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THE USE OF BENEFIT TRANSFER IN THE EVALUATION OF WATER 
QUALITY IMPROVEMENT: AN APPLICATION IN CHINA 

Du Yaping 

Institute of Economics, Hubei Academy of Social Sciences* 

1.0 INTRODUCTION 

Since the late 1960s, economists have been developing methodologies to 
measure environmental impacts. Among the approaches most widely used are the 
travel cost method (TCM) and the contingent valuation method (CVM). Generally, 
these methods provide a reasonable approximation of the value of a non-marketed 
environmental good or service; their drawbacks are that they are time-consuming and 
expensive. 

The pressures of time and budget are common during project appraisals. 
Traditional cost-benefit analyses (CBA) are now supplemented by environmental 
impact assessments (EIA) with results that are often difficult to reconcile. While the 
CBA is expressed in monetary value, the EIA is usually in physical terms. To compare 
the two, the EIA must be converted to a monetary value; but time and money for a 
full-scale valuation are rarely available. The use of 'benefit transfer' (BT) is often 
advocated (ADB, 1996). This involves taking the results from one or more primary 
economic studies with estimated values for similar impacts, and modifying and 
transferring them to the project being evaluated. In cases where a high degree of 
precision is not critical, BT may provide useful information for decision-making. 
Frequently, it will be the only way of providing such information. 

The inclusion of environmental impacts in project appraisals has increased 
greatly in the last 10 years. Interest in benefit transfer has grown correspondingly and 
literature on the subject is now substantial (e.g., Desvouges, et al. 1992; Navrud, 
1996). But efforts to test the approach in developing countries are relatively few. 
Since most original valuation studies have been done in developing countries, efforts 
to validate the transfer of values between developed and developing countries, and 
between developing countries, are especially needed. 

This study uses the benefit transfer method to value water quality improvements 
to a recreational lake in Wuhan, China. Particularly novel is the comparison of results 
transferred from the US and the Philippines to the author's original study of the lake 
(Du, 1998). After a brief review of methodological aspects in Section 1, relevant 
literature is screened and suitable cases were selected for the transfer exercise. In 
Section 3, the values from three primary studies were adjusted and transferred to the 
policy site to derive the environmental benefits from water quality improvement in 
East Lake, Wuhan. These benefit transfer values were further compared with results 
from the author's primary study (Du, 1998) to examine the validity of BT and its scope 
for wider application in China. Conclusions and discussion are provided in the last 
section. 

Current Address: Editorial Office, World Economy, Chinese Academy of Social Sciences, 5 Jiannei 
Dajie, Beijing 100732. 
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2.0 BENEFIT TRANSFER METHOD 

The idea of benefit transfer emerged in the early 1980s when the US 
Environmental Protection Agency (USEPA) proposed the use of desk studies as the 
basis for cost-benefit analysis in environmental impact assessment because of 
capital and time constraints. This approach puts forward the notion that the cost and 
benefit associated with the supply of an environmental good or service in question 
could be derived from findings in existing reports. However, derivation from available 
original studies may involve biases from the estimates of the benefits. In a simple 
model (Greene, 1997), the process could be described as 

minimize MSE (e) = Var(e) + (Bias (e))2 

subject to AF = AFO; AT = AT0 

where: e : benefit estimate 
MSE : mean variation 
Var : sample variation 
AF : means available capital resources 
AT : available time 
AFO and ATO: constraints as specified in Desvouges, et al. (1992). 

Clearly this is an optimization problem with given constraints. The objective is to 
minimize the mean variation with available resources. Policy makers have three- 
choices: (1) give up the objective function or declare the non-existence of feasible 
solutions; (2) relax the constraints so that a primary study can be undertaken; and (3) 
search for transferable materials and adjust them as necessary for a benefit transfer 
study. The first alternative is not acceptable as it implies that cost-benefit analysis 
would not be undertaken. Decision-making without such analysis might result in social 
costs much larger than the cost of a primary study. In fact, government regulation 
stipulates that environmental benefits be valued as part of the environmental impact 
assessment. The second choice does not seem realistic either. In many cases, an 
original study in the US would need US$50,000 and 4 to 8 months of time 
(McConnell, 1992); many studies cost much more. In addition, it is not economical to 
repeat similar surveys. The last choice appears reasonable as it could obtain useful 
information without too much time and money, particularly for projects that do not 
require a high degree of accuracy. This raises the need for application of secondary 
valuation methods such as a benefit transfer study. 

In practical benefit transfer studies, the value to be transferred can be either 
benefit or cost. It can also be a functional transfer or a single unit value transfer. If 
suitable functional relations and parameters are available, then a functional transfer 
can be more useful to reveal the dose-response relationship and provide valuable 
information on the impact of a change on one variable. However, as the functions 
obtained from travel cost method (TCM) and contingent valuation method (CVM) 
often have low coefficients, the transfer of such functions can lead to further 
uncertainties. In this case, the transfer of unit value can be more manageable as it 
can be adjusted as necessary. In this exercise, unit values rather than functions were 
transferred. 
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For a benefit transfer study, it is essential to start with initial environmental 
examination (IEE) or environmental impact assessment (EIA) so that the scope of the 
analysis can be properly defined. The second step is to select the literature. With the 
impacts quantified in IEE/EIA, the selection of primary study materials must look for 
those with environmental impacts similar in magnitude and type; similar 
socioeconomic characteristics; and high quality up-to date information. The site of the 
previous research is usually called the "study site" while the site to which the benefit 
estimate is transferred is called the "policy site" (Navrud, 1996). Because differences 
between the study site and the policy site are inevitable, values must be adjusted to 
reflect site-specific features. After the adjustment, unit values for the policy site can 
be calculated and discounted totals can be derived. This analysis focused on unit 
values since total values were unnecessary for the comparison. 

3.0 SCREENING OF LITERATURE 

3.1 The Policy Site 

East Lake (Donghu) is a recreational site well known for its vast water surface 
area (33 km2), natural tranquility, and beauty within the metropolitan boundary of 
Wuhan. Each year, millions of visitors come to the lake to enjoy recreational 
activities, most of which are directly related to water such as boating, swimming, and 
angling. Recently water pollution has seriously impaired recreational quality, 
especially for swimming. Three sites with swimming facilities have been closed as 
they are located in the most polluted part of the lake. As a result, people have to 
travel farther to find cleaner water, in areas that are less safe and less enjoyable 
because they lacked facilities. If water quality was a marketable good, its value would 
be easily determined and realized in the market. Since it is not, there is a need to 
estimate the value of water quality for recreation, which can be used as evidence by 
policymakers and the managers of the lake to see if clean up efforts are worthwhile. 
This provided the motivation for the author's 1997 study. 

In selecting other studies for purposes of BT, the author concentrated on those 
that valued water quality improvement for recreational purposes. The literature was 
screened to find those study areas with similar features to the project case. Ideally, 
the socioeconomic situations in the study site should be as close as possible to the 
policy site. In reality, such similarities are very limited. In some cases, no information 
on some features is given in the literature. Therefore, in the screening process, 
socioeconomic features were used at the second stage. 

3.2 Literature Search 

As few Chinese cases were reported in the literature, the search was 
concentrated on English literature published in journals in the last 20 years. There 
were more than a dozen cases related to water quality improvement. All the studies 
resulted in estimates of the values associated with water quality improvement. Some 
of them had derived estimate functions but were not applicable to the policy site, 
since the study sites and the policy sites were different. Others did not use 
comparable measures. In the end, there were only three comparable studies; two in 
the US and one in the Philippines. 
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3.3 Three Primary Study Cases 

The first case is The Economic Benefits of Surface Water Quality Improvement in 
Developing Countries: A Case Study of Davao, Philippines by Choe, Whittington, and 
Lauria (hereafter referred as C, W & L), published in Land Economics in 1996. In this 
study, a survey was undertaken on willingness to pay for water quality improvement 
but no differentiation was made with regard to various quality levels. In the policy site, 
there are different water quality levels suitable for different types of recreational uses. 
However, the advantage of this case was that it was done in a developing country, 
which made it more relevant to China. 

The study area had a population of 600,000 (in 100,000 households). Per capita 
income averaged $34 per month and the average adult had 10 years of education. 
Among the 1,200 respondents, 36 refused to answer the questionnaire, while 777 
replies (65%) were useful. The `useful' respondents were divided into three groups in 
accordance with housing and water supplies. Both TCM and CVM were employed. 
Correspondents were further divided into two groups: users and non-users. Results 
showed that the estimates obtained from the two methods were very close. When 
water quality was improved from boatable to swimmable, CVM value was US$3.41, 
US$2.16 and US$2.56 per capita per annum for users, non-users, and combined 
user-nonuser groups, respectively (excluding the refusals to pay). The TCM result 
gave a value of US$2.88 per capita per annum, which was very close to the CVM 
figure. 

The second case is the paper by Carson and Mitchell (1993), published in Water 
Resources Research. The study used the CVM approach and evaluated the 
willingness to pay (WTP) for increased water quality for all the rivers in the US. The 
authors used the national average income, price level, and population jas indicators 
for this study. The findings suggest that WTP per capita per annum was US$139 for 
water quality improvement from unusable to boatable; US$206 for further 
improvement to swimmable. The incremental value of improvement from boatable to 
fishable was US$38 and from fishable to swimmable, US$28. 

The third case is the primary study by Desvousges, Smith, and Fisher (hereafter 
referred as D,S&F), published in 1987, which estimated the option value for 
increased water quality in Monogahela River. Sample of the population was from 
nearby residents by the river aged 18 and above. Among the 393 questionnaires sent 
out, 301 (77%) were returned. Household heads had an average of 10-12 years of 
schooling, and average household size was four. Both payment cards and repeated 
bidding methods were used in the survey. The study, had four subsets of surveys 
with two starting points, iterative bidding, and two direct questionings for users and 
nonusers. In comparison with the Philippine case, WTP figures from user and non- 
user groups in the four sets of surveys were rather mixed. Therefore, the unit value 
from this case used the mean figure from the four sets of surveys. The results 
showed that the WTP value for water quality improvement from unusable to boatable 
was US$10.00 per annum per household. The incremental value for quality 
improvement from boatable to fishable was US$6.13, and US$3.22 for improvement 
from fishable to swimmable. From boatable to swimmable, the WTP value was 
US$9.78. 
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The above three cases were closest to the policy site with respect to 
environmental impacts and socioeconomic features. All involved value of water 
quality improvement for recreational uses, although none dealt with lake water quality 
within an urban boundary. Both users and nonusers of environmental services 
related to river water quality improvement were included in the valuation exercises. 
CVM was the primary valuation method in all three. 

4.0 ADJUSTMENT 

The unit values from these three cases are summarized in the first column of 
Table 1. Ideally, before comparing them, adjustment should be made to offset such 
influences as differences of income, price level, preferences, culture, substitution, 
social characteristics, climate, living style, and resource base. Hence, the transferred 
value would be more realistic. However, such comprehensive adjustment is not 
feasible; it is impossible to eliminate all biases or errors. In the following analysis, two 
adjustments were made: for per capita GDP and price level. 

4.1 Per Capita GDP Adjustment for Transnational Transfer 

WTP for environmental goods is the monetary measure of the goods and 
services given up by the consumer for environmental improvement. This means that 
WTP value is a function of purchasing power. Therefore for transnational transfer, it 
is necessary to take into account the purchasing power and monetary unit between 
the country of the original study and that of the policy site. In the ADB Workbook 
(1996) for environmental evaluation, a simple approach of per capita GDP is 
suggested. Such an approach implies that people always spend the same proportion 
of their disposable income on environmental impacts. The underlying implication is 
that environmental services are neither necessities nor luxury goods, since the poor 
spend more of their income on necessities than the rich. Despite this somewhat 
unrealistic assumption, it is still an appropriate approach since income is the most 
important factor affecting an individual's willingness to pay. 

4.2 Price Index Adjustment for Time Factor 

Normally there is a time difference between the primary study and the transfer 
exercise. Often when one searches for primary cases with similar features, one has 
to review the literature for studies done years before. It is very likely that the level of 
development could have changed drastically during the period. In addition to income 
levels, consumption preferences and the environment may also undergo significant 
changes. Therefore, it is also necessary to remove the time influence as much as 
possible. However, the only measurable indicator is the price index, which often 
reflects the rate of inflation. So after the GDP adjustment, price index is used to take 
into account the impact of time difference. Other potential factors are added to the 
error item. 

The above two adjustments are presented in Table 1. The figures from the three 
original cases are given in column 1. Figures in columns 2 and 3 are per capita GDP 
in the countries of original study and the policy site, respectively. Figures in column 4 
are the estimates for the project after GDP adjustment, while those in column 6 are 
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final estimates after further time adjustment. The time adjustment was made with 
reference to the survey time rather than the publication time as there is a time lag 
between survey and publication. All the figures are in per capita terms per annum 
given the quality improvement for recreational water. The results varied greatly, with 
some figures very close and others far apart. The reasons for the large variation are 
analyzed in a subsequent section. 

Table 1. Benefit transfer calculations (unit: $ or CNY per capita per annum). 

WTP0 GDPf GDPd WTP1 Pt / P0 WTPP 
(1) $ (2) $ (3) (4)=(1) x (3)/(2) (5) (6)=(4)x(5) 

C,W&L 
B S 2.56 963.9 3,755.20 9.97 1.00 9.97 

M&C 
U-B 139.00 6.09 16.08 
U-S 206.00 15,291.5 669.55 9.02 2.64 23.81 
B-F 38.00 1.66 4.38 
F-S 28.00 1.23 3.25 
D,S&F 
U-B 10.00 0.38 1.06 
B-F 6.13 12,639.1 479.32 0.23 2.80 0.64 
F-S 3.22 0.12 0.34 
B-S 9.78 0.37 1.04 

Sources: World Economy Yearbook, 1982, 1987, 1988, 1990,1995; China Economic Yearbook, various 
years. 
Notes: 
1. WTPo - WTP figures in the original study; GDPt - Per capita GDP in the country of original study; 

GDPd - Per capita GDP in current year of investigation; WTP1 - WTP after first adjustment; Pt/Po - 
the ratio of price index in the policy site (Wuhan, China); WTPp - the estimated value after the 
benefit transfer calculation. 

2. Water quality levels: U - unusable; B - boatable; F - fishable; S - swimmable. 

5.0 RESULTS FROM AN ORIGINAL STUDY IN THE POLICY SITE 

In 1996, a primary study was undertaken on the valuation of improved water 
quality for the recreational East Lake using both CVM and TCM (Du, 1998). The 
results (given below) were used as the "actual" value of the water quality 
improvement to test the benefit transfer figures. 

A total of 600 copies of a questionnaire were distributed by interviewers in the 
survey. Of these 501 were returned and 408 were found usable for TCM and CVM 
analyses. Survey results showed that over 50 percent of the sample were occasional 
visitors; 16.7 percent visited only once a year and perhaps once in a lifetime for 
visitors from outside Hubei Province. The main purposes of multiple visits were 
walking, jogging, swimming, and boating, which were either highly localized or 
seasonal activities. As to visitors' judgment on water quality, less than 5 percent of 
the visitors considered it good, in contrast to nearly 60 percent who believed it was 
bad or very bad; a third considered it tolerable or replied "don't know." Most visitors 
were from relatively high income families, with an average of CNY 407 per capita per 
month (1995 prices; 8.28 CNY = US$1). They had usually 13 years of schooling 
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which was higher than the national average; over half obtained higher education. The 
age structure suggests that over 90 percent of the visitors were of working age. 

Table 2. Statistical values of variables. 

Variable Mean Std Dev Median Minimum Maximum 

No. of visits 
E-level existing quality 21.78 49.34 4.0 1.00 301.00 
B-level suitable for 

boating 
23.84 52.75 5.0 1.00 320.00 

S-level suitable for 
swimming 

26.91 54.89 7.0 1.00 330.00 

D-level suitable for 
drinking 

31.14 60.49 9.5 1.00 350.00 

Distance km 89.30 176.35 9.0 1.50 600.00 
Self 
judgement on 
WQ 

on a 1-5 scale 
(1: polluted; 5: 
clean) 

2.28 0.83 2.0 1.00 5.00 

Income (Y/c/m) 407.34 123.20 450 130.00 570.00 
Education schooling years 13.01 3.84 16.0 0 19.00 
Age (ys) years 37.95 11.59 37.0 18.00 67.00 
Sex m=1; f=0 0.73 0.45 1.0 0 1.00 
WTP-D Y/a/c 27.46 32.24 20.0 0 200.00 
WTP-S Y/a/c 18.14 24.41 10.0 0 250.00 
WTP-B Y/a/c 10.26 13.88 5.0 0 100.00 
WTP: y/n y=1; n=0 0.81 0.40 1.0 0 1.00 

Note: water quality levels: D = drinkable; S = swimmable; B = boatable/fishable; 
E = existing level; WQ = water quality; y/c/m = yuan per capita per calendar month; 
ys = years; y/a/c = yuan per annum per capita. 

6.0 COMPARISONS BETWEEN THE BENEFIT TRANSFER ESTIMATE 
AND THE "ACTUAL" VALUE 

If the results estimated from the author's CVM study are assumed to be the "real" 
value of the water quality improvement, the findings can be compared with the benefit 
transfer figures to see if the benefit transfer is valid or not. 

The figures from the three transfer cases and the original study are given in 
Table 3. The first case was the closest one, being one-fourth higher than the "actual" 
value. The Carson and Mitchell case showed some similarities to the first one. The 
second estimates departed from the "actual" values for unusable to boatable and 
swimmable, ranging from less than 10 percent to 1/3. For the increment from 
boatable to swimmable, the secondary figure was surprisingly close to that from the 
primary study, having only a seven percent difference. However, the secondary 
estimate from the third case was significantly lower than the "actual" value. 
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If the unit value is acceptable for the benefit transfer analysis, the aggregate 
figures may be further.examined (Table 4). The figures suggest that the benefits of 
water quality improvement are significant enough to warrant undertaking a primary 
study of costs and benefits of cleaning up. In 1997, the provincial government started 
a World Bank loan project on East Lake Water Quality Control which had a total 
investment of US$106 million. An earlier benefit transfer study might have contributed 
to a more timely decision-making. 

Table 3. Comparison of the secondary estimates with the primary study results 
(unit: CNY/capita/annum). 

WTPBT(1) WTPCVM(2) WTP(3=1-2) rate of var. (4=3/1) 
C,W&L 

B S 9.97 7.88 2.09 +21.0% 
M&C 
U-B 16.08 10.26 5.82 +36.2% 
U-S 23.81 18.14 5.67 +23.8% 
B S 7.73 7.88 -0.55 -7.1% 

D,S&F 
U-B 1.06 10.26 9.2 -867.9% 
U-S 2.04 18.14 16.1 -789.2% 

Table 4. Total benefit from the C&M case as compared with the "actual" case. 

Quality Average Present Value (aggregate, million) 
/alc d=8% d=3% 

"actual" BT value "actual" BT value "actual" BT value 
Existing- 
boatable 

10.26 16.08 347.76 545.03 884.43 1,386.12 

Boatable- 
swimmable 7.88 7.73 267.17 262.08 679.46 666.53 

Existing- 
swimmable 18.14 23.81 614.93 807.14 1,563.88 2,082.17 

7.0 CONCLUSIONS 

The benefit transfer method has been advocated as a quick and low-cost 
approach to valuation of environmental goods despite its likely inaccuracies and 
uncertainties. The analysis using a CVM study of the economic benefits from 
improved water quality for recreation in Wuhan, China as the "real" value to test the 
validity of the transfer results, revealed a couple of interesting points. 

First, benefit transfer estimates and the "real" value varied from very close to 
over eight times. This indicated that the benefit transfer technique could lead to either 
meaningful or biased figures. Controlling differences over long time spans and for 
embedding effects seems to be particularly important. 
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Second, how the quality of the environmental good is specified is very 
important. In this case, the "good" to be offered was water quality improvement. For 
a meaningful derivation of benefit transfer estimate, the actual change of water 
quality must be specified. If the existing water quality is acceptable to the consumer, 
he/she may not wish to pay for further improvement. When the physical features of 
the "good" are included for adjustment, benefit transfer values could be more reliable. 

This study has shown the potential for the application of benefit transfer, and 
pointed out some of the areas where particular attention is called for in the transfer 
and adjustment process. Further research and more empirical studies would be 
valuable in further developing this technique. 
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