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Abstract
The use of most non-market valuation techniques is predicated on respondents paying
additional amounts of money for increased provision of a public good. However, in many
circumstances this may not be appropriate if the increased provision can be funded through
a reallocation of existing expenditures, or if respondents reject the notion of an additional
payment. This paper demonstrates a methodology for estimating compensating tax
reallocation, which is the amount of expenditure on other public goods that respondents are
willing to forego for the government to provide more of another public good. This
approach is compared with the standard approach of estimating compensating surplus.
Choice modelling is utilised for both approaches. The two approaches produce aggregate
results that are of a similar order of magnitude, however the relative importance of the
environmental attributes differs across the two approaches.
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1.

Introduction

Most non-market valuation techniques focus on estimating the value of marginal changes
in quasi-public goods, such as environmental quality. For example, techniques such as
contingent valuation consider respondents additional willingness to pay, usually through a
tax increase, for an environmental improvement. However, increasing expenditure on
natural resources via additional taxes is not the only way to secure improvements in
environmental quality. Reallocation of existing taxation revenue from the provision of
other public services is another feasible alternative. Indeed, given the large scale
expenditure needed to solve some environmental problems - such as controlling
greenhouse gas emissions, remediation of toxic waste sites, and rejuvenating national parks
and their facilities – tax increases alone would not be expected to be a sufficient or
politically feasible method of achieving these goals.
Evidence from focus groups and field surveys also suggests the need to consider
reallocations of tax revenue towards the environment. Subjects frequently respond to the
idea that they pay additional taxes to fund new projects by suggesting that this is the reason
they already pay taxes, and that it should be funded out of existing revenue. They rather
believe that provision of the public good is the government’s responsibility. This has been
a common finding in both contingent valuation (Morrison, Blamey and Bennett 1999) and
conjoint analysis studies (Morrison, Bennett and Blamey 1997 and Blamey et al 1997).
However, most valuation tools, such as contingent valuation or conjoint analysis, continue
to be designed to elicit compensating surplus. They have not been designed to answer the
question of how to estimate the community’s willingness to reallocate expenditure between
public goods. Very little commentary has come out of the natural resource economics
literature about this significant question.
This paper demonstrates a procedure for estimating compensating tax reallocation.
Compensating tax reallocation is the amount of existing tax resources, measured in dollars,
that respondents are willing to reallocate to increase the quantity provided of a public
good. Compensating tax reallocation can be compared with the actual costs of the new
project to determine if there would be a net-benefit from the reallocation. Compensating
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tax reallocation was estimated and compared to compensating surplus using contingent
valuation by Bergstrom, Boyle and Yabe (2004).

In their study, they found that

compensating tax reallocation exceeded compensating surplus. However, a limitation of
this previous study was that the opportunity costs associated with a reallocation was not
specified to respondents.

We seek to contribute to this emerging literature by

demonstrating how the more careful specification of opportunity costs might be achieved.
In addition, we use a multi-attribute technique – choice modelling – to produce both
compensating surplus and compensating reallocation estimates.

This allows us to

investigate the stability of relative preferences across the two methods of payment.
A conceptual model showing how net benefits can be estimated is first presented in Section
2 of the paper, and the non-market valuation technique used is described in Section 3. The
questionnaire used is described in Section 4, and the results of the case study where this
approach was used is then presented in Section 5. The case study involves willingness to
pay for projects that will enable the preservation of additional habitat in the Upper South
East of South Australia. Implications are discussed in Section 6.

2.

Conceptual Model

In most non-market valuation applications, compensating surplus is defined as the change
in disposable income or expenditure that holds utility constant, given a change in
environmental quality. Using expenditure functions, compensating surplus (CS) can be
defined as follows, where utility is held constant at the initial level u0 and the quality of the
public good is increased from Q0 to Q1 (see Bergstrom et al 2004):
CS = e(P, Q0, Z0, u0) - e(P, Q1, Z0, u0)

(1)

where P is a vector of prices for all market goods, Q is the pubic good of
interest, Z is a composite of all other public goods, and e(•) is nominal income
The expenditure function presented in equation 1 can be re-written as follows, to allow for
the non-discretionary nature of expenditure on public goods:
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e(P, Q, Z, u) = e*(P, Q0, Z0, u0) + Z0

(2)

where e*(•) is disposable income
Given equation (2), compensation surplus can be written in terms of disposable income:
CS = (e*(P, Q0, Z0, u0) + Z0) – (e*(P, Q1, Z0, u0) + Z0)

(3)

= e*(P, Q0, Z0, u0) – e*(P, Q1, Z0, u0)
To define compensating tax reallocation, households’ disposable income is held equivalent
for the parameter sets (Q0, Z0, u0) and (Q1, Z1, u0). That is:
e*(P, Q0, Z0, u0) = e*(P, Q1, Z1, u0)

(4)

Compensating tax revenue (CTR) can then be expressed as shown in equation 5. Note that
there is an increase in the environmental good of interest from Q0 to Q1, but that there is a
corresponding decrease in the provision of at least one other public good from Z0 to Z1.
Substituting in equation (2) and then equation (4), we see that compensating tax revenue is
the change in expenditure on other public goods that people are willing to forego to
achieve the new project outcome2.
CTR = e(P, Q0, Z0, u0) - e(P, Q1, Z1, u0)

(5)

= (e*(P, Q0, Z0, u0) + Z0) – (e*(P, Q1, Z1, u0) + Z1)
= Z0 – Z1
By comparing compensating tax revenue with the cost of provision of the additional
quantity of the public good, it is possible to determine if the change will be welfare
enhancing (see equation 6). Also, it is possible to produce a ranking of the net-benefits of
new projects.
Net Benefiti = CTRi – Ci

(6)

Where C is the cost of project i
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This can also be shown using indifference curve analysis. For example, assume that the
community wants to reallocate taxes to improve riverine health. Riverine health is shown
on the X axis, and all other public goods are represented by the Hicks-Allen good on the Y
axis. The compensating tax reallocation for an increase in riverine health from Q0 to Q1 is
equal to the expenditure that respondents are willing to forego on other public goods (HA1
– HA2). Examination of the budget constraint, however, shows that the cost of increasing
riverine health from Q0 to Q1 is only HA1 – HA3, which implies that the net-benefit from
the reallocation is HA3 – HA2. The result of this re-allocation is that a higher level of
utility (represented by the higher indifference curve, IC2) can be achieved. Thus even
though estimates of compensating surplus are not derived, it is possible to determine
whether a new alternative will generate net-benefits for the community.
Figure 1: Indifference Curves Showing A Compensating Tax Reallocation
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Q1
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Bergstrom et al (2004) described the relationship between compensating tax revenue and compensating
surplus, and under what conditions they will be equivalent.
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3. Choice Modelling
Choice modelling is a form of conjoint analysis that has been used in a range of
applications, including new product development, transportation, health economics and
changes to environmental commodities. The distinctive feature of the choice modelling
approach is that respondents are asked to choose their preferred alternative from a set of
alternatives rather than rating or ranking alternatives, as is done in other forms of conjoint
analysis.
In conjoint analysis applications, goods are decomposed into sets of “attributes” or
characteristics, consistent with Lancaster’s (1966) theory of demand. With this concept of
demand, indirect utility can be expressed as shown in equation (7). The utility of
alternatives is assumed to be additively separable in x and z so that the marginal rate of
substitution between any of the attributes in x is independent of the level of consumption
of z. Indirect utility can be expressed as:
V = V(x, z, p, s)

(7)

where V is indirect utility, x is a vector of attributes, z is a composite of all other goods, p
is a vector of prices, and s is a vector of socioeconomic characteristics.

The first stage of any conjoint application involves selecting the relevant attributes. This
usually involves consultation with policy makers and potential respondents, which was the
approach taken in this study. Once a set of attributes has been established, varying levels
for each attribute are set.
Next, the levels of the attributes are combined to produce “alternatives” and the
alternatives are combined to form “choice sets”. In practice, a large number of alternatives
result from the combination of multiple attributes. For instance, six attributes that each
have three levels produce 729 alternatives, and when these alternatives are combined into
choice sets, the number of choice sets rises to over a half million. Therefore, a method is
needed to sample from the set of possible combinations. The most common approach is
the use of experimental design techniques (Louviere, Hensher and Swait 2000). Generally,
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experimental designs used in stated preference applications range in size from about 25
alternatives to 256 alternatives, although the majority are less than a 100 alternatives.
After the choice sets are developed, questionnaires are developed and pretested. Choice
modelling questionnaires have a similar format to contingent valuation. The policy change
is explained to respondents, a justification is provided for an increase in costs, respondents
are asked several elicitation questions (eg Table 2), and debrief questions are asked to
check understanding of the questionnaire and provide classification information.
Once the data have been collected, the responses are analysed through statistical models
(Louviere, Hensher and Swait 2000; Holmes and Adamowicz 2003). Several different
statistical models have been used in the past to estimate choice modelling data. The most
common has been the conditional logit model. The model results from assuming that the
error terms are independently and identically distributed (IID) and follow a Gumbell
distribution. The conditional logit model has the following form, where Vi,j is the
deterministic utility component of alternatives i and j, and λ is a scale parameter:
P(i|A) = exp(λVi)/∑j exp(λVj), ∀ i, j ∈ A

(8)

A non-trivial property of this model is the independence of irrelevant alternatives (IIA).
This results from the error assumption and requires that the probability of choosing one
alternative over another alternative depends only the utility of those two alternatives. The
problem with this assumption is that it can be violated for a number of reasons, including
the existence of close substitutes in choice sets or the existence of random taste variations
(ie heterogeneous preferences).
In addition, the basic conditional logit model does not allow for the existence of panel data.
In most choice modelling applications, respondents are asked to answer several choice sets,
typically from 5 to 16. Each respondents answers are likely to be correlated, and ignoring
this correlation is likely to inappropriately increase standard errors.
There has been increasing interest in the use of alternative model, known as the random
parameters or mixed logit model (Hensher and Greene 2002). Unlike the conditional logit,
the random parameters logit model allows for individual heterogeneity within the
7

parameters of the logit model. Moreover, the random parameters logit (RPL) does not
have the IIA property.
In the mixed logit model the error term is assumed to be additively separable into two
parts: one part is correlated across individuals (η iq), but the other is independently and
identically distributed over alternatives and individuals (εiq) (Hensher and Greene 2002):
Uiq = β’Xiq + [ηiq + εiq]

(9)

In the mixed logit model, η is assumed to have a general distribution (eg normal, lognormal) while ε is assumed to have an iid extreme value distribution.
For a given value of η, the mixed logit model can be expressed as follows:
P(i|A) = exp(λVi + ηi)/∑j exp(Vj + ηi), ∀ i, j ∈ A

(10)

As η is not given in practice, the unconditional choice probability in the above formula are
integrated over all values of η, weighted by the density of η. In other words, this means
that the parameters are not estimated directly; rather the parameters for distribution are
estimated. The distribution is then integrated to determine choice probabilities.
When estimating the mixed logit model, one or more parameters (β’s) are specified as
having a mean and standard deviation. The actual distribution is chosen be researcher (eg
normal, log-normal). By specifying a standard deviation, the presence of heterogeneity for
the parameter is explicitly modelled. However, in practice determining which variables to
distribute and which distribution to choose can be challenging. McFadden and Train
(2000) propose a Lagrange Multiplier test for the presence of random parameters, however
the test does not indicate which distribution should be chosen for variables that are
identified as being random. It is recommended in the literature that not all parameters be
distributed (Brownstone 2001). Most applications have chosen either to distribute only
cost (eg Layton 2000) or non-price variables (see Anderson 2003).
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Once statistical models have been estimated, it is possible to derive welfare estimates (for
example, either compensating surplus or compensating tax reallocation) for use in costbenefit analysis. For this study, the value estimates that are most relevant are implicit
prices. These are point estimates of the value of a unit change in an attribute. They are
useful for management decisions where information is required about the value of marginal
changes in quality of electricity supply, such as the value of achieving one less blackout
per year. Implicit prices are calculated as follows, if utility is a linear function of all
attributes:
IP = βA/βM

(11)

where IP is the implicit price, βA represents the coefficient of the Ath non-monetary
attribute, and βM represents a monetary attribute.

4. Survey Logistics
Two separate random samples of households listed in the white pages in South Australia
(Australia on Disk database) were drawn from Adelaide, which is the capital city of South
Australia.

Data collection was undertaken between October and November 2003.

Households were initially contacted by telephone and asked if they would be willing to
respond to a questionnaire being conducted by CSIRO for the South Australian
government. The response rate for the survey designed to estimate compensating surplus
was 38.2% (272 useable responses), while the response rate for the survey designed to
estimate compensating tax reallocation was 39.7% (417 useable responses).
The basic socio-demographic characteristics of the sample are summarised in Table 1. The
two samples are relatively similar according to most of the sociodemographic
characteristics. However, about 7.5% more of the compensating reallocation sample has
completed a tertiary degree, and about 15% less of the reallocation is directly or indirectly
involved in farming. There are also differences in terms of the percentage of people who
have visited the Upper South East recently and the number of people who fish.
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Table 1 – Socio-Demographic Characteristics of Respondents
Variable Description

Compensating Surplus
Split

Compensating
Reallocation Split

Mean age

52.3 years

52.1 years

Gender (% male)

55%

53.3%

Children

80.5%

77.9%

• completed a tertiary degree

21.1%

28.66%

• Started and/or completed
diploma or certificate

37.3%

38.01%

27.3%

19.63%

• completed high school

20.7%

11.84%

Income level

$45,492

$46,925

Interest in the environment

70.3% Strong interest

72.0% Strong interest

Directly or indirectly involved in
farming

45.4%

30.1%

Recent Visit to Upper SE

72.6%

66.8%

Outdoor Activities

50.3% bushwalk

50.05% bushwalk

31.7% bird watch

29.75% bird watch

8.2% hunt

4.83% hunt

37.9% fish

27.41% fish

Education

• not completed high school

5. Questionnaire Description
Two different versions of the questionnaire were designed based on whether the goal was
to elicit estimates of compensating surplus or compensating tax revenue. Both versions of
the questionnaire follow conventional questionnaire design principles (Bennett and
Adamowicz, 2001). Respondents were presented with some warm-up questions, a
description of the environmental issue and some potential solutions, a description of the
payment vehicle, six choice sets, some debriefing questions and then some sociodemographic questions.
The main difference between the two versions of the questionnaire is in the description of
the payment vehicle and in the choice sets. In the questionnaire designed to estimate
compensating surplus, respondents were told that the government could use a levy on
income tax to fund projects to improve biodiversity, as shown:
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In contrast, in the questionnaire designed to estimate compensating tax reallocation,
respondents were told that funding projects to improve biodiversity would require that
government expenditure be reallocated from other government programs. Respondents
were told that three-quarters of government expenditure occurs in the areas of health,
education, transportation and public services and policing. They were told3 that any
expenditure on new biodiversity projects would require a reduction in expenditure in these
areas4. To help respondents understand the implications of any reallocation, the effect of a
reallocation of a million dollars in terms of provision of new urban road, standard hospital
beds, intensive care hospital beds, teachers and police officers was described.

3

This was based on advice from the South Australian treasury.
When defining opportunity costs in terms of government services, attempts should be made to be as specific
as possible so that respondents have similar understanding of the opportunity cost of providing additional
environmental goods. In this case study, advice from the South Australian treasury indicated that any
reallocation towards habitat would come from the amount of revenue available to roads, hospitals, education
and policing. Thus it was made clear to respondents that any reallocation would require a reduction in at
least one of these services. Note that many payment vehicles in studies designed to estimate compensating
surplus have a lower level of specificity to what is used here. For example, some studies have used as a
payment vehicle “increased prices and government charges”, while others have chosen not to specify a
payment vehicle in an attempt to reduce payment vehicle bias.
4
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The choice sets offered the status quo and two options where the levy or reallocation
amount and the area of habitat varied according to an experimental design. Each
respondent was presented with six choice sets as this was thought to be the maximum
number of choices respondents would be willing to consider following the pretest. As
there were a total of 54 choice sets as part of the experimental design, the choice sets were
organised in nine blocks with six choice sets in each questionnaire version. The attributes
are presented in Table 2. A description of the habitat areas is included in Figure 1. An
example of a choice set included in the questionnaire designed to estimate compensating
tax reallocation is included in Figure 2.
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Table 2 – Attributes Used in Choice Sets
Status Quo
Levy

$0

Reallocation

No reallocation

Attribute levels in other
alternatives
$10, $20, $40, $60, $80 and $100
$3m, $5m, $7m, $9m, $12m and
$5m

Habitat Areas:
Scrublands

66,000

73,000, 80,000 and 90,000 ha

Grassy Woodlands

46,000

51,000, 56,000 and 63,000 ha

Wetlands

73,000

81,000, 88,000 and 99,000 ha
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Figure 2 – Information about different types of native vegetation in the Upper South
East

Description
and Habitat
Value

Rare,
Vulnerable or
Endangered
Species
Present

Scrublands

Grassy Woodlands

Wetlands

Scrublands are low,
thick vegetation such as
shrubs and mallee. The
land has limited
potential for agriculture.

Grassy woodlands are open
areas with larger trees.
These areas are often
cleared because the land is
good for agriculture.

Scrublands provide
habitat for a wide
variety of birds and
animal species. A
number of different
wrens can be found in
scrublands.

Woodlands provide habitat
for nesting for bird species
such as Red-tailed Black
Cockatoos. They also
provide habitat for a
variety of other animals
such as possums and
kangaroos.
Animals such as
Wombats
Sugar Gliders

Wetlands are areas where
water accumulates for short
or long periods during the
year. They contain open
water, rushes and sedges and
may have shrubs and trees
around their edges.

Animals such as
Red-Necked
Wallabies
Pygmy Possums
Birds such as
Malleefowl,
Yellow-tailed Black
Cockatoos and
Heathwrens
Plants such as
Spiral Sun-orchid and
Monarto mintbush

Ecosystem
Functions

Area in 1980
Current area
Expected area
in 10 yrs time
Expected Change
in 10 yrs

Birds such as
Red-tailed Black
Cockatoos,
Little Lorikeets,
Diamond Firetails,
Black-chinned
Honeyeaters Stone
Curlews

Wetlands provide habitat for
fish, frogs, snakes, migratory
waterbirds such as ducks and
wading birds such as the
Red-capped Plover.
Animals such as
Tortoises
Goannas
Birds such as
Freckled Ducks
Latham's Snipe
Freshwater fish such as
Pygmy Perch

Prevention of water
logging and control of
salinity
Windbreaks
Pollination
250,000 hectares
77,000 hectares
66,000 hectares

Shrubs and plants
including
Jumping Jack Wattles
Orchids
Prevention of waterlogging
and control of salinity
Shelter for stock and native
species
Pollination
75,000 hectares
54,000 hectares
46,000 hectares

Water purification
Flood mitigation
Fish breeding
Bird breeding
Recharge of groundwater
187,000 hectares
86,000 hectares
73,000 hectares

Loss of 11,000 hectares

Loss of 8,000 hectares

Loss of 13,000 hectares
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Figure 2: Example of a choice set from the reallocation treatment

6.

Results

Compensating Surplus vs Compensating Tax Reallocation
Random parameters logit models were estimated using both the surplus and reallocation
data. The variables included in these models are presented in Table 2. Both treatment
variables and sociodemographic variables are included in the models. The treatment
variables are entered directly into the model, however it is not possible to do this with the
sociodemographic variables as they do not vary within choices, thus including them
directly would cause a singularity. Thus in both of these models, the sociodemographic
variables were interacted with the alternative specific constant. These interactions indicate
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how the propensity to choose a habitat improvement option changes with the
sociodemographic characteristics of respondents.

Table 2: Summary of explanatory variables
Variable
ASC - alternative specific constant
Treatment variables:
SCRUB – area of scrubland
GRASS – area of grassy woodlands
WETLAND – area of wetlands
LEVY – the amount of the levy each year for 5 years
BUDGET – the amount of the reallocation each year for
five years
Sociodemographic variables:
GENDER – gender of the respondent (1=male)
INCOME – income of the respondent
VISIT – does the respondent plan to visit the USE in the
next 5 years (1=yes)
IMPORT – respondent agrees that it is important to
improve the size and quality of habitat in the USE
(1=yes)
AGE – age of the respondent
AGE – age of the respondent squared

Expected Sign
?
+
+
+
−
−
?
+ (for levy only)
+
+
−
+

Both models are presented in Table 3. The summary statistics suggest that both models are
robust. The chi-square statistics indicate that both models are significant overall, while the
adjusted rho-square values indicate that the explanatory power of both models is very
good5.
To evaluate the coefficients of the model, it is necessary to develop expectations about the
sign and magnitude of the coefficients. One might expect that as the area of habitat
increased, the probability of choosing a particular option would increase (positive sign).
However, with the levy or reallocation, one might expect that as the levy or reallocation
increased the probability of choosing a particular option would decrease (negative sign).
For both models, the coefficients for the habitat variables are positive and significant,
while the coefficients for the levy and reallocation are negative and significant.

5

. Typically good models are in the range of 0.2 and 0.4 (Louviere et al., 2000).
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Interestingly, the relative magnitude of the habitat coefficients is different across the two
models. In the surplus model, the coefficient for wetlands has the largest magnitude,
followed by grassy woodlands and then scrublands. In contrast, in the reallocation model,
the coefficient for grassy woodlands has the largest magnitude followed by scrublands and
then wetlands, although the latter two are fairly similar in the magnitude. It is not
unexpected that the relative preferences of respondents have shifted. Some respondents
who were previously unwilling or unable to pay a levy may nonetheless be prepared to
undertake a reallocation to improve biodiversity. Conversely, some respondents who were
willing to pay an additional levy, may be unwilling to forego other services to improve
biodiversity.
Turning to the other variables included in the model, as mentioned above, these indicate
how the propensity to choose a habitat improvement option changes with the
sociodemographic characteristics of respondents. Significant coefficients are indicative of
construct validity, because theoretically expected relationships are often not significant
when results are biased. In the surplus model, we would expect that respondents with
higher income would be more willing to pay to improve habitat. However, for the
reallocation model, respondents are not income constrained, so it is not expected that this
variable will be significant. For both models we anticipate that those who consider habit
improvement in the USE important and have previously visited the Upper South East will
be more likely to choose an option to improve biodiversity. In terms of age, we would
expect those who are younger (and hence may have greener attitudes) to choose
environmental improvement options more frequently. Gender has been included in the
model, but it is not evident what the sign of this variable should be a priori.
Several of the sociodemographic coefficients of both models are consistent with
expectations. In the surplus model, income, age, import and visit were all significant,
while in the reallocation model import, age and visit were significant and had the expected
signs. Gender was also significant in both models and negatively signed, indicating that
males were less likely to support either a levy or a reallocation.
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Table 3: Random Parameter Logit Models

LEVY/BUDGET
ASC
SCRUB
GRASS
WETLAND
AGE
GENDER
VISIT
IMPORT
INCOME
σ LEVY/BUDGET

Model 1: Compensating

Model 2: Compensating

Surplus Model

Reallocation Model

Coeff.

t-ratio

P-value

Coeff.

t-ratio

P-value

-0.032

-9.121

0.000

-0.171

-9.102

0.000

-4.553

-7.007

0.000

-3.097

-3.789

0.000

1.727E-2

3.590

0.000

3.511E-2

7.667

0.000

2.260E-2

2.681

0.007

3.823E-2

6.180

0.000

3.405E-2

6.332

0.000

3.464E-2

8.038

0.000

-0.011

-1.713

0.087

-0.024

-3.189

0.001

-0.488

-2.694

0.007

-0.509

-2.221

0.026

0.482

2.720

0.007

0.745

3.383

0.001

1.378

10.919

0.000

1.518

9.611

0.000

1.415E-5

4.231

0.000

1.64E-6

0.403

0.687

0.024

5.434

0.000

0.14533

4.597

0.000

Summary Statistics
Rho2 adjusted
Log-likelihood
Chi-square
Number of observations

0.397
-1004.881
1336.61
1599

0.349
-1501.554
1622.05
2304

Of most interest to policy makers are the value estimates that are generated using choice
models. Value estimates are often presented in terms of implicit prices (see equation 11).
These are unit changes in an attribute, which in this case represent the willingness to pay
for an additional 1000 hectares of habitat. The implicit prices estimated using both the
surplus and reallocation models are presented in Table 4. The implicit prices from the
surplus model indicate willingness to pay per household for an additional 1000 hectares of
habitat, while the implicit prices from the reallocation model indicate average willingness
to pay in terms of a budget reallocation and are expressed in millions of dollars.
How do these values when the surplus estimates are aggregated across the community? In
the lower half of the table, aggregate willingness to pay estimates are presented for a
18

hectare of additional area preserved. In calculating the aggregate willingness to pay for the
surplus estimate, it has been assumed that 60% of the population are willing to pay or
support a reallocation to improve habitat, based on the findings of Morrison (2000)6. The
aggregate figures are relatively similar (a difference of 15.6 to 29.9%), although the
ordering across land types is different.
Table 4: Implicit Prices

SCRUB
GRASSY
WOODSLANDS
WETLANDS

Surplus Model
($/household)
0.545

Reallocation Model
($million)
0.205

0.713

0.223

1.074

0.202
% Difference

Aggregate implicit prices for an additional hectare preserved
SCRUB
$719.03
$1026.03
GRASSY
$940.87
$1115.23
WOODLANDS
WETLANDS
$1,417.20
$1011.39

29.9%
15.6%
28.6%

Differences across Income Segments
In assessing the differences between the surplus and reallocation treatments, we also
investigate how the statistical models and value estimates differ across income groups.
Ten different income groups were identified in the questionnaire, therefore we estimate
two separate models for each treatment based on the lowest five and highest five income
groups. This corresponds to income either below or above $30,000. The four models are
presented in Table 5.

Table 5: Random Parameter Logit Models for different income groups

6

Morrison (2000) found when contacting non-respondents that approximately 32% were too busy to
complete the questionnaire and 59% were not interested. It is quite likely that those who are not interested in
the survey are likely to have a low willingness to pay for habitat protection. Those who are too busy may
well have preferences that are very similar to those who responded to the survey. Morrison (2000)
demonstrated that taking into account the reasons for non-response produces an estimate of non-market
benefits that is conservative relative to adjusting calculations based on mean values.
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Reallocation

Reallocation

Surplus

Surplus

Income < $30K

Income > $30K

Income < $30K

Income > $30K

LEVY/BUDGET

-1.347***

-3.252E-2***

-3.241E-2***

-1.929E-1***

ASC

0.275

-6.5877***

-7.567***

-4.82528***

SCRUB

3.190E-2***

2.892E-2***

1.720E-3

3.747E-2***

GRASS

2.230E-2**

2.691E-2***

1.703E-2

4.799E-2***

WETLAND

3.210E-2****

3.611E-2***

3.122E-2***

3.760E-2***

AGE

-0.047***

0.003

-0.023***

-0.015

GENDER

-0.815**

-1.381

0.513**

-0.344***

VISIT

0.817**

0.825**

-0.281

0.575***

IMPORT

0.961***

1.595***

1.808***

1.818***

INCOME

0.042

2.234E-5

1.39E-4***

1.661E-5***

σLEVY/BUDGET

0.177***

0.026***

0.023***

0.129***

Summary Statistics
Rho2 adjusted

.292

.280

.231

.388

Log-likelihood

-554.732

-703.937

-525.893

-928.150

Chi-square

470.342

558.642

328.071

558.642

906

971

704

1585

Number of
observations

Implicit prices for the four segments are presented in Table 6. The results show that in the
lower income group for the surplus model, respondents are only willing to pay for
increased area of wetlands. However, higher income earners are willing to pay for each of
the areas of habitat, and more than those on lower incomes. This is as expected, as
willingness to pay in theory ought to be constrained by ability to pay.

Table 6: Implicit prices and aggregate willingness to pay estimates
Implicit Prices
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SCRUB
GRASSY
WOODLANDS
WETLANDS

SURPLUS

SURPLUS

REALLOCATION

REALLOCATION

Income <

Income >

Income <

Income >

$30K

$30K

$30K

$30K

0.053*
0.525*

0.889
0.828

0.239
0.167

0.194
0.249

0.963

1.110

0.240

0.195

Willingness to pay to preserve an additional hectare:
SCRUB
$70.09
$1,173.72
$1,194.67
GRASSY
$693.39
$1,092.12
$835.26
WOODLANDS
WETLANDS
$1,271.05
$1,465.42
$1,199.48
* insignificant coefficients

$970.97
$1,243.86
$974.50

However, in the reallocation model for the lower income group we see that respondents are
willing to pay for increases in each of the areas of habitat. This is expected as willingness
to pay is no longer constrained by ability to pay. The results imply that some respondents
who previously were not willing to pay are now choosing habitat improvement options,
leading to the significance of the coefficients for both scrublands and grassy woodlands
and changes to their relative importance.
An interesting implicit price in Table 6 is for SCRUB in the reallocation model for
respondents who earn less than $30,000. In the surplus model the coefficient for scrub was
insignificant, while in the reallocation model the implicit price is about equal to the
implicit price for wetlands. This is a sizeable change in the implicit price between the two
treatments. This may be due to the nature of scrub – it is the least valuable of the three
land types for farming. Assume there is a group of lower income earners who would like
to see improved biodiversity, but because of sympathy for farmers would prefer that
scrubland be increased rather than the other land types. If this group is not willing to pay
any increases in taxes but are willing for increased scrubland to be funded through a
reallocation, this could lead to the result shown in Table 6.

Certainly this is only one possible explanation for the differences in relative implicit prices
that are presented in Table 6. There may be other explanations such as the use of citizen
responses in the reallocation model (eg Blamey, Common and Quiggin 1995), or other
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psychological explanations. Further research is needed to understand the reasons for these
deviations. For example, the collection of both surplus and reallocation data may help to
clarify how individual responses change depending on which elicitation method is used.
The use of qualitative research to debrief survey respondents may also help in
understanding this result.
While further research is needed into the use of reallocations, the finding of differences in
relative preferences across surplus and reallocation treatments has important implications
for government policy. In practice, stated preferences surveys are often conducted that
include a levy as a payment vehicle, but no levy is generally collected if the project goes
ahead. Rather, the government budget is reallocated. However, the results in Table 6
demonstrate that collecting data using a levy as a payment vehicle produces a different set
of preferences to those obtained when using a reallocation as a payment vehicle. As a
result, the use of a levy as a payment vehicle when the government does not plan to collect
a levy means that those who are more able to pay have a greater bearing on the willingness
to pay estimates. This suggests that unless a levy is to be collected, the estimation of
compensating tax reallocation is a more appropriate preference revelation technique.

7.

Summary and discussion

A limitation with current methods of non-market valuation, particularly techniques
involving the use of stated preferences, is the requirement that respondents indicate their
additional willingness to pay for the additional provision of a public good. However, in
many contexts it is either not appropriate or not possible to implement this requirement.
Respondents may not need to pay (if there is already sufficient government revenue and a
reallocation only is needed), may not be able to pay (if budget constrained), may refuse to
pay (if they believe they have already paid sufficient taxes or if they believe it is simply the
governments responsibility) or other factors may constrain the credibility or acceptability
of a tax-based payment vehicle (such as in the politically charged context of a forthcoming
election). In any of these contexts an alternative approach may be needed.
The approach used in this paper provides an alternative to directly estimating
compensating surplus. Instead of compensating surplus, compensating tax reallocation is

22

estimated. Respondents are asked to indicate whether they would support specified
amounts of government expenditure on the provision of additional public goods, given that
there will be explicit opportunity costs. This method is used to estimate compensating tax
reallocation for different projects, which can be compared to project costs to determine
which projects produce the greatest increase in welfare. While this paper presents only a
single application, and further refinement and testing of this technique is warranted, the
approach described in this paper provides a way of answering an important but generally
neglected question in the resource economics literature: how to assess the net benefits of a
tax reallocation.
Moreover, the results in this paper raise questions about the appropriateness of estimating
compensating surplus when the government is not planning to levy new taxes to achieve an
improvement in an environmental good. The results demonstrate that the use of a levy in
this context means that the preferences of those on lower incomes are not weighted equally
with those on higher incomes, because the former are constrained by ability to pay. For
this reason there is a rationale to consider the estimation of compensating tax reallocation
when government agencies are planning to reallocate budgets to achieve improvements in
environmental quality.
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