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Abstract

Internationally there is growing understanding that water rights are important
and that a lack of effective water rights systems creates major problems for the
management of increasingly scarce water supplies. In South Africa the
smallholder irrigation sector faces two major challenges. Firstly water use is
inefficient and secondly government, which in the past invested huge amounts of
money in the sector, targets improved cost recovery. Improving the definition of
the water rights system can have a positive effect with regard to these challenges.
At one hand improvements in the definition of water rights can stimulate
smallholders to use water more productively, encouraging cooperation and
investment; at the other hand an improved water rights system increases
willingness to pay for water, allowing government to charge higher water prices
and thus improve cost recovery. This study proposes contingent ranking to
analyse the willingness to pay of smallholder irrigators for changes in the water
rights system. Results indicate that smallholders are prepared to pay considerably
higher water prices if these prices are connected with advancements in the water
rights system. In a second step the sample population was stratified to evaluate
the impact of smallholder characteristics on their willingness to pay. The
importance attached to different dimensions of water rights clearly differs among
groups. For example farmers suffering water shortages attach more importance
to secure water supply. Policy makers can use such results to guide reforms in
the design of water rights and to increase public support for interventions.

Keywords: contingent ranking, water rights, South Africa, willingness to pay,
irrigation, efficiency.
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1 Introduction

Internationally there is growing understanding that water rights are important
and that a lack of effective water rights systems creates major problems for the
management of increasingly scarce water supplies [1, 2]. If water rights are ill-
defined, this creates high transaction costs (information search, negotiation,
monitoring) for making decisions over water use and therefore seriously impairs
the efficient use of water [3]. This limits the value people assign to water [4, 5].
It however also implies that if water rights are better defined, people are willing
to pay higher values for water use because the transaction costs are reduced
[6,7]. The magnitude of the increase in willingness to pay (WTP) for
improvements in the water rights system thus reveals the inefficiency of the
current system.

Focussing on smallholder irrigators in South Africa, this study economically
values improvements in the definition of the current water rights system. This is
relevant because the system has recently received quite some criticism [8—10].
The focus on smallholder irrigators is appropriate in South Africa, because their
water use efficiency is low [11] and cost-recovery of government investments in
these schemes is a well-known problem [8, 12]. Improved water rights will not
only stimulate smallholders to use water more productively [2, 13], it will also
allow governments to increase water prices and thus improve cost recovery.

To analyse the WTP of smallholder farmers for changes in the water rights
system contingent ranking (CR), a form of choice experiment, is used in this
study. CR is a survey-based technique for modelling preferences for goods,
where goods are described in terms of their attributes and the level these take.
Various alternative descriptions of a good, differentiated by their attribute levels,
are presented to the respondents and they are asked to rank the various
alternatives. By including price as one of the attributes of the good, WTP can be
indirectly calculated from people’s rankings [14]. In a second step the sampled
smallholder population was stratified to evaluate the impact of smallholder
characteristics on their WTP.

2 Water rights system in South Africa

In South Africa the National Water Act replaced the previous system of water
rights and entitlements, which was based on the ownership of riparian land, with
a new system of administrative limited-period and conditional authorizations to
use water [9]. This change in water rights system must be seen in the context of
the efforts since 1994 of the new democratic government to overcome the legacy
of the apartheid system by restructuring the constitution, legal system, policies
and institutions [15]. Currently a process of licensing of existing and potential
new water users is carried out progressively in the different parts of the country
[16]. In practice the responsible water management authority issues a notice
calling for license applications, after which users and prospective users should
prepare and submit such applications [16].
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Several authors have already identified shortcomings in the new water rights
system. Backeberg [8] described how a short review period of licenses has a
negative effect on farmers’ investment decisions. Currently a five years review
period is installed to allow government to take timely measures to maintain the
integrity of the water resource, achieve a balance between available water and
water requirements, or accommodate changes in water use priorities [16].
However, the fact that conditions attached to licenses may change at each review
(for instance the volumes and timing of abstractions, the volume that may be
stored etc...) gives farmers the impression that licences are insecure [9].
Nieuwoudt and Armitage [9] furthermore pointed out that the reliability of
allocation is impeded because there is no guaranteed supply. Indeed, an
important aspect of the water licenses in South Africa is that although quantities
will be specified in the license, they are not guaranteed. This has a negative
effect on the quality of the title because the capacity of the title to adequately
describe the resource is limited. Louw and Van Schalkwyk [10] finally have
criticized the provisions made in the National Water Act regarding
transferability. Transferable water rights and water markets are generally
believed to improve water productivity through the transfer of water from low
value users to high value users [9, 17]. However in South Africa permanent
transfers, constituting trade in water use authorizations, will be subject to all
requirements for license applications. This means that the water management
agency has to approve every transfer. For transfers of water rights among
irrigators at a same irrigation scheme this type of administrative procedure seems
to create unnecessary transaction costs and insecurity, limiting efficiency gains
from such water transfer. In addition, legislation is not very clear about the
introduction of these arrangements and the conditions under which trade will be
permitted [8, 18].

3 Methodology

In this study a CR experiment is developed to determine willingness to pay for
improvements in the water rights system. The technique is originating from
marketing and transportation science, but recently choice models, of which CR is
a special form, have proven to be useful in valuing multidimensional
interventions in a system [14, 19-22]. The technique enables to value both the
whole intervention as its individual components. An advantage of CR is the
avoidance of an explicit elicitation of respondents’ willingness to pay by relying
instead on the ranking of a series of alternative packages of characteristics [14,
20]. Moreover CR is a relative informational efficient method compared with for
instance binary choice models, [23, 24]. Possible problems in using the method
are the complex nature of the statistical design, the selection of the appropriate
attributes and levels and the cognitive difficulty associated with ranking choices
[14]. Typically the design of a choice experiment involves three key stages [23,
25]. First the problem has to be characterised. This was done in the first two
sections of this paper. Then the attributes and their levels should be chosen.
Researchers must be careful that the attribute space is constructed in a way
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relevant for the policy questions being asked. Finally experimental design
procedures are used to construct the choice tasks that will be presented to the
respondents. The next paragraphs discuss the implementation of the two last
steps in this study.

3.1 Design of the attribute space

An influential approach to analyse rights to natural resources categorizes six
dimensions: duration, exclusivity, quality of title, flexibility, transferability and
divisibility of rights [26]. Such subdivision highlights how attributes of rights
may be adjusted separately along various dimensions, specifying rights (and
implicitly leaving other attributes of rights undefined). As was shown by Challen
[3] and Crase and Dollery [27], this deconstruction can also be applied to water
rights. In order to keep the size of the CR experiment within manageable
proportions only the most relevant dimensions for the case of South Africa were
included. These dimensions were identified based on a literature review.
Duration, transferability and quality of title were selected because in literature
some degree of attenuation is reported for these dimensions [8-10, 18].
Implicitly it is assumed that the lack of criticism on the other dimensions implies
that these are at present already fairly efficient. Table 6.1 provides an overview
of the attributes and attribute levels considered.

Table 1: Attributes and levels used in the choice sets.
Attributes Levels
Transferability not transferable agency based transfer market transfer
Duration 5 year 10 year
Quality guaranteed quantity quantity not guaranteed
Price 6 c/m? 9 c/m’ 12 ¢/m?

In terms of duration the National Water Resources Strategy Paper of South
Africa [16] foresees a water license that has to be evaluated at least every
5 years. Levels for the duration attribute in this study are therefore set at 5 years,
which is regarded as base situation, and 10 years. The 10 years level was chosen
here because this is considered long enough not to deter most investments, while
still allowing government to respond relatively fast to changing circumstances.
In the CR experiment three levels were introduced to assess the importance of
transferability: no possibility to transfer, administrative transfer and market
transfer. As explained in section 2, the administrative transfer option reflects the
current provisions made in the National Water Act. In addition, because of the
legal uncertainty it was also considered relevant to include the option of non-
transferable water rights in the experiment. The dimension of quality of title
encompasses the capacity of the title to adequately describe the resource or item.
As levels for the quality of title dimension, “no guaranteed” and “guaranteed
supply” were chosen in this study. Finally, to be able to economically value
attribute changes, a pricing vehicle was included. We use the unit price of water
(R/m?) to evaluate respondent’s WTP for the changes in the different attributes.
The price attribute is set at three levels 0.06, 0.09 and 0.12 R/m?. The price of
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0.06 R/m? corresponds to the order of magnitude of the water prices in the study
area. Because the value attached to the improvements should only capture part of
the value of water, the range is also well below most estimations of the
productive value of water, which usually lie above 0.5 R/m? [28].

3.2 Design of the ranking sets

The full factorial design or all possible combinations of four attributes, two with
two different levels and two with three different levels constitute 36 water right
definitions. Clearly, it would not be feasible to ask respondents to rank 36
options. Consequently, it was necessary to group the options into smaller sets
[24, 25]. This was done in three stages. In the first stage an orthogonal design
was constructed using the Orthoplan-function in Spss. Such orthogonal design
allows isolating the effects of individual attributes on the choice, also called the
main effects. In our experiment the orthogonal design resulted in nine options.
Because ranking nine options was still considered unfeasible, it was decided to
limit the number of options to be ranked to four in the second stage. To construct
a set of four options a procedure developed by Street er al. [29] is used. The
basic idea of the construction technique is simple: the options from the
orthogonal design will represent the first option in the choice sets; then a
systematic set of level changes is applied to obtain the second option in the
choice sets; and another systematic set of changes is applied to get the third
option, and so on. Starting from the orthogonal design, nine choice sets
consisting of four options were obtained. The choice sets constructed in this way
have desirable properties such as minimum attribute-level overlap and balance,
allowing more information to be gathered from the same sample [29]. In the final
stage, following Holmes and Adamowicz [23], it was decided to divide the
choice sets in blocks to avoid the respondents’ fatigue effect. Each respondent is
assigned randomly to a particular block. Three blocks of three choice sets were
constructed. Figure 1 presents a choice set. A graphical representation of the
attribute levels was used because part of the respondent population was expected
to be illiterate.

3.3 Data collection

The data were collected in April 2008 in the Limpopo province of South Africa.
Two regions with clusters of smallholder irrigation schemes were selected: the
region around Mafefe and the region around Trichardtsdal. Although
geographically close to each other these regions are separated by an
embranchment of the Drakensbergen mountain range. The difference in cropping
patterns between the regions reflects the degrees of water scarcity. Within these
regions seven irrigation schemes were identified from the national database of
small-scale irrigation schemes. Both larger irrigation schemes with over 100
farmers and smaller schemes with only 30-40 farmers were included in the
sample. In this way a sample exemplary for the situation of smallholder
irrigation schemes in the rural areas of South Africa was established.
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Attributes Option 1 Option 2 Option 3 Option 4
Transferability

£y ey e
Duration 5 years 10 years 10 years 5 years
o i i i i
Price 12e¢/m? Ge/ny e/ny 12¢/m?
Rank

Figure 1: Choice set example.

Contacts with the scheme management were made through the extension
services responsible for the schemes. About 30% of the farmers were randomly
selected from a list of active farmers. Before starting the questionnaire the
objective of the study was explained and respondents were given information
regarding the actual water rights system. In a stepwise manner, they were made
familiar with the graphical representation of the attribute levels included in the
CR experiment. Besides the CR experiment, the questionnaires also included
detailed information regarding farming activities, alternative income sources and
institutional aspects of water management. In total 134 questionnaires were
completed, which provided 402 choice sets for analysis.

3.4 Analytical framework

The econometric analysis of data collected from a CR experiment is based on
McFadden’s conditional logit model, which is grounded in the random utility
framework. The indirect utility function Uj; is decomposed in two parts (eq. (1)):
an observable element b(Xj;, Z;) which describes the preferences of respondent i
as a function of the attributes of the alternatives presented to the individual Xj;
and the characteristics of the individuals Z; and secondly a stochastic element gj;,
which represents those influences on individual choice that cannot be observed
by the researcher.

U= b(Xjj, Z;) i (1)

Typically it is assumed that the g; are independently and identically
distributed with an extreme-value (Weibull) distribution, resulting in a
conditional logit model. Because a conditional logit model only allows the
identification of the most preferred alternative and thus not fully exploits all the
information contained in the CR experiment Beggs et al. [30] developed an
extension to the basic conditional logit model. This extension, known as the
rank-ordered logit model is capable of not only identifying the most preferred
alternative but also the exact ordinal ranking of all of the remaining elements. In
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the model the probability of obtaining a particular ranking can be expressed as
shown in eq. (2) [31].

P(Us>Us .>Un)= oY) )
J
j=1 Zk:‘/_exp(bX @)

Once the parameter estimates of this model have been obtained, a WTP
compensating variation welfare measure that is conform to demand theory can be
derived for each attribute [14]. When it is assumed that utility is a linear function
of the attribute levels like in equation 1, WTP can simply be expressed as:

wrp =~ ®)
b

where by is the coefficient of the cost attribute and b, is the coefficient of any of
the attributes. Equation 3 corresponds to the marginal rate of substitution
between the price attribute and the other attribute in the equation and is
technically called the implicit price. By comparing this WTP for different strata
in the population, the impact of smallholder characteristics on their WTP can be
assessed.

4 Results and discussion

4.1 Rank ordered logit results

The results of the rank ordered logit models were obtained using the statistical
package STATA version 9. Following the recommendations of Holmes and
Adamowicz [23] qualitative attributes were effect coded. When using effect
coding, the base level is assigned code —1. For the quality of title dimension “no
guaranteed supply” was the base level, while for the transferability the base level
was “no possibility to transfer”. In the interpretation of the results, this base level
takes the utility level of the negative of the sum of the other estimated
coefficients, and the other levels take the utilities associated with their
coefficient. Table 2 presents the rank ordered logit estimates. All the coefficients
are significantly different from zero at a 1% significance level, meaning that they
all are significant determinants of choice. The signs of the attribute parameters
are as expected. Guarantee of water supply, increased duration of the license and
improvements in transferability all increased the probability that an option was
chosen. Oppositely, a higher water price decreased the choice probability. This is
also reflected in the odds ratios and the derived percentage change in odds,
which reflect the difference in chance of choosing a particular option when the
attribute changes. For the average respondent, quality of title and market transfer
is the most important attributes.

The population was stratified in table 3, table 4 and table 5. In table 3 model
results are compared for respondents who experience water shortages (and have
reduced cultivated area in the dry season by more than 25%) and respondents
who did not experience water shortages (no reduction in cultivated area). Results
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for the remaining group of farmers are not reported because this group with 16
cases was too small to yield reliable results. The chance of choosing a water right
option with assured water supply is clearly much higher for farmers experiencing
water shortages, compared to those who do not experience shortages. In addition
for farmers experiencing shortages, market transfer is more important as
determinant of choice, probably because they see this as a way of ensuring water

supply.

Table 2: Rank ordered logit model results (full sample n=134).
Attributes Coefficient Odds ratios | % change in odds | p-value
Duration 0.096 1.100 10 0.000
Quality of title 0.628 1.875 87.5 0.000
Agent based transfer 0.230 1.259 259 0.000
Market transfer 0.360 1.433 43.3 0.000
Price -0.048 0.953 -4.7 0.001

Table 3: Rank ordered logit model results for strata with different levels of

water shortage.

No water shortage (n=36) Water shortage (n=82)

Attributes coeff Odds %  change | coeff Odds %-change

ratio odds ratio odds
Duration 0.093* 1.097 9.7 0.092* 1.097 9.7
Quality of title | 0.499* 1.647 64.7 0.672* 1.959 95.9
Agent based | 0.301* 1.352 352 0.247* 1.280 28.0
transfer
Market 0.210%* 1.233 233 0.471%* 1.602 60.2
transfer
Price -0.054** | 0.947 -5.3 -0.052* 0.950 -5.0

** significant at 0.05% ; * significant at 0.01%

Table 4: Rank ordered logit model results for strata with different
institutional trust levels.
Low trust (n=48) Medium trust (n=45) High trust (n=41)
Attributes | coeff Odds | % coeff Odds | % coeff Odds | %

Duration 0.093* | 1.098 | 9.8 0.088* | 1.087 | 8.7 0.105* 1.110 | 11
Quality of | 0.798* | 2.221 122.1 | 0.628* | 1.875 | 87.5 0.479* 1.615 | 61.5
title
Agent 0.046 1.047 | 4.7 0.236* | 1.267 | 26.7 0.481* 1.618 | 61.8
based
transfer
Market 0.252* | 1.286 | 28.7 0.392* | 1.480 | 48.0 0.458%* 1.581 58.0
transfer
Price -0.084* | 0.920 | -8 -0.028 | 0973 | -2.7 -0.028 0972 | -2.8
* significant at 0.01%

Table 4 illustrates the importance of institutional trust. On the one hand, for
farmers with low institutional trust (36%) mainly the quality of the title is of
importance, while introduction of agency-based transfer hardly increases the
odds. If institutional trust is high on the other hand (31%), the fact of having a
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system with agency-based transfer is considered as important as the quality of
the title. For water transfer options to be successful it appears thus important that
trust in institutions is improved. An important aspect here is communication;
farmers know at this moment insufficiently how the water management
institutions work and what their responsibilities are.

The impact of the income contribution of irrigation on the preferences of
farmers is shown in table 5. If the income from irrigation constitutes only a small
part of the total family income (<20%) then a unit price increase should only
have a minor impact on the odds of choosing an option. When irrigation
contributes for more then 35% to the family income, the negative effect is about
3 times larger. This was expected, because farmers depending more on irrigation
generally have a lower total income. Because their income would be more
affected by insufficient supply, also quality of the title is much more important
for farmers depending more on irrigation compared to the other group.

Table 5: Rank ordered logit model results for strata with different income
contribution of irrigation.

Low income contribution (n=63) | High income contribution (n=40)
Attributes coeff Odds % Coeff Odds %o~
Duration 0.116* 1.123 12.3 0.094* 1.098 9.8
Quality of title 0.575* 1.778 77.8 0.793* 2.210 121
Agent based | 0.172* 1.188 18.8 0.201** 1.223 22.3
transfer
Market 0.410% 1.507 50.7 0.355% 1.426 42.6
transfer
Price -0.036*** | 0.965 -3.5 -0.121* 0.886 -11.4

*** significant at the 0.1%; significant at 0.05% ; * significant at 0.01%

Table 6: Implicit values of attributes changes for different strata.

Attribute Implicit WTP (c/m?)

changes Full Water Institutional trust Income
sample | shortage contribution

No Yes | Low | Medium | High | Low | High

5 years to 10 | 9.7 8.6 8.8 5.5 15.7 18.8 16.1 3.9

years

Securing 12.6 9.2 129 | 95 22.4 17.0 16.0 6.6

supply

No transfer to | 14.6 15.0 18.6 | 4.0 309 50.7 20.9 6.3

agency based

transfer

Agency based | 2.4 -1.7 43 25 5.6 -1.0 6.6 1.3

transfers to

market

transfer

A major purpose of the CR experiment was to obtain the implicit values of
marginal attribute changes. Table 6 presents the estimates of the implicit prices
derived for the entire sample and for different strata. The results on the full
sample indicate that securing supply and the opportunity to transfer water
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licenses are highly valued. Installing water markets does not seem to add much
value compared with a system of agency-based transfer. When comparing
different strata, following results catch the eye: Farmers experiencing water
shortages are not only willing to pay more for secured supply, but also for
improved transferability of water rights; WTP of farmers with low institutional
trust is clearly lower for all attribute changes then that of those with medium or
high institutional trust; similarly WTP of poorer farmers (those who depend
more on irrigation) is also lower for all attribute changes.

5 Conclusions

As competition for water grows across the globe, water users and water
management organizations seek better institutional arrangements for
coordinating use and resolving conflicts [2]. Improved water rights are one
option to increase water productivity, to raise benefits from existing and new
investments in water use and enhance rural livelihoods. This study demonstrates
how CR can be used to measure the extent to which water rights can be
improved along different dimensions and how different strata of the population
perceive such improvements. The study is applied to the case of smallholder
irrigators in South Africa. The results of the rank ordered logit model using the
full sample indicate that for the smallholders, there are significant economic
gains attached to the improvement of the water rights. Especially the possibility
to transfer and the assurance of supply are highly valued. These average results
however mask large differences between different strata in the population.
Farmers experiencing water shortage have a higher WTP for secured supply and
for improved transferability of water rights. These farmers see improvements in
the water rights system as potential solutions for their water shortage problem.
The analysis of the importance of institutional trust indicates that trust in the
institutions is necessary to fully value water rights improvements. This implies
that from a cost recovery perspective it is important for the government to
increase the trust of small-scale farmers in the water management institutions,
since this will increase their WTP for the interventions. Finally, as expected the
poorer farmers in the sample, which are more dependent on irrigation for their
income, have a strong negative attitude against price increases. This limits their
WTP for water rights improvements. From the above, it is clear that the results
presented in this paper offer valuable insights to policy makers to guide water
right reforms.
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