
Development of the Northern Chu and Southern Ma Rivers Irrigation System Project (RRP VIE 40239) 

ECONOMIC AND FINANCIAL ANALYSIS1 
 
A. Introduction 

1. The main objective of the Development of the Northern Chu and Southern Ma Rivers 
Irrigation System Project is improved water and land productivity of irrigated cropping systems 
within the Northern Chu and Southern Ma Rivers Irrigation System command area, situated in 
Thanh Hoa Province. The project will develop new main and distribution canals, rehabilitate 
existing irrigation and drainage facilities, improve water management, enhance operation and 
maintenance (O&M), and mitigate the effects of climate change. The investment by the project 
in irrigation infrastructure will reduce current pumping costs, and provide additional water for 
domestic and industrial consumption. 

B. Project Investment Profile 

2. The project consists of four components: (i) enhanced capacity for improved water 
resources management, delivery of irrigation services and irrigation system O&M, (estimated 
base cost of $4.6 million); (ii) improved irrigation infrastructure (estimated base cost of $102.3 
million); (iii) improved access to and use of rural support services, agricultural inputs and 
information (base cost of $1.1 million); and (iv) effective project management (estimated base 
cost of $5.2 million). Physical and price contingencies add a further $27.5 million and interest 
during construction $2.2 million, for a total project cost to be financed of $143.1 million. The 
project will be implemented during 2012–2017.  

C. Economic Analysis 

 1. Methodology 

3. The economic analysis is undertaken in fourth quarter of 2011 constant prices. The 
exchange rate used is D20,953 = $1 (the rate as of the end of October 2011) and the discount 
rate for calculating the net present value (NPV) is 12%. A project life of 25 years is used. The 
analysis uses the domestic price numeraire, and a shadow exchange factor of 1.1 is applied for 
traded goods. Economic prices exclude taxes and a shadow wage rate factor of 0.85 has been 
applied to unskilled wage rates to reflect the relative abundance of unskilled labor in the project 
area. 

2 . Project Benefits 

4. Agricultural benefits. The main benefits of the project will be on agricultural production 
in the command area, and most project benefits will accrue as increases in crop production 
arising from the conversion of rainfed to irrigated areas, or from improvements in output in 
existing irrigated areas resulting from improved, more reliable water supply. Those areas not 
irrigated at present but that will be fully irrigated in the future will benefit most from the project. 
The project will provide gravity irrigation to much of the project area, and many pumping stations 
that currently supply areas with water from the surrounding rivers will no longer be required. The 
savings in pump station operating costs will also be a benefit of the project. Benefits will also 
accrue from the planned supply of water for industrial use and the continued domestic use of 
canal water by a small number of households. 

                                                
1
 See Economic Analysis: Supplementary Data for detailed tables. Accessible from Appendix 2 (list of linked 

documents) of ADB. 2011. Report and Recommendation of the President to the Board of Directors: Proposed Loan 
to the Socialist Republic of Viet Nam for the Development of the Northern Chu and Southern Ma Rivers Irrigation 
System Project. Manila. 
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5. The project area is located within six districts of Thanh Hoa province; three of these (Tho 
Xuan, Yen Dinh and Thieu Hoa) are flat lowland areas, and three (Ngoc Lac, Thuong Xuan and 
Cam Thuy) are upland districts. The fully irrigated area is 15,758 hectares (ha), with the 
remaining 8,141 ha being rainfed only, or partially irrigated, giving a cultivated area of 23,899 
ha.2 The present cropping patterns and yields are shown in Table 1, while cropping patterns and 
yields with the project are in Table 2. 

Table 1:  Project Area Cropping Pattern and Yields – Present 

Crops 

Total Project Area 

Total Rainfed Irrigated 

Area (ha) % 
Yield 

(ton/ha) Area (ha) 
Yield 

(ton/ha) Area (ha) 
Yield 

(ton/ha) 

Rice (spring) 16,266 69.7% 6.59 1,417 5.06 14,849 6.86 

Rice (summer) 17,455 74.8% 5.82 2,560 5.07 14,895 6.09 

Maize 8,074 34.6% 4.67 3,704 4.37 4,370 5.08 

Groundnut 1,028 4.4% 1.51 1,028 1.51 0  

Soybean 932 4.0% 1.76 982 1.76 0  

Vegetables 1,971 8.4% 11.34 0  1,971 11.34 

Fish 579 2.5%  99  480  

Sugarcane 2,252 9.6% 63.4 2,252 63.4 0  

Total area 47,978 
  

11,893 
 

36,085 
 

Intensity 201%   146%  229%  

ha = hectare. 
Note: Fish areas not included in cropping intensity. 
Source: Appendix D of ADB. 2011. Northern Chu and Southern Ma Rivers Irrigation System Project. Consultant’s 
report. Manila (TA 7480-VIE), with adjustments for the Phase 2 (project) area (footnote 1). 

Table 2:  Cropping Patterns and Yields – with the Project 

Crops 

Total – All Irrigated 

Area  

(hectares)       % 
Yield 

 (tons/hectare) 

Rice (spring) 14,740 63.9% 6.89 

Rice (summer) 14,968 64.6% 6.04 

Maize 11,417 49.3% 4.93 

Groundnut 3,397 14.7% 1.47 

Soybean 3,556 14.3% 1.82 

Vegetables 3,513 15.2% 11.34 

Fish 438 1.9%  

Sugarcane 3,337 16.4% 66.5 

Total area 54,928 
  

Intensity  237%  

Notes: Fish areas not included in cropping intensities. Cultivated area with the project is 
23,171 ha (i.e. 728 ha less than without the project), due to the loss of some cultivable land 
with the construction of the main and distribution canals. 
Source: Appendix D of ADB. 2011. Northern Chu and Southern Ma Rivers Irrigation System 
Project. Consultant’s report. Manila (TA 7480-VIE), with adjustments for the Phase 2 (project) 

area (footnote 1). 

                                                
2
 These areas are taken from Appendix D of ADB. 2011. Northern Chu and Southern Ma Rivers Irrigation System 

Project. Consultant’s report. Manila (TA 7480-VIE), but with the rainfed area reduced by 7,913 ha (2,758 ha of 
upland districts, which will be fed directly from the main canal, plus 5,155 ha of lowland districts, which will be 
upgraded as part of Phase 3 of the government’s investment program) to give the Phase 2 benefitted area (project 
area).  
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6. The existing pump irrigation system has many old and inefficient pumps and pumping 
stations. In the future, without the project and without ongoing investment, the inefficiency of 
these pumps will gradually increase and they will eventually cease to function (although newer 
pumps and pump stations will continue to operate for their expected useful life). The lack of 
investment will gradually reduce the area under irrigation and also the yields in irrigated areas. 
Some rainfed areas receive a limited amount of supplementary irrigation, meaning yields may 
also be affected in rainfed areas.  

7. To accommodate the anticipated changes in the absence of the project, the without-
project scenario assumes an annual decline of 1% in present irrigated area for a period of 15 
years, starting in 2015. In terms of cropping pattern, this affects currently irrigated rice and 
maize crops only; areas no longer irrigated are transferred to rainfed production of rice and 
maize in the model. The yield of irrigated crops is assumed to decline by 2% per year and the 
yields of all rainfed crops by 1% per year for 15 years.  

8. Under the with-project scenario, the entire area will be reliably irrigated. The largest 
impact of the changed irrigation status will be production in areas that are currently rainfed or 
only partially irrigated. Reliable irrigation will enable farmers in these areas to increase yields 
and will remove the present variability in yields that occurs because of year-to-year variations in 
weather conditions. In areas that are currently irrigated, there will be a small positive impact on 
yields, arising from the improved and more reliable supply of irrigation water, which will ensure 
that sufficient water is available at times critical for plant growth.      

9. The improved water supply will increase the total cropped area and the cropping 
intensity throughout the project area. This will occur in both currently irrigated and rainfed areas. 
In currently irrigated areas, the impact will be principally on non-rice crops, areas of which may 
now be limited because of reduced pumping and irrigation during the winter and early spring. In 
areas that are currently rainfed or that have limited irrigation, the cultivated area of both rice and 
other crops will increase. The transition to the with-project situation will begin once the canal 
system starts supplying water to farms, which is assumed to be in 2014; the buildup to full 
project benefits is assumed to take 7 years. 

10. Financial and economic prices for farm inputs and outputs are summarized in Economic 
Analysis: Supplementary Data, Table 1. The financial prices are based on fourth quarter 2011 
prices in Thanh Hoa. Economic prices for traded inputs and outputs (rice, maize, soybean, 
sugar and chemical fertilizers) are based on average international commodity prices from the 
World Bank “Pink Sheets” for May 2011, and netted back-to-farm-gate values, as shown in 
Economic Analysis: Supplementary Data, Table 2. The economic price for rice is calculated on 
an export parity price basis, while the economic prices for the other traded commodities are 
calculated on an import parity price basis. 

11. Financial and economic crop budgets have been prepared using the financial and 
economic price data together with assumptions about yields and input requirements. Separate 
budgets have been prepared for present (irrigated and rainfed) conditions and with-project 
(irrigated) conditions for lowland and upland areas. These are presented in Economic Analysis: 
Supplementary Data, Tables 1–6. 

12. Water supply benefits. The canal system is expected to supply water to industries in a 
number of industrial estates and to a limited number of domestic users in the three upland 
districts of Thuong Xuan, Ngoc Lac and Cam Thuy. Water for the majority of the population in 
the project area is supplied from deep or shallow wells or through rainwater collection. The 
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estimated number of households in the lowland districts using canals or rivers and streams as a 
source of domestic water is very small; it is expected they will be supplied by other sources in 
within the next decade. The provincial water supply plan indicates a small number of 
households in the upland districts will continue to depend on canals for their domestic water 
supply in 2020, when projected rural consumption is expected to be 80 litres per capita per day. 

13. The estimated demand for domestic uses in 2020 is 795 cubic meters (m3) per day, or 
290,300 m3 per year. The value of this quantity of water is included in the analysis from the time 
the main canals are expected to be functional, but is phased out over 10 years following 2020, 
because it is assumed that the concerned households will gradually convert to shallow- or deep-
well sources. It is not possible to charge households for their use of water from the canal, and 
the financial value of this water is therefore zero. Currently, the price charged in Thanh Hoa city 
for domestic water for households consuming less than 10 m3 per month is D3,800 per m3. This 
is for reticulated water from the city treatment plant. The value of water from the canal would be 
less, and an economic price of D2,800 per m3 has been used in the analysis. This price is 
consistent with resource-cost value of water for a household of four using 300 litres per day, 
with an average collection time of 15 minutes and an unskilled wage rate of D70,000 per day 
(with the shadow wage rate factor of 0.85). The annual value of the domestic water supply 
benefit is D813 million ($38,801 equivalent) per year (see Economic Analysis: Supplementary 
Data, Table 4 for the calculations for these estimated benefits). 

14. The canal system will also supply water to a number of industrial estates planned to be 
established in and around the project area by 2020, and also to the Cao Ngoc steel mill, which 
is under development. The latter will have the greatest demand (15,000 m3 per day or 65% of 
the total estimated industrial demand). Total annual demand for these industrial estates is 
8,468,000 m3. For the analysis, supply to the steel mill is assumed to begin in 2016, by which 
time the main canals are expected to be functioning; the supply to the industrial estates is 
phased in during 2016–2020 in equal installments. 

15. The current price for raw water supplied from a reservoir or canal is D750 per m3. This 
price is the financial price for the water supplied to these industrial users. For the economic 
price of this water, the opportunity cost of not supplying it for agricultural production is used. For 
simplicity, and to avoid overestimation because other crops have higher net benefits per m3, the 
average net benefit per m3 of water in rice production (D2,103 per m3) has been used. The 
annual benefit accruing from the provision of water to industry reaches the full amount (D17,857 
million, or $852,000 equivalent) from 2020. (See Economic Analysis: Supplementary Data, 
Table 4 for details of the calculation of these benefits). 

16. Saved pumping costs. Those parts of the project area that are currently irrigated are 
supplied with water pumped from the Chu and Ma rivers and other minor rivers in the area. It is 
assumed that all pumping stations will become redundant once the new gravity supply system is 
in place. The present cost of operating the pumping stations therefore constitutes a benefit for 
the project, and is estimated at D16,548 million ($790,000 equivalent) savings per annum in 
capital costs (starting in 2016), and D1,226 million ($58,512 equivalent) savings per annum in 
operating costs (starting in 2014). (See Economic Analysis: Supplementary Data, Table 5). 

3. Project Costs 

17. Capital costs. The project’s capital costs are based on the financial cost estimates for 
the project contained in the project administration manual (PAM, linked appendix 3, appendixes 
6–8). Physical contingencies have been included in the economic cost estimates, but price 
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contingencies and taxes have been omitted. For traded goods a shadow exchange factor of 1.1 
has been applied. 

18. Incremental operating and maintenance costs. Compared with the present situation 
there will be more canals to maintain at all levels, but staffing and overhead costs are likely to 
be similar to present levels. The crop budgets have incorporated additional irrigation 
maintenance costs at the farm level for the additional areas irrigated under the project. 
Therefore no additional project O&M costs have been included in the economic analysis. 

E. Economic Analysis Results 

19. Economic Analysis: Supplementary Data, Table 6 contains the project benefits and costs 
over the life of the project. The base-case economic internal rate of return (EIRR) is estimated 
to be 22.4% and the NPV (at a 12% discount rate) is D1,902.12 million ($90.8 million).  

20.   The results of the economic analysis are robust across a range of sensitivity tests 
relating to changes in project cost and benefit assumptions (see Table 3). 

Table 3:  Project Economic Analysis Sensitivity Testing 

 
EIRR 

Switching 
Values 

Base case 22.4%  

(i) 20% increase in costs  19.5% +112.0% 

(ii) 20% decrease in agricultural 
benefits  

18.9% 
(54.7%) 

(iii) (i) + (ii) 16.4%  

20% decrease in saved pumping costs  22.3% 
a 

1-year delay in benefits  19.5%  

2-year delay in benefits  17.3% 5.7 years 

( ) = negative, EIRR = economic internal rate of return. 
a
 No switching value. The EIRR remains high (21.9%) even with no saved pumping costs. 

Source: Based on data from Appendix D of ADB. 2011. Northern Chu and Southern Ma Rivers 
Irrigation System Project. Consultant’s report. Manila (TA 7480-VIE), with adjustments for the 

Phase 2 (project) area (footnote 1). See also Economic Analysis: Supplementary Data.
 

 
D. Financial Impact on Household Income3 

21. The project will have a significant impact on farm households in both lowland and upland 
districts, although the impact will be greater in upland districts where most agricultural land is 
currently rainfed or receives only supplementary or unreliable irrigation. Although rice production 
dominates in most areas in the lowland districts, and in suitable areas in the upland districts, 
actual cropping patterns vary across areas and households, and project impacts will vary 
similarly. Landholdings in the project area are very small (averaging about 0.2 ha). 

22. With the production assumptions used in the analysis, under the project the average 
farm income4 of a farm household would increase (i) in lowland districts by 48%, from D11.884 
million ($574) to D17.550 million ($838) per annum; and (ii) in upland districts by 100%, from 
D7.552 million ($360) to D15.124 million ($722) per annum. These increases are large, in 
particular in upland districts, where many households will gain access to reliable irrigation that 

                                                
3
  Data in this section from Appendix D of ADB. 2011. Northern Chu and Southern Ma Rivers Irrigation System 

Project. Consultant’s report. Manila (TA 7480-VIE) with adjustments for the Phase 2 (project) area (footnote 1). 
4
  Includes both increases in farm surpluses and returns to labor, which is principally farm household labor. 
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they now lack. This will have a major impact on what they can grow, and the yields they can 
achieve. 

E. Benefit Distribution and Poverty Impact 

23. According to the most recent available data on poverty in Thanh Hoa province, 17.6% of 
the provincial population lives below the poverty line. There are significant differences between 
urban and rural areas and between lowland rural areas and the hillier, upland districts. In 
lowland districts 13.9% of the population lives below the poverty line and in upland districts 
33.3%. In the project area, 18.6% of households are poor (weighted average based on the 
relative proportions of the project area in lowland and upland districts). 

24. A poverty impact analysis has been carried out (Economic Analysis: Supplementary 
Data, Table 7). The project’s principal source of benefits is agricultural production, and the 
economic surpluses in agriculture arise chiefly from the differences between the financial and 
economic prices of labor and traded inputs and outputs. These differences accrue to farm 
households and farm labor (which is principally household labor). The surpluses accruing from 
the supply of water to households for domestic use and to industry accrue to those users, 
because the differences arise from the differences between financial and economic prices. 

25. Applying the provincial poverty line data to the economic surpluses accruing from the 
project, the poverty impact ratio for the project is 17.6%. 


