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Abstract

Lake St Lucia in northern KwaZulu-Natal, South A&j experiences severe ecological stress during
dry periods largely as a result of diminishing Ineater supplies and conditions of hypersalinity.
Possible intervention involves diverting the Mfdlédver to the St Lucia Lake system. However, due
to high sediment loading, water from the Mfolozv&i requires considerable filtration before a link
can be established. A suggested option considerelis study is to restore the existing sugarcane
farmlands on the Mfolozi Floodplain (~ 20 800 ha)pi@vious wetland conditions to reinstate a
sediment removal function amongst other benefitsp&sed restoration will have a direct impact on
the industries currently supported by the iSimaisgaWetland Park and the Mfolozi Floodplain
(tourism, sugar, conservation). To understand asareaof such impacts, ecosystem services for both
Lake St Lucia and the Mfolozi Floodplain were asely (flood alleviation, water provision, water
purification, sediment regulation, tourism, fistesi vegetation for harvest, existence, cultural and

research).

Annual economic values for each ecosystem servere wetermined by means of valuation methods
that included benefit transfer and replacement. dssults showed a current annual minimum value
of the Mfolozi Floodplain and Lake St Lucia as gesathan R 21 million and R 1.1 billion
respectively. Partial restoration of the floodpl&n6000 ha) is expected to increase the sum of all
ecosystem services values by approximately 26 %hmMfolozi Floodplain and by 23 % for the St
Lucia System. Full restoration (~ 20 800 ha) incesabe total ecosystem services value by 88 % and

50 % for the Mfolozi Floodplain and St Lucia Systezspectively.

Results showed that economic values for existdisteeries, tourism and water provision increase by
the greatest percentage for the St Lucia Systenerubdth restoration scenarios. Partial and full
restoration of the floodplain will result in theegttest increases in economic value for the services

existence, tourism, fisheries and the harvestingegetation on the Mfolozi Floodplain.
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1. Introduction

1.1 Lake St Lucia: International significance

Lake St Lucia, in northern KwaZulu-Natal, holdseimational recognition for its environmental
unigueness. South Africa’s first World Heritage eSithe iSimangaliso (formerly known as The
Greater St Lucia) Wetland Park boundaries encomites$argest estuarine system in Africa (Pillay
and Perissinotto, 2009) and is recognised as a &anetland Site.

Historically (6000BP — 1930's) the St Lucia estuarguth was permanently open and formed the ‘St
Lucia Bay' (Taylor, 2006; Figure 1). In addition poecipitation and groundwater, freshwater input to
the lake system was supplied by six rivers, of Whibke Mfolozi River contributed the greatest
volume. The constant head of water at the St Lesiaary maintained a permanently open mouth and
ensured the northwards movement of suspended sedalmng the coastline due to long shore drift
(Lindsayet al., 1996;Grenfellet al., 2009) During dry periods, the mouth would close natyrahd

the system could rely on the water from the Mfol&ver to maintain freshwater contributions.
However, freshwater supplies to Lake St Lucia helvanged dramatically over the last few decades
(Taylor, 2007). Major droughts, increasing agrigtét and infrastructure have contributed to the

altering and in some cases, decreasing of freshwsapplies to the lake.

S1 Locia
Mouth

Umfoloz
Mowth

s

Figure 1. A: Combined St Lucia and Mfolozi mouths in thelgd900’'s. B: Present day situation with the
Mfolozi mouth separated to the south. The arrovicatgs the impact of a large flood confined to phevious
St Lucia Bay area (Taylor, 2006).




1.2 Land use on the Mfolozi Floodplain

The Mfolozi Settlement, south west of Lake St Lueias established by the South African
government in the early 1900’s specifically as aastproducing region (Lincoln, 1995). The
construction of the local mill was funded by thatet which also frequently assisted farmers with
flood relief, given the high-risk nature of farmiegnditions. The mill, still in operation today, sva
acquired from the state by the local sugarcaneeam@ipe in 1923.

As sugar-farming grew more intensive, the Mfolozvd® was heavily canalised and consequently
flood-dissipating and filtering functions of theodldplain were largely lost (Taylor, 2006). The
naturally high sediment loads of the Mfolozi Riveere worsened by increased erosion in the
catchment, caused by growing populations and pawonihg practices, which together presented a
threat to the linked Lake St Lucia System (Bate &agor, 2007). High sediment loads are associated
with conditions such as the reduction of light geseon, prevention of oxygen diffusion and
impediment of vision of sight-reliant predators didstone, 2008). During the 1950’s, the
accumulated sedimentation accelerated the cloditigeocombined mouths and isolated the estuaries
from the ocean for longer periods of time (TayRO06). Management at the time feared that sediment

deposition threatened the survival of the entike lgystem.

1.3 Management of the current situation

To prevent the possible collapse of the St Lucist&y, a separate mouth was dredged for the Mfolozi
River in 1952 (Taylor, 2006). This succeeded inumag the unfavourably high sediment deposition
rates, but also withdrew the largest volume ofHvester inflow from Lake St Lucia. Consequently,
the head of water at the mouth had to be artificialaintained by means of dredging, as the previous
self-scouring of the mouth was no longer possib&ylor, 2006).

The lake system currently experiences severe ecalogiress during dry periods as the water balance
is dominated by high rates of evaporation from ldde2, which is worsened by its shallow nature.
These conditions lead to periods of extreme hyfiaiSas, at times reaching levels higher than 120
parts per thousandif), which is over three times higher than sea w#&B&r°/,,; Taylor, 2008;
Whitfield et al., 2006). The drought impacted the epibenthic mewianf the St Lucia System (Pillay



and Perissinotto, 2009) and consequent hypersatinitiggered a decline in fish species diversity
(Cyrus and Vivier, 2006; Taylor, 2006).

Following the Mfolozi River’s diversion, Lake St tia has slowly been starved of freshwater inflow
due to numerous pressures on the remaining fivergivCurrently, the most effective intervention
involves diverting the Mfolozi River back to linkitlv the St Lucia System, providing an additional
700 x 16 m® of freshwater annually (Whitfielét al., 2006). However, to avoid the harmful effects
associated with high sediment loads, the MfolozieRwater requires filtration before it can be kak

to Lake St Lucia. A suggested management optionldvbe to restore existing farmlands within the
Mfolozi Floodplain to wetland condition, therebyinstating a natural sediment removal function for

the river water and providing ‘cleaner’ water t@ply Lake St Lucia.

Although St Lucia is the most studied estuary ie ttountry, the majority of this research was
completed after the 1950’s, after the Mfolozi Riweas diverted and the floodplain converted to
agricultural lands (Whitfield and Taylor, 2009).érk is thus a great demand for anticipating how bot
the Mfolozi Floodplain and Lake St Lucia would resd given the potential for wetland restoration of
the floodplain and subsequent re-connection ofMii@ozi River to Lake St Lucia. The need for a
comprehensive environmental economic assessmentrecastly acknowledged by Whitfield and
Taylor (2009).

1.4 Aim and objectives

The aim of this study was to provide an economituatgon of the current ecosystem services
provided by Lake St Lucia and the Mfolozi Floodplaind to determine the expected changes to these
values brought about by possible restoration seenéor the Mfolozi Floodplain that would allow the

reintroduction of water from the Mfolozi River intake St Lucia.



The objectives for this study were to:

o Identify current ecosystem services present inlthkke St Lucia System and the Mfolozi
Floodplain and assess monetary values of each.

o Using knowledge from specialists, determine theeeiga changes to ecosystem service values
under the two potential restoration scenarios & Mfolozi Floodplain, currently being
considered by management (Ezemvelo KZN Wildliferi@ngaliso Wetland Park Authority).

o Construct an empirical economic model as a framkvimto which data can be entered for
computational purposes, thereby providing a decisi@king tool for management.

o Using the model, calculate expected economic outsoassociated with restoration scenarios
in the Mfolozi Floodplain and highlight potentiahplications for management.

o Apply methods integrating expert knowledge from legiwal and economic disciplines,
thereby contributing to current knowledge gaps aodtributing to the field of resource

economics.

Along with other relevant ethical considerationbe tauthor acknowledges the obligation to

communicate the findings of this research withrdevant stakeholders identified in this thesis.

This thesis contributes to the knowledge of theeetgd economic outcomes of possible land use
change within the Mfolozi Floodplain, an issue thas been suspected for over a decade to be a
‘saviour’ of the St Lucia System. This resourcerepuics study, addressing the practical freshwater
issue of the Lake St Lucia System using an integratcological/economic approach, is a first of its
kind.



2. Theoretical Framework

It is essential to address existing interactiortsvben economic, social and ecological sectors dieror

to anticipate consequences of land use changeasutite restoration initiative in this study. Givbe
range of ecological and economic measures invoivetlis study, an interdisciplinary approach was
required, including the application of empirical dedling. This was accompanied by the accumulation
of data sets for model input in order to addregsdbhtcomes of different land use options for the
floodplain. Furthermore, due to the broad scopenglacts and the number of industries affected by
this freshwater management issue (sugarcane, toudenservation and fisheries), several themes

were raised. These were broadly: Wetland restaraimpirical modelling and Ecological economics.

2.1 Wetland restoration

Due to a greater awareness of global climate chandesnvironmental degradation, efforts to restore
natural systems for their benefits to society amrgasing. ‘Ecological restoration’ is the procets
returning ecosystem structure and function toateer natural state and, in most cases, to that furi
anthropogenic interference (Grenfetl al., 2007). With respect to wetlands, restoration haen
regarded as the reinstating of natural ecologicairgy forces in order to ‘recover former or deslire
ecosystem structure, function, biotic compositiowl/ar ecosystem services’ (Grenfellal., 2007).
Both intricate and dynamic, wetlands are recogniassdsome of the world’s most productive
environments (Lamberth, 2003) providing serviceshsas nutrient storage and cycling, catchment-
level sediment retention, shoreline stabilisationd &rosion control, flood abatement, water storage
and purification, retention of pollutants, grounderarecharge and discharge and biodiversity
maintenance (Daniels and Cumming, 2008, Moretrab., 2007, Smitret al., 2007, Sterret al., 2007,
Lambert, 2003, Turnest al., 2000).

However, wetlands have been identified as the ntlastatened of all ecosystem types by the
Millennium Ecosystem Assessment (Sméhal., 2007). Faced with the reality of global climate

change, implications for wetlands pertain larga@ytlie hydrology of these systems (Erwin, 2009).
Wetlands, currently covering 6 % of the world’sfage, and about 7 % of South Africa’s surface area,
are expected to be affected mostly through chamg@secipitation and temperature regimes. Many



universities, NGQO'’s, corporate partnerships ancemwihstitutions are heavily involved in wetland
restoration projects. Examples of such initiativeslude; the Severn and Avon Vales Wetlands
Partnership (SAVWP) in the UK, the Massachusettsldiid Restoration Program and Giacomini
Wetland Restoration Project (US National Park SexvR009) in the USA, and the South African
Working for Wetlands Programme in South Africa. wetland conservation is becoming more of a
concern, new incentives are being developed to@upipis activity. Entrepreneurial Wetland Banking
is one such initiative, involving the purchasingvaétland ‘credits’ in a manner that is similar bet
carbon credit market (Robertson, 2009).

As with the desired sediment retention functiomfra restored Mfolozi wetland system in this study,
it is often the benefits of a specific ecosystemcfion that will motivate a restoration initiativeor
example, hypoxic conditions in the Gulf of Mexicequire the reduction of nitrogen loads in the
Mississippi-Ohio-Missouri basin (Mitsch and Day, 0B). Since wetlands provide this function,
Mitsch and Day (2006) estimated that for the retha¥al0 % of the total nitrogen discharge to the
Gulf of Mexico, 2.2 million ha of wetlands wouldedtto be created or restored within the catchment.
Along with nitrogen reduction, other benefits wénen expected for the public health sector through
improved water quality, habitat restoration, flamxhtrol and increased protection of agriculturéha
catchment (Mitsch and Day, 2006). Fenneaswl. (1994) reported the retention of 80 % of total
suspended solids in constructed wetlands in Flayida a period of eight years and also mention the
retention of 55 % of the annual sediment inflowidgra drought year by a wetland bordering Lake
Erie. Morenoet al. (2007) looked at wetland capability for improvimgater quality in degraded
agricultural lands in Spain. It was found that w&et restoration resulted in 24-43 % total nitrogen
removal from agricultural wastewater, leading tooramendations to re-establish specific areas of

wetland within the total watershed for effectiveogen removal (Morenet al., 2007).

Restored wetlands are reported to have the poteati@-establish previous ecosystem services (Cui
et al., 2009; Morenocet al., 2007; Mitsch and Day, 2006; Covenetyal., 2002). Improvements in
physical and soil chemical conditions following tMellow River Delta Restoration Programme in
China triggered the re-colonisation of aquatic plspecies, along with the improvement of nutrient

retention and in re-colonisation by a range of fexiynlocally extinct species (Cwat al., 2009). For



this research, it is assumed that the proposedmeetiestoration of the Mfolozi Floodplain will résu

in the re-establishment of natural wetland hab#ats ecosystem services.

2.2 Empirical modelling

Ramifications of the restoration initiative propdse this study extend over a number of industries
and required analyses that span both ecologicalkandomic boundaries. Empirical modelling is an
effective analytical tool for addressing such idisciplinary studies. By attempting to understand
complex natural, social or economic systems, sitimilamodelling integrates ‘theoretical and
empirical analyses’ resulting in the ability to éoast various outcomes (Riebsaehal., 1994). It is
therefore specifically beneficial for decision meker managers of natural systems in providingoé to
with a range of software available. Examples ofrappate modelling tools and software include

Powersim, Extend, Simulink, Vensim and Stella (@oga and Voinov, 2001).

The demand for integrated environmental managethantaddresses the choice between alternative
land uses preceded the use of modelling in thidystén example similar to this study that involved
consideration of the impact of land use changethés Ecosystem Landscape Modelling System
(ELMS) in Rocky Mountain West, which was used toed@ine future effects of land use change on
economic growth and development (Prato, 2005). \th#h use of remote sensing to complement
foundational data, Prato’s (2005) study utilisedrkdaian transition probabilities to assess outcgmes
specifically ‘trade-offs between economic and egaal values of future growth and development’.
Riebsameet al. (1994) linked existing simulation models and midif certain ‘socio-cultural
behaviours and ecosystem responses’ for the simmlatodelling of agricultural land use and land

cover change.

Notwithstanding the capabilities of modern reseadifficulty exists in bridging the gap between
disciplines to include intrinsically different imimation such as ecological and economic data in the
same model, and often results in ‘compromisingimpifying’ essential data (Turneat al., 2000).
This is evident in the challenge of defining redaships between chosen variables in a model. Eco-
tourism is an example where environmental, socrad aconomic systems meet, and has been
modelled in a number of studies (Lacitign@aal., 2007, Wunder, 2000, Chopeh al., 2004). A



dynamic model of tourism in The Commonwealth of Daiga is an example of a ‘whole-systems’
assessment approach to model construction, anddesoa framework to which new data can be
included for evaluating development alternativegffe 2; Pattersoet al., 2004). Social, economic
and ecological variables were coupled to producdehmputs that would ‘bridge the gap’ between
these disciplines. For example, a value for a sehgdace (Figure 2) is the product of the intei@ct

of a social system with an ecological system. Expgriculture is an example of where the
environment interacts directly with the economyadetbased tourism however, is shown as an

interaction between all three sectors.

ECONOMY

Tourism revenues

SOCIETY

Population Tourism draw Export agriculture
Migration Employment Export manufacturing
Social network Cultural stress Government spending

Emigration GDP

Internal Economy

Conformity to norms

PLACE-BASED
TOURISM
Quality of life

Quality of tourism
experience

Legislation

Urbanisation
Export agriculture
Eco-tourism draw

Sense of place
Subsistence practices
Wage sharing

Land use
Habitats
Carrying Capacity

ECOLOGY

Figure 2: Diagram of economic, ecological and social fagtof eco-tourism adapted from Pattersbral.
(2004).

In the study of Pattersoa al. (2004), quantitative measures representing thieentes between
variables were determined in order to illustratatrenships between existing data. For example, the
model simulated a decrease in coral populatiorhagdurist population increased (Pattergbial.,
2004). Model outputs allowed for conclusions regagdyovernment spending, internal economy and

planning, such as development alternatives.



Lynne et al. (1981) modelled ecological-economic data for calasbne areas on the Gulf Coast of
Florida in the United States to determine the i@ship between natural marsh-estuarine habitats an
the production of marketable marine life. Resultsthe study suggested that the ‘availability’ of
marsh-estuarine systems influenced the ‘margiradyt of man induced fishing effort’ (Lynreeal.,
1981). A similar study concerned mangrove-fish@mkdges, investigating the effect mangrove area
had on open access fisheries in Thailand (Basdbiak., 2002). In this last study, bio-economic fishery
models responded to changes that supported mangedrats, assuming that mangrove area would
influence fish stocks and therefore impact on thkefries. The research by Barbatal. (2002) was
valuable for fisheries management and highlightedlitnportance of a natural system supporting an
economic activity, a situation similar to the camition of Lake St Lucia to South African national

fish stocks.

Due to the complexity of natural systems and them-linear responses to anthropogenic influences,
one should not expect rigid answers to targetedtores. However, as Costanza and Voinov (2001)
explain, models should be seen as ‘a synthesixisfireg information and guides to direct future
work’. A key component in model design is estabhighwhat data are required for input values. In
this study monetary values for ecosystem servica® @pproximated to provide input values for the
model. Although often debated and cautiously apgred, there are a number of methods of
‘environmental valuation’, which form ‘the basis afost resource-economics research’ (Turpie,
2007). Bridging this gap between the disciplinegadlogy and economics has given rise to the study

of ecological economics.

2.3 Ecological economics
2.3.1 Valuation of ecosystem services

Biological diversity has been regarded as essefaidghuman survival (Edwards and Abivardi, 1998)
and is argued to be of infinite value to econon(i€sstanzaet al., 1998). However, despite the
enormity of the task in defining this value, stidgreatly benefited ecosystem management from local
to national scales, mainly because the contributbmatural systems to human support has been
recognised. Monetary valuation of ecosystem sesvigvides ‘traction in the decision making

process’ particularly with policy agents and sdmst (Fisheret al., 2008). For example, economic



analyses coupled with scenario-based planning geovia method relevant to stakeholders in
determining the consequences (the costs and ®nefipotential land use changes or development
options (Turpie, 2007). Prior to the concept ofiesvmental valuation or in cases where valuation ha
not occurred, environmental systems are deemedpantant to policy and decision makers (Edwards
and Abivardi, 1998), resulting in degradation arebstduction. The benefits derived from natural
resources have been identified and critically exaaisince the mid-1960’s (De Grasital., 2002).
Classifications of these ecosystem goods and ssv{from this point forward referred to as
“ecosystem services”) are highlighted in the litera (MEA, 2003; De Groogt al., 2002), as are
numerous studies calculating the economic valuethaxde services (Cheat al., 2009; Tonget al.,
2007; Heinet al., 2006; Kroeger, 2005; Turpet al., 1999; Edwards and Abivardi, 1998; Costaaza
al., 1998; Hanemann, 1994). As this research has éegant has led to the establishment of online
databases such as Environmental Valuation Refelemeatory, Envalue, and the Ecosystem Services
Database (McComkt al., 2006). Information can be drawn from primarydédg acting as a quick
reference alternative to performing full-scale wion studies, and in some databases such

information may be accessed at no cost (McCenab., 2006).

A number of environmental economic studies addtikesstotal economic value (TEV) of a system.
This value can be determined from the summatica ®fstem’s use values and non-use values (Figure
3). Use values include direct use values such agsing of resources, indirect or ecological fimrct
values such as flood control, and option value aagcfuture drugs. Non-use values include existence
values, that place importance based purely on teeepce of a system, and bequest value, which

considers future significance (Edwards and Abivat@p7).
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Figure 3: Classification of total economic value (Edwardsl @bivardi, 1997; Turpie and Lannas, 2007).

2.3.2 Valuation methods

A number of valuation methods have arisen in theaaof research. Contingent valuation, group
valuation, indirect market valuation and direct kedrvaluation are broad categories of these methods
(De Grootet al., 2002). Contingent valuation involves asking infi@nts to provide a monetary value
for their willingness to pay (WTP) for a certairsogirce or for its improvement (Hanemann, 1994,
Shultzet al., 1998). In a similar approach, questionnairesuveys record people’s willingness to
accept (WTA) compensation for the loss of a paldictesource (De Groat al., 2002; Edwards and
Abivardi, 1998). Group valuation creates oppotiesi for open public debate regarding values of
ecosystems (De Groet al., 2002). Indirect market valuation includes Berselitansfer, where values
assigned to an ecosystem have been calculatedanmtiher comparable study site (van Bueren and
Bennett, 2004) and Replacement Costs, where thie obalternative provision of the specific service
are considered (Turpie et al, 1999). Methods sgchravel Cost, Factor Income and Hedonic Pricing
are other examples of indirect market valuationte€ti market valuation involves traded natural
‘goods’ that have an existing market value. Altérredy, a number of models have been designed for
valuation purposes, particularly for non-market do@Kaiser and Roumasset, 2002). However, many
studies, such as Beaumanal. (2008), utilise more than one valuation methodefparticular site.
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Natural resource valuation is influenced by a numbé factors. The integrity of ecosystem
functioning, its complexity, the diversity and tgriof a particular site, will all influence ecolagil
valuation (De Groott al., 2002). Other important influences include spatiadl temporal scales of
ecosystem services, their landscape setting (Midsth Gosselink, 2000), as well as the presence or
absence of stakeholders, namely those who ‘cartafiebe affected by the ecosystem’s services’
(Heinet al., 2006). Social influences of valuation includeoaisty’'s perceptions and values (De Groot
et al., 2002), cultural specific biases (Shuki al., 1998), and the levels of education of those
responding. Turpie (2003) examined how interegteernce, knowledge, income and perceived level
of threat all influence local willingness to paylt#ough these influences cannot be avoided,
researchers need to be aware of their existenckul@®@d monetary outcomes for ecosystem
functions might differ depending on the methodssemofor valuation. Economic values will also
differ with the demands on a country’s natural teses or services, and thus may be directly related
to the ‘level of socio-economic development achiewsy society’ (Azqueta and Sotelsek, 2007).
Greater levels of poverty can increase the demandnatural resources as is the case in many
countries in Africa, where wetlands in particulaoyde a vital supply of natural resources to rural
settlements (Schuyt, 2005).

Due to inconsistencies, the field of Ecological Bmmics has received much resistance, with some
viewing the valuation of natural resources as siiye or a ‘guessing game’ (Carsenal., 2001).
Many argue that the environment has ‘intrinsic ealuwhich cannot be valued in conventional
economic terms’ (MEA, 2003). At times, even peoplaflingness to pay for a certain service simply
‘cannot be directly observed or measured’ (MEA 2003 owever, there is no standard to which
valuation methods can be compared to ensure aecaraasurement (Carseh al., 2001). This is
largely due to the high variability inherent in wation techniques, as well as to site-specific
ecosystem attributes that do not allow for a stedidad method of environmental valuation. Complex
ecosystems are often categorised or broken dowthdiy products or functions to determine isolated
monetary values. This rigid option however, hagditadvantages. Certain ecosystem functions may
‘overlap’, resulting in double counting of economiglues (De Groogt al., 2002; Heinet al., 2006).

For example river water can be valued for its pmn to a farmer for irrigation but could also be

valued as a supporting function for kayaking, baabr other tourist activities.
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As ‘total economic values’ are determined withie framework of ecosystem management or policy
development, society is beginning to think aboutiemmental resources in economic terms. The
advantages of this thinking may prove vital in agrtsituations. For example, placing a price tagion

certain ecosystem function will provide a methodwficipating a potential change from an infrequent
natural disaster. Management plans along with aglesbudgets can thus better deal with such

ecosystem “surprises” (MEA, 2003).

2.3.3 Linking ecosystem services and human welfare

Economics has been quoted as the study of how htymanovides for itself (Fisheet al., 2008).
Given humanity’s demand for natural resources, dfishal. (2008) link ecosystem services to human

welfare with a supply and demand relationship appsed by Pearce (2007; Figure 4).
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Figure 4: Stylised costs and benefits of ecosystem se(#&&2 provision as in Fishet al. (2008).

Des (wunvy: Demand for all ES benefits (market and non-magagids). sy Demand for ES benefits from
market goods only. M&: Supply curve or the marginal cost of managingdE&cquiring additional units of
ES benefits. E@n: The point where only marketed ES are providedatedad and Esp: the optimal level of

ES provision. SMS: Safe minimum standard or quafitES below which the system may collapse.

The demand curve @3w) represents the demand for marketed services fonecosystem, or
products such as fuelwood or fishedaunwmy is the demand for both marketed and non-marketed
services including goods such as scientific knoggedr watershed protection (Pearce, 2007). As
every potential non-marketed good is unknowpgsm) represents an ideal scenario that includes all
of these unknown services. M£illustrates the marginal cost curve or supply eufor ecosystem
services. The interaction of supply and demandesudenotes the economic cost of the supply or, in
this case, the cost incurred to gain an additionélof the ecosystem service. @g$indicates the cost
associated for marketed services whilspi®elates to the potential trading of all ecosystenvises -
both marketed and non-marketed. This relationsbgeidbes an optimal diversity services level where
marginal costs meet the demand for all ecosystemicsebenefits. It was recognised, however, that a
degraded ecosystem might collapse. A Safe Minimtamd&ard (SMS) of services that an ecosystem

may offer was thus introduced to account for urety regarding initial quantities of ecosystem
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services. Pearce (2007) mentions limitations of thodel and acknowledges its simplicity. However,

it provides a helpful economic basis to approackeogsystem services trading and valuation.

2.3.4 Wetland valuation

Research in resource valuation is becoming morguéet in the management of natural systems
(Beaumontet al., 2008; Kroeger, 2005; Lamberth and Turpie, 2003n&r et al., 2000), and may
often complement assessments such as Environmlempalct Assessments, or the justification for
conservation areas (Turpie and Lannas, 2007). angsl in particular, have received much attention
regarding restoration and conservation, and, ds thet Mfolozi Floodplain and iSimangaliso Wetland
Park comprise wetland ecosystems, valuation oflairsystems was investigated in the literature. On
a global scale, an average monetary value of thédisowetlands was estimated at $ 14785/halyr
(Costanzeet al., 1998). In a South African study, wetlands wergoreed to be worth property values
ranging from $ 47 200 - $ 80 900/ha, tourism valoEbetween $ 159 - $ 40 440/halyr, resource
harvesting values of $1.4 - $ 378/ha/yr and ecesystervice values, such as flood attenuation and

water quality enhancement, of between $ 28.35 43&ha/yr (Turpie and Lannas, 2007).

On a smaller scale (1000 ha), the Hennepin and éftolppkes Restoration Project (USA), calculated
the economic impacts affecting the regional econoftotal output, household incomes and
employment) of agricultural land reversion to wetlaalong with their costs (i.e. loss of agricudtur
Prato and Hey, 2006). Tomtyal. (2007) compared current and future economic vabfidise Sanyang
wetland in China to complement restoration planstlie system. Wetland service valuation allowed
for the recommendation of priority ecosystem se&wifor restoration in order to improve current
economic value of the system (5087 Yuan/ha/yr)tsopotential value (55 332 Yuan/ha/yr which
translate to approximately 740 to 8000 US$/ha/gpeetively).

Values for ecosystem services from a natural, aamimterfered and a constructed wetland were
compared by Chemt al. (2009). Contingent valuation-related methods weneployed for their
analyses (e.g. hedonic pricing, voided, replaceraadttravel costs, production approach, and market
pricing). Net ecosystem service values were giwetthe difference between ecosystem services value
and ecological engineering or maintenance costeef@t al., 2009). Analyses of six categories of
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ecosystem services (waste treatment, food and afmoduction, water supply, gas regulation,
disturbance and water regulations, and habitatrefugjia) for the three wetland types resulted talto
ecosystem service values of 206 740 US$/halyr fer ‘tonstructed’ Beijing Wetland, 15 643
US$/hal/yr for a typical ‘natural’ wetland and 70h&yr for the human-interfered Sanyang wetland
system. Wetland valuation in the Chetral. study (2009) presented a comparative economigsisal

appropriate for future ‘wetland engineering and aggement’.

Gren (1995) compared the costs and benefits ofamétlrestoration initiatives in the Stockholm
Archipelago, and in Gotland Island in Sweden. Regimn costs were determined from opportunity
costs or the ‘benefits forgone in the best altéveatise of the land’, in addition to operationabiso
Current and future benefits were calculated usingraber of inputs. One such input was through data
from a previous study for public willingness to pay better water quality and improved ecosystem
services. Nitrogen and saltwater filtering, watentrient and food supply services were valued by
means of replacement costs (Gren, 1995). Resultsvexh that benefits from both restoration
initiatives outweighed any artificial alternatigarticularly with regards to nitrogen abatementef@Gr
1995).

2.4 Relevance of research

Given current global measures, the MEA (2003) st#tat ‘a country could cut its forests and deplete
its fisheries and this would show only as a positjain to GDP despite the loss of the capital asset
By applying various resource valuation techniqukss, research attempts to determine the economic
value of particular ecosystem services that carstit part of South Africa’s natural capital. The
suggested large-scale restoration of this studyadesy an interdisciplinary tool, such as empirical
modelling, in order to anticipate how ecosystenviser values will change into the future. By
targeting the ecosystem services fundamental toesstul ecological functioning, this research will
form part of an environmental/economic understagmddh both the Mfolozi Floodplain and the St
Lucia Lake system, bringing to light their signdice in a language more familiar to key decision

makers, as well as contributing to the growingdfief resource economics.

16



3. Study Area

3.1 Socio-economic characteristics and climate

Lake St Lucia and the Mfolozi Floodplain are loch@pproximately 275 km north of the city of
Durban, both falling within the boundaries of thenkhanyakude District Municipality (DC27) in the
northern KwaZulu-Natal Province (Figure 5). A minmortion (<500ha) of the demarcated Mfolozi
Floodplain, which lies in the southern most regajrthe study area, extends into the neighbouring

Uthungulu district.

In 2006, an estimated 625 358 people resided irJthkhanyakude district, making up about 6 % of
the province’s population (Department of Local Goweent and Traditional Affairs, 2006) with an
estimated population growth rate of about 10 % fr2d@1 to 2006 (Umkhanyakude, 2004). The
district consists primarily of poor, low-income rsaholds, 25.6 % of which have no formal income at
all (Sharpe Southern, 2003). About 80 % of thesesBbolds bring in less than R1 500 per month,
with more than 50 % earning approximately R 500 thign(Sharpe Southern, 2003). Only about 46
% of the population that are able and willing torkvare employed in the district, the majority of
which work for the social services (27.6 %) and@gtural sectors (20.4 %; Sharpe Southern, 2003).
Agriculture, hunting, forestry, fishing and minitgwve been identified as the primary contributors to
the Umkhanyakude District GDP (Department of LoGalvernment and Traditional Affairs, 2006).
The Gross Geographic Product for Umkhanyakude washated to be R 1.2 billion in 2000 (Sharpe
Southern, 2003).

The climate in Northern KwaZulu-Natal is typicakyb-tropical with an average annual rainfall of
approximately 1000-1200 mm, the majority of whietld during the hot, humid summer months of
January to March, with temperatures reaching arageedaily maximum of 29°C (SAWS, 2003; Bate
and Taylor 2008). Winters are cool and dry, withaaerage daily minimum of 12°C (SAWS, 2003)
experienced in the coldest months of June and Jdy.spells often lead to extended periods of

drought typically occurring about once every teargg Taylor, 2006a, Bate and Taylor, 2008).
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Figure 5. Map of the study areas taken from Whitfietal. (2006): the St Lucia Lake system with the Mfolozi

River and Floodplain to the south.
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3.2 Lake St Lucia

Lake St Lucia falls within the 239 566 ha of them8ngaliso Wetland Park, previously known as the
Greater St Lucia Wetland Park (UNEP, 2002). The lis situated between ®2’'S to 2824'S and
32°21E to 3234’E (Wrightet al., 1990). Sections of this conservation area haea lpeotected since
1895 (Whitfieldet al., 2006). The St Lucia wetland system was recogrnesed Ramsar site in 1986
(Ramsar, 2008) owing to its international uniquend$he abundance and diversity of habitats such as
wetlands, coastal dune forests, beaches, lakesslgnals and savanna led to the Park becoming the
country’s first World Heritage Site in 1999 (UNESC®@999). The St Lucia estuary is the largest
estuarine system in Africa (Cyrus and Vivier, 2Q0&)th a volume of about 320 xi6n® and a
surface area of 350 Kr(Bate and Taylor, 2008), making up approximatehg dalf of the total
surface area of all South African estuaries combifhamberth and Turpie, 2003). Freshwater inflow,
currently supplied by five rivers (Figure 5), cabtites an average of about 362 Xribto the system
annually with groundwater seepage delivering apiprately 23 x 16m® annually (Whitfieldet al.,
2006). Evaporation is given at 420 x°af} annually indicating a shortage of freshwater wflduring
drought years (Whitfieldt al., 2006). The lake is relatively shallow with a metapth of 0.9 m (Bate
and Taylor, 2008), which exacerbates the effectevaporation causing the lake to experience

dramatic shifts in water level, temperature andagl(\Whitfield et al., 2006).

3.2.1 Tourism

Tourism has been recognised as ‘one of the fagtesting economic sectors in the world’, which is
true of Southern Africa (SAfMA, 2004). An estimatealue of US$ 3.6 billion was given in 2000 for
nature-based tourism in Southern Africa (MEA, 2008) impact study of tourism on the economy of
KwaZulu-Natal was done over the summer holidayqeefiom 15 December 2004 to 15 January 2005
(Tourism KwaZulu-Natal, 2005), which estimated fr@® 000 international tourists that visited the
province, the expected direct spending was apprateiyn R 0.5 billion with a total economic impact
of R 0.7 billion (Tourism KwaZulu-Natal, 2005). tmains challenging, however, to measure overall
impacts of tourism, as it is not a ‘clearly defingdlustry’ in the System of National Accounts.
Agriculture, mining and forestry are examples afacly defined industries (Stats SA, 2005). Rather
tourism can be viewed as ‘an amalgamation of iméksssuch as transportation, accommodation, food

and beverage services, recreation and entertainraedttravel agencies’ (Stats SA, 2005). Statistics
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such as the number of arrivals to a particular tguor overnight stays are valuable indicators of
tourism measure as is the UN recommended tourigeilisa account (TSA), which explores the
supply and demand of tourism goods and serviceBirwihtegrated economic systems (Stats SA,
2005).

The provincial conservation authority, Ezemvelo KXMIdlife, which operates in and around the
study area, considers tourism as a ‘key driveobfgreation and economic growth’ (EKZNW, 2004).
This is clearly evident in the town of St Lucia morthern KwaZulu-Natal, with the majority of
enterprises in the area centred around tourismvitkes or their support. The St Lucia coastlines th
estuary and the lake host a number of these aesiyicluding birding, fishing, hiking, boatingdn
kayaking. It is therefore not surprising that tlf®&mangaliso Wetland Park has previously been
recognised as one of the top five eco-tourism dastins in the country (Mann, 1993). Income from
Ezemvelo Wildlife accommodation facilities, thatpéed in some way on the ecology of Lake St
Lucia, brought in R 3.5 million in 1991, with a ther R 854 000 from consumptive resources (fish,
bait), entrance fees, trails and tours (Portertdaghes, 1993). More recently, however, the number o
tourism enterprises in the town of St Lucia hasaased. Efficient ecological functioning of thekka
St Lucia supports this thriving tourism industrydashould conditions deteriorate, it is expected tha

the number of visitors to the area would decline.

3.2.2 Cultural significance

Along with providing employment through tourismethatural environment in Northern KwaZulu-
Natal has great cultural significance to local geop ‘vital source of inspiration for science, tuk
and art’ and providing ‘opportunities for educatiand research’ (De Groat al., 2002), are not
attributes society may easily assess in economioste The literature states that some natural
resources are harvested in Northern KwaZulu-Nataélg for the production of goods for cultural
purposes (Traynor, 2008). Incemaurfcus kraussii), for example, is significant specifically for the
making of bridal mats by the local Zulu communignd there is no suitable substitute (Traynor,
2008). Further, Impey (2002) discusses the sigmfie of the culture/nature interface to the Zulu
communities in Northern KwaZulu-Natal. Natural resmes were noted to play a vital role in cultural

rituals including cleansing, medicating, marriaggeeonies, the making of musical instruments,
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ancestral worship and others (Impey, 2002). THiarmee of culture on available resources is capture

in the words of a student; ‘without these rituale, cannot call ourselves Zulu’ (Impey, 2002).

3.2.3 Fisheries

3.2.3.1 National fisheries

The South African Fishing industry was calculate@©03 to generate approximately R 2,63 billion of
wholesale revenue annually, contributing about Xd%he country’'s GDP (Food and Agriculture
Organisation, 2008). Estimates in 2000 gave a vafue 168 billion for the direct benefits from all
coastal goods and services in South Africa and RHifon for indirect benefits (DEAT, 2008). The
Pelagic Purse-Seine fishery is the largest fisheryhe country, having harvested about 538 000
tonnes in 2002 (DEAT, 2008). This fishery targetsstty sardine $ardinops sagax) and anchovy
(Engraulis encrasicolus), but also includes redeye herrirtgirumeus whiteheadi) and horse mackerel
(Trachurus species). Demersal trawling is the second largest fishbegryest having brought in 163
000 tonnes in 2003, with deep-sea hakker(uccius capensis and Merluccius paradoxus) having
contributed the highest value catch (DEAT, 2008)e Total commercial catch from linefish, the third
largest fishery, was about 24 104 tonnes in 20@AD 2008). The South African fishery shifts from
mostly commercial operations on the West Coastibsistence towards the northeast into KwaZulu-
Natal (Lamberth and Turpie, 2003). With regard estuaries, it was found that the estuarine
contribution to inshore marine fisheries in Soutfrica was R 490 million each year with the

KwaZulu-Natal estuarine contribution valued at R4/ha (Lamberth and Turpie, 2003).

3.2.3.2 Local fisheries

Fishing is an important contributor to the locabeomy of St Lucia, with the Primary Economic
Sector into which fisheries falls contributing 73@3to the GDP of the Umkhanyakude Municipality in
2003 (Department of Local Government and Traditiokfairs, 2006). Recreational fishing is very
popular in the country with St Lucia alone boastingfishing estimates of 30 000 boat angler owging
and 18 000 shore angler outings per year (Lamtaarth Turpie, 2003). There are 37 gillnet permit
holders in St Lucia with a further 270 people ses$pe to be operating illegally (Lamberth and Tuypie
2003). Although also illegal, seine netting is emsin KwaZulu-Natal along with many other
traditional methods of fishing. About 80 of theDl€pecies that are present in South African essiari
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are exploited in national fisheries, giving the oy's estuary-dependant fisheries a value of R 1.3
billion in 2002 (Lamberth and Turpie, 2003). Théatestuarine species catch was estimated at 653.5
tons for KwaZulu-Natal (Lamberth and Turpie, 200Bhe highest catch for KZN is the dusky kob
(Argyrosomus japonicus) with 227.5 tons, flathead mullévi(gil cephalus) with 72.1 tons and spotted
grunter Pomadasys commersonni) with 71.9 tons. The estuarine species catch €rablincluded
records of recreational shore-angling and speamfishcommercial boat-based linefishing and
commercial gillnet and beach-seine netting. Conmbidata from Lamberth and Turpie (2003) and
Whitfield et al. (2006) in Table 1 show that nine out of the tesh fspecies with the highest catch in

the province are present in the Lake St Lucia Syste

Table 1 The 10 highest recorded estuarine species catklwaZulu-Natal, all species of which are present i
Lake St Lucia. Categories of utilisation of estaarare also included, denoting every species’ dkpee on
estuarine habitats.

Recorded total Category of Approximate salinity

Species Common name catch (tons) in utilisation of ranges Yqo) of

KZN (Lamberth & | South African species recorded in
(M): Marine fish species Turpie 2003) estuaries Lake St Lucia
(F): Freshwater fish species (Lamberth & (Whitfield et al.,

Turpie 2003) 2006)
Argyrosomus japonicus (M) Dusky kob 227.51 lig 0-90
Mugil cephalus (M) Flathead mullet 72.14 lia 0-90
Pomadasys commer sonni(M) Spotted grunter 71.88 lip 0-90
Gerres methueni/rappi (M) Evenfin 50.52 Ib 0-40
pursemouth

Oreochromic mossambicus Mocambique 4411 v 0 — 100+
(F) tilapia
Liza macrolepis (M) Largescale mullet 35.20 lip 0-175
Liza dumerilii(M) Groovy mullet 35.07 I1b 0-90
Claruis gariepinus (F) Sharptooth catfish 28.34 I 0-10
Acanthropagrus berda (M) Perch/riverbream 19.3B lin  Notrecorded in St L.
Leiognathus equula (M) Slimy 14.25 IIb 0-8(

Description of relevant categories of fish thalizgi South African Estuaries (Lamberth & Turpie 3P0
Category II: Euryhaline marine species that usually breeeéat with juveniles showing varying degrees of dejgee

on estuaries

lla: Juveniles dependant on estuaries as nursery areas
[Ib: Juveniles occur mainly in estuaries, but are adsod at sea

Category IV: Freshwater species, whose penetration into éstugrdetermined primarily by salinity toleran@éis

category includes some species that may breedtinfleshwater and estuarine systems.

Table 1 shows that the majority of these specigsae a linked estuarine/ocean environment for
successful breeding and recruitment. Salinity ranigkerated by these species indicate that masieof

targeted species cannot tolerate the hypersalindittans that were reached during the last drought
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(Whitfield et al., 2006). Salinities in False Bay have risen ud%0 %, in 2003 (Whitfieldet al.,
2006) and 80-108,, in November of 2004 (Cyrus and Vivier, 2006). &ivthat St Lucia’s surface
area (35 000 ha) is half of all the estuaries int&d/frica (roughly 70 000 ha), Whitfielet al. (2006)
argue that losing Lake St Lucia as a nursery aspacifically for estuary-associated marine fish,
would result in ‘significant short-term declinestime future abundance of these taxa on both a local
and regional scale’ (p 14), regional referringhe hational scale. Lamberth and Turpie (2003) noted
the consequent impacts of stressed estuarine envenats, particularly as nursery grounds, which may
result in a decline of essential fish suppliesh® ¢ountry’s in-shore marine harvesting (Lamberiti a
Turpie, 2003), and thus the income that is gendrakbis was confirmed by Mann and Pradervand
(2007), who showed a significant (p < 0.05) declinestumpnoseRhabdosargus sarba, in the St
Lucia Marine Reserve, north of St Lucia mouth, dgrihe 2001- 2005 drought. Mann and Pradervand
(2007) attribute the CPUE decline solely to theselof the St Lucia Estuarine System, which
prevented access to the estuary as a nursery adetherefore inhibited further recruitment of the

species.

3.2.4 Current condition

Lake St Lucia historically received its freshwateput from six sources (the Hluhluwe, Mkhuze,
Nyalazi, Mzinene, Mpate and the Mfolozi Rivers), iallowing the Mfolozi River's diversion in
1952, its contribution was thus removed. The remgiwater sources are fast diminishing due to
catchment developments, which are contributingetsiatation and endangering the system in the long
term (Taylor, 2007). Following a persistent droughice 2002, the St Lucia mouth has remained
closed, opening only briefly in January 2004 foliogva flood event, and from March to August 2007
due to the rare combination of a spring high teddreme wave heights following Cyclone Gamede, as
well as strong onshore winds (Pillay and Perissind@009; R. Taylor pers. comm.). Water levels in
the lake steadily dropped during this drought,geigng hypersaline conditions that have resulted in
the deaths of many plants and animals (Pillay aris&inotto, 2009; Cyrus and Vivier, 2006). In the
winter of 2006, the lake waters were confined tewa small pools (Figure 6), exposing 90 % of the
lake floor (Whitfield and Taylor, 2009).

23



Water Distribution
19-07-086

Figure 6: Maps from Taylor (2007) of the water coverageLake St Lucia in July and December of 2006
compiled by Johan Gerber and Greg Nanni respegtivel

Conditions during these dry periods resulted inrdriic changes in the biota, the most obvious being
the mass mortality of fish. Although fairly typicald subtropical estuarine systems, the fish maytali
during this drought is suspected to have beendrag by low oxygen levels brought about by the
lake’s low water levels and high temperatures, @lafith high salinities (Cyrus and Vivier, 2006),
reaching up to 200/, in the northern parts of the lakBillay and Perissinotto, 2009; Cyrus and
Vivier, 2006). By 2007 water levels had recovered® % of the lake cover (Taylor, 2007) although
some irregularities still persisted such as thesgmee of submerged water plants in the Narrows,
which are naturally absent from this area (TayRfQ7). As the water levels continued to rise, salt
marsh areas were flooded attracting waders andsdbakk to these areas and also providing new
warm habitats for small fish (Taylor, 2007). Fistpplations, particularly those that rely on an open
mouth for spawning, remained stressed while thetmmmained closed. Crocodile populations were
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also under pressure due to low lake levels, forciegting to the southern areas of the lake and the
Narrows (Taylor, 2007). It is therefore evidenatthvithout the input of Mfolozi River water to the
lake, the St Lucia System becomes severely stremsddunable to recover fully between drought
periods - to the point that it may not survive lne tong-term (Taylor, 2008; Whitfield and Taylor,
2009). It is the immediate hope of key decision erako make use of Mfolozi River waters in order
to alleviate such dramatic ecological fluctuatiexperienced by the lake, whilst protecting theesyst

from the harmful sediment it carries.

3.3 Mfolozi Floodplain

The Mfolozi Floodplain, one of South Africa’s lagi€Grenfellet al., 2009), is situated to the south of
Lake St Lucia (Figure 1). The Mfolozi River mousiince its diversion from the St Lucia System, lies
south of the St Lucia estuary at°28'S; 3225'E (DEAT, 2001). Subsequent to the diversionljrik
canal’ was constructed in the late 1970’s/early019&t great cost between the Mfolozi River and the
Narrows of Lake St Lucia (Figure 7), to allow fdretprovision of supplementary water to Lake St
Lucia should the need arise. However, following djoainfall seasons and favourable freshwater
inflows to Lake St Lucia that allowed for frequanbuth opening, the canal was no longer necessary

and ongoing costly maintenance was discontinuedg\gry, pers. comm.).

The majority of the floodplain is currently farmeéatensively for sugarcane, with the estuary and
coastal reaches of the floodplain incorporated itite iSimangaliso Wetland Park (Figure 7).
Although these areas fall within a protected aseaall-scale subsistence farmers cultivate thesesare
(Grenfellet al., 2009). The Mfolozi Estuary, about 180 ha in siamges in salinity from about 36,

at the mouth to about®,, in the upper reaches (Vivier and Cyrus, 2009).
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Figure 7: GIS delineation of the Mfolozi Floodplain with joainfrastructure (Collings, 2007). The link canal
remains noticeable from the Mfolozi River to Honeon Bend at the base of The Narrows in the St Lucia
System.

The Mfolozi Floodplain is characterised by infrequélooding events, the largest of which, in recent
history, was triggered by Cyclone Domoina in 198%eve discharges far surpassed the capacity of the
river channel to accommodate them, with dischatigese times the 100-year return flood, resulting in
extensive flooding and forcing the river southwaodjoin the Mzunduzi River channel (Grenfell,
2009). The Mfolozi River has been in flood 18 tin@ece Cyclone Domoina (L. McGrath pers.
comm.). The floodplain is dominated by clastic seehts of very fine to medium silt (Figure 8;
Grenfellet al., 2009).
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Figure 8: The surface of the floodplain’s interpolated nadparticle size according to the Wentworth-Udden
scale classification from Grenfedl al. (2009).

As sugarcane farming expanded on the floodplaingsalid infrastructure and canalisation in oraer t
straighten river channels and lead them more dyréotthe mouth in order to prevent floodwaters
from damaging crops (Figure 7; Grenfell, 2009). ™Milozi River naturally carries high sediment
loads, which have been worsened by growing pomuratin the catchment and associated negligent
farming practices (Bate and Taylor, 2007). This hemulted in an estimated mean annual sediment
load for the Mfolozi River of 0.68 x £Qonnes yeat (Whitfield and Taylor, 2009). However, there is
much variability in the sediment loading, both seedly and annually (Grenfell and Ellery, 2009),
which is noticed during low flows, particularly winter, when sediment loading is reduced (Whitfield
and Taylor, 2009). Compared to other rivers howegediment loading is relatively low in the
Mfolozi River, with the Zambezi River transporti@@ x 16 tonnes yeat (Grenfell and Ellery, 2009)
and the Tana River, Kenya at 6.8 X’ 16nnes y* (Kithekaet al., 2005). Nevertheless, the Mfolozi

River’s sediment loading is far greater than tidahe neighbouring St Lucia System (Figure 9).
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Figure 9: Image from Lindsayt al. (1995) of the visible difference in Suspended iPaldte Matter (SPM)
when the Mfolozi and St Lucia estuaries were comthiduring an ebb tide in January 1995.

However, turbidity provides an advantage to fisacsgs recruitment due to increased food availgbilit
that has been shown by larger quantities of benthwsan annual dry biomass) recorded in more
turbid areas of the St Lucia System than in thogle elear water (Vivier and Cyrus, 2009). Reduced
light penetration is also advantageous to fish iggeevhich, by decreasing the visibility in the et
protects young fry from the view of predators (éivand Cyrus, 2009). As the Mfolozi Estuary is the
only estuary in a 70 km stretch along the coasttafpam the Lake St Lucia System, it is very
important for alternative nursery grounds when 8tid mouth is closed. In a study on the fish
community of the Mfolozi system which used gill aseine nets, Vivier and Cyrus (2009) found that
when the St Lucia mouth was closed, there were @ rfish species present in the Mfolozi Estuary

than when the St Lucia mouth was open.

3.3.1 The sugar industry

The sugar industry contributes significantly to 8oAfrica’s economy. During the 2006/2007 season
2.26 million tons of sugar was produced from a steged 45 300 cane growers (SASA, 2008).
Exports reach Asia, the Middle East and a numbeifatan counties, but most of South Africa’s

sugar is marketed in the South African Customs i®ACU). Based on SACU sales, the country’s
sugar industry generates an estimated annual aveiegrt income of R 6 billion (SASA, 2008). The

industry provides around 77 000 jobs, with indireatployment of approximately 350 000 (SASA,

2008). One million people are said to depend orstiyar industry for a living (SASA, 2008).

During the early 1900’s, the Mfolozi Settlement westablished by the South African Government

specifically for the production of sugarcane (LilmGo1995). The government subsidised the
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construction of the local mill, the establishmehtcommercial farms as well as frequent assistance
with flood relief. Owing to frequent flooding oféhMifolozi River during its history, and consequgntl
the deposition of nutrient-rich sediments (Lindshyal., 1996), conditions are arguably among the
most productive in the country for sugarcane fagni@urrently approximately 8000 ha of the
floodplain are covered by sugarcane (Collings, 2088wever, flooding has also been responsible for
the destruction of many sugarcane crops in the, gmsimpting heavy investment into drainage
systems and canals, which prevent the river waten the dissipating and filtering functions of the
floodplain (Taylor, 2006). The local Mfolozi Millemploying over 250 people, produces about 150
000 tons of raw sugar per year, which is roughly @he country’s total production (SASA, 2007).
During the 2006/2007 season the mill crushed appravely 1 113 986 tons of cane (SASA, 2008).
The majority of the sugarcane supply to the Mfoldail (70 %) is sourced from the Mfolozi
Floodplain (G. Shange, pers. comm.). The ownershipne mill changed hands in 2005 from lllovo
Sugar Ltd to the BEE Company Umvoti Transport LEEASA, 2007). After failing to meet certain
sales agreement considerations, the mill was boaghby the local Umfolozi Co-operative Sugar
Planters (UCOSP) in early 2009 (L. McGrath, peosn.).

Regardless of the fate of the mill, sections ofidéascale sugar farms in the floodplain have already
been targeted for poverty relief initiatives. Thedartment of Land Affairs is in the process of Ingyi
out low-lying areas of certain farms in order tdabfish previously disadvantaged farmers (Taylor,
2008). Not only will this disrupt any future progpdor restoration and the potential linkage of the
Mfolozi River to the St Lucia System, but the aHdted land will not prove very productive (for
sugarcane) since these areas are flooded moreefrdygugiven their location. Without extensive
drainage or flood alleviation efforts, small-sctdeming in these areas would in all likelihood fard
would probably have to be abandoned in a few y@aglor, 2008).

3.3.2 Mouth management

The Mfolozi River has migrated northwards, at tinssa rate of 1.9 m per day and without
intervention is expected to erode into the St Luestuary (Taylor, 2007). Although this rate of
migration is not constant, Ezemvelo KZN Wildlifeets to intervene regularly in order to prevent the
Mfolozi River from re-connecting with the St LucBystem causing premature breaching of the St
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Lucia mouth and from delivering undesirably higldisgent loads into the lake. Figure 10 shows the
bulldozing of a new mouth to ensure the Mfolozi Motemains south of St Lucia.

ST LUCIA MOUTH (closed)

MFOLOZI MOUTH

WEAK LINK

Figure 10 A bulldozer constructing a ‘weak link’ to prevettie northwards migration of the Mfolozi River.
(Terminology of Whitfield and Taylor, 2009; Phot®. Collings, November 2008).

30



4. Methods

Ecosystem services for the Mfolozi Floodplain ahd take St Lucia System were identified and
monetary value for each ecosystem service was ssste€hanges to these monetary values were
determined under two restoration scenarios for Mfelozi Floodplain in order to establish the
economic consequences associated with the propestdation of the floodplain.

4.1 Classification of ecosystem services

The Millennium Ecosystem Assessment (2003) and DeoiGet al. (2002) were considered in
identifying ecosystem services present in bothMi&ozi Floodplain and the Lake St Lucia System.
Representation of services from each service categom the Millennium Ecosystem Assessment
(Regulating, Support, Provisioning and Cultural)lswacluded in the study (Table 2). Services were
included on the basis of their significance to guesfloodplain restoration and the availability ddta

necessary for valuation.

Table 2 Ecosystem services analysed in this study.

Millennium Service valued for the Service Description
Ecosystem Mfolozi Floodplain and the
Assessment Lake St Lucia System
Category
Regulating Flood Alleviation Mitigating impacts of flood evenbr storms; water
regulation such as drainage
Water Provision Water supply to users within the si
Water Purification Pollution control and detoxifiima; specifically reducing
Nitrogen & Phosphorous levels
Sediment Retention Sediment retaining capabilipesyention of damage
from erosion & siltation
Supporting Tourism Enterprises based on tourisneareation supported by
natural habitat
Provisioning Vegetation Harvesting Direct Use Values; Harvestag materials for fuel use
building, manufacturing, food etc.
Fisheries Habitats as nursery grounds/refugiadtional stocks,
supply to recreational & commercial fishing
Cultural Existence Aesthetic; enjoyment of scenery, sehpéaoe
Cultural & Education Spiritual, artistic, histodcResearch, education
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4.2 Economic valuation of ecosystem services

Valuation of ecosystem services employed a numbenethods most suited to the scope and time
allowance of this study as well as the availabitifydata. Where calculations included a US Dollar
value, conversions were made to South African Ramglag the Rand/Dollar exchange rate of
approximately 1USD: R10, as on 12 December 2008&. tDuhe availability and nature of data, certain
values for ecosystem services for the ‘St Luciat&ys were determined for the area within the
iSimangaliso Wetland Park boundary, others wererdehed for the St Lucia Lake, and one was
calculated for the town of St Lucia. Methods folunag ecosystem services included replacement cost

method, market value, benefit transfer and thegas®y of a proxy value (Table 3).

The assumption was made for this study that regjdhie Mfolozi Floodplain would reinstate efficient
ecological functioning and return natural ecosystesrvices to their natural capacity. It is
acknowledged that most of the services presenhenMfolozi Floodplain would operate with the
highest efficiency if the river were in flood andder natural wetland conditions.

Table 3 Valuation methods employed for each ecosystewicgem each study site. Note services valued for
different components of the St Lucia System.

Mfolozi Floodplain St Lucia System St Lucia
Ecosystem Services component valued

Flood alleviation Replacement cost Benefit transfer Lake

Water Provision Market value Replacement cost Lake
Water Purification Benefit transfer Benefit transfe Lake
Sediment Retention Replacement cost Managemers cost | Park

Tourism Tourism proxy Tourism proxy Town
Vegetation Harvesting Benefit transfer Market value Park
Fisheries Benefit transfer Benefit transfer Lake
Existence Benefit transfer Benefit transfer Park
Cultural & Education Benefit transfer Benefit tréars Park
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4.2.1 Flood alleviation

Mfolozi Floodplain

The replacement cost method was used to deternood flleviation, using the annual costs of
maintaining current drainage systems within thedjgain boundary as well as other annual expenses
specifically for flood prevention. The total valder these costs, provided by the Umfolozi Co-
operative Sugar Planters Association (UCOSP), dgheecurrent ‘flood alleviation’ value for the
Mfolozi Floodplain. The assumption was made thatesu drainage infrastructure does not need to be
replaced every year. There have been 18 flood peakts since cyclone Domoina in 1984. Should
drainage fail, re-planting sugarcane following aofl event is estimated to cost R 7500/ha (L.
McGrath, pers. comm.). Re-planting costs, howewvegre not included in the calculated flood
alleviation value as these costs are not associaittd flood prevention. In order to test a more
comparable result with that of the St Lucia Systarbenefit transfer method was also performed for
flood alleviation. This was unsuccessful due tolduk of data applicable to the Mfolozi Floodplain
given from the Costanz al. study (1998), as was considered for the St Lugsien.

St Lucia System

As Lake St Lucia falls within a conservation aré@ere is no artificial flood alleviation or flood
prevention infrastructure to use to calculate tt@nemic value using the replacement cost method, as
was the case for the Mfolozi Floodplain. A benéfégnsfer method was used, using a disturbance
regulation function value for estuaries within dahgcosystems given by Costaretal. (1998). This

per ha value was presented by Costaszt. (1998) from a study which synthesised data fromr @av
hundred international studies giving the econonailtigs of seventeen ecosystem services categories.
This number was applied to the surface area of 1Stkieucia. The assumption was made that the St
Lucia System operates with similar functioning tee tsystems that were used in a study that
synthesised over 100 wetland valuation studiesdstahzeet al. (1998).
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4.2.2 Water provision

Mfolozi Floodplain

Current payments for water abstraction by user&iwithe floodplain were assessed, providing a
current market value for water supply. It was reasbthat the water provided by the Mfolozi River is
worth what is currently paid to access it. Grounghwgrovision to the Mfolozi Floodplain was
assumed to be negligible in relation to water ptedi by the Mfolozi River (S. Grenfell, pers. comm.)
Groundwater was thus subsequently excluded fromulzlons. There are however a few users
accessing water for domestic use by means of pribbateholes, which were also excluded from
calculations. It is estimated that about 4 750 sharigated in the floodplain annually (L. McGrath,
pers. comm.). Registered user data were accessatd DWAF, which provided specific Water
Resource Management charges (WRM) for different ssetors within the floodplain region
(irrigation, commercial, aquaculture etc.; Table Records of registered users within the Usutu to
Mhlatuze water management area (WMA) were isolatedl further sorted for users abstracting from
the Mfolozi River only. All water use sectors waneluded in calculations. It should be noted tinat t
Water Management Charge is not a payment for tiierpaut rather payment for the management of
the catchment along with the regulation of wates. IBue to variation of water abstraction charges fo
registered user groups, all records of registeratemwuse from DWAF were considered. GPS co-
ordinates were provided with registered user inedrom indicating the location of water abstraction.
Through this process it was clear that some wdistracted outside the marked floodplain boundary is
used on the floodplain. Thus, points of abstracti@mne investigated using Arc 9 software to confirm
proximity to the marked floodplain. Orthophotosthé floodplain and relevant floodplain boundary
shapefiles were obtained from Collings (2007). Adogtion sites located either within the marked
floodplain or in close proximity (roughly 5 km) weeincluded in calculations. Monetary values from
the total Water Resource Management charges weledatd irrigation costs in the floodplain thus
summing the current payments made for water inatka and therefore establishing a total monetary

value for the water provisioning function of theditizi River.
St Lucia System

The replacement cost method was used to estimatavalter provisioning value for Lake St Lucia.

Estimation followed the logic that if water supptgases completely, the costs associated with
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supplying the current volume of water to the lak#fieially would provide an indication of its
economic value. Water abstraction costs from a @&@et/nT), such as Klipfontein Dam on the
northern reaches of the Mfolozi River (J. Perkipsrs. comm.), was used to calculate the cost of
providing a substitute for the current 320 x® 18° in the lake (Bate and Taylor, 2007) of water
currently in the lake. It was acknowledged thatwlaer resource charge used in this calculatidhas
cost associated with abstracting from a water gorsystem. This potential replacement scenario
considers water flowing to a storage system, ¢hisicase the lake. Dam abstraction payment ngt onl
includes payment for the water provision servicetly dam, but also the dam infrastructure, its
maintenance and management. Given the demand, bowel replacing such a large volume of
water, it was reasoned that this scenario coultistigally only consider a dam as an appropriate

abstraction point to satisfy replacement volumes.

4.2.3 Water purification

The literature refers to the reduction of contamtneoncentrations by wetland systems in many
studies (Siracusa and Rosa, 2006; Moreh@l., 2007; Sternet al., 2007; Turneret al., 2000;
Woltemade, 2000). It was also acknowledged thaetlawd system’s ability to remove nutrients and
heavy metals from an environment is dependent erbiblogical processes that are present (Teing
al., 2007) as one would associate with a restoredralag¢gosystem. Studies such as Covetiesl.
(2002) have shown results of nutrient removal bylamel filtration. Nitrogen (68 %) and phosphorous
(43 %) reduction have been analysed in restoredamgg receiving agricultural drainage water
(Woltemade, 2000). Although the removal of nutrsemay differ among wetlands and different flows
(Jordan, 2003), the ability of wetlands to ‘tramainutrients’ will increase as the water retentiome
increases (Jordamt al., 2003; Woltemade, 2000). This was also consides@n estimating
ecological changes following a potential restoratioitiative in the Mfolozi Floodplain. The water
purification function for this study considered tfegluction of nutrients from a river system and did
not include the removal of sediment. To avoid deutbunting sediment removal was considered

under the ‘sediment retention’ function.

Mfolozi Floodplain
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Due to the current infrastructure on the Mfolozbddplain and its design for rapid drainage of water
biological processes natural to a floodplain wetlasystem, such as dilution, assimilation and
chemical transformation (Montreuil and Merot, 200& Grootet al., 2002) are no longer present as is
the case in a natural state. Also, given thatMieozi River is heavily channelled and controlled
(UCOSP, 2008), water retention time, is currentlynimal. These processes were assumed to be

present, even though in a reduced capacity.

An economic value for water treatment by ‘riversl dakes’ from Costanzet al. (1998) was used for
this valuation. The Costanshal. (1998) US$ per ha value was used for a benefistea calculation
for water purification function. The surface area the Mfolozi and Msundusi Rivers, both falling
within the Mfolozi Floodplain boundary, were deténed using Arc9 Software. The length and width
of each river was calculated from the relevant shigs provided by Collings (2007). River width was
estimated using orthophotos in Arc9 and measurangsa 20 points of each river at a scale of 1:12
000. River surface area in the floodplain was thgplied to the Costanzhal. (1998) values.

St Lucia System

Due to the diversity of habitats included in th@ni&ngaliso Wetland Park, information pertaining to
water purification or reduction in nutrients wouldsolve research beyond the scope of this study.
Local data specific to each ecosystem within theéx pgere not available or have not been measured.
Thus, the benefit transfer value for ‘rivers ankielsl for waste treatment value from Costaeizal.
(1998) was applied to the surface area of LakeuSia.

4.2.4 Sediment retention

Wetland systems offer an effective mechanism taimetediment (Fennessyal., 1994). Covenegt

al. (2002) demonstrated the removal of 90 % partieuhaatter by means of pilot treatment wetlands
for Lake Apopka in Florida, USA. The replacemenstcmethod has been used in a number of studies
to measure the value of sediment retention. Castscaated with artificial sediment removal indicate
the value of the service provided by an ecosystefitsinatural state. Detailed sediment budgets for
the Fraser River in Canada, for example, provideshagement recommendations following which

necessary funds could be allocated for dredgirgloer such initiatives (FREMP, 2005).
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Mfolozi Floodplain

As the Mfolozi River water is channelled througte thioodplain, it does not travel through any
vegetation, or at a velocity conducive to sedinféination. However, to measure whether a change in
sediment concentration in the Mfolozi River is agtg currently, water samples were taken from the
river and analysed in 2 x 250 ml water samplescivhvere taken from the Mfolozi River on the 22
November 2008 at Mtubatuba (S 28 45646 E 032 20a08)at Monzi (S 28 46754 E032 29554)
about 13 km down river from Mtubatuba. This waseapd on 26 November 2008 at a second access
point in Mtubatuba (S 28 45202 E 032 18238) andstrae point at Monzi. The samples were left to
stand for a few weeks to ensure the settling opended solids. The samples were weighed, the
supernatant liquid decanted and the remaining isoli@vaporated in an oven at 90°C. The sediment
remaining after evaporation was then weighed. peement assumed any natural dissolved solids
within the sample were negligible. The differennesediment concentrations between sites provided

an indicative measure of filtratiatcurring in the River system currently.

The replacement cost method was used to valuatidtr occurring in the floodplain as was done by
Turpieet al. (1999), where the cost of installing sedimentdrayas calculated. Determining the costs
of artificially filtering the river water to the s@e extent that it is currently occurring provides a
monetary value of this service. In this case, d efisctive means of artificially filtering the Miazi
River water is the use of a concrete sediment $tagh as one used by the local Mtubatuba water
works before treatment of the Mfolozi River water municipal use. Engineering firm PD Naidoo &
Associates (PDNA) was approached to quote the arigin of a concrete sediment trap with the
same dimensions as that of the Mtubatuba Water $Veediment trap (10 m x 5 m and 3 m depth, T.

Mabika, pers. comm.).

St Lucia System

Due to the concern regarding the build up of sedina¢ the St Lucia mouth following the absence of
freshwater inflows that provide the necessary snguEzemvelo KZN Wildlife maintains a dredging
operation. The annual costs associated with dngdgere used to provide a value of the management

of sedimentation that is occurring currently.
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4.2.5 Tourism

Tourism is a major contributor to the South Africaconomy (SA Tourism, 2006). In 2006 over 8
million foreign tourists arrived in South AfricaASTourism, 2006). Information relating to touriss i

often limited to arrival and departure counts oemnght-stay statistics (Stats SA, 2005). National
tourism statistics were consulted such as averagggh tourist spending, average length of stay,
number of visitors to certain areas, as well asonat corporate income tax sector information.
However, none provided a local and therefore ateur@presentation of tourism. Statistics South
Africa provided data for monthly individual incomdsr municipal wards that were used for

calculations.

Mfolozi Floodplain

Data from Statistics South Africa provided the pagon numbers within various income categories
for the town of Mtubatuba. The Umkhanyakude Distqcofile (2006) provided the percentage
contribution to the GDP for primary, secondary dadiary sectors. The primary sector, including
agriculture, hunting, forestry, fishing and minirggst represented tourism activities in the ard& T
proportion of GDP that was contributed by the prynsector (15 %) was applied to the total annual
income of Mtubatuba. As this sector breakdown lafed’ with agriculture, hunting etc, 10 % of the
primary sector annual income was used to quantiéydontribution of tourism activity to the local
GDP. This value (10%) was chosen as there are davistn activities currently operating within the
floodplain and activities that are categorized witithe primary sector do not attract equal

contributions to the economy.

St Lucia System

The town of St Lucia is largely supported by tomrisit was assumed for this calculation that if
tourism were not present, the town’s economy wawlapse. Thus, the sum of individual incomes
for St Lucia from Statistics South Africa was usedssess the value of tourism. Categories of iecom
were averaged and multiplied by the recorded numbérthe population in each category. Values
were then totalled to provide a total annual valoe tourism in the town of St Lucia. When
computing a ‘per ha’ value for St Lucia Tourismwias reasoned that most of the tourism enterprises

accounted for in the annual value operate withenElastern Shores of iSimangaliso Wetland Park and
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the town itself. The area of the town of St Luciaswneasured using ArcMap, which was added to the

area of Eastern Shores.

4.2.6 Vegetation harvesting

Wetland plant resources are harvested by locallpagapKZN for a number of functions including

supplementary food items and materials for crafkw@raynor, 2008).

St Lucia System

Ezemvelo KZN Wildlife provided records of the hastiag of vegetation currently occurring within
the iSimangaliso Wetland Park boundaries. Estimatespecies harvested, quantities removed,
frequency of harvesting and respective sales valme provided. Value estimates were totalled,

giving an economic value for the iSimangaliso Wadl&ark’s vegetation provision function.

Mfolozi Floodplain

No data were available for the current harvestioguaing within the Mfolozi Floodplain. However,
the use of natural resources is known to be smamtfi in the Umkhanyakude District, particularly
within the ‘extensive wetland and floodplain areagSharpe and Southern, 2003). From the total
value estimates given for harvesting within then&ngaliso Wetland Park area, a Rands per ha value
was calculated. This was applied to the area ofMif@ozi Floodplain excluding the area under
sugarcane. This gave a value estimate for the mun@vesting occurring in the floodplain under the
assumption that the same products that are hadvesithin the iSimangaliso Wetland Park are
available in the floodplain and that the local commity with access to the floodplain seek the same

variety of products.

4.2.7 Fisheries

Methods from case studies in the literature weesluse calculate St Lucia’s value or contribution to
national fisheries. The McDowell Group (2000) estied the value of commercial fisheries by

determining economic losses associated with patntilosing commercial fishing, in Glacier Bay, a

World Heritage Site in Alaska. However, the StiauSystem differs in that the only fishing actiegi
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occurring within the Wetland Park itself are focneational or research purposes. The value of the S
Lucia and Mfolozi systems’ indirect support of tleereational and commercial fishing industry was
acknowledged, as estuaries are vital for providingsery grounds for juvenile estuary dependant fish
(Whitfield et al., 2006). Therefore, Lake St Lucia and the MfoloareR are particularly valuable for
replenishing the fish stocks of the eastern seabamberth and Turpie, 2003).

St Lucia System

An existing estuarine Rand per ha value from Lamhband Turpie (2003) was applied to the area of
Lake St Lucia. In their study Lamberth and Tur@6(3) consulted catch data from over half of South
Africa’s functioning estuaries in order to investig the relationships between estuary size, type an
biogeographical region and fish catch size. As &tid is classified as an ‘estuarine lake’ (Gordbn
al., 2008) and referred to as an ‘estuarine systeiywu€and Vivier, 2006), the surface area of Lake
St Lucia was used in the calculation. It is ackremlgled however that the St Lucia Estuary, along with
the Bot and Klein Estuaries were excluded from ys&d in Lamberth and Turpie (2003), as they are
‘large estuaries in which catches are dispropoatiely low’ (p4). Calculations proceeded using
Lamberth and Turpie’s (2003) per ha data giverlahbk of a site-specific value.

Mfolozi Floodplain
The surface area of the Mfolozi Estuary, given fréfivier and Cyrus (2009.), was applied to
Lamberth and Turpie’s (2003) per ha value for ‘agtie contribution to fisheries’ to determine an

economic value of the Mfolozi Estuary’s value imte of supporting South Africa fisheries.

4.2.8 Existence value

Results ($/ha values) from Turpét al.’s (2003) study investigating the existence valae $outh
African Biodiversity were applied to both the Mfald=loodplain and the St Lucia System. Monetary
values ($/ha) of willingness to pay (WTP) for bieelisity conservation for each biome in South
Africa were applied to the area of biomes presatitimvthe Mfolozi Floodplain and the iSimangaliso
Wetland Park and translated into 2008 Rand equitsle
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ArcMap was used to calculate the approximate areach natural vegetation type and relevant biome
within the study sites. Shapefiles were accessau ffhe National Vegetation Map of South Africa
Project (Mucina and Rutherford, 2006), herein mefgérto as VEGMAP, providing polygon data for
vegetation cover in the study area.

St Lucia System

The iSimangaliso Wetland Park boundary shapefile pravided by VEGMAP and used along with
vegetation polygons to determine the area of eagjetation type located within the park boundary.
The WTP values from Turpiet al.’s study (2003) were applied to each vegetatioa arel totalled,
providing an existence value for the iSimangalisetMhd Park. Certain vegetation types given by
VEGMAP did not match those of Turpét al. (2003) and therefore no specific monetary valuddo
be applied directlyln these cases the lowest per ha monetary valmsa(®a Biome) was applied to
these vegetation types in order to provide a coasge estimate of value per ha.

Mfolozi Floodplain

The floodplain boundary shapefile was taken fronlli@gs (2007) and the area of natural vegetation
type calculated using ArcMap. Vegetation type avea applied to the WTP value from Turpeteal.
(2003). Vegetation that did not match the VEGMARssifications was considered ‘Maputuland
Coastal Belt' and assigned the lowest per ha existevalue (Savanna Biome), from Turmgieal.
(2003).

4.2.9 Cultural and educational value

Although the available resources in a natural emvirent are particularly significant in terms of
cultural services (Impey, 2002), the vegetationvested for cultural means in the study sites were
included with the resources harvested for subgsistamthe ‘Vegetation Harvest’ value in this stuay
order to avoid double counting (Heghal., 2006; De Groo¢t al., 2002).

It is acknowledged that an effective method foruwal cultural, artistic or spiritual significance to
conduct intensive contingent valuation (De Gretadl, 2002) as in the cultural study by Impey (2002).
However, due to the scope and time frame of thidystvaluation was limited to a benefit transfer

method for cultural significance.
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St Lucia System

The area for each vegetation type was calculate&téMap as for ‘Existence Value’. Cultural values
($/ha) for specific biomes from Costaneh al. (1998) were applied to each of the calculated
vegetation areas within the iSimangaliso Wetland Baundary.

Educational value was measured by the annual inggmerated from visitors to the Crocodile Centre
on Eastern Shores of the iSimangaliso Wetland PErk. record of gate entry income of visitors to
Mission Rocks (mostly school groups) was addedi® figure. Subsequently, the associated costs of
research projects currently registered with themiéigaliso Wetland Park Authority were also
included in the calculation. A third of the regretg projects were treated as being funded as higher
degree research bursaries, with the remainder gaeniuced budgets for follow up or limited annual

expenses.

Mfolozi Floodplain
The vegetation areas as for existence value, frooMAp were used for each vegetation type in the
floodplain. The cultural values ($/ha) from Costagtzal. (1998) were applied to each area.

A value for education or research was included hes d¢urrent annual expenditure involved in
sugarcane research. The South African Sugar Adsotias consulted for overall annual research
expenditure. Data for the 2007/2008 sugar seasoa uged to determine the total area in South Africa
under sugarcane and subsequently to calculate mmabrresearch expense per ha’ value for the
Mfolozi Floodplain. The area under sugarcane onfittadplain (Collings, 2007) was applied to the
research expenses value per ha, giving a valueciatst with the sugarcane in the floodplain.
Existence and educational values for the MfolopoEplain were then added.

4.3 Outline of restoration scenarios

Each scenario presented by this study does notdsynsutcomes over a specific period of time, nor
do they concentrate on the time required for resitmm. Rather, the restored ecological state faligw

restoration as per the scale suggested by eachrgraras considered.
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4.3.1 Current land use: no restoration

The first scenario considers the current envirorntalezonditions of the Mfolozi River and St Lucia
System should the situation remain as it is culyemtith no restoration of the Mfolozi Floodplain.
Therefore, no link between the Mfolozi River andk&aSt Lucia would be established under this

scenario.

4.3.2 Partial restoration

Partial restoration considered re-establishing amets in low-lying areas of the floodplain along the
Mfolozi River channel as delineated by Collings @2 Low-lying areas have the highest risk of
flooding and therefore are considered to be thet suatable for wetland restoration. This conceps wa
first raised in the 1980's by van Heerden (Figudd.1 This area of about 6 000 ha includes
approximately 1 800 ha of sugarcane (Collings, 200%e restored wetland system is assumed to
reinstate effective sediment removal for the MfolBaver water to a level that would allow only a
temporary link with the St Lucia System as the ark#oodplain available for sediment filtration is
not expected to provide sufficient filtration tdoaVv for the Mfolozi River to flow into the St Lucia

System permanently.
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FLOOD SAND-DEPOSITS
LOW-LYING FARMS MOST
PRONE TO FLOODING
EXISTING PROTECTED AREA

Figure 11 Image taken from a presentation to Ezemvelo KZiNIWte entitled: ‘The Umfolozi Floodplain as a
sediment trap’ illustrating the van Heerden concept

With an increase in freshwater supply to Lake Sti&u although temporary in this scenario,
environmental conditions are expected to improwdin®y levels would stabilise and the St Lucia
mouth would breach more frequently. However, altiothis scenario allows for the Mfolozi River to
provide supplementary waters to Lake St Lucia, tmigy only occur during high flows during
summer. However, this scenario may not provide aategalleviation of the stress experienced by the
St Lucia System during dry periods.

Restoration of the allocated land in the floodplairthis scenario would reinstate a natural wetland
habitat, thereby improving the biodiversity and s&tem service provision of the area. This ‘new’

natural habitat is expected to attract new touirstratives.

4.3.3 Full restoration

This scenario considers the potential restoratibralbland in the demarcated floodplain area of
approximately 20 000 ha, of which 8 000 ha is auttyecovered by sugarcane (Collings, 2007). Under
this scenario it was assumed that all privately @dviand would be purchased and included into the

iISimangaliso Wetland Park or form a separate coasen area.
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This scenario assumes that restoring the floodphanld reinstate filtration of the Mfolozi River
water sufficiently to allow for a permanent linkttviLake St Lucia. It is assumed in this scenarai th
the volume of freshwater input to the lake systamnd) high flow months would be sufficient in
order to maintain efficient ecological functionimgo dry periods. It is thus expected that the &tia
System would no longer experience dramatic fluabnat in salinity along with other ecological
stresses during drought periods. The increasehviier supply would alleviate pressures on thel loca
biota as well as support tourism activities. TheL&tia mouth would again be expected to breach
more frequently than currently following the incseain water volume as a consequence of Mfolozi

River water entering the St Lucia System.

Land use in of the Mfolozi Floodplain would shifoin intensive sugarcane to natural habitat. This
scenario involves the removal of all drainage arfdhstructure to accommodate wetland restoration.
The restored natural habitat, along with an exgeaterease in biodiversity, would attract nature

based tourism enterprises as well as vegetatioresiang.

4.4 Changes to economic values

Communication was made via email with 19 specabsliected on the basis of their experience in the
field of environmental economics or their ecologikaowledge of the Lake St Lucia System or the
Mfolozi Floodplain. Emails provided necessary backmd information regarding the study.
Specialists were required to complete a tablecatdig their estimates of change (percentage iserea
or decrease) to given economic values of ecosysemwices that would be expected under each
restoration scenario (Appendix A). Specialists wasked to provide a rating from 1-3 for their
confidence regarding their answers for each ecesysservice. It was recognized that certain
respondents have more experience or knowledgeoaftecular ecosystem service than others. A score
of one indicated weak confidence in the given amswevo represented moderate confidence and
three indicated strong confidence. ‘Confidencenpoiwere used to weight each specialist’'s estimates
of change to ecosystem service values in MS ExXEel.maintain anonymity, respondents were
assigned a letter for identification throughoutlgses.
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The weighted averages of percentage changes tgsteos services from specialist responses were
applied to the initial monetary values for eaclvieerfor both the partial and full restoration saeas,
in order to assess the economic value of differestoration scenarios.
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5. Results

Ecosystem service valuation produced summaries wfiraber of data sets that were required for
calculations. Summation of economic values for g&i@$n services gave an approximation of the total
economic value for both the Mfolozi Floodplain atite Lake St Lucia system in their current

condition. Results show that the majority of ecteysservices, under both restoration scenarios for
both the Mfolozi Floodplain and the Lake St Lucigstem, are expected to increase in economic

value.

5.1 Data assimilation
5.1.1 Water provision

Valuation for the water provision service functiotade use of data from DWAF records, including
water management charges for a number of sectothenMfolozi River municipal region and
registered volumes of water abstraction (TableUhder current farming practices, irrigation was

responsible for the largest volume registered xtraetion and therefore incurred the highest charge

Table 4: Registered user information for the Mfolozi RiJer each sector summarised from DWAF raw data.

Number of Total WRM: Water
Sector registered Volume Resource
users (m%annum) Management
Charge (ZAR)
Irrigation 79 34531175 200 281
Aquaculture 1 288 000 -
Commercial (urban-
industry) 49 6 407 194 20 508
Industry (non-urban) 1 2 007 500 13 6p1
Livestock 1 54 000 313
Schedule 1 15 21470 -
10-100% industrial 1 100 000 -
waste
TOTAL 147 43 409 339 234 748
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5.1.2 Vegetation harvesting

Preliminary estimates of the current annual vegetatse within the iSimangaliso Wetland Park were
provided by Ezemvelo KZN Wildlife (Table 5). Hastang estimates were given for resources
currently utilised for both subsistence and smedlles commercial farming. Incemaugcus kraussii)

is targeted by the greatest number of users, feitblay other reeds and firewood. In terms of
estimated market values, firewood, sedges and lagdumcus kraussii) are estimated at the highest

annual values.

Table 5 Summary of the current annual resource harvestitign the iSimangaliso Wetland Park (Ezemvelo
KZN Wildlife). (E Shore: Eastern Shores, W Shoreestérn Shores, CFR: Coastal Forest Reserve)

Resource Locality No. of Total Bundles Estimated value
Users (ZAR)
Total Firewood 500 50 000 750 000
Incema Juncus kraussii)  |Kosi 150 7 008 280 320
St. Lucia E. Shore 120 4 000 160 000
St. Lucia Mouth 250 2 000 80 000
St. Lucia W. Shore 25 1 000 40 000
Ozabeni 50 1 000 40 000
Sibaya 30 500 20 000
Total Incema 625 15 508 620 320
Reeds Kosi 150 5 475 164 250
Ozabeni 80 5 000 150 000
Mkhuze 200 4 500 135 000
Mngoboseleni 35 1000 30 000
St. Lucia W. Shore 50 500 15 000
Sibaya 40 500 15 000
St. Lucia Mouth 60 200 6 000
Total Reeds 615 17 175 515 250
Sedges Ozabeni 150 20 000 700 000
Mkhuze 60 800 28 000
CFR 50 1000 35 000
Total Sedges 260 21 800 763 000
Thatch Mkhuze 40 1000 20 000
CFR 20 200 4000
Total Thatch 60 1200 24 000
Raffia palms CFR 50 500 25 000
Binding materials CFR 20 100 2 000
Forbs (muthi) CFR 20 200 8 000
Lala Palms Ozabeni 200 25 000 875 000
TOTALS | 3410 131 483 3582570
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5.1.3 Existence value

The existence value for both the Mfolozi Floodplaimd St Lucia System was calculated by valuing

the area of each natural vegetation type presebibih sites (Table 6).

Data from Turpie (2003)

resulted in the highest per ha value for the fobésine at US$ 22.27 per ha with marine, grassland

and savanna vegetation with per ha values unded USf#ing to an area of over 180 000 ha in the

iISimangaliso Wetland Park and over 11 000 ha onMf@ozi Floodplain, the Maputaland coastal

belt, freshwater wetlands and saltpans generatedigihest existence values.

Table 6 WTP values per biome along with classificatiord aregetation area cover in the iSimangaliso
Wetland Park and Mfolozi Floodplain.

Biome WTP value Applied VEGMAP Vegetation Area within Park Calculated
(Turpie et (US$/halyr) classification or Floodplain WTP values
al. 2003) | (Turpie, 2003) Boundary (US$/yr)
(Ha)

St Lucia System
Forest 22.27 Northern Coastal Forest 34 004

Swamp Forest 2 205

Mangrove Forest 1816

Lowveld Riverine Forest 1008

Sand Forest 1835

Total Forest 40 868 910 133
Grassland 0.02 Maputaland Wooded Grassland 31 990

Total Grassland 31990 640
Marine 0.64| Subtropical Seashore Vegetation 264

Subtropical Dune Thicket 141

Subtropical Coastal Lagoons 3692

Total Coastal 4 097 2 622
Savanna 0.01 Western Maputaland Sandy Bushveld 1493

Western Maputaland Clay Bushveld 1 805

Makatini Clay Thicket 8 77(

Total Bushveld (Savanna) 12 068 1p1
Other 0.01 | Maputaland Coastal Belt 164 374
(Savanna) Subtropical Freshwater wetlands 24 742

Inland saline vegetation Salt pans 311

Total Other 189 426 1894
TOTALS US$ 915 410
Existence value TOTAL ZAR 9 069 231
Mfolozi Floodplain
Forest 22.27 Mangrove Forest 1814

Total Forest 1814 40 402
Other 0.01| Maputaland Coastal Belt 11 041

Total Other 11 041 110
TOTALS US$ 40 512
Existence value TOTAL ZAR 401 364
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5.1.4 Cultural and educational

Calculations of the cultural and education servigleles produced values of over R 320 million fa th
iSimangaliso Wetland Park and over R 6 milliontlee Mfolozi Floodplain. The vegetation classified
under ‘wetlands and pans’ contributed the greatestetary value for the iSimangaliso Wetland Park.
The ‘coastal vegetation’ type on the floodplain trdruted the greatest cultural value.

Table 7: Per ha values for cultural importance from Coztaahal. (1998) as applied to vegetation areas for the
iSimangaliso Wetland Park and Mfolozi Floodplain.

Applied VEGMAP Vegetation Cultural value Area in Calculated
Classification $/halyr study site Cultural Value
(Costanzaet al., (Ha) (US$)
1998)

iSimangaliso Wetland Park
Forest 2 40 868 81 736
Grassland - 31990 -
Coastal (including Maputuland
Coastal Belt) 62 164 779 10 216 270
Bushveld - 12 068 -
Wetlands & Pans 881 25 053 22 071 332
TOTAL US$ 32 369 339

Total Cultural Value (ZAR) 320 692 743

Mfolozi Floodplain

Vegetation Classification given by
Costanzaet al. (1998)

Estuaries 29 360 10 446
Wetlands 881 - -
Swamp/flood plains 1761 - -
Cropland 0 8030 -
Forest 2 1814 3 628
Coastal vegetation (remaining area |of
floodplain) 62 10 682 662 261
TOTAL US$ 676 335
Total Cultural Value (ZAR) 6 700 657

Note values may not add up due to rounding
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5.2 Ecosystem service values

Economic valuation of ecosystem services requineduse of data from a number of sources. The
calculations of each ecosystem service value alofiifh corresponding data references were

summarised (Table 8).

Table 8 Summary of ecosystem services valuation andstateces for each calculation.

Ecosystem Reference / Data Source
Goods & & Calculation
Services Mfolozi Floodplain St Lucia System
Flood UCOSP: R3 500 000 + Estuaries disturbance $567/ha
alleviation Annual drainage R1 500 000| regulation value x 35 000 ha|
maintenance + other (Costanzat al., 1998)
precautionary costs Lake St Lucia surface ared (x9.9073)
(Tayloret al, 2006)
Water UCOSP Irrigation Cost R4 370 000] Dam abstraction cost R0.5 x
provision estimates +R234 748| (Perkins pers. comm.) 320 000 000 th
DWAF registered users & Lake St Lucia volume
tariffs See Table 4 (Bate & Taylor, 2007)
Water ‘Rivers & Lakes’ waste $665/halyr| ‘Rivers & Lakes’ waste $665/halyr
purification treatment value X 22 ha| treatment value x 35 000 ha
(Costanzat al., 1998) (Costanzat al., 1998)
Estimated surface area of] Lake St Lucia surface areg
rivers within Floodplain (x 9.9073)| (Tayloret al., 2006) (x 9.9073)
(Arc9 GIS software)
Sediment Filtration confirmed from R 500 000| Dredging costs per annun R 2 000 000
retention lab tests for mouth management
Cost of concrete sedimen (Ezemvelo KZN Wildlife,
trap to water works specs 2008)
(PDNA: D. Collings, pers.
comm.)
Tourism Primary sector activities 0.015 x| Total annual individual R 35 824 800
are 15 % of district GDP R 110 623 20Q income for St Lucia,
(Umkhanyakude District: Individual monthly income
Profile, 2006); Tourism (Statistics South Africa,
assumed to contribute 10 2009)
% to primary sector; Total
annual individual income
for Mtubatuba (Statistics
South Africa, 2009)
Vegetation Records of harvesting in (R 3582 570/ Records of harvesting in R 4 755 140
harvesting iSimangaliso Wetland 234 566 ha) ¥ iSimangaliso Wetland Park
Park (Ezemvelo KZN (20 886ha - (Ezemvelo KZN Wildlife,
Wildlife, 2008) per area of 8 030 ha)| 2008)
Park (UNESCO, 1999).
Area of Mfolozi
Floodplain (Collings,
2007). Less the area under
sugarcane (Collings, 2007)
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Ecosystem Reference / Data Source
Goods & & Calculation
Services Mfolozi Floodplain St Lucia System

Fisheries R/ha value for KZN R 4 114 /halynt R/ha value for KZN R 4 114 /halyr
estuaries (Lamberth and x 180 ha| estuaries (Lamberth and x 35 000 ha
Turpie, 2003). Surface Turpie, 2003).
area of Mfolozi Estuary Surface area of Lake St
(Vivier and Cyrus, 2009) Lucia (Bate & Taylor,

2008)

Existence R/halyr WTP Existence | See Table 6 R/ha/yr WTP Existence See Table 6
values for SA Biomes values for SA Biomes
(Turpie, 2003). Area of (Turpie, 2003). Area of
vegetation types in vegetation within
Mfolozi Floodplain iSimangaliso Park
(ArcMap) as from boundary (ArcMap) as
VEGMAP (Mucina & from VEGMAP (Mucina &
Rutherford, 2006) Rutherford, 2006)

Cultural & $/ha Cultural Values See Table 7 Area of vegetation types | See Table 7

education (Costanzat al., 1998) within iSimangaliso Park
Area of vegetation types in R 6 700 657| boundary (ArcMap) as R 320 692 743
Mfolozi Floodplain from VEGMAP (Mucina &
(ArcMap) as from + | Rutherford, 2006) +
VEGMAP (Mucina & Cultural Value for biomes
Rutherford, 2006) (R 157 / ha| (Costanzaet al., 1998)

x 8 030 ha)| Income from Crocodile

Research expense in SA
per area of sugarcane
(SASA, 2009). Area of
sugarcane in floodplain

Centre visits & Mission
Rocks (Ezemvelo KZN
Wildlife, 2008)

Estimated costs of current
research projects within
Park

R 1 259 500

+

R 2 720 000

Note: Totals may not add up due to rounding.

Resultant annual economic values showed that elilturd educational services were the greatest for

both the St Lucia System (R 325 mil/lyr) and the Mo Floodplain (R 8 mil/yr), following which,
regulating services were the highest (Table 9)s&hecluded water purification (R 231 mil/yr), flbo

alleviation (R 197 mil/lyr) and water provision (FSQ mil/yr) for the St Lucia System and flood

alleviation (R 5 mil/yr) and water provision (R 4r6il/yr) services for the Mfolozi Floodplain.

Fisheries and tourism, important industries in di&rict were valued at 13 and 3 % of the total

economic value for the St Lucia System respectivélye current fisheries value for the Mfolozi

Floodplain was calculated as 3 % of the total enunovalue of the floodplain and a tourism value
about 8 % of the total. In comparison to other gst@sn services, under the current land use, the

Mfolozi Floodplain offers a relatively low economialue for its sediment retention and water

purification function.
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Regulating ecosystem services flood alleviationtewarovision and water purification, among the
highest valued services for the St Lucia Systenrewslculated for the St Lucia Lake. This is
important to note, as the lake currently experisnoejor stress during drought periods. Should
environmental conditions deteriorate into the fafuecosystem services may be adversely affected,

thereby impacting on associated economic values.

Table 9 Economic values of ecosystem services for theldfd=loodplain and St Lucia System. Millennium
Ecosystem Assessment classification of ecosystan: (Regulating, Sup: Supporting, Prov: Provisionidgit:
Cultural).

MEA Ecosystem Goods & Current Annual Economic Value (ZAR)
Services Mfolozi Floodplain St Lucia System
Flood Alleviation 5 000 00d¢ 196 610 400 Lake
Reg Water Proy_ision 4 604 700 160 000 OPO Lake
" | Water Purification 144 900 230592 400 Lake
Sediment Retention 500 0Q0 2 000000 Park
Sup. | Tourism 1 659 300 35824 800 St Lucia town
Prov. | Vegetation Harvesting 196 400 3582600 Park
Fisheries 740 50 143 990 000 Lake
Cult. Existence 401 400 9069 200 Park
Cultural & Education 7 959 800D 324 672 200 Park
Total Annual Value 21 948 400, 1 106 341 600

Note: Totals may not add up due to rounding.

5.3 Scenario outcomes
5.3.1 Specialist responses

The emailed questionnaires that targeted 19 sp&siaksulted in the response from eight, giving a
response rate of 42.1 %. Specialists who providedldack have a range of experience in a number of
fields (Table 10).

Table 10 Specialists who contributed to the study.

Name Area of Expertise Organisation
Janine Adams Estuarine ecology, Estuarine | Water Research
management and Commission,
Environmental flow Nelson Mandela
requirements Metropolitan University,
Port Elizabeth
Maura Andrew Social Scientist Coastal and Enviromiale
Services,
Grahamstown
Fred Ellery Wetland ecology and Rhodes University,
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Name Area of Expertise Organisation

rehabilitation Grahamstown

Suzanne Grenfell Geomorphology and Mfolozi University of Exeter,
Sediments UK

Christo Marais Biodiversity protection, Working for Water, DWA

Water management &
Resource economics, Payment
for ecosystem services

Ricky Taylor Regional ecologist Ezemvelo KZN Wildlj
St Lucia
Damien Walters Wetland ecology and WESSA Mondi Wetlands
rehabilitation Program,
KwaZulu-Natal
Alan Whitfield Ichthyology, Biological South African Institute of
oceanography, Marine Aquatic Biodiversity,

ecology, Estuarine ecology | Grahamstown

Additional comments were given by respondents, Wipicovided reasoning for their estimations of
change to ecosystem service values under eaclraistoscenario (Table 11). A common concern
was that restoration of the Mfolozi Floodplain weuéduce the number of users in the floodplain who
benefit from ecosystem services and therefore dseréghe amount of value attributed to those
services. An increased provision of water to théugtia System, following restoration and a link hwit
the Mfolozi River, was also mentioned to increase flood risk to the town of St Lucia. Specialists
also stated however, that once the Mfolozi Floodpig returned to a natural wetland state, generall
ecosystem services would improve on the floodpdaud positively influence those provided by the St
Lucia System. Restored sediment retention on theldZi Floodplain was highlighted as a very

important consequence of restoration as was thiease in biological productivity (Table 11).
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Table 11 Summary of additional comments given by respotgieiith their estimates of changes to economic
values of ecosystem services.

MFOLOZI FLOODPLAIN

ST LUCIA SYSTEM

Flood
alleviation

Flood attenuation is as low as can be expecte
for a floodplain of this size under current use.
This is expected to increase appreciably.

Flood risk to remaining floodplain farms will
increase due to flood back up when the swam
is re-established. When all farms are
rehabilitated, flood risk will be limited to rural
dwellers on upstream margins of the swamp.

As the floodplain is at the sea, the opportunity
flood alleviation is actually 0. Any increase in

flood attenuation is not truly beneficial as there

are no downstream assets. Thus, although flg
attenuation would increase, there’d not be a
monetary value associated with that increase,

de Additional water from Mfolozi to St Lucia will
increase flood risk to St Lucia Village.

« There is a lack of opportunity for this service.
However, it would decrease if permanently join
p (the water level would be constantly higher). An
would likely be unchanged with partial
restoration.

« Currently the lake is not linked to the Mfolozi —
of except during floods, when connectivity is
increased. Therefore, during floods the Lake d¢
function well and restoration will not do a huge
od amount with respect to flood alleviation.

Water
provision

Water will be held in the landscape for much
longer.

As there would be fewer sugar cane farms aft
restoration, the measurable monetary value o
water provision would decrease. However, so
would be used for the ecological reserve.

The loss of farms due to rehabilitation of swarj
will reduce water provision to current users.

* If the lake and Mfolozi River is reconnected wit
partial or complete restoration, the lake will be
permanently full and have an open mouth.

er

f « If water provision in the system is providing

me freshwater for abstraction, restoration will not

influence this.

np The amount of Mfolozi River water entering St
Lucia will exceed all the other rivers combined
under the full restoration scenario.

Water
purification

It is unclear whether there is opportunity for th
purified water to be used but perhaps
“downstream” ecosystems are the beneficiarig

Rehabilitation of the swamp will have major
positive benefits for the Mfolozi Estuary.

Water purification would only occur when the
river flooded its floodplain, a relatively rare
occurrence (maybe once or twice a year). Th
rest of the time, the rehabilitated floodplain
would offer no water purification benefit.
Removing levees may improve the situation.
However, the slope of the floodplain means th
‘purified’ water does not flow back into the
river, and this therefore does not actually ben
Lake St. Lucia.

Water purification is as low as can be expecte
for a floodplain of this size under current use,
and this will be increased appreciably.

e* Re-establishing the link (Mfolozi & St Lucia)
should improve the quality of the water in the
s, system, as it will be flushed more regularly.

« |s there opportunity for this service i.e. a nead f
water purification (as with a pollution source an
a beneficiary)?

« The lake currently (and with restoration) plays
little or no role in water purification. It's the
wetlands of the Mfolozi and Mkhuze (and other
on the coastal plain that link with St Lucia) that
do the work in this respect.

]

at

pfit

pes

2}

55



MFOLOZI FLOODPLAIN

ST LUCIA SYSTEM

Sediment
retention

More soil would be retained on site if the drair
were blocked. The proportional contribution o
sediment eroded from the floodplain, compare
to that from the Mfolozi catchment is however
negligible.

Generally there is a linear relationship betweg
vegetation cover and soil movement. This
however doesn't take into account plough,
which might increase soil movement even mo

cultivated land (limited tillage) was used as th
norm.

Floodplains are good at retaining sediments
during flood events, but not at low flows. The
floodplain in its current form is still a good
sediment trap during flood events. The only
difference is during medium flow stages, wher
the rehabilitated floodplain will perform better,
and in a system where flow is either low or hig
the difference is not as great as might be
expected.

s
[
2d

=)

D

D

re.
| prefer more conservative estimates therefore

Soil retention by the Mfolozi Swamp is very
important to prevent infilling of St Lucia.

The restoration of the Mfolozi — St Lucia link
won't have a significant effect on soil retention.
Improved riparian zone vegetation will trap soil
movement.

Tourism

The limiting factor for tourism in the area is th
availability of land for potential tourism
infrastructure.

A healthy Mfolozi Floodplain will attract
tourism development to the area. There'll be &
increased opportunity for bird watching, trails
and canoeing.

Tourists will increase to see the “rehabilitation
and a “rehabilitated” system.

Returning the floodplain to natural vegetation
offers huge tourism potential. It would add
significantly to the wetlands reserve.

N

An ecosystem full of water will promote St Lucia
eco-tourism.

The Lake will be restored and the Estuary fully
functional. This is a major attraction — that is

sadly compromised when there is no water in the
lake. Fishermen will return in droves!

Vegetation
harvesting

Swamp rehabilitation will open up new
harvesting opportunities.

The extensive restoration of the floodplain wil
definitely increase the productive potential of
the natural resources on the land. However,
did not take into account the loss in productivg
potential of removing the sugarcane.

Having indigenous vegetation available on thi
scale following rehabilitation will increase its
use.

"2

The increased productivity of emergent
vegetation will allow additional harvesting.

There would be much greater opportunities — but
the demand would be limited.

The biological productivity of floodplains and
fringing marshes will be reinstated and the natural
resources provisioning will greatly increase.
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MFOLOZI FLOODPLAIN

ST LUCIA SYSTEM

river.

With the advent of global climate change both
of these factors are going to become more an
more important.

It will present many opportunities!

Fisheries The frequent interference (breaching/moving pfe Restoration of St Lucia will have a major positiye
the mouth) would result in a decrease in fish impact on fisheries.
productivity in the Mfolozi River estuary with a
partial restoration. However, if linked (and left| « The functioning of the St Lucia Estuary will be
to natural dynamic), and with the floodplain reinstated, with huge benefits for fisheries (both
restored (providing nutrients etc for fish) these i in the Lake and marine).
a likelihood of fishing productivity increasing
for the 2 scenario (full restoration).
Rehabilitation of swamp and re-linkage with St
Lucia will improve estuarine and coastal
fisheries considerably.
One would also expect increase in fresh water
ponds in the floodplain.
Existence There is undoubtedly a value in having extra The restoration of the lake is important to the
regions of natural floodplain in such a dynami¢c overall park biome integrity.
region.
Its existence value would increase the more thg
Restoring the function of the floodplain systemp  natural dynamic is reinstated.
is nearly priceless in terms of its biodiversity
benefits. Rehabilitation will raise awareness Again, restoring the function of the system is
about this issue. nearly priceless in terms of its biodiversity
benefits.
Restoration would re-establish an important
swamp biome.
Cultural & Restoration of the Mfolozi swamp is vital to Restoration of the lake is vital to restore full
education restore full cultural and educational value of cultural and educational value of park.

Great opportunities exist in the park for educati
whether the floodplain is rehabilitated or not, by
opportunities will increase with rehabilitation.

5.3.2 Changes to ecosystem service values underatsn scenarios

on

In order to provide a measure of the change toabiveconomic value of each study site under each

scenario, the sum of economic values for everyystes) service was considered. It is important to

note however, that these figures do not represeotah economic value (TEV) as referred to in the

literature (Turpie and Lannas, 2007, Edwards anwakdi, 1997). A number of variables required for

calculating such a TEV were not included in thelyses in this study (e.g. option value). Further,

valuation of ecosystem services were calculatedgudifferent sizes areas for the St Lucia System

(Table 3), such as the area of the lake or the afd¢he Park, and therefore cannot provide a total
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economic value for a specific area. Thus, the stitheecosystem service values presented does not
provide a TEV for each system but rather can oelycbnsidered indicative of the overall economic

value.

With the exception of the water provisioning seeyie@very ecosystem service on the Mfolozi
Floodplain experienced a greater percentage inerds the St Lucia System under both restoration

scenarios (Figure 13).

5.3.2.1 Partial Restoration

Mfolozi Floodplain

Under a partial restoration scenario, the sum of emlosystem service values increased by
approximately 26 % from the current land use vdkigure 13). The results showed existence value,
tourism, fisheries and vegetation harvesting, ratteased by over 80 % (Figure 13). It was expected
that the potential increased natural habitat wquti/ide new opportunities for tourism as well as th

harvesting of natural vegetation (Table 11).

Restoration of wetland habitats in the lower lyaigas of the floodplain would reduce the risk of
flooding due to the available habitat in which fiovaters would be dissipated. Wetland vegetation in
these restored areas would increase the filteringediments as well as purify the water travelling
through the system. Annual economic values forehegulating services, flood alleviation, water
purification and sediment retention, would increasder this scenario by between 25 — 40 % (Figure
13). It is believed that the additional natural itetbwould also provide greater opportunities for
cultural and educational practices, expected toease by about 26 %. The value of water provision t
the Mfolozi Floodplain, however, was expected tclide by approximately 14 %, due to the

reduction in water users under partial restoragpamticularly for irrigation purposes.
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Figure 12 The total annual ecosystem service values fdn eegtoration option. Percentages (calculated from
the difference between the Annual Economic ValudHte restoration scenario and the Economic Vafube
current condition) indicate the expected changesupdch scenario from current total economic value.
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St Lucia System

The total ecosystem service value was expectedctease by about 24 % from the current situation
(Figure 12). The existence value of the St Luciat&y would experience the greatest percentage
increase of 61 % following partial restoration betfloodplain. Additional water supply from the
Mfolozi River in this scenario, although temporarythis scenario, would increase the water prowisio
service value by 40 % (Figure 13). Returning frestaw volumes to the St Lucia Estuary, along with
regular flushing of the system due to the mouthnoge more frequently, would re-establish vital
nursery grounds for estuary dependant marine fisis would impact positively on the countries
fisheries, as the case would be for the Mfoloziugst under this scenario. The results showed
approximately 40 % increase in the value for figt®erunder this scenario. Concern was raised
however, that the increased freshwater inflow miglsb increase the flood risk to the town of St
Lucia (Table 11). The annual value of tourism wis® @&xpected to increase by approximately 34 %.
Results showed economic values for flood allevigtiovater purification, sediment retention,

vegetation harvesting and cultural and educationlevimcrease by less than 20 % under this scenario.

5.3.2.2 Full Restoration

Mfolozi Floodplain

Restoring the entire floodplain area is expectedntvease the sum of current ecosystem service
values by approximately 88 % (Figure 12). Fishevieslld increase by 330 %, which is more than
double the expected increase following a partiagtamtion of the floodplain. Opportunities for
tourism would also improve substantially, incregsihe value of tourism by about 260 %. Further,
the additional habitat restored under this scenamald increase the supply of natural resources
available for harvesting, growing in economic vahye230 %. The change from sugarcane to natural
wetland habitat would see the existence value effibodplain increase by approximately 250 %.
Flood alleviation, water purification, sedimentemion and cultural and education services would
increase more than 75 % under this scenario. Woitp the decrease in downstream users in the

floodplain, water provision is expected to decrdasabout 10 %.
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Figure 13 Expected percentage changes to ecosystem semieaeh study site under a partial (above) and
full (below) restoration scenario.

St Lucia System

Total added ecosystem service values for the SialLBgstem would increase by 50 % if the Mfolozi
Floodplain were fully restored (Figure 12). Theistence value would experience the greatest
percentage change of over 140 % under this sce(Baiole 12), which may be expected given the
conservation area of its size as well as the erpertcrease in overall health of the system. The
permanent link with the Mfolozi River under thisesario would provide the freshwater inflow

required to alleviate the severe ecological stoeseently experience by the lake system. Salinitg a

61



water temperatures are expected to stabilise an&th.ucia mouth would open more frequently, re-
establishing nursery grounds for estuary dependaatine fish as experienced under a partial
restoration scenario. Greater hydrological and ¢b&nstability is also expected to influence toaris
activities positively. Results show fisheries amdirism values increasing by 109 % and 73 %
respectively. An increase in the value of cultaadl education service (40 %) is also expectedeiGiv
greater volumes of water that would be enteringsystem from a link with the Mfolozi River, the
value of water provision was expected to increas®%%. However, increasing the available water
supply to the St Lucia System was also mentionepotentially increase flood risk to the St Lucia
Village (Table 11). Despite this concern, the flomitenuation value was estimated to increase by
about 20 % in this scenario. Increasing water kvelthe lake and the possible submergence of
shoreline vegetation is not expected to offer muggehater opportunities for the harvesting of
vegetation. However, these conditions may stilivmte increased purification of the water along with
the retention of sediments. Water purification, iseght retention and the harvesting of vegetation

values are expected to increase between 30-40 %.

Table 12 Ecosystem services listed from highest to loveegiected percentage change to economic values
under each restoration scenario.

x MFOLOZI FLOODPLAIN x ST LUCIA

& Partial Restoration Full Restoration & Partial Restoration Full Restoration

1 Existence Fisheries 1 Existence Existence

2 Tourism Tourism 2 Water Provision Fisheries

3 Fisheries Existence 3 Fisheries Tourism

4 Vegetation Harvesting Vegetation Harvesting 4 rison Water Provision

5 Sediment Retention Sediment Retentior 5 Watdfi€ation Cultural & Education
6 Water Purification Cultural & Education 6 SedimBetention Water Purification
7 Flood Alleviation Flood Alleviation 7 Vegetatidtharvesting Vegetation Harvesting
8 Cultural & Education Water Purification 8 CultbgaEducation Sediment Retention
9 Water Provision Water Provision 9 Flood Alleviati Flood Alleviation
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6. Discussion
6.1 Ecosystem service valuation

Under the current land use, the sum of all ecosystervice values for the St Lucia System was
calculated at over R 1.1 billion and R 22 millimr the Mfolozi Floodplain (Table 9). This equates t
approximately 90.8 % and 2.0 % of the UmkhanyakiDdgrict gross geographic product (GGP) for
2000 (Sharpe Southern, 2003) for the St Lucia 8ysa@d Mfolozi Floodplain respectively. The
highest calculated ecosystem service values fdr th& St Lucia System and Mfolozi Floodplain was
the cultural and educational service, which fallsder the ‘Cultural’ services of the MEA
classification (Table 2). Following the culturalrgees, regulating services resulted in the greates
annual economic values (Table 9), which includedewaurification, water provision and flood
alleviation. Regulation functions are often oveked due to their indirect benefits to society (De
Groot et al., 2002), although they are significant in influemgia number of processes such as the
frequency and magnitudes of natural ‘catastropivelsich in turn affect provisioning, supporting and
cultural services (MEA, 2003). Appreciation for Buafluential services is illustrated in the result
that show regulating services among the highestaoa values for both the St Lucia System and
Mfolozi Floodplain. Given the lack of site-specifiata available for certain valuation calculatiansl
consequently the use of the benefit transfer vaelnahethod (Tables 3 and 8), it is acknowledged tha
site-specific variables would have provided a mapeurate representation of economic values.
Certain ‘context dependent’ limitations apply whene imputes data from a reference site to an
alternative study site, such as a difference inesoain population characteristics (van Bueren and
Bennett, 2004).

Given the lack of site-specific data, it was expdcthat calculations would produce conservative
results in comparison to other studies. This wadicoed by the results from a recent valuation gtud
for another KwaZulu-Natal estuary. Results, whiduld not be disclosed due to confidentiality
agreements (Anon., pers. comm.), imply that givendize of the St Lucia System and the number of
people who benefit from its existence and ecosysjeats and services, its annual value for fisheries

in particular should be almost 10 times the esttaialue given in this study of the St Lucia System
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The economic values for ecosystem services givethéoMfolozi Floodplain and the St Lucia System
are noticed to be different from the values giveroiher studies (Table 13). Such differences may
result from a number of factors including: varywejuation methods for different studies, a diffeen

in the number and socio-economic characteristicdoginstream beneficiaries of ecosystem services
and variability in ecosystem properties and chearéstics from one site to another. Apart from the
Okavango Delta, the water purification values foe Mfolozi Floodplain and St Lucia System are
shown to be much lower than all the other compagddation studies. This is also true for the value
of harvesting vegetation as all other comparedissucesulted in a per hectare value lower than the

value calculated for the St Lucia System and Mfokdaodplain.
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Table 13: Comparative summary of ecosystem services vatoes dther case studies. Values are presented dsd38$. Chinese Yuan to US$
were converted 1US$: 6.83186 CNY (online http://wwavcom/ on 26/08/09). Letters A-F indicate refeem A: Turpie & Lannas, 2007; B:
Mmopelwa & Blignaut, 2006; C: Tong et al., 2007; Danhong et al., 2008; E: Schyt, 2005 (Nakivubbam wetland, Uganda & Lake Chilwa
wetland, Malawi; F: Costanzt al., 1998. St Lucia Area given as P: Park area, Leladea and T: Town & Eastern Shores. WTP: Willimgrte
pay valuation method.

St Lucia | Mfolozi Cape Town Okavango Delta, Sanyang Shenzing Uganda & Malawi The World's
System Flood- | Metropolitan Botswana Wetland Wetland (B) Wetlands
plain Wetlands (A &B) China (D) (3]
(A) ©
Area (ha) P: 234 566 20 886 | Area not given M: 491 400 1141 6427.5 dgas29 330 x16
L: 35 000 Malawi: 240 000
T:13 088
Flood Disturbance Disturbance
Alleviation Regulation Regulation
567.0( 24.1¢ 334.76 4539
Water Provision| L: 461.4: 22.2¢ Storage & 250.04 2 196.37 3800
Water Purification (A) Waste Uganda| Waste Treatment
Purification Treatment
L: 665.0( 0.7 2100 -2 325 0.32 2575.76 1 323-2 457 4177
Sediment Soil formation
Retention & Retention
L: 0.8¢ 2.4z2 242.31
Tourism (B) Direct non-
consumpt. use valusg
T: 276.2¢ 8.0Z 220 - 500 28.51
Vegetation (A) Agric & Nat Material Raw Materials Uganda Raw Materials
Harvesting resource use Production
P: 15 0.9t 2.33 1 082.59 9.92 18.9 106
Fisheries Uganda| Malawi Habitat Refugia
L: 15.25 7.1€ 5.6 77.92 304
Existence Recreation WTP (B) Cultural & Recreation
P: 3.9 1.94| Value (WTP) 4.70 Recreation 574
Cultural & (M Cultural
Education P: 139.7 38.41 220 - 500 2.56 786.45 881
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6.2 Scenario outcomes

6.2.1 Specialist responses

Specialists who contributed to this study diffeiadtheir disciplines and professional experience.
Also, as replies from specialists were receivedeviail, they were unaware of answers given by other
specialists. Thus, variation among responses Wpascéed. Variation was confirmed by performing

principal components analyses (PCA) using Staaisi@ (Statsoft, Inc.) on the weighted responses fo
each restoration scenario for each respondent. &Gifation plots (Figure 14) indicated the greatest
variation in responses occurred for the Mfolozideplain under a full restoration scenario. This is
noticed by the greatest distance between the respis illustrated by the PCA plot. The degree of
variation as well as the factor responsible foriataon is indicated by the distance the letters
(representative of the specialist responses) aaeesp from one another on the plot area. Four
respondents (allocated the letters A, B, C and Ejewesponsible for much of the variation.

Corresponding eigenvalues and factor coordinateseéeh analysis are presented in Appendix B
(Tables 14-20). Plots also showed that one respdnC) was most responsible for the variation

under each scenario. Given that every specialist quired to rank their confidence per ecosystem
service for their given answers which was then ugedveight every answer accordingly, it was

decided that data from this respondent should esemoved from analyses.

Due to differing interpretation of the valuation imeds in this study, the responses from one spsicial
were adjusted. In this case, the respondent esliinettanges to economic values in terms of the
replacement costs avoided by an increasing ecasystrvice supply. This conflicted with the
reasoning of this study that assumed an increagheirsupply or quality of an ecosystem service

would increase its economic value.
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Given that the local conservation authority recagsithe freshwater requirements of the St Lucia
System as an urgent concern (R. Taylor, pers. cpnthrere was not sufficient time to research
potential long-term restoration outcomes (i.e190-years) by gathering intensive data for anyhef t
ecological, economic or social sectors. Particgratirom specialists from different disciplines via
email contact allowed for response at any time faoich any geographical location. However, had a
participatory workshop been convened to elicit gt input, particularly in an environment where
the atmosphere was conducive to open discussioracméving consensus between experts, results
may have been different. Face-to-face debatebtédeithe sharing of knowledge and experience that
would have been beneficial in estimating the changé ecosystem service values under each
restoration scenario (M. Mander, pers. comm.). ciist answers may also have been challenged by
others in which case a workshop environment woudéte the opportunity for given answers to be

revised.

6.2.2 Economic values under each scenario

The results show a greater increase for all ecesyservice values under a full restoration scenario
for both study sites, than under a partial resimmagcenario.

Economic values for the ‘existence’ value, a noa-ualue (Figure 3), would undergo the greatest
increase for both the Mfolozi Floodplain and St lauS8ystem under a partial restoration scenario, and
under a full restoration scenario for the St LUsistem (Table 12; Figure 13). It is possible thase
relatively high estimates of change are a resultradpondents over-compensating due to the
difficulties involved in valuing this service. Alblngh valuation methods employed data that
considered the general public’s willingness to patythe environment, estimating changes to these
figures may still have involved a level of subjeiti. Alternatively however, as argued in the
literature (MEA, 2003; Carsod al., 2001), the value of the existence of natural gstesns may not

be accurately assessed in economic terms. Theredoer-estimates may be a means by which
relevant stakeholders appreciate that the sigmiéieaf natural systems far exceeds a monetary .value

6.2.2.1 No Restoration

The St Lucia System is highly stressed and wiledetate if there is no deliberate intervention to
provide freshwater to it (A. Whitfield, pers. commrhis degradation increases the longer a drought
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persists (Whitfield and Taylor, 2009). Such degtatawould directly impact the capacity of the St
Lucia System to provide the ecosystem services edalin this research. Following such
circumstances, industries currently reliant onghevision of ecosystem services would be negatively

affected, such as tour operators, the fishing itrglasd conservation initiatives.

Without restoration of the Mfolozi Floodplain, ait@tive means of filtering the sediment from the
Mfolozi River will be required in order to providbe supplementary water to the St Lucia System.
Ezemvelo KZN Wildlife experimented with such altatiwes recently (2008), by diverting the
Mfolozi River into the St Lucia Estuary during wentlow-flows when sediment levels were relatively
low (Whitfield and Taylor, 2009). This allowed fapproximately 15 million rhof Mfolozi River
water to enter the Narrows and a small section aftts Lake during May to December of 2008
(Whitfield and Taylor, 2009). This exercise sucagbdn creating a simulation of the system in its
natural, linked state and suggested that low floarsy enough freshwater into the St Lucia system to

alleviate hypersalinities (Whitfield and Taylor,C4).

6.2.2.2 Partial Restoration

The results showed that under a partial restorattmnario, the majority of the monetary values for
ecosystem services would increase. Partial regtaraind re-establishment of the Mfolozi estuarine

system would offer a habitat on the floodplain mianeourable to indigenous plant and animal species
(Table 11). Fish populations would also improvddwing the re-establishment of habitat associated
with restoration. Fisheries are included in therfany Economic Sector, which contributed 73.3 % to
the local Umkhanyakude District Municipality GDP 2003 (Department of Local Government and

Traditional Affairs, 2006). As the results show expected increase in value of over 85 % for the
Mfolozi Floodplain’s fisheries would occur undeidtscenario (Figure 13), the local economy would

be considerably impacted.

Following the restoration of natural wetland hahithe production of natural wetland products is
expected to increase. The increase in economi@wa@lwegetation harvesting by about 83 %, would
also impact positively on the local community, soimg local livelihoods and influencing cultural

practices positively (Impey, 2002). The economidtugaof the sediment filtration service on the

floodplain increases by 37 % under this scenaramfioming that a semi-permanent link of the
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Mfolozi River to the St Lucia System may prove Henal. The costs of such a link and the

subsequent management of the St Lucia mouth waaed to be considered.

With a portion of the floodplain restored, the rémnay sugarcane farms would receive annual
revenue of approximately R 32 million (Collings,0Z). However, as 70 % of the supply of sugarcane
to the local Umfolozi Mill is sourced from the fldplain (Collings, 2007), reducing input to the mill
would probably result in its closure. Should thiscar, the cane would need to be transported to
Felixton Mill over 60 km south of the Mfolozi Floptain (L. McGrath, pers. comm.). Further, the
lower lying farmlands on the floodplain targeted festoration in this scenario (Figure 11) include
areas that have recently (2008/9) been handed byelocal government to local, historically

disadvantaged farmers as part of a poverty religative.

The increase in freshwater inflow to the St Lucyat®m expected under this scenario, would increase
the water provisioning function value by about 40wWhich would stabilise the fluctuating conditions

currently experienced by the system such as hyjpatgand high water temperatures.

6.2.2.3 Full Restoration

Complete restoration of the Mfolozi Floodplain wdukplace all the sugarcane currently present on
the floodplain with natural wetland habitat. Aplidm the existence value (a non-use value; Figlre 3
results show the greatest increase in economiceviau both the Mfolozi Floodplain and St Lucia

System for the direct use-value of provisioningt{@ries) and supporting (tourism) services.

The annual economic value of sediment retentiahenMfolozi Floodplain, increasing by 92 % under
a full restoration scenario, suggests the linkhe Mfolozi River with the St Lucia System would
provide great benefits if established on a permabesis. However, sediment retention and water
purification services would only be provided whém tMfolozi River was in flood and the water
inundated the floodplain (Table 11). Large flowattlwould initiate such flow and be subject to the
desired filtration only occur once or twice a y@dCOSP, 2009). Further, restoration planning would
need to consider the morphology of the floodplairensure purified, sediment-free water would flow

into the St Lucia System.
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Removing the entire sugarcane crop from the flaaidplvould forfeit current annual revenues of over
R 135 million (Collings, 2007). By removing farmi for restoration, the number of water users on
the floodplain would be reduced considerably sucét twater provision under a full restoration

scenario would be expected to decrease by 12 %.

Under the full restoration scenario, the econonatue for fisheries for the Mfolozi Floodplain will
experience the highest increase of all other etesyservices, with an expected rise of over 330 %
(Table 12; Figure 13). The St Lucia system’s cdwifion to fisheries was also expected to incregse b
109 % under this scenario. A link with the Mfoldiver would provide the volume of water required
to reinstate natural mouth dynamics that wouldoresa more permanent connection between the St
Lucia Estuary and the ocean. As St Lucia is thgelstr estuarine system in Africa (Cyrus and Vivier,
2006) with a surface area greater than the totd af all other South African estuaries combined
(Whitfield et al., 2006), restoring the link of this nursery aredhwthe ocean is expected to impact
dramatically on the country’s estuary-dependanieiies valued at R 1.3 billion (Lamberth and
Turpie, 2003).

Tourism, with an expected increase of 73 % forttdven of St Lucia, would also influence the local
economy positively. Together with agriculture, isar is mentioned as a main economic sector in the
district (Umkhanyakude District IDP, 2008/9). Grzatopportunities for tourism would increase
employment in the district and support the locahomunity. Tourism activities, such as craft sales,
accommodation, guided walks and other outdoor hglicecreation, would increase following the
restoration of the floodplain wetland habitat. Tiear will experience a greater increase in economic
value than most other ecosystem services on théokAf&loodplain under a full restoration scenario
(Table 12).

6.3 Management implications and suggested options
Restoration of the Mfolozi Floodplain will involva number of management considerations. The
process of land procurement for the purposes ¢bnason would need to address many current land

users, including sugarcane farmers, farm employgees illegal subsistence farmers, and consider

potential legal issues such as land claims or tes®nt. Long-term management strategies would
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also need to consider the affects of future glathahate change on the St Lucia System, which is
expected to raise sea level by about 0.5 m asasathuse a rainfall increase of 5—-10 % in thisoregi
(Whitfield and Taylor, 2009).

6.3.1 Mfolozi as a site for biodiversity offsets

Large expansions of the Richards Bay Harbour irtheon KwaZulu-Natal are expected to destroy
much of the estuarine habitat in the Harbour. @uenavoidable damage to these habitats, discussions
among consultants and planners raised the posgilnfi seeking offset areas for the proposed
development to compensate for the estuarine haloisst The suggestion was made that Transnet
purchase the farms within the Mfolozi Floodplaintiwithe intention of restoring the floodplain
wetlands, thereby restoring ‘functionality of thé I%uicia System’ (R. Taylor, pers. comm.). Other
large organisations or developments may also wasioffset’ biodiversity losses by contributing to

land procurement of the Mfolozi farms.

6.3.2 Financial incentives and political factors

An example can be taken from the Kavlinge Riverghammme in Sweden, which involved creating
wetlands for the purpose of reducing nutrient lotmishe sea (Turnegt al., 2003). An agreement

between local municipalities and landowners proghdbe construction of buffer zones and irrigation
ponds. Landowners benefited financially, being r@ffierental payments for their land in affected area

of certain wetlands.

Financial benefits also included payment of theaospmity costs forgone by the farmland following
restoration. This was calculated as ‘the marketievalf the land subject to conversion’ (Tureesl.,
2003). Financing of the project was shared by th@iaipality (60 % of the total costs), an EU grant
(about 20 %) and local donations (about 20 %)tetms of applying a similar approach to the Mfolozi
Floodplain, the local Sugar Planters CooperativE@3P) explains that farmers would consider the
sale or lease of their farms if offered similaraintial incentives that matched the current incorom f

sugarcane farming (L. McGrath, pers. comm.).
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However, from a government perspective, ecosystamces have not been mentioned as a priority in
terms of their conservation or restoration. Newjguts targeted by the local municipality in thePID
review report include providing ‘additional graziagd cultivation land for the Dukuduku resettlement
project, a fruit drying project, the developmentafsports and recreational centre, a multipurpose
centre and erecting a bronze sculpture of Inkogiddtuba (Mtubatuba IDP, 2004). In fact, the only
project that mentions natural resources in the Ieport is the upgrading of the current water
treatment works adjacent to the Mfolozi River tosare adequate water supply for the Mtubatuba
low-income and Dukuduku housing projects, and GSLWiBimangaliso Wetland Park)
developments’ (Mtubatuba IDP, 2004). It should beed that restoration initiatives highlighted imsth
research that may secure the long-term ecologtedility of the St Lucia System may be in direct

conflict with future land use practices within tf@odplain intended by local government.

However, the Umkhanyakude District Municipality ID8ports that management‘t®ncerned with
the utilization and protection of its natural resms’ and stresses that the District aims to iatiegr
environmental issues with poverty reduction stragedUDM IDP, 2008). Such plans include land
rehabilitation, wetland restoration and soil comagon (UDM IDP, 2008). The report reiterates its

confidence in an effective integrated managemeptageh stating:

“Environmental, economic and social goals can hepatiible, and are interrelated in
such a way that one goal cannot be effectively ymdsat the expense of another”
(UDM IDP, 2008)

Unfortunately this is not the case when considethmg current practices in the District. One such
example is the current illegal clearing of the Ml Floodplain swamp forests within the borders of
the iSimangaliso Wetland Park. This demonstrates dinect conflict of conservation with local
livelihoods and does not reflect the noble ambgistated in the District Municipality IDP. On the
other hand however, current illegal clearing iltasts the demand for harvesting natural resounces o
other activities on the floodplain, which would akeviated following the reintroduction of wetland

vegetation from either restoration scenario.

73



According to national legislation alluded to by 8aand Taylor (2007), the responsibility of
preventing further ecological deterioration of elLucia System falls upon the national Department
of Water Affairs. According to the National WatectA(36) of 1998, the government is required to

‘protect’ the country’s water resources.

The Umkhanyakude District IDP recognizes the presesf the iSimangaliso Wetland Park World
Heritage Site, as ‘a scenic pristine environmemat s key to tourism and development opportunities
(UDM, 2008/9). The District’s environmental managmnt needs, however, are listed with ‘Economic
Growth’ as the first point, and the ‘Protectiontbé natural environment’ as the second point (UDM,
2008/9). This study has shown the economic bentfésare expected to follow initiatives that will
protect the natural environment. Thus, should getbn of the natural environment’ be afforded very
high priority for the local and district municipili it may be possible for economic growth to fello

as a direct consequence.

6.4 Overall research contribution and future redeaecommendations

6.4.1 Ecological economics context

This research considered ecosystem services offeyethe Mfolozi Floodplain and the St Lucia
System in terms of their supply to stakeholdero@sosed to the demand (Figure 4). Results can
therefore be considered as baseline research froiohwiurther economic analyses can progress.
Quantifying the demand for ecosystem servicesesdtstudy sites, as illustrated by the demand curve
(Desquy from top left to bottom right of Figure 15, wouldlow for more comprehensive economic
understanding through market research, includingepanalyses, optimal levels of supply or safe
minimum standards for ecosystem service exploitatidgure 4). Figure 15 illustrates how the results
of this Mfolozi Floodplain and St Lucia System studhich has focussed on supply, indicated by the
supply curve (MEs) from left to right of Figure 15, to potential laaer economic analyses.
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Figure 15 Relevance of St Lucia System and Mfolozi Floodplecosystem service valuation to resource
economics. Adapted stylised costs and benefits€adystem services (ES) provision as in Fisheit. (2008).
MCes depicts the supply of ES or the marginal costanfuiring additional ES. B the demand for market
ES. EQun: the point where marketed ES are provided/demar@els: safe minimum standard or quantity of
ES below which the system may collapse.

Ecosystem service demand is related to the locelosronomic climate in the areas in and
surrounding the Mfolozi Floodplain and the St Lu&gstem. Further study into potential restoration
of the floodplain should include a detailed soamapact assessment that would identify the expected

impacts on the local communities.

6.4.2 Future research recommendations

Ecosystems are complex and dynamic (MEA, 2003) expgkrience fluctuating conditions of many
kinds and on many scales. External changes maydacteasonal and long-term climatic conditions
(temperatures, rainfall), day and night cycleshfligvailability), tidal exchange (salinity fluctuas)

as well as anthropogenic disturbances. Any of tmesetioned changes would influence the quantity
or quality of services provided by the ecosystemmoutd the delivery or production of ecosystem
services change, the economic values would be taffedJnlike a manufactured product, the
production of ecosystem services cannot be coattalh as stringent a manner. Future large-scale
ecosystem valuation by management would therefeex rto consider natural and anthropogenic

variability and consequent effects on targeted ystem services.
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This study assumed that restoration in the floddphould provide adequate sediment filtration o th
Mfolozi River water, thereby allowing a link witthé St Lucia System. It is important to note,
however, that restoring the floodplain to a natunatland condition will entail the removal of
artificial drainage and canalisation. Followingsthriver water would disperse across the floodplain
decreasing in velocity. The local authorities oe tielevant managers involved in restoration of the
floodplain would need to take cognisance of the emoent of water following any restoration

initiatives.

Given the size of Lake St Lucia and its role inyidong a nursery area for estuary dependent marine
species, the system is very important to the cglmfiisheries. However, there are few studies
addressing the relationship between the Lake StalL8gstem specifically and the South African
fisheries stocks (Vivier and Cyrus, 20@yrus and Vivier, 2006; Lamberth and Turpie, 200&nn,
1993). It would thus prove beneficial for the ongpimonitoring and conservation of the St Lucia
System if such relationships were understood falividual fish species and throughout different
climatic seasons. A suggested approach is thaymheet al. (1981) who researched the link between
the ecology of a marsh system and an exploited poglilation, thereby investigating the influence of

ecological factors on an economic activity.

It is likely that a large-scale Global Environmétacility (GEF) project run by the World Bank and
the iSimangaliso Wetland Park Authority will comngerwithin the next few years addressing various
options for freshwater input into Lake St Lucia¢luding studies concentrating on the hydrology,
ecology, sedimentology and resource economics efMfolozi Floodplain (P. Aguila, pers. comm.;
Whitfield and Taylor, 2009). Such studies might sider incorporating some of the socio-economic
(6.4.1) and ecological features (6.4.2) descriliEe.
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6.4.3 Research contribution

Considering the ecosystem service valuation and lase planning addressed in this research,
similarities with other ecological economics stidi@e noticed. This report has highlighted key
ecosystem services within the study sites and camoated their benefits to society in economic
terms. In doing so, relevant authorities may becamare of the need to conserve such services. This
objective is noticed in other research such astindy by Marti’'nez-Harms and Gajardo (2008), which
involved the valuation of ecosystem processes irsté&/e Patagonia in order to justify nature
conservation. This is also noticed in a study bguBeontet al., (2008) which aimed to promote the

conservation of marine biodiversity in the UK byame of ecosystem service valuation.

Given that no previous valuation of ecosystem ses/of the St Lucia System and Mfolozi Floodplain
has been performed, this research provides aalimtrentory of the economic values associated with
these services at these sites. This was also achiey Kroeger (2005), who provided a baseline

valuation of ecosystem services for four countneSlorida, USA.

Furthermore, this study, by addressing social, eson and ecological factors regarding the future of
the St Lucia System and restoration options forMi@ozi Floodplain, has contributed to the fieltl o
interdisciplinary research. Original methods inéutle quantifying of specialist wisdom as applied t
restoration scenarios and the assimilation of swdom without the provision of a workshop
environment. This research quantifies the key irtgpassociated with a major freshwater issue using a

broad approach, whilst including sufficient dettliereby providing an effective decision-makingltoo
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7. Conclusion

The St Lucia System, which forms part of South ¢€is first World Heritage Site and is recognised
as a Ramsar Site, comprises the largest estuaystens in Africa. It is subject to periodic mouth
closure partly due to historical artificial sepavatof the Mfolozi River from the mouth of Lake St
Lucia, during which periods of evaporation domindibe water balance and the lake becomes
hypersaline, with salinities in excess of 20 In order to avoid this and prevent further degteh

of Lake St Lucia, a supplementary freshwater sypgsally from the Mfolozi River, is required.

Economic valuation of ecosystem services providgdhe Mfolozi Floodplain and the St Lucia
System in their current condition, suggest totaluah economic values of over R 21 millionand R 1.1
billion respectively. Valuation has shown that #eosystem service values increase for eight out of
nine ecosystem services for both the Mfolozi Fldaitpand St Lucia System, following the partial or
full restoration of the Mfolozi Floodplain. Eithef the two restoration initiatives explored in this
study would however, require the replacement of mencial sugarcane crops with natural wetland
habitat. Such initiatives would thus forfeit thenaal revenue currently generated from sugarcane

farming (of approximately R135 million, Collings @D).

Although originally conceived some 40 years ago padially implemented before being terminated,
supplementary freshwater from the Mfolozi River,iethis discharged into the St Lucia System, is
still considered a promising option. This study bhewn the expected economic outcomes associated
with increased delivery of ecosystem services urmigential wetland restoration scenarios of the
Mfolozi Floodplain, which could be derived from $ua plan. Recommendations include linking the
Mfolozi River with the St Lucia System during lovowWs in order to supplement freshwater supply
but avoid the adverse effects associated with Bigdiment loads from the Mfolozi River during
periods of abundant water supply. However, to avany negative socio- or politico-economic
repercussions, it is advisable that further resemrcindertaken before any permanent land use ehang

or river diversion is undertaken.

This interdisciplinary research has addressedtsftorconserve the ecological health of one of BSout
Africa’s most pristine regions whilst recognisirfgetdirect conflict with other industrial and curren
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political agendas. The field of environmental eqoigs has provided a tool by which the contribution
of natural, functioning ecosystems to the economry lze communicated. Limitations experienced in
this study included assimilating the responses fspecialists from a variety of disciplines witha@ut
workshop environment along with limited site spieciflata. This study has emphasised that the
country’s industries should be conscious of thedrneepreserve the long-term health of our natural

capital upon which we are deeply reliant for ouflyeing.
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ESTIMATING CHANGES TO ECOSYSTEM SERVICES VALUES

| understand that you have either been involved®arch regarding my study sites or have expearignthe
field of environmental resource valuation or restimn. | am currently putting together variables fo
management model for my Masters research. If yoe haew minutes | would really appreciate youmphel

As I'm sure you are aware, Lake St Lucia in nomh&ZN, currently experiences severe ecologicalsstre
during dry periods. This has raised concern reggrthie long-term sustainability of the country'ssfiworld
Heritage Site. Possible intervention that my redeaddresses involves diverting the Mfolozi Riverthie St
Lucia Lake system (providing an additional 700 Xrbfyr?). The Mfolozi River, which was historically linked
to Lake St Lucia, was diverted in the early 195Q@is, it was feared that its high sediment loads @oul
eventually fill the lake. To avoid detrimental affe associated with high sediment loads, the rivater thus
requires considerable filtration before a link t@nre-established. One suggestion is to restomddads within
the Mfolozi Floodplain to its previous wetland cdiwh in order to provide the required sediment ogal
function for the Mfolozi River water. In order teermine consequent economic impacts of the paienti
floodplain restoration, current ecosystem servitage been valued for both the Lake St Lucia systeththe
Mfolozi Floodplain. Based on your input (along wither specialists), calculations will be made ¢étedmine
the response of these economic values to propess¢aration scenarios.

Please find a table below (Page 3) with the listedsystem services and their assigned values. tNete
figures are not accurate results from this researah have been randomly assigned in order to gyonde
responses. Could you kindly fill in your estimafelte change (% increase or decrease) to the gnamretary
values for each described scenario. Thank you dgaiyour time.

Scenario Descriptian

1_CURRENT LAND USE
St Lucia System: Major tourist attraction
Possible collapse of system in the future with dditional freshwater
Vital support for national fisheries (both recreatl and commercial)
Harvesting of resources currently permitted fomlamommunities
Popular area for extensive scientific researchetag visiting school groups

Mfolozi Floodplain:  Approximately 8000 ha of sugane within the floodplain
Annual sugarcane harvest
Floodplain heavily canalised (minimal sediment friag capability)
Few tourism initiatives
Minimal harvesting of resources by local communitie
One environmental education establishment in inadfblain
Research on sugarcane

2_PARTIAL RESTORATION
St Lucia System: Mfolozi River linked to Lake Stdia only when critical (controlled link by relevant
management)
Mouth may breach more frequently
Increase in freshwater = system less stressedgldrought periods
Environmental conditions improve = industries netian the environment improve

Mfolozi Floodplain: Lower lying sugar farms restdreo wetland (farm acquisition will not be covereyl
this research)
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Wetland improves sediment-trapping function
Approximately 1800 ha of sugarcane remain in fldauip

Possible increase in tourism enterprises due tatgrearea of wetland habitat &
resources

Possible increase in harvesting of resourcdedat communities

3_100% RESTORATION

St Lucia System: Mfolozi River linked to Lake Stdia permanently
System no longer experiences extreme conditionsgldrought periods
Ecosystem services improve

Supported industries (fisheries, tourism, conse@uatbenefit and are protected into
the future

Mfolozi Floodplain:  All farm area within floodplairestored to wetland (20 000 ha)
Wetland ecosystem services restored
No sugarcane remaining in designated floodplaia are
Increase in nature based tourism enterprises
‘New’ natural habitat available for harvest as vaslresearch
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ECOSYSTEM
SERVICES

Scenario 1:
Current land
use

Value
(ZAR/yr)

Scenario 2: Scenario 3:
Partial 100%
Restoration Restoration

Comments:

Method/Data used
for valuation

% Change (increase or decrease)

Scenario 1 values

to

ST LUCIA (* Values calculated for full area of iSimangaldéetland Park & not only St Lucia Lake)

Flood alleviation

110,000,00

D Benefit transfer
(Lake R/ha value)

Water provision

60,000,00

D Replacement cost

Water purification

90,000,00

D Benefit transfer

Sediment retention

5,000,00

0 Replacement cost|

Tourism

15,000,000

Income estimates for
population of St
Lucia town

*Natural vegetation

5,000,000

Value estimates for

harvesting recorded annual
harvest

Fisheries 50,000,000 Benefit transfer
(Estuary R/ha)

*Existence 7,000,000 Benefit transfer
(R/ha for different
biomes present)

*Cultural & 90,000,000{ Benefit transfer (R/ha

education for each ecosystem
types)

MFOLOZI

Flood alleviation 3,500,000 Replacement cost

Water provision

5,000,00

D Water supply costs
for current users

Water purification

150,00(

Benefit transfer

Sediment retention

100,00

0 Replacement cost

Tourism 50,000 Benefit transfer

Natural vegetation 400,000| Benefit transfer

harvesting

Fisheries 1,500,000 Benefit transfer
(Estuary R/ha)

Existence 500,000 Benefit transfer (R/ha
for different biomes
present)

Cultural & education 2,000,000 Current research

expenditure &
Benefit transfer (R/ha
for each ecosystem

types)
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PCA analyses

St Lucia under Partial Restoration Scenario

Table 14 Eigenvalues of covariance matrix, and relatetistsies (St Lucia under partial restoration scewiari

Eigenvalue % Total Cumulative Cumulative %
Eigenvalue
1 9905.841 74.96726 9905.84 74.9673
2 1598.960 12.10091 11504.80 87.0682
3 1002.005 7.58316 12506.81 94.6513
4 581.624 4.40172 13088.43 99.0530
5 92.226 0.69797 13180.66 99.7510
6 30.375 0.22988 13211.03 99.9809
7 2.041 0.01544 13213.07 99.9963
8 0.484 0.00366 13213.56 100.0000

Table 15 Factor coordinates of the variables, based oretadions (St Lucia under partial restoration sciena

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factob Factor 7

A 6.7233 20.39081 -20.0743 12.5492 -1.62%62 0.95020 0.089082
B -7.5147 -7.58464 -19.6107 -16.7414  -2.57940 ®278 0.000108
C 96.5110 4.95368 0.5689 -4.6189 0.69604  -0.21568 .033301
D 5.0140 -3.24441 4.3239 2.1319  -7.00858  -2.41768 .698H18
E 0.4448 1.1632( -0.6530 0.1088  -1.29037 -0.71237 0.404336
F -19.8403 32.93282 8.6813 -10.7587  -0.34243 -@825 0.077929
G -2.8986 -1.87402 0.8886 -1.1124 2.71596 2.26169 .135B97
H -7.9000 1.07099 -10.9016 -1.0482 4.91595  -4.15282 0.293301
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St Lucia under Full Restoration Scenario

Table 16 Eigenvalues of covariance matrix, and relatetisties (St Lucia under full restoration scenario)

Eigenvalue % Total Cumulative Cumulative %
Eigenvalue
1 40574.09 87.38634 40574.09 87.3863
2 2896.84 6.23906 43470.92 93.6254
3 1666.14 3.58845 45137.06 97.2138
4 927.09 1.99672 46064.16 99.2106
5 195.29 0.42061 46259.45 99.6312
6 134.10 0.28881 46393.54 99.9200
7 36.72 0.07908 46430.26 99.9991
8 0.43 0.00093 46430.69 100.0000

Table 17 Factor coordinates of the variables, based oretagions (St Lucia under full restoration scengrio

Factor 1 | Factor 2 Factor 3 Factor 4 Factor 5 Factof Factor 7
A -13.840 8.2599 -7.9055| 10.66936 6.18822 2.13872 3.92553
B -3.952| 36.6291 16.0273| 14.64994| -4.29875 1.18798| -1.13941
C -199.254 3.4362 -1.3442| -3.42796| -0.07290| -0.43231| -0.26582
D -18.210| -25.5173 2.7566| 21.99307| 3.28179| -3.48168| -1.82573
E -4.950 4.0345 -3.0463 6.44586| -0.17354 2.70825 2.01150
F 13.804| 22.0144| -32.7617 2.44444 1.10613| -3.08639| -1.87190
G -0.772| -0.5134 -1.0126| -1.23184 6.09538 8.68689| -2.99710
H 10.841| 17.9668 15.9289| -7.35855 9.45176| -4.84559| -0.26764

Mfolozi Floodplain under Partial Restoration Scenaro

Table 18 Eigenvalues of covariance matrix, and relatetisties (Mfolozi Floodplain under partial restoxati

scenario)
Eigenvalue % Total Cumulative Cumulative %
Eigenvalue

1 28368.06 86.47106 28368.06 86.4711
2 3607.39 10.99599 31975.44 97.4670
3 363.15 1.10695 32338.59 98.5740
4 253.63 0.77311 32592.22 99.3471
5 128.55 0.39186 32720.78 99.7390
6 74.25 0.22634 32795.03 99.9653
7 11.17 0.03405 32806.20 99.9993
8 0.21 0.00066 32806.42 100.0000
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Table 19 Factor coordinates of the variables, based oretadions (Mfolozi Floodplain under partial
restoration scenario)

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factob Factor 7
A 1.421 -1.6346 9.73572 1.5013 7.62569| -3.62264| -0.77196
B -25.564 -53.5287| -6.89984 0.2110 1.04216| -1.36001| -0.05380
C -165.906 10.1420 0.01307 -0.2708 0.19644| -0.13391| -0.00286
D -1.870 -8.8389 1.58262 -71.4727 5.74063 5.28085 0.15846
E 1.245 -4.1218| -0.12218 1.8675| -0.75608| -2.76050| -1.24624
F 1.152 -2.6562 3.70865| -13.3959| -3.41772| -3.42503| -0.01505
G 0.686 -2.0924 1.93549 1.4183 1.45702| -2.45812 2.99832
H -13.449 -23.0215| 14.16817 3.2349| -4.68487 2.44576 0.07015

Mfolozi Floodplain under Full Restoration Scenario

Table 20 Eigenvalues of covariance matrix, and relatetisttes (Mfolozi Floodplain under full restoration
scenario)

Eigenvalue % Total Cumulative Cumulative %
Eigenvalue
1 247482.6 72.28762 247482.6 72.2876
2 86863.1 25.37200 334345.7 97.6596
3 5407.1 1.57938 339752.8 99.2390
4 14175 0.41403 341170.3 99.6530
5 852.2 0.24893 342022.5 99.9020
6 279.3 0.08159 342301.9 99.9836
7 56.3 0.01645 342358.2 100.0000
8 0.0 0.00000 342358.2 100.0000

Table 21 Factor coordinates of the variables, based oreladions (Mfolozi Floodplain under full restoratio

scenario)
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factob Factor 7

A -3.906 -40.741 -1.0750 0.4934 26.64088 -1.40500 2.49702
B -33.024 -14.777| -54.4520 -0.7239 -6.15123 -8.80332 2.14249
C -495.612 7.646 5.9468 0.1094 -0.12545 0.24125 0.04229
D -7.966 5.656| -14.1599| -35.7522 2.30942 3.35384| -0.86202
E -11.218| -291.151 2.6856 -0.7418 -3.10290 0.36841| -0.59806
F -6.974 10.536 -1.0919 -0.3455 7.65757 -9.87779| -4.80587
G -6.028 -3.619| -10.1442 4.,2068 2.23370 2.30572| -4.43366
H -21.710 1.248| -45.7580 10.9597 5.10313 9.24862| -1.27349
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Appendix C:
Summary of expected changes to ecosystem servicéues
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Table 22 Average expected percentage changes and stateldedions (Std Dev) from the eight responses

used in analyses.

St Lucia Mfolozi

Ecosystem Service Partial Restoration Full Restoration Partial Restoration Full Restoration

WA % WA % WA % WA %

change | Std Dev change Std Dev | change Std Dev | change Std Dev
Flood alleviation 11.0¢ 1.56 21.3: 4.82 26.32 3.89 75.5¢ 9.99
Water provision 39.7i 4,52 55.4( 5.81 -14.2¢ 5.50 -11.8¢ 7.62
Water purification 19.6¢ 3.14 37.7¢ 5.73 27 .4 2.70 56.0¢ 4.66
Sediment retention 18.7¢ 3.97 35.12 6.00 36.8¢ 3.75 91.6:¢ 11.27
Tourism 33.7¢ 5.65 72.9¢ 11.42 85.5¢ 24.24 260.5¢ 45.67
Vegetation harvesting 18.1¢ 1.74 36.9i 4.65 82.7: 18.08 234.2¢ 61.86
Fisheries 38.5: 5.68 108.8: 17.01 85.0( 24.32 332.0¢ 97.51
Existence 61.0( 19.71 143.1: 38.57 92.81 25.70 248.1: 51.29
Cultural & education 16.5¢ 1.19 42.1¢ 3.47 25.6:¢ 2.02 83.7¢ 8.84

Table 23 Calculated annual economic values for ecosysemices for each site. The Weighted Averages
(WA) of the % changes from specialist responsesnataded along with the outcome of ecosystem servi

values under each restoration scenario.

Current Land Partial Restoration Scenaric Full Restoration Scenario

Study site & Ecosystem Use

Service Annual value WA % Resultant value WA % Resultant value

(ZAR) change (ZAR) change (ZAR)

ST LUCIA SYSTEM
Flood Alleviation 196,610,364 11.0¢ 218,340,98 21.32 238,519,42
Water Provision 160,000,00 39.71 223,634,28 55.4( 248,640,00
Water Purification 230,592,40 19.6¢ 275,963,02 37.7¢ 317,718,94
Sediment Retention 2,000,0( 18.7¢ 2,374,88: 35.12 2,702,32
Tourism 35,824,80( 33.7¢ 47,920,93 72.9¢ 61,955,83
Vegetation Harvesting 3,582,57 18.1¢ 4,233,941 36.97 4,907,03!
Fisheries 143,990,00 38.5¢ 199,468,50 108.8: 300,685,00
Existence 9,069,23 61.0( 14,601,46 143.1: 22,049,56
Cultural & Education 324,672,24 16.5¢ 378,446,08 42.1¢ 461,643,34
TOTAL 1,106,341,620 1,364,984,109 1,658,821,470
MFOLOZI FLOODPLAIN
Flood Alleviation 5,000,00( 26.3:2 6,315,78! 75.5¢ 8,776,31!
Water Provision 4,604,74 -14.2: 3,949,55! -11.8¢ 4,057,44.
Water Purification 144,944 27.4: 184,70! 56.0¢ 226,23(
Sediment Retention 500,0( 36.8¢ 684,30: 91.6° 958,14(
Tourism 1,659,344 85.5¢ 3,079,55! 260.5¢ 5,983,41.
Vegetation Harvesting 196,35 82.7: 358,78 234.2¢ 656,29:
Fisheries 740,52 85.0( 1,369,96: 332.0¢ 3,199,48;
Existence 401,364 92.81 773,88: 248.1: 1,397,25!
Cultural & Education 7,959,81 25.6° 9,999,51. 83.7¢ 14,626,15
TOTAL 21,948,409 26,716,053 39,880,714
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