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The Issue 
 

The Conversion of Cropland to Forest and Grassland Program (CCFGP) was initiated primarily as 

an ecological program to tackle the environmental degradation in western China through 

increasing vegetation along the Upper Reach of the Yangtze River and the Upper and Middle 

Reaches of the Yellow River (SFA and SDPC 2000). Since its implementation in 2000, the land 

use change induced by the Program in the North West Provinces has brought about observable 

biophysical changes both on-site and off-site. Increased vegetative cover has changed the 

appearance of the countryside. Wind erosion has decreased with consequential reductions in 

sandstorm severity and frequency. Biodiversity in the revegetated areas has been evidenced. 

However, along with these impacts, research conducted by China Institute of Water Resources and 

Hydropower Research (Jia et al 2006) has found reductions in runoff being caused by the CCFGP. 

Projections of further runoff reductions have been made for a time period extending to year 2020.  

 

The reduced runoff is expected to have impacts on both water availability and flooding risks in the 

Yellow River Basin. Reduced runoff can have both positive and negative effects. On one hand, 

decreased runoff can reduce soil erosion and sediment loads in the Yellow River, consequently 

reducing flooding risks. On the other hand, however, decreased runoff can have important 

repercussions to basin function for three reasons. First, it can reduce base flows and may even 

result in flows ceasing in the lower reaches. This in turn will limit the availability of surface water 

for irrigation, domestic and industrial uses. Second, it can reduce the capacity of the river to carry 

its sediment load to the sea, potentially resulting in a more rapid rate of sedimentation, thus 

making the channel more flood prone than would otherwise be the case. Third, the reduced runoff 

can impact the ecology of downstream areas and, in particular, the Yellow River delta and coastal 

fisheries (Giordano et al 2004). Consequently, reduced runoff in the Yellow River may bring about 

changes in the value of agricultural production, hydropower generation, aquaculture and coastal 

fishery production as well as benefits and costs associated with flood control efforts.  

 

To estimate the benefits and costs associated with reduced runoff in the Yellow River, 
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bio-economic modeling is needed to establish links between biophysical changes and economic 

impacts. However, only scant information and research is available to establish such linkages. This 

study focuses on the impact of reduced runoff on agricultural production in the Yellow River 

Basin. A runoff reduction model was developed by China Institute of Water Resources and 

Hydropower Research and a model on regional water allocation in the Yellow River Basin was 

developed by the Australian Bureau of Agricultural and Resource Economics (ABARE). Together, 

these models are used to estimate the economic costs of foregone agriculture production due to the 

runoff reductions induced by the CCFGP. 

 

The Models 
 

For both models, the Yellow River Basin has been divided into 10 regions based on hydrologic, 

agro-climatic and soil conditions (Figure 1). Three basic principles underlie this classification:  

 

1. Within regions, natural geographic conditions, water resource development and use, and water 

conservancy development and objectives are sufficiently similar;  

2. Distinctions important to different main-stem river sections or tributaries are maintained; and, 

3. If possible, the administrative boundaries and catchment areas corresponding to major works 

on the main stem or tributaries are preserved (Heaney et al 2005). 
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Figure 1 

 

 

Source: World Bank 1993 and ABARE 2005. 

 

Hydrological modelling may be used to estimate runoff reductions caused by water and soil 

conservation measures. The approach involves the establishment of a rainfall - runoff model based 

on the relationships demonstrated in hydrological statistics before the water and soil conservation 

measures are undertaken in the catchment. Once the model is established, precipitation data for the 

period after the conservation measures are adopted are used to predict runoff levels without the 

conservation measures recorded. This prediction is then compared with the actual runoff for the 

period. The difference between the two is the total runoff reduction due to the water and soil 

conservation measures. This approach requires a rich data set that is currently unavailable. Hence, 

an alternative method based on the results of field experiments involving the measurement of 

surface runoff to derive runoff reduction indicators for each type of water and soil conservation 

measures within the experiment site was used. These indicators were then multiplied by the extent 

of water and soil conservation measures to calculate runoff reductions across the whole catchment 

(Jia et al 2006). 

 

The projections so established are validated through a comparison against the research conducted 
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by the Yellow River Sedimentation Change Research Foundation (Wang and Fan 2002). It was 

found that the CCFGP has brought about reductions in runoff and this trend is projected to 

continue. With an accumulated revegetation area of 3.05 million hectares in the Yellow River 

Basin during the 21 year period, the cumulative runoff reductions in the Basin will total 7635.2 

million cubic metres (Jia et al 2006). The results are displayed in Table 1. As no land will be 

converted under the CCFGP after 2010, it is projected that the runoff reductions will remain 

constant during 2010 to 2020. 

 

Table 1 Annual Runoff Reductions under the Conversion of Cropland to Forest and Grassland Program (CCFGP) 

in the Yellow River Basin Region                                               Unit: 100 million M3

 Region 

Year I II III－A III－B IV V－A V－B VI VII－A VII－B Total 

2000 0.003 0.034 0.025 0.002 0.008 0.015 0.028 0.001 0.001 0.000 0.117 

2001 0.009 0.068 0.050 0.004 0.034 0.033 0.066 0.003 0.001 0.000 0.268 

2002 0.036 0.217 0.145 0.012 0.155 0.207 0.248 0.018 0.005 0.000 1.043 

2003 0.072 0.468 0.380 0.033 0.325 0.348 0.531 0.035 0.011 0.000 2.203 

2004 0.080 0.512 0.451 0.042 0.414 0.381 0.665 0.038 0.011 0.000 2.594 

2005 0.148 0.881 0.599 0.047 0.516 0.438 0.906 0.053 0.019 0.000 3.607 

2006 0.169 0.992 0.655 0.050 0.563 0.449 1.007 0.059 0.022 0.000 3.966 

2007 0.185 1.075 0.696 0.053 0.599 0.456 1.083 0.064 0.025 0.000 4.236 

2008 0.190 1.103 0.710 0.054 0.611 0.459 1.108 0.065 0.026 0.000 4.326 

2009 0.195 1.131 0.724 0.055 0.623 0.461 1.133 0.067 0.026 0.000 4.415 

2010- 

2020* 
0.201 1.159 0.738 0.056 0.635 0.464 1.159 0.068 0.027 0.000 4.507 

Source: Jia et al 2006.  

*The runoff reductions data in this row are for each year between 2010 and 2020.  

 

The ABARE water allocation model was developed to examine the efficiency of water resource 

allocation both within and between irrigation regions, and between competing uses. Faced with 

increasing demand for water from industrial and urban sectors due to rapid economic and 

population growth in the Yellow River Basin, more pressure has been placed on water resources 

used for agricultural production. One of the key policy challenges is how to reallocate water 

supplies while maintaining rural incomes and agricultural output. The ABARE model therefore 

aims to assess the potential to reallocate water used for irrigation efficiently within the agricultural 

sector among the 10 regions in the Yellow River Basin. Regional water demand functions are 
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estimated and water use and the scarcity value of water for the base year of 2002 are derived. For 

the purpose of this study, the ABARE model results are used to estimate the decrease in the 

economic surplus of water between the base year scenario (before the CCFGP) and after the 

CCFGP. This is done through multiplying the estimated decrease in water use by the scarcity value 

of water (Table 6). As the decrease in regional water use is estimated to be around one per cent or 

lower (Table 5 and 6), for simplicity it is assumed that the resultant change in scarcity value is 

negligible. The marginal change in the economic surplus from water due to the implementation of 

the CCFGP can then be regarded as the value change associated with agricultural production. 

 

The methodology used to model water reallocation in the Yellow River Basin involved four steps. 

First, a set of flexible production functions was estimated to characterise the agricultural 

production technologies in the basin for each region and for seven agricultural crops; wheat, maize, 

rice, vegetables, cotton, soybean and potatoes. Second, a non linear profit maximization problem 

was formulated for each region. The objective function of this problem embeds the flexible crop 

production functions from the first step and input costs. The constraints reflect regional resource 

limits on the availability of land and water as well as any policy restrictions. Third, the 

maximisation model was solved over a range of water prices to estimate the parameters of 

regional water demand functions. Fourth, these water demand functions were incorporated into a 

spatial equilibrium model of regional water markets for the Yellow River Basin to estimate the 

potential gains from water transfers within the basin (Heaney et al 2005). 

 

For the purpose of this study, the water use model developed in the first three steps is used. In 

particular, the base year water demand and water scarcity value in each of the 10 regions derived 

from the model estimation are used to estimate the economic cost of the foregone agricultural 

production in these regions due to reduced runoff. The base year (2002) water demand and water 

scarcity value are reproduced in Table 2. The proportion of upstream region runoff used by 

downstream regions is estimated using the base year water use data. Given that regional 

reductions in water use are projected to be around 1 per cent or less, a simple method is used to 

estimate the economic cost. The reductions in water use in each region due to reduced runoff, 

multiplied by the water scarcity value, gives the economic cost of the foregone agricultural 
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production due to the runoff reductions. 

 
Table 2 Water Use, Scarcity Values and Demand Elasticities by Region, 2002 

Region Base year water use 

(Million m3) 

Scarcity value of watera 

(Yuan/’000 m3) 

Demand elasticity 

1 18 6 -0.76 

2 1129 6 -0.78 

3A 3794 16 -0.87 

3B 1786 19 -0.88 

4 735 16 -0.84 

5A 4347 50 -1.13 

5B 9241 189 -1.81 

6 3249 120 -0.85 

7A 8304 133 -0.88 

7B 15908 103 -0.89 

Source: Heaney et al 2005. 

a. Estimated as the net agricultural return of an additional 1000 m3 of water use in the region less delivery charges. 

 

Results 
 

The proportion of upstream region runoff used by downstream regions is estimated using the base 

year water use given in Table 2. It is assumed that each region except 5B, which is in the Wei 

Valley covering part of Gansu, Ningxia and Shaanxi, receives a share of the runoff originating in 

itself and in all upstream regions. Region 5B relies on its runoff only. All regions downstream of it 

receive their share of runoff in 5B. It is assumed these shares are reflected in regional water use 

levels. For example, Region 1’s runoff is allocated over all regions based on the regional shares of 

total water use in the basin. Table 3 shows, for each region i, the proportion of runoff used by itself 

and all downstream j region. 
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Table 3 Proportion of ith Region Runoff Used by jth Region 

i \ j 1 2 3A 3B 4 5A 5B 6 7A 7B Total 

1 0.0005 0.0287 0.097 0.0455 0.019 0.1107 0 0.0827 0.2115 0.4051 1 

2  0.0288 0.097 0.0455 0.019 0.1107 0 0.0828 0.2116 0.4053 1 

3A   0.1 0.0468 0.019 0.114 0 0.0852 0.2178 0.4173 1 

3B    0.052 0.021 0.1266 0 0.0946 0.2419 0.4634 1 

4     0.023 0.1336 0 0.0998 0.2552 0.4888 1 

5A      0.1367 0 0.1021 0.2611 0.5001 1 

5B       0.252 0.0885 0.2263 0.4334 1 

6        0.1183 0.3024 0.5793 1 

7A         0.343 0.657 1 

7B                   1 1 

 

From the results displayed in Table 3, for each region, the volume of all upstream runoff used in 

both the base case (without CCFGP) and the change scenario (with reduced runoff under the 

CCFGP) can be estimated. The results of the baseline scenario are shown in Table 4. The annual 

volume of the ith region runoff used by jth region is estimated by multiplying the surface runoff of 

the ith region with the proportion of the ith region runoff used by jth region given in Table 3. For 

each region, adding up the share of runoff originating in itself and in all upstream regions gives 

the total runoff used in each region. 

 

Table 4 The Annual Volume of ith Region Runoff Used by jth Region (million M3) – Base Case 

i\j 1 2 3A 3B 4 5A 5B 6 7A 7B Runoff 

1 9.474 594 1997 940 387 2288 0 1710 4371 8373 20670 

2  382 1284 604 249 1471 0 1099 2809 5382 13280 

3A   50 23 10 57 0 43 109 209 500 

3B    13 5 32 0 24 60 116 250 

4     119 704 0 526 1345 2576 5270 

5A      381 0 285 728 1395 2790 

5B       2329 819 2093 4009 9250 

6        615 1572 3012 5200 

7A         154 296 450 

7B          1340 1340 

Basin 9.474 976 3330 1581 770 4933 2329 5121 13242 26709 59000 

 

For the CCFGP scenario, the annual volume of runoff used by each of the 10 regions is estimated 

in the same way, with the surface runoff reduced to the extent estimated by reference as shown in 

Table 1. Table 5 gives an example of the annual volume of runoff used in each region during 
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2010-2020 as well as the percentage reduction in runoff used in these regions compared to the 

base case. Note that the runoff reductions are projected to be constant during this period of time. 

 

Table 5 Annual Volume of ith Region Runoff Used by jth Region (million M3) – 2010-2020 under CCFGP  

i \ j 1 2 3A 3B 4 5A 5B 6 7A 7B Runoff 

1 9.465 594 1995 939 386 2286 0 1708 4367 8365 20650 

2  379 1272 599 246 1458 0 1090 2785 5335 13164 

3A   42 20 8 49 0 36 93 178 426 

3B    13 5 31 0 23 59 113 244 

4     118 695 0 520 1329 2545 5207 

5A      375 0 280 716 1372 2744 

5B       2300 809 2067 3959 9134 

6        614 1570 3008 5193 

7A         153 294 447 

7B          1340 1340 

Basin 9.465 972 3310 1571 764 4894 2300 5081 13139 26510 58549 

Reduction in 

Runoff (%) 0.10 0.40 0.62 0.63 0.72 0.79 1.25 0.79 0.78 0.74 0.76 

 

The annual cost of the simulated runoff reductions due to CCFGP during 2010-2020 is estimated 

in Table 6. The volume of reductions in water use in each region due to the reduced runoff, 

multiplied by the water scarcity values in these regions gives the economic cost of runoff 

reductions.  

 

Table 6 Annual Cost of the Simulated Reductions in Runoff – 2010-2020 

Region Baseline Water 

Use (million 

M3) * 

Runoff 

Reduction 

(%) 

Reduction in 

Water Use 

(million M3) 

Scarcity Value 

of Water (CNY 

/ ’000 M3) * 

Economic Cost 

(CNY million) 

1 18 0.10 0.02 6 0.00 

2 1129 0.40 4.52 6 0.03 

3A 3794 0.62 23.34 16 0.37 

3B 1786 0.63 11.23 19 0.21 

4 735 0.72 5.28 16 0.08 

5A 4347 0.79 34.38 50 1.72 

5B 9241 1.25 115.79 189 21.88 

6 3249 0.79 25.52 120 3.06 

7A 8304 0.78 65.04 133 8.65 

7B 15908 0.74 118.35 103 12.19 

Basin 48511 0.76 403.46  48.20 

* Data on baseline water use and the water scarcity value are obtained from Heaney et al 2005. 
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The economic costs of the runoff reductions during 2002-2009 are estimated in the same way, 

using the estimates of annual runoff reductions provided by the hydrologists. To be consistent 

with the livelihood analysis and non-market valuation of the CCFGP in this research series, the 

losses per annum during 2002-2018 are displayed in Table 7. Year 2000 and 2001 are not included 

in this analysis as the ABARE model uses 2002 as its base year. The total economic cost arising 

from agricultural production loss due to reduced runoff in the Yellow River Basin is CNY 604.51 

million during the 17 year period, calculated at three per cent discount rate and brought back to the 

2006 level. The present value of the economic cost totals CNY 340.95 million and CNY 180.97 

million respectively at a discount rate of 10 per cent and 20 per cent.  

 

Table 7 Annual Economic Cost from Foregone Agricultural Production – 2002-2020 

Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 

-2020 

Present Value 

of Total Cost* 

Annual 

Economic cost 

(CNY million) 

10.88 23.04 27.85 38.25 42.22 45.21 46.20 47.18 48.2 604.51 

* Calculated at three per cent discount rate. 

 

Discussion 
 

Reduced runoff in the Yellow River due to the implementation of the CCFGP has both positive 

and negative effects. One important aspect of the negative effects involves a decline in irrigation 

water supply in the Yellow River Basin. This leads to a loss of agricultural production in the 

region. In this study, the economic cost of reduced runoff on agricultural production in the Yellow 

River Basin is estimated and valued. Bio-economic modelling is conducted through integrating 

Basin-wide runoff reduction simulation model and water allocation model.  

 

It has been found that the total economic cost from agricultural production in the Yellow River 

Basin amounts to CNY 604.51 million during 2002-2018 at a 3 per cent discount rate. This cost 

will be well offset by the non-market values of the environmental improvements arising from the 

CCFGP in the same region during the same time period, which are estimated at the lower bound to 
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be CNY 43449.71 million (See ACIAR/2002/021 Research Report 6). It should be noted, however, 

that there are other economic costs associated with runoff reductions, such as hydropower 

generation, aquaculture and coastal fishery production which are not included in this study yet are 

all components of the environmental cost of the CCFGP.  

 

One limitation with the ABARE water allocation model is that it is developed on the basis of 

limited data. For each region, water use and the scarcity value of water are derived by calibrating 

the model to a data set with base year land, water and labour allocation to alternative crops. 

Accordingly, the estimation of economic cost from agricultural production based on this model 

may to some extent be biased as resource allocation data for just one year are used to calibrate the 

model.  

 

The accuracy of the methods used to estimate runoff reductions is constrained by the extrapolation 

of site-specific experimental results to the wider catchment mainly relying on statistics and 

comparative studies. This could not fully reflect the complexities of the hydrological processes 

and the scale effects of different factors on each stage of the hydrological cycle after up-scaling. 

Ideally physically based hydrological models should be used to estimate runoff reductions caused 

by water and soil conservation measures. By using physically based hydrological models, the 

impact of conservation measures on each stage and process of the hydrological cycle can be 

properly assessed. However, these models require a rich data source and also involve complicated 

calculations. Further policy analysis using the estimates generated in this study should take into 

account these constraints and the potential bias thus generated.  
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