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Abstract

The influence of land use on hydrological resporsesiong
been a subject of study in South Africa. Impaé¢isied use on
runoff have recently received a new focus witheéhactment

of the National Water Act of 1998, which includes the conce

of levying land uses that are so-called “StreamviR&duction
Activities” (SFRASs). This paper assesses the Hpdical com-
plexities which abound when setting out to dectatand use,
in this case sugarcane, a SFRA from a scientifiotfd view.

Using only the simplest of hydrological indicesz. Median
Annual Streamflow (MAS), results show that when A@gRU

agrohydrological model is used at the level of @radry Catch-
ments in the sugarcane belt of South Africa, ngimainfall :

runoff relationships exist. MAS is, furthermoreuhd to be
highly dependent on soil depth. When reductions1A5 by

sugarcane are evaluated against a baseline lard, ¢ovthis
case Acocks’ Veld Types, results again show comppetial
variations across the sugarcane belt. The papetugtes that
from a scientific perspective it is very difficuth find simple
solutions to declare a land use a SFRA.

Keywords: sugarcane, streamflow reduction, simulatd@RU
model

Land use and hydrological responses in South Africa
Historical perspective

The influence of land use on hydrological resporsesiong
been appreciated in South Africa. First mootethan1930s,
and put into operation in the late 1940s, for examwere a
number of paired experimental catchments undeatispices
of the erstwhile SA Forest Research Institute, 4seas the
impacts of commercial afforestation on natural batent

streamflow regimes in the winter (Jonkershoek) smehmer
(Cathedral Peak) rainfall regions of South Afri&milar affor-

estation experiments were later set up in manys pdrSouth
Africa. Results were essentially conclusive :draesed” more
water than the natural vegetation they replaced/drying

amounts depending on climate, species and degrakooés-

tation (Bosch, 1982). Consequently, the AfforéstaPermit
System, whereby licences for further afforestatiame either
issued or not, dependent upon influences on replyol-

ogy, was instituted in 1972.

Amongst the South African engineering hydrologfcaternity
the strong influences of land use were being sttessarly 40
years ago already by Reich’s (1962) promotion ef ¢élent
based SCS technique for design hydrograph generaditech-
nigue which emphasized safe hydrological design;dnsid-
eration not only of different agricultural land @vs, but more
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specifically by accounting for effects of mechahiaad con-
servation practices of land use management on fogical
responses. This resulted in a series of user nwonghe SCS
hydrograph generation technique for South Africanditions
éfchulze and Arnold, 1979; Schmidt and Schulze@;188hulze

al, 1993), each highlighting land use influencespdrol-
ogy.

The land use related concepts imbedded in the ehasad
SCS methodology, although substantially modified agfined
over time, subsequently found their way into camins, daily
time step multi-purpose hydrological simulation ralsdsuch
as CREAMS (Knisel, 1980) aiCRU(Schulze, 1995), whose
focus was,inter alia, the ability to simulate differences be-
tween hydrological responses of a range of agticailtprac-
tices.

On an experimental basis, the quest in South Afdevaluate
and understand impacts of land use managementogscin
components of the hydrological cycle, continuethie 1980s
and 1990s by way of extensive plot scale simulstiatdies on
runoff and soil loss conducted by the then Divisiéigricul-

tural Engineering, as well as soil water extracttudies by
neutron probe and later micro-meteorological meshaml dif-

ferent land uses, but primarily on commercial tpgantations
(e.g. Jewitt and Schulze, 1991; Moerdyk and Schul281;
Summerton, 1996).

Also in the 1980s, the SA Sugar Association’s Expent Sta-
tion, SASEX, initiated a cluster of four small expgental catch-
ments at La Mercy to assess the influences of diffe
management practices on runoff and sediment yielch
sugarcane plantations (Platford, 1983; Haywood Sahulze,
1991). Itis from these catchment studies thattss, Mathews
and Schulze (1996) derived representative valuestizial vari-
ables for use in thACRUmodel when simulating the hydrol-
ogy from sugarcane plantations under different maneent
scenarios in South Africa.

A vast South African hydrological literature begstimony to
the significance and concern of potential land infleences
on hydrology. Thus, an entire symposium was deltiidand
use issues in hydrology in 1981 already (MaareB1)9vhile
the annual conference proceedings of the SA Suggehmblo-
gists’ Association and the biennial proceedingthefNational
Hydrology Symposia as well as journals such\aser SAand
Agricultural Engineering in SAollectively contain scores of
papers on the subject. Additionally, under thémesuthor’s
supervision alone, 3 PhD and 20 masters thesedeavecom-
pleted on aspects of hydrological impacts of lasel- many of
them experiment based or model based with fieldieations.
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Land use and hydrological responses in South AfricaThe
present situation

The entire issue of land use influences on hydiokge-
sponses has recently become entrenched in Soutaataw
with the passing of the National Water Act (NWA)SO8. In
this Act a major focus is on so-called “Stream FReducing
Activities” (SFRAS), whereby designated rainfeddiause ac-
tivities are to be regulated by licence and forrhsagation
which are relatedinter alia, to the water use by the respective
land uses. At the present time (March 2000) astatéeon has
been singled out for licensing purposes in the Bat,poten-
tial streamflow reduction activities of other agiicral land
uses,inter alia sugarcane, are currently being assessed.

The Act is prompting major dryland agricultural damse sec-
tors such as the commercial timber, sugarcane enuaitive-
stock industries to ask, for example,

I how much water they utilise in producing their cootities

I whether the water is being used efficiently imtgiof Rand
produced per fof water or mm of rainfall, or in regard
to tons produced per mm of water used

I how their water use compares with that of otheregionally
competing, crops

SASEX Regional Aoroinidrofogival Sledy
Locaton of SLgavoehs Areas
by Dusteinary Cachmen!
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Figure 1 . Location of sugarcane areas in South Afr  ica by
Quaternary Catchment

I how water utilisation of the crop/commodity variesn re-
gion to region within South Africa, i.e. where alet
optimum and marginal production regions with respec
water usage and

I whether there are regions where, in accordande aeib-
cepts imbedded in the NWA, certain crops or managgm
practices should be encouraged or discouraged.

Objectives of this study

In the light of the above background, SASEX recegshe
School of Bioresources Engineering and Environnidiya
drology (BEEH) of the University of Natal to uncegke a re-
gional simulation analysis within the sugarcanelpotion areas
of South Africa (Figure 1), with the overall objiet of assess-
ing what the regional water use patterns and hgdrcal im-
pacts of sugarcane would be (e.g. can generalizaitie made?
do hydrological responses follow simple patternsare there
regional complexities hitherto not appreciatedhowd
sugarcane be declared a “streamflow reductioniggctiv

This regional study was undertaken

| at a spatial resolution of Quaternary Catchm@pes) as
delineated by the Department of Water Affaires aod F
estry (DWAF)

| for two specified soil conditions representing katzailable
moisture capacities (TAM) of 60 and 150 mm recep-
tively (i.e. shallow and deep soils)

| with the baseline land cover for the comparativerblipgy
being specified as Acocks’

| (1988) Land Types and

| using the physical-conceptual, daily time stepranttipur-
poseACRUagrohydrological modelling system.

The paper first describes the necessity of selgetibaseline

land cover against which to assess hydrologicglomses of

a specific land use such as sugarcane, followeddymmary

of theACRUmodel and its input requirements, then evaluates

regional patterns of streamflows and streamfloducgions

resulting from rainfed sugarcane, before drawingctgsions

on the complexities of declaring sugarcane a “&trelbbw Re-

duction Activity”.

What constitutes a baseline land cover for hydrolagal
comparisons?

The Necessity for a Baseline Land Cover, and @gtio
Considered

When assessing “Stream Flow Reduction Activitieslight

of the National Water Act, a pertinent questiofAissessing,
against what?” A baseline land cover is thus meguagainst
which to compare SFRAs of any land use under sgruti

Several options for selecting a baseline land caveravail-
able, for example, using

I veldin a specified hydrological condition, emggood, fair
or poor conditions, as defined in Schuttal.(1993), as the
baseline
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- however, not all current lands under sugarcarme a@n-
verted from veld in, say, fair hydrological conditi and

- veld in fair condition in coastal areas has défe hydro-
logical response attributes to that in the inlartuclv
experiences frost and, hence, senesces; or using

| actual land cover or land use in a specified ysdhabase
line, e.g.

- 1972, when the Afforestation Permit System wéio#
duced or

- 1996, the baseline year of the CSIR'’s Natioaad Cover
information

- but, land cover in a specified year would deplangely
on regional development levels at that specifiapuwi
time, which may be highly irregular for historicpgliti-
cal, economical or social reasons ; or using

I a land cover representing “natural” vegetationadand
cover in pristine or near pristine condition

- however, no perfect natural vegetation clasdificaex-
ists which is entirely compatible with hydrologiaa-
guirements.

Of these three options, however, the last namedceasid-
ered potentially the most objective. The clasatfan selected

Dominant Acocks Veld Types
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Figure 2. Dominant Acocks’ Veld Types per Quaternar vy
Catchment in the designated sugarcane belt.
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to represent “natural” conditions was Acocks’ (1p&Id
Types, which had been used previously as a basalioem-
parative hydrological studies in the Pongola (Sobet al,
1996) and the Mgeni catchments (Kienzle, Lorentz@chulze,
1997).

Approach Adopted

A GIS coverage of Acock’s Veld Types was overlaigothe
127 QCs in Figure 1 making up the sugarcane pramuateas
and for each QC the dominant Acocks’ Veld Type the one
with the largest proportion in the QC) was assutoetpre-
sent the baseline land cover of that QC. FromrEigut may be
seen that eight Veld Types were identified in thgascane
belt. Their hydrological attributes are discusisetthe follow-
ing section.

The Acru Model
Concepts of thACRU Model

ACRUis a daily time step, physical-conceptual and inpult-
pose model (Figure 3) with options to outpater alia, daily
values of streamflow, peak discharge, rechargeundwater,
reservoir status, irrigation water supply and dednas well as
seasonal crop yields, at a specific location oafoatchment.
The model revolves around multi-layer soil wateddpeting

Figure 3. ACRU : Concepts of the modelling system
(Schulze, 1995).

Figure 4. ACRU : Model structure (Schulze, 1995).
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(Figure 4) and is structured to be hydrologicaliystive to
catchment land uses and management strategiehandes
thereof.

General Structure AACRU

Multi-layer soil water budgeting by partitioning camedistri-
bution of soil water is depicted in Figure 4. Thainfall (and/
or irrigation application) not abstracted as inégteon or as
stormflow (either rapid response or delayed), festers
through the surface layer and “resides” in the adgsorizon.
When that is “filled” to beyond its drained uppénit (field
capacity) the “excess” water percolates into thbssil
horizon(s) as saturated drainage at a rate depeodeespec-
tive horizon soil textural characteristics, wetrarss other drain-
age related properties. Should the soil waterezundf the
bottom subsoil horizon of the plant root zone erdbe drained
upper limit, saturated vertical drainage/rechange the inter-
mediate and eventually groundwater stores ocauans, fvhich
baseflow may be generated at an exponential detayde-
pendent on geological/aquifer characteristics amel t
groundwater store. Unsaturated soil water refistion, both
upwards and downwards, also occurs, but at a oatsider-
ably slower than the water movement under saturededi-
tions, and is dependeniter alia, on the relative wetnesses
of adjacent soil horizons in the root zone.

Evaporation takes place from water previously ogpted by
the crop’s or vegetation’s canopy, as well as siamgously
from the various soil horizons, in which case ieither split
into separate components of soil water evaporgfiom the

topsoil horizon only) and plant transpiration (frathhorizons
in the root zone), or combined, as total evapamatievaporative
demand on the plant is estimatéder alia, according to at-
mospheric demand (through a reference potentigleation)

and the plant’s stage of growth. The roots absoitbwater in

proportion to the distributions of root mass dgnsiithin the

respective horizons, except when conditions of $oWwater

content prevail, in which case the relatively wetterizons

provide higher proportions of soil water to therplia order to
obviate plant stress as long as possible.

The generation of stormflow IKCRUis based on the premise
that, after initial abstractions (through interéept depres-
sion storage and infiltration before runoff comnesjcthe run-
off produced is a function of the magnitude of thiefall and
the soil water deficit from a critical response tiheqf the soil.
The soil water deficit antecedent to a rainfallreve simulated

may be conceptualised as a surrogate for simulattegflow)
dependentinter alia, on soil properties, catchment size and
the drainage density.

Acru Model Input
Location

The sugarcane production areas for this study delimited
by SASEX and are represented by the 127 Quate@eich-
ments shown in Figure 1 as two consolidated regiofihe
area excludes sugarcane producing regions of SwmalzilThis
delimitation incorporates the present cane growaggons of
South Africa as well as potential areas, and isdas rainfall
and temperature criteria for dryland productiorh{ze, 1997),
with obvious consideration having been given toxpnity to
existing sugar mills. FkCRUsimulations the QCs were treated
as hydrologically independent (unlinked) catchments

Daily Rainfall

Hydrological responses, in nature and also in & daodel
such asACRU are highly sensitive to rainfall input. To ac-
count for the regional, seasonal and daily diveigitrainfall,
rainfall stations with long duration and qualityntmlled daily
data in and immediately adjacent to the study arex@ ex-
tracted from the rainfall database housed in then@ging
Centre for Water Research (CCWR). For each statiaity
records for the concurrent 45 year period from 1860994
were used. Where individual periods of rainfatedaere miss-
ing, these values were estimated from surroundagpas by
an inverse distance square weighting techniquesldped by
Meier (1997).

Potential Evaporation

For this study the Linacre (1991) daily equationgotential
evaporationE_was selected as the reference because it uses
daily maximum and minimum temperatures togethen Vaiti-

tude and altitude to estimate simplified mass fearsnd en-
ergy budget components of evaporation, mimickiraséhof
the much more complex Penman equation. For the fuimc-

tion in the Linacre equation a standard defauli®alf 1.6 m:s
! was used for the entire study area. Output fieenLinacre
equation was verified against recorded A-pan datik where
necessary, regional adjustments were made (Scthdkel 999).

Soils

All simulations in this study were repeated twicswaming

by ACRUs multi_layer soil water budgeting routines on a soils of total available moisture capaciiA() equivalent to

daily basis. The critical response depth has beend to

60 mm and 150 mm, i.e. for relatively shallow aegl soils.

dependijnter alia, on the dominant runoff_producing mecha- TAM was assumed in this study to be the water heédsail

nism. This depth is therefore generally shallowniore arid
areas characterised by eutrophic (i.e. poorly ledcand
drained) soils and high intensity storms, which ldqaroduce
predominantly surface runoff, and is generally @zeép high
rainfall areas with dystrophic (highly leached, dtained)
soils where interflow and “push_through” runoff geating
mechanisms predominate. Not all the stormflow cgted by
a rainfall event is same day response at a catdfsmrilet;
stormflow is therefore split into quickflow (i.eame day re-
sponse) and delayed stormflow (Figure 4), witH'ldwg’ (which
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between its drained upper limib{L) and its lower limit, or
permanent wilting poinRWP). To obtain these valuesAM,

a sandy clay loam withBWPof 0.160 m.nmt and eDUL of 0.260
m.nt! for both the topsoil and subsoil horizons was eesl
The soil's water retention at saturatid?Q) was set at 0.435
m.n1t, but thisPO value was increased to 0.470 ni.for the
topsoil in simulations of sugarcane responses,usecaf bulk
density changes in the topsoil associated withglpractices
(Schulze, 1995).
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The thickness of the topsoil for both of tf&M specifications
was set at 0.3 m, while the subsoil thickness Wwan varied
between 0.3 m for8BAMof 60 mm and 1.2 m forBAM of 150

mm. The soils were assumed not to have shrinktgnaber-

ties and saturated soil water redistribution weists take
place at 0.5 of “excess” water PUL) per day for both soil
horizons.

Land Cover : General

Land cover and land use affect hydrological respstisrough
canopy and litter interception, infiltration of n&ll into the
soil and the rates of evaporation and transpiraif@oil water
out of soil. Land cover/use input im@RUtherefore includes

| an interception loss value, which can change froamth to
month during a plant’s annual growth cycle, tocant for
the estimated interception of rainfall by the pwanopy
on a rainday,

| a monthly water use (or “crop”) coefficient (contest in-
ternally in the model to daily values by Fearnalysis),
which reflects the ratio of water use by vegetatimder
conditions of freely available soil water to theaperation
from a reference potential evaporation, in thidgtthe
Linacre (1991) equation regionally adjusted to A-pquiva-
lent values, and

Figure 5. Water use coefficients for different Acoc ks’ Veld

Types in the sugarcane belt.

Figure 6. Differences in the coefficients of initia |
abstractions (cl ), an index of infiltration, between baseline
and competing land uses.
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| the fraction of plant roots that are active itrasting soil
moisture from the topsoil horizon in a given ngrthis
fraction being linked to root growth patterns dgrimyear
and periods of senescence brought on, for exatmplack
of soil moisture or by frost.

A further variable which can change seasonallfésdoeffi-
cient of the initial abstractiorek) which accounts for vegeta-
tion, soil surface and climate influences on sttemfeneration.

In ACRUthis coefficient takes cognisance of surface reugh
ness (e.g. after ploughing) and initial infiltratidoefore
stormflow commences. Higher valueschfunder sugarcane
plantations, for example, reflect enhanced nafilon rates
while lower values on veld in summer months refléagher
rainfall intensities (and consequent low initiafiltnation
amounts).

Input Values of Land Cover and Land Use Attributes

The hydrological attribute values for the Acockgl&/ Types
as well as for sugarcane are given in Table 1.rc&oof infor-
mation for sugarcane was the WRC report on “Impatts
Sugarcane Production and Changing Land Use on Qattth
Hydrology” by Schmidt, Smithers, Schulze and Mathéi®98),
while for Acocks’ Veld Types values were obtaineshi Schulze
and Hohls (1993) and Schulze (1995;1999).

Certain features appearing in Table 1 require comtinmg on.
These include

I the significant differences between the water wseffe
cients of different Acocks’ Veld Types, depicteadgtiam-
matically in Figure 5, which highlight the necégsif using
different natural vegetation attributes in diffarefimate
regions when undertaking SFRA assessments;

I similarly, the inter-vegetation and intra-seedoranges
of the coefficient of initial abstraction (Figué?, which
may be viewed as an infiltration index;

I the distinction between attributes of veld in thesf-free
coastal zone (shown in Figure 1) and the intexdrere
frost causes senescence of grassland; and

| sugarcane attributes assuming “whole farm” openatio
with cane at various stages of maturity resglimaver-
aged intra-season values of cane which is assumbd t
burnt at harvest and with a mix of 50% conventicaradl
50% minimum tillage plus contours (Schnetlal, 1998).

Runoff : General

In daily runoff determinations th@CRUmodel distinguishes
between stormflow generation and baseflow genematio
Stormflow from a rainfall event depends on

I themagnitudeof the rainfall (hence daily rainfall input) ,

I theinitial abstractions(l,) before runoff commences (i.e.
interception, surface depression storage and iafitin -
hence inputs on soil properties and seasonallyingry
evaporative demand, plus a coefficient of initladtaaction,
cl, , which also accounts for seasonal rainfall intgrsat-
terns),
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Table 1. Month-by-month input variables for baselin

e land cover categories and land uses.

Ju$

Land Cover/ Variable Jan Feb| Mar Ap May Ju Aug Sep ct vNdDec
Land Use
Acocks # 1 Water Use Coefficient .85 .85 .85 | .85 .75 65 | .60 | .65 |.75 | .85 | .85 | .85
Coastal Forest| Interception (mm) per 2.0 20 |20 |20 2.0 20 |20 |20 |20 |20 |20 |20
and Thornveld | Rainday .75 75 | .75 | .75 .75 75 | .75 | .75 | .75 | .75 | .75 | .75
Fraction of Roots in .30 .30 .30 | .30 .30 .30 | .30 | .30 | .30 | .30 | .30 | .30
Topsoil
Coefficient of k
Acocks # 5 Water Use Coefficient .65 .65 .65 | .55 .50 .30 | .30 [ .30 | .45 | 55 | .60 | .65
Ngongoni Interception (mm) per 1.2 12 |12 |12 1.2 12 (12 (12 |12 (12 |12 |12
Veld Rainday .90 .90 .90 .94 .97 1.0 |10 | 1.0 .97 .94 .90 .90
Fraction of Roots in .15 .15 .20 | .25 .25 25 | .25 .25 | .25 | .20 | .20 | .15
Topsoil
Coefficient of k
Acocks # 6 Water Use Coefficient .75 .75 .75 | .70 .65 50 | 50 | 5O | 65 | .75 | .75 | .75
Zululand Interception (mm) per 1.8 1.8 |18 | 1.8 1.8 18 |18 |18 (18 |18 |18 |18
Thornveld Rainday .80 .80 | .80 | .80 .90 .90 | .90 | .90 | .80 | .80 | .80 | .80
Fraction of Roots in .20 .20 | .20 | .25 .30 .30 .30 | .30 | .30 | .25 | .20 | .20
Topsoil
Coefficient of k
Acocks # 9 Water Use Coefficient .75 .75 .75 | .70 .65 60 | .55 | .60 | .65 | .70 | .75 | .75
Lowveld Interception (mm) per 1.9 19 |19 |19 1.9 19 |19 |19 {19 |19 |19 |19
Sour Bushveld| Rainday .80 .80 | .80 | .80 .90 .90 | .90 | .90 | .80 | .80 | .80 | .80
Fraction of Roots in .20 .20 .25 | .30 .30 .30 | .30 [ .30 | .30 | .25 | .20 | .20
Topsoil
Coefficient of k
Acocks # 10 Water Use Coefficient .75 .75 75 | .65 .55 40 | 40 | 40 | .60 | .75 | .75 | .75
Lowveld Interception (mm) per 1.9 19 |19 |19 1.9 19 |19 |19 {19 (19 |19 |19
Rainday .80 .80 .80 .80 .90 .90 .90 .90 .80 .80 .80 .80
Fraction of Roots in .20 20 | .25 | .30 .30 .30 | .30 | .30 | .30 | .25 | .20 | .20
Topsoil
Coefficient of k
Acocks # 23 Water Use Coefficient .78 .78 .78 | .65 .55 40 | .40 | 40 | 60 | .72 | .78 | .78
Valley Interception (mm) per 2.0 20 |20 |20 2.0 20 |20 |20 |20 |20 |20 |20
Bushveld Rainday .75 .75 | .75 | .85 .90 90 | .90 | .90 | .80 | .75 | .75 | .75
(Northern Fraction of Roots in .20 .20 | .25 | .30 .30 .30 | .30 | .30 | .30 | .25 | .20 | .20
Variation) Topsoil
Coefficient of k
Acocks # 44 Water Use Coefficient .60 .60 .60 | .45 .20 .20 | .20 | .20 | .30 | .50 | .60 | .60
Highland Interception (mm) per 1.0 1.0 |10 |10 1.0 10 (10 (10 (10 (10 (10 |10
Sourveld Rainday .90 90 | .90 | .95 1.0 1.0 (10 (1.0 (1.0 | .95 | .90 | .90
Fraction of Roots in .15 .15 .15 .20 .25 .25 .25 .25 .25 .20 .20 .15
Topsoil
Coefficient of k
Acocks # 45 Water Use Coefficient .63 .63 .63 | .50 .35 25 | .25 | .25 | .40 | .53 | .63 | .63
Natal Mistbelt | Interception (mm) per 11 11 |11 |11 11 11 (11 (11 |11 (11 |11 |11
Ngongoni Rainday .90 .90 .90 .94 1.0 1.0 (10 |10 |10 .94 .90 .90
Veld Fraction of Roots in .15 .15 .15 | .20 .25 25 | .25 .25 | .25 | .20 | .20 | .15
Topsoil
Coefficient of k
Acocks # 64 Water Use Coefficient .75 .75 .75 | .50 .30 .30 | .30 [ .30 | .55 | .70 | .75 | .75
Northern Tall | Interception (mm) per 1.5 1.5 15 | 15 1.5 15 |15 (15 |15 (15 |15 |15
Grassveld Rainday .90 .90 .90 | .95 1.0 10 |10 |10 | .95 | .90 | .90 | .90
Fraction of Roots in .15 .15 15 | .20 .25 25 | .25 | .25 | .25 |.20 | .20 | .15
Topsoil
Coefficient of k
Sugarcane Water Use Coefficient | .80 .80 .80 | .80 .80 .80 | .80 .80 |.80 | .80 | .80 | .80
Interception (mm) per 1.8 1.8 |18 | 1.8 1.8 18 |18 |18 (18 (18 |18 |18
Rainday .80 .80 .80 .80 .80 .80 .80 .80 .80 .80 .80 .80
Fraction of Roots in .30 .30 .30 | .30 .30 .30 | .30 | .30 | .30 | .30 | .30 | .30
Topsoil
Coefficient of k
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| the wetness of the catchmephence the daily multi-soil
layer water budget to calculate antecedent conditicr
to a rainfall event) and

| acritical soil depth(D,) which is considered in stormflow
generation procedures (and which is dependent getae
tion, soil and rainfall characteristics).

| The stormflow generated from the catchment’s loifis! af-
ter a given rainfall event does not all reach thessh on
the same day that the rain fell, because pari®éitielayed
lateral flow. A delay facto{_) has therefore been incorpo-

rated inACRU (dependent on catchment slope, area, soil

and vegetation characteristics).

| The rain which falls on the permanently wet riparzne
(i.e. adjunct impervious areas) is considered tardmrte
to same-day and direct stormflow.

The baseflow contribution

I derives from accumulated soil water which pascolated
out of the base of the subsoil horizon (hence thpoim
tance of soil depth and the saturated redistributiaction)
into a baseflow store, from which

| baseflow amounts are released into the stream ex@o
nential ratek, )

Runoff Attributes Used in Simulations

ow to
oils in

Figure 7. Scatterplot of the median annual streamfl
rainfall relationship for sugarcane grown on deep s
127 Quaternary Catchments.

To test this hypothesis, a runoff : rainfall scaiiet from the
127 QC results was produced for median annual tondi
Figure 7 illustrates very clearly that no such damglation-
ship exists and that for a given median annuafahia result-
ant runoff can vary markedly within the sugarcarapction
belt. In an attempt to reduce the scatter, plete produced
of only those QCs in areas with, say, a 13 morgtvest cycle
or a 16 or a 21 month cycle, but the plots didimprove.

One has to therefore conclude at the outset thaimple

Values ofcl, have been given in Table 1 for different baselinecrop, or region specific, answers to questions reddBFRAS

Veld Types and for sugarcane. These account alssefa-
sonal rainfall intensity characteristics. Valuésy_ were in-
put as the thickness of the topsoil horizon folaild covers/
uses except for sugarcane, where from previougication

studies (Schmidtt al.,1998 a value of 0.35 m was used. For

the stormflow delay factd¥_ , a value of 0.3 was used for all
QCs. Adjunct and disjunct impervious areas wesem@aed to
be absent for these simulations of comparativedigdy. Fi-
nally for the baseflow decay ratg, , a regional value of 0.009
(i.e. 0.9% per day) was used in all simulations.

In this comparative study soil water evaporatioth plant tran-
spiration were considered as an entity of “evapsjpaation”,
and not split into its components. Plant watezsstrwas as-
sumed to occur at a typical 0.4 BAMfor sugarcane, as well as
for Acocks’ Veld Types.

Results

Can the Potential Streamflow Reduction Activity of
Sugarcane be Expressed by Simple Regional Curves ?

Before the first detailed regional results are esteown, it is

will be available.

Annual Streamflows Generated from Sugarcane under
Median Hydrological Conditions

For this hydrological study the median annual,eathan the
mean, was selected as the simplest index of alailahter
resources under different land use and soil camditi The
median is the statistically expected value at 0th percentile,
i.e. as many years will have higher streamflows ttiee me-
dian, as will have lower streamflows. In streamfiiudies the
means of annual flow are very often distorted (gawby a
few exceptional events and are thus not considasedalu-
able as medians in overall water resources assatsmé

should also be noted that in this report the teémnsoff’ and

“streamflow” are used interchangeably, in both sas®lying

the total runoff from a QC, made up of the sunmstdrmflows
and baseflows. In descriptions which follow, “d&sgils im-

ply those with a Total Available Moisture of 150 mwhile

“shallow” soils are assumed to havdAM= 60 mm.

Figures 8 - 10 highlight the following:

evident from the aforegoing sections that the methodotogy t!  They confirm the high and curvilinearly amplifiedmend-

set up theACRU model implies some specialist modelling.

Since, for a given land use such as sugarcanAGR&J mod-
el's biomass attributes as well as the soil iryauiables for all
QCs remain at fixed values, and only the climatges from
QC to QC, this begs the questions whether in tigarsane
belt the rainfall : runoff relationship, and hepatential SFRAs,
cannot be expressed by a simple regional curvederdo
simplify decisions.
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ence of streamflow on rainfall for
was already illustrated in Figure 7. For both daeg shal-
low soil conditions significant regional differerscgn me-
dian annual streamflows are evident, ranging frakd shm
to>180 mm.

I Ondeep soilsSTAM = 150 mm) considerably less streamflow

is generated than on the shallow sdilaN = 60 mm),
where the soil profile can be filled more rapidhgarimarily
more baseflow is produced (Figures 8 and 9).régponse

sugarcane, which
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differences are not uniform, however, with streamf from
shallow soils increasing relative to decreasesinfall, while
in absolute terms the difference is consideratgiéi along
the coast and elsewhere with higher rainfdlIFigure 10).

Streamflow Reductions Between Baseline Land Cawer a
Sugarcane under Median Conditions

A major focus of the National Water Act of 1998isso-called
“Stream Flow Reduction Activities” (SFRAS) by langes,
with the premise that declared land uses shoulg\ied in

some way relative to the water they utilized gredstreamflow
they reduce. Since SFRAs have to be establishethsica
baseline land cover, it stands to reason thatindead uses
will generate less, and others more, than the in@dahd cover
which, for purposes of this comparative hydrolagthie domi-
nant Acocks Veld Type for a given Quaternary CatehinThe
dependence of a streamflow reduction (or enhancgnoan
the baseline land cover cannot be overstressed.

Streamflow reduction by a land use can be expreissito
ways,Viz.

| as aelativechange , expressed as the percentage streamflow
reduction in relation to that of the baseline laoder, i.e.
100(QBL - QLU)/ QBL :

With reference to Figures 11 and 12 the followirayrhe inter-

preted with respect to unit streamflow changes @irea hec-

tare to hectare basis) emanating from sugarcarnacieg the

baseline land cover:

I The absolute streamflow reduction for sugarcargeieer-
ally less than 25 mm along the coast, but more@Banm in
the inland cane growing areas, with the transitietween
responses on the coast and the inland being venpiab
(Figure 11).

I In relative terms this translates to a streamfleduction of
< 20% along the coast and up to 40 - 60% inlarglLiigi 12);
however, regional patterns are complex.

Conclusions

This study of median annual hydrological resporfses
sugarcane in South Africa has shown clearly thabffucan-

| as anabsolutechange, expressed as the difference, in mnf?0t be reduced to simple regional generalisationsiraple
orin nf , between the streamflows from the baselinecoy CUrves of runoff: rainfall relationships. Rathesponses have

(Qg) and the land use under considerati@ ), i.e. Q;, -

L Of

Figure 8. Median annual streamflows (mm) from
sugarcane grown on deep soils.

been shown to be highly location specific, oftethvdistinct
north vs south coast contrasts, and with furtheiatian be-

Figure 9. Median annual streamflows (mm) from
sugarcane grown on shallow soils.
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tween the coastal and interior regions. Furtheswis have a
marked influence on runoff responses.

The results illustrate that the so-called “StredowMFReduc-
tion Activities” concept enshrined in the Nationvaater Act
of 1998, even at the coarsest level of annual resggsand
assuming uniformity of climate and soil within Qeraiary Catch-
ments are, hydrologically, a complex issue whicésiaot be-
come any simpler when, for example,

| differences in hydrological responses between watsyor
dry years, or

I monthly time scales, or

| differences in hydrological responses within indial QCs,
or

| different management practices within a single lasglsuch
as sugarcane are considered.
Had month-by-month analyses from the daily hydralal

Figure 10. Differences in median annual streamflows (mm)

between sugarcane grown on shallow and deep soils.
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model been presented, more complexities would Bheg/n
up, also between the stormflow and baseflow commuisnef
runoff. Equally, had the spatial analysis consdesmaller
units than the Quaternary Catchment, even morergpbig
variability would have been exposed. The mattespztial
resolution is illustrated very clearly in Figure.13he map
shows the coefficient of variation of mean annu&cjpita-
tion, MAP, plotted at a resolution of 1 minute @fgiee lati-
tude/longitude within QCs to generally be arouneB2@ and
in places as high as 40%. The above argumertefuron-
firm the notion that hydrological responses ardalyigomplex
over space and time and that they need to be asbegh the
use of daily soil water budget models suchA&RU rather
than with coarse, calibrated monthly tools from ethmno sci-
entifically justifiable extrapolations can be made.

This evaluation therefore concludes that shouldlawigs be
placed on sugarcane as a “Stream Flow Reductitimite,
that these either have to be researched in deptbctmunt for

Figure 11. Streamflow reduction (mm) by sugarcane u  nder

median conditions on a shallow soil (  TAM = 60 mm).
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the regional diversity which exists in hydrologicakponses
and levels of management or, alternatively, hdeetteft at so
simple a level as not to evoke scientific contreyeand expo-
sure to known inconsistences.
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