IMPACT OF LAND USE CHANGE
THROUGH PAST AND PROPOSED
URBAN DEVELOPMENT ON
HYDROLOGICAL ECOSYSTEM SERVICES

*kkkkkkikrkk

A CASE STUDY IN PROGRESS ON THE MPUSHINI/

MKHONDENI SUB-CATCHMENTS OF THE UMNGENI
CATCHMENT, SOUTH AFRICA

Stefanie Schutte and Roland Schulze
Centre for Water Resources Research
University of KwaZulu-Natal, Pietermaritzburg
November 2012




Introduction

The natural environment provides services to
humans in the form of water provision, carbon
sequestration, biodiversity and other services

These services have economical, societal, as well as

environmental value

At this point in time, decisions about changes in land
use are often made without taking into account what
the impact of those changes would be on ecosystem
services




Ecosystem Services

Ecosystem services are direct or indirect benefits that

humans gain and which are provided by ecosystems
Examples:

Provisioning Regulating Cultural

Food . Climate regulation . Aesthetic
Fresh water - Flood regulation : Spiritual
Wood and fibre . Disease regulation . Educational
Minerals, . Water purification . Recreational
Fuels like coal, gas

Supporting
Nutrient cycling * Soil formation

Primary production




Links between Ecosystem Services, Socio -
Political Sphere, Economy and Governance




The Earth as an Ecosystem:
a Biosphere Perspective
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Characteristics of Ecosystems

Ecosystems are complex, adaptive
systems characterised by:

thresholds, which once exceeded can
be followed by sudden changes

consequences, which are often not
linear to changes

uncertainty
(Scheffer et al., 2001; Carpenter et al., 2006)




What do we know about the
Valuation of Ecosystem Services

Conserving ecosystem services frequently give
higher benefits than what it costs to conserve them

The loss of ecosystem services needs to be
accounted for

The economic benefits gained by converting

ecosystems must be weighed up against the costs of
the loss of ecosystem services

Leverage of expenditure on ecosystems might be
higher than direct expenditure on the economy

(Daily, 1998; Balmford et al., 2002; Chan et al., 2006; de Wit et al., 2012)




Trade-offs derived from Ecosystem
Services

Who benefits, who loses? Society, a
region, individuals, future generations?

What is the time frame? Long or short time frame?

Is it fair to disadvantage future generations through
economic discount rates?

Is the benefit measured in Gross Domestic Product

(GDP)? Or alternative indices, such as “Happy
Planet Index”?

(Ostrum, E, 1990; Daily, 1991; Daily 1997; Wackernagel and Rees, 1997;
Turner and Daily, 2008; Heinberg, 2011; NEF, 2012)




Hydrological Ecosystem Services

Ecohydrologic process
(what the ecosystem does)

Hydrologic attribute
(direct ettect ot the ecosystem)

Hydrologic service

(what the beneticiary receives)

Local climate interactions

Water use by plants

Quantity
> (surtace and ground and\
water storage and SOIl
flow) water

Environmental filtration

Soil stabilization

Chemical and biological
additions/subtractions

Quality
(pathogens,
nutrients, salinity,
sediment)

Soil development

Ground surface modification

Surface flow path alteration

River bank development

Location
(ground/surtace,
up/downstream,

in/out of channel)

Control of flow speed

Short and long-term water
storage

Seasonality of water use

Timing
(peak tlows, base

flows, velocity)

Diverted water supply:
Water for municipal,
agricultural, commercial,
industrial, thermoelectric
power generation uses

In situ water supply:
Water for hydropower,
recreation, transportation,
supply of fish and other
freshwater products

Water damage
mitigation:
Reduction of flood damage,
dryland salinization,
saltwater intrusion,
sedimentation

Spiritual and aesthetic:
Provision of religious,
educational, tourism values

Supporting:
Water and nutrients to

support vital estuaries and
other habitats, preservation
of options

(After Brauman et al., 2007)




Hydrological Ecosystem Services
are Influenced by:

Hydrological processes and attributes
_andscape and channel interactions of the
nydrological cycle

Climate attributes, including climate change
Land cover, use, management

Population pressure, inclusive of development
and economic growth

(McCartney et al., 2000; Jewitt, 2002; Braumann, et al., 2007; Schulze, 2007)




In Summary

Ecosystem services are essential for human existence

Ecosystems need to be sustained and invested in, in order to
ensure development

Social and economic development results in trade-offs
between additional benefits gained and lost from ecosystem
services

Hydrological ecosystem services are much more than simply
freshwater abstraction

Land use and land cover can have a major influence on
hydrological responses

If land use changes are considered, an assessment needs to
show potential ecosystem services trade-offs, and needs to be
compared to land use that conserves and rehabilitates
ecosystem services




Linkages Between Selected
Hydrological Ecosystem
Serwces and Land Use.Ghange
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The Location of the Study Area

uMgeni Catchment: 4832 km?, 20% of SA's GDP; major cities: Durban, Pietermaritzburg;

major dams: Midmar, Albert Falls, Nagle, Inanda, Henley
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The Mpushini/ Mkhondeni sub-catchments
Area: 115 km?; south-east of Pietermaritzburg; MAP: 840 mm
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A variety of land uses within the study area
1.)  Natural Land Use
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A variety of land uses within the study area
2.)  Agricultural activities / 1




A variety of land uses within the study area
3.) Agricultural activities /2




A variety of land uses within the study area
4.) Industry and resource harvesting
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A variety of land uses within the study area
5.) Residential (low density)
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Mpushini/Mkhondeni location of major land use clust ers
Varied land uses: from natural to highly transformed; still forms an open
space green system; under high development pressure
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Research Questions

How has the current land use already
changed streamflows?

How do these changes affect selected

provisioning and regulating hydrological
ecosystem services?

What would the changes in those hydrological
ecosystem services be under the proposed
future land use scenarios?




Aim

To better understand linkages between
current and envisaged land uses and their
hydrological responses In relation to
hydrological ecosystem services




Examples of hydrological ecosystem services
to which the study catchment contributes

1.) Supply of water for basic needs

o Contributes to water supply to the uMgeni
e Provides basic needs via direct abstractions

* Provides drinking water for domestic and
wild animals




Examples of hydrological ecosystem services
to which the study catchment contributes

2.) Regulating ecosystem services through natural
water bodies, wetland, water flow through land




Examples of hydrological ecosystem services
to which the study catchment contributes

3.) Supply of water for agriculture, both
rain fed and irrigation

Primary dry land production (grazing, hay-making)
Domestic animals (beef, dairy, chicken, horses)
Game ranching

Sugar cane farming

Vegetable production

Lifestyle farming

Subsistence agriculture




Examples of hydrological ecosystem services
to which the study catchment contributes

4.) Supply of water for habitat, biodiversity
and river ecosystems

Ta | TAEERE LY WV e 0]
Rty Tt S T TR - r




Examples of hydrological ecosystem services
to which the study catchment contributes

5.) Recreation (active and passive)
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Examples of hydrological ecosystem services to
which the study catchment contributes

6.) Spiritual and aesthetic ecosystem services:
educational, tourism, religious values




Hydro -Ecologically Related Problems /1

Dysfunctional sewerage
Eutrophication reticulation




Hydro -Ecologically Related Problems /2

Buffer zone farming Degradation

Farming within the flood plain

Degradation of natural vegetation cover




Hydro- Ecologically Related Problems /3

Alien invasive plants Alien invasive plant removal
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Hydro -Ecologically Related Problems /4

Industry: increased impervious areas, possible pollution
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Hydro -Ecologically Related Problems /4

Farm Dams => Flow Modification

A number of medium size and smaller
dams regulate stream flow, possibly to the
detriment of downstream users and
ecology

=> Delayed downstream high
flows, might lead to no flow in the
downstream area

» Natural flow , including variations, is
required for many ecological
functions

Reduced ecological function




Methodology 1

» Delineate hydrological response units to account for present
and proposed scenarios of land use




Methodology 1
GIS delineation of different scenarios
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* Model above scenarios with a suitable hydrological model
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Delineate hydrological response units to account for present
and proposed scenarios of land use

To model above scenarios with a suitable hydrological model

Assess the changes in hydrological responses

Relate results to hydrological ecosystem services







