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ABSTRACT

Global freshwater resources are threatened by an ever-growing population and continued economic development,
highlighting the need for sustainable water management. Sustainable management must include the control of any
additional factors that may aggravate water scarcity, such as invasive alien plants. Water hyacinth (Eichhornia crassipes),
one of the world’s most destructive invasive plants, presents a direct threat to economically productive water resources.
Through high levels of evapotranspiration, water hyacinth leads to substantial water losses that could otherwise be used
more productively, thereby creating an externality on water-dependent industries, such as irrigation-fed agriculture. This
study provides an economic valuation of the water-saving benefit of water hyacinth control, using Warrenton Weir on the
Vaalharts Irrigation Scheme as a case study. A Residual Value Method was employed to estimate the average production
value of irrigation water, based on water’s relative proportion of total costs (TC), to serve as a proxy for the value of water
lost via evapotranspiration by water hyacinth. Three evapotranspiration to evaporation ratios, derived from the literature, at
three levels of invasion (100; 50 and 25% cover), were used to estimate the annual water loss at Warrenton Weir. The average
production value of irrigation water was estimated to be R38.71/m3, which translated into an annual benefit of between
R54 million and R1.18 billion. These results highlight the need for invasive plant control, particularly in economically
productive water resources. An alien plant control policy should prioritise invasions of this nature, as they present
significant costs to the economy and threaten the sustainability of freshwater resources.
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INTRODUCTION
Water is an irreplaceable and indispensable natural resource,
vital for life on earth, economic development and human wellbeing (Walter et al., 2011). Water demand for agriculture, and
urban and industrial consumption continue to grow in the light
of continued economic development, an ever-increasing global
population and new demands for biofuel production (Walter
et al., 2011; Saseendran et al., 2014 and Rosegrant et al., 2009).
These anthropological pressures, coupled with ongoing climate
change and ecosystem degradation, present a significant threat
to the planet’s freshwater resources, highlighting the importance
of sustainable water management, at both global and local scales.
The control of any additional factors that may reduce water
quality, quantity or productivity must form part of broader water
management programmes for effective sustainable management
(De Fraiture et al., 2010).
One such additional factor is the threat presented by invasive alien species, particularly invasive alien plants (IAPs). The
Millennium Ecosystem Assessment (MEA) identified invasive
species as one of five of the most significant threats to the provision of ecosystem goods and services, including freshwater
resources (MEA, 2005). According to Emerton and Howard
(2008), invasive species can aggravate ecosystem degradation
and water scarcity. Invasion by IAPs is a global phenomenon,
which carries a host of environmental and socio-economic
implications, particularly detrimental to water-stressed countries
(Villamagna and Murphy, 2010; Van Wilgen et al., 2008; Hulme,
2009; Turpie, 2004; IUCN, 2000; Pejchar and Mooney, 2009).
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South Africa is not immune to the IAP problem and is said
to be one of the worst-affected countries in the world, with
plant invasions costing R580 million annually in water-provisioning services (De Lange and Van Wilgen, 2010; Richardson
and Van Wilgen, 2004). The impact of IAPs is especially concerning for water resource management, given South Africa’s
semi-arid climate and relative water scarcity. Compared to a
global average annual rainfall of 860 mm, South Africa only
receives an average of 450 mm, highlighting the fact that water
is a limiting resource in South Africa (Cowling et al., 1997).
Water hyacinth (Eichhornia crassipes) is one of the most
destructive aquatic weeds in the world and presents an indirect threat to economically productive water resources, such
as irrigation water (Van Wilgen et al., 2008; Villamanga and
Murphy, 2010). Through high levels of evapotranspiration and
resulting water loss, water hyacinth may erode water and irrigation productivity, placing a negative externality on irrigationfed agriculture. Despite contributing only 2.5% (R84.7 billion)
to South Africa’s primary production in 2014, agriculture is
an important employer of labour and a significant consumer
of the country’s freshwater resources (RSA, 2015; Nieuwoudt
et al., 2004). Irrigation water, specifically, contributes roughly
30% towards the country’s total agricultural output and is
directly impacted by the threat of IAPs such as water hyacinth
(Nieuwoudt et al., 2004). Considering the economic importance of irrigation water, and its relative scarcity, the threat
presented by water hyacinth needs to be controlled. To do so,
an economic valuation of water hyacinth and its control is
needed to justify the allocation of scarce funds and resources
between competing control projects (Turpie, 2004). This paper
provides such an economic valuation of the economic watersaving benefit of water hyacinth control, using the Vaalharts
Irrigation Scheme, fed by Warrenton Weir on the Vaal River,
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as a case study. Few studies have attempted to analyse or value
the indirect impacts of invasive weeds, particularly water loss
from water hyacinth. Thus, the aim of the study was to estimate
the value of irrigation water in terms of agricultural production, which was used as a proxy for quantifying the economic
water-saving benefit of water hyacinth control. This included
estimating the net annual water loss from water hyacinth at three
evapotranspiration to evaporation (ET:EW) ratios, within three
invasion scenarios that reflect varying degrees of water hyacinth
cover at Warrenton Weir.

TABLE 1
ET:EW ratios for water hyacinth
ET:EW ratios

Reference

1.02

Brenzny et al. (1973)

1.02

Singh and Gill (1996)

1.3

Rao (1988)

1.31

Snyder and Boyd (1987)

Water hyacinth (Eichhornia crassipes)

1.36

Brenzny et al. (1973)

Since the early 20th century, water hyacinth has spread to all
major water bodies across South Africa and follows a similar
distribution to that of other IAPs (Hill, 2003). The weed carries a
number of negative environmental and socio-economic impacts,
from reducing dissolved oxygen and biodiversity in invaded
water bodies, to obstructing transport routes and fishing ground
accessibility. It forms large mats on the surface of water bodies,
generally leading to increased water loss through evapotranspiration (ET) relative to ‘normal’, open-water evaporation (EW)
(Villamanga and Murphy, 2010). Water hyacinth can therefore
result in an unnecessary loss of water, which could otherwise be
used in a more productive manner (Richardson and Van Wilgen,
2004; Van Wilgen et al., 2008; Villamagna and Murphy, 2010 and
Singh and Gill, 1996).
There is, however, much debate surrounding the ET rate of
water hyacinth relative to normal EW rates. Numerous authors
(Table 1) suggest that the ET:EW ratio is larger than one, implying more water is lost from water hyacinth than ‘normal’ openwater evaporation. ET:EW ratios from various studies around the
world have been summarised in Table 1.
The ET rate of any hydrophyte is difficult to measure and is
dependent on a number of variables, including climate, nutrient
availability and plant growth rate (Crundwell, 1986). Allen et al.
(1996) suggests that the ET:EW ratios reported in Table 1 may
be somewhat larger than one would expect to find in reality. This
is due to the ‘clothesline’ or ‘boundary effect’, where the small
size of experimental ponds increases the surface area of peripheral foliage, thereby increasing evapotranspiration. In reality,
evapotranspiration for large areas of water hyacinth coverage
is expected to be lower in the absence of the clothesline effect
(Allen et al., 1996).
Van Wyk and Van Wilgen (2002) used an average evapotranspiration rate of 5 mm/day to estimate the cost of water
loss in the Hartbeespoort Dam. The annual water loss accruing to water hyacinth infestations in the dam was estimated
to be about 37 million m3, at a cost of R3.7 million (Van Wyk
and Van Wilgen, 2002). Had the authors used different rates of
evapotranspiration, such as the 21 mm/day suggested by Singh
and Gill (1996), their cost estimates would have increased
significantly. This highlights the complexity of economic
valuations of water loss from water hyacinth and shows the
importance of using a universally agreed upon ET rate for such
evaluations. Alternatively, different scenarios, illustrating the
variation in costs relative to variations in invasion density and
evapotranspiration rates, should be presented.
Acknowledging the negative impacts of water hyacinth,
specifically water loss, puts into perspective the necessity of
controlling the weed. (Hill, 2003; Van Wyk and Van Wilgen,
2002). A number of control programmes have been used across
South Africa, with varying degrees of success. In 1990, 200
adult weevils (Neochetina eichhorniae) were introduced into

1.44

Van de Weert and Kamerling (1974)

1.48

Van de Weert and Kamerling (1974)

1.79

Van de Weert and Kamerling (1974)

1.96

Rao (1988)

2.3

Reddy and Tucker (1983)

2.52

Snyder and Boyd (1987)

2.6

Dunigan (1973)

2.73

Lallana et al. (1987)

2.9

Reddy and Tucker (1983)
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Benton et al. (1978)

3.1

Otis (1914)

3.2

Penfold and Earle (1948)

3.7

Timmer and Weldon (1967)

5.3

Rogers and Davis (1972)

9.8

Singh and Gill (1996)

New Year’s Dam in the Eastern Cape, which, at the time, was
almost completely covered by the invasive weed (Fraser et al.,
2016). This programme successfully saved 2 million m3 of
water at an estimated value of R8 million over a 22-year period.
The cost effectiveness of the control programme at New Year’s
Dam was not economically viable at low ET:EW ratios; yet at
higher ET:EW ratios the programme was economically justified (Fraser et al., 2016). However, had the marginal value of
water been used instead of the supply cost of water, and other
impacts from the weed included, such as effects on biodiversity
(Midgley et al., 2006) and damage to infrastructure, the control
programme would have been justified even at low ET:EW ratios
(Fraser et al., 2016).
Warrenton Weir, which supplies the Vaalharts Irrigation
system with water, is another example of a water body where
water hyacinth infestations were successfully reduced. An
integrated control method, using aerial spraying in conjunction with biocontrol, was implemented at the weir in 2001.
Since then, the control programme has continued to be used
with great success and the weed is limited to small populations
along the edges of the weir (Coetzee, 2015 and Coetzee and
Hill, 2012).
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Economic valuation
An important part of the economic analysis of invasive species
is the valuation of their relative costs and benefits (Emerton and
Howard, 2008; Turpie, 2004). Economic valuation is the process
by which a monetary value is assigned to items that people care
for, including both market and non-market goods and services
(Hanemann, 2005). In doing so, economic valuation aims to
determine individuals’ preferences and their willingness to pay
(WTP) for certain goods and services (Emerton and Howard,
2008). Valuation must therefore not be seen as the end, but
rather a means to an end, providing better and more informed
decision making (Emerton and Howard, 2008).
Economic valuation plays a crucial role in measuring the
relative success of invasive species control programmes needed
to justify continued funding for such programmes. This is
especially important given the competition from other social
development programmes and limited funds. According to
Van Wilgen et al. (2004), the most commonly used approach to
determining the feasibility of control programmes is benefit–cost
analysis. This involves valuing and comparing the costs and benefits of different control programmes to ensure scarce resources
are allocated efficiently among competing projects (Turpie, 2004;
Emerton and Howard, 2008).
The benefits of water hyacinth control programmes are
essentially ‘avoided costs’ of no control – in other words, the benefits gained from reducing water hyacinth populations (Hosking
and Du Preez, 2004). There are numerous benefits of water hyacinth control, from increased biodiversity (Coetzee et al., 2014)
to various ‘water benefits’, which include both improved water
quality and water savings (Hosking and Du Preez, 2004). Watersaving benefits refer to the prevention of water loss through
evapotranspiration. These water-saving benefits can be measured
by estimating the value of the water lost from evapotranspiration – the focus of this paper. The use of the water in question
will dictate both the valuation technique used (either market or
non-market) and the value of the water (Tietenberg and Lewis,
2014 and Chowdhury, 2013). For example, the water saving benefits from water hyacinth control, established in a recreational
dam or river, might simply be an increase in water available for

the natural reserve or the increased use of the dam or river for
recreational activities. This would require a non-market valuation technique to estimate the value of the water and thus the
water saving benefit of control (Tietenberg and Lewis, 2014 and
Chowdhury, 2013). If, however, water hyacinth was established
in an irrigation dam, the water-saving benefit of control would
be increased water supply for agricultural production. A marketvaluation technique can be used within this context to estimate
the production value of irrigation water to infer the water-saving
benefit of water hyacinth control.
There are several economic valuation methods available to
value both market and non-market goods and services that are
affected by invasive species. However, the focus of this paper is
to evaluate how water hyacinth impacts agricultural production,
thus an ‘effect on production’ technique was required. Effecton-production techniques are used to value ecosystem goods
and services that form part of the production process for other
marketed goods, such as valuing irrigation water that forms part
of the crop production process (Emerton and Howard, 2008;
Emerton and Bos, 2004).

METHODS
Site description
The Vaalharts Irrigation Scheme is the largest and most productive irrigation scheme in South Africa (RSA, 2008). It has a
semi-arid climate with a mean annual precipitation of between
450 and 470 mm. The scheme is situated approximately 100 km
north of Kimberley and sits on the border between the Northern
Cape and North West Province (Fig. 1). The scheme supplies
approx. 35 000 ha with irrigation water and produces about
R2 billion in agricultural production every year (RSA, 2008;
Erasmus. 2015).
There is a wide range of crops grown within the scheme
and their relative distribution for 2015 is depicted in Fig. 2.
Eight major crops were selected for the study, which represent
98% of the cultivated area (Erasmus, 2015). It must be noted
that representation was based on cultivated area rather than
gross farm income. Smaller crops such as grapes, citrus, olives

Figure 1
A: Map illustrating the location of the VHIS in South Africa (27°47'58'' E; 24°47'24''E) (Arp, 2015).
B: Map of the Vaalharts Irrigation Scheme (Adapted from Van Rensburg et al., 2011).
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and various vegetable crops were included as ‘other’ within
Fig. 2 and accounted for less than 2% of the cultivated area
(Erasmus, 2015).
Warrenton Weir, just south of the scheme, diverts water from
the Vaal River to the scheme and has a surface area of roughly
900 ha, with a storage capacity of approximately 45 million m3
(Van Vuuren, 2012; Coetzee, 2015). The majority of the water
released from the weir is used for agriculture and environmental
flow, while the remainder is supplied to small towns in the area
(Harbron, 2015). Warrenton Weir, as discussed previously, has
been a successful site for long-term water hyacinth monitoring and control, making it a suitable study site for this research
(Coetzee et al., 2011).

Estimating the average production value of irrigation water

•

Farmers were assumed to be profit maximizers and the competitive equilibrium, therefore, set price equal to the return
at the margin (MC = P).

Data collection

•

Adapted primary data obtained from agricultural cooperatives was assumed to be representative of the costs and
returns to production experienced by farmers. This assumption was based on the apparent dependency of farmers on
the co-operatives.

•

The price associated with a particular variable was assumed
to be its marginal productivity, or opportunity cost, such
that the total value of output is divided into portions equal to
each inputs’ contribution to production.

•

All markets were assumed to be competitive, except for water.

•

The average production value of water was estimated as its
contribution to the total value of production, based on its
proportion of total costs.

Primary crop production data was sourced from three agricultural co-operatives, which represented crop water requirements,
production yields, prices and various input costs that farmers
would generally expect to receive each year. These data were used
to estimate the production value of irrigation water for each of
the major crops listed in the previous section. Irrigation data
were based on extensive research conducted by each of the cooperatives and are based on the water requirements for each crop
in an average rainfall year. It was evident from farmer interviews
and discussions that farmers are extremely dependent on agricultural co-operatives for assistance in a number of areas. For
this reason, data collected from the co-operatives were assumed
to be a good representation of crop input and output data for the
Vaalharts region. There was no reason to doubt the reliability of
data gathered from agricultural co-operatives, as the co-operatives’ relative success is dependent on their farmers’ success and
thus they must work in the best interests of their clients/farmers.
Secondary data on water hyacinth ET:EW ratios were collected from a number of different sources in the literature
(Table 1). The average annual evaporation rate for the Vaalharts
region was sourced from Midgley et al. (1994), which provided
average annual evaporation rates for different regions across
South Africa.

The Residual Value Method (RVM) was used to estimate the
average value of irrigation water for each of the eight crops
listed previously. These eight crops account for 98% of the total
cultivated area under irrigation and, therefore, provided a suitable representation of revenue and cost structures farmers face
within the scheme. The RVM described here was based on the
following assumptions: (Hussain et al., 2009; Berbel et al., 2011,
Lange et al., 2006; Speelman et al., 2008).

The total value of production was assumed to be equal to the
opportunity costs of all inputs, such that:
TVP = ∑PiQi + PwQw
where:
TVP
Pi		
Qi		
Pw		
Qw		

=
=
=
=
=

(1)

total value of production/ha
price/ha of all non-water inputs
quantity/ha of all non-water inputs
average value of water/ha
the volume of water applied/ha

Figure 2
Relative crop distribution of the Vaalharts Irrigation Scheme for 2015 as a percentage of the total cultivated area (Adapted from Erasmus, 2015)
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Data obtained from agricultural co-operatives provided both
prices and quantities per hectare for all inputs into the production process for each of the eight major crops. Crop-specific
input data (such as fertilizer, seed, fuel, etc.) was first aggregated,
before estimating the average value of water for that particular
crop. Labour, however, was omitted from the calculations since
farmers only employ 1 labourer/25 ha for pre-harvest work and
therefore labour costs did not have a significant influence on
average water values.
A crop budget, expressed as Eq. 2, was developed for each
crop type. Lucerne and pecan nuts were divided into two age
groups such that lucerne crops in their first year were labelled
‘Lucerne (1st year)’ and lucerne crops in their second or third
year were labelled ‘Lucerne (> 1 year)’. Immature pecan nuts
were labelled ‘Pecans (1 – 5 years)’ and mature pecan nuts were
labelled ‘Pecans (6 – 15 years)’. This was done to account for
variations in input costs, such as seed and fertilizer, and output,
which vary according to the age of the crop. For example, immature pecan nut trees do not produce output until their fourth or
fifth year, after which output grows rapidly with each additional
year (Erasmus, 2015).
The opportunity cost (OC) of non-water inputs was assumed
to be given by their prices. Thus, the price, or average value, of
water was calculated as water’s contribution to TVP based on
its proportion of TC. The estimated average value of water is
given by:
AVw = ((TCw / TC)* TVP) / Qw
where:
AVw		
TCw
TC		
TVP
Qw		

=
=
=
=
=

(2)

average value of water
total cost of water
total costs
total value of output
quantity of water used in production

The crops’ water values were then aggregated based on the
relative distribution of each crop. This aggregated water value
was then used in the final calculations to estimate the value of
water lost through evapotranspiration and, therefore, to estimate
the water-saving benefit of water hyacinth control.

TABLE 2
Conservative, moderate and extreme ET:EW ratios selected
for estimating water loss from water hyacinth
Conservative

Moderate

Extreme

Selected ET:EW ratio
percentiles

25th

50th

75th

corresponding ET:EW
ratios

1.38

2.41

3.08

multiplied by each of the three ET:EW ratios, to provide three
‘gross’ water loss volumes resulting from evapotranspiration by
water hyacinth.
Three scenarios were then developed to reflect varying
degrees of water hyacinth cover at Warrenton Weir, at 100, 50
and 25% cover. The area covered by water hyacinth, in each of
the three scenarios, was then multiplied by the three evapotranspiration rates to provide nine estimates of the ‘gross’ mean
annual water loss from water hyacinth. Finally, to estimate the
OC of water hyacinth, in terms of water loss, the mean annual
evaporation rate (mm) was subtracted from each of the nine
‘gross’ average annual water loss volumes to provide nine ‘net’
average annual water loss volumes that occur through evapotranspiration by water hyacinth.
Finally, the nine ‘net’ average annual water loss values, estimated above, were multiplied by the average value of the irrigation water to estimate the cost of water loss from water hyacinth
as follows:
WSBCij = (AVw)·ETij

(3)

where:
WSBCi = the water-saving benefit of control for the ith scenario
			and jth ET/EW ratio
AVw
= the average value of water for the Vaalharts
ETij
= the total evapotranspiration of the ith scenario and
			jth ET/EW ratio
This estimated cost of water loss, resulting from water
hyacinth, was then used as a proxy value for the benefit of its
control.

Quantifying the benefit of control

RESULTS

To account for the discrepancies in the ET:EW ratios presented
in the literature and to reflect variations in climate and nutrient
availability, three EW:ET ratios were developed. The 25th, 50th and
75th percentiles of ET:EW ratios selected from the literature were
chosen to reflect conservative, moderate and extreme ET/EW
ratios and are presented in Table 2.
Midgley et al. (1994) provided evaporation data needed to
calculate the average annual open-water evaporation rate for
Warrenton Weir. The mean annual evaporation rate (MAE)
(mm) for the Vaalharts region was first multiplied by monthly
evaporation percentages to obtain mean monthly evaporation
rates (mm). Each of these monthly rates were then multiplied
by the corresponding month’s pan factor for open-water evaporation to obtain an average monthly open-water evaporation
rate (mm) for the region. These were then summed to provide
a mean annual open-water evaporation rate, which was then
multiplied by the area of Warrenton Weir to provide an annual
water loss volume for ‘normal open-water evaporation’. This normal open-water evaporation rate for Warrenton Weir was then

The average water values (R/m3) for each of the eight main crops
are illustrated in Fig. 3. Mature pecans had the highest average
water value of R83/m3, while immature pecans had the lowest
average water value at R1/m3. This was due to the fact that immature pecans do not produce output until their fifth year and thus
do not generate an income.
The average value of irrigation water for the Vaalharts
Irrigation Scheme as a whole was estimated to be R38.71/m3.
This amount was based on the weighted average value of water
for each crop.
To account for variations in nutrient availability and climate,
three ET:EW ratios were identified from the literature at the 25th;
50th and 75th percentiles, representing conservative, moderate
and extreme ratios. A conservative ET:EW ratio, computed as the
25th percentile, was 1.38, while a moderate and extreme ET:EW
ratio, computed as the 50th and 75th percentile, was 2.41 and 3.08,
respectively. The mean annual evaporation rate for the Vaalharts
region was 1 950 mm (Midgley et al., 1990). The mean annual
open-water evaporation rate for the region, after adjusting the
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mean annual evaporation rate for pan factors, was 1 637.66 mm.
Warrenton Weir is approximately 900 ha, therefore, the average
annual water loss, via normal open-water evaporation, for the
weir was estimated to be 14.7 million m3.
Under 100% cover (indicated in light red in Fig. 4), gross
water loss ranges from 20.3 million m3 to 45.3 million m3,
depending on the ET:EW ratio. Between 10 million m3 and
22. million m3 of water are estimated to be lost under 50% cover
(indicated in light blue), and under 25% cover (light green) the

gross water loss was between approx. 5 million m3 and 11.3 million m3.
After accounting for normal open-water evaporation, the
maximum net water loss from water hyacinth ranged from
5.6 million m3 to 30.6 million m3 under 100 % cover (depicted
in dark red in Fig. 4). With only half the weir covered, net water
loss ranged between 2.8 million m3 and 15.3 million m3 (dark
blue). The minimum net water loss was estimated to be between
1.4 million m3 and 7.6 million m3 at 25% cover (dark green).

Figure 3
The average value of irrigation water (R/m3) for each of the major crops in the Vaalharts Irrigation Scheme

Figure 4
Average annual ‘gross’ and average annual ‘net’ water loss (millions m3) from evapotranspiration by water hyacinth for 100; 50 and 25% cover of Warrenton Weir, at three ET:EW ratios
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The net OC of water hyacinth in each of the three scenarios
is tabulated below, using a proxy value for irrigation water of
R38.71/m3. The net average annual OC of water loss ranges
between R216 million and R1.18 billion under 100% cover,
depending on the ET:EW ratio. Under 50% cover, the average
annual OC of water hyacinth ranges between R108 million and
R591 million. An OC of between R54 million and R295 million was estimated at 25% water hyacinth cover. The average net
water loss per m2 of water hyacinth cover was estimated to be
0.62 m3; 2.3 m3 and 3.4 m3 at each of the three ET:EW ratios. This
equated to an average annual net OC of R24; R89 and R132/m2
of water hyacinth cover, respectively.

DISCUSSION AND CONCLUSION
This paper presents an economic valuation of water hyacinth
control in the Vaalharts Irrigation Scheme, focusing specifically
on the water-saving benefits of control. The average production value of irrigation water was estimated to be approximately
R38.71/m3, indicating substantial benefits of water hyacinth
control. By comparison, biological control of the weed in a
less productive water source, such as New Year’s Dam in the
Eastern Cape, was justified at a conservative water value of
R0.26/m3 (Fraser et al., 2015). This suggests that control at
Warrenton Weir will also be justified, given the high value of
irrigation water.
Table 3 summarised the annual net OC of water hyacinth at
three invasion scenarios (100; 50 and 25% cover), using three
different ET:EW ratios (1.38; 2.41 and 3.08). This net OC of
water loss is the water-saving benefit of water hyacinth control,
which ranged from as much as R1.18 billion to about R54 million. It is important to note that the results reported in the previous section are based on the particular crop distribution and
associated prices of 2015. With annual changes in price, and the
associated changes in crop distribution, the production value
of water (and hence the benefit of control) will fluctuate. This
is due to the dependency of the valuation method on market
prices and various assumptions. The reader must also be aware
that another disadvantage with the RVM is that it computes the
average value of water, which generally provides inflated and
unrealistic results (Hanemann, 2005). Thus, the results reported
in this paper must be understood within the limitations of the
valuation method used.
In the worst-case scenario, using an ET:EW ratio of about
3 and at 100% cover, the benefit of control was valued at just
over R1.18 billion. However, due to the various limitations
associated with the valuation method, and the fact that the
average value of water tends to be inflated, this value may not
be a true reflection of the benefit of control. Such a high ET:EW
ratio is also an unrealistic figure to use when calculating water
loss from the weed. According to Allen et al. (1996), a ‘boundary’ effect produces higher ET rates than would actually occur
in reality (Allen et al., 1996). On this basis, it is suggested that
benefits calculated using ET:EW ratios of 3 or 2.4 are inflated
and unrealistic. Therefore, using a more conservative, or what
Allen et al. (1996 p. 9) might call, ‘a more realistic’ ET:EW ratio,
the benefits of control become smaller. Depending on the extent
of invasion, water hyacinth created a negative externality on the
Vaalharts Irrigation Scheme that ranged between R216 million
(at 100% cover) and R54 million (at 25% cover) using an ET:EW
ratio of about 1.4. Therefore, water hyacinth has the potential
to reduce agricultural productivity by 11% under full invasion
of Warrenton Weir; by 5% if half the weir is invaded and by
3% if water hyacinth covers a quarter of the weir. This suggests
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TABLE 3
Annual net opportunity cost (R/m3) of water loss from
evapotranspiration by water hyacinth at Warrenton Weir
Annual net opportunity cost of water loss (R/m3)
ET:EW
ratio

Water hyacinth cover
100%

50%

25%

1.38

216 642 600

108 321 300

54 160 650

2.41

804 224 700

402 112 350

201 056 175

3.08

1 183 523 400

591 761 700

295 880 850

that control programmes, which reduced water hyacinth coverage to almost 0%, generated an annual benefit of R216 million.
Therefore, for every square metre of water hyacinth cleared, the
return is approximately R24. Once again, this is specific to 2015
and may fluctuate depending on a number of influential factors,
including prices, inflation, crop distributions, climate and nutrient availability.
Critics would argue that such high benefits are meaningless without comparing them to the associated costs of control,
by means of a full cost–benefit analysis. Unfortunately, due to
a lack of cost data for control programmes at Warrenton Weir,
a full cost–benefit analysis could not be conducted as part of
this research. However, it is possible to formulate an idea of
the typical annual costs that such a control programme might
face. These would include direct cost, such as annual surveys,
herbicidal applications and travel costs, as well as indirect costs,
such as developing control agents (Hill, 2015). Hill (2015) suggests that the control programme at Warrenton Weir carries an
annual cost of about R1.6 million.
A conservative benefit value of R54 million is substantially
larger than a typical annual cost of R1.6 million, thereby justifying water hyacinth control at Warrenton Weir. Even if the benefit value was reduced by a factor of 4, making it R13.5 million,
it is still substantially larger than the costs of control. Therefore,
even at a conservative benefit value, reduced by a factor of 4,
water hyacinth control is still justified, albeit not proven by
means of a full cost–benefit analysis.
Regardless of the inability to confidently prove the cost
effectiveness of water hyacinth control at Warrenton Weir, the
water-saving benefits speak for themselves. If agricultural water
losses, from one irrigation system, are valued at R54 million
per annum, one can only imagine the value of water loss from
the agricultural sector as a whole. Water losses from invasions within other sectors, such as manufacturing, mining and
industry activities, would presumably generate substantially
larger economic losses per unit of water than that of agriculture.
However, whether this is true in absolute terms is uncertain and
may provide a window for further research.
The methods used within this research can easily be adapted
for quantifying the benefits of various other control programmes and species. Economic valuations of this kind afford
important insight into how scarce resources and funds can be
allocated more effectively, thus providing another step towards
improved water management and IAP control.
The results of this paper indicate the need for alien plant
control programmes, especially in economically productive
water systems. This is not only in an attempt to reduce unnecessary water loss, but also to reduce the economic impact of various invasive plants. IAP control policy should, therefore, prioritise those invaded systems that support important economic
activity, such as agriculture, mining and industry.
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