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Abstract. The hydrological responses of a catchment are Overall theACRU model was able to represent the high,
sensitive to, and strongly coupled to, land use and climatelow and total flows, with satisfactory Nash-Sutcliffe effi-
and changes thereof. The hydrological responses to the ineiency indexes obtained for the selected catchments. The
pacts of changing land use and climate will be the result ofstudy concluded that th&ACRU model can be used with
complex interactions, where the change in one may modereonfidence to simulate the streamflows of the three selected
ate or exacerbate the effects of the other. Further difficul-catchments and was able to represent the hydrological re-
ties in assessing these interactions are that dominant driversgponses from the range of climates and diversity of land uses
of the hydrological system may vary at different spatial and present within the catchments.
temporal scales.
To assess these interactions, a process-based hydrological
model, sensitive to land use and climate, and changes thereo{,
needs to be used. For this purpose the daily time A@RU
model was selected. However, to be able to use a hydroggth Africa’s land cover and land use have been ex-
logical model such aACRU with confidence its represen-  tensjyely altered by human activities, such as increasing
tation of reality must be confirmed by comparing simulated 5nq shifting populations, increasing and changing food de-
output against observations across a range of climatic condimangs, national and regional policies, and other macro-
tions. Comparison of simulated against observed streamflovgconomic activities. These alterations combine to impact
was undertaken in three climatically diverse South African upon the hydrological system at different temporal and spa-

catchments, ranging from the semi-arid, sub-tropical LuVU-tjg| scales (Falkenmark et al., 1999; Legesse et al., 2003;
vhu catchment, to the winter rainfall Upper Breede catch-gcnyize et al., 2004; Calder, 2005).

ment and the sub-humid Mgeni catchment. Not only do the ' The hydrological response of a catchment is depenient,
climates of the catchments differ, but their primary land useser ajia, upon the land use of the catchment, and is sensitive
also vary. In the upper areas of the Mgeni catchment comyq changes thereof (Schulze, 2000; Bewket and Sterk, 2005),
mercial plantation forestry is dominant, while in the middle ;¢ any changes in land use or land cover alters the partition-
reaches there are significant areas of commercial plantatiop,q of precipitation between the various pathways of the hy-
sugarcane and urban areas, while the lower reaches are dorgro|ogical cycle (Falkenmark et al., 1999; Costa et al., 2003),
inated by urban areas. The Luvuvhu catchment has a largg,ch as infiltration, total evaporatios, surface runoff Qs)
proportion of subsistence agriculture and informal residen-,, groundwater rechargedq). Thus, to effectively manage
tial areas. In the Upper Breede catchment in the Westernyaier resources, the interdependence between land use and
Cape, commercial orchards and vineyards are the primaryhe hydrological system must be recognized (Comprehensive
land uses. Assessment of Water Management in Agriculture, 2007) as
ultimately, “any land management decision becomes a water
management decision” (Falkenmark et al., 1999).

Correspondence tdvl. L. Warburton When considering climate change, an additional level of
BY (warburtonm@ukzn.ac.za) complexity is introduced into the relationship between land
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use and the hydrological system. Together, land use changmation, in order to give acceptable results across a range of
and climate change form a complex and interactive systemhydroclimatic regimes. Calibration is a refinement which can
whereby both human influences and climate changes cabe undertaken on catchments with high quality streamflow
perturb land use patterns, and changes in land use, in turmata, however, few such catchments exist in the developing
can feed back to influence the climate system (Turner et al.world or where decisions need to be taken. For these rea-
1995), with both impacting on hydrological responses. Thus,sons no calibration was undertaken as this would distort the
effective water resources management now needs to take aapplicability of the model. The purpose of this study was to
count of, and understand, the interactions between land usdemonstrate the ability of tt fCRUmodel to simulate under
change, climate change and hydrological responses. It hag wide range of climatic regimes and land uses using a robust
been suggested that the use of a hydrological model whichmethod of configuration where national level datasets as well
is conceptualized to accurately represent hydrological proas experience-based default parameters were used, with the
cesses, sensitive to land use and adequately accounts fobjective to demonstrate that the model would be suitable to
climate change drivers provides a means of assessing thesese in extrapolation situations such as climate and land use
complex interactions (Turner et al., 1995; Ewen and Parkin,change impact studies where data beyond the readily obtain-
1996; Bronstert et al., 2002; Herron et al., 2002; Chang,able would not be available.
2003; Pfister et al., 2004; Hu et al., 2005; Samaniego and
Bardossy, 2006; Lin et al., 2007; Choi and Deal, 2008; Guo
et al., 2008; Quilk et al., 2008). 2 The ACRU agrohydrological model

The ACRU agrohydrological model (Schulze, 1995;
Smithers and Schulze, 2004) is one such model that haghe ACRU model is a physical-conceptual, daily time-step,
been suggested to be suitable for such studies as it is a dailpulti-level, multi-purpose model which has been developed
time step process-based model with a multi-soil-layer waterover approximately 30 years in the School of Bioresources
budget which is sensitive to land management and changesngineering and Environmental Hydrology at the Univer-
thereof, as well as to climate input and changes thereosity of KwaZulu-Natal in South Africa. Th&CRU model
(Schulze, 2005). However, to be able to use #AE€RU has been applied extensively in South Africa for both land
model, and indeed any similar model, with confidence inuse impact studies (e.g. Schulze and George, 1987; Tarboton
assessing the interactions between land use change, climated Schulze, 1990; Kienzle and Schulze, 1995; Kienzle et
change and hydrological responses, its suitability must beal., 1997; Schulze et al., 1997; Jewitt and Schulze, 1999;
confirmed by assessing its ability to predict output whenSchulze, 2000; Jewitt et al., 2004) and climate change impact
compared against observed data sets. The objective of thistudies (Perks and Schulze, 1999; Perks, 2001; Schulze et al.,
study, therefore, is to confirm the ability of the model through 2005). Additionally, theACRU model has been applied in
comparisons of its output with observed data sets in three cliZimbabwe (Butterworth et al., 1999; Makoni, 2001), Eritrea
matically diverse catchmentsiz. the Mgeni, Luvuvhu and (Ghile, 2004), the USA (Martinez et al., 2008), Germany
Upper Breede catchments in South Africa, and thus assesdlerpertz, 1994; Herpertz, 2001) and more recently in New
the degree of confidence with which tAERUmodel can be  Zealand (Kienzle and Schmidt, 2008; Schmidt et al., 2009)
used to assess the hydrological responses to land use changed Canada (Forbes et al., 2010). Figure 1 illustrates the
and climate change. Using daily data, the study provides arconceptualization of the water budget in tA€RU model.
assessment of the model’s ability to simulate total and mearhe conceptualizations of the land use processes within the
flows as well as the variability of these. ACRU model are crucial to this study and are described in

For the purposes of this study, the authors have ascribedome detail below.
to the terminology suggested by Oreskes et al. (1994) and The ACRU model considers three processes when mod-
Refgaard and Henriksen (2004) that a model's results maelling the land use componentz. canopy interception loss,
be confirmed rather than verified or validated. By confirming evaporation from vegetated surfaces and soil water extraction
the results it produces, the adequacy of the model to producbky plant roots (Schulze, 1995). According to Schulze (1995),
results of an acceptable level is demonstrated (Refgaard anlCRU has several options for estimating the canopy inter-
Henriksen, 2004). Confirmation of model results does notception component. In this study canopy interception losses
necessarily imply that the model is a truthful representationper rainday were set using the interception loss parameter
of reality; rather it supports the probability that the model is (ACRUvariable name VEGINT) for each month of the year
a correct representation of reality. The greater the range anfbr each land use considered. These values (Table 1), taken
number of confirmation studies the greater the probabilityfrom Schulze (2004), range from 3.5 mm per rainday for ma-
that the model is not flawed (Oreskes et al., 1994). ture trees grown for commercial timber production to zero

The ACRU model has been conceptualized and struc-for freshly ploughed land, and they account for intra-annual
tured as an operational model to be applied on catchmentdifferences in interception loss with growth stage and dor-
where streamflow data are not available, and using nationamancy. Intercepted water stored in forest canopies has been
databases of climate, soils, and land use as sources of infofeund to evaporate at faster rates than the available energy

Hydrol. Earth Syst. Sci., 14, 2392414 2010 www.hydrol-earth-syst-sci.net/14/2399/2010/



M. L. Warburton: Confirmation oARCRUmodel results for applications 2401

Table 1. Monthly values of water use coefficients, canopy interception per rainday, root mass distribution in the topsoil, coefficient of initial
abstractions and index of suppression of soil water evaporation by a litter/mulch layer, for the land uses occurring in the Mgeni, Luvuvhu
and Upper Breede catchment (Schulze, 2004).

Monthly values

Land Use Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Commercial Forestry
-Acacia CAY 0.90 090 090 088 085 086 089 090 092 092 0.9 0.90
VEGINT 200 200 200 200 19 185 185 185 190 195 200 200
ROOTA 0.83 083 083 083 083 083 083 083 083 083 0.83 0.83
COAIM 025 025 025 030 030 030 030 030 030 030 025 0.25
-Eucalyptus CAY 095 095 095 095 095 095 095 095 095 095 0.95 0.95
VEGINT 250 250 250 250 250 250 250 250 250 250 250 250
ROOTA 0.65 065 065 065 065 0.65 065 065 065 065 0.65 0.65
COAIM 035 035 035 035 035 035 035 035 035 035 035 0.35
-Pinus CAY 085 085 085 085 085 085 085 085 085 085 085 0.85
VEGINT 350 350 350 350 350 350 350 350 350 350 350 3.50
ROOTA 0.66 066 066 0.66 066 0.66 066 066 066 066 0.66 0.66
COAIM 035 035 035 035 035 035 035 035 035 035 035 0.35
Agriculture
-Dryland temporary CAY 099 084 030 030 030 030 030 030 030 030 048 0.78
commercial agriculture VEGINT 140 140 140 120 100 100 1.00 0.80 0.00 0.00 0.80 1.40
ROOTA 0.78 091 100 1.00 100 1.00 1.00 1.00 1.00 092 0.79 0.74
COAIM 020 020 025 030 030 030 030 030 030 035 030 0.25
-Irrigated temporary CAY 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
commercial agriculture VEGINT 140 140 140 120 100 100 1.00 0.80 0.00 0.00 0.80 1.40
ROOTA 0.78 091 100 1.00 100 1.00 1.00 1.00 1.00 092 0.79 0.74
COAIM 020 020 025 030 030 030 030 030 030 035 030 0.25
-Irrigated temporary CAY 080 08 08 070 060 050 050 050 060 070 0.80 0.80
commercial agriculture VEGINT 140 140 140 140 120 100 1.00 120 130 1.40 140 1.40
ROOTA 0.80 0.80 0.80 090 100 1.00 1.00 1.00 0.90 090 0.80 0.80
COAIM 030 030 030 030 030 030 030 030 030 030 030 0.30
-Commercial Sugarcane CAY (inland) 0.83 083 083 083 083 083 083 083 083 083 083 0.83
CAY (coastal) 086 086 086 086 086 086 086 086 086 086 0.86 0.86

VEGINT (inland) 1.70 1.70 170 170 170 170 170 170 170 170 170 1.70
VEGINT (coastal) 1.90 190 1.90 190 190 190 190 190 190 190 1.90 1.90

ROOTA 0.75 075 075 075 075 075 075 0.75 0.75 0.75 0.75 0.75
COAIM 035 035 035 035 035 035 035 035 035 035 035 0.35
-Pasture grass CAY 055 055 055 055 035 020 020 0.20 035 045 055 0.55
VEGINT 0.70 070 070 0.70 070 0.70 070 0.70 0.70 0.70 0.70 0.70
ROOTA 095 095 095 095 095 100 100 1.00 095 0.95 095 0.95
COAIM 0.15 0.15 015 025 030 030 030 030 030 030 0.20 0.15
-Subsistence agriculture CAY 0.80 070 0.30 030 0.30 030 030 030 030 030 0.35 0.60
VEGINT 1.00 100 0.60 050 050 050 050 050 050 0.00 050 0.80
ROOTA 0.74 078 091 100 100 100 100 1.00 1.00 1.00 0.92 0.79
COAIM 020 020 025 030 030 030 020 0.20 020 035 030 0.25
Urbanised Areas
-Built-up (CBD, industrial areas) CAY (inland) 0.70 070 0.70 0.60 030 030 030 030 045 065 0.70 0.70
CAY (coastal) 0.80 0.80 0.80 0.70 050 050 050 050 055 0.75 0.80 0.80

VEGINT (inland) 1.40 140 140 140 120 120 120 120 130 140 140 1.40
VEGINT (coastal) 1.6 1.6 1.6 1.6 1.4 1.4 14 1.4 1.5 1.6 1.6 1.6

ROOTA 0.80 0.80 080 0.90 100 1.00 100 1.00 0.95 0.80 0.80 0.80

COAIM 0.15 0.15 0.20 025 030 030 030 030 030 025 0.20 0.15
-Formal Residential CAY (inland) 0.80 0.80 0.70 0.60 0.40 040 040 040 060 0.70 0.80 0.80
(Suburbs, flats, includes educational areas) CAY (coastal) 0.80 080 0.80 070 060 050 050 050 050 0.60 0.80 0.80

VEGINT (inland) 140 140 130 120 110 1.00 1.00 1.00 1.00 1.30 140 1.40
VEGINT (coastal) 15 15 15 15 13 12 1.2 1.2 12 13 15 15

ROOTA 085 085 085 090 095 095 095 095 090 085 0.85 0.85
COAIM 020 020 020 030 030 030 030 030 030 030 025 0.20
-Informal Residential
-Urban & Rural Informal CAY 0.65 065 065 055 030 020 020 0.20 030 050 055 0.65
(differentiation in impervious areas) VEGINT 150 150 150 150 150 150 150 150 150 150 150 1.50
ROOTA 090 090 090 094 098 100 1.00 100 1.00 095 0.90 0.90
COAIM 0.15 0.15 045 020 030 030 030 030 030 030 020 0.15
Degraded Natural Vegetation CAY 055 055 055 045 025 02 02 02 04 045 055 0.55
VEGINT 08 08 08 07 06 06 06 06 065 075 08 08
ROOTA 09 09 09 09 0.9 1 1 1 09 09 09 09
COAIM 01 01 01 015 015 02 02 02 02 015 01 01
Alien Vegetation CAY 0.90 090 0.90 090 0.90 090 090 0.90 090 090 0.90 0.90
VEGINT 1.70 170 170 170 170 170 170 170 170 170 1.70 170
ROOTA 070 070 070 0.70 0.70 070 0.70 0.70 0.70 0.70 0.70 0.70
COAIM 035 035 035 035 035 035 035 035 035 035 035 035
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Fig. 1. Representation of the water budget in &k@RU model (Schulze, 1995; Schulze and Smithers, 2004).

from reference potential evaporation because of the higher Extraction of soil water from both soil horizons takes place
advection and lower aerodynamic resistances of a wet foresdimultaneously in théACRU model, and is distributed ac-
canopy (Calder, 1992). Thus, with®CCRUthere is an op- cording to the proportion of active roots within each hori-
tion to enhance evaporation from forest canopies (Schulzezon (Schulze, 1995). Thus, an input requirement is monthly
1995). This option was used for the commercial forestry andvalues of the fraction of active roots in the topsoil horizon
alien vegetation land use units of the selected catchments. (ROOTA), from which the fraction in the lower soil hori-
Within the ACRU model, total evaporation from a vege- zon is computed internally. These monthly values account
tated surface consists of both evaporation of water from thfor genetic and environmental factors affecting transpiration,
soil surface £s) and transpiration&,), which is governed for example spring regrowth, winter dormancy, senescence,
by rooting patterns. These can be modelled either jointly orplanting date and growth rates (Schulze, 1995). With regard
separately. In this stud§s andE; were modelled separately. t0 soil water extraction under stressed conditions, if the sub-
The water use coefficienKim) is used to estimate vegeta- Soil horizon is not below the stress threshold, but the topsoil
tion water use within thACRUmodel. The water use coeffi- horizon is, then the subsoil’s contribution to total evapora-
cient is expressed as the ratio of maximum evaporation frontion will be enhanced beyond that computed for its root mass
the plant at a given stage of plant growth to a reference pofraction; similarly, the reverse is true (Schulze, 1995). Evap-
tential evaporation (Schulze, 1995). During periods of sus-Oration of soil water under wet conditions is suppressed by
tained plant stress, when the soil water content of both thed surface cover, for example a litter layer (Lumsden et al.,
upper and lower soil horizons falls below 40% of plant avail- 2003). The assumption is made that the relationship between
able water, transpiration losses are reduced in proportion téurface cover and soil water evaporation is linear, and that
the level of plant stress. When plant available water increasesomplete surface cover still allows 20% of maximum evapo-
to above 40% in either soil horizon the plant stress is relievedation from the soil water to occur. Actual soil water evapo-
and the evaporative losses recover to the optimum value at Eation is calculated by accounting for the wetness of the soil
rate dependent on the ambient temperature (Schulze, 19953fter the suppressed maximum soil water evaporation for a
Monthly values ofKcm for each land use are required as in- day has been calculated (Lumsden et al., 2003).
put to the model, and from the monthly values, daily values The ACRU agrohydrological model is not a model in
are computed internally in the model using Fourier Analysiswhich parameters are calibrated to produce a good fit; rather,
(Schulze, 1995). The monthly input parameter values for thevalues of input variables are estimated from the physi-
land uses considered in this study are given in Table 1. cally characteristics of the catchment (Schulze and Smithers,
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Fig. 3. Water Management Units of the Mgeni catchment.

Fig. 2. Location of the study catchments superimposed on a map of
the mean annual precipitation (MAP) of South Africa (MAP after )
Lynch, 2004). 3.1 Mgeni catchment

The Mgeni catchment (4349 Kis located in the KwaZulu-
2004) using available information. Thus, a confirmation Natal province of South Africa (Fig. 2). The altitude in the
study to assess the performance of the model in simulatcatchment ranges from 1913ma.s.| in the western escarp-
ing observed data was required, rather than calibration ofnent of the catchment to sea level at the catchment's outlet
the model parameters. The catchments which were selectgdto the Indian Ocean (Fig. 3). The Mgeni catchment falls
for the confirmation study cover a range of climatic regimeswithin the summer rainfall region of South Africa and gen-
found in South Africa and contain varied land uses. A dE'era”y experiences a warm Subtropica| climate. The mean
scription of the study areas follows, after which the results ofgnnual precipitation (MAP) of the catchment varies from
the confirmation study are presented. 1550 mmp.a in the main water source areas in the west of
the catchment to 700 mm p.a in the drier middle reaches of
the catchment. The rainfall throughout the catchment, is
however, highly variable, both inter- and intra-annually. The

The Mgeni, Luvuvhu and Upper Breede catchments were seM€an annual potential evaporation ranges from 1567 mm p.a
lected for this study as they vary in both climate and land{© 1737 mmp.a. The mean annual temperature ranges from
use. These South African catchments range in climates fron}2°C in the escarpment areas to“ZD towards the coastal
the dry sub-tropical regions of the country in the north- &réas of the catchment.
east, to the winter rainfall areas of the Western Cape and The water engineered system within the Mgeni cur-
the wetter eastern seaboard areas of the country with sunfently consists of four main dams (Fig. 3), namely
mer rainfall (Fig. 2). The Mgeni catchment is a complex Midmar (full supply capacity of 237 million® supply-
catchment, both in terms of its land use and water engiing Pietermaritzburg and parts of Durban, as well as
neered system. Although the Mgeni catchment only occu-Albert Falls (289 millionnf), Nagle (23millionn¥) and
pies 0.33% of South Africa’s land surface, it is econom- Inanda (242 millionm) dams supplying Durban (Summer-
ically and strategically important as it provides water re- ton, 2008). Additionally, there are 300 farm dams within the
sources to~15% of South Africa’s population and supplies middle to upper reaches of the catchment supplying water for
the Durban-Pietermaritzburg economic corridor in KwaZulu- 18 500 ha of irrigation. According to Summerton (2008) the
Natal, which produces ca. 20% of the country’s gross domesMgeniis a stressed system which is closed to new streamflow
tic product (Schulze et al., 2004). The Luvuvhu catchmentreduction activities for the foreseeable future.
has large areas of subsistence agriculture, but is also impor- The Mgeni catchment consists of 13 water management
tant in terms of conservation as it includes parts of the Krugerunits (WMUs) as shown in Fig. 3. These WMUs were ini-
National Park. The Upper Breede catchment forms part oftially delineated as Quaternary Catchments by the Depart-
the headwaters of the Breede River Catchment in the Westment of Water Affairs and Forestry according to altitude,
ern Cape, where commercial orchards and vineyards, mostl§opography, soils properties, land cover, water management
under irrigation, are the primary activity. A more detailed (water inputs and abstractions), inter-basin transfers, water
description of the catchments follows. quality sampling points and streamflow gauging stations and
have been used in major studies by Tarboton and Schulze
(1992), and later by Kienzle et al. (1997) and Summerton
(2008). For the purposes of this study, comparison of model

3 The research catchments
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Table 2. Summary of selected features and land uses of the Mgeni Catchment and the WMUs selected for the confirmation studies.

Mgeni Mpendle Lions River Karkloof  Henley
Catchment WMU WMU WMU WMU
Area (krT?) 4349.42 295.69 362.02 334.29 219.98
MAP (mmp.a) 918.18 963.48 963.72  1044.96 947.77
Average Altitude (ma.s.l.) 923.30 1556.00 1387.29  1302.54 1280.05
Gauging station — U2HO013 U2HO007 U2HO006 U2HO11
Land use (% of area)
Natural vegetation 57.1 68.2 54.4 50.3 50.9
Water bodies 1.9 15 1.8 0.7 0.1
Alien vegetation 0.7 2.7 2.0 1.0 1.7
Degraded areas 2.4 4.1 21 0.5 2.7
Commercial forestry 16.0 154 15.8 33.6 5.2
Commercial agriculture
-Sugarcane 5.8 0.0 0.0 0.0 0.0
-Irrigated 4.4 6.2 16.5 111 1.8
-Dryland 1.0 1.1 7.1 2.6 0.4
Subsistence agriculture 21 0.7 0.0 0.0 12.7
Urban areas
-Commercial 0.7 0.0 0.0 0.0 0.0
-Formal residential 29 0.1 0.3 0.0 0.0
-Informal residential 4.9 0.0 0.0 0.0 24.4
— 3.2 Luvuvhu catchment
(m.as.l)
g The Luvuvhu catchment (5940 Ky situated in the north-
= east of the Limpopo province of South Africa (Fig. 2), is
- e drained by the Luvuvhu and Mutale Rivers, which flow in
an easterly direction up to the confluence with the Limpopo
- River, on the South Africa and Mozambique border. The cli-

A Gauging Stations|
o Rainfall Stations

mate of the Luvuvhu catchment is variable, both spatially
and temporally. The MAP varies from 1870 mmp.a in the
mountainous regions (1360 ma.s.l.) in the upper reaches of
oo ol 2009 the catchment to 300 mm p.a in the drier, lower (200ma.s.l.)
regions of the catchment. The mean annual potential evap-
oration ranges from 1905 mm p.a to 2254 mmp.a. Mean an-
nual temperatures range from 4 in the mountainous re-
gions to 24C towards the catchment outlet. The lower
reaches of the Luvuvhu catchment fall within the boundaries
. of Kruger National Park, an important conservation and eco-
output against observed data was undertaken at the gaug?gurisr% area. A large proporti?)n of the catchment is under

ou:jletts of the Mp_er][dlg£h!_|(:ﬂs S'Velr a\r;\;jMIEJarII;!oofa W#]Us subsistence agriculture (Table 3). The Luvuvhu catchment
and at a gauge point within the Heniey (Fig. 3). €S€ consists of 14 WMUs (Fig. 4) which were delineated accord-

WMUs were selected as there are no major dams upstrearmg to the Quaternary Catchments and adjusted to accommo-

E;the streamflow gauging weirs for which off-takes are not date streamflow gauging stations. Available and good quality
own. The WMUs dl_ffer in land use, and observed Sm?""m'observed streamflow data were a constraint for the confirma-
flow data of good quality and reasonable length was avallabl%on study in the Luvuvhu catchment. However, based on
% previous study by Jewitt et al. (2004), the Upper Mutale
MU (Fig. 4) presented an ideal opportunity for a confirma-
n study as high quality streamflow data were available and
additionally the land use and climate was representative of
the larger Luvuvhu catchment (Table 3).

Fig. 4. Luvuvhu Water Management Units.

data. A summary of the areas, MAPs and land uses in th
Mgeni catchment as a whole, as well as the Mpendle, Lionstio
River, Karkloof and Henley WMUs is given in Table 2.

Hydrol. Earth Syst. Sci., 14, 2392414 2010 www.hydrol-earth-syst-sci.net/14/2399/2010/



M. L. Warburton: Confirmation oARCRUmodel results for applications 2405

Table 3. Summary of selected features and land uses of the Luvu- .
vhu Catchment and the Upper Mutale WMU. (mash
B 1000- 1250
Luvuvhu  Upper Mutale e
Catchment WMU
g Reservoirs and
Area (knf) 5940.35 328.01 & Gonpng Sistons
MAP (mm p.a) 684.49 961.02 ° s
Average Altitude (ma.s.l.) 589.45 932.92
Gauging Station - A9H004
Land use (% of area) R
Natural vegetation 62.5% 60.8%
Water bodies 0.2% 0.0%
Degraded areas 8.1% 4.3%
Commercial forestry 6.0% 12.7% Fig. 5. Upper Breede Water Management Units.
Commercial agriculture (Irrigated) 3.0% 2.6%
Subsistence agriculture 15.8% 13.4%
Informal residential areas 44% 6.2% 4 Data sources and model configuration
4.1 Subcatchment delineation and configuration
3.3 Upper breede catchment For each of the study areas, the WMUs were delineated into

subcatchments which reflect the altitude, topography, soils

The Upper Breede catchment (2046%nis located in the  properties, land cover, water management (water input and
mountainous region of the Western Cape province of Southabstractions), and location of gauging stations. Through the
Africa (Fig. 2). The topography of the catchment is fairly delineation process the Mgeni catchment was subdivided into
rugged, and altitude ranges from of over 1990ma.s.l. t0145 subcatchments, the Luvuvhu catchment into 52 sub-
200ma.s.l. The Upper Breede catchment falls within thecatchments and the Upper Breede into 31 subcatchments.
winter rainfall region of South Africa. The rainfall of the These subcatchments can be considered relatively homoge-
catchment is highly variable due to the topography, with theneous in terms of climate and soils; however, the land use
MAP varying between 1190 mm in the higher areas of thewithin each subcatchment varies. For this reason each sub-
catchment to 350 mm p.a in the lower areas of the catchmentatchment was further divided into major land use units for

Irrigated commercial agriculture is the primary economic modelling purposes. The modelling units were configured
activity in the catchment, with the main crop being high such that their streamflows cascade (route) into each other in
value vineyards for wine production. Other farming prod- a logical sequence representative of river flow, and an exam-
ucts include deciduous fruit, dairy and grain. The catch-ple of the flow sequence of a subcatchment in the Mgeni is
ment is also rich in biodiversity, which has led to conflicts shown in Fig. 6.
between clearing of land for farming and conserving biodi-
versity (DWAF, 2004). In the lower reaches of the catchment4.2  Historical climatological data
there are two inter-basin transfer schemes which transfer wa- . ] )
ter from the Upper Breede catchment into the neighboringThe hydroclimatological requirements of tA€RU model
Berg catchment for irrigation purposes (DWAF, 2004). The are daily rainfall and daily reference evaporation (A-pan
Upper Breede catchment consists of 11 WMUSs, which were€quivalent), with the latter computed from daily minimum
delineated according to the Quaternary Catchments, taking@nd maximum temperature if not provided explicitly. Repre-
into account altitude, topography, land cover and streamflowsentative rainfall stations with daily records were chosen for
gauging stations. each of the catchments. For the Mgeni catchment 15 rain-

For the confirmation study the Koekedou and UpperéBre fall stations were selected, while 16 rainfall stations were se-
WMUs were chosen (Fig. 5). These WMUs have good qua|_Iected for the Luvuvhu catchment and nine to represent the
ity observed streamflow data available of reasonable lengtfi@infall of the Upper Breede catchment. The stations were
and the land use of the WMUs is representative of that ofchosen on the basis of the reliability of the record, the alti-
the catchment as a whole (Table 4). In addition, these twdude of the rainfall station in relation to that of the stream-

WMUs are not affected by the interbasin transfer schemes. flow gauge, and the rainfall station’s location in respect of
the catchment. For each of the chosen stations a 40-year

record (1960-1999) of daily rainfall was extracted from a
comprehensive daily rainfall database for South Africa com-
piled by Lynch (2004). Although every effort was taken by
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Table 4. Summary of selected features and land uses of the Upper Breede Catchment and the WMUs selected for verification.

Upper Breede Koekedou Upper Bre

Catchment WMU WMU
Area (kmz) 2046.44 48.17 655.74
MAP (mmp.a) 619.66 788.28 573.54
Average Altitude (ma.s.l.) 716.96 934.00 810.07
Gauging Station - H1HO013 H1HO003
Land use (% of area)
Natural vegetation 75.8% 78.8% 66.4%
Water bodies 2.2% 2.5% 2.5%
Commercial forestry 0.5% 0.2% 0.4%
Commercial agriculture (Irrigated)
-Permanent 12.7% 18.5% 16.2%
-Temporary 7.9% 0.0% 12.9%
Residential & Urban areas 0.8% 0.0% 1.5%
Suboatohment 1 As daily A-pan records were not available. for the catch—
ment, the Hargreaves and Samani (1985) daily A-pan equiv-
T 2 " 3 " 415 alent reference evaporation equation, which is an option in
7 1 1 the ACRUmodel and only requires daily maximum and min-
||Z|: ! _ _ imum temperatures as inputs, was used to estimate daily val-
: ° 2 Do ues. Bezuidenhout (2005) found that the Hargreaves and
| | n 3 Commercial Forestry Samani (1985) equation mimicked the daily values of ref-
I 4 Sugarcane . . . ..
II 5 Subsistence Agriculture erence evaporation well for South Africa. The daily mini-
== n & Commeraial Urban Areas mum and maximum temperatures for the same 40-year pe-
ormal Residential Areas ) .
8 Informal Residential Areas riod as the rainfall were extracted from & ty 1 lat-
Subcatchment 2 10 ot Aeutture (ind. itude/longitude raster database of daily temperatures for
irrigation) & Reservoirs South Africa (Schulze and Maharaj, 2004) for a point closest
1 2 3 4 5 11 Riparian Zone . .
.= I ' to the centroid of each subcatchment which represented the
: : ; Routing of Streams > median altitude of the subcatchment.
| 9
[} -
| I n 4.3 Soils
I I
L]
n The ACRU model revolves around a daily multi-layer soil

water budget, and operates with surface layer characteris-

Fig. 6. An example from the Mgeni catchment of cascading (i.e. tics and two active soil layersjz. a topsoil and subsaoil, into

routing) of flows between subcatchment and land use units withinWhich infiltration Of rainfall occursland in which rooting de-
each subcatchment. velopment and soil water extraction take place through the

evaporation and transpiration processes, as well as capillary

movement and saturated drainage (Schulze, 1995). Thus, in-
Lynch (2004) to remove, or correct for, various identified er- formation is required on the thickness of the topsoil and sub-
rors and anomalies, a rainfall database of this magnitude cagoil, as well as on soil water content at the soil’'s lower limit
never be rendered totally error free. To improve the rainfall(i.e. permanent wilting point), its drained upper limit (i.e.
stations’ representation of the catchments’ areal rainfall, thefield capacity) and saturation for both the topsoil and sub-
option in theACRU model to adjust the daily rainfall record soil, and furthermore also on the fraction of “saturated” soil
by a month-by-month adjustment (multiplication) factor was water (above drained upper limit) to be redistributed daily
invoked. This monthly adjustment factor was obtained byfrom the topsoil to the subsoil, and from the subsoil into the
dividing the catchment’s median monthly rainfall obtained intermediate/groundwater store (Schulze, 1995). Values for
from geographically weighted regression derivédby 1’ these variables were obtained for the three study areas from
raster surfaces of median monthly rainfall (Lynch, 2004) by the electronic data accompanying the “South African Atlas
the rainfall station’s median monthly rainfall. of Climatology and Agrohydrology” (Schulze et al., 2008).
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Table 5. Percentages of adjunct and disjunct impervious areas for different urbanized land uses (after Schulze and Tarboton, 1995).

Urbanized Land Use Adjacent Impervious  Disjunct Impervious
Areas (%) Areas (%)
Built-up (CBD, Industrial) 30 15
Formal Residential 20 10
Informal Rural Residential Areas 10 5
4.4  Streamflow response variables streamflow at the outlet of the subcatchment under consider-

ation on the same day as the rainfall event occurred. On the

In the ACRUmodel, streamflow response variables are usedPther hand, the runoff generated from the fraction of the sub-
to govern the portion of generated stormflow exiting a catch-catchment specified as disjunct impervious contributes di-
ment on a particular day, as well as the portion of baseflowrectly to the soil water budget and runoff responses of the
originating from the groundwater store, which contributes Pervious portion of the subcatchment under consideration.
to streamflow. For the Mgeni and Luvuvhu catchments it ) L

was assumed that 30% of the total stormflow generated in 4-° VWater bodies and irrigation

subcatchment would exit the same day as the rainfall even

which generated the stormflow, this being a typical ValueISurface areas of the reservoirs in the Mgeni, Luvuvhu and

for South African subcatchments of the size in this studyUpper B.reede catchment; were obtained from 1:50 QOO to-
(Schulze et al., 2004). However, given the steepness of thQOQra}ph'C map sheets dating from 1996 to 2002. Using the
Upper Breede catchment it was assumed that 60% of the to@lgo_rlthm developed_by Tarboton and Schulze (1992) the ca-
epaC|ty of the reservoirs was calculated from these surface ar-
eas. Reservoir seepage was assumed to be equal to 1/1500 of

same day (Schulze et al., 2004). On any particular day it ) ) .
is assumed that 0.9% of the groundwater store will becomczjfhe dam’s capacity. Although environmental flow schedules

baseflow. This value has been found to be representative qugt for large dams, no.enwronmental flow estimates were
large parts of southern Africa (Schulze et al., 2004). Theavallable for farm dams in the headwaters of the catchments

thickness of the soil profile from which stormflow genera- thus, as suggested in Schulze (1995), environmental flows
were assumed to be equal to seepage.

tion occurs is set to the thickness of the topsoil, except in L . .
the sugarcane and commercial forestry land use units where Irrigation areas were identified from the NLC (2000). The

is was set to 0.35 in accordance with the various studies rel_rrigation schedule was set at 20mm applied in a fixed 7 day

viewed in Schulze (1995). The above streamflow respons@yc!e’ with the cycle interrupt(_ad only aftgr 20 mm of rain on
variables have been based largely on experiences in simuld 9'Ven day. Spray evaporation and wind drift Io:_sses were
put at 12% and conveyance losses at 10% following typical

tions on small and large, research and operational catchmentd . .
in climatic regimes ranging from semi-arid to sub-humid. values summarized by Smithers and Schulze (2004).

The coefficient of initial abstraction is a variableACRU
which is used to estimate the rainfall abstracted by soil sur5 Results of confirmation studies
face interception, detention surface storage and initial infil-
tration before stormflow commences (Schulze, 1995). ThisThe model was run for the full rainfall record, but the pe-
value varies from month-to-month and diffeirster alia, ac-  riod for the confirmation exercises was governed by avail-
cording to land use, soil surface conditions and typical seaability of gauged data for the respective WMUs. Given the
sonal rainfall intensity characteristics (Schulze, 2004; Ta-objective of the study to be an assessment of the confidence
ble 1). Impervious areas are hydrologically important and arewith which theACRU model can be used when determining
represented in the urbanized land use units by inputting thédnydrological responses to changes in land use and climate,
fraction of the subcatchment that is impervious according tothe ability of the model to simulate the variability of stream-
typical South African values developed by Schulze and Tar-flows as well as accumulated flows was considered. For this
boton (1995). In regard to impervious areas the model dissstudy, the objectives for an adequate simulation were set as
tinguishes between adjunct impervious areas which are coma percentage difference between the sum of simulated flows
nected directly to rivers or stormwater systems and disjunc(}_ Os) and sum of observed flow3 {Q,) of less than 15%
impervious areas, i.e. those not connected directly to riverf Y Q,, a percentage difference between the standard devi-
or stormwater systems, with values used in this study showration of simulated daily flowsog) and standard deviation of
in Table 5. The fraction of the subcatchment which is speci-observed flowsd,) of less than 15% of,, and ank? value
fied as an adjunct impervious area contributes directly to theén excess of 0.7 for daily simulated flows. These objectives
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Table 6. Statistics of performance of tteCRUmodel Mgeni Catchment: comparison of Daily Observed and Simulated Values.

WMU (1987-1998) Mpendle Lions River  Karkloof Henley
Total observed flows (mm) 3444.068 2507.196 3456.985 2635.724
Total simulated flows (mm) 3171.486 2257.643 3005.969 2533.988
Ave. error in flow (mm/day) —0.063 —0.058 —0.105 —0.024
Mean observed flows (mm/day) 0.796 0.582 0.803 0.629
Mean simulated flows (mm/day) 0.733 0.524 0.698 0.605
% Difference between means 7.91% 9.95% 13.05% 3.86%
Std. Deviation of observed flows (mm) 1.823 1.734 1.228 1.246
Std. Deviation of simulated flows (mm) 2.011 1.947 1.305 1.541
% Difference between Std. Deviations —10.34% —12.31% —-6.26% —23.67%
Correlation Coefficient : Pearson’s R 0.915 0.939 0.844 0.886
Regression Coefficient (slope) 1.009 1.055 0.897 1.095
Regression Intercept -0.070 —0.090 —0.022 —0.084
Coefficient of Determinationk? 0.836 0.882 0.713 0.785
Nash-Sutcliffe Efficiency IndexHs) 0.802 0.847 0.655 0.654

are those suggested for daily simulations by Smithers and Both high flows and low flows were undersimulated in the
Schulze (2004) given the high spatial variability of rainfall Karkloof WMU (Figs. 7 and 8), resulting in a difference of
in the catchments. To evaluate the goodness-of-fit further13.05% between the daily means of the simulated and ob-
the Nash-Sutcliffe efficiency indextf) (Nash and Sutcliffe, served streamflows. However, the simulation was considered
1970) was used. Values &% that are similar in magnitude to reasonable given that the Nash-Sutcliffeis 0.655 and the
the coefficient of determination indicate a satisfactory simu-other statistics (Table 6) fell within the objectives outlined

lation, and thus fulfil the objective for this study. for this confirmation study. The large portion of the Hen-
. ley WMU under informal residential areas made this WMU
5.1 Mgeni catchment results a problematic catchment to model. Informal residential areas

o in South Africa are unstructured and diverse in their nature.
Statistics of the performance of tACRUmodel on the four 1, madelling these areas, it is not possible to fully capture the

WMUs included in the confirmation study for the Mgeni jersity of land uses and soil compaction within these areas.
catchment are shown in Table 6, graphs of observed ang,s que to this difficulty the results of the confirmation
simulated streamflow, with the daily values accumulated tostudy for the Henley WMU can be considered reasonable as
monthly totals, are shown in Fig. 7, and flow duration curves | giatistics, except for the percentage difference between
of daily simulated and observed streamflows are shown inne standard deviations were within the objectives set for the
Fig. 8. Gauged data were available for 1987-1998. FOrcqnfirmation study, and flow duration curve (Fig. 8) indicates

the Mpendle WMU the low flows and the high flows were 5 the variability of streamflow was adequately simulated.
marginally undersimulated (Fig. 7 and 8), with the simulated The range of land uses represented in the catchment as a

stormflows not being responsive to actual events. The unre\'/vhole, and within the individual WMUs, made it difficult to

sponsiveness of the stormflows could be attributed to the POT3 hieve satisfactory simulations. This difficulty was reflected
tion of degraded land in the WMU, which totals 4%. How- eV I y SIMUIATONS. 7 7S CIieuty w

. . o in the statistics produced by the confirmation study. Overall,
ever, this degraded land is unevenly distributed through th%owever theACRU model performed well on each of the
WMU, making the simulation of its combined effects diffi- '

. four WMUs included in the confirmation study. The above
cult. As the total flows are adequately simulated, the percent:

age difference between the observed and simulated standagﬁSUItS show that thaCRUmodel can be used to simulate
mflows of the Mgeni catchment, with its highly diverse
deviation is less than 15%, th? of daily values is 0.836 and o ot o> gen! catchment, Wt Its highty divers

. ; ) ) land uses, with reasonable confidence.
the Nash-SutcliffeE; is 0.802 (Table 6), the simulation of
streamflow in the Mpendle WMU can be considered highly5 > Luvuvhu catchment results
acceptable. '

The Lions River WMU similarly produced acceptable re- Observed streamflow data of appropriate quality in the Lu-

; 2 - . .
sults with ank*” of 0.882 (Ta_ble 6). Tota_l values of stream vuvhu Catchment were only available for one gauging sta-
flow were, however, undersimulated, with the rates of base-

. _~~tion, viz. A9H004, which is located at the outlet of the Up-
flow (Fig. 8) and, consequently, the hydrograph recessmn%er Mutale WMU. The period of acceptable data is 1970
providing the reason for the undersimulation (Fig. 7).

to 1990. The statistics of goodness-of-fit (Table 7) for the

Hydrol. Earth Syst. Sci., 14, 2392414 2010 www.hydrol-earth-syst-sci.net/14/2399/2010/



M. L. Warburton: Confirmation oARCRUmodel results for applications 2409

250 4000

Mpendle Water Management Unit ——Simulated ==~ Observed Mpendle Water Management Unit Simulated Observed
1987 - 1998 1987 - 1998
200 z
</~~~ 3000 E 10
T o H £ .
2 2000 § =
£ N e 1 3 ]
£ o i — - y 2 T
e T " E E 01
i i1 1000 3 a
50 | | n <
\ =1 A
v \ 1| 0.01
L~ LA i
3 0
140 2000 0.001
Lions River Water Management Unit —Simulated  ~-- Observed ==, o 10 20 30 a0 50 60 7 8 % 100
120 1987 - 1998 \ R Exceedance Probability (%)
H , — =
i\ -~ £ ; ;
_ 100 ul” H Lions Water Management Unit Simulated Observed
£ b . 1987 - 1998
3 80 p——'4 1 3z
H L H
% |. [ e, 1000 & \
el L | T
A = [; . 3 £
“ - i/ | 3
_ [ " i H & n
20 t " A . A 1 £
4 p g
0 S S = = 4 & oo1 1
140 4000 0.001
Karkloof Water Management Unit ——Simulated  ——= Observed
1987 - 1998
120
T 0.0001
100 ! L, ™ £ [ 10 20 30 0 50 60 70 80 % 100
E 3 =71 __2 Exceedance Probability (%)
I ’ T, | a |Karkloof Water Management Unit —— Simulated Observed
£
a1 I | R R | St | j £ 1987 - 1998
- ! 3
20 ) £ 10
h 1000 3 _
20 f E
o \/ o _:- 1
0 o 3
£
250 3000 g o1
Henley Water Management Unit ——Simulated  ——~— Observed &
1987 - 1998
200 = 0.01
£
T __/" 2000 %
§_ 150 __E == E 0.001
% % o 10 20 30 40 50 60 70 80 90 100
g 100 3 Exceedance Probability (%)
@ === == 1000 F
g Henley Water Management Unit —— Simulated Observed
1987 - 1998
10
o
T
£ 1]
. . . . 3
Fig. 7. Comparison of monthly totals of daily simulated and ob- £
3 01
served streamflows for (from top to bottom) the Mpendle WMU, £ —
Lions River WMU, Karkloof WMU and the Henley WMU of the o1
Mgeni Catchment.
0.001

] 10 20 30 a0 50 60 70 80 920 100
Exceedance Probability (%)

Upper Mutale WMU are highly acceptable. Total values of
streamflow are simulated well, with accumulated totals of
observeq and S|mula.ted streamflows_ following S”f“"ar pat_Lions River WMU, Karkloof WMU and the Henley WMU of the
terns (Fig. 9). The high flows are slightly undersimulated, ,, i Catchment

; . . geni Catchment.
the median flows slightly oversimulated and the low flows
are well simulated (Fig. 10), this is further indicated by the
regression coefficient of 0.859 and intercept of 0.177. The
Nash-Sutcliffie E; of 0.715 supported the acceptability of goodness-of-fit statistics produced for the Koekedou WMU
the results (Table 7). The satisfactory goodness-of-fit statisare highly acceptable (Table 8). The Nash-Sutclifie
tics produced for the Upper Mutale WMU imply that it may of 0.785 was attained. Total accumulated flows (Fig. 11,
be suggested that streamflows of the larger Luvuvhu Catchtop) were well simulated, with the simulated pattern closely
ment can also be simulated with confidence usingt@®U  matching that of the observed. However, the regression inter-

Fig. 8. Comparison of flow duration curves of daily simulated and
observed streamflows for (from top to bottom) the Mpendle WMU,

model. cept, regression coefficient (Table 8) and comparison of flow
duration curves of daily observed and simulated streamflows
5.3 Upper breede catchment results (Fig. 12, top) indicate an oversimulation of the baseflows and

a slight undersimulation of the high flows.

The verification study in the Upper Breede Catchment The statistics of performance for the Upper 8rghow
was carried out on two WMUs for the period 1987-1998 that the R? value of 0.712, the percentage difference of
for which observed streamflow data were available. Thethe means and the percentage difference of the standard
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Catchment.

deviations between simulated and observed flows fall within SR ey "
the acceptable limits outlined for the confirmation study (Ta- Upper Breg Water Management Unit

ble 8). However, the total accumulated flows for the Up- 19871999

per Br&& WMU were oversimulated (Fig. 11, bottom), the
high flows were undersimulated and the low flows oversimu-
lated (Fig. 12, bottom). One reason for this is that the Upper
Breé WMU contains steep topography which makes captur- —
ing the responsiveness of high flows difficult. However, since
statistics of performance were within the acceptable limits > ——————— (- & .
outlined for the study, the simulation for the Upper 8re Exceedance probability (%)

WMU can be considered acceptable. As &€RU model

performed well on the Koekedou and satisfactorily on the F19. 12. Comparison of flow duration curves of daily simulated and
Upper Bré& WMU, it is concluded that streamflows for the observed streamflows for (from top to bottom) the Koekedou WMU

Upper Breede Catchment can be simulated with reasonabl%nOI the Upper BieWMU of the Upper Breede Catchment.

confidence.

Streamflow (mm)

0.1

Streamflow (mm)

to simulate the streamflows of the Mgeni, Luvuvhu and Up-
6 Discussion per Breede Catchments. TAERU model has been used to

aid decision-making in South Africa, and applied in numer-
No fieldwork was carried out in the Mgeni, Luvuvhu and ous hydrological designs, water resource assessments and
Upper Breede Catchments to determine values of input variresearch projects both in South Africa and internationally
ables. Thus the simulation results produced in this confir-(Schulze, and George, 1987; Schulze, 1988; Smithers, 1991;
mation study were based on national land use and soils inTarboton, and Schulze, 1991; Smithers, and Caldecott, 1993;
formation, together with default input values obtained from New and Schulze, 1996; Butterworth et al., 1999; Jewitt and
the ACRU User Manual where no better information was Schulze, 1999; Smithers et al., 2001; Schulze and Smithers,
available. Based on the simulation results presented abov2004; Jewitt et al., 2004; Kiker et al., 2006). To demonstrate
and that theE; ranged between 0.847 and 0.597, it is sug-the model’s ability and acceptance, confirmation studies, and
gested that théCRU model can be used with confidence in particular confirmation studies at a daily time interval,
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Table 7. Statistics of performance of thf®CRU model Luvuvhu Table 8. Statistics of performance of thACRU model Upper
Catchment: comparison of Daily Observed and Simulated Values. Breede Catchment: comparison of Daily Observed and Simulated

Values.

WMU (1970-1990) Upper Mutale
Total observed flows (mm) 6689.166 WMU (1987-1999) Koekedou Upper Bre
Total simulated flows (mm) 7056.196 Total observed flows (mm) 4209.394 1663.064
Ave. error in flow (mm/day) 0.050 Total simulated flows (mm) 4496.732 1642.908
Mean observed flows (mm/day) 0.904 Ave. error in flow (mm/day) 0.070 —0.005
Mean simulated flows (mm/day) 0.954 Mean qbserved flows (mm/day) 1.021 0.376
% Difference between means _5.49% Mea'n simulated flows (mm/day) 1.091 0.372

- % Difference between means —6.83% —-1.21%
Std. Dev!at!on of opserved flows (mm) 2.631 Std. Deviation of observed flows (mm) 5.323 0.812
Std. Deviation of simulated flows (mm) 2.635 Std. Deviation of simulated flows (mm) 5.639 0.768
% Difference between Std. Deviations 0.16% % Difference between Std. Deviations —5.94% 5.39%
Correlation Coefficient: Pearson’s R 0.858 Correlation Coefficient: Pearson’s R 0.929 0.844
Regression Coefficient (slope) 0.859 Regression Coefficient (slope) 0.956 0.798
Regression Intercept 0.177 Regression Intercept 0.114 0.071
Coefficient of Determinationk?2 0.736 Coefficient of Determinationk? 0.864 0.712
Nash-Sutcliffe EfﬁCiency |ndeXEf) 0.715 Nash-Sutcliffe Efficiency IndexHs) 0.785 0.516

ability to cope with the projected future climate scenarios is

dence in théACRUmodel’s ability to be used in assessments rgqluced. _Furthermore, as the mo<_1|e| was shown to be sen-
of impacts of land use and climate changes on hydroIogicaF"t'Ve to dlversc_a land uses, including corr_1merC|aI for_estry,
responses, adds to the available literature confirming that thgatural vegetation, urban areas and subsistence agriculture,

model’s process representation is a relatively accurate reﬂe#ncertamUes regarding the model's ability to be sensitive to

tion of reality at a daily time step and over a range of climatic _and use change are also seen o b_e constralne_d. H_owever, it
regions. is noted that the representation of informal residential areas

Although confidence in thACRUmodel’s ability to sim- could be a shortcoming_ O.f the model, as the unstructured.na-
ulate hydrological responses with past and present observdure of _these areas is difficult to capture with the model's in-
tional data has been demonstrated under widely ranging cliput vangbles. An advantage of tIAe:RU model over many
matic and land use conditions, this is no guarantee that thgthers, In .re.gard' to land use and climate change studies, is
model will necessarily continue to perform at a satisfactoryth‘rjlt it explicitly simulates the ?“?”T‘"OW and baseflow com-
level when used to predict the future (Oreskes et al., 1994)Ponents _Of strgamflo_w, and this is important as the partition-
The hydrological system is dynamic (Nordstrom et al., 2005)Ing of rainfall |_nto (-j|fferen_t.ﬂow componentg may -chan_ge
and, under future climate scenarios, may change in unanL_mder future chms;mc c.o_ndmons. Through this confirmation
ticipated ways and may exceed the range under which th tudy, the model's ability to reprgsent high flows and Iqw
model’'s process representations have been tested. Deter |9WS was assessed. Although either th‘.a low f_Iows or high
nation of model input variables such as the streamflow re- ows in some WMUs (for example_ the Lions River WMU)
sponse variables, and the question as to whether the confYére elther slightly over- or under3|mulated, ove_rall the rep-
ceptualizations of the processes within the model will be the'esentation of low flows and high flows was considered to be
same under future changes, remain major sources of uncep-OOd'
tainty in hydrological modelling. However, to aid future wa-
ter resource planning, simulations of hydrological responses  conclusions
to plausible scenarios land use and climate change are re-
quired. The uncertainties in this regard should be, thereThe ACRU model has successfully accounted for a diverse
fore, recognized and, where possible, be constrained (Bevemange of land uses within the three catchments used in this
2006), rather than being seen as a reason not to proceed witliudy, which provides confidence in the model’'s ability to
studies projecting future changes. assess hydrological responses of land use change. Further-

By covering a wide range of climates, from the dry sub- more, the three catchments selected for the study experi-
tropical Luvuvhu catchment, to the wetter and sub-humidence diverse climates, and based on the results produced,
Mgeni catchment in a summer rainfall region and the Upperthe ACRU model performs satisfactorily across the range
Breede catchment with winter frontal rainfall, the confidence of climates. It is, therefore, suggested that the model is
in the model’s ability to represent hydrological responses un-appropriate as a tool to assess hydrological responses of
der a range of climates has increased. Thus, in effect by useatchments to land use and climate changes.
ing a space for time study, the uncertainty of the model’s

need to be undertaken. This study, beyond gaining confi
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