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Abstract 

In 2000, the Water Framework Directive (WFD) was adopted, committing the EU member states to 
obtain a good ecological status of all surface water bodies in 2015. The directive gives the member 
states opportunities for exemptions from these objectives if the costs are disproportionately costly. 
Cost Benefit Analyses (CBA) can be used to define disproportionate costs as compared to the 
benefits. 

For this purpose a valuation of the benefits of increased water quality is necessary. Because of the 
relatively high costs of original valuation studies Benefit Transfers (BT) from original studies to 
Water Framework Directives policy sites can be used. Different BT methods have been used in the 
literature, but there is no consensus whether transfer of the mean WTP or transfer of benefit 
functions are the most appropriate. Benefit functions has the potential to take differences at the site 
and in the populations into account. Others argue that it would be even better if a BT, only based on 
expectations according to economic theory such as income effect and distance decay, is used 
(Bateman et al. 2009a) 

In this study improvements of the water quality of two different fjords in Denmark were valued 
using the contingent valuation (CV) method, and 4 different types of BT across the two fjords were 
compared in terms of their transfer errors. The results showed that the transfer of mean WTP 
obtained a lower transfer error (11 %) than any of the three types of function transfers that are tested 
(18-19 %). The benefit functions were different in terms of the number of variables included in the 
functions. In addition, all the average transfer errors for each method in this intra-national survey 
proved to be lower than the transfer errors obtained in a similar study (47-116 %) where focus was 
on inter-national BT across different countries (Bateman et al. 2009a). 

The variations of the transfer errors, on which the average transfer errors were based, were not very 
large for the transfer of mean WTP while the variations were larger for the benefit function 
transfers. This supports the conclusion that using the transfer of mean WTP is preferred, at least 
when the sites are as similar as is the case when transferring between two Danish sites.  
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1 Introduction 
In 2000, the Water Framework Directive (WFD) was adopted with the main objective to reach good 
ecological status of all surface water bodies in the EU’s member states by 2015. Economic analyses 
such as cost-benefit analyses (CBA) can be used to assess the net benefits or costs of reaching these 
goals through a cost-effective implementation of the directive. They can also be used to assess if 
and when the goals of the WFD will be disproportionately costly to reach so that some exemptions 
from the directive may be necessary. Following article 4 of the WFD exemptions can be made if the 
actions required to reach the objectives are disproportionally costly. “'Disproportionality', as 
referred to in Article 4.4 and 4.5, is a political judgement informed by economic information, and 
an analysis of the costs and benefits of measures is necessary to enable a judgement to be made on 
exemptions” (European Commission 2009, p. 13). Even if clear recommendations don’t exist it can 
be concluded that CBA is a useful method to inform the political decisions on disproportionality of 
costs. 

To perform a CBA of water quality improvements the nonmonetary benefits of these improvements 
have to be assessed. These assessments of welfare economic values can be done by different 
primary valuation methods such as the revealed or stated preference methods. Another approach is 
the so-called “benefit transfer” (BT) where results from a study site are transferred to a policy site1. 
The main reason why BT is of interest is that it is relatively costly in time and money to conduct 
primary valuation studies on each area of interest. In a Danish context an original valuation study 
typically costs around € 100.000 or more. The costs of doing valuation studies related to all the 
water bodies where exemptions might be relevant because of anticipated disproportionate costs can 
therefore be high, and reuse of estimates from other studies can have the potential of saving a 
significant amount of time and money making the decision process itself a more efficient process. 

A large number of studies have tested BT methods, leading to different and sometimes equivocal 
results when it comes to choosing between transferring a mean WTP or using a benefit function 
transfer, cf. section 2 in this paper (Kirchhoff et al. 1997; Brouwer & Spaninks 1999; Barton 2002). 
In theory it would be better to use benefit function transfers and include as many known variables 
as possible but apparently this is not necessarily the case in empirical applications. Bateman et al. 
(2009a; 2009b) argues that this might be because some variables are too site specific and therefore 
actually will increase transfer error if included in models used for BT.  

Most recently the European research project AquaMoney was conducted with the dual purpose of 
testing BT of valuation studies related to the fulfilment of the WFD between European countries as 
well as developing guidelines for the assessment of environmental and resource costs and benefits 
(ERCB) in the context of the WFD with specific focus on BT. The guidelines are tested in 10 
European pilot river basins (AquaMoney 2006). Among them is the Danish river basin of Odense 
for which a case study about the benefits of improving the water quality in Odense River at Funen 
has been conducted (Hasler et al. 2009). 

Concurrently, a wider Danish study, “Costs and benefits of nutrient reductions to Danish water-
bodies” has been undertaken. In that study the benefits of similar improvements of the 10 largest 
lakes at Funen, Odense Fjord and the whole river catchment area are also to be estimated in the 

                                                           

1 A study site is a site where a primary valuation study has already been carried out regarding some policy 
or action. A policy site is a site which resembles the study site and where a similar policy or action is 
considered. However, no primary valuation study has been conducted at the policy site. 
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same way as in the AquaMoney project. In that study it was also planned to make a similar 
estimation of the improvement of Roskilde Fjord and Isefjord (for simplicity reasons only referred 
to as Roskilde or Roskilde Fjord from now on) at Zealand to compare the benefit estimates with 
those for Odense Fjord by using BT. 

In this paper the results from the BT between the two Danish sites (at Funen and Zealand 
respectively) are examined. While the AquaMoney project focused on testing the BT method 
between countries, this is the first study to test the BT and transfer errors in the WFD context by 
comparing primary valuation results between two sites within a country, based on two water quality 
studies using the same survey design. Our hypothesis is that the transfer error will be less when 
doing a national BT between two Danish sites, than from an international BT between countries. 
As the implementation of the WFD potentially entails that a large number of CBAs has to be 
conducted in each member country, it is of interest to see if and how much the transfer error could 
be diminished by using primary studies from the same country instead of from one or several other 
countries. The results of the BT tests in this study are therefore compared with results from BT 
across countries made by Bateman et al. (2009b) in the AquaMoney project. In their study, different 
methods for BT were tested to see which were performing best in different situations and the 
conclusion was that when the countries were quite similar, a transfer of mean WTP performed 
better than a function transfer. The same tests are done in this study, to see if we can support their 
conclusions or if they will differ, when it comes to more local conditions. As the two Danish sites 
are even more alike than the sites in the four different countries, it is expected that also in this case, 
the mean value transfer will result in a lower transfer error than the function transfer. Furthermore, 
it is expected that the transfer errors in general will be substantially lower than when transferring 
across countries resulting in less difference between the transfer errors of the different methods. 

2 Literature review of BT 
Rosenberger & Stanley (2006) provide an overview of BT errors in different studies from 1992 to 
2005. The BT studies related to water ranges from 0% to 475% in transfer error (Brouwer et al. 
2009). 

A perfect BT would be if the characteristics of the environmental good being valued and the 
characteristics of the population valuing this good is exactly the same at the study site and the 
policy site. However, this is rarely the case and a simple transfer of a total WTP is therefore seldom 
reliable enough according to Freeman (2003). He looks at two types of procedures to come across 
this problem.  

The simplest way is to find the study site that has the most characteristics in common with the 
policy site where a primary valuation study has already been carried out. If there is more than one 
suitable site, a mean WTP can be calculated, perhaps weighted by reliability of the studies. If 
possible, adjustments could be made based on changes in prices, if the studies are from different 
years, and differences between income levels between the two (or more) populations.  

A further improvement of this method would be, if information in the studies is obtained about the 
WTP depending on different characteristics of the site and the population. Plugging mean values 
from the policy site of the different characteristics into the WTP function from the study site(s) then 
gives the adjusted WTP for the policy site (Freeman 2003; Watkins et al. 2007). This is what 
corresponds to the benefit function transfer method. 

The second procedure Freeman looks at is the meta-analysis applying meta-analytical techniques to 
a larger sample of studies reflecting differences in both site characteristics and socio-economic 
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characteristics and can also include variables reflecting the valuation method used in the different 
studies (Freeman 2003). 

Loomis (1992) analysed the validity of BT across states and within states of both benefit functions 
and average consumer surplus estimates. The in-state transfer was tested on 10 rivers in Oregon 
where a primary travel cost study was made and an estimation of the total benefits and per-trip 
benefits was calculated from a model based on the data from 9 other rivers. The per-trip benefits 
were calculated as a simple average of the 10 studies. The model-based estimates deviated between 
5 and 15 % from the full model estimates while the transfer of average value per trip resulted in 
differences between 5 and 40 %. On this basis Loomis concludes that it is likely that a more 
unbiased estimate is obtained by transferring a demand curve rather than a unit value (Loomis 
1992), and that benefit functions are transferable if the coefficients in the studies are similar.  

Downing & Ozuna (1996) test whether transferable functions also yield statistically similar benefit 
estimates and find that this is not necessarily the case if the benefit functions are not linear. They 
test 8 different sites at 3 different years, and find that between 50 % and 63 % of the within-site 
benefit functions are transferable over time and between 41 % and 50 % of the benefit functions are 
transferable over time and site. Transferable means in this case, that the coefficients in the benefit 
functions are not significantly different. 

Downing & Ozuna (1996) compare median WTP estimates from primary studies with the WTP 
from the transferable benefit functions and find that very few of the WTP estimates from the benefit 
functions are within the 95 % confidence interval of the median WTP from the primary studies, and 
therefore they conclude that the benefit function transfer approach is unreliable. They explain the 
results by the nonlinearity of the logit model they used to estimate the benefit functions and the 
nonlinearity of the benefit estimates themselves. This conclusion is criticised by Bateman et al. 
(2000) because the models estimated by Downing & Ozuna are too simple both in a temporal sense 
and in the specification of potential explanatory variables. They therefore reject the conclusion that 
benefit function transfers are unreliable.  

As Bateman et al. (2000) Kirchhoff et al. (1997) also criticise both Loomis (1992) and Downing & 
Ozuna (1996) because they use a limited amount of explanatory variables and no socio-economic 
variables. Kirchhoff et al. (1997) notes that now “most authors agree that the transfer of demand 
functions or value functions…is preferred over the direct transfer of average unit values”  
(Kirchhoff et al. 1997 p.76).  

Kirchhoff et al. tests BT in the framework of a Tobit model, testing both the transferability benefit 
functions and the significance of the WTP estimates from BT. They note that in addition to what 
Downing & Ozuna shows, it could also be that the estimated benefit function parameters are 
statistically quite different but the resulting predicted benefits are not significantly different in a 
statistical sense. They test both if the estimate from benefit (function) transfer lies within the 
confidence interval of the estimate from the original study and if the estimate from the original 
study lies within the confidence of the estimate from BT.  

Their conclusion is that direct BT is not valid even when sites seem well suited for BT. The benefit 
function transfer perform better in nearly all of the cases in the study of Kirchhoff et al. (1997). 
However, also one of the benefit function transfer tests are rejected to be valid and lead to the 
conclusion, that not enough site quality variables were available for the study and the policy site. 
They recommend that while researchers learn more about the effects of resource quality, market 
conditions and other factors on BT performance, it is very important to choose similar policy and 
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study sites, especially with respect to recreation activities, quality of the recreational experience and 
the availability of substitutes.  

Brouwer & Spaninks (1999) expands the validity tests of BT based on CV studies by including 
some control variables which has not been accounted for before and by testing the BT in several 
different ways. The control variables they include in the CV studies besides of traditional socio-
economic variables are variables such as respondents’ expressed feelings and actual behaviour 
towards paying for environmental protection in general, their familiarity with the areas involved and 
their perception of the importance of carrying through the proposed environmental protection or 
enhancement schemes in these areas. Brouwer & Spaninks believe these attitudes provide an 
important key to the question why respondents from similar socio-economic backgrounds still come 
up with different WTP amounts.  

The validity tests Brouwer & Spaninks (1999) conduct in their paper are based on different types of 
hypotheses tests of i) equality of average WTP at the policy site and the study site with parametric 
or non-parametric tests, ii) equality of the distribution of WTP amounts at the two sites where the 
coefficient estimated at the study and policy site are compared directly, iii) comparison of the 
estimated models at the study and policy site with their pooled model, and tests of whether the 
estimated benefit functions originate from a common underlying function by Wald test. They also 
test the calculated (from BT) average WTP at the policy site (or the distribution of calculated WTP 
amounts) compared with the observed (from primary study) average WTP at the policy site (or 
distribution of observed WTP amounts).  

The results from their tests are mixed but they conclude as most studies prior to this that the benefit 
function transfer method is more robust than the unit value approach. Brouwer & Spaninks (1999) 
also conclude that the inclusion of the extra control factors is not enough to provide a valid transfer 
of benefit functions in 3 out of 4 cases. This is considered a favourable result for BT as the 
inclusion of attitude-variables increases the demand for data from the policy site and thereby 
decreases the cost-effectiveness of the BT method (Brouwer 2000).  

Based on BT test results from a CV study of water quality improvements in Costa Rica, Barton 
(2002) concludes, in contrast to the above conclusion, that the benefit function transfer method is 
not performing better than unadjusted or income-adjusted value transfer. 

Brouwer (2000) concludes based on some of the above studies, and some others in addition, that no 
study at this point in time has been able to show under which conditions BT of environmental 
values is valid. Bateman et al. (2000) also conclude with reference to the study of Brouwer & 
Spaninks, that variation in CV questionnaire design is seriously influencing the transferability of 
estimates and functions. In addition Bateman et al. (2000) recommend that the treatment of 
substitutes should be researched more, as this is a very under-researched factor in benefit 
estimation. They refer to recent progress in the use of GIS for social research as a promising area of 
research in this context. 

Bateman et al. (2009b) compared a transfer of mean WTP with different benefit function transfers, 
arguing, that the function used for benefit function transfers, should only include those variables 
that had an effect on WTP based on economic theory. The transfer tests were done across four 
relatively similar countries (Norway, UK, Denmark and Belgium) and the same four countries plus 
Lithuania which differs more and they concluded, that when transferring between relatively similar 
countries, a transfer of mean WTP had the lowest transfer error, while if Lithuania were included, 
the function transfer were a better option. 
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3 Method 
Before the BT could be tested, the benefits of implementing the WFD in Roskilde Fjord and in 
Odense Fjord had to be estimated. The data were sampled by a CV study, implemented in an 
internet questionnaire, sent out to a stratified sample of the target population on the islands of 
Zealand, Lolland and Falster asking the respondents to state their willingness to pay (WTP) on a 
payment card for the proposed improvement of the water quality in the two fjords on Zealand. 
Similarly, the population on the island of Funen and in Southern Denmark were asked to state their 
WTP for the proposed improvement of the water quality in Odense Fjord. 

The design of the questionnaire is based on a common design developed for the purpose of the 
AquaMoney project. This is described in Bateman et al. (2009b) and Hasler et al. (2009). Different 
levels of water quality is described to the respondents by a generic water quality ladder, which were 
developed for a British AquaMoney study and were allowed to be used in other AquaMoney 
studies2 (Hime et al. 2009). The ladder includes drawings, symbols and text in the description of the 
four different levels of water quality giving each level a colour. The colours are:  

Red: representing the poor and bad water quality 

Yellow: representing the moderate water quality 

Green: representing good water quality (corresponding to “good ecological status”) 

Blue: representing very good water quality 

 

 
Figure 1: Water quality of Roskilde Fjord. To the left: present water quality, in the middle: large 
improvement, to the right: small improvement. 

                                                           

2 The quality ladder can be seen in e.g. Hime et al. (2009). Copyright protected: Images © Mick Posen Illustration 
(contact Ian Bateman for permissions; email: i.bateman@uea.ac.uk).  
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Figure 2: Water quality of Odense Fjord. To the left: present water quality, to the right: large improvement. 

Instead of wording the water quality as good or bad, the colours are used on maps together with the 
water quality ladder, to show the respondent the present water quality and how the improved water 
quality would be. In figure 1 and figure 2 the maps used in the two studies are shown. 

The respondents were asked to value both a small and a large improvement, and in the Roskilde 
study some were asked to value the small improvement first while others were asked to value the 
large improvement first. This allowed us to test for both scope sensitivity and sequencing effects. In 
the Odense study all were asked to value the large improvement first. 

At the time of study, the water quality of Odense Fjord was poor, i.e. corresponding to the red status 
on the quality ladder while it was moderate (yellow) in Roskilde Fjord. The scenarios in both 
studies are to increase water quality to a good (ecological) status (green) as required by the WFD. 

All respondents were asked to pinpoint the approximate geographical location of their residence on 
a map. This information was used to calculate the distance from their home address to the site, 
which is interpreted as the place on the shoreline of the fjord closest to the respondent’s home, 
measured as the Euclidian distance.  This allowed us to test for distance decay as it is expected that 
the closer you live, the more you know or use the site for recreation, and the higher value the site 
represents to you (Brodersen et al. 2010). This information about distance was also used when 
estimating a benefit function to be used for BT. 

The use of the same common design for the two studies, for which we will test the BT, will 
diminish the error that any framing effects could cause on the transfer results. That the same design 
for the questionnaires are also used in the study by Bateman et al. (2009b) improves the conditions 
for comparing the intra-national transfer results from the current study with the international 
transfer results from the Bateman et al. study. 

The respondents were asked if they found it likely that the proposed changes in water quality would 
actually be obtained. In both studies around 75 % of the respondents found both scenarios likely or 
relatively likely to be obtained and nearly no one (2-3 %) believed the scenarios to be completely 
unlikely. These results suggest the scenario descriptions have been successful in minimizing the 
potential probability of provision bias. Following (Kataria et al. 2009) this is important for the WTP 
estimations, as the mean WTP is altered when excluding respondents with disbeliefs. 
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4 Data and models 
In the study of Roskilde Fjord, 1487 questionnaires were submitted to the population on Zealand, 
Lolland and Falster and out of these 820 filled out the whole questionnaire leading to a response 
rate of 55 %. After sorting out protest answers and those that were filled out wrongly we were left 
with 612 observations to analyse upon. The protest answers were identified as those respondents 
stating a zero WTP and reasoning this with the argument that others than themselves should pay for 
the improvements.  

In the study of Odense Fjord the questionnaires were submitted to 702 people on Funen and 352 
questionnaires were completed resulting in a response rate of 50 %. After sorting out protest 
answers and incomplete questionnaires 267 observations were left to analyse upon. The survey on 
Odense Fjord and the survey on Roskilde Fjord were submitted at the same time and the 
questionnaires were kept as similar as possible. 

The tests of representativeness proved that both the samples used for the valuation of Roskilde 
Fjord (Zealand, Lolland and Falster) and the sample used for the valuation of Odense Fjord (Funen 
and Southern Denmark) were significantly different from the target population in the areas with 
respect to gender, age, education, household size and household income. Both samples have an 
overrepresentation of people with higher educations and higher income, households with 2 persons 
and people in the age between 60-69 years old. When comparing the distributions from Roskilde 
with those from Odense there are some differences both in the population and in the samples. Some 
of the most noticeable differences are: fewer have a basic school as the highest education in 
Roskilde than in Odense (7 % versus 22 % in the sample and 29 % versus 34 % in the population), 
more have a high education in Roskilde than in Odense (47 % versus 25 % in the sample, 9 % 
versus 4 % in the population), more have a high income compared to average in Roskilde than in 
Odense (66 % versus 52 % in sample and 45 % versus 40 % in population) there are more 
households with one person and fewer with two persons in Roskilde than in Odense and the age-
distribution is also somewhat different. 

The estimation of the bid-function could be done by a linear model, but Tobit models are 
particularly suited to model this type of censored data where the dependent variable is zero for a 
substantial part of the population but positive and continuous for the rest of the population (Verbeek 
2004). Again, as this is also used in Bateman et al. (2009b) it makes the comparison of transfer 
results more reliable. 

The Tobit model can be expressed in the following way: 
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where *
iy  is a latent variable representing respondent i’s WTP which is determined by a vector of 

explanatory variables Xi with β as a parameter vector common to all households and ui as a random 
disturbance term which is assumed to be normally and independently distributed (0,σ2). yi is then 
the estimated WTP (Verbeek 2004; Cho et al. 2005; Bateman et al. 2009a).  

We calculated a best fit model for the large improvement and the small improvement in Odense and 
Roskilde respectively as a function of several variables and some simpler models with only income 
and distance to site, or only income as explaining variables. The models can be seen in appendix A. 
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5 Results 
It is of interest to test if the results from the two surveys are suitable for BT, i.e. how well the 
models can predict the values at the other site (the policy site). As in the study of Bateman et al. 
(2009b) it is tested whether a model with several explanatory variables are performing better or 
worse than simpler models with only distance and income as explanatory variables. Also a 
univariate transfer is conducted, to see if this is the best method to use when transferring between 
two such sites in the same country as expected according to our hypothesis. 

In table 1 the means of the stated WTP for the two scenarios in both studies are listed. These are the 
values that the transferred benefit values will be compared with in the following tests. Note that the 
mean WTP for the small scenario in Roskilde is only based on the half that valued the large 
improvement first for better comparison with the data from Odense. This is due to the fact that there 
was significant difference between the mean WTP for the small improvement depending on if it 
were valued first or secondly, i.e. some ordering effect is present. This was not the case for the large 
improvement. The models used for function transfers later are however based on the whole dataset. 

Table 1: Means of stated WTP in DKK per household per year3 

Roskilde mean WTP Std.err. N Odense mean WTP Std.err. N
Large scenario 558 30 612 Large scenario 482 41 267
Small scenario 331 32 283 Small scenario 354 37 267 

By an independent two-sample t-test it was tested whether hypotheses of equal means for the large 
and the small scenarios respectively could be rejected. This was not the case, so the mean WTP for 
each scenario did not differ significantly between Roskilde and Odense. 

This could indicate that a univariate transfer, i.e. a direct transfer of the mean WTP would be a good 
method for BT in this case. However, that it was not possible to reject the hypothesis of equal 
means could also be due to the relatively low number of observations or lack of variance in the data. 
It is therefore still relevant to test the different types of BT more thoroughly. 

The results of transferring a mean WTP from Roskilde to Odense and vice versa are shown in table 
2 for the large and the small improvement respectively. The transfer error (TE) is calculated as the 
difference between the transferred (T) WTP (based on the model from the study site) and the mean 
WTP from the original (O) study at the policy site divided by the latter: 

O

OT

WTP

WTPWTP
TE

−
=     (5.1) 

The univariate transfers between the two sites lead to average TE of 11.1% from Roskilde to 
Odense and 10.3% from Odense to Roskilde. These TEs are relatively low and consequently in 
support of our hypotheses that a univariate transfer may be a good choice when transferring 
between two sites in the same country. Furthermore, the TEs are markedly lower than when 
transferring between countries. For comparison the Bateman et al. (2009b) study found an average 
TE when transferring between four quite alike countries of 47% for the univariate transfer.  

                                                           

3 DKK 100 ~ € 13,4 per 17th June 2010 
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Table 2: Simple transfer of mean WTP from study site to policy site. 

Roskilde-Odense Odense-Roskilde Average TE

Large improvement
Estimated WTP 558 482
Transfer Error 15.7% 13.6% 14.6%
Small improvement
Estimated WTP 331 354
Transfer Error 6.6% 7.0% 6.8%
Average TE 11.1% 10.3% 10.7%  
 
Still, it is of interest to see if our hypothesis is confirmed when using a benefit function transfer 
approach. To predict the WTP of the policy site by using the estimated model from the study site, 
the mean values of each explanatory variable from the policy site is put into the regression equation 
estimated at the study site. Table 3 presents the results of transferring benefits using the estimated 
best fit Tobit models presented in appendix A for the transfers from Roskilde to Odense and vice 
versa. 

With this benefit function transfer, using a model with several variables, the transfer from Roskilde 
to Odense seems to perform better for the large improvement with a TE of 9.6% than the univariate 
transfer, but when looking at the small improvement it is performing worse with a TE of 20.9%. 
The average of this is 15.2%, i.e. a little higher than for the univariate transfer. 

When looking at the transfers from Odense to Roskilde the TEs have become about twice as high 
with an average of 23.0%. The reason why this model performs worse than the transfer from 
Roskilde to Odense, may be that it is only based on 240 observations while the model from 
Roskilde is based on 540 observations. Consequently, the explanatory power of the Roskilde model 
is higher than for the Odense model which can also be seen by the slightly higher pseudo-R2 
obtained for the Roskilde data. 

Table 3: Benefit function transfer with multiple variables.  
Roskilde-Odense Odense-Roskilde Average TE

Large improvement
Estimated WTP 528 391
Transfer Error 9.6% 29.9% 19.8%
Small improvement
Estimated WTP 280 277
Transfer Error 20.9% 16.2% 18.5%
Average TE 15.2% 23.0% 19.1%  
  

These results does not support the conclusion of e.g. Kirchhoff et al. (1997) that a benefit function 
transfer performs better than a univariate transfer. According to Bateman et al. (2009b) this may be 
because too many site specific variables are included. In this case this could for instance be fishing 
licenses, as Odense Fjord is not used as much for fishing as Roskilde Fjord are. The fish-dummy 
did not become significant in the regression on the Odense data (see the model in appendix A) 
supporting this conclusion. 

The urban-dummy has a positive estimate in the Odense-model while it has a negative effect in the 
Roskilde-estimation. This may be because the people living in the largest city on Funen, Odense, 
are also some of the people living closest to the fjord whereas on Zealand, Copenhagen is the 
largest city on the island, but is not as close to the fjords as many rural areas, towns and other cities. 
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These are examples of site specific variables that may vary in effect according to site and therefore 
may be disturbing the results more or at least not improve them, when they are used for a benefit 
function transfer. 

As it is also done in the study of Bateman et al. (2009b) simpler models, only depending on 
variables for which there are economic founded expectations, are then estimated and used for BT. 
First a model with distance to the site and household income is used for benefit function transfer. 
Bateman et al. (2009b) did also include distance to a substitute site, but for the Danish studies 
information of the substitute site has not been available.  

Table 4: Benefit function transfer with two socio-economic variables: Distance to site and income 

Roskilde-Odense Odense-Roskilde Average TE

Large improvement
Estimated WTP 464 375
Transfer Error 3.7% 32.7% 18.2%
Small improvement
Estimated WTP 318 244
Transfer Error 10.1% 26.3% 18.2%
Average TE 6.9% 29.5% 18.2%  

 

Table 4 shows the results of BT with income and distance to site as the explanatory variables. For 
the transfer from the Roskilde site to the Odense site this seems to improve the results as the 
average TE is now 6.9%, and both the estimates for the large and the small improvements are better 
transferred than with the previous method. However, this is not so for the transfer from Odense to 
Roskilde. Here the TEs actually increase some. The average TE for the two studies (18.2%) is 
therefore not much better than when using the models with multiple variables (19.1%) and it is still 
not better than the average transfer error for the univariate transfers (10.7%). 

In table 5 the results when only household income is used as explanatory variable are shown. These 
results are quite similar to those above although the transfer from Roskilde to Odense actually 
performs a bit worse causing the total average transfer error to increase a bit to 18.3 %.  

Table 5: Benefit function transfer with only household income as explanatory variable. 
Roskilde-Odense Odense-Roskilde Average TE

Large improvement
Estimated WTPL 450 376
Transfer Error 6.5% 32.5% 19.5%
Small improvement
Estimated WTPS 316 253
Transfer Error 10.6% 23.6% 17.1%
Average TE 8.6% 28.1% 18.3%  

As is seen, the average TEs for the function transfers do not vary considerably – only between 
18.2% and 19.1% with the simple models performing slightly better than the full model. Even 
though it is not as good as the univariate transfer of the mean WTP, it is still markedly lower than 
the average TEs of function transfers in the study by Bateman et al. (2009b) which varied from 69% 
to 89%.  
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6 Concluding remarks 
The results from this study are that the simple transfer of a mean WTP proved to be the best BT 
method when transferring between two sites within the same country. This supports the hypothesis 
of Bateman et al. (2009b) that if the sites and the populations at the sites are quite similar, the 
transfer of mean WTP is better than using a function transfer. To this conclusion it can be added 
that even if the fjords are relatively similar, there are differences between them regarding use 
(Roskilde is more used by the public for bathing and boating compared to Odense), water quality 
(Odense is in bad state and Roskilde moderate) as well as size of the fjords (Roskilde is 7 times 
larger than Odense). 

Our hypothesis that the TE would be even smaller when transferring between two sites from the 
same country rather than between two sites from two different but similar countries was therefore 
confirmed. 

However, if we only look at the transfers from Roskilde to Odense, a different pattern shows up. 
Then the simple benefit functions with only distance and income or only income is performing 
better on average than the univariate transfer. The average TEs of function transfers from Odense to 
Roskilde are significantly higher, making the average TE for these methods higher than the 
univariate transfer and the difference between each function transfer method smaller. 

An explanation as to why the TE’s for the function transfers from Odense to Roskilde are so much 
higher than those from Roskilde to Odense could be that the estimated value functions used are 
based on less than half the number of observations in the Odense data than is the case for the 
Roskilde data. If this is the case, then the conclusion of this study might be altered, if we had had 
more observations from the Odense study. The conclusion that the univariate transfer should be the 
best method when the sites are similar does therefore seems to be inconclusive. What this also 
might suggest is that if the primary valuation study carried out at the study site has a relatively low 
number of respondents then a univariate transfer should be preferred when assessing the value of 
the policy site using BT. If the primary valuation study on the other hand has a relatively high 
number of respondents, then a benefit function transfer approach should be preferred. Obviously 
more research would be needed not only to confirm such a relationship, but also to determine more 
specifically the number of respondents sufficient for choosing one BT approach over the other. 

Based on the results from this study, the univariate transfer seems to be the preferable method. Not 
only has it the lowest TE’s on average, but the TE’s that the average is based on is only ranging 
from 6.6% to 15.7% while the TE’s that the average TE for the best function transfer is based on are 
ranging from 3.7% to 32.7%. It therefore seems to be more reliable what the transfer error would be 
if the univariate transfer method is used, than if the function transfers are used. The latter methods 
could be very good, but they can also perform quite badly, and when there is no primary study of 
the policy site to test against, as there is here, it is uncertain which of the scenarios will come true. 
Even though the benefit function transfers could yield quite low, it might be a better option to 
choose the univariate transfer, where the average transfer error is more reliable than risking a very 
high transfer error with the benefit function transfers.  

Even though there are some dissimilarities of the site characteristics and the sample characteristics 
between the two sites, they are still quite similar compared to sites included in other BT studies. 
Both studies estimates the WTP for improvements of the water quality in fjords, and the sample 
population may not be more similar than when comparing across countries. This may be the reason 
why the BT performs better at a national level than between countries, as described in Bateman et 
al. (2009b).  
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When comparing with other BT tests in the literature (cf. section 2) it is seen that the transfer errors 
from both methods in this study is at the very low end. The implication is that at least in Denmark 
using BT of value estimates from current study sites to other policy sites, i.e. other surface water 
bodies in Denmark, is likely to produce reliable value estimates for CBA.  

As mentioned above further research is needed to analyse if there is a relationship between number 
of observations and the most preferred BT method and how many observations is needed for 
choosing a BT method over another. Furthermore it is interesting if the same results are found for 
BT between different types of water bodies, e.g. from rivers to fjords.  
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Appendix A 

Explanations of the parameters used in the models below: 

Hinc4: Household income/year in DKK (4 income groups: <300000, 300000 -500000, 500000-
800000, >800000); 
urban: City size (1-5: Rural district, <10000, 10000-50000, 50000-500000, The Capital area); 
nobel: Dummy, 1=Not believing the scenario to be obtainable;  
fjooft: Dummy, 1=Use a fjord often or nearly daily;  
sumhous: Dummy, 1=Summerhouse on Northern or Western Zealand;  
sum02: Dummy, 1=Summerhouse on Zealand, Lolland or Falster less than 2 km from coast;  
educ: Educational level (5 levels: basic school, grammar school, vocational training, short and 
medium higher education (up to 3 years) and long further and higher education (more than 3 
years));  
near: Shortest distance to the edge of the fjord(s) in question;  
fish: Dummy, 1=Fishing licence in household;  
trip: Trips along the fjord (biking, picnicking etc);  
nomosail: Non-motorised sailing;  
female: Gender (dummy,1=female);  
better: Dummy, 1=Thought the present water quality was better;  
small: dummy,=1 when asked to value the small improvement first. 



  18 

Estimated best fit Tobit models for large and small improvements in Roskilde and Odense 
respectively. 

Intercept 173.18 -52.33 123.79 -159.58
(164.76) (135.49) (158.66) (117.33)

hinc4 105.98*** 111.04** 77.07** 87.43**
(4 income groups) (31.72) (36.98) (29.55) (31.40)
urban -46.74 56.26* -34.45 63.57**
(city size, 5 levels, 1:rural, 5: capital) (24.09) (28.06) (23.15) (23.70)
nobel -171.43* -244.74** -136.83 -253.53***
(do not believe in scenario) (77.59) (89.56) (72.82) (66.16)
fjooft 179.91 83.03 271.78** 88.02
(using a fjord often) (105.33) (84.00) (96.73) (73.32)
sumhous 126.49 110.36 54.87
(summerhouse on N. Zealand) (89.79) (83.60) (86.03)
sum02 -46.83
(sumhous <2 km from coast) (105.60)
educ 68.28** 42.68
(educational level) (24.58) (22.83)
near -4.20 ** -3.62 *
(distance to site in km) (1.60) (1.59)
fish 295.36** 217.57*
(has a fishing license) (96.04) (89.47)
trip 151.64**
(using fjords for small trips along it) (66.33)
nomosail 560.32 687.32
(using fjords for non-motorised sailing) (359.25) (407.29)
female 110.02 125.53*

 (67.08) (55.87)
better 456.26**
(thought the conditions were better) (160.74)
small 127.61*
(was asked the small improvement first) (59.45)
_Sigma 716.33*** 305.49*** 661.79*** 285.37***

(26.00) (21.09) (28.65) (15.18)
Log likelihood
pseudo R^2
N 240

Estimate
(std.err.)

Parameter Estimate
(std.err.)

Estimate
(std.err.)

240

-3646
0.1338

540

WTP large improvement WTP small improvement

-1535
0.12080.1218

***', '**', '*' indicates statistical significance at 0.1, 1 and 5 % level

Roskilde Odense OdenseRoskilde

-3871
0.1276

540

-1623

Estimate
(std.err.)

 
 



  19 

Simpler models with only income and distance as explaining variables: 

Intercept 207.70* 177.47 145.81* 104.08
(82.62)  (130.27) (67.56) (92.83)

hinc4 129.83*** -1.62 90.57*** -2.14
(4 income groups) (31.22) (1.90) (26.03) (1.71)
near -0.86 112.61* -0.73 96.60*
(distance to site in km) (1.59) (50.70) (1.64) (43.19)
_Sigma 299.79*** 741.71*** 165.61*** 249.09***

(31.16) (39.07) (17.65) (31.03)
Log likelihood
pseudo R^2
N
***', '**', '*', indicates statistical significance at 0.1, 1 and 5 % level

586 265 586 265
0.0498 0.0022 0.0561 0.0023

Estimate
(std.err.)

-4216 -1844 -3973 -1728

Parameter Estimate
(std.err.)

Estimate
(std.err.)

Estimate
(std.err.)

WTP large improvement WTP small improvement
Roskilde Odense Roskilde Odense

 
 
Simpler models with only income as explaining variable: 

Intercept 135.47 141.99 136.83* 67.45
(93.19)  (122.13) (59.32) (90.91)

hinc4 145.23*** 107.80* 82.81** 85.22
(4 income groups) (33.93) (50.55) (27.61) (45.20)
_Sigma 823.76*** 743.29*** 243.51*** 296.43

(26.18) (39.51) (18.74) (33.98)
Log likelihood
pseudo R^2
N

WTP large improvement WTP small improvement
Roskilde Odense Roskilde Odense

Parameter Estimate
(std.err.)

Estimate
(std.err.)

Estimate
(std.err.)

Estimate
(std.err.)

-4247 -1844 -3984 -1734
0.0428 0.0022 0.0535 0.0058

***', '**', '*' indicates statistical significance at 0.1, 1 and 5 % level
586 265 586 265

 
 


