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Abstract

This study estimates the change in aggregate consumer surplus associated with increased freshwater supply into two South 
African estuaries, namely, the Klein and the Kwelera. The estimation entailed the application of a contingent behaviour, 
single-site Clawson-Knetsch travel cost model. The value estimates derived reflect the benefit of improved freshwater sup-
plies into the estuaries in question over the status quo. In a survey, a questionnaire was administered face-to-face to 240 
households at the Klein Estuary and 231 households at the Kwelera Estuary during the period between December 2005 and 
April 2006. It was deduced that in 2006 the marginal recreational value of freshwater inflow into the Klein Estuary was  
5.7 cents/m3 (ZAR0.057/m3) and into the Kwelera Estuary 1.1 cents/m3 (ZAR0.011/m3).
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Introduction

Although they form only a small part of the aquatic environ-
ment, estuaries play a significant part in the functioning of 
the aquatic environment through the provision of transitional 
links between the marine environment and rivers (Wooldridge, 
2000; Lamberth and Turpie, 2003). Estuaries also play an 
important role in the life history and development of various 
marine organisms. In the absence of estuarine systems, com-
mercial and recreational fishing would be altered significantly. 
Apart from providing nursery areas for marine fish species, 
properties of and processes occurring in and around estuaries 
also generate other goods and services. Plant fibres and bait 
organisms are goods provided by estuaries. Estuary processes 
also provide the following services: waste treatment, erosion 
control, and floodwater control (Wooldridge, 2000). 

However, estuarine ecological systems are increasingly 
affected by human interference. Some systems have been 
dredged or filled and transformed into seaports, marinas and 
garbage dumps, with disastrous consequences (Wooldridge, 
2000; Cooper et al., 2003; Turpie et al., 2005). In South Africa, 
the functioning of estuaries is threatened by decreasing fresh-
water inflows due to alien tree and plant invasions in catch-
ment areas and along river courses, and human abstraction and 
storage for consumption by industrial, domestic and agricul-
tural users. As a result of reduced freshwater inflows, South 
African estuaries are yielding fewer services (Whitfield and 
Wooldridge, 1994; Lamberth and Turpie, 2003), for instance, 
smaller areas available for recreational boating and losses of 
habitat for species of fish, birds and vegetation. 

The goods and services, including those used for recreational 
purposes, provided by estuaries are not directly traded in markets 

(Lamberth and Turpie, 2003; Turpie et al., 2005). In addition, 
these goods and services exhibit public good characteristics. More 
specifically, actual payments are not generally needed to enter 
or use the goods and services provided by estuaries, and thus no 
demand curve can be created from quantity and price information. 
Furthermore, there is not rivalry with respect to some of the estu-
ary’s goods and services, in the sense that one person’s use dimin-
ishes that available to another. Despite the absence of a direct 
market for, and the public good nature of, estuarine goods and 
services, they do have value, and the appropriate formulation and 
execution of policy to deal with estuarine water inflow require-
ments and regulation is advantaged by knowing this value.  For 
this reason it is useful to estimate the economic value of this water.   
One way of doing this is by estimating the recreational value of 
estuarine goods and services linked to this water by means of non-
market valuation techniques.

The objective of this paper is to estimate the economic 
value of freshwater inflows into two South African estuar-
ies, the Klein and the Kwelera, by means of the single-site 
Clawson-Knetsch travel cost method applied to a contingent 
behaviour (hypothetical choice).  The purpose of this valua-
tion is to generate information that can contribute (along with 
other information) to guiding the management of these inflows 
toward efficient levels.

The remainder of the paper is organised as follows: The fol-
lowing section provides a description of the study areas. This 
is followed by a discussion of the anthropogenic impacts of 
increased water abstraction on estuarine services. The method-
ology section is followed by a description of the sample design 
process, results and discussion.  The paper concludes with a 
summary and discussion of policy implications.

 
Study sites

Klein Estuary

The Klein Estuary is situated between Stanford and Hermanus 
on the south-western coastline of the Western Cape (Fig. 1).
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The Klein River system is 65.8 km long with a catchment 
area of 906 km2 (NRIO, 1987). At its mouth, the river forms a 
large estuarine lake, which is approximately 2 km in breadth 
and 10 km in length (De Decker, 1989). The mouth is not per-
manently open. Historically, it has opened once a year for 3 to 
5 months (Day, 1981). The estuary has a mean annual runoff of 
40 x 106 m3 (DWAF, 2003). Overall, the condition of the estu-
ary is considered good (Whitfield, 2000). Farming takes place 
in the catchment area and on the floodplain. About 40% of the 
area is used for wheat farming and about 30% is used for irri-
gated crops (De Decker, 1989). Privately owned land, including 
a yacht club, dominates the northern shoreline of the estuary.

The ecological importance of the Klein Estuary was esti-
mated by Turpie et al. (2004), by means of assigning rank val-
ues (out of a 100) to 5 criteria – the results are shown in Table 1.

Table 1
The ecological importance of the Klein Estuary

Estuary
Criteria

Size 
(ha)

Habitat
importance

Zonal type 
rarity

Biodiversity
importance

Conservation
importance

Klein 100 100 70 95.5 95.5
Source: Turpie et al. (2004)

The average rating of the importance of the Klein Estuary was 
92.2, making it the 9th most important estuary in South Africa 
(Turpie et al., 2004).

Kwelera Estuary

The Kwelera Estuary is situated close to the town of East 
London in the Eastern Cape (Fig. 2).
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Figure 1
The geographical 

location of the 
Klein Estuary

Source: HSRC 
GIS Centre (2006)

 

Figure 2 
The geographical 

location of the 
Kwelera Estuary
Source: HSRC 

GIS Centre (2006)
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The catchment area of the Kwelera River system is approxi-
mately 391 km2 in size (Reddering and Esterhuysen, 1987). 
The mean annual runoff for the estuary is 42 x 106 m3 (DWAF, 
2003). The estuary is permanently open and has a tidal inlet, 
which is 20 m wide and 2 to 3 m deep during high tide condi-
tions. A natural rapid approximately 4.9 km from the tidal 
inlet forms the tidal head of this estuary. The condition of the 
estuary is considered fair (Whitfield, 2000). Privately-owned 
land dominates the shoreline of the estuary and is not easily 
accessible to the public. There are a number of resorts located 
along the estuary banks. The estuary is viewed as an important 
environmental asset and recreational facility (Whitfield, 2000). 

As with the Klein Estuary above, an importance rating was 
also estimated for the Kwelera Estuary. The results are shown 
in Table 2.

The average rating of the importance of the Kwelera 
Estuary was 54.12, making it the 86th most important estuary in 
South Africa (out of 256, Turpie et al., 2004).

The anthropogenic impacts of increased upstream 
water abstraction on estuarine services – Klein and 
Kwelera Estuaries

Estuarine biodiversity changes in response to shifts in fresh-
water flow patterns. River flow also influences mouth condi-
tion (along a continuum of an open to fully closed mouth). 
The degree of freshwater abstraction, therefore, influences the 
estuary in various ways that ultimately influence the estuarine 
biota. The predicted anthropogenic impacts of selected changes 
in freshwater inflow for the 2 estuaries under consideration 

(Klein and Kwelera) are summarised in Table 3. These pre-
dictions were made by a team of scientific experts from 
DWAF, and the Department of Zoology at Nelson Mandela 
Metropolitan University, and other independent scientists from 
South Africa.

It was predicted that for both the Klein and Kwelera 
Estuaries, time of mouth closure would increase by 50% due to 
upstream water abstraction. In the case of the Klein Estuary, 
the water volume needed to breach the sandbar naturally is 
marginally less than the mean annual runoff. Any reduction in 
freshwater inflow will lead to a situation where the mouth only 
opens once every 2 years.

In terms of salinity levels, a 20% reduction was predicted 
for the Klein Estuary coupled with longer periods of lower 
salinity levels (15 mg/g). For the Kwelera Estuary a 50% 
increase in salinity was predicted due to the loss of the salinity 
gradient. Hypersaline conditions are more than likely to occur 
in the whole estuary as it is already marine dominated and 
evaporation will increase the salinity level.

It was predicted that both the boating and swimming areas 
available at the Klein Estuary would increase by 10%, whereas 
the area available in the Kwelera Estuary would decrease by 
10% due to evaporation. The view of water surface area of the 
Klein Estuary was predicted to improve by 10 to 20% due to 
a longer period of mouth closure, whereas that of the Kwelera 
Estuary was predicted to decrease by 10% due to evapora-
tion. The average depth of the Klein Estuary was predicted to 
increase by 20 to 30% in comparison to the Kwelera Estuary, 
where it was predicted that the average depth would decrease 
by 10% due to evaporation.

Table 2
The ecological importance of the Kwelera Estuary

Estuary
Criteria

Size (ha) Habitat
importance

Zonal type 
rarity

Biodiversity
importance

Conservation
importance

Kwelera 70 60 20 60.5 60.1
Source: Turpie et al. (2004)

Table 3
Impacts of increased upstream water abstraction on estuarine services*

Impact Klein Estuary Kwelera Estuary
1.  Reduction in 
water inflow change 

20% 67%

2. Physical impacts
Mouth closure 50% increased  mouth closure 50% increased mouth closure
Salinity 20% reduction when closed 50% increase 
Boating area 10% increase 10% decrease
Swimming area 10% increase 10% decrease
View area 10-20% increase 10% decrease
Average depth 20-30% increase 10% decrease
3. Qualitative impacts
Smell 20% worsening of odour 20% increase
Human health 10% increase in harmful E. coli 20% increased in harmful E. coli
4. Biomass impacts
Angling fish 25-50% decrease 25% decrease
Bait 25-50% decrease 25% decrease
Birds 20% decrease 25% decrease
Vegetation 20% decrease 25% decrease

*Based on abstraction projections by the Department of Water Affairs and Forestry and forecasts by a 
scientific panel led by Prof. Wooldridge
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Qualitative changes due to freshwater abstraction were 
defined in terms of smell and human health impacts. For the 
Klein Estuary, it was predicted that unpleasant smells in its 
vicinity would increase by 20% due to decaying vegetation as 
a result of prolonged submersion, especially at the edges. The 
negative impact on human health was predicted to increase by 
10% for the Klein Estuary due to prolonged mouth closure and 
the potential contamination from septic tanks. For the Kwelera 
Estuary, a 20% increase in unpleasant smells due to concentra-
tion of stormwater runoff in the estuary from upstream set-
tlement was predicted, and a 20% increase in risk to human 
health.  

Biomass impacts due to freshwater abstraction were con-
fined to those affecting angling fish, bait organisms, birds, and 
vegetation. In the case of the Klein Estuary, it was predicted 
that angling fish availability would decrease by between 25 and 
50% due to the lack of recruitment and low salinities during the 
year of closure. A loss of between 25 and 50% of bait organ-
isms was predicted due to unsuitably low salinities for repro-
duction. A 20% loss of waders during periods of mouth closure 
was also predicted. Finally, a 20% decrease in fringing vegeta-
tion due to higher water levels was predicted.

For the Kwelera Estuary, it was predicted that a 25% loss 
of angling fish, bait organisms, birds and estuarine vegetation 
would occur due to increased mouth closure and hypersaline 
conditions.  

Methodology

Non-market valuation methods can be broken up into those that 
rely on revealed preference and those that rely on stated prefer-
ence. The revealed preference models are built upon the prem-
ise that it is possible to infer people’s preferences for ecosystem 
services and estimate demand curves by observing their actual 
behaviour (Hanley and Spash, 1993). The stated preference 
models use surveys to elicit consumer preferences directly. Two 
stated preference techniques that are often used are the contin-
gent valuation and conjoint analysis methods.

One of the most popular revealed preference techniques, 
and the one that is applied in this paper, is the travel cost 
method (TCM). Hotelling (1931) first proposed the use of the 
travel cost method to impute values for recreational sites in 
the United States of America. Clawson (1959) and Clawson 
and Knetsch (1966) further refined the approach in subse-
quent years. The theory underlying the economic rationale for 
employing the travel cost method is couched in neoclassical 
economic theory of demand modelling. A recreation site is val-
ued by determining the travel costs that individuals incur when 
visiting the site in question. Travel costs (TRC) for a given 
recreational site, j, are the sum of the following:

TRCij = DCij + TCij + AFij; i = 1 … n					     (1)

where:
DC 	= 	distance costs for each individual i
TC 	 = 	 time costs
AF 	 = 	admissions fee to site j (Perman et al., 1996).

Many travel cost studies have been conducted in the United 
States and elsewhere to value recreational sites (Caulkins et 
al., 1986; Kling, 1987; Liston-Heyes and Heyes, 1999; Bowker 
et al.,1996; Fix and Loomis, 1997; Bin et al., 2005; Martinez-
Espineira and Amoako-Tuffour, 2008). The use of the TCM 
to derive values for coastal resources is, however, uncommon 

in South Africa. Only 3 previously published studies could be 
identified that applied the TCM to derive recreational values 
for South African estuaries. The results of these studies are 
provided in Table 4.  All monetary values reported in this paper 
are in South African Rands (ZAR), hereafter simply denoted as 
Rands (R).

Table 4
Estimation of recreational demand value of estuaries in 

South Africa
Study Estuary Recreational 

value 
(R)

Estuary 
size 
(ha)

R/ha

Cooper et 
al. (2003)

Breede
Berg
Keiskamma
uMhlathuze

414 500 000
331 500 000
54 000 000
6 900 000

455
798
494
2 820

910 890
415 418
109 239
2 436

Turpie et al. 
(2005)

Knysna 92 400 000 -
2 500 000 000

1633
1633

56 583
1 530 925

Nahman 
and Rigby 
(2008)

Kongweni 45 000 000 -
65 000 000

1.4 32 142 857 -
46 428 571

The 2 most prominent single-site TCMs employed are the 
Clawson-Knetsch method (also known as the zonal approach) 
and the individual method. In both methods a trip generating 
function (TGF) is estimated, from which a demand curve is 
calculated. Total economic value attached to a recreation site is 
obtained by measuring the area under the demand curve. 

The Clawson-Knetsch method is relatively easy to carry 
out because the data requirement is small. The method employs 
mostly secondary data. Data is collected pertaining to the 
quantity of visits to the recreation site from diverse distances 
(Hanley and Spash, 1993). The individual method, on the other 
hand, requires the execution of an extensive on-site question-
naire survey, as well as the specification and interpretation of a 
more complex TGF.

Single-site TCM models are not often used to value 
quality changes at recreational sites because the limited time 
frames of most studies do not allow for sufficient quality 
changes over time at the sites in question (Parsons, 2003). 
However, a number of attempts have been made to value 
quality changes at recreational sites within a single-site TCM 
framework – these TCM models are known as contingent 
behaviour models (Parsons, 2003). These studies introduced 
a variable for quality change (Englin and Cameron, 1996; 
Loomis, 1997; Turpie and Joubert, 2001; Hanley et al., 2003).  
More specifically, these studies used once-off data related to 
actual and hypothetical trips to a recreation site and actual 
and hypothetical quality scenarios. A demand function shift is 
created based on people’s stated trips contingent upon a hypo-
thetical change in quality at the recreation site. The consumer 
surplus due to the quality change was calculated as the area 
between the 2 demand functions (the demand function associ-
ated with the actual quality level and the demand function 
associated with the hypothetical quality level). In this paper, 
a contingent behaviour, single-site Clawson-Knetsch (zonal) 
TCM is applied to determine the consumer surplus associ-
ated with an improvement in freshwater inflows (and thus 
improved recreation services) into 2 South African estuaries, 
the Klein and the Kwelera. 

The application of the Clawson-Knetsch (zonal) method 
entails 7 distinct steps. The zones of visitor origin surround-
ing the recreation site are defined. The data are gathered 
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pertaining to the amount of visitors per zone, as well as 
the number of visits per zone made in the last year (Hanley 
and Spash, 1993). The visitation rates per 1 000 population 
per zone are estimated, i.e. total visits per annum per zone 
divided by the zone’s population in thousands. The mean 
round-trip travel distance per zone to the recreation site is 
determined. This travel distance estimate is multiplied by 
the mean cost per kilometer to arrive at a travel cost per trip 
estimate (Fix and Loomis, 1997). A time cost associated with 
travel may also be added to the travel cost estimate at this 
stage. A TGF is estimated which relates visits per person to 
travel costs. A demand curve is traced out by simulating what 
would happen to visits from each zone as the admissions fee 
(the admissions fee is a proxy of actual price) is increased 
(Hanley and Spash, 1993). These fee/visit combinations rep-
resent predictions based on the observed correlation between 
the visits and travel costs. The typical finding is that as the 
travel costs rise, the number of visits fall (Fix and Loomis, 
1997; Bin et al., 2005). The admissions fee is raised until 
visits decrease to zero. Finally, the area under the demand 
curve is measured.  This measure yields an estimate of the 
total per annum value attached to the recreation site by visi-
tors, all other things remaining constant (Perman et al., 1996; 
Clawson and Knetsch, 1966).

Sample design

The process of identifying the user population for an estuary 
is laden with difficulty. The population comprises 2 groups 
of users – visitors (tourists) and residents – but these groups 
are mixed into larger resident populations in ways that make 
it virtually impossible to identify all their elements, ex ante. 
The population of users was identified in terms of the number 
of households that located themselves within a 200 km radius 
of the site in question. The number of individuals that make 
up the user population was identified using GIS data as well 
as informed sources via consultation with local conservation 
authorities. The average household size obtained from GIS data 
extracted from the 2001 Census was 4 persons. The total user 
populations and estimated number of households for the Klein 
and Kwelera Estuaries are shown in Table 5.

Table 5
Total user populations and estimated number 

of households
Estuary Total user population Number of households
Klein 17 930 4 482
Kwelera 10 000 2 500

Sample selection was endogenously stratified in this study, 
that is, based on who was present at the estuary during the 
period when the survey was administered and reflective of the 
dispersion of those members of the population present. Sample 
sizes selected for the purposes of this study were benchmarked 
against those obtained by applying Cochrane’s (1977) 2-stage 
sample size determining theory with respect to random sam-
pling with continuous data. Cochrane (1977) distinguishes 
sample size requirements by the nature of the random variables 
for which data is being collected, the expected response rate, 
the t value for the selected alpha level in each tail of the rel-
evant probability distribution, the estimated variance and the 
acceptable margin of error for the proportion of the variable 
being estimated. The formulae for sample size are derived from 
that for the t statistic value for a single sample:

	 t 	 = 	 (sample mean – population mean)/
			   [(standard deviation)/      ]						         (2)

When Eq. (2) is reformulated as a function on the sample size 
(n) and d is substituted for the difference (sample mean – popu-
lation mean), it becomes one of Eqs. (3) or (4):

n0 = n/(1+n/population) where n >0.05(population)		    (3)

n0 = n = (1/d2)(t2.s2) where n0 < 0.05(population)	  	    (4)

and 

n1 = a(n0)												               (5)

where:
n1 	 = 	 required sample size adjusted for non-responses.
n0  	= 	 required valid returned sample size.
d	 = 	 the acceptable margin of error for the proportion 		
			  being estimated (0.05).
s2	 = 	 variance about the mean.
a 	 = 	 response rate.

The sample size adopted at the Klein Estuary is just less than 
the minimum sample size desired in terms of the Cochrane 
(1977) formulae, while at the Kwelera Estuary the sample size 
was more than double that required (see Table 6).  

Table 6
Sample sizes

Estuary Actual 
sample 

size

Actual 
sample 

size as a 
percentage 

of target 
population

Required 
sample 

size
(Coch­
rane)

Estimated 
sample 

size as a 
percent­
age of 
target 

population

Percentage 
difference 
between 

actual and 
required 
sample 
sizes

Klein 240 5.35% 249 5.5% - 3.7%
Kwelera 231 9.24% 101 4% +128.7%

The questionnaire was administered face-to-face to 240 
respondents at the Klein Estuary and 231 at the Kwelera 
Estuary, during the period between December 2005 and April 
2006. This time of year was chosen to obtain a suitable mix of 
visitors and permanent resident users.

Results

Characteristics of respondents

Table 7 shows the socio-economic profiles of the respondents at 
the Klein and Kwelera Estuaries.

Table 7
Socio-economic profiles of respondents

Mean Estuary
Klein Kwelera

Household size 3.7 3.4
Income (R/annum) 254 000 211 984
Cost of equipment used during trips 
to the estuary (R)

545 2 166

The mean household size of respondents for the Klein 
and Kwelera Estuaries, respectively, was 3.7 and 3.4. The 

n
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average income level of respondents for the Klein and Kwelera 
Estuaries respectively, was R254 000 and R211 984. The 
average cost of equipment used by the respondent’s house-
hold while spending time at the estuaries for the Klein and 
Kwelera Estuaries respectively, was R545 and R2 166.

The majority (81%) of respondents interviewed at the 
Klein Estuary were White. Just over half (53%) of the 
respondents interviewed were male and almost two-thirds 
(57%) of the respondents were permanent residents.  On aver-
age, this estuary was used for 1 week per year. This category 
of user comprised approximately 23% of the total. Individuals 
who use the estuary for 2 weeks per year accounted for 18% 
of the total. Almost 16% of the respondents use the estuary 
throughout the year (permanent residents).

The vast majority (97%) of respondents interviewed at the 
Kwelera Estuary were White. Almost two-thirds (57%) of the 
respondents interviewed were male and approximately half 
(51%) of the respondents were visitors. Almost 34% of the 
respondents used the estuary throughout the year (permanent 
residents). Individuals who used the estuary for 1 week per 
year accounted for 32% of the total. Approximately 5% of the 
respondents used the estuary for 2 weeks per year.

Estimation of contingent behaviour, single-site 
Clawson-Knetsch TCMs

As mentioned above, the Clawson-Knetsch (zonal) TCM was 
applied in order to estimate the change in total consumer 
surplus associated with an increase in freshwater supply 
into the Klein and Kwelera estuaries. In order to determine 
the change in aggregate consumer surplus, 2 demand curves 
were derived for each estuary – one without the improve-
ment (increase) in freshwater supply (the base case) and one 
with the improvement (increase) in freshwater supply. The 

consumer surplus under each of the abovementioned demand 
curves was then calculated. The difference between the 2 con-
sumer surpluses was deemed the change in consumer surplus 
due to increased freshwater inflow. A detailed description of 
the steps applied in this study is outlined below.  

The set of zones around the estuaries were defined. In 
both estuary cases, 3 zones were identified (A, B and C). 
The roundtrip distance for Zone A was identified as being 
1 to 10 km, Zone B 11 to 60 km, and Zone C 61 km and 
further. Information was collected on the population size 
of each zone and the number of visits conducted (without 
improvement) from each zone in the year leading up to the 
survey. Respondents were also asked how many times per 
year they would visit the estuaries if a positive (increase) 
change in freshwater inflow into the estuaries was secured. 
The increased freshwater supply for the Klein and Kwelera 
Estuaries, respectively, amounted to 4 million m3 and 13.5 
million m3. The fact that the scenario was linked to a specific 
volume change in freshwater inflow made it possible for the 
‘per m3’ value of this water to be estimated. In the case of the 
Klein Estuary, it was estimated that, on average, respondents 
would visit the estuary 2.31 times more often, and in the case 
of the Kwelera Estuary, they would visit the estuary 2.37 
times more often.   The visitation rate (with and without the 
freshwater inflow improvement) per 1 000 of the population 
of each zone was determined by dividing the total number 
of visits from each zone by its population in thousands. The 
results of applying the first 3 steps are shown in Table 8.

The roundtrip travel costs per zone were calculated for 
each estuary. The travel costs were determined by zone using 
the Automobile Association (AA) of South Africa’s rates 
for motor vehicles. The majority of vehicles used by survey 
respondents had petrol engines with a capacity of between  
2 500 and 3 000 cm3. The average survey respondent travelled 

Table 8
Annual visitation rates

Zone
Total visits/annum

Zone population1
Visits/1 000

Without 
improvement

With improvement Without 
improvement

With
improvement

Estuary Klein Kwelera Klein Kwelera Klein Kwelera Klein Kwelera Klein Kwelera
A 1 119 220 2 585 521 1 060 2 000 1 186 440 2 740 1 042
B 1 533 105 3 541 249 1 590 3 000 2 437 315 5 630 747
C 9 5 21 12 2 650 5 000 24 25 56 60

1An analysis of survey data revealed that for both estuaries 20% of the estimated user population resided in Zone A, 30% in 
Zone B, and 50% in Zone C.

Table 10
Equations

Klein Estuary Kwelera Estuary
Without improvement With improvement Without improvement With improvement

V/1000 = 1888.76 – 9.47TC V/1000 = 4362.81 – 21.88TC V/1000 = 415.88 – 1.53TC V/1000 = 985.29 – 3.63TC

Table 9 
Roundtrip travel costs

Zone
Travel cost (R)

Estuary
Klein

(at R2.96/km)
Kwelera

(at R2.48/km)
A 0 0
B 32.56 46.64
C 180.56 258.64
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approximately 20 000 km/year. The average petrol price in 
2006 was used in this study and amounted to R6.06/ℓ. The 
estimated roundtrip travel costs per zone for the Klein and 
Kwelera Estuaries are shown in Table 9.

Two equations – one without improvement and one with 
improvement – were estimated for each estuary, which relates 
visits per 1 000 population to travel costs using regression 
analysis. The equations are displayed in Table 10.

Demand functions (without and with improvement) were 
determined for visits to the estuaries using the regression 
equations estimated in the step above. Points on the demand 
curves were obtained by calculating the number of visitors 
with varying entrance fees. The entrance fee is viewed here as 
a proxy for travel cost. For both estuaries an initial entrance 
fee of R50 was substituted into the ‘without and with’ equa-
tions shown in Table 10. This procedure produced the results 
shown in Table 11 for the estuaries without improvement.

Two more points on the ‘without and with’ demand 
curves for both estuaries were calculated in the same way, by 
increasing the entrance fee to R100 and R150, respectively – 
see Table 12.

By using these estimated demand curve points, demand 
curve equations, both without and with improvement, were 
estimated for each estuary. The ‘without and with’ demand 
curve equations for the estuaries are shown in Table 13. 

The total consumer surplus of the estuaries to visitors, 
without and with improvement, was calculated by determin-
ing the area under the demand curves traced out in the step 

above (see Table 13). The results for the Klein and Kwelera 
Estuaries are provided in Table 14.

Multipurpose trips

The travel cost method follows a custom whereby meanderers 
are distinguished from purposeful visitors (Hanley and Spash, 
1993). The former refers to individuals for whom the site visit is 
only part of the reason for their trip, whereas the latter refers to 
those individuals for whom a site visit is the only reason for their 
trip. The existence of meanderers give rise to the question: what 
percentage of their travel costs may be apportioned to their visit 
to the site in question? In many cases the meanderer problem is 
simply ignored by either omitting multi-destination or multi-pur-
pose trips from the analysis or employing aggregate travel cost 
without adjustment to cater for the existence of meanderers. 

Studies by Loomis et al. (2000) and Mendelsohn et al. 
(1992) show that the omission of meanderers from the travel 
cost model may lead to an underestimation of recreational 
value by 50% or more (the omission influences the shape of the 
demand curve and, thus, the estimate of consumer surplus). 
The omission may also lead to a decreased sample size – which 
is a problem in the case of the zonal method as it may be oner-
ous to locate enough purposeful (single destination) visitors 
from far-off zones, but not so much in the case of the individual 
method (where much more information is usually gathered).

A solution to the meanderer or multi-destination prob-
lem is to ask respondents to rate the importance they attach 

Table 11
Visitation rate at a R50 entrance fee – without improvement scenario

Zone Travel cost plus R50 Visits/1 000 Population Total visits
Estuary Klein Kwelera Klein Kwelera Klein Kwelera Klein Kwelera

A 50 50 1 415 339 1 060 2 000 1 500 678
B 82.56 96.64 1 107 268 1 590 3 000 1 760 804
C 230.56 308.64 0 0 2 650 5 000 0 0

Total visits 3 260 1 482

Table 14
Change in consumer surplus estimates

Estuary Total visits

(a)

Consumer 
surplus 

WITHOUT 
improvement

(b)

Consumer 
surplus 

WITH
Improvement

(c)

Change in 
consumer 

surplus

(c) – (b) = (d)

Consumer 
surplus per 

visit

(d)/(a)

m3 
freshwater 

supply 
change (↑)

(e)

Consumer 
surplus per 

m3

(d)/(e)
Klein 2 661 R404 595 R951 460 R546 865 R205.51 4 000 000 R0.14
Kwelera 330 R228 891 R582 002 R353 111 R1070.00 13 500 000 R0.026

Table 13
Demand curve equations

Klein Estuary Kwelera Estuary
Without improvement With improvement Without improvement With improvement
TC = 179.91 – 0.04V TC = 179.86 – 0.017V TC = 243.95 – 0.131V TC = 272.94 – 0.0642V

Table 12
Demand curve points

Entrance 
fee

Total visits
Without improvement With improvement
Klein Kwelera Klein Kwelera

R50 3 260 1 482 7 530 3 511
R100 2 005 1 100 4 631 2 604
R150 751 718 1 731 1 969
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to a site visit, relative to their satisfaction with the entire trip 
or other destinations visited, and this rating, expressed as a 
number between one and zero, can be used to weight their 
total travel cost (Hanley and Spash, 1993).  This approach was 
also adopted in this study. Only 15% of the respondents were 
single-site visitors.  It was found that, on average, the Klein and 
Kwelera Estuaries constituted just over 40% of the reason for 
the trip made to the location of the estuary. The conversion of 
travel cost and consumer surplus estimates is done in Table 15.

Table 15
Multipurpose – adjusted consumer surplus estimates

Estuary Non-adjusted 
travel cost  
consumer 
surplus estimate

(cents/m3)

Estuary as 
the motive for 
undertaking the 
trip

(proportion)

Multipurpose-
adjusted travel 
cost consumer 
surplus estimate

(cents/m3)
Klein 14 0.41 5.7
Kwelera 2.6 0.41 1.1

 Note: 100 cents = R1 (1 South African Rand)

Discussion 

The marginal value of increased freshwater inflows into the 
Klein and Kwelera Estuaries, respectively, were estimated in 
2006 to be 5.7 and 1.1 cents per m3 (see Table 15; 100 cents = 
R1). The results obtained were consistent with a priori expec-
tation. It was expected that an estuary that was permanently 
open and receiving 3 times the change in volume of water (the 
Kwelera) would have a lower value per m3 than an estuary (the 
Klein) that was temporarily open, due to it being less prone to 
negative impacts from changes in freshwater inflow. 

To the authors’ knowledge, this study is the first in South 
Africa which applied the contingent behaviour, single-site 
Clawson-Knetsch TCM to value freshwater inflows into estuar-
ies at the margin.  The findings of this paper can, however, be 
compared with those in Hosking’s (2010) study. Hosking et al. 
(2008) undertook a valuation of the freshwater inflows into the 
Klein and Kwelera Estuaries by applying the contingent valu-
ation method. According to this study, the estimated median 
willingness to pay, per m3 of freshwater inflow, for the Klein 
and Kwelera Estuaries, respectively, was 5.46 and 0.48 cents. 
The differences between the results of applying the Clawson-
Knetsch TCM and the contingent valuation model at the 2 
estuaries are not substantial. The 2 methods yielded results 
which could be said to converge, in the sense that the difference 
in estimates is less than 0.7 cents or the ratio of the willingness 
to pay value/travel cost value is between 40 and 95%.

Conclusion

If it is efficiency one is pursuing, it is both theoretically and 
practically sensible to allocate South Africa’s river water with 
reference to its value at different points along the river. Two 
estimates of the marginal value of river flows into the Klein 
and Kwelera Estuaries were derived in this study on the basis 
of estuary trips and associated travel costs. The average value 
per m3 of river flow into the Klein and Kwelera Estuaries, 
respectively, was 5.7 and 1.1 cents per m3. The marginal values 
estimated in this paper were compared to those derived in a 
contingent valuation study by Hosking et al. (2008). The dif-
ferences between the results of applying the Clawson-Knetsch 
TCM and the contingent valuation model at the 2 estuaries are 
not substantial. The 2 methods yielded results which could be 

said to converge, in the sense that the difference in estimates 
is less than 0.7 cents or the ratio of the WTP value/travel cost 
value is between 40 and 95%.

The values found for river water inflows into the Klein and 
Kwelera are low when compared to the tariffs paid by urban 
users of water services.  These tariffs (for potable water delivered 
and wastewater received) frequently are in excess of  
R10/m3.  However, this is not a sensible comparison to make.  
The values of water reported in this paper relate to water in situ, 
as it lies in the river, with no production effort incorporated.  A 
more sensible value to compare these values to is the tariff paid 
by farmers for the rights to abstract water from rivers, and these 
values are frequently a couple of cents per cubic metre.

 Alternative (opportunity cost) values were not estimated 
as part of this study for the river water flowing into the Klein 
and Kwelera estuaries.  For this reason, no conclusion could 
be drawn in this paper on the specific issue of whether more or 
less water should be allocated to the Klein and Kwelera estuar-
ies.  To provide guidance on this issue, the values found in this 
paper would have to be compared to the per annum user oppor-
tunity costs of inflows into estuaries. Clearly, a fruitful avenue 
for further research is to ascertain the annual user opportunity 
costs of river inflows into these 2 estuaries, so that this com-
parison can be made.
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