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Abstract  

 

 

The Ecological Restoration Program undertaken by the Chinese Government in the 

Upper Reaches of the Yangtze River provides an array of environmental goods and 

services such as reduced water-induced soil erosion, air purification and biodiversity 

conservation. The non-market values of the environmental benefits derived from the 

ecological restoration program in Sichuan Province were estimated using the choice 

modeling (CM) approach both on-site in Chengdu and off-site in Shanghai. Separate 

choice models were estimated for the two sites and the results compared. No 

significant differences were found between the implicit price estimates derived from 

the conditional logit (CL) and the random parameter logit (RPL) models for the 

environmental attributes. Results show that the sampled urban population both on-site 

and off-site are willing to pay for the environmental services provided by the 

ecological restoration program. Based on the results from the RPL models, the 

average willingness to pay per respondent household in Chengdu was CNY1051.37 

(USD153.95) each year for the environmental improvements provided by the Program, 

a payment level not significantly different from the comparable estimates of 

CNY959.59 (USD140.51) in Shanghai. 



 

1. Introduction 

 

Auctioning conservation contracts involves an evaluation and ranking of proposals 

based on the bid price information and the potential environmental benefits that the 

nominated conservation activities will generate. Because the environmental outcome 

is difficult to measure and monitor, the environmental benefits are normally specified 

on the basis of inputs or conservation activities. For instance, the BushTender trial 

conducted in Australia used a biodiversity benefits index (BBI) to rank the bids. The 

BBI was developed to incorporate the current conservation value of the site, the 

amount of service offered by the landholder and the cost of the conservation action, 

nominated in the bid (Stoneham et al 2003). In cases where multiple environmental 

objectives were pursued, such as the Conservation Reserve Program implemented in 

the United States, a multi-criteria bid scoring system was used to aggregate the 

various dimensions of quality into one figure representing an estimate of the overall 

conservation benefit of each bid (Hemlich 2003).  

 

While such scoring systems reflect the agency‟s preferences for various 

environmental management strategies or outcome attributes, they do not necessarily 

capture the preferences and priorities of the society for environmental goods and 

services. As such, neither involves an analysis of the net-benefit arising from 

alternative farmer bids. They are thus limited to, at best, a cost-effectiveness approach. 

To progress to a net benefit maximising format, the bidding scheme must be 

supplemented with information regarding the communities‟ value from the 

environmental goods supplied. This allows the demand side of the market to be 

incorporated into the bidding scheme. 

 

In the bidding scheme trial to be conducted in China that is the focus of this research 

project, a new approach is adopted for bid evaluation. A stated preference technique is 

used to derive the non-market value of the ecological restoration program in Sichuan 

Province. Specifically, respondents‟ preferences for various environmental 

improvements possible under the ecological restoration program were elicited in an 

urban household survey and their choice behaviour modelled to infer their willingness 

to pay (WTP) for each environmental attribute. With the implicit prices of 

environmental attributes available from the choice modelling (CM) exercise, an 

environmental or biodiversity benefit index can be converted to a monetary measure 

of benefits that can then be compared against farmers‟ bids to supply them.  

 

This research report is structured as follows. In the next section, background 

information to the CM study is provided. This is followed by a discussion of the CM 

methodology in Section 3. Section 4 outlines the application details of the CM 

technique which includes the survey logistics of the CM study. In Section 5, model 

specifications and results of the CM application are presented. People‟s WTP for 

improvements in specific environmental attributes and the compensating surpluses for 



aggregate changes under the ecological restoration program are also set out in this 

section. This is followed by a discussion in Section 6 of the results and their 

implications for the bidding scheme trial to be conducted in Sichuan Province. This 

report concludes with Section 7.  

 

 

2. Case Study 

 

The bidding trial is being conducted for the implementation of a new ecological 

restoration program in Sichuan Province. Sichuan Province is located in South West 

China where the upper reaches of the Yangtze River are located. The Yangtze River 

originates in the Kunlun Mountains and flows generally south through Sichuan 

Province then east across Central China into the East China Sea at Shanghai. Sichuan 

Province covers a total area of 485,000 square kilometres and currently has a 

population of 87.5 million.  

 

Sichuan Province is of agricultural and ecological significance in China. The Chinese 

Government is already supporting a range of initiatives to help improve the 

environment of Sichuan Province. In 2009, the Sichuan Government initiated a new 

ecological restoration program. This three-year program aims to encourage local 

farmers to plant ecological trees on barren land, harvested sites, degraded arable land 

and sloped lands in the Province (Sichuan Forestry Department 2008).  

 

The potential environmental impacts of the ecological restoration program are 

predicted to extend to the coastal area in the East. For instance, planting ecological 

trees in Sichuan Province will reduce sediment discharge into the Yangtze River and 

improve the water quality in the downstream Shanghai. Therefore the environmental 

improvements arising from the ecological restoration program will benefit people 

both on-site and off-site. On-site beneficiaries are defined as those people living in 

Sichuan Province whilst off-site beneficiaries are defined to be those living in the 

downstream area of the Yangtze River in East China.  

 

To test if people living proximate to the environmental impacts of the ecological 

restoration program have different values from those who live further away, the same 

CM questionnaire was used in surveying residents in Chengdu, the capital city of 

Sichuan Province, and Shanghai which is located to the east. The value estimates for 

each environmental attribute derived from the CM study are suitable for use in 

converting the ecological benefits of each bid to a monetary measure that can be 

compared against farmers‟ bids to supply them.  

   

3. The Choice Modelling (CM) Approach 

 

A CM application involves respondents to a survey selecting their preferred option 

from a range of potential, hypothetical environmental management strategies, 



including „business as usual‟. While it shares some similarities with the contingent 

valuation method (CVM), with both techniques being capable of assessing non-use 

values, CM involves the use of multiple choice sets that are distinguished by 

variations in the levels of underlying attributes. A key advantage of the CM technique 

over the CVM is the ability to frame complex tradeoffs to respondents, with a rich set 

of subsequent data that allow better understanding and prediction of respondent 

behaviour (Rolfe et al. 2000).  

 

CM is consistent with Lancaster‟s theory in which consumption choices are 

determined by the utility or value that is derived from the attributes of a particular 

good or situation (Lancaster 1966). It is also based on the behavioural framework of 

random utility theory (RUT), which describes discrete choices in a utility maximizing 

framework. Utility (Ui) is assumed to be comprised of two parts: 

Ui = Vi + i                              (1) 

where Vi is the systematic and observable component of the latent utility for option i; 

and i is the random or „unexplained‟ component (Louviere, Hensher and Swait 2000). 

 

Because of the random component, the researcher can never expect to predict choices 

perfectly. This leads to the expression for the probability of choice: 

      P(i) = P[(Vi + i) > (Vj + j)]                 (2) 

for all available j options. Different assumptions of the distribution of the random 

error terms yield different models. Assuming that the random error terms are 

distributed independently and identically (IID) and follow the Gumbel distribution 

with scale parameter μ (which is typically assumed to equal one), the probability of 

choosing option i can be estimated using the conditional logit (CL) model: 

         P(i) =

Cj

j

i

V

V





exp

exp
                         (3) 

The individual‟s indirect utility function (Vi) in equation (3) for a choice option can 

be modelled by way of various specifications. The simplest functional form involves 

an additive structure, which only includes the attributes from the choice sets: 

 

Vi = C + Σ βk.Xk   where i = 1, …., k                 (4)             

where C is an alternative specific constant (ASC), β is a parameter vector, and X is a 

vector of k attributes from a choice set. The attributes enter the utility functions at 

various levels as specified by an experimental design (Bennett and Blamey 2001).  

 

The IID error term assumption underpinning the CL model implies a number of 

restrictions, in particular, the property of independence of irrelevant alternatives (IIA). 

The mixed logit model, or random parameter logit (RPL) model represents a full 

relaxation of the IID assumption. It allows model parameters to vary randomly over 

individuals (Revelt and Train 1998; Revelt and Train 1999; Brownstone and Train 

1999). Similar to equation (1), the utility that a person obtains from alternative i 

among j options in a choice set is: 



Ui= iiX  '    (5)                                                     

where Xi is a vector of observed variables, ' vector varies over individuals with 

density f (β*) where * represents the parameters of the pooled distribution, and i is 

an unobserved random term that is IID extreme value, independent of '  and Xi. 

The '  vector can be expressed as the population mean (b) and the individual 

specific deviation from that mean . Hence the above utility function can be rewritten 

as:  

                        Ui = b′Xi + ′Xi + i                     (6)                                                  

Because the choice probability cannot be calculated exactly – a closed form solution 

does not exist – it is estimated as a „mixture‟ of logits with the density f as a mixing 

distribution. 

 

These model forms can be used to generate probabilities of choice and hence 

estimates of marginal values for each attribute and compensating surpluses (CS) for 

changes between different choice profiles (Bennett and Blamey 2001).  

 

A key challenge in designing a CM experiment is to limit the complexity of the 

choice options so that they can be feasibly completed in a survey format by 

respondents (Carson et al. 1994). One way of reducing complexity has been to 

minimize issues of risk and uncertainty associated with choice outcomes, even though 

uncertainty is a key feature of many environmental systems (Roberts et al 2008). In 

most non-market CVM and CM studies, researchers assume that the different 

scenarios presented to respondents can be achieved, and that respondents are certain 

about their underlying preferences.  

 

However, the conduct of a CM or CVM application may involve different layers of 

uncertainty ranging from the analyst (i.e. analysts do not know exactly what drives 

choice responses) through to the environmental issue being addressed. In some cases, 

respondents may be uncertain or confused about the choice sets, misunderstand the 

information presented, or may be uncertain about the case study issues. In other cases, 

choice profile(s) do not accurately reflect the uncertainty that depicted future 

outcomes will occur, and how this uncertainty may vary with different management 

and policy options (Wang and Rolfe 2009). While some aspects of risk and 

uncertainty around environmental outcomes can be handled in a broader economic 

framework, other issues around risk and uncertainty may be integral to the 

performance of a CM application. So far, there has been very limited direct 

application of the CM technique to issues involving risk and uncertainty of outcomes. 

Incorporation of risk and uncertainty directly into the CM design is explored in this 

study.  

 



4. The CM Applications 

 

4.1 The Questionnaire Development 

 

For the CM study, surveys were conducted in which respondents were asked to 

compare the outcomes of alternative resource management strategies against the 

status quo. It is the change of value „at the margin‟ from the status quo to the 

alternatives that is to be estimated through CM studies. In the CM questionnaire, 

environmental attributes are needed to describe the specific environmental settings 

and how they change between the „status quo‟ situation and a number of different 

„proposed‟ situations.  

 

The development of the survey questionnaire involved two rounds of focus groups. 

The questionnaire was preliminarily developed using the results from the first round 

of focus groups held in Shanghai and Chengdu in March 2009. Through four focus 

group discussions, attributes that frame the change to be valued were initially defined 

from the demand-side perspective. The supply-side perspective was also taken into 

consideration as attributes were selected on the basis of what policy-makers, scientists 

and researchers perceived to be important as factors that can be modified by policy 

(Blamey et al. 1997). Based on the supply-side and demand-side perspectives, three 

environmental attributes were selected and defined to cover general environmental 

issues that are of concern to people living in South China:  

 water quality, defined as sediment discharge into the Yangtze River; 

 air quality, defined as the number of days per annum with good to excellent 

air quality; and, 

 biodiversity, defined as the number of plant species present in project areas. 

 

In addition, risk and uncertainty of outcomes were explicitly incorporated into the CM 

design. Two survey instruments were designed and respondents randomly received 

one of the two instruments. In one treatment, respondents were asked to state their 

preferences for certain outcomes. In the other treatment, uncertainty about the 

outcomes was incorporated into the choice sets. The uncertainty attribute in the 

questionnaire was defined as the chance of the described improvement occurring.  

 

The ranges over which the levels of these attributes vary were specified based on 

scientific research conducted in the area and projections made by experts from China 

National Environmental Monitoring Centre and Sichuan Academy of Forestry. The 

range of the attributes is between the projected level in the „without ecological 

restoration‟ scenario and the best level that could be achieved under the three-year 

ecological restoration program in Sichuan. Scientific uncertainty associated with such 

projections as well as the effectiveness of the implementation of the ecological 

restoration program were captured by changes in the uncertainty attribute‟s level.  

 



Four more focus groups were held in July 2009 in Shanghai and Chengdu to confirm 

the earlier identified attributes and to refine the draft questionnaire. The clarity and 

presentation of information in the questionnaire, cognitive burden and confusion as 

well as perceived bias of information were also tested in these focus groups. In 

general the draft questionnaire was well understood by participants to these focus 

groups. One suggestion from the participants was to specify in the questionnaire a 

number of possible payment vehicles in support of the ecological restoration program. 

The different ways to raise funds include increased taxes, higher prices for goods and 

services, and a compulsory payment from urban households across China to be put 

into the China Greening Fund. This is in contrast to focus groups facilitated by the 

authors five years ago in Beijing and Xi‟an in which most participants strongly 

objected to the idea of an increased tax (Wang et al 2005). A maximum annual 

payment of CNY500 was reaffirmed by participants of this round of focus groups. 

The units to measure these attributes were also developed. The attributes and their 

levels are set out in Table 1.  

 
Table 1 Levels of attributes 

Attribute 

 

Base Level Alternative Levels 

Payment per annum (CNY)* 0 100, 300, 500 

Number of days with good to  

excellent air quality per year 

250 260, 275, 290 

Chance of improvement occurring N.A. 50%, 70%, 90% 

Water quality (million tons of annual sediment 

discharge) 

100   97, 98, 99 

Plant species present 200 350, 500, 600 

* Annual payment for 3 years 

 

Once the attributes and their levels were determined, the efficient design technique 

was used to produce an experimental design for the choice sets used in the CM 

questionnaire. Efficient design approaches aim to maximise the expected precision of 

the parameter estimates (Carlsson and Martinsson 2003). In this study, a Bayesian 

D-efficient design was adopted (Scarpa and Rose 2008). Prior information on the 

expected values of the coefficients was elicited from the pretest of the questionnaire 

during the second round of focus groups in July 2009. A total of 25 choice sets were 

generated. Dominant alternatives or implausible alternatives were removed after the 

efficient design was completed, leaving a total of 18 choice sets for the questionnaire 

without the uncertainty attribute and 20 choice sets for the questionnaire with the 

uncertainty attribute. The total number of choice sets was divided into four blocks, so 

that each respondent was presented with four or five choice questions. Therefore, 

there were four versions of the survey questionnaire for each of the survey 

instruments differing only in the choice questions. One-on-one interviews were 

conducted to pre-test the revised survey questionnaire.  

 



In the questionnaire, respondents were first presented with the major environmental 

problems in Sichuan Province and the implications for the environment in the 

Yangtze River Basin. Based on projections made by experts, without the ecological 

restoration program implemented in Sichuan, by the year 2020, sediment discharge 

into the Yangtze River coming from Sichuan Province will amount to 100 million 

tons per year, the number of days with good to excellent air quality will remain 250 

days per year, and the number of plant species in the project area will remain 200 (R. 

Li, Y. Wang and Y. Han, personal communication, 2009). With the ecological 

restoration program in place, the environmental conditions in the Yangtze River Basin 

including the downstream area are predicted to improve. 

 

The scenario presented to respondents was that ecological restoration in the Upper 

Reaches of the Yangtze River in Sichuan Province will cost money. Financial support 

for the farmers involved in the Program was stated to be needed for three years from 

2009. This payment can take the form of increased taxes, higher prices for goods and 

services, and compulsory payment from urban households across China. The size of 

the payment was stated to depend on the extent of the environmental improvements 

that the ecological restoration program aims to achieve in the Upper Reaches of the 

Yangtze River in Sichuan Province. 

 

Respondents were then presented with four or five choice sets showing various 

options for ecological restoration in Sichuan Province (see Figure 1 for an example). 

Respondents were asked for their preferred option from each of these choice sets. 

They were also reminded of their available income and all other things they have to 

spend money on when deciding on the preferred options.  



Figure 1 Example of a choice set from the Ecological Restoration Program questionnaire 

Management 

Option 

Water 

Quality 
Air Quality  Biodiversity Uncertainty Cost 

Your 

choice 

 
      

Combination of 

measures in 

vegetation 

recovery 

Sediment 

discharge into 

the Yangtze 

River (tons) 

Number of days 

with good to 

excellent air 

quality 

Number of 

plant species on 

waste lands 

Chance of 

improvement 

occurring 

How much 

you pay each 

year (3 years) 

Select one 

option only 

Conditions in 20 years  

Option A- No 

new actions 
100 million 250 days 200 

Not 

applicable 
¥0  

      

Option B 97 million 290 days  600 50% ¥500 

 
      

Option C 98 million 275 days  500 90% ¥300 

 

 

4.2 Survey Logistics and General Perceptions of Respondents 

 

A web-based survey was conducted in August 2009 in Shanghai and Chengdu. To 

meet the requirement of statistical testing for the choice models, a target of 1000 

households was set to be interviewed in Shanghai and Chengdu for the four-attribute 

survey questionnaire (without the uncertainty attribute), with 500 households in each 

sub-sample. An additional 500 households were interviewed for the five-attribute 

survey questionnaire (with the uncertainty attribute), with 250 households in each of 

Shanghai and Chengdu. Altogether 1500 questionnaires were collected.  

 

The socio-demographics of the respondents and the population average in Shanghai 

and Chengdu are shown in Table 2. A chi-test indicates that there is no significant 

difference in the sex structure between the sub-sample averages and their respective 

city averages. Moreover, the age structure for most sub-samples is not significantly 

different from their respective city averages except for sub-sample I (Shanghai 

respondents who answered the four-attribute questionnaire). However, the chi-test 

shows that there are significant difference between the sub-samples and their 

respective city averages in the level of education and household income. This implies 

that the sub-samples are not representative of the population in both Shanghai and 

Chengdu in terms of their incomes and levels of education. The household income 

level of sub-samples is about 20 per cent higher than their respective city averages. 

The majority of the sampled respondents have tertiary education or above, which is in 

sharp contrast to the average of around 10 per cent of the population in Shanghai and 

 



Chengdu who have tertiary education or above. The under-representation of the 

sub-samples is largely due to the fact that the survey was web-based and the sample 

frame is biased towards people with higher education and household income levels. A 

further statistical comparison between the sub-samples for the two different survey 

instruments (i.e. four-attribute versus five-attribute questionnaire) in each of Shanghai 

and Chengdu shows that there is no significant difference in age, sex and education 

level. However, respondents‟ household income levels across the two survey 

instruments samples are significantly different. 

 

Table 2 Socio-demographics of respondents  

Variable Shanghai Chengdu 

Sample I 

average 

Sample II 

average 

Shanghai 

average 

Sample III

 average 

Sample IV

 average 

Chengdu 

average 

Age  30.0 32.8 41.3 28.0 28.6 37.5 

Sex (% male) 44% 47.2% 51.4% 57% 56.8% 50.7% 

Education (% > 

year 12) 

92.6% 89.2% 11.4% 90.6% 88% 13.3% 

Income (CNY)  86116 90888 74690 61117 69662 50151 

Sources: National Statistics Bureau, 2009; Shanghai Statistics Bureau, 2006; Chengdu Statistics Bureau, 2006; 

Zhang 2002. 

 

Note: Respondents that answered the four-attribute questionnaire are denoted as Sample I and III; respondents that 

answered the five-attribute questionnaire are denoted as Sample II and IV. 

 

Survey respondents‟ perceptions of the ecological environment in the Yangtze River 

Basin over the past 10 years and their perceptions of the relationship between 

ecological protection in Sichuan Province and its impact in the lower reaches of the 

Yangtze River are summarised in Table 3 and Table 4. These statistics indicate that 

more than half of respondents believed that the ecological conditions in the Yangtze 

River Basin have deteriorated over the past 10 years. Another 30 per cent of 

respondents considered that the environment has been improving. More than 90 per 

cent of respondents believed that there is a link between upstream ecological 

protection and downstream environmental conditions.  

 

Table 3 Respondents‟ perceptions of the ecological environment in the Yangtze River Basin over the 

past 10 years 

 Shanghai Chengdu 

No. of respondents percentage No. of respondents percentage 

Deteriorating 279 55.8% 295 59% 

Improving 158 31.6% 168 33.6% 

Remain the same 38 7.6% 20 4.0% 

Don‟t know 25 5.0% 17 3.4% 

 



Table 4 Respondents‟ perceptions of relationship between ecological protection in Sichuan Province 

and its impact in the lower reaches of the Yangtze River 

 Shanghai Chengdu 

No. of respondents percentage No. of respondents percentage 

There is impact 476 95.2% 472 94.4% 

There is no impact 24 4.8% 28 5.6% 

 

5. Model Specification 

 

5.1 The Conditional Logit (CL) Models 

 

The choice data were analysed using LIMDEP. Variables used in these models (only 

significant non-attribute variables are included) and their codings are specified in 

Table 5. Respondents‟ levels of confidence in their answers to the choice questions 

were elicited in the questionnaire as a follow-up question to the choice sets, and 

effects coded as CONF10 and CONF0 in the models. 

 

Table 5 Variables used in the choice models 

Variable Description 

Attribute Variable  

Cost Amount that households would pay each year as a compulsory 

payment for a duration of 3 years (payment vehicle) 

Air Quality Number of days with good to excellent air quality 

Water quality Quantity of current sedimentation in the Yellow River (million tons) 

Plant species Number of plant species present in project areas 

Uncertainty % chance of improvement occurring 

ASC Alternative-specific constant set at 1 for options 2 and 3 in the 

choice sets, and 0 for the base option 

Non-attribute Variable  

Age Age of respondent (in years) 

Income Income of households in CNY 

Conf 10 Effects coded with those rated certainty of their answers to previous 

choice questions as 10 = 1; those rated certainty 1-5 = 0; and 

otherwise -1 (10 = very certain; 1= very uncertain);  

Conf 0 Effects coded with those rated certainty of their answers to previous 

choice questions as 1-5 = 1; those rated certainty 10 = 0; and 

otherwise -1 

 

Initially CL models were estimated for the Shanghai and Chengdu four-attribute 

(without uncertainty) data sets. To see how the factor of risk and uncertainty impact 

on respondents‟ choices, CL models were further estimated for the five-attribute (with 

uncertainty) data sets. A comparison of the results from the two survey instruments is 

demonstrated in Table 6. A formal statistical test was conducted to compare the 



implicit prices of the environmental attributes for the two survey instruments and the 

results are presented in Section 6.  

 

Table 6 Conditional logit model results  

 Shanghai Chengdu 

Variable 4 attributes 5 attributes 4 attributes 5 attributes 

ASC 0.0146 -1.1505***  0.4158** -1.0064* 

 (0.2912) (0.4613) 0.2051 (0.5521) 

COST -0.0029*** -0.0019*** -0.0019*** -0.0008** 

 (0.0002) (0.0003) (0.0002) (0.0003) 

AIR QUALITY 0.0146*** 0.0029 0.0089*** 0.0044 

 (0.0030) (0.0052) (0.0029) (0.0052) 

WATER QUALITY -0.1065*** 0.0446 0.0305 0.0663 

 (0.0410) (0.0692) (0.0394) (0.0702) 

SPECIES 0.0022*** 0.0020*** 0.0012*** 0.0002  

 (0.0004) (0.0005) (0.0004) (0.0005) 

UNCERTAINTY  1.0368***  0.5501* 

  (0.3320)  (0.3205) 

ASC*AGE -0.0177** 0.0472***  0.0621*** 

 (0.0076) (0.0102)  (0.0186) 

ASC*INCOME 1.02E-05*** 4.2058e-006*  1.71E-06*** 9.7827e-006*** 

 (1.67E-06) 
 

(2.4394e-006) (6.73E-06) (2.6755e-006) 

ASC*CONF10 0.3544*** 1.2923*** 0.3802*** 0.3562** 

 (0.1000) (0.1848) (0.1026) (0.1580) 

ASC*CONF0 -0.7006*** -1.3191*** -0.8446*** -0.5398*** 

 (0.1249) 
 

(0.2581) (0.1119) (0.1896) 

Summary Statistics     

Log-likelihood (LL) -2180.868 -990.3054 -2180.364 -969.7927 

Constants only LL -2314.0822 -1055.8777 -2268.8418 -1003.7907 

Pseudo-R2 0.11596 0.09406 0.11636 0.11282 

Observations  2250 1000 2250 1000 

Note:  Standard deviation in parentheses; *denotes significance at 10% level, **denotes significance at 5% level, 

and ***denotes significance at 1% level. 

 

The CL models in Table 6 show the importance of the choice set attributes in 

explaining respondents‟ choices across the three different ecological restoration 

options: „no new actions‟ taken and retain the current environmental conditions 

(option 1), and „take measures‟ to recover vegetation under the ecological restoration 

program (options 2 and 3). In addition, interactions between socio-demographic 

variables and the ASC in these CL models demonstrate how respondent heterogeneity 

impacts on their environmental preferences. As Table 6 shows, when risk and 

uncertainty is not incorporated as a decision factor for survey respondents 

(four-attribute models), most environmental attributes are significant for both 

Shanghai and Chengdu data sets. As expected a priori, respondents have, in general, a 



preference for lower payments, more days with good to excellent air quality, better 

water quality in terms of less sedimentation content and more plant species. The 

WATER QUALITY attribute in the Chengdu model is insignificant, indicating that 

water quality did not influence the selection of options by Chengdu respondents.  

 

The sign and significance of the ASC indicates a positive preference for the „change‟ 

scenario for respondents in Chengdu. The models show that across the two cities, 

respondents are more likely to support the ecological restoration program with the 

„change‟ options if they have higher income and rate certainty of their answer to the 

choice questions as very certain (CONF10). In contrast, respondents are more likely 

to stay with the baseline scenario without any actions for environmental 

improvements if they are very uncertain of their answer to the choice questions 

(CONF0). The base category of the confidence attribute (those rated certainty of their 

answers to previous choice questions as 6-9) takes the utility level of the negative of 

the sum of the estimated coefficients for CONF10 and CONF0. Results show that the 

base category of the confidence attribute has a positive impact on respondents‟ 

choices over the „change‟ scenario, indicating that the more people are confident 

about their choices, the more likely they are to support actions for environmental 

improvements. 

 

Interacting the AGE variable with the ASC shows that older people are less likely to 

support the ecological restoration program in Shanghai. This is consistent with 

findings from the focus groups and the pre-test of the questionnaire that older people 

are more conservative in spending and have less confidence in policy enforcement in 

China. The other socio-demographic variables such as education and sex are found to 

have no significant impact on respondents‟ choice behavior. 

 

Risk and uncertainty has been found to have a significant impact on respondents‟ 

preferences over environmental attributes. When risk and uncertainty are incorporated 

as an attribute into the choice sets (five-attribute models), all of the three 

environmental attributes are insignificant for the Chengdu CL model, indicating that 

these environmental attributes did not influence the selection of options by Chengdu 

respondents. For the Shanghai model, only the SPECIES attribute is significant while 

both the AIR QUALITY and WATER QUALITY attributes are insignificant. The sign 

and significance of the ASC indicates that respondents in the two places prefer the 

baseline scenario to the „change scenario‟. This can be explained by the uncertainty 

associated with the environmental outcomes presented for the „change‟ scenarios, 

which implies that payments do not guarantee environmental improvements. In other 

words, when outcomes are uncertain, people ignore the other attributes because they 

cease to „believe‟ the predicted outcomes. 

 

Similarly, the five-attribute models show that across the two cities, respondents are 

more likely to support the ecological restoration program with the „change‟ options if 

they have higher income and rate certainty of their answer to the choice questions as 



very certain (CONF10). In contrast, respondents are more likely to stay with the 

baseline scenario without any actions for environmental improvements if they are 

very uncertain of their answer to the choice questions (CONF0). The base category of 

the confidence attribute has been found to be insignificant, indicating that confidence 

level within this range has no impact on respondents‟ choices over the „change‟ or the 

baseline scenarios. Interacting the AGE variable with the ASC shows that older people 

are more likely to support the ecological restoration program in Shanghai and 

Chengdu. This is in sharp contrast to findings from the Shanghai four-attribute CL 

model. Similar to the four-attribute data sets, the other socio-demographic variables 

have no significant impact on respondents‟ choice behavior. 

 

In order to test the validity of the IIA assumption underpinning the CL models, a 

Hausman test was performed for the data sets. However, the test could not be 

performed as the difference matrix was not positive definite. Hence, to test for the 

accuracy of the CL model estimates, random parameter logit (RPL) models were 

explored to relax the IIA assumption.  

 

5.2 The Random Parameter Logit (RPL) Models 

 

RPL models were estimated for both the four-attribute and five-attribute data sets. In 

the RPL models, a distribution for the random parameters is specified and parameters 

are estimated for that distribution. Initially, all the attributes apart from COST were 

included as random variables and a number of different mixing distributions were 

used to estimate the models. Only minimal qualitative differences in parameter 

estimates were observed between the different mixing distributions and models with 

the normal distribution were selected for presentation. Estimates were obtained using 

500 random draws to simulate the sample likelihood. The results of the RPL model 

specifications for Shanghai and Chengdu are shown in Table 7. 

 



Table 7 Random parameter logit model results 

Variable Shanghai Chengdu 

 4 attributes 5 attributes 4 attributes 5 attributes 

Random Parameters     

SPECIES (Mean) 0.0027*** 0.0018***  0.0002 

 (0.0005) (0.0006)  (0.0005) 

AIR QUALITY (Mean)  0.0038 0.0089*** 0.0049 

  (0.0064) (0.0030) (0.0065) 

Non-random Parameters     

ASC 0.4830** 1.2024*** 0.8706*** 1.53085*** 

 (0.2261) (0.3588) (0.2001) (0.3296) 

AIR QUALITY 0.0188***    

 (0.0037)    

WATER QUALITY -0.1714*** 0.0092 0.0353 0.035953 

 (0.0472) (0.0774) (0.0405) (0.0777) 

SPECIES   0.0012***  

   (0.0004)  

UNCERTAINTY  1.1018***  0.5938* 

  (0.3591)  (0.3427) 

COST -0.0034*** -0.0021*** -0.0019*** -0.0009*** 

 (0.0003) (0.0004) (0.0002) (0.0003) 

ASC*CONF10 0.6092*** 1.5350*** 0.4253*** 0.6888*** 

 (0.1263) (0.2428) (0.1058) (0.1907) 

ASC*CONF0 -1.1497*** -1.3419*** -0.9214*** -1.0742*** 

 (0.1731) (0.3507) (0.1189) (0.2389) 

     

SPECIES (Std. Dev.) 0.0052*** 0.0031***  0.0025*** 

 (0.0010) (0.0006)  (0.0006) 

AIR QUALITY (Std. Dev.)  0.0323*** 0.0207** 0.0337*** 

  (0.0058) (0.0089) (0.0062) 

Model statistics     

Log-likelihood (LL) -2189.959 -969.0319 -2187.007 -966.6599 

Restricted LL -2471.878 -1098.612 -2471.878 -1098.612 

Pseudo-R2 0.11247 0.11352 0.11367 0.11569 

Observations  2250 1000 2250 1000 

Note: Standard error in parentheses; *Denotes significance at the 10% level; **denotes significance at the 5% 

level; and ***denotes significance at the 1% level. 

 

The random parameters that are identified for the four-attribute RPL models include 

the SPECIES attribute for the Shanghai model, and the AIR QUALITY attribute for the 

Chengdu model. The estimates of these random parameters are well dispersed, 

indicating a diversity of opinion, ranging from deep concern to indifference, and this 

leads to imprecise estimates of the average population preferences for these attributes. 

To determine the possible sources of heterogeneity around the means of the random 



parameters, the random parameters were interacted with other socio-demographic 

variables. However, these socio-demographic variables were not significant and so are 

not included in the models reported. Considerable variation remains, indicating that 

tastes vary more than can be explained by the observed characteristics of respondents. 

Even though the means of the SPECIES and AIR QUALITY parameters are significant, 

the presence of heterogeneity over the sampled population may suggest a single 

parameter estimate is insufficient to represent all respondents. 

 

Attributes that consistently show an insignificant standard deviation over the range of 

draws were then re-estimated as having fixed coefficients in the four-attribute RPL 

models. The ASC and WATER QUALITY remain non-random parameters in these 

models, indicating that respondents in Shanghai and Chengdu show general consensus 

regarding these attributes, and that in general, people prefer the „change‟ scenario. 

Compared to the four-attribute CL models, the four-attribute RPL models have similar 

pseudo-R
2
 values. The WATER QUALITY attribute remains insignificant in the 

Chengdu RPL model, which is consistent with the CL model results. All the other 

attributes are highly significant with expected signs and their levels of significance are 

very similar to those of the CL models.  

 

With the five-attribute data sets, the random parameters that are identified include the 

SPECES attribute and the AIR QUALITY attribute for both Shanghai and Chengdu. 

The highly significant standard deviation of the SPECIES and AIR QUALITY 

attributes indicates the presence of heterogeneity over the sampled population for 

these attributes which results in insignificant parameter estimates. The insignificant 

mean of the SPECIES and AIR QUALITY parameters and the significant standard 

deviation imply that the presence of plant species and air quality do affect 

respondents‟ choices. One possibility is that the means of SPECIES and AIR 

QUALITY are not significantly different from zero because the different tastes 

regarding these two attributes tend to balance out across the sample. 

 

Similar to the CL model results, the five-attribute RPL models show that most of the 

environmental attributes are insignificant for both Shanghai and Chengdu data sets 

when risk and uncertainty are incorporated into the choice sets. Only the SPECIES 

attribute for the Shanghai RPL model remains significant, while all of the three 

environmental attributes for the Chengdu RPL model remain insignificant, indicating 

that these environmental attributes have no impact on choices. This is consistent with 

the five-attribute CL model estimation for Chengdu. Across the two data sets, the 

positive and significant sign of ASC indicates that respondents in Shanghai and 

Chengdu prefer the „change‟ scenario, which is in sharp contrast to findings from the 

five-attribute CL models. Overall, the five-attribute RPL models had very similar 

pseudo-R
2 

for both Shanghai and Chengdu compared to the four-attribute RPL 

models. 

 



Log likelihood ratio tests were conducted to compare the fit of the CL and RPL 

models for the four-attribute and five-attribute data sets for both Shanghai and 

Chengdu. Results show that the RPL models do not outperform the CL models. Even 

so, the estimates from the RPL models are used for further analysis. This is because in 

RPL models, the IIA assumption is relaxed. Further, the CL model failed to capture 

the heterogeneity around the mean of the random parameters. 

 

6. Results and Discussions 

 

6.1 A Comparison of Implicit Prices: four-attribute versus five-attribute RPL Models 

 

To test whether respondents‟ preferences are influenced by the incorporation of the 

uncertainty factor in the choice sets, the implicit price (IP) estimates are compared 

across the four-attribute and five-attribute models. Implicit prices for the 

environmental attributes are calculated using the four-attribute and five-attribute RPL 

models and compared. The means of the attribute coefficients are divided by the mean 

of the COST coefficient to derive the implicit prices for the non-random parameters. 

For the random parameters, the WTP measures are constructed using the 

unconditional parameter estimates (population moments), which are obtained by 

simulating the population (Hensher, Rose and Greene 2005). Confidence intervals 

(CIs) for the implicit prices of the non-random parameters in the RPL models were 

calculated using the Krinsky and Robb (1986) procedure. A vector of 1000 sets of 

parameters was drawn for each model to re-estimate the welfare changes.  

 

Estimates of implicit prices derived from RPL models for each data set are displayed 

in Table 8. These implicit prices relate to the annual payments respondents indicated 

they were willing to pay for units of environmental improvements. The payments 

were to be made for a period of three years. The implicit price for UNCERTAINTY 

was also calculated for the five-attribute models to show the magnitude of 

respondents‟ WTP to avoid risk and uncertainty. It has been found that the 

UNCERTAINTY attribute is significant in all these models, indicating that risk and 

uncertainty do have an impact on respondents‟ choice behavior. Results show that 

respondents across the two cities are quite risk averse. In general respondents are 

willing to pay around CNY 500 to have one more per cent chance for the environmental 

improvement to occur. 



 

Table 8 Mean annual IPs and CIs (95% level) - RPL models                          Unit: CNY 

Variable Shanghai models Chengdu models 

 4-attribute RPL 5-attribute RPL 4-attribute RPL 5-attribute RPL 

AIR QUALITY 5.48 1.65* 4.75* 5.81* 

 (3.35~7.39) (-4.91~8.04) (1.71~7.96) (-14.86~24.87) 

WATER QUALITY -50.08 7.75* 18.65 1.00* 

 (-73.94~-26.54) (-70.32~86.57) (-21.53~68.16) (-168.04~339.66) 

SPECIES 0.79* 0.88* 0.65 0.16* 

 (0.54~1.03) (0.367~1.47) (0.25~1.04) (-1.88~1.60) 

UNCERTAINTY -- 540.79 -- 583.96 

 -- (198.68~954.86) -- (-230.01~2506.78) 

Note:  “_” denotes those IPs that are not significantly different from zero at the 90% level; CIs in parentheses;  * 

the mean IPs and CIs are calculated using the unconditional parameter estimates, other mean IPs and CIs reported 

in this table are calculated using the Krinsky and Robb (1986) procedure. 

 

As Table 8 shows, almost all of the environmental attributes except the SPECIES 

attribute for Shanghai become insignificant with the incorporation of risk and 

uncertainty in the choice sets, indicating that respondents in both Shanghai and 

Chengdu had no preferences for these environmental goods. This contradicts findings 

from the focus groups conducted earlier in the two cities. In addition, because the 

status quo was not subject to uncertainty (i.e. no uncertainty level was assigned to the 

status quo scenario in the choice sets), conclusion can be made that it was uncertainty 

that caused „disbelief‟ in the „change‟ scenarios. The implication is that respondents 

preferred the certainty of the status quo relative to the uncertainty of the change. As 

such, the use of the five-attribute model results would be flawed by attribute 

non-attendance. Hence further comparison of the implicit prices for Shanghai and 

Chengdu and welfare estimation are conducted based on results from the 

four-attribute RPL models. 

 

6.2 A Comparison of Implicit Prices: Shanghai and Chengdu 

 

Table 9 displays the present values of the implicit prices over a three-year period 

calculated using the discount rates of three per cent, 10 per cent and 20 per cent. The 

implicit prices were calculated using results from the four-attribute RPL models for 

Shanghai and Chengdu. 



 

Table 9 Present Value of Implicit Prices and Confidence Intervals (95%)           Unit: CNY 

Attribute/  

Discount rate 

Shanghai Chengdu 

Implicit price CI Implicit price CI 

AIR QUALITY     

3% 15.97 9.76~21.53 13.84 4.98~23.19 

10% 14.99 9.16~20.22 12.99 4.68~21.77 

20% 13.85 8.47~18.68 12.01 4.32~20.12 

WATER QUALITY     

3% -145.91 -215.42~-77.32 0 0 

10% -137.00 -202.27~-72.60 0 0 

20% -126.59 -186.90~-67.09 0 0 

SPECIES     

3% 2.30 1.57~3.00 1.89 0.73~3.03 

10% 2.16 1.48~2.82 1.79 0.68~2.84 

20% 2.00 1.37~2.60 1.64 0.63~2.63 

 

As Table 9 shows, in general, respondents in Shanghai are willing to pay more for 

each of the environmental attributes compared to respondents in Chengdu. A Poe et al. 

test (Poe, Giraud and Loomis 2001) was conducted to assess whether there are 

significant differences between the implicit prices for Shanghai and Chengdu. The 

results are shown in Table 10.  

 

Table 10 Poe et al. test results 

Environmental attributes Probability  

 (IPSH − IPCD > 0)  

AIR QUALITY 0.3427  

WATER QUALITY 0.9972  

SPECIES 0.2748  

 

Based on the Poe et al. test, the implicit prices for AIR QUALITY and SPECIES are 

not significantly different between Shanghai and Chengdu respondents. In contrast, 

the implicit prices for WATER QUALTIY are significantly different between the two 

places at five per cent level. The implicit price for AIR QUALITY is significantly 

different from zero in the two models, indicating a common concern over air quality 

in both Shanghai and Chengdu. On average, respondents are willing to pay CNY15.97 

for one more day with good to excellent air quality in Shanghai, compared to 

CNY13.84 in Chengdu.  

 

While the implicit price for WATER QUALITY is not significantly different from zero 

for Chengdu respondents, it is significant for respondents in Shanghai. On average, 

respondents in Shanghai are willing to pay CNY145.91 for a reduction of one million 

tons in sediment discharge into the Yangtze River at three per cent discount rate. The 

insignificant implicit price for WATER QUALITY in Chengdu indicates that 



respondents in Chengdu are not willing to pay for the improvement of water quality in 

the Yangtze River.  

 

Respondents in both Shanghai and Chengdu have a WTP for biodiversity 

conservation that is not significantly different from each other. For one more plant 

species to be present in the project area, respondents in Shanghai, on average, are 

willing to pay CNY2.30 at three per cent discount rate and the average WTP of 

Chengdu respondents is CNY1.89.  

 

6.3 Compensating Surplus 

 

The implicit price estimates show that, in general, respondents in Shanghai and 

Chengdu are willing to pay for the environmental improvements in the Upper Reaches 

of the Yangtze River in Sichuan Province under the ecological restoration program. 

The implicit price estimates can then be used to derive the monetary value of the 

environmental benefits arising from the nominated conservation activities in the bids.  

 

In addition, different combinations of attribute outcomes can be evaluated. These 

alternatives can be considered as the outcomes of different management options. The 

compensating surplus (CS) for each household, which is the overall WTP for a change 

from the status quo, is calculated based on the estimates derived from the RPL models. 

The status quo and the change scenarios are projected as follows based on biophysical 

projections of attribute levels: 

Status quo scenario: There will be 100 million tons of sediment in the Yangtze 

River per year, 250 days with good to excellent air quality per year and around 200 

plant species in the program area by 2030. 

Change scenario: There will be 97 million tons of sediment in the Yangtze River 

per year, 290 days with good to excellent air quality per year and around 600 plant 

species in the program area by 2030. 

Estimates of compensating surplus are calculated using the equation: 

 

              CS = - 
M

1
(V0 - V1)                      (7)                                           

 

where M is the marginal utility of income (assumed to be equal to the coefficient of 

the COST attribute); V0 represents the utility of the status quo and V1 represents the 

utility of the change scenario. 

 

On average, respondent households in Chengdu are willing to pay CNY 1051.37    

each year over three years for the specified environmental improvements. This is 

compared to CNY 959.59 in Shanghai. Poe et al. tests show that the compensating 

surplus estimates are not significantly different across the two cities. The present 



values of the CS calculated using a range of discount rates at three, 10 and 20 per cent 

are shown in Table 11. For a three per cent discount rate, the present value (in 2009) 

of the average compensating surplus per respondent household for the specified 

environmental improvement will be CNY 2795.75 in Shanghai and CNY 3063.13 in 

Chengdu.  

 

Table 11 Estimates of household willingness to pay and confidence intervals (95% level)   Unit: CNY 

 Shanghai Chengdu 

Household WTP per year 959.59 (847.26~1074.85) 1051.37 (898.69~1221.10) 

Discounted total 

WTP for 3 years  

  

3% 2795.75 (2468.47~3131.54) 3063.13 (2618.31~3557.64) 

10% 2625.01 (2317.71~2940.29) 2876.05 (2458.4~3340.36) 

20% 2425.64 (2141.69~2716.98)  2657.62 (2271.69~3086.67) 

 

7. Conclusion 

 

The CM study reported in this research shows that there is significant non-market 

value held by the surveyed urban respondents in Shanghai and Chengdu for various 

improved environmental conditions under the ecological restoration program in the 

upper reaches of the Yangtze River in Sichuan Province. This indicates that 

environmental issues in China can no longer be considered to be local issues only. 

People living both on-site in Chengdu and downstream in Shanghai are concerned 

about ecological restoration and consequential environmental impacts. Results 

suggest that respondent households in Shanghai and Chengdu are willing to pay about 

1.3 per cent and 2.1 per cent of their annual household income respectively for the 

environmental improvements provided by the ecological restoration program in 

Sichuan Province. Further, there is no significant difference between the mean WTP 

on-site in Chengdu and off-site in the economically more developed Shanghai.  

 

The CM study sheds light on the differences in environmental preferences among 

respondents across Shanghai and Chengdu. While respondents in both Shanghai and 

Chengdu provided general consensus regarding the value of air quality and 

biodiversity conservation, those in Shanghai showed more concern about water 

quality. In contrast, respondents in Chengdu are indifferent about water quality and 

are not willing to pay for further improvements in water quality in the Yangtze River. 

There are numerous possible reasons for the differences in stated environmental 

preferences. First, people in different locations may have different environmental 

concerns. For instance, it was found in focus groups that Shanghai urban people were 

worried about the increasing level of sediments in the Huang Pu River, a main branch 

in the lower reaches of the Yangtze River. Second, people in different locations might 

have different levels of familiarity with the issue at hand, leading to different 

interpretations of the information and framing of the issue. This in turn results in 

different environmental preferences. 

 



When risk and uncertainty is incorporated as a decision factor, respondents‟ 

preferences over most environmental attributes become insignificant. This finding 

applies to both Shanghai and Chengdu respondents. It implies that risk and 

uncertainty do have impacts on people‟s choices over environmental goods. As there 

was no uncertainty level assigned to the status quo scenario in the choice sets based 

on the CM design, conclusion can be made that it was uncertainty that caused 

„disbelief‟ in the „change‟ scenarios. The implication is that respondents preferred the 

certainty of the status quo relative to the uncertainty of the change. Moreover, 

respondents are willing to pay for an increase in the chance of the environmental 

improvement to occur. The magnitude of the influence of risk and uncertainty on 

people‟s environmental preferences, however, needs to be further explored in future 

research studies in order to improve the accuracy and validity of the CM value 

estimates.  

 

The findings reported here will later be used to estimate the environmental benefits 

arising from the nominated conservation activities by participating farmers in the 

ecological tendering and can then be compared against farmers‟ bids to supply the 

environmental goods and services. Even though the WTP derived in this study is 

specifically for the implementation of the ecological restoration program in the Upper 

Reaches of the Yangtze River, it sheds light on the magnitude of WTP among the 

urban population in South China for environmental goods and services. This value 

estimation complements the WTP estimates for urban population in North China 

derived from the previous ACIAR project (ADP/2002/021). Together these findings 

have important implications for the design of future policy measures to fund the 

provision of environmental services in China. 
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