
D . K R I S T Ó F E R S S O N A N D S . N A V R U D

C A N U S E A N D N O N - U S E V A L U E S B E T R A N S F E R R E D

A C R O S S C O U N T R I E S ?

1. I N T R O D U C T I O N

An alternative to conducting a new environmental valuation study is to use existing
values as an approximation. This method has been termed benefit transfer (or
more general; value transfer) because estimates are transferred from a site where
a valuation study has been conducted to a site of policy interest. Benefit transfer
has become popular in practice due to the high costs and time associated with
conducting original studies, regardless of the numerous difficulties associated with
obtaining valid estimates. Numerous studies have tested the validity and magnitude
of errors in benefit transfer for example Loomis (1992), Loomis et al. (1995),
Bergland et al. (2002), Downing and Ozuna (1996), Kirchhoff et al. (1997), Brouwer
and Spaninks (1999) and Ready et al. (2004) to name a few. It is easily argued
that benefit transfer can only produce valid estimates in the few cases where the
environmental good and the population are virtually identical. Otherwise there is
no reason to believe that the willingness to pay (WTP) is the same for non-identical
goods and populations. This raises a question about the way in which the validity
is tested. Usually, a null hypothesis of no difference between the original and the
transferred estimate is tested. Valid benefit transfer is reported in the cases where
the null hypothesis has not been rejected at the chosen level of significance, most
often � = 0�05. However, non-rejection of a null hypothesis is not proof of its truth
as a rejection is proof of its untruth (Lehman 1983, Hoenig and Heisey 2001). It is,
therefore, not possible to prove equality when such a null hypothesis is not rejected.
When we are interested in the validity of the null hypothesis itself, as is the case for
studies of benefit transfer validity, it is appropriate to test for equivalence and not
for difference. Such equivalence tests have been developed and used for quite some
time in pharmaceutical research (Hauck and Anderson 1984, Schuirmann 1987,
Welling et al. 1992 and Berger and Hsu 1996) and in psychological research, for
example Stegner et al. (1996), but have no widespread use in economics.

We will here test the equivalence of benefit transfer values and original values
for use and non-use values of freshwater fish populations between three Nordic
countries; Norway, Sweden and Iceland. Identical contingent valuation surveys
were conducted at the same time in these three countries. Observed differences in
willingness-to-pay (WTP) should therefore be due to such factors as demographic
differences between the populations, non-quantifiable differences in underlying
preferences and the institutional organization of recreational fishing in different
countries.
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To our knowledge, this is both the first application of equivalency analysis to
environmental value transfers, and the first study to compare the transferability of
non-use values versus use values.

2. B E N E F I T T R A N S F E R

Assume that all respondents in all countries have identical underlying preferences.
Using country m as the baseline country, WTP for individual i living in country
m for an improvement in environmental quality from Q0 to Q1 is defined using
indirect utility functions by:

(1) V�pm� Ii�Q0� = V�pm� Ii −WTP�Q1�

where pm is a vector of prices for goods and services in country m and Ii is
the individuals income or wealth. Let us suppose that individual j has the same
preferences as individual i but lives in country n. He faces prices pn = pm. Because
the indirect utility function is homogeneous of degree 0 in prices and income,
known as the absence of money illusion, it will not influence the result. The WTP
of individual k will be WTPi = WTPk.

Benefit transfer methods can be divided into two major types: i) unit value
transfer and ii) value function transfer.

Unit value transfer methods estimate total benefits at the policy site by aggre-
gating exiting standard values per unit. These values are derived from study site
data. For example, the total benefits of fishing at the policy site may be estimated as
the product of some standard value for a fishing day at the study site and the number
of fishing days at the policy site. The obvious problem with this method is that
individuals at the policy site may not value the good in question in the same way
as individuals at the study site. There are two principal reasons for this. First, the
characteristics of the population may differ in terms of income, education, religion,
demographic composition and so forth. Second, even if the individual preferences
are the same, the supply of the good in question may differ (Kirchhoff et al. 1997).

A more sophisticated approach would be to adjust the value before transferring
it to the policy location. There are two different types of adjustments that can be
made. First, the analyst may regard the unit value available from the study site to
be biased, or estimated inaccurately. This might be based on an evaluation of the
methodology used in the original study. Second, the value may have to be adjusted
to better reflect the conditions at the policy site. Four potential differences should
be addressed in this kind of adjustments:
• The quality/quantity of the environmental good affected
• What caused the environmental change
• The socioeconomic characteristics of the households affected
• The availability of substitutes
In value function transfer methods, estimator models derived from study site data
are used with explanatory variables collected at the policy site to estimate both value
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per unit and total units. For example, an estimated recreational demand function
from the study site, may be used on data from the policy site to estimate both
the value of a fishing day and total value of fishing (Brookshire and Neill 1992).
Value function transfer is viewed as the best approach to benefit transfer as it relies
on a better theoretical basis than unit transfers. However, the benefit estimates
derived from contingent valuation studies are often a complex function of the site
and user characteristics and the spatial and temporal setting. Not to take these into
account is to make very strong assumptions about preferences, that is: preferences
are universally stable over populations and time (Loomis 1992).

While rigorous guidelines exist on how to carry out original valuation studies
(Arrow et al 1993), no such protocol exists for benefit transfer as of yet. However,
as the number of studies on the validity of benefit transfer increases rules of
practice emerge, see for example Desvousges et al. (1992), Bergland et al. (2002),
Brouwer (2000) and Ready et al. (2004).

3. T H E S U R V E Y

Toivonen et al. (2000) performed identical Contingent Valuation (CV) surveys in
all Nordic countries during the period September–December 1999 to estimate the
total economic value of the Nordic freshwater fish stocks. We have used the data
from Norway and Sweden to test benefit transfer between two countries under close
to ideal conditions. These countries are very similar with regards to geographical,
ecological, cultural, and institutional context for this environmental good. We have
then added Iceland as the “odd ball out” among the Nordic countries, with a larger
degree of privatization of recreational fishing and having less threatened freshwater
fish stocks.

Random samples of the national population (between age 18 and 69) of 2,500,
5,000 and 7,500 persons were selected for the mail surveys in Iceland, Norway and
Sweden, respectively. The response rates were 34.2, 44.6 and 46.7 %, respectively.

The questionnaire had four main parts. In the first part, general attitudes towards
wildlife and fishing were assessed. The second part, which was for anglers only,
was aimed at identifying their angling activity, preferences for different types of
recreational fishing, and annual expenses for recreational fishing. The third part
contained four CV scenarios; three use-value scenarios aimed at anglers and one
non-use scenario for all respondents. Only two of the use-value scenarios are
relevant for all three countries analyzed here. Table 1 provides an overview of
the three CV scenarios used in the comparative study reported here. The last
part contained questions about socio-economic data, such as, sex, age, education
and income.

A multiple bounded approach based on a payment card was used to elicit respon-
dents’ WTP. The payment card consisted of ten offered amounts and five levels
of certainty for each offered amount. The amounts were the same in all countries,
and converted to national currencies using Purchase Power Parity (PPP)-adjusted
exchange rates. However, there is one exception. The highest amounts were higher
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Table 1. Characteristics of the scenarios used in the contingent valuation study

Scenario 1: Use Value
Local River fishing

Scenario 2: Use Value
Local Lake fishing

Scenario 3: Non-use Value
Nordic fish stocks

Description A stream is opened for
fishing after being
closed for many years.
It is near your home.
It has high water quality.
It has a restricted
number of anglers

A lake is opened for
fishing after being closed
for many years.
It is near your home.
It has high water quality.
It has a restricted number
of anglers

The natural fish stocks of
the Nordic countries are
threatened in several ways:
Low water quality
Regulation of water flow
Eutrophication
Acid rain
Parasites
Disease

Fish stock Salmon and trout.
Above average chance of
catch

Grayling, brown trout and
artic char.
Above average chance of
catch

All

Methods
allowed

Rod and line Rod and line –

You buy 12 months access 12 months access Preservation of natural fish
stocks

Payment
vehicle

Annual rent per person
paid into a local fund,
where the anglers get
representation at the
board of the fund.

Annual rent per person
paid into a local fund,
where the anglers get
representation at the
board of the fund

Increase in annual,
personal income tax

in Iceland to account for the generally higher price level of fishing licenses. This
was done to avoid a “thick tail” of the distribution of WTP, which can influence the
estimated mean WTP. The respondents were asked to assign a certainty level to each
amount. The certainty levels were “I would certainly pay”, “I would almost certainly
pay”, “I am unsure”, “I would almost certainly not pay” or “I would certainly not
pay” the offered value. The problem with this approach is choosing the level of
certainty that corresponds to the respondents “true” WTP. Welsh and Poe (1998)
and Notaro and Signorello (1999) compared multiple bounded question format with
open-ended and single bounded formats. Their levels of certainty correspond to
those used in the study. Their results show that the first level of certainty produces
lower mean WTP then an open-end format. In both cases the single bounded model
produces mean WTP higher than the “not sure” level of certainty, in the multiple
bounded format. The results of Ready et al. (2001) indicate that this difference is
due to “yea-saying” resulting from uncertainty. They conclude that applying the
level of “almost certain” to closed-ended questions reduces the estimated WTP
to the same level as for the payment card response. Thus, in our study, we use
the second level of certainty (“I would almost certainly pay”) in the estimation of
values, as the best approximation of “true” WTP.

The data is well suited for studies on the validity of benefit transfer as the
surveys are identical, conducted at the same time with the same scenarios, using the
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same sampling procedure and in similar populations. The study was conducted in
accordance with existing guidelines and the dataset is adequate in size. This should
result in data that is free of bias resulting from temporal differences or differences
in the offered good. The size of the data set ensures that parameter estimates are
stable and statistical tests can be used.

However, the data also have some weaknesses. Although the scenarios are
identical in all countries, they need not represent the same relative changes in
environmental quality. That will ultimately depend on the initial level in each
country. This may lead to differences in the relative change in environmental
quality perceived by respondents in different countries. Sample selection is another
potential problem. With the relatively low response rates in these mail surveys
of the general public, there could be an over-representation of respondents with
an interest in recreational fishing. However, if this takes place in all countries, it
should not have any impact on the benefit transfer validity tests between countries.

4. M O D E L A N D T E S T P R O C E D U R E S

4.1. Statistical Model

Ready et al. (2004) stress the importance of correcting WTP for differences in
purchase power when attempting benefit transfer between countries. Purchasing
power parity (PPP) is a theory that states that exchange rates between currencies
are in equilibrium when their purchasing power is the same in each of the two
countries. This means that the exchange rate between two countries should equal
the ratio of the two countries’ price level of a fixed basket of goods and services.
When a country’s domestic price level is increasing (i.e., a country experiences
inflation), that country’s exchange rate must depreciate in order to return to PPP
(Burda and Wyplosz 1997).

All monetary values had to be adjusted for different exchange rates as well as
purchase power. It was decided to use Norwegian kroner (NOK) as the monetary
unit of the study. The exchange rate used for Icelandic and Swedish kroner was the
mean exchange rate of the Norwegian central bank for the duration of the survey
(September – December 1999). Comparative price levels based on purchase power
parity (PPP) were obtained from the OECD. The estimates that were used are shown
in Table 2.

Multiple-bounded responses do not provide point estimates, but identify the
intervals within which the “true” WTP lies. An upper and lower bound on maximum
WTP is obtained from the payment card responses. Respondents with zero WTP
can be identified using an open-end question following the payment card. These
individuals have to be accounted for when estimating the expected WTP. Some
respondents did not state their WTP, and were deleted from the data set.

Reiser and Shechter (1999) and Kriström (1997) showed the importance of not
excluding true zero bids from the statistical analysis. The solution they suggest is to
estimate a spike model. The first part of such a model identifies those with positive
and those with zero WTP. The second part estimates a value function for the first
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Table 2. Mean exchange rate and purchase power indices used for conversion into
Norwegian kroner (NOK); 1 euro = 8.70 NOK (exchange rate January 2004)

Mean
exchange
rate

PPP based
comparative
price levels

Overall
adjustment

To NOK Norway=1,00 To NOK
Iceland 0,10962 1,01 0,11072
Sweden 0,94833 1,10 1,04317

Source: OECD, Norwegian Central Bank.

group and assigns zeros to the second. By the method of Reiser and Shechter (1999)
the likelihood function breaks up into two parts, in correspondence to the two parts
of the model. The log of the first part is:

(2) ln L =
n∑

i=1

��1−Si�p+Si �1−p��

where Si is a dummy variable taking the value 1 if WTP<0, p is the percentage of
zero bids and n is the number of observations.

For the second part we need to define the intervals within which each bid falls.
The payment cards included ten offered values. Eleven intervals can be constructed,
nine where upper and lower values are known, and two where only the upper or
lower value is known. A population consisting of t observations can be indexed by
the set T . T can then be portioned into eleven disjoint subsets depending on the
interval into which the true WTP falls.

Observations belonging to subset T1 are left censored, observations belonging to
T2 −T10 are interval censored and observations belonging to T11 are right censored.

The log-likelihood function for the second part can be written as:

(3) ln L = ∑
i∈T1

ln F�h1i�+
10∑

k=2

∑
i∈Tk

ln �F�hki�−F�lki��+ ∑
i∈T11

ln �1−F�l11i��

where F��� is the cumulative density function of the distribution of WTP across
the population and l, h are lower and upper levels of the intervals. This model
can be estimated by some statistical packages, for example the PROC LIFEREG
procedure in the SAS® statistical system. A Weibull probability density function was
used (Greene 2000, Bergland et al. 2002, Allison 1995, Lindsey and Ryan 1998).

The maximum likelihood estimator for probability of zero WTP, p, is according
to Reiser and Shechter (1999):

(4) p̂ =
n− n∑

i=1
Si

n



U S E A N D N O N - U S E V A L U E T R A N S F E R 213

Combining the results from the estimation of zero bidders and those with positive
WTP we can estimate the mean WTP. Let f�x� be the probability density function
associated with the distribution of the WTP. The mean WTP is given by:

(5) �WTP� = �1− p̂�

�∫

0

xf�x�dx

The integration was done using numerical integration and � approximated with a
large number.

This type of spike model uses more of the available information, but has the
advantage of being completely combinable with existing estimation procedures
(Reiser and Shechter 1999).

A comparison was made of three scenarios in all the countries, two use-values,
and one nonuse-value scenario. The criteria used in constructing the models for
each scenario was that the included parameters for the explanatory variables were
significantly different from zero (10% level of significance was loosely applied),
that they were not seriously correlated with each other (with r = 0�3 as upper
limit) and that the model was applicable as a pooled model for all countries. Some
variables were included for the sake of completeness, for example if one level of
a classification variable was included, then all the other levels were automatically
included as well.

The expected value of WTP is calculated by numerical integration. This value is
then adjusted for missing values, as previously described.

Goodness of fit is calculated in a likelihood ratio index;

(6) ILH = −2�ln L0 − ln L1�

where lnL0 is the log likelihood for a model that only includes a constant and lnL1

is the log likelihood for a model with covariates. The index indicates how much the
model improved with added information. The index can be tested for significance
as it has a 	2-distribution with degrees of freedom equal the number of covariates.

The calculated WTP function is highly nonlinear in the estimated parameters.
This makes estimation of standard errors difficult. Therefore, bootstrap distributions
of mean WTP are obtained from 1000 bootstrap iterations that resemble the original
dataset with replacement (see e.g. Bergland et al. 1993). Each iteration includes a
full model is estimation. These results are then used to estimate mean WTP for an
original model and a value function transfer model. This is a preferable method
when model residuals are not well defined. Cooper (1994) conducted a simulation
study of the validity of four different approaches for calculating confidence intervals
for closed-ended WTP models. He concluded that this method showed best overall
performance when the true underlying distribution was Weibull.

Transfer error is used as a measure of the accuracy of the benefit transfer estimates
the definition for transfer error used here is

(7) transfer error = �WTPE −WTPT �
WTPT
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where the subscript T stands for true value as estimated by an original study and
the subscript E for estimated value as given by benefit transfer.

4.2. Equivalence Testing and Acceptable Transfer Errors

In equivalence testing one reverses the roles of the null hypothesis (H0� and the
alternative hypothesis (HA). Equivalence is demonstrated by testing a set of these
reversed hypotheses with a predetermined significance level. It is not sufficient to
fail to show a difference one must be fairly certain that a large difference does
not exist. Suppose that we are willing to conclude that a difference is negligible
if its absolute value is no greater than a small positive value 
. In contrast to the
traditional casting of the null hypothesis, the null hypothesis becomes1

H0 � D ≤ 
 or D ≥ −


HA � 
 < D < −


where D is the absolute transfer error. The structure of the statistical hypothesis
is determined by the objective of the analysis. The null hypothesis states that D
is not within the interval that has been determined as equivalent. The alternative
hypothesis states that D is within the interval, which implies that the two parameters
are equivalent. If we can reject the null hypothesis on the basis of a study result,
then we conclude that HA is true, i.e. the two are equivalent. If the null hypothesis is
not rejected we do not conclude that H0 is true. Rather, we say that HA has not been
shown to be true. This procedure is exactly the same as the classical methodology
of testing, only with reversed null and alternative hypothesis.

Hauck and Anderson (1984) and Schuirmann (1987) showed that if a 1–2� confi-
dence interval lies entirely between −
 and 
, we could reject the null hypothesis
of non-equivalence in favour of equivalence at the � level. The equivalence test
is at the � level because it involves two one tailed tests, which together describe
the 1–2� level confidence interval. A simple version of this kind of test is the two
one-sided test or TOST. In its simplest form it involves conducting two one-sided
t-tests at the � level of significance.

t1 = D−


sp

√
1/n1 +1/n2

≥ t1−

and

(8) t2 = 
−D

sp

√
1/n1 +1/n2

≥ t1−

where t1− is the t-value associated with the chosen significance level and degrees
of freedom, sp is an estimate of pooled standard deviation and n1 and n2 are the
number of observations in the two samples used to achieve the estimates that are
being compared. Equivalence tests have some appealing properties over traditional
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non-rejections. It becomes increasingly difficult to reject the null hypothesis with
increasing variance. A well-preformed CV study is therefore more likely to show
equivalence given that it is the true state of nature while the reverse is true for
non-rejections of classical null hypothesis.

The TOST is only one of the ways in which equivalence can be tested. Other,
more powerful parametric test exist as well as non-parametric tests, see for example
Berger and Hsu (1996). The simplicity and widespread application of the TOST in,
for example pharmaceutical research, and its basis in the well-known t-test makes
it a good choice for the purpose of our study.

In order to assess the equivalence of two test groups we must first define what
would be considered equivalent. In the pharmaceutical industry the agreed upon
standard is that the population mean tested must be within 20% of the mean of
the reference group (
=0� 2�ref ). Such a standard must be set for each application.
This standard must be based on what is considered theoretically relevant. This
should not impose a problem since the theoretical interpretation of statistical results
is contingent upon that such a definition exists. Kristofersson and Navrud (2005)
suggest that in the case of benefit transfer, it should be left to the users of the
estimates to determine the acceptable level. Thus, the results of the equivalence
test could be presented in a table where one shows the highest transfer error level
that can be applied in order to show equality. The rationale is that the acceptable
level varies dependent on the policy use of the benefit transfer estimate. Generally
speaking; a lower level of accuracy is needed for benefit estimates in cost-benefit
analyses (CBAs) of projects and policies than for environmental costing and green
accounting. However, even for CBAs the level of accuracy needed would be high
if benefits and costs are very close. The highest level of accuracy is needed in
Natural Resource Damage Assessments (NRDA), which are used to derive the
compensation the polluter should pay to compensate damages to the general public
from the pollution incident. (see also Navrud and Pruckner 1997). The acceptable
transfer error should depend on the costs of making the wrong decision if the
decision is based on benefit transfer instead of a new valuation study. We suggest
testing at two levels, 20% transfer error and 40% transfer error. The 20% level
identifies the cases where benefit transfer could produce estimates that could be
used in a similar way as original estimates. The second level of 40% identifies
those cases where the benefit transfer estimate gives approximation that could be
used in applications where the need for cost effectiveness outweighs the demand
for accuracy, as is the case for some CBAs.

4.3. T-tests and Hypotheses

Hypothesis of benefit transfer will be tested using both the classical procedure
of non-rejection of a null hypothesis and the two one-sided equivalence test. The
pooled estimator for standard deviation used is:

(9) s 2
p = �na −1� s 2

a + �nb −1� s 2
b

na +nb −2
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The t-statistic used for comparison was the pooled version:

(10) t = �WTPa −WTPb�
sp

√
1/na +1/nb

where WTP are willingness to pay estimates from the two sites, sp is pooled standard
deviation and n is sample size.

The following hypotheses were tested:

Hypothesis 1 (Transferability of unit values)

Under the null hypothesis estimated mean values can be transferred between sites and countries,
and the WTP estimates from the study and policy sites are not significantly different and/or directly
equivalent at 
= where  ∈ �0�2WTPP� 0�4WTPP� and WTPP is the estimate from the policy site.

A more sophisticated approach is to use the value function from the study site with
sample information from the policy site to predict the mean willingness to pay at
the policy site:

Hypothesis 2 (Transferability of value functions).
Under the null hypothesis of transferability, the predicted WTP at the policy site

using the parameters from the study site is not significantly different and/or directly
equivalent to the WTP at the policy site for 
=.

5. R E S U L T S

Table 3 presents the descriptive statistics for each country, and for anglers, non-
anglers and the combined sample, respectively. Table 3 shows that the descriptive
statistics of the samples are quite similar across countries. The only large differences
found are fishing expenses and lower and upper bounds of WTP between countries,
which reflect the much higher value of fishing licenses in Iceland compared to
Norway and Sweden.

It is worth noting that the mean cost falls within the higher and lower bounds
of stated WTP (over and above costs) for fishing in Iceland and Norway, and for
river fishing in Sweden. This shows that WTP is large compared to current fishing
expenses.

Results from the model estimation, presented in tables 4, show that income has
the expected positive sign in all models. Parameters for both personal and other
household income have positive signs. Considerable information is contained in the
covariates, as can be seen from the likelihood ratio indices.

Men seem to have significantly higher WTP for both fishing and conservation of
fish stocks. This is clearest for the Swedish and Norwegian respondents. Men also
dominate the group that says they are anglers (Table 3).

Age has a negative parameter where it is significant, suggesting that WTP
decreases with age. Years of education do not seem to have any clear effect except
in the non-use value scenario. Here, the respondents with higher education have
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Table 4. Sign and significance of estimated parameters. Three signs indicate significance at the 0,1%
level, two signs indicate 5% and one sign indicates significance at 10% level. No sign indicates a
non-significant parameter while N.A. indicates that the variable was not included in the estimated model

River fishing
scenario

Lake fishing
scenario

Non-use value
scenario

Isl Nor Swe Isl Nor Swe Isl Nor Swe
Intercept +++ +++ +++ +++ +++ +++ +++ +++ +++
Sex, man = 1 +++ ++ ++ +++ +++ +
Age N.A.c N.A. N.A. – – – –
Fishing expenses last
12 months (in NOK)

+++ +++ +++ +++ +++ +++ +++ +++

No stated fishing costs ++ − ++ +++
Personal income (in
NOK)

+ ++ + +++ + ++

Other income (in
NOK)

+ ++ ++ + +++ +++ +

11–13 years of
education

N.A. N.A. N.A. ++ ++ ++

> 14 years of
education

N.A. N.A. N.A. + + ++ +++ +++

Likes river-fishing best ++ +++ N.A. N.A. N.A. ++ ++
Likes lake-fishing best N.A. N.A. N.A. + N.A. N.A. N.A.
Fisherman N.A. N.A. N.A. N.A. N.A. N.A. ++ +++
Subsistence fisherman – ++ N.A. N.A. N.A. N.A. N.A. N.A.
Generalist N.A. N.A. N.A. N.A. N.A. N.A.
Occasional angler − N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Semi-urban residential
area

N.A. N.A. N.A. N.A. N.A. N.A.

Rural residential area – N.A. N.A. N.A. N.A. N.A. N.A.
Log-likelihood of
estimated model

−414 −1911 −2251 −416 −1879 −2171 −1145 −3554 −5554

−2∗(log-likelihood1

–log-likelihood0) a
87 215 114 34 98 94 78 165 225

Zero WTP b 0,034 0,117 0,077 0,026 0,105 0,080 0,162 0,133 0,125
The number of
observation with
positive WTP

247 955 1117 237 952 1077 641 1735 2760

a −2 times the difference in log likelihood between a model with no covariates and this model. The resulting number
is �2 distributed with degrees of freedom equal the number of covariates.

b An estimate for the perectage of true zero bidders obtained from the effected population. For the treatment of zero
bidders see equations 4 and 5 and relevant discussion in text.

c N.A. indicates that the variable was not included in the relevant model.

significantly higher WTP in all countries. This could indicate a larger level of
environmental awareness among the respondents with higher education.

Residential area produces some significant parameters. The signs indicate that
respondents in rural Iceland and Norway have lower WTP than semi-urban and
urban respondents.
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Fishing expenses clearly influences WTP for both use and non-use value. This
shows that anglers have a clear idea of the actual cost of fishing and their bids are
strongly influenced by this.

A stated preference for one type of fishing increases WTP for that type of fishing,
as expected. This effect is largest for those who prefer river fishing compared to
those that prefer lake fishing. This might be caused by the fact that river fishing is
more exclusive and often more expensive than lake fishing. The hidden variable is
a stated preference for sea fishing.

Mean WTP per person per year with bootstrap standard errors are reported in
Table 5. Table 5 shows that there is a strikingly large overall difference in WTP
between Iceland and the other two countries. This reflects the large differences
in costs associated with recreational fishing as reported in table 3. This seems
also to affect the WTP for preserving the Nordic fish stocks (i.e. non-use value
scenario). However, the relative difference in WTP between Iceland and the two
other countries is smaller for the non-use values than the two use value scenarios.
The difference in WTP is consistent between countries. It is always largest for
Iceland, then Norway and smallest for Sweden.

The two separate hypothesis tested were equality and non-equivalence. Equality
was tested by a classical t-test while non-equivalence was tested by the two one-
sided procedure (TOST) at 20% and 40% transfer error. The tests were performed
both for unit value transfer (hypothesis 1), Table 6, and value function transfer
(hypothesis 2), Table 7.

Table 6 shows the results for all possible transfer combinations. The first column
defines the country used for estimation while the rows define the country the
value is transferred to. For example a transfer of values from Norway to Iceland
for the river fishing scenario (row two, column one to three) would result in a

Table 5. Results of mean WTP per person per year with bootstrap standard errors and test for the
normality of the bootstrap distribution

Scenario Country Mean
WTP

Bootstrap
standard
error

Shapiro-Wilk
statistic
(W)a

Prob < Wb

Iceland 4 251 352 0,980 0,00
River Norway 1 120 64 0,931 0,00

Sweden 1 014 61 0,987 0,62
Lake Iceland 3 119 245 0,984 0,15

Norway 1 090 49 0,989 0,87
Sweden 927 48 0,984 0,10
Iceland 1 772 149 0,983 0,05

Non-use value Norway 870 42 0,931 0,00
Sweden 761 31 0,985 0,21

Notes:
a A test for normality applicable in small samples. The test is described in section 4.
b The probability of making a type I error by rejecting normality.
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Table 6. Transfer error (Error) as given by equation 7, t-values from a classical test of equality and
smallest level of significant equivalence (TOST) for unit value transfer

River fishing scenario
To

Iceland Norway Sweden
Error a t-value b TOST c Error t-value TOST Error t-value TOST

From

Iceland – – – 280% 16.21*** N.Eq. 319% 17.24*** N.Eq.
Norway −74% 16.21*** N.Eq.d – – – 10% 1.20 40%***
Sweden −76% 17.24*** N.Eq. −9% 1.20 40%*** – – –

Lake fishing scenario
To

Iceland Norway Sweden
Error t-value TOST Error t-value TOST Error t-value TOST

From

Iceland – – – 186% 14.25*** N.Eq. 236% 15.51*** N.Eq.
Norway −65% 14.25*** N.Eq. – – – 18% 2.37* 40%**
Sweden −70% 15.51*** N.Eq. −15% 2.37* 40%*** – – –

Non-use value scenario
To

Iceland Norway Sweden
Error t-value TOST Error t-value TOST Error t-value TOST

From

Iceland – – – 104% 8.50*** N.Eq. 133% 11.35*** N.Eq.
Norway −51% 8.50*** N.Eq. – – – 14% 2.12* 40%***
Sweden −57% 11.35*** N.Eq. −13% 2.12* 40%*** – – –

* = 5%, ** = 1% and *** =< 0�1% level of significance.
a Transfer error associated with the benefit transfer.
b The t-value for the hypothesis that the benefit transfer estimate and the original estimate are equal.
c The lowest level of significant equivalence. The levels tested are 10% 20% and 40% of the original study estimate

of mean WTP.
d Not equivalent at any tested level.

transfer error of −51%. This transfer error is statistically different from zero and
the hypothesis of non-equivalence cannot be rejected. The conclusion is therefore
that such a transfer is not acceptable. The differences seen in Table 5 are also
seen in the result in Table 6. Benefit transfers to and from Iceland result in very
large transfer error that is highly significant. Both the t-test and the equivalence
test clearly suggest that such a transfer is not acceptable. On the other hand,
none of the t-tests of equality are rejected when transferring between Norway and
Sweden. This, in addition to the small transfer errors, would have been interpreted
as evidence of valid benefit transfer. The equivalence tests reveal a weakness of
this argumentation. Non-equivalence is only significantly rejected at a 40% level
of transfer error suggesting that the variance of the WTP makes it impossible to
accurately predict a small transfer error. The estimates should only be used in cases
where approximate figures are required, for example in a CBA where the estimated
benefits and costs are far apart.
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Table 7. Transfer error (Error), t-values from a classical test of equality, and smallest level of significant
equivalence (TOST) for value function transfer

River fishing scenario
To

Iceland Norway Sweden
Error a t-value b TOST c Error t-value TOST Error t-value TOST

From

Iceland – – – 147% 9.09*** N.Eq. 210% 7.22*** N.Eq.
Norway −35% 3.28** N.Eq.d – – – 33% 3.53*** N.Eq.
Sweden -64% 9.4*** N.Eq. -22% 3.27** 40%** – – –

Lake fishing scenario
To

Iceland Norway Sweden
Error t-value TOST Error t-value TOST Error t-value TOST

From

Iceland – – – 123% 9.61*** N.Eq. 165% 12.98*** N.Eq.
Norway −33% 2.34* N.Eq. – – – 34% 4.10*** N.Eq.
Sweden −61% 15.22*** N.Eq. −16% 2.37* 40%*** – – –

Non-use value scenario- full sample
To

Iceland Norway Sweden
Error t-value TOST Error t-value TOST Error t-value TOST

From

Iceland – – – 149% 9.40*** N.Eq. 137% 8.77*** N.Eq.
Norway −43% 3.91*** N.Eq. – – – 11% 1.60 40%***
Sweden −52% 8.06*** N.Eq. −8% 1.29 20%* – – –

Non-use value scenario- non-anglers only
To

Iceland Norway Sweden
Error t-value TOST Error t-value TOST Error t-value TOST

From

Iceland – – – 162% 6.48*** N.Eq. 148% 8.77*** N.Eq.
Norway −55% 5.45*** N.Eq. – – – 7% 0.82 40%***
Sweden −60% 9.28*** – −8% 0.91 40%*** – – –

* = 5%, ** = 1% and *** =< 0�1% level of significance.
a Transfer error associated with the benefit transfer.
b The t-value for the hypothesis that the benefit transfer estimate and the original estimate are equal.
c The lowest level of significant equivalence. The levels tested are 10% 20% and 40% of the original study estimate

of mean WTP.
d Not equivalent at any tested level.

Table 7 shows the results of the tests of value function transfer (hypothesis 2).
The results for value function transfer in Table 7 are slightly different than the ones
for unit value transfer in Table 6. Transfer error between Iceland and Norway is
considerably reduced for the use value scenarios. The estimated models explain a
considerable amount of the differences in mean WTP. Transfer error is however not
reduced to a level that results in valid benefit transfer. For Norway and Sweden, on
the other hand, using the value function transfer approach increases transfer errors
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for the use value scenarios. This indicates that Icelanders and Norwegians have
similar preferences when it comes to fishing, while Swedes and Norwegians do
not. All the t-tests for the use value scenarios reject equality of the benefit transfer
and original estimates of mean WTP at a 5% significance level. The results of the
equivalence tests are not symmetric. Non-equivalence is rejected when transferring
from Sweden to Norway at a 40% level of the original mean WTP. If the transfer
is from Norway to Sweden the non-equivalence is not rejected at any tested level.
Swedish values could potentially be used in Norway but nor vice versa.

The results for the non-use value scenario are quite different. Transfer error is
reduced in all cases, except when transferring from Iceland to Norway. The largest
reduction is achieved when only a sub sample of non-anglers is used. Then the
transfer error between Norway and Sweden is reduced to 7–8%. This produces the
smallest t-values, taken as an indication of validity of the null hypothesis. Similarly
non-equivalence is generally rejected at 40% transfer error, indicating significant
equivalence. Further, non-equivalence is rejected at 20% transfer error for a transfer
from Sweden to Norway using the full sample estimate. This clearly indicates a
fully acceptable benefit transfer. The results for the non-use value suggest that
preferences for that environmental good are similar in Norway and Sweden.

6. C O N C L U S I O N S

Several tests of both unit value transfer and value function transfer have been
conducted for cases where the study site and policy site are in a different country.
The general conclusion is that the accuracy of benefit transfer relies heavily on
the similarity of populations and described scenarios in respect to environmental
conditions in each country. This corresponds to the results of previous studies. It
is evident that the more similar the populations and environmental goods are the
smaller the transfer errors. This similarity must also include the perceived price
levels of the resource at hand.

The WTP estimates are consistent between countries for all tested scenarios. The
Icelandic values are largest, followed by the Norwegian and then Swedish as the
smallest. Added information generally reduces transfer error. This is most obvious
when the errors are large. This underlines the necessity of well defined and correctly
specified value functions.

The suggested method of using equivalence tests instead of non-rejection of a
classical test of equality seems to result in more consistent outcomes. The rejection
of non-equivalence only happens in cases where both transfer error is small and
WTP estimates are stable while non-rejections of classical hypothesis may happen
when transfer error is large and WTP estimates are unstable. This is clearly seen in
tables 6 and 7. The equivalence tests clearly indicate that Swedish WTP estimates
can be used in Norway in cases where the acceptable transfer error is large,
especially for non-use values. Norwegian results can to a lesser extent be used in
Sweden. No clear-cut outcome results from the classical test procedure because the
results vary form scenario to scenario.
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The transfer errors are consistently smaller for the non-use value scenario. The
results for the non-use value scenario by non-anglers in Norway and Sweden
produce the only statistically equivalent benefit transfer at the strictest level of
20% transfer error. Anglers being excluded, the estimated WTP should be a
strict non-use value estimate. Recreational fishing is a fairly well defined good
in comparison to the non-use value of preserving natural fish stocks. The purely
hypothetical nature of the latter might make the preferences more general, and
less influenced by specific factors regarding recreational fishing in each country.
Brouwer (2000) suggests that non-use values reflect some kind of overall moral
commitment to environmental causes. He hypothesizes that such values can be
expected to stay more or less constant across social groups and environmental
domain. Our results seem to support his hypothesis.

Da�i Kristófersson is researcher, Agricultural University of Iceland, Borgarnes,
Iceland. Ståle Navrud is associate professor, Department of Economics and
Resource Management, Norwegian University of Life Sciences, Ås, Norway.

7. N O T E

1 It is assumed that 
 is symmetrical. That implies that only the size of the error is important not its
sign. It is equally simple to work with two 
, one for the possessive error and another for the negative
error, denoted here by −
.
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