. 2009. International Workshop on Sanjiang Plain Watershed and Wetlands, September 2009. Harbin. 

8
 He Zhi-peng, C. Pan, H. Zhao, J. Shang. 2008. 15th Annual Conference Proceedings, International Conference on 

the issue of wetlands protection and management conflicts and countermeasures: Taking Heilongjiang province as 
an example. Management Science and Engineering, ICMSE 2008. Volume, Issue 10–12, September 2008, pp. 
1848–1856. 

9
 ADB. 2005. Report and Recommendation of the President to the Board of Directors on a Proposed Loan and 

Global Environment Facility Grant to the People’s Republic of China for the Sanjiang Plain Wetlands Protection 
Project. Manila (Loan 2157-PRC/Grant 4571-PRC). 
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higher and less surface water is available, irrigated crop production depends upon groundwater 
extraction. 

Table 6: Heilongjiang Water Conservancy Measures by City/Prefecture 2008 

City/ 
Prefecture 

Reser- 
voirs 
(no.) 

Reservoir 
Capacity 
(MCM) 

Area with 
Flood 

Prevention 
(‗0,000 ha) 

Area with 
Flood 

Prevention 
(%) 

Improved 
Area of Saline 
Alkaline Land 

(‗0,000 ha) 

Improved 
Saline 
Alkali 
Land 
(%) 

Total 694  15,761  330.6  74.1  19.7  34.4  
Harbin 186  1,773  32.3  80.2  2.6  67.1  
Qiqihar 65 875  30.5  67.6  1.7  17.0  
Jixi 35  738  4.2  60.4  - - 
Hegang 7  62  24.0  49.6  - - 
Shuangyashan 8  34  42.0  82.0  - - 
Daqing 9  135  7.1  46.9  4.4  30.6  
Yichun 13  564  11.7  71.2  - - 
Jiamusi 17  229  1.1  60.9  - - 
Qitaihe 20  896  4.1  56.8  - - 
Mudanjiang 30  354  13.5  68.7  - - 
Heihe 44  2,428  2.7  77.3  - - 
Suihua 86 770 2.2  61.8  10.7  42.4  
Daxinganling 0  0  9.1  78.1  - - 
- = data not available, ha = hectare, MCM = million cubic meter, no. = number. 
Source: Heilongjiang statistical year book 2009. 

 
45. Thirteen of the 17 subproject areas in Heilongjiang province use surface water for 
irrigation, while the other 4 use groundwater. Water demand after the project will be reduced in 
most of the counties using surface water for irrigation, while surface water use will be increased 
in Hulin county (9.0 million m3), Dumeng county (11.2 million m3), and Huachuan county (105%). 
However, this is not likely to cause surface water shortage in these three counties as the 
available surface water resources are plentiful. For the subproject areas using groundwater for 
irrigation, water consumption after project will be either decreased or slightly increased since 
only a small amount of water is required for supplementary irrigation in these areas. For 
example, the estimated use of groundwater in Fuyu county will only be 2.1 million m3 per year, 
the smallest amount for all counties in Heilongjiang province. Water quality in the subproject 
areas ranges from class I to class IV and is suitable for irrigation.  
 

3. Jilin Province 
 
46. Geography and environmental resources. Jilin province is situated in the central part 
of northeastern PRC, between longitude 121°38′–131°19′ E, and latitude 40°52′–46°18′ N. It is 
in the transition from the temperate zone to the subfrigid zone, with a continental monsoon 
climate. The average annual temperature is between 2ºC–6ºC. It has abundant precipitation, 
with an average annual rainfall of 600.7 mm, of which more than 60% is concentrated in the 
summer months of June–August. The annual sunshine totals 2,200–3,000 hours, annual 
average cumulative temperature reaches 2,700ºC–3,600ºC, and frost-free period is about 120–
160 days. Rain and heat occur in the same season, which helps growth of crops. The project 
area has mostly black soils, chernozem, and other high fertility soils that have abundant organic 
matter. 
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47. The project involves 15 counties (districts), 21 villages and towns, and 161 
administrative villages in 7 cities. The agricultural population in the area is 468,000, involving 
117,300 households with agricultural workforce of 280,800 people. The total land area is 60,833 
ha, with 24,333 ha of cultivated area. The effective irrigated area is 20,661 ha, including 19,458 
ha using surface water, and 1,203 ha using groundwater. In 2008, the output of grains totalled 
203,700 tons, the agricultural gross output value was CNY321.6 million, and the per capita net 
income of farmers was CNY4,500. 
 
48. The agricultural infrastructure in the project area is well developed. At the county and 
village levels, there are 89 agricultural extension service organizations for technological 
popularization, and 432 organizations for providing seeds. There are 370 ha of improved seed 
variety bases and 8 seed processing factories supplying 10,207 tons of improved varieties 
annually. There are 70 agricultural machinery service organizations with a total agricultural 
machinery power of 4.26 million kW, including 22,085 tractors and 50,064 sets of farm 
machinery. There are 70 powered pump stations for drainage and irrigation, with a total installed 
capacity of 9,773 kW. There are 37 trunk canals with a total length of 309 km, and 731 branch 
canals with a total length of 967 km. Water-saving irrigation area is 2,414 ha, including 2,256 ha 
with seepage prevention irrigation, 2,414 ha with low-pressure pipeline irrigation, and 98 ha with 
sprinkling irrigation. The project area has 884 ha of farmland shelter forests and 391 ha of 
shelterbelt forests. The forest cover rate has reached 10.59%. 
 
49. There are 5 protected areas in the project counties in Jilin province. No project activities 
are located in any of the protected areas. Biological surveys, as part of the domestic EIA, did 
not reveal any protected species.  
 
50. Water resources. Like Heilongjiang, Jilin is endowed with relatively rich water resources 
due to its moderate annual rainfall (500–950 mm) and low evapotranspiration rate. Its major 
river systems include the Songhua River, Yalu Tumen River, and Mudan River. The two largest 
lakes are the Dabs-Nur Lake and Qagan-Nur Lake. River pollution is serious in Jilin province, 
particularly in the urban areas where there is industrialization. The percentage of rivers seriously 
polluted, moderately polluted, and slightly polluted make up 44.4%, 25.9%, and 18.5%, 
respectively. The Yitong River, the East Liaohe River, the main branch of the Tumen River, and 
the Gaya River (tributary of the Tumen River) are most seriously polluted. The rivers with good 
water quality are the Piaohe River, the Jiaohe River, the Buhatong River, and the main branch 
of the Yalu River. The main pollutants are organic compounds from discharge of industrial and 
domestic wastewater. 

51. Exploitation of Jilin‘s water resources has developed dramatically over the past 10 years 
resulting in the expansion of the irrigation area by 35% between 1998 and 2008, from 1.25 
million ha to 1.68 million ha (Figure 1).  
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Figure 1: Jilin Province Irrigation Area 1949–2008 

 
Source: Jilin Province Statistical yearbook 2008, Table 11-11. 

 
52. Most of these increases have taken place within the prefectures included in the project 
area. The expansion of Jilin‘s irrigation area has impacted upon Jilin‘s wetland area, including 
the extensive Sanjiang plains,10 as described in the section on Heilongjiang.  
 
53. As in Heilongjiang, waterlogging remains a serious problem in Jilin affecting yields where 
either the water table is high or the drainage is poor due to heavy black soils. In 2008, 52,000 
ha of land were affected by floods. Much of the existing irrigation systems were constructed in 
the 1960s and 1970s, and comprise earthen canals with no lining. Moreover, the canals have 
deteriorated and collapsed in parts. The irrigation coefficient is low atonly 0.40, and this reduces 
the effectiveness and extent of the irrigation system. 
 

4. Ningxia Hui Autonomous Region 
 
54. Geography and environmental resources. Being one of the PRC‘s five ethnic minority 
autonomous regions, Ningxia is located in the northwest inland; and upper and middle reaches 
of the Yellow River, between longitude 104°17′–107°39′ E and latitude 35°14′–39°23′ N. It 
stretches from the Loess plateau to the Inner Mongolia plateau, with an average elevation of 
over 1,000 meters (m). As an inland province in the northwestern PRC, Ningxia has a typical 
continental climate with low precipitation, but high evaporation. The annual precipitation is only 
180–200 mm, of which 60%–70% falls in the summer months. The average evaporation (Type 
E601) in the irrigation area is 1,000–1,500 mm, or 5–8 times of the precipitation. The annual 
temperature in the project area is 8.5ºC, and frost-free period lasts 140–160 days. The major 
soil types include silted soil and calcium soil, with the pH value being about 7.2, and the 
average organic matter content about 0.8%.  

                                                
10

 ADB. 2009. International Workshop on Sanjiang Plain Watershed and Wetlands, September 2009. Harbin. 
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55. The project area covers 15 towns, 3 farms, and 17 medium- and low-yield districts in 10 
counties, involving the cities of Lingwu, Qingtongxia, Wuzhong, and Zhongwei, and the counties 
of Helan, Yongning, and Zhongning, as well as the Ningxia farming and cultivation bureau. The 
area has a population of 254,000 in 63,000 households and a labor force of 127,000. In 2008, 
the project area had 15,997 ha of arable land, including 16,444 ha effectively irrigated with 
water from the Yellow River. The total output of grain was 107,200 tons, total agricultural output 
value was CNY6,656.3 million, and the per capita net income was CNY4,418. 
 
56. The project area has 135 powered wells with a capacity of 675 kW for irrigation of 1,307 
ha of land; 26 powered irrigation and drainage stations with a power of 21,554 kW for irrigation 
of 5,157 ha; and 34 gravity irrigation stations, withdrawing water from the Yellow River, and with 
a designed capacity of 91 m3/s for irrigation of 109,000 ha. In addition, there are 175 branch 
irrigation canals with a total length of 350 km. The project area has 30 extension service 
stations for popularizing seed varieties, with 93 agricultural technicians. The improved seed 
variety base totals 1,836 ha, storage space 9,710 m2, bleachery 54,700 m2, and 10 seed 
processing plants. The stations provide 85% of the total seed needs of the project area. There 
are 583 technicians in 36 institutions at the county and town levels for popularizing advanced 
farming techniques. The total power of agricultural machinery, including 25,193 agricultural 
tractors and 35,042 sets of farming tools, reached 599,829 kW. The project area has 300 ha of 
farmland shelter forests, and 155 ha of shelterbelt forests; and the forest coverage rate is 2.6%. 
 
57. There are 5 protected areas in the project counties in Ningxia Hui autonomous region. 
No project activities are located in any of the protected areas. Biological surveys, as part of the 
domestic EIA, did not reveal any protected species.  
 
58. Water resources. Ningxia Hui autonomous region, which depends primarily upon the 
Yellow River for its water resources, has been suffering a decline in available water resources in 
recent years due to low quality of local water resources and a sharp drop in the Yellow River 
water volume. The annual runoff of the Yellow River through Ningxia has remained at 32.5 
billion m3, and the water resources allocated to Ningxia by the state for irrigation are 4 billion m3. 
The Yellow River flows for 78.4 km through the province at a very low gradient and relatively 
shallow depths and with numerous shifting sand banks and temporary islands. River flows have 
declined in recent years.  
 
59. Ningxia‘s total irrigated area is 450,000 ha (7.4 million mu). The main irrigation area lies 
on the Weining plain. The Weining plain has an average annual precipitation of only 192 mm 
and an average annual evaporation of 1,162 mm. It is one of the 16 important commodity grain 
bases of the country, and the population living in the plain accounts for 59% of the population of 
Ningxia. The Weining plain features 370,000 ha of irrigated land, which is 25% of the whole 
cultivated area of Ningxia and 82% of the total area of Ningxia. The plain is irrigated with water 
diverted from the Yellow River at the Qingtongxia dam and then transported throughout the 
project area by way of canals used for gravity-fed irrigation. It is one of the four principal areas 
with gravity irrigation in northwest PRC. The average annual channel water volume ranges 
between 6 billion m3 and 8 billion m3. There are 10 main irrigation canals and five major 
drainage canals. In Qingtongxia irrigation district, the irrigated area is 300,000 ha (4.95 million 
mu). The irrigation area in the state farms area covers 40,000 ha (600,000 mu) within Helan 
county, Yongning county, and three districts in Yinchuan city. The quality of surface water has 
varied over time and is generally related to the leaching of salts from the soil zone due to 
irrigation losses and shallow groundwater seepage. Monitoring of drainage water quality has 
generally shown a steady decrease in water salinity (both harmful and benign) over the last 40 
years. 
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60. A recent study suggested that the water resources of some counties in the project area 
such as Lingwu, Qingtongxia, and Wuzhong were underutilized; and the water surplus was 130 
million m3 in 2000, and all 12 counties on the plain could expand irrigated area by 5,000 ha.11 In 
addition to surface water from the Yellow River, groundwater is extensive in the Weining plains. 
The only aquifers currently used for water supply are a multilayered sequence of alluvium, 
divided into a shallow unconfined to semi-unconfined aquifer, and underlain by a first and 
second confined aquifer to depths of about 300 m. These are the only aquifers currently used 
for water supply for industry, agriculture, and potable water. Within the irrigated area, the 
average groundwater level is from 1 m to 3 m below the surface. Near the drainage channel 
system, the groundwater level can reach 4–5 m. In the northern part of Yinchuan city, the 
groundwater level is less than 2.5 m; and the yearly variation in the groundwater level is about 
1–2 m. In the southern part of the plain, groundwater is found at a depth of about 2–4 m; 
whereas in the north, it is about 1–2.5 m. This contributes to the increase in surface salinity to 
the north, caused by higher evapotranspiration,  
 
61. The shallow groundwater generally flows from the southwest and west to the northeast 
and east. It originates in the recharge from the Helan mountains at the piedmont with additions 
from direct rainfall and irrigation leakage on the Yellow River plain.  
 
62. In the southern part of the Yellow River plain, the shallow groundwater is of good quality, 
with a salinity level generally below 1 gram per liter (g/l). This is a result of high infiltration by 
diverted Yellow River irrigation water, rainfall, good drainage, and limited surface evaporation. In 
contrast, in the northern plain salinity is 1–3 g/l, with a few higher concentrations. These are 
caused by a combination of higher surface evaporation, poorer drainage, and longer residence 
times of groundwater in the aquifer. The sodium is present mainly in the form of sodium sulfate 
and sodium bicarbonate; and consequently, the water remains mostly acceptable for 
agricultural, industrial, and to a large extent, domestic uses. 12  In a series of interviews 
conducted in the irrigation districts, 15% salinity has been mentioned as a major problem to be 
addressed. 
 
63. Rice is a major crop in the irrigation districts of Ningxia Hui autonomous region due to its 
profitability and the availability of water. To keep salinity at bay, it is common to use ‗continuous 
deep flooding irrigation‘ method in the paddy fields. According to Zhang et al., (2001) the 
amount of water used for rice is two times higher than in other regions of northern PRC where 
water-saving practices have been introduced and the current irrigation method is proposed to be 
replaced with the shallow-ponded method to reduce irrigation water use from 1,405 mm to 820 
mm. 
 
64. The excess use of irrigation water is exacerbated by deterioration and poor quality of the 
extensive irrigation systems in Ningxia. The majority of the irrigation facilities were constructed 
in the 1950s. They are of low standard, in state of disrepair, and with high leakage loss. 
According to provincial data, 15.9% and 51.4% of main irrigation and branch canals, 
respectively, are unlined; 55% of irrigation stations and buildings are damaged; and 55% of 
drains are silted. The irrigation coefficient is only 0.37 with a very high average annual irrigation 
volume of 923.5 m3/mu (13,852 m3/ha).13 

                                                
11

 J. Zhang et.al. 2001. Study on the Balance of Agricultural Water and Land Resources on Ningxia Plain. Shandong. 
Available at: http://www.cjpre.cn/Res/EnMagazine/277.pdf 

12
 ADB. 2005. Technical Assistance to the People‘s Republic of China for Preparing the Ningxia Yinchuan Integrated 
Ecosystem Management Project.  Manila (PPTA PRC 38660-01; TA 4640-PRC, Cofinanced by the Global 
Environmental Facility). 

13
 Ningxia project data. 
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65. Furthermore, due to fast economic growth in the region, there will be higher demand for 
water in the industrial, urban, and rural sector; and which will be transferred from the agriculture 
sector, and which will result in competition for water resources and water conflicts. The present 
distribution of agricultural, industrial, and domestic water consumption is 93.4%, 3.9%, 2.7%, 
respectively. However, there have been encouraging results demonstrating increasing efficiency 
in the utilization of water resources in the project area which can be a reliable basis for 
successful implementation under the current project: (i) the water extracted from the Yellow 
River in 1998 was 8.994 billion m3 and decreased in 2007 to 6.413 billion m3; (ii) the irrigation 
quota decreased from 2000 to 2008 from 1,140 m3/mu to 923.5 m3/mu; and (iii) grain production 
irrigation efficiency increased between 2000 and 2007 from 0.6 kilogram (kg)/m3 to 0.82 kg/m3.  
 
66. All of the subproject areas in Ningxia use the surface water diverted from the Yellow 
River through different canal systems. The Yellow River water quality has a salt content of 0.4 
g/l and is suitable for irrigation. Pumping of groundwater for irrigation is rarely used, although 
encouraged and piloted in some downstream areas mainly because of the availability of the 
Yellow River water diverted into the district. The groundwater in this region is recharged by 
irrigation water resulting in a shallow groundwater table in most of the project counties and 
causing soil salinity as a result of insufficient drainage system or degraded drainage facilities. 
Water quality is generally suitable for agricultural irrigation in the project area, ranging from 
class I to class IV, but with class II the most common 
 

5. Henan Province 
 
67. Geography and environmental resources. Henan is located in the central PRC and 
middle and lower reaches of Yellow River, between longitude 110°21'–116°39' E and latitude 
31°23'–36°22' N, with Songshan mountain to its west, Taihang mountain to the north, and 
Huang-Huai (Yellow River–Huai River) plains to the southeast. It has a subtropical, semihumid 
to humid, warm temperate monsoon climate. The average annual temperature is between 
12ºC–16ºC; and the average annual precipitation is about 500–900 mm, of which 50% falls in 
the summer months. The frost-free period lasts 180–240 days. Soil types include brown soil and 
sandy soil, which are suitable for cultivation.  
 
68. The project involves nine counties (cities), 21 towns and 202 villages in Zhengzhou, 
Kaifeng, Xinxiang and Jiaozuo municipalities, including 254,000 people in 63,000 households 
and a labour force of 127,000. The beneficiary area covers 39,621 ha, including 26,700 ha of 
arable land with16,004 ha of effective irrigation. Among this, the area using surface water is 992 
ha, and area using groundwater is 15,012 ha. The crop growing area is 45,611 ha. In 2008, the 
project area has a total grain output at 151,446 tons, the total agricultural output value at CNY 
983.3 million, and the per capita net income for farmers at CNY 4,094. 
 
69. By the end of 2008, there were 19 improved seed extension service organizations at the 
county to village levels, with 309 employees including 203 technical personnel. There were 575 
ha of improved varieties base, with a storage space of 13,500 m2, bleachery of 24,200 m2, 
4,260 m2 of seed shops, 4 seed processing plants, 39 sets of seed processing equipment. They 
can supply 12,306 tons of improved varieties, covering 91.6% of the total area. The project area 
has 19 farming technology extension service organizations at the county to village levels, with 
462 technical personnel. It also has 4,029 powered wells with power of 13,690 kW, covering 
14,873 ha of irrigation land, and 18 powered drainage and irrigation stations for irrigation of 500 
ha of land. The project area covers 2 irrigation districts, 4 main canals with a total length of 18.5 
km, and 5 branch canals with a total length of 29 km. The project area has 1,580 ha of farmland 
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shelter forests, 641 ha of shelterbelt forests, 1,343 ha of economic forests and 160 ha of 
orchards. The forest coverage rate is 5.9%. 
 
70. There are 5 protected areas in the project counties in Henan province. No project 
activities are located in any of the protected areas. Biological surveys as part of the domestic 
EIA did not reveal any protected species.  
 
71. Water resources. According to the results of integrated planning of water resources in 
Henan Province (1956 - 2000), the multi-year average total water resources is 40.5 billion m3 of 
which 30.4 billion m3 is surface water resources and 9.5 billion m3 recharged groundwater 
resources. However with the rapid development of industry and urbanization in the river basin, 
the amount of water diverted from the Yellow River to the irrigation districts has been reduced 
since 1990s, and it is expected to decline even more in the future.14 ADB has participated in 
improving Henan‘s water supply.15  
 
72. The rapid development of industrial and agricultural production has resulted in over-
drafted groundwater aquifers and a fast decline of the groundwater table since 1980s, and 
created large draw-downs and funnels of depression in the north and east of Henan Province. 
Water diversions from the Yellow River for groundwater recharge have been an important 
approach to solve water shortage in the areas along the Yellow River. For this purpose, the 
Henan Provincial Government developed 1.20 million ha of farmland irrigated by Yellow River 

water, of which 733,000 ha is fed by groundwater and 467,000 ha by canal irrigation.
16

 However 

it is emphasized that the Yellow River along most of Henan Province is a ‗suspended river‘ and 
whose river bed is 3-5 m above the surrounding land. The river is impounded on each bank by a 
series of dykes, approximately 20 m above the surrounding area and which have been 
constructed for flood prevention over the past two millenniums. In 2003 the dykes in the vicinity 
of one of the project counties (Langkao County) was breached causing extensive flooding of 
farmland. High groundwater tables in the vicinity of the Yellow River, and which can be found in 
the project area, are therefore a result of seepage from the Yellow River flowing above the land 
area. 
 
73. There has been no substantial increase in the water resources in Henan Province over 
the past 8 years and the resources are stable if not declining (Table 7). However since 2000 
there has been a 45% increase in irrigation area from 1.2 million ha to 1.7 million ha. This is a 
result of a more efficient use of water resources and increased exploitation of groundwater. 
 

                                                
14

  Yang Baozhong. 2001. Study on the model of the Yellow River Water storage and irrigation project. Thesis for 
Master‘s Degree, Wuhan University. 2001 

15
 Henan Wastewater Management and Water Supply Sector Project ADB Loan: PRC 34473-01 (2005) 

16
 B. Dong, Z. Liang, R. Loeve, D. Molden, B. Yang, 2001. Rice impact in Henan irrigation districts along the lower 
Yellow River reaches, IWMI Publication, Occasional Paper 2001, www.iwmi.cgiar.org/Assessment/ FILES/.../IWMI-
Paper-Dong-Bin.doc 

http://www.iwmi.cgiar.org/


20 

 

Table 7: Water Resources Status Henan Province, 2008 

Item 2000 2005 2006 2007 2008 

Number of Reservoirs at Year-end (unit) 2,396 2,343 2,339 2,336 2,342 
Large Reservoirs (over 100 MCM) 21 21 21 21 21 
Medium-sized Reservoirs (10 to 100 MCM) 102 104 105 104 104 
Small Reservoirs (0.1–10 MCM) 2,273 2,218 2,213 2,211 2,217 

Capacity of Reservoirs (100 MCM) 269.60 270.59 272.51 272.43 272.69 
Large Reservoirs 221.82 222.10 224.01 224.01 224.01 
Medium-sized Reservoirs 27.62 28.86 29.00 29.01 29.08 
Small Reservoirs  20.16 19.62 19.42 19.41 19.60 

Irrigated Area by Reservoirs (‗000 ha)   587.27 604.92 624.27 711.98 770.34 
Large Reservoirs  398.27 419.67 433.02 436.34 433.28 
Medium-sized Reservoirs  189.00 185.25 191.25 190.64 192.34 

Number of Irrigation Areas at Yearend (no.) 171 178 178 182 189 
33,000 ha and over  8 9 10 14 13 

Effective Irrigated Area (‗000 ha) 1,221.62 1,469.49 1,507.64 1,647.71 1,766.70 
33,000 ha and over 426.55 632.24 756.52 918.55 915.66 

ha = hectare, MCM = million cubic meter, no. = number. 
Source: Henan Statistical Year Book 2009. 

 
74. In the project area, the proposed irrigation system is primarily from well irrigation using 
groundwater charged by the Yellow River. In areas which are in the proximity of the Yellow 
River a dual irrigation system is proposed whereby water is drawn from the Yellow River via 
canals for surface/canal irrigation when water is in excess (summer rainy season) and from 
groundwater wells when surface water is not accessible. This approach saves well pumping 
costs. 
 

6. Anhui Province 
 
75. Geography and environmental resources. Anhui Province lies in the central PRC, 
stretching over the Changjiang (Yangtze) River and midstream and downstream of the Huai 
River. It is situated between longitude 114°54′-119°37′ E and latitude 29°41′-34°38′ N. The 
project area lies in the N Huai Plains of the Huai River Basin, which is the divide between the 
northern and southern PRC. It belongs to subtropical, semi-humid and warm temperate 
monsoon climate. The average annual temperature is 14-16.6ºC, and the average rainfall 820-
95 mm with large yearly and seasonal variations. The wet season (June to September) 
accounts for more than 60% of the total annual precipitation. There are 2,174-2,425 hours of 
sunshine per year, and the frost-free period lasts 210-220 days. The main soil types in the 
project area include powder quality clay, loam, sandy loam, silt quality viscidity soil, powder soil 
and fine sand. The pH index is 6.6-7.1, and the average organic matter content is 1.4%.  
 
76. The project will involve 8 counties and 13 towns, 76 administrative villages, covering 
74,550 farmer households with an agricultural population of 300,900 and agricultural workforce 
of 179,700. The project area totals 46,080 ha, including 25,600 ha of cultivated area. Rain-fed 
farm crops predominate in the project area; the major cereal crops include wheat, maize, rice, 
beans and potatoes; and the major cash crops are cole, peanut and cotton. The project area 
has two harvests a year or three harvests every two years. In 2008, the total agricultural output 
value in the project area reached CNY 1,231.59 million, and the per-capita net income for 
farmers was CNY 2,783. 
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77. There are 19 organizations for providing improved varieties at the county and town 
levels, totalling 105 employees including 37 technicians. They supply 2,094 tons of seeds of 
improved varieties annually, with a coverage rate of 68.1%. At the county to village levels, there 
are 11 service organizations for popularizing agricultural technologies, employing 201 
technicians. They are equipped with 125 sets of equipment and facilities. There are 12 
agricultural machinery service organizations with a total power of 4.26 million kW, including 
2,132 tractors and 3,829 sets of other farming machines. The project area has 479 powered 
wells with a total installed capacity of 3,561 kW for the irrigation of 1,617 ha, and 10 stations for 
drainage and irrigation with a total installed capacity of 1,175 kW for 72 ha. The project area has 
3,945 ha of farmland shelter forests. The forest coverage rate is 10.76%. 
 
78. There are 5 protected areas in the project counties in Anhui province. No project 
activities are located in any of the protected areas. Biological surveys as part of the domestic 
EIA did not reveal any protected species.  
 
79. Water resources. The main rivers in the project area are the Ying River, Guo River, 
Sutlej River, Xifei River and Qian River. The average volume of surface water resources is 
1.291 billion m3.The annual average runoff depth is 184mm with a runoff coefficient of 0.21. 
 
80. The lowland areas in which the project area is located has plentiful but variable and 
often excess water resources due to the extensive river network system and contributing to a 
high water table. Whereas urban areas have been protected from flooding through construction 
of dykes along the Huai river banks, the high water table and clayey soil causes water logging 
which is common in both winter and summer growing seasons. Water logging occurs up to 2 ~ 3 
months per year and sometimes up to 5 months. In some areas, water entering low-lying fields 
as result of floods have no drainage outlet affecting both winter wheat yield and often affecting 
planting in the following spring. In 2008 460,000 ha of crops were affected by floods of which 
10% resulted in total crop failure.17 Pumping is used in some areas to reduce the water table but 
the pumping capacity is low and can only cover a small area. Drainage and flood management 
and associated infrastructure are therefore an important of the project in addition to irrigation.  
 
81. This above situation is countered by highly variable rainfall patterns which often lead to 
drought during critical stages of crop growth and therefore demands supplementary irrigation in 
order to stabilize and increase yields. In 2008, 796,000 ha of crops were affected by drought of 
which 10% resulted in total failure.18 As an example in Linquan County between 1990 and 2008 
the annual average rainfall was 940mm, however the P= 50% 830.2 mm the P=75% was 714.0 
mm and the P= 95% was 518 mm.19 
 
82. The area is however rich in phreatic groundwater resources continually charged through 
the local river system provide adequate water for supplementary irrigation in the project area in 
times of drought. The groundwater table has minimal fluctuation varying between 2.5-4.5 m 
depth and with seasonal or annual fluctuation of 1.2-2.7 m. The water is of good quality and 
suitable for irrigation. It has low salinity (0.4-0.6 g/l) and less than 10 mg/l. Alkalinity is less than 
4 mg/l. 
 
 

                                                
17

 Anhui Statistical yearbook 2009 
18

 ditto 
19

 Linquan county project proposal 
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83. In consequence supplementary irrigation is provided through use of tubewells and which 
has developed significantly in the past 25 years and grown from 54,000 kW in 1985 to 976,000 
in 2008 representing a 18 fold increase (Table 8). 
 
84. All of the subproject areas use groundwater for irrigation although in Linquan and Funan 
County surface water is also used. Most of the subproject areas will extract more groundwater 
after the project than before. The increase in annual groundwater extraction ranges from 0.3 
million m3 in Linquan county to 6.08 million m3 in Guoyang county. Monitoring of the 
groundwater tables will be conducted during project implementation to avoid possible over-
extraction of groundwater.  
 

Table 8: Anhui Province Water Conservancy Construction 

Year 

Capacity of 
Rural 

Hydropower 
Stations at 

Yearend 

(kW) 

Number of 
Reservoirs 

(unit) 

Capacity of 
Reservoirs 

(100 million 
m

3
) 

Irrigated Area 
With Saved 

Water  

(‗000 ha) 

Area of Soil 
Erosion 
Under 

Control  

(‗000 ha) 

Total Length 
of Dikes 

(km) 

Area of Land 
Protected by 

Dikes 

(‗000 ha) 

1985 54,532 4,340 175.6 0.00 1,272.0 17,554 2,223.5 

1990 66,184 4,533 182.3 0.00 1,428.0 19,222 2,144.0 

1995 96,892 4,787 184.4 0.00 1,575.3 19,524 2,190.2 

2000 98,102 4,815 185.1 534.9 1,765.3 19,902 2,184.2 

2002 0 4,856 194.7 640.5 1,846.7 19,950 2,220.4 

2003 0 4,866 194.8 658.0 1,883.1 20,012 2,190.5 

2004 591,058 4,868 195.6 675.6 1,916.0 20,030 2,189.4 

2005 632,092 4,872 195.5 705.5 1,955.9 20,074 2,226.9 

2006 893,122 4,816 196.1 725.1 1,983.6 20,206 2,319.1 

2007 912,200 4,797 195.6 743.7 2,017.5 20,212 2,319.9 

2008 976,400 4,796 195.4 764.6 2,059.2 20,255 2,357.2 

ha = hectare, km = kilometer, kW = kilowatt, m
3
 = cubic meter, no. = number. 

Source: Anhui Statistical Yearbook 2009. 

 
85. In Linquan County, surface water used has been larger than the average available from 
surface water sources for the past 10 years. The project is supporting the county to reduce 
absolute water usage through water saving technologies, and also by providing alternative 
water sources during short periods when surface water supply is inadequate.  
 
86. Water quality in most subproject areas is suitable for irrigation, ranging from Class I to 
Class III. However, in Guoyang County, groundwater quality is classified as Class V and is 
affected by industrial pollution. Although still suitable for agricultural purposes, water quality 
testing and monitoring will be conducted prior to usage for irrigation, as included in the EMP.  
 

7. Yunnan Province 
 
87. Geography and environmental resources. Yunnan is located in the Yunnan-Guizhou 
Plateau in the southwestern PRC, between longitude 98°01'-104°14' E and latitude 23°19'-
27°39' N. The province is characterized by hilly terrains, and has an average elevation of 2,000 
m above sea level. Both low-latitude climate, monsoon climate, mountain climate can be found 
in Yunnan. The average temperature ranges from 5ºC to 24ºC. The average annual 
precipitation is about 1,100 mm, with large seasonal and geographical variations. Precipitation 
is concentrated in July to August, accounting for 60% of the annual total. The project area is 
relatively flat. The main soil types include yellow soil and red soil, with high content of organic 
matter and strong capacity to retain water and nutrients. There are few industrial facilities in the 
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project area, and hence good environmental quality. It is therefore suitable for high-quality 
agricultural products, including pollution-free food, green food and organic food. 
 
88. The project involves 12 counties, 32 towns and 125 administrative villages, with an 
agricultural population of 323,000. The total land in the project area is 68,000 ha, including 
22,000 ha of cultivated land. In 2008, the project area had 25,924 ha of sown crops, comprising 
17,311 ha of cereal crops and 8,613 ha of cash crops. The project area had a total grain 
production of 129,800 tons, a total agricultural output value of CNY 1.23 billion, and a per-capita 
net income for farmers of CNY 2,909. 
 
89. The project area has 46 agricultural machinery service organizations, with a total 
capacity of 125,178 kW including 2,672 tractors, and 3,310 sets of farm machinery. The 
agricultural mechanization level of the project area was 26%, with tractor-ploughing accounting 
for 47%, machine-sowing for 8% and machine-harvesting for 22%. There are 79 improved 
varieties service organizations with 276 technical personnel. The project area has 1,904 ha of 
improved varieties base, a storage space of 27,748 m2, 13 seed processing plants. The supply 
capacity for improved varieties totals 8,370 tons, covering 80% of the total farmland area. In the 
project area also has 44 agricultural technology-extension organizations, with 1,344 technicians. 
All of the farmland is irrigated with surface water; and the irrigated area amounts to 54,694 ha. 
There are 20 trunk canals with a total length of 636 km and 142 branch canals with a total 
length of 1,362 km. The project area has 1,278 ha of farmland shelter forests, 4,500 ha of 
plantation forests and 219 ha of nurseries. The forest coverage rate is 20.6%. 
 
90. There are 17 protected areas in the project counties in Yunnan province. No project 
activities are located in any of the protected areas. Biological surveys as part of the domestic 
EIA did not reveal any protected species.  
 
91. Water resources. Yunnan has over 600 rivers forming 6 major river basin systems: 
Dulong (Irrawaddy), Nu (Salween), Lancang (Mekong), Jinsha (Yangtze), Zhu (Pearl), Yuan and 
Lixian (part of the Red River system in Vietnam). The rich water resources and altitude 
difference in the province provides 10% of the PRC‘s hydropower and with a total potential to 
provide 24% of the PRC‘s hydropower. The Nu, Lancang and Jinsha are each in the PRC‘s top 
6 rivers for hydropower potential. Extensive plans are underway to increase hydropower 
generation to feed into national and regional grids. East Yunnan generally has less favorable 
water resources and dividing line between these regions corresponds to a well-known climatic 
boundary between monsoon regimes. The water balance is only moderately correlated to 

altitude.
20

 

 
92. The subproject areas in Yunnan province are plentiful in surface water resources and 
there is no need to use groundwater sources. All subprojects therefore use surface water for 
irrigation and as a result of rehabilitation of irrigation systems and increased irrigation 
coefficients, water consumption will decrease in all counties after the project. Water quality 
ranges from Class I to Class III and is suitable for irrigation. 
 
 
 

                                                
20

 A. Thomas. 2003. Agricultural Water Balance of Yunnan Province, People’s Republic of China: Agroclimatic Zoning 
with a Geographical Information System. Mainz, Germany: Geographisches Institut, Johannes-Gutenberg 
Universität. 
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E. ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES 
 

1. Potential Environmental Benefits 
 
93. The proposed project is expected to generate many environmental benefits to the project 
area. The major anticipated environmental benefits will include (i) water savings on existing 
irrigated lands; (ii) reduced use of agrochemicals per hectare; (iii) reduced soil loss and 
improved soil quality; (iv) reduced salinization and water logging; (v) recovery of plastic mulch; 
(vi) promotion of green agriculture; and (vii) increased climate resilience. They will contribute to 
sustainable agricultural development and income generation for local farmers. 
 
94. Water savings on existing irrigated lands. Irrigation water will be withdrawn from 
surface water (rivers, lakes and reservoirs) and shallow ground water. The existing irrigation 
methods include well irrigation, canal irrigation, and combined well-canal irrigation. It is 
estimated that the baseline irrigation water use coefficient prior to the project is 0.4 for 
Heilongjiang and Jilin; 0.37 for Anhui, Henan, and Ningxia; and 0.48 for Yunnan. Water-saving 
irrigation will be adopted for the project area. Water-saving techniques adopted for the project 
are anticipated to result from the following components: (i) upgrading and expansion of field-
level irrigation systems; (ii) water-saving investments in existing farms; and (iii) water 
management training for beneficiary farmers (Table 9).  
 

Table 9: Estimated Irrigation Efficiency and Water Saving by Irrigation Measures 

Irrigation 
Type 

Water-Saving Measure 
by Converting from 

Earthen Canals 

Water 
Saved

a 

(%) 

Average 
Irrigation 

Volume by 
Earthen Canal 

(m
3
/ha/yr) 

Water 
Saved 

(m
3
/ha/yr) 

Increased 
Water- 
Saving 

Irrigation 
Area

 

(ha) 

Total 
Water 
Saved 

(MCM/ 
year) 

Surface Concrete lined canal 20 6,735
b
 1,347 40,065 54.0 

Well Low-pressure pipes 30 4,200
c
 1,260 10,616 13.4 

Sprinkler Sprinkler irrigation 40 4,200 1,680 4,838 8.1 

Micro Micro-irrigation 60 4,200 2,520 109 0.3 

Total Volume of Water Saved in the Project Area   75.7 

ha = hectare, m
3
 = cubic meter, MCM = million cubic meter, MWR = Ministry of Water Resources, yr = year. 

a 
MWR, 1999. Collections on China Water-Saving Agriculture Issues. Beijing: China Water Press. 

b  
H. Wang, et. al. 2008. Study on Water Use Trend and Strategic Countermeasures in China. Beijing: MWR. 

c  
S. Zhou, et al. 1991. Well Irrigation with Low-Pressure Pipe for Water Conveyance in Xiongxian of Hebei Province   
Project.  

Source: Consultant‘s estimates. 

 
95. The data and information on current surface and ground water availability and changes 
as a result of the project was derived from the results of a survey and questionnaires distributed 
to project counties and information provided by the project offices during the inception phase. 
Appendix 5, based on data supplied by the project counties, the domestic environmental 
assessment, and water resources reports, indicates for each proposed subproject the estimated 
current water availability and use as well as the proposed with-project use. The table shows the 
conservative estimates, and indicate possible risks or deficits that were identified during the 
evaluations. Table 10, a summary of provincial data and the domestic project reports, illustrates 
the average forecast water resource status at provincial level.  
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Table 10: Estimated Annual Water Supply and Demand Balance 
(10,000 m3) 

Province Water Source Before Project 
Water usage 

After Project 
Water usage 

Water usage 
Increment 

Anhui Surface water 215 243 28 
 Groundwater 560 2,043 1,483 
 Subtotal 775 2,286 1,511 

     
Heilongjiang Surface water 19,076 20,957 1,881 
 Groundwater 715 770 55 
 Reservoir 8,025 7,700 -325 
 River & reservoir 995 640 -355 
 Subtotal 28,811 30,067 1,256 

     
Henan Surface water 384 323 -61 
 Groundwater 11,060 9,192 -1,867 
 Subtotal 11,444 9,515 -1,929 

     
Jilin Surface water 12,951 13,413 462 
 Groundwater 3,220 1,318 -1,902 
 Reservoir 4,265 3,618 -647 
 River & reservoir 4,011 3,464 -547 
 Subtotal 24,447 21,813 -2,634 

     
Ningxia Surface water  30,216 29,140 -1,076 
 Subtotal 30,216 29,140 -1,076 

     
Yunnan Reservoir 84,492 80,344 -4,148 
 River & reservoir 12,305 11,705 -600 
 Subtotal 96,797 92,049 -4,748 

     

m
3
 = cubic meter. 

Source: Provincial data; domestic water resources reports; domestic environmental assessment. 

 
96. A water management training program will be implemented under the capacity 
development component. Farmers will be trained on making more effective use of the 
infrastructure improvements, and on management techniques that will save additional water. 
The increase in water use efficiency through the adoption of water-saving irrigation measures 
on the existing lands and the water management training program and the resultant water 
savings are particularly significant for the project provinces of Anhui, Heilongjiang, Henan, Jilin, 
and Ningxia.  
 
97. Reduced use of agrochemicals. Integrated pest management (IPM) will be introduced 
and/or piloted in all six project provinces, either as a specific activity or as part of the 
demonstrations of safe and green agriculture. In Heilongjiang, the interventions include 3,334 ha 
of IMP demonstration and 99 sets of IPM equipment. In Jilin, the IPM introduction and 
demonstration program covers 6,159 ha of farmland and the purchase of 413 sets of IPM 
equipment. In Henan, IMP introduction and demonstration will be implemented for 780 ha of 
farmland and the purchase of 25 sets of IMP equipment. In Anhui, IPM will be demonstrated in 
535 ha of farmland and 45 sets of IMP equipment will be supplied. In Ningxia, the interventions 
include IPM introduction and demonstration on 13,479 ha of farmland and the purchase of 335 
sets of IMP equipment. In Yunnan, the interventions include IPM introduction and demonstration 
on 6,651 ha of farmland and the purchase of 516 sets of IMP equipment. IPM training for 
farmers will be implemented in all provinces. The total reduction in pesticide use for the project 
as a whole is estimated at 251.0 tonnes per year (t/a). The estimated reductions in pesticide 
uses by province are in Table 11.  
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Table 11: Reduced Pesticide Uses by Province 

Province 

Before Project After Project 

Reduced 
Pesticide 
Use (t/a) 

Sowing 
Area 

(ha) 

Per-ha 
Pesticide 

Use  

(kg/ha) 

Volume of 
Pesticide 

Use 

(t/a) 

Sowing 
Area 

(ha) 

Per-Ha 
Pesticide 

Use  

(kg/ha) 

Volume of 
Pesticide 

Use 

(t/a) 

Anhui 34,631.3  11.6  400.3  36,169.8  9.6  347.2  53.1 

Heilongjiang 17,270.0  27.0  467.1  17,270.0  22.8  394.1  73.0 

Henan 30,187.3  10.4  312.9  33,048.5  8.5  282.0  30.9 

Jilin 17,000.0  15.0  255.0  17,000.0  12.0  204.0  51.0 

Ningxia 13,250.0  13.2  174.9  13,788.0  13.2  182.6  (7.7) 

Yunnan 24,094.3  16.0  385.5  27,075.2  12.4  334.9  50.6 

Total 136,432.9  14.6  1,995.7  144,351.5  12.1  1,744.7  251.0 

ha = hectare, kg = kilogram, t = ton, t/a = tonnes per year 
Source: Domestic Environment Impact Assessment Report, December 2010. 

 
98. The project will also include the adoption of balanced fertilizer application (BFA) in the 
project provinces. BFA is one of the key technologies promoted by the Ministry of Agriculture. 
BFA involves four major steps: (i) measuring the nutrient contents of the soil; (ii) determining the 
nutrient requirements of the planted crops; and (iii) determining the nutrient needs; and (iv) 
applying fertilizers according to the needs. BFA will generate a number of benefits, including: (i) 
increasing output by 5%–25% for grain crops and 20%–50% for vegetable crops; (ii) improving 
the quality of agricultural produces; (iii) reducing plant disease and pest infections by 
strengthening plant health; (iv) reducing the amount of fertilizer use and associated costs; and 
(v) reducing environmental pollution. The analysis indicated that after project implementation, 
compared with conventional farming, chemical fertilizer will be reduced by 84.3 kg/ha, among 
which nitrogen fertilizer reduced by 75.5 kg/ha, phosphorous fertilizer reduced by 26.2kg/ha, 
and potassium fertilizer increased by 17.3 kg/ha. The project is estimated to result in a total 
reduced chemical fertilizer use of about 9,174.6 t/year. The estimates by province are shown in 
Table 12.  
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Table 12: Estimated Fertilizer Uses before and After Project by Province 

Province 

Per-ha Chemical Fertilizer Use 

(kg/ha) 

Total Use 

(t) 

N P2O5 K2O N P2O5 K2O 

Anhui 
Before 182.4  70.7  48.6  6,315.4  2,448.2  1,681.4  

After 145.3  67.8  50.6  5,254.9  2,453.4  1,831.9  

Heilongjiang 
Before 180.2  100.1  68.0  3,111.4  1,729.4  1,174.2  

After 157.3  67.8  70.2  2,716.8  1,170.8  1,212.8  

Henan 
Before 247.9  84.7  34.5  7,483.1  2,555.9  1,040.8  

After 157.3  63.1  51.3  5,199.8  2,085.9  1,696.4  

Jilin 
Before 213.9  80.9  68.6  3,636.5  1,375.8  1,166.7  

After 164.8  68.5  73.3  2,802.0  1,165.0  1,246.5  

Ningxia 
Before 320.1  127.7  39.4  4,240.8  1,692.5  522.2  

After 208.4  88.1  93.4  2,873.2  1,215.0  1,288.1  

Yunnan 
Before 310.4  123.5  45.1  7,478.2  2,976.0  1,085.6  

After 162.2  60.9  84.4  4,391.7  1,650.2  2,285.1  

Total 
Before    32,265,3 12,777.9 6,670.9 

After    23,238.5  9,740.3  9,560.9  

ha = hectare, K2O = potassium, N = nitrogen, P2O5 = phosphorus oxide, t = ton. 
Source: Domestic Environment Impact Assessment Report, December 2010. 

 
99. Reduced soil loss and improved soil quality. A number of interventions will serve to 
reduce soil loss and improve soil quality on about 84,060 ha, including land levelling (31,569 ha), 
use of crop residues including straw (22,832 ha), balanced fertilizer application (41,506 ha), 
deep ploughing (27,924 ha), multiple-cropping and reforestation. The use of deep ploughing will 
increase the tillage depth from 10–15 cm to 25–30 cm, which will facilitate the release of soil 
nutrients, improve the physical properties of the soil, promote the growth of roots, reduce 
nutrient loss and improve the moisture retention and storage capacity of the soil. 
 
100. Reduced salinity and water logging. Salinity is an issue of concern for northern PRC 
where there is a shallow groundwater table and evaporation exceeds the precipitation. Such 
concern exists particularly in Henan and Ningxia. Waterlogging is often found in the southern 
and northeastern PRC. The risk can be minimized by improved drainage that will lower the 
groundwater table and carry salts away from the soils. The project will support the construction 
or improvement of 107 pumping stations (14 new constructed and 93 improved), including 13 in 
Anhui, 2 in Heilongjiang, 15 in Henan, 33 in Jilin, 38 in Ningxia, and 6 in Yunnan. Other 
interventions that help reduce salinity and waterlogging include canal dredging, culverts, 
drainage gates, aqueducts, water drops, inverted siphons, and overflow weirs. 
 
101. Recovery of plastic mulch. Plastic mulch is widely used in farming in the PRC. 
Nonrecovered plastic mulch has become a hazard to agriculture, in what is called ―white 
pollution.‖ In the project area, the recovery of plastic mulch will be introduced. The recovered 
plastic mulch is estimated to total 532.7 t/a. The estimated volumes of plastic mulch to be 
recovered by province are in Table 13. 
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Table 13: Recovered Plastic Mulch Estimates by Province 

Province 

Grain Crops Non-Green-House Vegetables Total Qty of 
Plastic Mulch 

Left in Soil 

(t/a) 

Sowing Area 

(ha) 

Plastic Mulch 
Left in Soil 

(t/a) 

Sowing Area 

(ha) 

Plastic Mulch 
Left in Soil 

(t/a) 

Anhui 
Before Project 32,625.1 367.0 1056.2 22.5 389.5 

After Project 33,492.9 236.1 1681.9 15.6 251.8 

Heilongjiang 
Before Project 4,070.0 60.4 — — 60.4 

After Project 3,070.0 17.0 — — 17.0 

Henan 
Before Project 28,953.7 325.7 1233.6 26.3 352.0 

After Project 31,428.5 221.6 1620.0 15.1 236.6 

Jilin 
Before Project 2,333.0 34.6 — — 34.6 

After Project 2,333.0 12.9 — — 12.9 

Ningxia 
Before Project 6,995.0 170.0 1820.0 47.2 217.2 

After Project 6,205.0 40.0 3460.0 34.8 74.8 

Yunnan 
Before Project 7,997.8 146.4 8180.3 57.7 204.0 

After Project 8,505.9 88.0 8884.5 44.0 132.0 

Total 

Before 
Project 

82,974.6 1,104.2 12,290.1 153.7 1,257.9 

After Project 85,035.3 615.7 15646.4 109.5 725.2 

Source: Domestic Environment Impact Assessment Report, December 2010. 

 
102. Promoting green agriculture. In the PRC, the demand for green agricultural produce is 
on the rise. Green agricultural produce includes both ―pollution-free‖ and organic products. The 
former refers to controlled use of agrochemicals; and the latter, no-use of agrochemicals. There 
is a certification process whereby an agricultural produce and the producing location can both 
be certified. The project interventions cover 16,218 ha of pollution-free agricultural 
demonstration, including 435 ha in Anhui, 3,334 ha in Heilongjiang, 300 ha in Henan, 2,920 ha 
in Jilin, 6,336 ha in Ningxia, and 2,893 ha in Yunnan; and 3,020 ha of organic farming 
demonstration, including 100 ha in Anhui, 1,420 ha in Jilin, and 1,500 in Yunnan. These 
demonstration projects will promote the development of green agriculture in the project 
provinces. 
 
103. Building climate resilience. All of the project interventions will help build resilience to 
climate change. Improved water management with upgraded irrigation capacity and drainage 
systems in the project area will be able to better resist drought and floods. Introduction of IPM, 
coupled with improved seed varieties, will enable farmers to better respond to the new pests 
that may emerge as a result of global climate change. As crop straw and organic fertilizers will 
be increased in the project, soil organic carbon sequestrated by the project measures will 
increase; and this will contribute to reduce of greenhouse gas emission and soil resistance to 
extreme weather conditions. Expansion of farm shelterbelts by 3,860 ha—including 1,737 in 
Anhui, 325 ha in Heilongjiang, 733 in Henan, 483 ha in Jilin, 568 ha in Ningxia, and 14 ha in 
Yunnan; and environmental protection forests by 167 ha—4 ha in Anhui, 151 ha in Jilin, and 12 
ha in Yunnan, will improve local climate and mitigate climate change. Finally, training and 
institutional strengthening programs will increase the awareness of local farmers and 
agricultural agencies on climate change impacts and adaptation. 
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2. Potential Adverse Environmental Impacts and Mitigation Measures 
 
104. Construction impacts. Most of the civil works under this project will be small-scale 
interventions in existing farming areas, ranging from land levelling, canal excavation and lining, 
construction and rehabilitation of small pumping stations, construction and maintenance of tube 
wells, construction and rehabilitation of small water impoundments, seeding nurseries, and 
workshops, and administrative buildings. The works are small and relatively simple and 
scattered in the vast areas across the six provinces. They are undertaken in already developed 
farmland areas, and the construction period will be short (generally within half a year). The civil 
works will be carried out by local farmers and extension service officers. On-site engineers will 
be assigned the responsibilities of supervising construction activities with respect to earth and 
vegetation removal, and disposal of spoils and garbage for compliance with relevant national 
and local environmental protection laws, regulations, standards, and good practices. It is 
therefore anticipated that impacts will be limited. This judgment is supported by experience 
under similar World Bank projects, which utilized similar activities and approaches. A detailed 
review has shown that there were no significant negative impacts.21 
 
105. Water resources availability. Water scarcity is a general concern affecting agriculture 
in northern areas of the PRC, particularly in Anhui, Henan, and Ningxia. The four river basins of 
northern PRC—Hai-Luan, Huai, Song-Liao, and Yellow river basins, cover 60% of the nation‘s 
cultivated area and hold 44% of the population (Table 14).22 Water scarcity in these areas has 
arisen both because of limited water supply and increasing water demand. Water availability per 
capita in the northern PRC is about 300 m3/capita, less than one seventh of the national 
average.23 At the same time, the rapidly growing industrial sector and an increasingly wealthy 
urban population demand is beginning to compete with the agriculture sector for water.24 As a 
result, surface supplies are becoming increasingly stressed; and it is therefore important to 
reduce over-exploitation of water resources and introduce sustainability of the water cycle. 
Already, the PRC has experienced the cessation of flow of the PRC‘s mother river, the Yellow 
River, on several occasions during the 1990s; and the wake-up call came when it ceased 
flowing for 226 days in 1997, and resulted in implementation of a structured water management 
and allocation system for the Yellow River implemented by the Yellow River Conservancy 
Commission.  
 

                                                
21

 See Appendix 4 for a detailed review of World Bank-financed comprehensive agricultural development projects. 
22

 F. Crook. 2000. Water Pressure in China: Growth Strains Resources. Agricultural Outlook;  B. Lohmar, J. Wang, S. 
Rozelle, J. Huang, and D. Dawe. 2003. China’s Agricultural Water Policy Reforms: Increasing Investment, 
Resolving Conflicts, and Revising Incentives. Agriculture Information Bulletin No. 782. Washington D.C.: Market 
and Trade Economics Division, Economic Research Service, U.S. Department of Agriculture; H. Yang, and A. 
Zehnder. 2001. China’s Regional Water Scarcity and Implications for Grain Supply and Trade. Environment And 
Planning A 33: pp. 79–95; H. Yang, X. Zhang, and A. J. B. Zehnder. 2003. Water Scarcity, Pricing Mechanism, and 
Institutional Reform in Northern China Irrigated Agriculture. Agricultural Water Management 61: pp. 143–161. 

23
 Ministry of Water Resources. 2002. China Water Resources Bulletin. Beijing. 

24
 F. Crook. 2000. Water Pressure in China: Growth Strains Resources. Agricultural Outlook; J. Wang, J. Huang, and 
S. Rozelle. 2005. Evolution of Tube Well Ownership and Production in the North China Plain. The Australian 
Journal of Agricultural and Resource Economics 49: pp. 177–195. 
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Table 14: Data Comparison between Northern and Southern River Basins 

National Values 
Northern Four Major 

Watersheds
a
 

Southern Five Major 
Watersheds

b 

Population (%) 44.4  53.5  
Gross domestic product (%) 45.0 55.0 
Cultivated land (%) 59.5  34.8  
Groundwater resources (%)

 
20.3 69.3 

Surface water resources (%) 12.3 83.4 
Per capita water resources (m

3
) 778.9 3,628.6  

a
 Hai-Luan, Huai, Song-Liao, and Yellow northern river basin watersheds. 

b
 Inland, Pearl, Southeastern, Southwestern, and Yangtze southern river basin watersheds. 

Sources: Adapted from, Addressing China‘s Water Scarcity World Bank publication ISBN 978-0-8213-7645-
4, and Hu Si Yi, Vice Min. Water Resources (personal communication). 

 
106. Reduction of availability of surface water and urban and industrial water shortages are 
becoming increasing common. This is impacting the agriculture sector and ultimately resulting in 
increased extractions from groundwater leading to lowering of groundwater tables in large areas 
of northern PRC.25 The status of groundwater, particularly in northern PRC plain (e.g., Beijing, 
Hebei, Shandong), is becoming critical in many areas. Over-extraction in both urban and 
agricultural areas is resulting in groundwater tables dropping at high rates. In parts of the 
northern PRC plain, the groundwater table is dropping at approximately 1.0 m/year in 
groundwater funnels, ground subsidence, and sea-water intrusion. For example, between 1958 
and 1998, groundwater levels in the Hai river basin fell by up to 50 m in some shallow aquifers 
and by more than 95 m in some deep aquifers.26 
 
107. To resolve the PRC‘s water scarcity problems the government has mainly targeted 
technologies to increase in the supply of water through developing increasingly comprehensive 
canal networks and constructing larger reservoirs.27 Between 1980 and 1997, the PRC invested 
more than CNY171 billion in water control; 28  and in 2001, the State Council began the 
construction of the $50 billion-plus South-to-North Water Transfer Project. However, it is clear 
that water supply is an insufficient solution; and water-saving policies are critical to resolving the 
water scarcity crisis that impacts many parts of the PRC, and focus should now be on 
increasing water use efficiency and better management practices. 
 
108. The average irrigation efficiency in the PRC in 2008 was 48%29 (MWR‘s 2008 study 
report on the PRC irrigation and drainage development), and it is the intention of the MWR to 
increase this value to 50% by 2010. However, irrigation efficiencies along earthen canals are 
much lower; and it is estimated that increase in efficiency by rehabilitating and/or converting 
earthen canal irrigation with canal lining, low-pressure pipes, sprinkler irrigation, and micro-
irrigation will be 20%, 30%, 40%, and 60%, respectively (Table 9). 
 
 

                                                
25

 J. Wang, S. Rozelle, A. Blanke, Q. Huang, and J. Huang. 2005. The Development Challenges and Management of 
Groundwater in Rural China, ed. M. Giordano, and T. Shah. Colombo, Sri Lanka: International Water Management 
Institute. 

26
 Ministry of Water Resources, World Bank, and AusAID (2001) 'Agenda for Water Sector Strategy for North China', 
No. 22040-CHA, Ministry of Water Resources (MWR), World Bank and AusAID 

27
 Boxer, B. (2001), Contradictions and challenges in China's water policy development, Water International 26: 335-
341. Ross, L. (1983), Changes In Water Policy In The Peoples-Republic-Of-China, Water Resources Bulletin 19: 
69-72. 

28
 Fan, S., L. Zhang, and X. Zhang (2002) 'Growth, Inequality, and Poverty in Rural China: The Role of Public 
Investments', Research Report No. 125, International Food Policy Research Institute, Washington DC. 

29
 MWR, 2008. Study report on China Irrigation and Drainage Development, Beijing 
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109. As the project involves expanded irrigation, the use of additional water resources is an 
issue of concern for the project, especially in the northern provinces that already suffer from 
water shortages. Water-saving practices have been integrated into the project design to 
compensate for selected expansions of irrigated areas. Increase of irrigation efficiencies will 
result in overall water saving with reduction of percolation of water to the groundwater; and 
enable irrigation water in canals to reach extended areas, and therefore enlarge to total 
irrigation area using the same volume of water.  
 
110. To assess the impacts at subproject levels, basic water balance analysis have been 
conducted for all provinces as part of the feasibility studies. The findings are summarized below. 
Overviews of the basic data are in Table 10 and Appendix 5. The summary of the provincial 
water use data suggests that the overall water savings that could be achieved by the Project 
can be estimated at 76 million m3 per year. This estimate is a conservative estimate, while some 
domestic reports indicated larger savings in water usage. 
 
111. For Anhui province, it is estimated that the overall water usage for the project will 
increase. Water availability in the province is still significant, and no shortages are anticipated. 
The project will also install 3,746 new wells, which will complement surface water resources. In 
recent years, the Huai river plains enjoy abundant precipitation; and the ground water aquifers 
have been fully replenished, and the ground tables are rising.  
 
112. For Heilongjiang province, the overall water use in the project areas is estimated to 
increase, mainly through increases in only 4 of its 17 counties: Dumeng (11.2 million m3/year), 
Fuyu (1.95 million m3/year), Huachuan (6.3 million m3/year), and Hulin (9.0 million m3/year). The 
counties in Heilongjiang have a surplus of water resources available. In Heilongjiang province, 
only 249 wells will be drilled. They will be distributed in Anqing, Huachuan, Hulin, Nengjiang, 
Sa‘ertu, and Suibin counties. Of these, the subproject area in Huachuan, Hulin, and Suinbin use 
surface water as the primary source for irrigation and groundwater only as supplementary 
source; the impact on ground water table will be minimal. The groundwater tables in Anqing, 
Nengjiang, and Sa‘ertu counties have been dropping in recent years. The reduced water use 
from the adoption of water-saving measures under the project will ameliorate the situation. 
 
113. For Henan province, the overall water balance estimates indicate that water resources 
are scarce. The project will contribute to achieve significant water savings in Henan. Only for 
two counties water usage (from groundwater) is expected to increase: Mengzhou (1.56 million 
m3/year) and Yanjing (3.0 million m3/year). For Henan province, 3,215 new wells will be drilled. 
Seven of the subproject areas in Henan province use only groundwater extracted by tube wells, 
the exceptions being Lankao county and Qinyang city where both groundwater and surface 
water are used. The surface water comes directly from the Yellow River and is used when flow 
is in excess and pumping costs from tube wells can be saved. Water quality is generally suitable 
for agricultural irrigation in the project area in Henan province, ranging from class I to class IV.  
 
114. For Jilin province, the project will result in an overall decrease of water usage, despite 
increases in Changyi, Lishu, and Nongan counties. Water quality in Jilin province is suitable for 
irrigation, ranging from class I to class III. Six of the 15 subproject areas in Jilin province use 
groundwater for irrigation (including those where integrated groundwater and surface water are 
used), and 302 wells will be drilled. They are distributed in Daoliao, Dehui, Lishu, and Nongan 
counties. Since they are mainly used as back-up to fight drought, there will be no long-term 
effect on groundwater table. With the project, groundwater extraction for irrigation will increase 
by 1.8 million m3/year in Lishu county and 0.12 million m3/year in Nongan county subproject 
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areas. However, these increases are not likely to have a significant impact on the regional 
groundwater balance since the absolute increase in extraction will relatively be small.  

 
115. For Ningxia Hui autonomous region, the project will support the local government to 
achieve water savings in 7 out of the 8 project counties. Only Zhongwei county will increase its 
usage with an estimated 6.7 million m3/year, which is still within the available water resource 
allocation. The impact of the project on the surface water balance will receive particular 
monitoring during project implementation. No groundwater wells will be used or constructed in 
Ningxia.  
 
116. For Yunnan province, all project counties will reduce water usage; and the project will 
support the county governments to achieve significant water savings. No groundwater wells will 
be used in Yunnan.  
 
117. Waterlogging and salinization. Within the project area, waterlogging is prevalent in 
Anhui, Heilongjiang, and Jilin provinces due to high groundwater tables and alluvial soils. The 
provincial governments are well aware of these problems and have installed adequate drainage 
channels to accompany irrigation canals to prevent waterlogging. 
 
118. Within the project provinces, Ningxia is most prone to salinity due to its high 
evapotranspiration rate (1,400–1,600 mm/year), low rainfall (180–200 mm/year) and relatively 
high salt content of the waters of the Yellow River (400 mg/l). In this respect, the importation of 
irrigation water from the Yellow River also implies the importation of salts. Irrigation has 
therefore to be carried out with caution—on the one hand to include a 20% leaching ratio to the 
irrigation regime to leach out accumulated salts; and on the other hand, to avoid excess 
irrigation that will cause the groundwater table to rise thereby increasing soil salinity. The latter 
factor is particularly relevant under the current practice of rice production and can be avoided 
through construction of drainage canals. However, continuous monitoring of salinity levels is 
required to ensure soil salinity does not rise above the threshold of 3.4–5.0 deci-siemens/m. 
 
119. Irrigation water quality. The PRC Standard for Irrigation Water Quality (GB 5084-2005) 
is applicable to the use of surface water, groundwater, effluent from livestock and poultry farms, 
and industrial wastewater from agroprocessing plants for irrigation purposes. It contains 16 
basic and 11 supplementary30 parameters of water quality requirements, as well as analytical 
methods to be used (Appendix 1). 
 
120. It has been confirmed through consultations with the provincial PMOs that the water 
quality in the proposed irrigation areas under the project meets the national standards. The 
domestic EIA has also investigated the present status of the water quality to verify that it will 
meet the national standards. Water quality samples will be taken for each irrigation area during 
the irrigation season. If any violation is discovered, irrigation will be ceased immediately. 
 
121. Impact of irrigation tail water on ambient water quality. For all project areas, the 
used irrigation is drained to nearby rivers. An in-depth analysis of Zhongwei county, Ningxia 
province was undertaken as a case study. The no. 1 drainage canal is of seasonal use, with a 
drainage volume of 187.9 million m3 in 2009 which came from the irrigation areas and municipal 
sewage. It flows into the Yellow River at Shengjingguan. Water-monitoring data for the no. 1 
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drainage canal in May, July, and October 2009 showed that the water quality currently meets 
the permissible limits of the National Wastewater Discharge Standard (GB 8978-1996), except 
for total suspended particles, which exceeded by 6 times. The water quality of the Yellow River 
after receiving the drained wastewater from the no. 1 canal could still meet the class III of the 
National Surface Water Quality Standard (GB 3838-2002). With the project, the water quality of 
the no. 1 drainage canal will improve; and hence, it will have a positive impact on the water 
quality of the Yellow River. The project is expected to have similar positive impacts on the 
surface water quality in other provinces. 
 
122. Lake eutrophication An important environmental issue involving the project is the 
impacts of agricultural runoffs from the project area to the lakes of national significance, 
including Chao lake, Dianchi lake, and Tai lake that suffer from eutrophication. Of the three 
lakes of national significance, Chao lake is situated in the project province of Anhui; but the 
project counties and cities do not drain into the lake. The Dianchi lake is situated in central 
Yunnan. Several project counties and cities are located in the lake catchment. Studies under the 
World Bank irrigation projects have shown that point sources (industrial wastewater and urban 
sewage) account for 80%–90% of the nutrient loading while nonpoint sources (especially 
agricultural runoff) 10%–20%. As the project will reduce the chemical fertilizer usage at 84.3 
kg/ha, among which nitrogen 75.5 kg/ha, and phosphorous 26.2 kg/ha; but increase potassium 
fertilizer 17.3 kg/ha. The reduced nitrogen (N) and phosphorus (P), and balanced fertilization 
program will reduce the risk of nonpoint source pollution.  
 
123. Although agricultural intensification will increase the use of agrochemicals, the project 
does not finance the procurement of any chemical fertilizers. In response to the deficit of 
phosphate and potassium, particularly potassium, the project provinces will adopt a number of 
measures during the implementation of the project to balance soil fertility, i.e., control of nitrogen 
(reducing nitrogen application in some areas), stabilizing phosphate (increasing phosphate 
application in some areas), and supplementing potassium. In addition, advanced fertilizing 
techniques will disseminate in the project area, such as deep application, mixed application, etc., 
thus increasing the efficiency of fertilizers, lowering loss of chemical fertilizers, and reducing the 
negative impacts of irrigation runoff on receiving water bodies, including the lakes of national 
significance. It is expected that after project implementation, the actual increase of nitrogen and 
phosphate in downstream lakes due to irrigation run-off from the project area was minor 
compared with the existing load of nitrogen and phosphate of these lakes. Therefore, the 
negative impacts due to project implementation on lake eutrophication are judged to be 
negligible. 
 
124. Water impoundments. The project will involve the development and improvement of 19 
small water storage structures, including 8 in Jilin and 11 in Yunnan. These small water storage 
structures are under 50,000 m3, and they are not reservoirs but ―ponds.‖31 No reservoirs or 
barrages will be built under the project, and there is no associated environmental risk. 
 
125. Pollution prevention, public health. No manufacturing or processing activities will be 
involved in the project. The possible sources of pollution during operation will be related to the 
transport, storage, handling, and use of agrochemicals such as fertilizers, pesticides, herbicides, 
and seed treatment chemicals.  
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126. To prevent, reduce, or control the potential contamination of soils, groundwater, or 
surface water resources caused by accidental spills during transfer, mixing, and storage, 
agrochemicals will be stored and handled in a manner consistent with the recommendations for 
hazardous materials management presented in the World Bank Group Environmental, Health, 
and Safety Guidelines.32 It is also worth mentioning that farmers training will be provided under 
the project. Although the contents of training are not yet defined, the safe transport, storage, 
handling, and use of toxic agrochemicals and the safe disposal of containers will be included in 
the training program. 
 
127. Cumulative impacts. Potential cumulative impacts related to water usage has been 
assessed in detail. It was concluded that water usage will remain within the regional and local 
water allocations. No other significant cumulative impacts were identified during project 
preparation that directly relates to the proposed project.  
 
128. Protected areas and protected species. There is 1 in the project counties in Anhui, 39 
in the project counties in Heilongjiang, 5 in the project counties in Henan, 5 protected areas in 
the project counties in Jilin, 5 in the project counties in Ningxia, and 17 in the project counties in 
Yunnan. No project activities are located in any of the protected areas. No impacts on the 
protected areas are anticipated. Biological surveys, as part of the domestic EIA, did not reveal 
any protected species.  
 
129. Physical and cultural resources. Surveys of cultural resources have been conducted 
under the domestic EIA study. No physical, historical, or cultural relic sites have been 
discovered in the project area. If an important site is unearthed during construction, work will be 
stopped immediately; and the matter will promptly be referred to the county, municipal, 
provincial, or state-level agencies for evaluation and a decision regarding appropriate actions. 
 
130. Involuntary resettlement and economic replacement. Initial land acquisition and 
resettlement impacts have been identified, and resettlement plans will be finalized in 
accordance with the PRC laws and regulations and ADB‘s Safeguard Policy Statement (2009). 
The resettlement plans will provide a socioeconomic profile of affected persons and scope of 
impacts, and will address issues related to compensation entitlement, the legal framework, 
public consultations, grievance procedures, environmental protection, rehabilitation measures, 
and budget and implementation milestones. Resettlement requirements have been carefully 
considered and incorporated into the project design. 
 
131. No other impacts on livelihoods have been identified during the environmental 
assessment. The project will improve the income and sustainability of livelihoods of about 1.23 
million rural people in about 500 villages in the project area by providing better irrigation and 
drainage infrastructure and agricultural support services. Most of the 69 project counties are 
major grain production areas, and 13 of which are classified as national and 4 as provincial key 
counties for poverty reduction.    
 
132. Indigenous peoples. Ningxia and Yunnan are ethnic minority provinces. An 
assessment of the possible impacts of the project on ethnic minorities has been conducted in 
accordance with ADB‘s Safeguard Policy Statement (2009). The ethnic minorities are equal 
beneficiaries, and no negative ethnic impacts are expected. Detailed results can be found in the 
ethnic minority plans prepared for the project.   
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F. ANALYSIS OF ALTERNATIVES 
 
133. An analysis of alternatives has been performed. Alternatives to the project (i.e., the 
without-project scenario) and project alternatives (i.e., alternative designs) have been examined. 
As compared to the without-project scenario, it is estimated that at least 75 million m3 of water 
could be saved each year (Table 14). Other domestic estimates indicated total water savings for 
the project of up to 372 million m3/year. For the same token, the use of traditional fertilizer 
application methods would negatively impact soil texture and have a high cost for local farmers. 
 
134. The selection of project provinces and project counties in each province have taken into 
consideration the local circumstances, including environmental and social factors such as water 
availability and potential for replication. Alternative designs for project interventions have been 
examined during the feasibility study phase.  
 

G. INFORMATION DISCLOSURE, CONSULTATION, AND PARTICIPATION 
 
135. Preparation for the project has been led by the State Office for Comprehensive 
Agricultural Development (SOCAD) within the Ministry of Finance (MOF) and its supporting 
provincial counterparts from each province. Many experts and personnel from relevant line 
agencies, such as the agriculture, water resources, and environmental protection bureaus, as 
well as universities and technical institutions, have been mobilized and involved in detailed 
preparation discussions. 
 
136. The primary project beneficiaries will be farmers living and working in the project area. 
During project preparation, extensive consultations with local farmers have been carried out by 
the county and city PMOs and design institutes. Further consultations have also been 
conducted by the EIA institute. Consultations have covered approximately 2,000 farmer 
households for each province and will continue during project implementation through the 
monitoring and supervision activities, where direct feedback from stakeholder groups will be 
encouraged and documented. The feedback from the beneficiaries confirms that project will 
provide mainly environmental benefits for the areas. The participants generally requested strong 
supervision and monitoring of the project implementation to avoid potential impacts and 
pollution from the construction activities. The public comments and suggestions have been 
incorporated into the formulation of environmental mitigation measures. 
 
137. Information about the project was posted on the internet in March and April 2010 in 
accordance with the Interim Guideline on Public Participation in EIA (2006).33 The draft EIA 
report has also been disclosed on the website of the respective finance bureaus in November 
2010 to solicit further public comments. Eleven workshops were organized and were attended 
by 165 participants. The findings from the environmental assessment were presented and 
discussed. Moreover, 2,130 questionnaires were distributed in the project area and 2,059 were 
returned. In total, 98.6% of the public supported the project; and there was no objection.  
 

H. GRIEVANCE REDRESS PROCEDURE 
 
138. Public participation, consultation, and information disclosure undertaken as part of the 
local EIA process; assessment and development of draft resettlement plans; and consultations 
undertaken by the project consultants have discussed and addressed major community 
concerns. Continued public participation and consultation has been emphasised as a key 
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component of successful project implementation. As a result of this public participation and 
safeguard assessment during the initial stages of the project, major issues of grievance are not 
expected. However, unforeseen issues may occur. To settle such issues effectively, an effective 
and transparent channel for lodging complaints and grievances has been discussed and will be 
established, in parallel with the mechanism developed under the resettlement planning process. 
The project‘s grievance redress mechanism is included in the EMP (Appendix 6). 
 

I. ENVIRONMENTAL MANAGEMENT PLAN 
 
139. Objective. This IEE contains a consolidated project EMP, summarizing potential 
environmental impacts and mitigation measures, environmental monitoring program, public 
consultation program, reporting and supervision, feedback and adjustment mechanism, and 
institutional responsibilities (Appendix 6). The objective of establishing an EMP is to propose 
appropriate mitigation measures and establish the institutional arrangements to monitor and 
ensure compliance with the PRC environmental regulations, ADB‘s SPS, and the project 
documents. Such institutional mechanisms will seek to ensure continuous improvement of 
environmental protection activities during preconstruction, construction, and operation to 
prevent, reduce, or mitigate adverse impacts. The EMP draws on the domestic EIA report, 
including provincial environmental management plans, and on the TA discussions and 
agreements with the relevant government agencies. 
 
140. Important Features of the EMP. The overall EMP and provincial EMPs have the 
following features: 
 

(i) Identifying environmental issues involved in the project, based on which the 
objectives and contents of environmental management are decided, making the 
EMP targeted and applicable; 

(ii) Emphasizing analysis, evaluation, and application of environmental monitoring 
data and/or results; 

(iii) Emphasizing water resources protection as a priority of environmental 
management in the project area; 

(iv) Emphasizing water-saving irrigation, IPM, balanced fertilizer application, and 
organic farming as priorities of environmental management in the project area; 

(v) Clarifying environmental management agencies, their respective responsibilities, 
and costs and sources of funding for EMP implementation; and 

(vi) Making necessary adjustments to the items, parameters, venue, and frequency 
of environmental monitoring program. 

 
141. In light of the current model for construction management of physical projects in the PRC, 
the environmental protection measures to be implemented by the construction contractor are 
summarized and incorporated into the contract in the form of ―rules for environmental protection 
of construction‖, with its implementation being supervised by the on-site engineer entrusted by 
the county or city PMO. 
 
142. Compliance Monitoring. The EMP includes an environmental monitoring program 
describing the scope of monitoring, environmental media, monitoring parameters, the time and 
frequency of monitoring, and implementing and supervising agencies. During construction, the 
implementing agencies will conduct internal environmental monitoring and inspections to ensure 
that environmental mitigation measures are properly implemented. Inspections or audits will 
mainly cover construction activities, but these will also review the affected environment. During 
operation, the implementing agencies will be responsible for internal monitoring and reporting to 
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SOCAD. External monitoring and inspection will be conducted by local environmental 
monitoring centers under the local environmental protection bureaus. They will be responsible to 
undertake regular and random environmental monitoring and inspection activities before, during, 
and after construction as well as in the event of emergencies. 
 
143. Environmental monitoring, including environmental benefits monitoring, will be 
incorporated in the PPMS. The monitoring results will be used to evaluate (i) the extent and 
severity of environmental impacts compared with the predicted impacts, (ii) performance of the 
environmental protection measures or compliance with related rules and regulations, (iii) impact 
trends, and (iv) the overall effectiveness of the EMP. The effectiveness of the mitigation 
measures and monitoring plans will be evaluated through a feedback reporting system.  
 

J. CONCLUSION AND RECOMMENDATION 
 
144. The project is expected to generate multiple environmental benefits. The major 
anticipated environmental benefits include (i) water savings on existing irrigated lands; (i) 
reduced use of agrochemicals per hectare; (iii) reduced soil loss and improved soil quality; (iv) 
reduced salinization and water logging; (v) recovery of plastic mulch; and (vi) promotion of 
green agriculture; and (vi) increased climate resilience. They will contribute to sustainable 
agricultural development and income generation for farmers. 
 
145. A consolidated project EMP has been developed. The EMP includes, among other 
things, a detailed description of the potential environmental impacts and mitigation measures, 
environmental monitoring program, public consultation program, reporting and supervision, 
feedback and adjustment mechanism and institutional responsibilities. It is carefully designed to 
fit into the PRC‘s existing environmental management system. It has been concluded that, with 
mitigation measures and agreed monitoring arrangements, the residual impacts will be 
insignificant. 
 
 
 
 



 38 
Appendix 1 

 

APPENDIX 1: APPLICABLE NATIONAL ENVIRONMENTAL STANDARDS 
 
 1. Surface Water Standards 
 
1. The applicable classes of the PRC Surface Water Standards (GB 3838-2002) for this 
project are provided in Table 1.1. 
 

Table 1.1: Applicable Surface Water Standards 
 Project Province/Surface Water Bodies Class 

Anhui Huai river (Anhui-Henan provincial boundary-Chen village section); Gu river (Anhui-Henan 
provincial boundary-Zhonggang village section); Cihuaixin river (Cihuaipu-Shangqiao 
section); Heci river (Fuhao bridge-Cihuaipu section); Xifei river (Feiheji town-Gantong 
town section); Beifei river (Qingyanggou village-Caojiafan village section);  
 

III 

Laoquan river (Yingquan district); Quan river (Anhui-Henan provincial boundary-estuary 
section); Wo river (Dashizha-Shaoxu section); Jie river (Xiaozhaozhuang village-Yezijing 
village section); Hong river (Anhui-Henan provincial boundary-estuary section); Ying river 
(Anhui-Henan provincial boundary-Yumin bridge section) 
 

IV 

Qian river (Yuantou-Liukong gate section) 
 

II~III 

Ying river (Yumin bridge-estuary) 
 

III-IV 

Heilongjiang Songhua river basin: Hailang river (Changding-Shihe section) 
Nengjiang river basin: Keluo river (Kehou-estuary section); north irrigation canal 
Wusuli river basin: Abuqin river (Wuqi forest farm bridge-Weiguo bridge section) 
 

II 

Songhua river basin: mainstream Songhua (Zhonghe village-Fhe village section); Dulu 
river (Fendou bridge-estuary section); Feiketu river (Erlongshan-estuary); Mudanjiang river 
(Zhujiatun-Heishantun section); weiken river (Changxing bridge-Sandaogang town 
section); Tongken river (Liansheng village-estuary section); Ougen river (Fazhan bridge-
estuary section) 
 
Nengjiang river basin: Wuyuer river (Minsheng village-Dongxing section); mainstream 
Nengjiang river (Shihuiyao-Nierji section, Tumuxibei village-Sancha river section) 
Wusuli river basin: Wusuli river within Heilongjiang province; Naoli river (Longtou bridge-
convergence of great and small Naoli rivers section); Muleng river (Dongyirenun- estuary 
section); Qihulin river (Xinwei village-estuary section); Abuqin river (Weiguo bridge-estuary 
section) 
 

III 

Henan Tuedi river (Zhngzhuang village-Tuocheng section); Yellow river grand canal (Sanyizai-
Zawo gate section); Yellow river (Langchenggang-ongbatou section); Shuangbo river 
(Zhouzhuang village-Fuergang section) 
 

III 

Lalu river (Chenwuba-Houcao gate section); Wo river (Sunkou-Fengiao section); Huiji 
river (Wangtun bridge-estuary section); Tonghui canal (Daizai village-estuary section); 
Jiang river (section within Qixian county); Dan river (Wangyumiao-estuary section); Xingfu 
canal (section within Qixian county); Wenyan canal (Hexiang bridge-Dacheji village 
section); Tianranwenyan canal (Dacheji village-estuary section); Tanqulao river (section 
within Mengzhou); Mang river (Baiqiang-Gudan gate section); Shuangmu river (Dagui 
town bridge-Zhouzhuang village section); Qin river (Wulongkou-Wangshun section) 
 

IV 

Manggai river (Gudan gate-estuary section); Xinmang river (Manggai river estuary-
Zhaoma village section); Laomang river (Gudan gate-Dafeng village section) 
 

V 

Jilin Second Songhua river basin: Heidingzi river; Shuangyang river (Xiaoshipeng estuary-
Hekou section); Yinma river (Yiji-Shitoukomen section, Shitoukoumen-Wukai estuary 
section); Chakou river (Qucahaihe town-estuary section); Dahengdao river; Santong river 
(Heping-estuary section); Huifa river (Meihekou city-Huadian city section); Wengke river; 
second Songhua river (Tongqi river estuary-Songmu irrigation canal section) 

III 
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 Project Province/Surface Water Bodies Class 

Songhua river basin: Lalin river; mainstream Songhua river (Sancha river-provincial 
boundary) 
 
Nengjiang river basin: Zhaoer river (Linhetun-Qingyoutun section) 
Liao river basin: East Liao river (Zhaosutai river headwater-Shangsantai section); 
Denggan river; east Liao river (Baoan river estuary-Nandaqiao section) 
 

Ningxia Yellow river mainstream (Ningxia section); Gan canal system (Meili canal, Lingyangshou 
canal, Qixing canal, Yuejin canal, Xigan canal, Tanglai canal, Hanyan canal, Huinong 
canal, Daqing canal, Taimin canal, Qin canal, Han canal, Malian canal, Donggan canal, 
Bolang canal, Honggan canal, Minsheng canal, Taining canal, Taimin canal, Beigan 
canal) 
 

III 

Yunnan Jinshajiang river (Xianggeliladong-Longfan section) 
 

I 

Bibi lake, Haixi lake, Miju river (headwater-Eryuanniujie section); Gaochong lake; 
Yangzong lake; Niulanjiang river (headwater-Qixing bridge section); Hexi lake; Jietouxiao 
river; Mingguangda river; Longchuanjiang river; Youdian river (headwater-Xiqian section); 
Dahe lake; Yupaojiang river (headwater-Hongmei lake section); Liboluo river (Bingma-
Wandian section); Yilong lake; Nanpanjiang river (Chaishitan-Gaoguma section); 
Xiaoxiang lake; Hexi lake; Longtan river (headwater-Yuezhouxiaohe section) 
 

II 

Yangpai lake; Gaishuihe lake;l Kongxinshu lake; Qingling river (Taiping-Tuantang section; 
Yupaojiang river (Hongmei lake-estuary section); Mizu river (Niujie-estuary section); 
Yanggong river (Xintun-estuary section); Dahe river (Dengga-estuary section); Xihe 
(Tangchi-estuary section); Sayuhe river (Yudong lake-Qingkou section); Yudong lake 
 

III 

Longtan river (Yuezhouxiaohe-estuary section); Nanpanjiang river (Dongfeng gate-
Xiangshuiba section; Xiaoxiangjiang river (Xiaoxiang lake-estuary section 
 

IV 

 
 2. Ground Water Standards 

 
2. The class III of the PRC Ground Water Quality Standards (GB/T 14848-1993) are 
adopted for this project. The parameters are presented in Table 1.2. 
 

Table 1.2: Ground Water Quality Standards (mg/l except for pH) 

Parameter pH Sulphate Chloride NH3-N NO-N 
Nitrate 

Nitrogen 
Total 

Hardness 

Value (mg/l except for pH) 6.5~8.5 ≤ 250 ≤ 250 ≤ 0.2 ≤ 0.02 ≤ 20 ≤ 450 

Note: Class III standards are applicable to centralized water supply sources, and industrial and agricultural uses.  

 
 3.  Irrigation Water Standards 
 
3. The PRC Irrigation Water Standards (GB 5084-2005) are provided in Table 1.3. 
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Table 1.3: Irrigation Water Quality Standards 

No. Parameter 

Crop Type 

Paddies Dryland Vegetables 

Basic Parameters 

1 BOD5 (mg/l) 60 100 40
a
, 15

b
 

2 COD (mg/l) 150 200 100
a
, 60

b
 

3 SS (mg/l) 80 100 60
a
, 15

b
 

4 Anionic surfactant (mg/l) 5 8 5 

5 Temperature (
0
C) 35 

6 pH 5.5~8.5 

7 Total salt (mg/l) 1,000
c
 (Non-salinized area), 2,000

c
 (Salinized area) 

8 Chloride (mg/l) 350 

9 Sulphate (mg/l) 1 

10 Total Hg (mg/l) 0.001 

11 Cd (mg/l) 0.01 

12 Total arsenide (mg/l) 0.05 0.1 0.05 

13 Cr
+6

 (mg/l) 0.1 

14 Pb (mg/l) 0.2 

15 Coliform (count/100 ml) 4,000 4,000 2,000
a
, 1,000

b
 

16 Ascarid egg (count/l) 2 2
a
, 1

b
 

Supplementary Parameters 

1 Cu (mg/l) 0.5 1 

2 Zn (mg/l) 2 

3 Se (mg/l) 0.02 

4 Fluoride (mg/l) 3 (Fluoride-rich area), 2 (Other areas) 

5 Cyanide (mg/l) 0.5 

6 Petroleum (mg/l) 5 10 1 

7 Volatile phenol (mg/l) 1 

8 Benzene (mg/l) 2.5 

9 Trichloraldehyde (mg/l) 1 0.5 0.5 

10 Acraldehyde (mg/l) 0.5 

11 Boron (mg/l) 1
d
 (Boron-sensitive crops), 2

e
 (Crops with some tolerance to boron), 

3
f
 (Crops with strong tolerance to boron) 

a 
Processing, cooked, or peeled vegetables. 

b 
Fresh-consumed vegetables, melons, and herbal fruits. 

c 
The threshold can be raised for areas with certain water, irrigation, and drainage facilities that can ensure drainage 
and groundwater runoff, or where there is a certain amount of freshwater to wash off the salt in the soils. 

d
 For example, cucumbers, beans, potatoes, winter squashes, chives, onions, and oranges. 

e
 For example, wheat, corn, green pepper, green Chinese cabbage, and green onion. 

f
 For example, rice, radish, rape, and broccoli. 
 

 4. Air Quality Standards 
 
4. The class II of the PRC Ambient Air Quality Standards (GB 3095-2000) is adopted for 
ambient air quality in the project areas. The class II standards are shown in Table 1.4. 
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Table 1.4: Air Quality Standards 

Parameter 

Limit (mg/m
3
) 

Timeframe Class II Standard 

TSS Annual average 0.20 

Daily average 0.30 

SO2 Annual average 0.06 

Daily average 0.15 

Hourly average 0.50 

CO Daily average 4.00 

Hourly average 10.00 

NO2 Annual average 0.08 

Daily average 0.12 

Hourly average 0.24 

 
5. For crop fields, the PRC Maximum Allowable Limits of Air Pollutants for Protecting 
Agricultural Crops (GB 9137-1988) are adopted. The standards are provided in Table 1.5. 
 

Table 1.5: Maximum Allowable Air Pollutant Concentrations for Crop Fields 

Pollutant 
Crop 

Sensitivity 

Average 
Concentration 

during Growing 
Season 

Daily Average 
Concentration 

One-Time 
Measurement Types of Crops 

SO2 (mg/m
3
) Medium 0.08 0.25 0.70 Rice, corn, wheat 

Chloride (μg/(dm
3
·d) Medium 2.0 10.0 -- Rice, corn 

 
 5. Soil Quality Standards 

 
6. The class II of the PRC Soil Quality Standards (GB 15618-1995) are adopted for the 
project areas. The standards are provided in Table 1.6. 

 
Table 1.6: Applicable Soil Quality Standards 

Parameter 

Class II Limit (mg/kg) 

Soil pH < 6.5 Soil pH = 6.5-7.5 Soil pH > 7.5 

Cadmium 0.3 0.3 0.6 

Mercury 0.3 0.5 1.0 

Arsenic (irrigated field) 30 25 20 

Arsenic (on-irrigated field) 40 30 25 

Lead 250 300 350 

Chrome (irrigated field) 250 300 350 

Chrome (non-irrigated field) 150 200 250 

 
 6. Discharge Standards 
 
7. The irrigation return water will go to rivers designated as class III, IV and V water quality. 
The classes II and III of the PRC Comprehensive Wastewater Discharge Standards (GB 8978-
1996) are adopted. The standards for irrigation return water are provided in Table 1.7. 
 

Table 1.7: Irrigation Return Water Quality Standards 
 BOD (mg/l) COD (mg/l) SS (mg/l) NH3-N (mg/l) 

Class I 30 100 70 15 

Class II 60 150 200 25 
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APPENDIX 2: LOCATION MAPS OF PROJECT COUNTIES 
 

 
Project Counties/Cities in Anhui Province 
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Project Counties/Cities in Heilongjiang Province 
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Project Counties/Cities in Henan Province 
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Project Counties/Cities in Jilin Province 
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Project Counties/Cities in Ningxia Hui Autonomous Region 
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Project Counties/Cities in Yunnan Province 
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APPENDIX 3: DESCRIPTIONS OF ACTIVITIES BY PROVINCE 

No. Component/Subcomponent/Activity Unit 
Province 

Anhui Heilongjiang Henan Jilin Ningxia Yunnan 

1. Improved Irrigation and Drainage Infrastructure        
1.1 
 
1.1.1 
 
1.1.2 
 
 
 
 
1.1.3 
 
 
 
 
 
 
 
 
 
 
1.1.4 

 
 

Subproject Surface Water Irrigation Systems 
Completed/Upgraded 

with a total area 
of which incremental area 

Irrigation/drainage canals dredged 
Branch canals 
Lateral/sublateral canals 
Branch drainage ditches 
Lateral/sublateral drainage ditches 

Canal system structures built 
Bridges 
Weirs 
Culverts 
Gates 
Aqueducts 
Drop structures 
Inverted siphons 
Overflow weirs 
Outlet structures 
Tail water outlets 

Irrigation pumping stations constructed/improved 
of which newly constructed 

improved 

 
no. 
ha 
ha 
km 
km 
km 
km 
km 
no. 
no. 
no. 
no. 
no. 
no. 
no. 
no. 
no. 
no. 
no. 
no. 
no. 
no. 

 

 
1 

600 
200 

1,058 
271 
181 

47 
560 

5,375 
2,675 

0 
2,639 

61 
0 
0 
0 
0 
0 
0 
7 
4 
3 

 

 
14 

13,986 
1,000 

507 
197 

92 
162 

56 
3,432 

66 
0 

603 
133 

15 
16 
0 
0 

2,599 
0 
2 
1 
1 

 

 
1 

500 
0 

514 
21 
0 

174 
318 

2,478 
855 

0 
1,603 

20 
0 
0 
0 
0 
0 

 
15 

- 
15 

 

 
13 

14,484 
978 
449 
105 
116 
150 

78 
1,417 

159 
0 

141 
155 

26 
4 

14 
2 

916 
0 

17 
1 

16 
 

 
8 

10,696 
213 

1,183 
147 
641 
157 
237 

10,365 
2,861 

226 
174 
536 
357 

78 
1 
0 

3,646 
2,486 

26 
 

26 
 

 
12 

16,322 
6,259 

141 
30 

109 
2 
0 

6,304 
2,950 

0 
1,678 
1,675 

1 
0 
0 
0 
0 
0 

11 
3 
8 

 
1.2 
 
 

 
1.2.1 
1.2.2 
1.2.3 
1.2.4 
 

Subproject Tube well (Groundwater) Irrigation 
Systems Developed/Improved 

with a total area 
of which incremental area 

New tube wells constructed 
Existing tube wells improved 
Rural electric cables and accessories installed 
Transformers installed 

 

 
no. 
ha 
ha 
no. 
no. 
km 
set 

 

 
8 

17,083 
16,026 
3,746 

0 
16 
59 

 

 
6 

4,330 
3,700 

249 
- 

36 
16 

 

 
9 

16,813 
7,959 
3,215 

788 
1,694 

823 
 

 
3 

2,508 
2,300 

302 
- 
- 
- 
 

 
3 

205 
34 

- 
11 
29 
22 

 

 
3 

244 
0 
- 
- 
6 
1 

 
1.3 
 
1.3.1 
 
 
1.3.2 
1.3.3 

Water-Saving Technology Promoted 
through 
Canals lined 
Of which branch canals 
        Lateral/sublateral canals 

Low-pressure pipelines installed 
Sprinkler irrigation installed 

ha 
 

km 
km 
km 
km 
ha 

16,626 
 

8 
2 
6 

103 
- 

12,220 
 

201 
109 

82 
- 

1,150 

13,510 
 

26 
15 
21 

1,171 
- 

11,446 
 

201 
145 

56 
- 

992 

10,150 
 

787 
147 
640 

8 
366 

10,542 
 

442 
222 
220 

44 
316 
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No. Component/Subcomponent/Activity Unit 
Province 

Anhui Heilongjiang Henan Jilin Ningxia Yunnan 

1.3.4 
1.3.5 
1.3.6 

 
 

Micro-irrigation (incl. drip irrigation installed) 
Movable flexible pipes supplied 
Small water storage structures developed  

of which newly constructed 
improved 

ha 
km 
no. 
no. 
no. 

 

- 
- 
- 
- 
- 

- 
 

- 
- 
- 

3 
222 

- 
- 
- 

1 
80 
8 
- 
8 

- 
- 
- 
- 
- 

- 
- 

11 
11 

- 

1.4 
1.4.1 
1.4.2 
1.4.3 
1.4.4 

1.5 

Water Users Associations (WUAs) supported 
Start-up 
Buildings 
Training and study 
Water-measuring equipment 
Pilot solar-powered irrigation 
 

no. 
 

m
2
 

pm 
set 
pilot 

30 
59 

100 
292 

- 
- 

6 
- 
4 

16 
10 

- 

1 
- 

60 
2 
- 
- 
 

10 
9 

80 
619 

44 
- 
 

30 
30 

- 
- 
- 
9 

 

8 
8 
- 
- 
- 
- 

2. Improved Agricultural Support        

2.1 
 

Soil Quality Improved 
Through 

ha 
 

9,675 
 

7,495 
 

18,193 
 

7,665 
 

17,744 
 

6,366 
 

2.1.1 
2.1.2 
2.1.3 
 

Fields leveled 
Land deep plowed 
Balanced fertilizer application introduced 
 

ha 
ha 
ha 

 

1,200 
2,620 

- 
 

5,329 
4,960 
4,564 

 

2,826 
5,620 
6,837 

 

4,525 
1,400 
1,786 

 

5,110 
9,828 
7,140 

 

550 
1,418 
7,219 

 
2.2 
2.2.1 
 
 
2.2.2 
 

Service Roads Improved 
Rural roads 
Hardened roads 
Gravel roads 

Working roads 
Hardened roads 
Gravel roads 
Earthen roads 

km 
km 
km 
km 
km 
km 
km 
km 

274 
238 
203 

35 
36 
11 
25 

- 

264 
174 

19 
155 

90 
2 

59 
29 

628 
305 
182 
123 
323 

- 
68 

255 

155 
93 
37 
56 
62 

- 
62 

- 

204 
136 

9 
127 

68 
40 
28 

- 

227 
94 
8 

86 
133 

4 
129 

- 
2.3 

 
2.3.1 
2.3.2 
2.3.3 
2.3.4 
2.3.5 
 
2.3.6 
2.3.7 
2.3.8 

Agricultural Practices Improved 
through 
Quality seed production area expanded 
Quality seed storage warehouse constructed 
Quality seed drying areas constructed 
Quality seed production increased 
Agricultural machinery power increased 

through provision of tractors 
Farm implements distributed 
Plant protection equipment distributed 
IPM program introduced on 
Including equipment 
and vehicles 
 

 
 

ha 
m

2 

m
2
 

tons 
kW 

units 
units 
units 
ha 

sets 
no. 

 
 

6 
450 

1,200 
16 

24,027 
- 
- 
- 
- 
- 
- 

 
 

- 
3,900 

17,600 
- 

3,556 
48 
28 
61 

1,000 
27 

- 

 
 

- 
- 
- 

18 
- 
- 
- 
- 

606 
- 
9 

 
 

- 
1,700 

11,600 
25 

8,256 
89 
99 
20 

- 
20 

- 

 
 

- 
1,260 

26,000 
4,048 
1,462 

15 
60 
36 

4,909 
198 

- 

 
 

1,220 
200 

- 
307 

2,500 
282 

4 
- 

3,210 
310 

- 
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No. Component/Subcomponent/Activity Unit 
Province 

Anhui Heilongjiang Henan Jilin Ningxia Yunnan 

2.4 
2.4.1 
 
2.4.2 
 
2.4.3 

Land Degradation Reduced through 
Farm shelterbelts planted 

Requiring saplings purchased 
Environmental protection forests planted 

Requiring saplings purchased 
Processes straw returned to farmland 

 
ha 

000s 
ha 

000s 
ha 

 
336 

1,900 
- 
- 

10,970 

 
243 
387 

- 
10 

1,370 

 
578 

1,241 
- 
- 

12,846 

 
673 
716 

65 
110 

2,540 

 
550 

1,108 
54 

104 
5,100 

 
200 
294 
156 

- 
2,035 

 
2.5 
2.5.1 
 
 
 
2.5.2 
 
 

 

 
Farmer Capacity Improved through 

Farmer professional associations/cooperatives 
established and strengthened by start-up and 
running costs provided 

Training and study tours organized 
Instruments and equipment financed 

Farmer training  
Publicity and start up 
Technical training 

 
 
 

no. 
pm 
set 
pm 
pm 
pm 

 
 
 

24 
13 
3 

1,455 
291 

1,164 

 
 
 

2 
100 

24 
2,059 

254 
1,805 

 
 
 

7 
177 

65 
2,290 

711 
1,579 

 
 
 

30 
804 
131 

3,431 
1,751 
1,680 

 
 
 

2 
265 
154 
761 
290 
471 

 
 
 

1 
175 

35 
6,907 
3,085 
3,822 

2.6 
 

2.6.1 
 
2.6.2 

 
 
 

2.6.3 

Modern Agricultural Technologies Demonstrated 
Including 
Demonstration greenhouses constructed 

and greenhouse equipment provided 
Pollution-free/safe agriculture demonstrated 
including 

Equipment provided 
Declarations supported 

Organic/green agriculture demonstrated 
including 

Equipment provided 
Declarations supported 

Ha 
 

ha 
set 
ha 

 
set 
no. 
ha 

 
set 
no. 

 

19 
 

18.7 
- 
- 
 

- 
- 
- 
 

- 
- 

2,145 
 

4.5 
36 

2,140 
 

124 
1 
- 
 

- 
- 

672 
 

71.8 
1,499 

600 
 

300 
3 
- 
 

- 
- 

4,570 
 

5.6 
337 

2,989 
 

83 
6 

1,575 
 

133 
7 

7,702 
 

84.8 
15,021 
7,617 

 
179 

1 
- 
 

- 
- 

2,528 
 

15.6 
78 

1,742 
 

225 
5 

770 
 

140 
5 

3. Improved  Project Management        

3.1 
 

3.1.1 
3.1.2 
3.1.3 
3.1.4 
3.1.5 
3.1.6 
3.1.7 
3.1.8 
 
 

Provincial and County CAD Offices Upgraded 
including 
Domestic training provided 
International training provided 
Domestic study tours undertaken 
International study tours undertaken 
National consulting services 
Office equipment purchased and installed 
Project management vehicles procured 
Agricultural management information system 
equipment installed and operational 
Server equipment 

 
 

pm 
pm 
pm 
pm 
pm 
set 
no. 

 
 

set 

 
 

1,827 
4 

251 
35 

- 
399 

12 
 
 

- 

 
 

75 
4 

92 
16 

 
310 

20 
 
 

- 

 
 

868 
4 

733 
12 
1 

198 
15 

 
 

- 

 
 

270 
4 

235 
30 
50 

188 
17 

 
 

- 

 
 

48 
16 

180 
60 

105 
107 

10 
 
 

3 

 
 

175 
4 

175 
48 
92 

344 
13 

 
 

- 
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No. Component/Subcomponent/Activity Unit 
Province 

Anhui Heilongjiang Henan Jilin Ningxia Yunnan 

 
 
 
 
3.1.8 
3.1.9 

Software design 
Satellite remote sensing images 
Data acquisition 
MIS 

Environmental monitoring 
Social and poverty monitoring 

set 
set 
no. 
set 
no. 
no. 

- 
- 
- 
- 
4 
4 

 

- 
- 
- 
5 

 
 
 

- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
 

3 
20 
1 
- 
4 
5 

 

- 
- 
- 
1 
- 
- 

         
3.2 
 
3.2.1 
3.2.2 
 

Rural Women‘s Capacity Developed  
through 
Women‘s groups trained 
ACWF capacity built 

 
 

county 
county 

 
 

2 
2 

 
 

- 
- 

 
 

- 
- 

 
 

- 
- 

 
 

2 
2 

 
 

2 
2 

3.3 
 
3.3.1 
 
 
 
 
 
3.3.2 
3.3.3 

CAD Integrated Management System Established 
and Operational Comprising 

Agricultural management and information system 
installed 

Servers installed 
Software design completed and operational 
Satellite remote sensing images procured 
Data acquired 

Environmental monitoring system established 
Social and poverty monitoring system established 

 
no. 

 
CNY mn 
CNY mn 
CNY mn 
CNY mn 
CNY mn 
CNY mn 

 
CNY mn 

 
 
 

- 
- 
- 
- 
- 
0.50 

 
0.50 

 
 
 

5.00 
0.20 
3.00 
0.90 
0.90 
0.17 

 
0.17 

 
 
 

- 
- 
- 
- 
- 
- 
 

- 

 
 
 

- 
- 
- 
- 
- 
- 
 

- 

 
 
 

1.45 
0.10 
0.20 
0.80 
0.35 
1.00 

 
1.00 

 
 
 

- 
- 
- 
- 
- 
- 
 

- 

ACWF = All China Women‘s Federation, CAD = comprehensive agricultural development, ha = hectare, IPM = integrated pest management, km = kilometer, kW = 
kilowatt, m

2
 = square meter, no. = number, O&M = operation and maintenance, pm = person-months, WUA = water users association. 

Source: National Proposal Summary Tables, May 2010. 
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APPENDIX 4: EXPERIENCES IN SELECTED WORLD BANK PROJECTS 
 
1. In the past decade, the World Bank has financed a series of agricultural development 
projects in the People‘s Republic of China (PRC). With a total investment of $200 million 
including a loan of $77 million from the World Bank, the PRC Water-Saving Irrigation Project 
(2001–2005) targeted water-saving irrigation infrastructures (canal lining, low-pressure pipe 
irrigation, sprinkler irrigation, and drip irrigation) for 1.71 million ha of land in 62 counties in 
Beijing municipality, Hebei province,  Qingdao (Shandong province), and Shenyang (Liaoning 
province). Undertaken by the PRC Institute of Water Resources and Hydropower Research 
(IWHR), the environmental impact assessment (EIA) identified the following beneficial impacts: 
(i) the introduction of water-saving technologies would improve water use coefficient to 0.70–
0.85 compared to 0.40–0.65 with the commonly used traditional flood irrigation; (ii) with 
balanced application of fertilizers and the use of straws as organic fertilizers, the project would 
result in timely delivery of water and nutrients to crop roots, improve soil texture, and increase 
the efficiency of fertilizer use; (iii) the land leveling and reforestation interventions would reduce 
water and soil loss, facilitate mechanization, save labor, and improve the local environment; and 
(iv) the capacity development component would help promote the expansion of agricultural 
knowledge and technology, raise farmers‘ income, and promote the socioeconomic 
development. The identified potential adverse impacts under the EIA study included (i) overuse 
of fertilizers and pesticides, (ii) lowering of groundwater table in water-shortage areas, (iii) 
salinization in arid and semiarid areas, and (iv) construction impacts. The EIA study concluded 
that, with mitigation measures, the residual impacts would be insignificant.34 
 
2. With a total investment of $153.98 million, including a loan of $100 million from the 
World Bank, the Jiangxi Integrated Agricultural Mechanization Project (2004–2010) contains the 
following physical interventions: (i) irrigation and drainage, including physical construction and 
rehabilitation of irrigation works, construction of on-farm irrigation and drainage systems, and 
construction of access and farm roads; (ii) farm productivity improvement, including one-time 
fertilization of lime and phosphate fertilizers to improve soil fertility and household-based 
livestock and fish production; and (iii) market system development, including construction, 
rehabilitation, and upgrading of agricultural product markets. The identified environmental 
benefits included (i) more efficient use of water resources, (ii) reduced waterlogging and salinity 
threat, (iii) reduced soil erosion and nutrient leaching, (iv) integrated pest management (IPM), 
and (v) improved livelihood of farming communities. The most substantial negative 
environmental effects of the project can be expected from a more intensive agricultural 
production, which might involve higher use of fertilizer and pesticides. The project in its design 
placed strong emphasis on mitigating these effects by introducing more efficient application 
techniques to farmers. For example, the project supported IPM, including (i) managing pests 
(keeping them below economically damaging levels) rather than seeking to eradicate them; (ii) 
relying, to the extent possible, on nonchemical measures to keep pest populations low; and (iii) 
selecting and applying pesticides, when they have to be used, in a way that minimizes adverse 
effects on beneficial organisms, humans, and the environment. Other potential negative impacts 
included a possible increase in the incidents of schistosomiasis within the project counties in the 
perimeter of the Poyang Lake and Yangtze River; and to a much smaller scale, noise or 
pollution of construction sites, increased transportation under the project, and increased waste 
disposal on agricultural product markets.35 

                                                
34

 China Institute of Water Resources and Hydropower Research. 1999. EIA Report of the China Water-Saving 
Irrigation Project Financed by the World Bank. Beijing. 

35
  World Bank. 2003. Project Appraisal Document on a Proposed Loan in the Amount of US$100 Million to the 

People’s Republic of China for a Jiangxi Integrated Agricultural Mechanization Project. Report No.: 25702-CHA. 
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3. The Agricultural Technology Transfer Project had a total investment of $207.4 million, 
including a loan of $100 million from the World Bank. Implemented between 2005 and 2011 in 
five provinces (Anhui, Heilongjiang, Hunan, and Shaanxi), the project has three components 
that target technology transfer and information markets and services, promotion of commercially 
attractive key technologies and institutional arrangements, and capacity development and 
training. The investment interventions involve the construction of technology markets and 
exhibition centers, agricultural processing facilities, agricultural machinery and input supply 
facilities, development of high-quality production, and production of agricultural raw materials. 
The identified positive impacts include the production and propagation of organic vegetables, 
IPM, and the provision of organic food production advisory and certification services. As a 
project similar to an ADB sector loan, a number of environmental criteria were proposed for the 
screening and selection of undefined interventions, for example, (i) environmentally harmful 
technologies and proposals with potentially environmentally harmful effects will be excluded, (ii) 
investments involving organically modified organism (GMO) technologies will be excluded, (iii) 
the companies involved in the processing and production of medicinal herbs or other natural 
plants for the pharmaceutical or other chemical industry will prepare and implement action plans 
that completely move their raw material supply away from the collection towards cultivation of 
medicinal herbs and other plants, (iv) high-standard water treatment facilities for agroprocessing 
plants, and (v) safety and pollution control measures during construction. As an institutional 
assurance, the responsible environmental protection bureaus will check and approve each of 
the individual feasibility studies and propose mitigation measures in case of any negative 
impact.36 
 
4. Financed with a World Bank loan of $100 million and implemented between 1998 and 
2003, the Guanzhong Irrigation Improvement Project covered 9 large irrigation districts in 
Shaanxi province. The engineering interventions included (i) construction, expansion, and/or 
rehabilitation of dams and reservoirs, canals, and irrigation and drainage pumping stations; (ii) 
land leveling; (iii) dredging and widening of drainage canals; (iv) reinforcing, repairing, and lining 
of irrigation canals; (v) construction of flood prevention roads; and (vi) establishment of water-
saving irrigation demonstration areas (microsprinkler and pipe irrigation). The identified positive 
impacts included (i) improving the balance between supply and demand of the limited water 
resources by reducing leakage and improving water use efficiency, (ii) slowing down the rise in 
groundwater table and avoiding salinization and waterlogging, (iii) reducing soil erosion, and (iv) 
promoting water management among the users. The identified adverse environmental impacts 
included (i) risk of spread of crop diseases and pests from conversion of 49,330-ha rainfed to 
irrigated land, (ii) accumulation of nitrogen in soils in the form of NO3-N, and (iii) contamination 
of soils and groundwater by increased use of agrochemicals, especially in areas with a shallow 
groundwater table. Proposed mitigation measures would minimize the adverse impacts to an 
insignificant level.37 
 
5. Of particular relevance are the three phases of the irrigated agriculture intensification. A 
comparison of the experiences in World Bank projects in reference to this ADB project is shown 
in Table A4.1. 

                                                
36

  World Bank. 2005. Project Appraisal Document on a Proposed Loan in the Amount of US$100 Million to the 
People’s Republic of China for an Agricultural Technology Transfer Project. Rural Development and Natural 
Resources Sector Unit, East Asia and Pacific Region, World Bank; and World Bank. 2004. Integrated Safeguard 
Data Sheet, Concept Stage. Report No.: AC995. 

37
  Shaanxi Institute of Water Resources and Electric Power Investigation and Design. 1998. Environmental Impact 

Assessment for Guanzhong Irrigation Improvement Project (GIIP). December 1998, Xi‘an. 
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Table A4.1: Comparison of Experiences with World Bank Projects 

 World Bank Projects 
Proposed ADB 

Project Remarks 

Geographic 
coverage 

107 counties in five 
provinces: Anhui, 
Hebei, Henan, Jiangsu, 
and Shandong 
 
Clustered in five 
neighboring eastern 
(Jiangsu and 
Shandong) and central 
(Anhui, Hebei, and 
Henan) provinces 
 

69 counties in six 
provinces: Anhui, 
Heilongjiang, Henan, 
Jilin, Ningxia, and 
Yunnan 
 
Situated in NE 
(Heilongjiang and 
Jilin), central (Anhui 
and Henan), NW 
(Ningxia) and SW 
(Yunnan) 
 

There are two overlapping provinces: Anhui 
and Henan. 
 
For Anhui, there is no overlap in project 
counties but they are in close proximity 
 
For Henan, 4 of the 9 ADB counties overlap 
with the World Bank project 
 

Scope 4 main components 
organized by theme: 
 
i) Water-saving 

irrigation and 
drainage 

ii) Agricultural 
modernization and 
organization 
development 

iii) Agro-ecological 
environmental 
protection and 
management 

iv) Institutional 
strengthening and 
project 
management 
support 

 

Not yet defined in 
terms of 
components 

The scope of the engineering interventions 
is almost identical. Both projects contain the 
following: 
 
- Storage dams and reservoirs, pump 

stations, wells, canals, bridges and 
culverts, roads, power lines and 
transformers 

 
- Canal lining, subsurface pipelines, 

concrete pipes, sprinklers, movable 
and soft plastic pipes 

 
- Office and training buildings, water 

measuring devices 
 
- Improvement to agriculture extension 

centers, supply of better quality inputs 
and materials, seed processing centers 
and farms, integrated pest 
management, agricultural machinery 

 
- Greenhouses, green products 

production areas 
 
- On-farm windbreak forests, protective 

greenbelts, nurseries, demonstration 
and extension areas 

 
- Pest control equipment, pest 

forecasting stations 
-  

Investment $464 million, including 
$200 million loan from 
the World Bank 

About $340 million, 
including $200 
million loan from the 
ADB 
 

To be confirmed by ADB Management.   

Implementation 
Period 

2006–2011 2012–2016 To be confirmed by ADB Management.  
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APPENDIX 5: OVERVIEW OF WATER BALANCE ESTIMATES 

 

Province County 
Water 

Source
1
 

10-Year 
Average 
Available 

(10,000m
3
) 

Before   
Project  

Annual Use 

(10,000m
3
) 

After    
Project 

Annual Use 

(10,000m
3
) 

Annual Use 
Increment 

Depth 
Ground 

Water Table 

(m) 

Water  
Quality 
Grade

a 
(10,000m

3
) (%) 

Anhui Yingzhou 
b
 G   10 50 40 400  1.5 - 

(8 counties) Yingquan
 b
 G   10 50 40 400  1.5 - 

  Linquan
 c, e

 R 150 200 180 -20 -10    II/III. 

    G   50 30 -20 -40  33.3  

  Taihe
 b
 G   134 560 426 318  2.5 Good 

  Funan R 66 14.5 62.5 48 331  2.9 III 

    G   31.2 31.2 0 0     

  Jieshou
 b
 G   260 600 340 131  2.5 III 

  Guoyang
 b, f

 G   57 608 551 967  4 V 

  Mengcheng
 b
 G   8 114.2 106.2 1,330  2.6 I/II 

          

 Sub-total:   775 2,286 1511    

          

Heilongjiang Binxian 
g
 Re 2,500 1,200 1,000 -200 -17  IV 

(17 counties) Fuyu G  15 210 195 1,300  I 

 Hailin R 76,383 4,624 4,624 0 0  II 

 NingAn R 14,197 910 770 -140 -15  II 

 Huachuan R 3,600 600 1,230 630 105  III 

 Huanan R+Re 8,576 995 640 -355 -36  III 

 Fujing R 6,780,000 1,400 1,120 -280 -20  II 

 Wangkui Re 2,937 825 700 -125 -15  II 

 QingAn G  700 560 -140 -20   

 Dumeng R 2103,500 1,600 2,720 1,120 70  III 

 Saertu G    small   I 

 Suibin R 2,160,000 5,740 5,600 -140 -2  III 

 Luobei R 16,700 1,260 1,050 -210 -17  III 

 Raohe R 500,000 1,650 1,650 0 0  I 

 Baoqing 
g
 Re 15000 6000 6000 0 0  II 

 Hulin R 2000000 1292 2193 901 70  I 

 Lenjiang G 105   small  10 I 

          

 Sub-total:   28,811 30,067 1,256    

          

Henan Zhongmou G   1,050 750 -300 -29  4.5 - 

(9 counties) Xinzheng 
g
 G   660 420 -240 -36  10 I 

  Lankao 
c
 G   2,400 1,700 -700 -29  30 III 
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Province County 
Water 

Source
1
 

10-Year 
Average 
Available 

(10,000m
3
) 

Before   
Project  

Annual Use 

(10,000m
3
) 

After    
Project 

Annual Use 

(10,000m
3
) 

Annual Use 
Increment 

Depth 
Ground 

Water Table 

(m) 

Water  
Quality 
Grade

a 
(10,000m

3
) (%) 

    R 110 30 50 20 67    III 

  Qixian G   2,300 1,900 -400 -17  50 III 

  Kaifeng G   2,200 1,800 -400 -18  40 III 

  Yanjing
 b
 G   525 826 301 57  7 I 

  Changyuan G   783 626.4 -156.6 -20  10 IV 

  Mengzhou
 b

 G   626.4 783 156.6 25  8 II 

  Qinyang G   515.2 386.4 -128.8 -25  3.5 III 

    R 2,367 354 273.2 -80.8 -23    - 

          

 Sub-total:   11,444 9,515 -1,929    

          

Jilin Shuangyang Re 1,280 1,200 900 -300 -25    III 

(15 counties)   G   450 300 -150 -33  52 - 

  Yushu R 14,600 1,600 1,200 -400 -25    I 

  Dehui R 31,000 6,879 5,272 -1,607 -23    III 

  Jiutai Re 1,500 1,500 1,466 -34 -2    II 

  Nongan
 b
 G   38 50 12 32  55  

  Changyi G   2,312 370 -1,942 -84  8 I 

    R 5,800 884 3,780 2,896 328    I 

  Yongji Re 714 714 548 -166 -23    I 

  Lishu
 b
 G   248 428 180 73  10.5  

  Dongliao R 508 486 400 -86 -18    I 

  Dongfeng Re 880 845 696 -149 -18    I 

    G   100 100 0 0  6.5 I 

  Meihekou R+Re 1,443 1,443 1,153 -290 -20    - 

  Liuhe Re+R 10,013 2,568 2,311 -257 -10    IV 

  Huinan R 39,163 1,933 1,933 0 0    II 

  Taobei
 c
 R  1,169 828 -341 -29   I 

  Fuyu Re 12 6 8 2 33    II 

    G   72 70 -2 -3  3 - 

          

 Sub-total:   24,447 21,813 -2,634    

          

Ningxia Zhongwei 
g
 R 14,594 11,334 12,007 673 6    I 

(8 counties) Zhongning R 22,400 2,300 1,960 -340 -15    III 

  Wuzhong R 2,484 2,417 2,080 -337 -14    II 

  Qingtongxia R 110,000 2,228 2,078 -150 -7    IV 

  Lingwu R 9,500 2,320 2,035 -285 -12   III 

  Helan R 40,000 2,876 2,606 -270 -9    III 



57 
Appendix 5 

 

 

Province County 
Water 

Source
1
 

10-Year 
Average 
Available 

(10,000m
3
) 

Before   
Project  

Annual Use 

(10,000m
3
) 

After    
Project 

Annual Use 

(10,000m
3
) 

Annual Use 
Increment 

Depth 
Ground 

Water Table 

(m) 

Water  
Quality 
Grade

a 
(10,000m

3
) (%) 

  Yongning R 4,128 4,063 3,830 -233 -6    II 

  Nongken R 3,310 2,678 2,544 -134 -5    I 

          

 Sub-total:   30,216 29,140 -1,076    

          

Yunnan Yiliang 
g
 Re 17,431 13,411 13,150 -261 -2    II/III 

(12 counties) Songming 
g
 Re 15,675 10,411 9,950 -461 -4    II/III 

  Qilin Re 17,681 9,411 9,250 -161 -2    II/III 

  Zhaoyang Re 20,131 12,216 11,950 -266 -2    III 

  Tenchong Re 103,987 7,923 7,923 0 0    II 

  Changning Re 12,176 8,623 8,305 -318 -4    III 

  Yulong Re+R 6,005 3,861 3,300 -561 -15    II/III 

  Yaoan Re 8,631 5,371 5,050 -321 -6    II,III 

  Shiping Re+R 104,707 8,444 8,405 -39 0    II,III 

  Heqing Re 17,851 5,231 4,273 -958 -18    III 

  Eryuan Re 13,678 10,123 9,293 -830 -8    III 

  Luxi Re 14,770 1,772 1,200 -572 -32    III 

          

 Sub-total:   96,797 92,049 -4,748    

          

G = groundwater; R = river; Re = reservoir. 
a
 The water quality classification system for China (GB3838-3002) is: Class I: headwater and natural reserves; Class II: 1st class drinking water sources; Class III: 

2nd class drinking water sources; Class IV: for agricultural, industrial use and recreational use, not for human contact; Class V: for agricultural use only. 
b
 Groundwater abstraction expected to increase significantly. 

c
 Surface water use expected to be in excess of availability. 

d
 Major increase expected in surface water use. 

e
 Industrial organic pollutants affect river water. 

f
 Industrial pollution. 

g
 Water use balance to be monitored. 

Source: Provincial data; domestic water resources reports; domestic environmental assessment. 
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ENVIRONMENTAL MANAGEMENT PLAN 
 
 
A. Objective 
 
146. The objective of the environmental management plan (EMP) is to establish appropriate 
mitigation measures and institutional arrangements to monitor and ensure (i) compliance with 
environmental regulations, and (ii) implementation of the proposed mitigation measures. Such 
institutions and mechanisms are intended to ensure continuous improvement of environmental 
protection activities during project preparation, construction, and operation to prevent, reduce, 
or eliminate adverse impacts.  
 
147. The EMP addresses or includes the following aspects for all the selected project sites: (i) 
a summary of impacts and mitigation measures, (ii) environmental monitoring and inspection, (iii) 
public consultations, (iv) implementation responsibilities, (v) institutional strengthening and 
training, (vi) reporting and supervision, and (vii) feedback and adjustment mechanism. The EMP 
will be reviewed and updated at the end of the detailed design phase to be consistent with the 
final detailed design and the consolidated initial environmental examination (IEE). 
 
B. Summary of Potential Impacts and Mitigation Measures 
 
148. Potential environmental issues and impacts during pre-construction, construction, and 
operation, as identified by the consolidated IEE report as well as corresponding mitigation 
measures designed to minimize these impacts, are summarized in Table A6.1. The mitigation 
measures will be incorporated in the tendering documents, where appropriate; construction 
contracts; and operational management plans; and will be undertaken by contractors under the 
supervision of the county and/or city project management offices (CPMOs) and the county 
and/or city environmental protection bureaus (EPBs). The effectiveness of these measures will 
be evaluated based on the results of the environmental monitoring to determine whether they 
should be continued or improvements should be made. Improvements will be confirmed through 
stipulated environmental management procedures. 
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Table A6.1: Summary of Potential Impacts and Mitigation Measures 

Impact Factor and 
Stage 

Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 

Estimated 
Cost 

A. Pre-Construction  

1. EIA and feasibility 
study stage 

Selection of project 
counties 

a) Project areas should be part of the 
country‘s main grain production areas 
with a large area of land that is suitable 
for developing agriculture on an increased 
production scale and for developing a 
sustainable agricultural base;  

b) Availability of water resources should be 
assured, including the existence of an 
adequate water conservancy framework 
that reflects the situation with respect to 
irrigation, drainage, and flood control; 

c) Governments at all levels and farmers are 
supportive and can assure the local 
counterpart financial contributions; 

d) Agricultural comprehensive development 
organizations at all levels have already 
been established and have experience in 
project management;  

e) Proposed interventions would not be 
implemented in environmentally sensitive 
areas and would not involve any activities 
with significant negative environmental 
impacts; and 

f) There are clear and sound economic, 
social, and environmental benefits. 

 

DI and EIA 
institute, IA 

County and/or city 
EPB and CPMO 

Included in 
project 
preparation 
costs 

 Site and alignment 
selections 

The recommended sites and routes for the 
individual components were selected from 
various alternatives to minimize adverse 
impacts on the environment and natural 
resources. 

DI and EIA 
institute, IA 

County and/or city 
EPB and CPMO 

 

      
 Engineering and 

technological alternatives 
Engineering and technological alternatives 
were evaluated based on predefined 
environmental and economic criteria. 
 

DI, EIA institute, IA County and/or city 
EPB and CPMO 
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Impact Factor and 
Stage 

Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 

Estimated 
Cost 

 Public consultations Several rounds of broad public consultations 
have been conducted on environmental and 
social safeguards issues during the course 
of feasibility studies and EIA preparation. 
 

DI, EIA institute, 
IA,       TA 
consultants 

County and/or city 
EPB and CPMO 

 

2. Design stage EMP updates Mitigation measures defined in the EMP will 
be reviewed, updated, and incorporated into 
the detailed design to minimize adverse 
environmental impacts. 
 

DI, IA County and/or city 
EPB and CPMO 

 

  IPM Manual 
 

A detailed IPM manual will be prepared for 
use by local farmers. 
 

Central PMO, IA Central PMO  

3. Biding and 
construction 
preparation 

Bidding documents and 
contractors‘ qualifications 

Environmental provisions will be included in 
the RFPs. 
 
An environmental section will be included in 
the TOR for bidders. 
 
Environmental clauses for contractors 
referring to the EMP and the environmental 
monitoring plan will be included in the 
construction and supply contracts. 
 

DI, IA County and/or city 
EPB and CPMO 

 

 Environmental operation 
and supervision manual 
 

Contractors will be required to prepare an 
environmental operation and supervision 
manual. 
 

Contractor County and/or city 
EPB and CPMO, IA  

 

 Information and grievance 
office or appointed person 

An information and grievance redress office 
will be established and/or a responsible 
person appointed at the CPMO before 
construction begins. 
 
Office staff will be well trained to handle 
grievances from local residents resulting 
from environmental impacts. 
 

IA Central PMO, 

county and/or city 
EPB, PPMO 

 



61 
Appendix 6 

 

 

Impact Factor and 
Stage 

Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 

Estimated 
Cost 

 Environmental protection 
training 

Environment specialists and/or officials from 
the county and/or city EPB will provide 
training to relevant staff (especially 
construction engineers and managers) on 
implementation and supervision of 
environmental mitigation measures. 
 

CPMO Central PMO and 

PPMO 

 

 Engagement of loan 
implementation 
consultancy 

Prior to starting construction,     a loan 
implementation consultancy will be engaged 
through QCBS. 

Central PMO National PLG  

B. Construction Phase  

1. Soil erosion Excavation Excavation activities will not be undertaken 
on days with rainstorms. 
 
Topsoil will be striped and stockpiled, and 
retaining walls built where necessary before 
dumping. 
 
Temporary detention ponds or containment 
to control silt runoff will be provided. 
 
Intercepting ditches and chutes will be 
constructed to prevent outside runoff from 
entering disposal sites, and to divert runoff 
from sites to existing drainage or ponds. 
 

Contractor CPMO, IA, OEE, 
county and/or city  
WRB 

 

 Transport and disposal of 
soils 

All soils will be used as onsite refill materials. 
 
Settling ponds will be built in construction 
sites. Soils in settling ponds will be cleared 
for use as refill materials. 
 

Contractor CPMO, IA, OEE, 
county and/or city  
WRB 

 

 Construction vehicles Construction vehicles that transport soils or 
other dust-prone materials will be covered. 
The tires of construction vehicles will be 
regularly cleaned of soil. 
 

Contractor CPMO, IA, OEE, 
county and/or city  
WRB 
 

 

 Exposed surfaces Re-vegetation with trees and grass will be 
undertaken as soon as refill and land 
levelling is complete. 

Contractor CPMO, IA, OEE, 
county and/or city  
WRB 
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Impact Factor and 
Stage 

Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 

Estimated 
Cost 

2. Water pollution Siltation in water bodies Siltation in water bodies will be minimized 
through effective implementation of 
recommended mitigation measures. 
 

Contractor CPMO, IA, OEE, 
county and/or city  
WRB 
 

 

 Wastewater from 
construction camps 

Wastewater from construction camps will be 
treated in septic tanks.  
 
Unauthorized dumping of wastewater will be 
prohibited. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB  

 

 Solid wastes Dumping of construction solid waste and 
garbage into water bodies will be prohibited. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB 
 

 

3. Air emissions Dust from material delivery 
and construction vehicles 
 

Vehicles delivering granular and/or fine 
materials to the sites will be covered. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB 
 

 

 Dust from construction 
sites 

Materials storage sites must be 300 meters 
from residential areas and covered or 
sprayed with water. 
 
Extra care will be taken during dry days with 
strong winds. 
 
Upon completion of civil works, all 
construction sites will be required to be re-
vegetated with trees and grass. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB 

 

 Emissions from vehicles 
and equipment 

Vehicle emissions will comply with 
GB18352-2005, GB17691-2005, GB 11340-
2005, GB3847-2005, and GB18285-2005. 
 
Equipment and machinery emissions must 
comply with GB16297-1996. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB 
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Impact Factor and 
Stage 

Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 

Estimated 
Cost 

4. Noise Noise from equipment and 
vehicles 

Noise from equipment and machinery will 
comply with GB12523-1990. 
 
An adequate route must be provided to keep 
large trucks away from residential areas. 
 
At construction sites within 500 meters of the 
nearest habitation, noisy construction work 
will stop between 10:00 p.m. and 6:00 a.m. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB  

 

 Community complaints 
about noise 

Interviews with residents living adjacent to 
construction sites will be conducted on a 
weekly basis to identify community 
complaints about noise, and seek 
suggestions from community members to 
reduce noise-related annoyance. 
 
Community suggestions will be used to 
adjust the work hours of noise-generating 
machinery. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB 

 

5. Solid waste Domestic waste from 
construction camps 

Multi-compartment collection bins will be 
provided to facilitate reuse, recycling, and 
composting of solid waste. 
 
Waste will be stored away from water bodies 
and will be regularly collected by the city 
sanitation bureau and hauled to the sanitary 
landfill. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB 

 

6. Impact on flora Vegetation Existing vegetation will be preserved where 
no construction activity is planned; and 
where activity is planned for a later date, 
vegetation will be temporarily preserved. 
 
Disposal and borrow sites will be 
rehabilitated. 
 

Contractor CPMO, IA, OEE, 
county and/or city 
EPB  
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Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 
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Cost 

7. Social and cultural 
considerations 

Affected persons All affected persons will be compensated 
and resettled in a timely and adequate 
manner in accordance with the resettlement 
plans. 
 

County and/or city 
resettlement office, 
IA 

CPMO  

 Cultural heritage Cultural heritage sites will be preserved, 
where identified. In accordance with the 
PRC regulations, no person shall destroy, 
damage, deface, conceal, or otherwise 
interfere with a relic. 
 
If an important site is unearthed, work should 
be stopped immediately; and the matter 
promptly referred to the county, municipal, 
provincial, or state-level agencies for 
evaluation and a decision regarding 
appropriate actions. 
 

Contractor, IA CPMO, OEE, 
county and/or city  
and/or provincial 
cultural heritage 
bureau 
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Impact Factor and 
Stage 

Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 

Estimated 
Cost 

C. Operational Phase  

1. Soil erosion Rehabilitated sites Regular inspections will be undertaken to 
ensure proper maintenance of drainage 
structures and re-vegetated areas in 
accordance with the requirements of the soil 
erosion prevention plan. 
 
Maintenance will be budgeted as part of 
regular infrastructure maintenance 
programs.  
 
Regular monitoring of erosion prevention 
and control measures will be undertaken by 
the county and/or city EPB and WRB. 
 

Local farmers County and/or city 
EPB and WRB 

 

2. Water availability Surface water allocation 
 

Compliance with surface water allocation 
and actual water usage will be monitored.  
 
Particular attention to be given to the 
following: 
Anhui: Baoqing, Binxian, Linquan, and 

Heilongjiang; Jilin: Taobei; 
Ningxia: Zhongwei; and 
Yunnan: Songmin and Yiliang. 
 

IA County and/or city 
EPB 

 

 Dropping groundwater 
levels  

Groundwater levels will be monitored.  
 
Particular attention to be given to the  
following: 
Anhui: Guoyang, Jieshou, Mengcheng, 

Taihe, Yingguan, and Yingzhou; 
Henan: Mengzhou and Yanjing; and 
Jilin: Dongan and Lishu.  

IA County and/or city 
EPB 

 

      
3. Water quality Wastewater from 

management office 
 

Wastewater from management offices will be 
treated with septic tanks. 
 

IA County and/or city 
EPB 
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Impact Factor and 
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Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 
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Cost 

 Water suitability for 
irrigation 

Groundwater quality will be tested and 
monitored to ensure its suitability for 
irrigation purposes  
 
Particular attention to be given to the 
following: 
Anhui: Guoyang and Linquan. 
 

IA County and/or city 
EPB 

 

 Increase of nitrogen and 
phosphate in downstream 
lakes due to irrigation run 
off from the project area 

Monitoring of water quality flowing into the 
Dianchi Lake in  Yunnan Province 

IA County and/or city 
EPB 

 

      
4. Solid wastes Garbage from office 

building 
Office garbage will be collected and sent to 
sanitary landfill. 
 
Road cleaning will be regularly undertaken. 
 
Recovery of plastic mulch will be introduced. 
 

IA County and/or city 
EPB 

 

5. Flora Vegetation All vegetation cover along irrigation canals 
will be properly maintained. 
 
All slope stabilization sites will be inspected 
regularly. 
 
If signs of failure are discovered, repair will 
be initiated immediately. 
 

IA, local farmers County and/or city 
EPB 

 

6. Environmental risks Safe storage of pesticides 
 

Pesticides will be stored in safe and 
restricted places. 
 

IA, local farmers County and/or city 
EPB 

 

 Safe disposal of pesticide 
containers 
 

Used pesticide containers will be sent to 
designated depot. 

IA, local farmers County and/or city 
EPB 
 

 

 Usage of agrochemicals 
 

Usage of agrochemical by local 
governments will be monitored. 
 

IA, local farmers County and/or city 
EPB 
 

 

7. Soil salinity Increase of soil salinity 
due to rising groundwater 
tables 

Groundwater tables and soil salinity will be 
monitored. 

IA, local farmers County and/or city 
EPB 
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Potential Impacts and/or 
Issues Mitigation Measures 

Project 
Implementing 

Company 
Supervising 

Agency 
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D. Capacity Building 

$200,000 

6. Capacity building 
for local farmers in 
use of new farming 
technologies 

 

Development of training 
materials 
 

Training materials on water-saving irrigation, 
IPM, balanced fertilizer application and 
organic farming will be prepared with support 
from the county and/or city agricultural 
extension center. 
 

Central PMO, local 
agricultural 
extension service 
center 

Central PMO  

 Training of trainers Training of trainers program for local 
agricultural extension service centers will be 
delivered by the county and/or city 
agricultural extension center. 
 

Central PMO, local 
agricultural 
extension service 
center 
 

CPMO, PPMO, and 
county and/or city  
agriculture bureaus 

 

 Training of local farmers 
 
 

Training of local farmers on the use of 
agrochemicals and water-saving 
technologies will be delivered by the 
agricultural extension centers (Table A6.5). 

Local agricultural 
extension service 
center 
 

CPMO, PPMO, and 
county and/or city 
agriculture bureaus 
 

 

ADB = Asian Development Bank, CPMO = county and/or city project management office, DI = design institute, EIA = environmental impact assessment, EMP = 
environmental management plan, EPB = environmental protection bureau, IA = implementing agency, OEE = onsite environmental engineer, PLG = project 
leading group, PMO = project management office, PPMO = provincial project management office, PRC = People‘s Republic of China, QCBS = quality- and cost-
based selection, RFP = request for proposal, TA = technical assistance, TOR = term of reference, WRB = water resources bureau.  
Sources: ADB, domestic EIA report, and consultations with the EIA institute. 
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C. Environmental Monitoring and Inspection 
 
149. The environmental monitoring program is presented in Table A6.2. This program 
considers the scope of monitoring, environmental media, monitoring parameters, the time and 
frequency of monitoring, and implementing and supervising agencies. The total costs for the 
monitoring program during project implementation is estimated at $300,000, as included in the 
overall project costs.  
 

Table A6.2: Environmental Monitoring Program 

Item Parameters Location, Time, and Frequency 
Implementing 

Agency 
Supervising 

Agency 

A. Construction Phase 

1. Standard 
construction 
impacts 

 

Soil erosion, water 
pollution, air 
emissions, noise, 
solid waste, 
vegetation 
 

Construction sites; regular visual 
inspections, as needed 

CPMO, EMS, 
IAs 

Central 
PMO, 
CPMO, 
PPMO 

2. Surface water 
availability 

Water allocation, 
water balance 

Actual water flows at upstream, 
intakes, and downstream  
 
Particular attention to be given to 
the following: 
Anhui: Linquan; 
Heilongjiang: Baoqing and Binxian; 
Jilin: Taobei; 
Ningxia: Zhongwei; and 
Yunnan: Songmin and Yiliang. 

CPMO, EMS, 
IAs  

Central 
PMO, 
CPMO, 
PPMO  

     
3. Surface water 

quality 
 

pH, SS, BOD, COD, 
total salt, NH3-N, 
nitrate, TN, TP, 
pesticides, coliform 
 

Downstream of each irrigation 
district, once each year, three 
samples per quarterly monitoring 
session. Particular attention to be 
given to  
Anhui: Guoyang and Linquan. 
 

CPMO, EMS, 
IAs  

Central 
PMO, 
CPMO, 
PPMO 

Provincial and 
central PMO 

4. Groundwater table 
and quality 
 

Ground water table, 
pH, SS, total salt, 
NH3-N, nitrate, TN, 
TP, pesticides, 
coliform 
 

Within each irrigation district,   one 
well per km

2
, once a year, three 

samples per annual monitoring 
session. Particular attention to be 
given to the following: 
Anhui: Guoyang, Jieshou, 

Mengcheng, Taihe, Yingguan, 
and Yingzhou; 

Henan: Mengzhou and Yanjing; 
and 

Jilin: Dongan and Lishu. 
 

CPMO, EMS, 
IAs  

Central 
PMO, 
CPMO, 
PPMO  

5. Community 
annoyances 

 

Dust, noise, and 
traffic jams 

Large construction sites, regular 
visual inspection 
 

OEE, county 
and/or city PMO 
 

Provincial 
PMO 

6. Soil and 
vegetation 

Removal of 
vegetation and 
exposed surface 
 

All sites, visual inspection during 
site visits 
 

CPMO, OEE,  PPMO 
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Item Parameters Location, Time, and Frequency 
Implementing 

Agency 
Supervising 

Agency 

B. Operation Phase 

1. Surface water 
availability 

Water allocation, 
water balance 

Actual water flows at upstream, 
intakes, and downstream  
 
Particular attention to be given to 
the following: 
Anhui: Linquan, and 
Jilin: Taobei. 

CPMO CPMO 

2. Surface water 
quality 

 

pH, SS, BOD, COD, 
total salt, NH3-N, 
nitrate, TN, TP, 
pesticides, coliform 
 

Downstream of each irrigation 
district, once each year, three 
samples per quarterly monitoring 
session. Particular attention to be 
given to the following:  
Anhui: Guoyang and Linquan, and 
Yunnan: Dianchi Lake. 
 

CPMO CPMO 

3. Groundwater table 
and quality 

 

Ground water table, 
pH, SS, total salt, 
NH3-N, nitrate, TN, 
TP, pesticides, 
coliform 
 

Within each irrigation district,         
one well per km

2
, once a year,           

three samples per annual 
monitoring session 

CPMO CPMO 

 Soil salinity All project sites with high 
groundwater levels, particularly in 
the Ningxia Hui Autonomous 
Region  
 

  

4. Environmental 
quality 

 

Usage of 
agrochemicals  

All project sites CPMO CPMO 

BOD = biochemical oxygen demand, COD = chemical oxygen demand, CPMO = city and/or county project 
management office, EIA = environmental impact assessment, km

2
 = square kilometer, PMO = project management 

office, NH3-N = ammonia nitrogen, OEE = onsite environmental engineer, pH = measure of acidity and alkalinity, 
PPMO = provincial project management office, SS = suspended solids, TN = total nitrogen, TP = total phosphorus. 
Sources: Asian Development Bank, domestic EIA report, and consultations with the EIA institute. 
 
150. Internal monitoring and inspection. During construction, the implementing agency, 
with support from the CPMOs and PPMOs, will conduct internal environmental monitoring and 
visual inspections to ensure that environmental mitigation measures are properly implemented. 
Inspections will mainly cover construction activities, but these will also review the affected 
environment. The inspections will be conducted regularly, as needed. During operation, the 
implementing agency will be responsible for internal monitoring and reporting to the executing 
agency. 
 
151. Independent environmental monitoring. The county- and/or city-level environmental 
monitoring stations (EMSs), supported by the provincial-level EPBs, conduct independent 
environmental monitoring of the project. The results of the environmental monitoring will be 
attached to the semiannual progress report that will be submitted to ADB and the executing 
agency. 
 
152. Environmental monitoring, including environmental benefits monitoring, will be 
incorporated into the project performance management system (PPMS). The PPMS will be 
designed to allow adequate flexibility to adopt remedial actions regarding project design, 
schedules, activities, and development impacts. At the beginning of the project, the 
implementing agencies will work with the PMOs to develop the initial PPMS, including the 
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procedures to systematically generate data on project component inputs and outputs, and agree 
on environmental and related socioeconomic indicators to be used to measure project impacts. 
The PMOs and the implementing agencies will refine the PPMS framework, confirm achievable 
goals, firm up monitoring and recording arrangements, and establish systems and procedures 
no later than 6 months after loan effectiveness. 
 
153. The monitoring results will be used to evaluate (i) the extent and severity of 
environmental impacts compared with the predicted impacts, (ii) performance of the 
environmental protection measures or compliance with related rules and regulations, (iii) impact 
trends, and (iv) the overall effectiveness of the EMPs. The effectiveness of the mitigation 
measures and monitoring plans will be evaluated through a feedback reporting system. The 
measures required by the EMPs will be modified, if necessary. 
 
D.  Public Consultation 
 
154. Public consultation during project preparation. Various public consultations were 
conducted during the preparation of the feasibility study reports and the environmental impact 
assessment (EIA) report. During the preparation of the feasibility study reports, the respective 
municipal governments were consulted to assist in site and process selections. During the EIA, 
a questionnaire survey of more than 2,000 respondents has been conducted. Project 
information has been posted on the internet at the start of the EIA for the purpose of identifying 
environmental issues of concern to the general public; and the draft EIA report has been posted 
on the internet to solicit public comments. The main focuses of public consultations were to 
assess the environmental impacts of the proposed components on nearby residents and 
mitigation measures, as well as the resettlement issues. These activities were carried out in 
accordance with the Ministry of Environmental Protection‘s (MEP) Interim Guidelines on Public 
Participation in Environmental Impact Assessment (2006), and the Asian Development Bank‘s 
(ADB) Safeguard Policy Statement (2009). 
 
155. Future public consultation plan. Future plans for public involvement during the design, 
construction, and operation were developed during project preparation. They include several 
types of consultations, e.g., site visits, workshops, investigation of specific issues, interviews, 
and public hearings (Table A6.3). 
 
156. Public participation plans are part of the project implementation and management plan. 
The implementing agencies are responsible for public participation during project 
implementation. The implementing agencies will also establish an environmental management 
unit for supervising implementation, continuing public consultation, monitoring progress, and 
responding to grievances. The staff at the offices will be well trained to handle crisis situations 
or conflicts with residents due to distress from environmental impacts. Costs for public 
participation activities during project construction will be estimated when the domestic EIA is 
finalized. Costs for public participation activities will be covered by the implementing agencies. 
In addition, a feedback and adjustment mechanism (Figure A6.1) will be established to ensure 
timely feedback and measures to address any concerns raised by the project-affected 
communities. 
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Table A6.3: Public Consultation Program 
Organizer Approach/Times Subjects Participants 

A. Construction 

CPMOs, IAs Public consultation and site visits:     
at least once a year 

Adjusting mitigation 
measures, if necessary; 
construction impacts; and 
comments and suggestions 
 

Residents within 
project area 
 

 Public information session: at least 
once a year 

Adjusting mitigation 
measures, if necessary; 
construction impacts; and 
comments and suggestions 
 

Representatives of 
beneficiary farmers 
and social sectors 
 

B. Operation    

IAs Public opinion survey: once a year in 
the first 5 years of operation 
 

Effects of mitigation 
measures, impacts of 
operation, comments, and 
suggestions for corrective 
actions 
 

Beneficiary farmers 
 

CPMO = city and/or county project management office, EIA = environmental impact assessment, IA = implementing 
agency, PMO = project management office.  
Sources: Domestic EIA report and consultations with EIA institute. 

 
 
E. Implementation Responsibilities 
 
157. Project management will be based on the proven and well-functioning management 
system developed under the World Bank‘s comprehensive agriculture development projects. At 
the central level, the current central project management office (PMO) would be maintained 
within the existing State Office for Comprehensive Agriculture Development (SOCAD). The 
central PMO would be responsible for overall project coordination, financial management and 
funding, monitoring and reporting onpProject implementation; monitoring adherence to agreed 
standards, guidelines, and procedures; and providing oversight and technical and policy 
guidance to lower levels during project implementation. 
 
158. The CPMOs and the PPMOs have been established within the existing comprehensive 
agriculture development (CAD) program offices. The PPMO in the Provincial Office for CAD 
(POCAD) will be maintained with terms of reference, staffing, and other resources being 
agreeable to ADB; and the senior-level representatives from the EPB, the water resources 
bureau (WRB), and the agriculture and forestry  bureaus. The CPMOs and PPMOs will be 
responsible for overseeing project design, execution, and supervision, as well as coordination 
and financing. The CPMOs will be responsible for project implementation and arranging local 
labor and funding contributions.   
 
159. The central-, provincial-, and county- and/or city-level project leading groups (PLGs), 
which is chaired by a local administration leader; and  comprise of representatives from the 
EPBs, the WRBs, and the agriculture, finance, and forestry bureaus; the planning commissions; 
and other concerned agencies,  have been set up to provide coordination and policy guidance 
at their respective levels. 
 
160. The central- PMO, the CPMOs,- and the  PPMOs will each nominate dedicated, trained, 
and qualified environmental specialists to undertake environmental management activities and 
ensure effective EMP implementation.  
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161. The external environmental monitor will verify project implementation, as part of the loan 
implementation consultancy engaged through international competitive bidding. The external 
monitor may assist the PMOs and the implementing agencies in preparing semiannual EMP 
progress reports and carrying out training programs. Table A6.4 shows the environmental 
responsibilities in different phases of the project. 
 

Table A6.4: Environmental Responsibility Matrix 
Phase Agencies Environmental Responsibilities 

Preparation Design institutes Review and select alternatives (technological, design, siting, 
etc.) 
 

 EIA institute Prepare the domestic EIA, including public consultations 
 

 Ministry of Environmental 
Protection 
 

Review and approve the EIA, including the overall EMP and 
provincial EMPs 
 

 TA consultant Support the government to prepare a consolidated IEE 
 

 County and/or city PMOs Coordinate and supervise IEE preparation and public 
consultations 
 

Design Design institutes Update the EMPs in cooperation with the EIA institute, and 
incorporate mitigation measures in engineering detail designs 
and contracts 
 

 Provincial and central 
PMOs 
 

Review and approve environmental measures 

 Central PMO 
 

Coordinate the preparation of IPM plan, and dam and reservoir 
safety assessment and monitoring reports 
 

Tendering and 
contracting 
 

Provincial PMOs, IAs 
 

Incorporate EMP clauses in RFPs and contracts 

Construction IAs Ensure implementation of mitigation measures, and public 
consultations 
 

 Contractors Implement mitigation measures 
 County and/or city PMOs, 

county and/or city EPB 
Advise and supervise implementation of mitigation measures 
 

 EMS Conduct external monitoring (including public consultations), 
and prepare semiannual monitoring reports to ADB and the 
central PMO 
 

 IAs 
 

Conduct environmental monitoring 
 

Operation IAs Ensure proper operation of project facilities according to design 
standards, and implementation of mitigation measures and 
public consultations 

   

ADB = Asian Development Bank, EIA = environmental impact assessment, EMP = environmental management plan, 
EPB = environmental protection bureau, EMS = environmental monitoring station, IA = implementing agency, IEE = 
initial environmental examination, IPM = integrated pest management, PMO = project management office, PRC = 
People‘s Republic of China, RFP = request for proposal, TA = technical assistance.  
Sources: Domestic EIA report and consultation with the EIA institute and the PMOs. 
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F. Grievance Redress Mechanism 
 
162. As a result of this public participation and safeguard assessment during the initial stages 
of the project, major grievances are not expected. However, unforeseen issues may occur. To 
settle such issues effectively, an effective and transparent channel for lodging complaints and 
grievances has been established, in parallel with the mechanism developed under the 
resettlement planning process.  
 
163. In the event of a grievance issue, the basic stages established for redress are the 
following:  
 

(i)  Stage 1. If a concern arises during construction, the affected person addresses 
the issue of concern directly to the contractor and the project manager. If the 
issue is successfully resolved, no further follow-up is required.  

 
(ii)  Stage 2. If not successful, the affected person can submit an oral or written 

petition and/or complaint to the village committee. For an oral complaint, the 
village committee must make proper written records; and provide a clear reply 
within 2 weeks to the affected person. The implementation consultant will assist 
the village committee in replying to the affected person. 

 
(iii)  Stage 3. If the affected person is not satisfied with the reply in Stage 2, he or she 

can appeal to the township government after receiving the reply in Stage 1; and 
the township government must give a clear reply within 2 weeks. The 
independent environmental monitor (IEM) will assist the township government in 
replying to the affected person. 

 
(iv)  Stage 4. If the affected person is still not satisfied with the reply of township 

government, he can appeal to the implementing agency. The implementing 
agency, through the provincial- and county- and/or city-level PMOs, must report 
to the ADB project officer as soon as the complaint is recorded by submitting 
relevant documents. The implementing agency, through the environmental 
monitoring unit (EMU) established in the implementing agency, must prepare a 
clear reply in consultation with the EPB, the IEM, and the environmental 
monitoring consultant (EMC), and IEM; and give it to the affected person within 
30 days.  

 
(v)  Stage 5. If the affected person is still not satisfied with the reply of the 

implementing agency, he or she can appeal to the PPMO after receiving the 
reply of Stage 4. The PPMO must report to ADB as soon as the complaint is 
recorded by submitting relevant documents; and prepare a clear reply in 
consultation with ADB, SPERD, EMUs, EMC, and IEMs. The PPMO must give 
the reply to the affected person within 30 days. ADB project team will assess the 
situation, contact the affected people and the government project counterparts, 
and design and implement the course of actions. Stages (ii)–(v) will be further 
refined during the detailed design stage. 

 
G. Institutional Strengthening and Training 

164. An assessment undertaken during the project preparatory technical assistance indicates 
that CPMO has adequate technical and institutional capacity for project implementation. 
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However, the implementing agencies have weak capacity in environmental management and 
monitoring. For proper implementation of the EMPs, it is necessary to strengthen the capacity of 
the implementing agencies, the local agricultural extension officers, and the local farmers. The 
proposed training is shown in Table A6.5. The total costs for the institutional strengthening and 
training program during project implementation is estimated at $200,000, as included in the 
overall project costs. 
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Table A6.5: Institutional Strengthening and Training 

Activity 
Target Agencies/ 

Attendees Contents Timing 

Strengthening    

Institutional 
strengthening 

PMOs, IAs, EPBs  Defining institutional arrangements for 
environmental management, monitoring, and 
supervision 

 Defining positions and responsibilities 

 Appointing and recruiting personnel 
 

During project 
preparation 

Environmental 
management 
clauses and 
protocols 

IAs  Developing environmental management clauses 
and incorporating them into construction and 
operational contracts 

 Developing and refining environmental 
monitoring protocols 

 Developing environmental emergency response 
procedures 

During project 
preparation 

Training    

Environmental 
laws, 
regulations, and 
policies 

PMOs, IAs, 
contractors 

 Environmental laws and regulations 

 Environmental policies and plans 

 Basic environmental management  

 Environmental emergency response 
 

Prior to project 
implementation 

EMP 
implementation 

PMOs, contractors  Responsibility and duties for project construction, 
management and environmental protection 

 Environmental protection tasks in project 
construction 

 Key environmental protection measures during 
construction 

 EMP improvement and corrective actions 
 

Prior to and during 
project implementation 

Training of 
trainers 
 

Local agricultural 
extension centers 

IPM, water-saving irrigation, balanced fertilizer 
application and organic farming 

At the start of project 
implementation 

Training of local 
farmers 
 

Local farmers IPM, water-saving irrigation, balanced fertilizer 
application and organic farming 

At the start of and 
during project 
implementation 
 

Environmental 
safeguards 
policies 

IAs, local EPBs, 
contractors 

 ADB and national environmental safeguards 
policies and regulations 

 Environmental reporting requirements 

Prior to and during 
project implementation 

EMP = environmental management plan, EPB = environmental protection bureau, IA = implementing agency, PMO = 
project management office. 
Sources: Domestic EIA report and consultations with PMOs and EIA institute. 

 
H. Reporting and Supervision 
 
165. Internal monitoring reports. During construction, internal monitoring will be conducted 
by the CPMO. The internal monitoring reports will summarize (i) environmental issues during 
construction; (ii) mitigation measures taken, if any; and (iii) consequences of the impacts on the 
environment and/or surrounding communities. 
 
166. The contractors will be trained to take immediate actions to remedy unexpected adverse 
impacts or ineffective or inefficient mitigation measures, as required by the EMPs. The 
implementing agencies will also respond to these reports to ensure that contractors have taken 
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appropriate and timely action. Additional measures may be taken, if needed, to ensure that all 
issues raised by the reports are appropriately addressed. 
 
167. External environmental monitoring reports. The CPMO is responsible for monitoring 
and assessing overall project activities under the project design and monitoring framework 
(DMF), and will be accountable to ADB for ensuring effective implementation of the EMPs. The 
CPMO will be assisted by the loan implementation consultancy recruited through international 
competitive bidding to fulfil its environmental supervision, monitoring and reporting obligations to 
ADB and the executing agency. The semiannual environmental monitoring reports will be 
submitted to ADB and CPMO. The reports will emphasize (i) progress made in implementing the 
EMPs, (ii) implementation of mitigation measures, (iii) environmental compliance, (iv) 
institutional strengthening and training, (v) public consultations, and (vi) problems experienced 
and resultant corrective actions. ADB may request that further environmental mitigation actions 
be taken, as it deems necessary; and may determine further mitigation measures for different 
stages, if necessary. 
 
168. The environmental reporting plan is presented in Table A6.6. 
 

Table A6.6: Environmental Reporting Plan 
Reports From To Frequency 

Construction Phase    

Internal 
monitoring 
 

Internal monitoring report Contractors CPMO Monthly 
Internal monitoring report IAs CPMO 

 
Quarterly 

External 
monitoring 
 

External monitoring report EMS ADB, CPMO, 
PPMO  

Semi-annual 

Operational Phase 

Internal 
monitoring 
 

Internal monitoring report IAs, EMS 
 

ADB, CPMO, 
PPMO 
 

Semi-annual for the first   
3 years of operation 

ADB = Asian Development Bank, CPMO = county and/or city project management office, EIA = environmental impact 
assessment, EMS = environmental monitoring station, IA = implementing agency, PPMO = provincial project 
management office, PRC = People‘s Republic of China.  
Sources: Domestic EIA report and consultations with PMOs and EIA institute. 

 
 
I. Mechanism for Feedback and Adjustment 
 
169. Based on the inspection and monitoring reports, environmental authorities will decide 
whether (i) further corrective actions for mitigation measures are required; or (ii) some 
improvements are required to environmental management practices. If it is found during 
inspection that there has been substantial deviation from the EMPs; or any changes have been 
made to the project or any of its components that may cause substantial adverse environmental 
impacts or increase the number of affected people, the CPMO should consult with 
environmental authorities and ADB immediately; and form an environmental assessment team 
to conduct additional environmental assessment; and if necessary, further public consultation. 
The revised IEE report, including EMPsm should be submitted to the environmental authorities 
for approval, and to ADB. The revised EMPs will be given to the contractor(s) and implementing 
agencies s for implementation. 
 
170. The feedback and adjustment mechanism is provided in Figure A6.1. 
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ADB = Asian Development Bank, DI = design institute, EMP = environmental management plan, EMS = 
environmental monitoring station, IA = implementing agency, PLG = project leading group, PMO = project 
management office. 
Sources: Domestic EIA and consultations with the executing and implementing agencies and EIA institute.  

Figure A6.1: Feedback and Adjustment Mechanism 
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