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Climate change and crop
water use and productivity in
South Africa*

In general, South Africa (SA) is a dry
country with less than 500mm rain on
average recorded annually over about
two-thirds of its area. Agriculture and
other economic activities are to a large
extent adapted to these semi-arid
conditions. Furthermore, more than a
million people are directly dependent on
agriculture for their livelihood in SA.
Climate change in this country is
expected to have a severe impact on
agriculture as it is accepted that the
frequency of droughts will increase and
there will be a higher spatial variability
in rainfall and this will have a negative
effect on farming on aready marginal
lands.

Of the many crops grown in SA, maize
is one of the staple foods that
contributed 71% to the grains produced
in the country during the 1996 season. In
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addition, maize production covers 58%
of the cropping area in southern Africa
and with 50% of the maize in the SADC
region being produced in SA this makes
SA the major source of food for the rest
of the region. However, 60% of maizeis
produced in the drier cropping areas of
SA. With a farm gate value of R9.4
billion, the effect of maize production on
the South African economy must not be
underestimated. Adverse climate impacts
on agriculture in SA may therefore
destabilize not only the country but in
the end a whole region. Given the
genera consensus that current rainfal is
likely to be reduced by 5% to 10%,
accompanied by a projected increase in
temperature of 1°C to 3°C, efficient crop
water use in SA will be of the utmost
importance. In this study CROPWAT
was used to assess the effect of climate
change on crop water use in SA, with
special reference to maize.

The same 34 districts which were
sampled for the Ricardian economic
impact study household surveys in SA
were evaluated to assess the impact of
climate change on crop water use
(Figure 1). Besides assessing crop water
use in the 34 didtricts, the study
conducted detailed analysis of crop
water use and the effect of climate
change on the use of water by maize for



three districts (Lichtenburg in the North
West Province, Kroonstad in the Free

State and Middelburg in Mpumalanga,
where maize is a maor crop).

Figure 1: Mean annual precipitation and 34 household sampling districts

Source: Schulze et al. (2001)
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Themodel and data

The program used for simulating crop
yield response to water (CROPWAT) is
a decision support system developed by
the Land and Water Development
Division of the FAO. Its main functions
are to caculate reference evapo-
transpiration, crop water requirements
and crop irrigation requirements in order
to develop irrigation schedules under
various management conditions and
scheme water supply and to evaluate
rainfed production, drought effects and
efficiency of irrigation practices. It uses
procedures for predicting yields when all
the climate, soil and crop parameters are
known. This approach allows estimation
of actual evapotranspiration (ETa or
actual crop water use), after having

estimated the stress factor Ks from the
ratio of actual to potentia yield.

The advantage of using the CROPWAT
model as atool for assessing crop water
use is that it is ssmple and easy to use,
and its data requirements are less intense
than those of other dynamic models such
as ARCU, WOFORST and DSSAT.
CROPWAT requires only monthly
inputs of climate and rain data, coupled
with crop parameters and soils data, to

caculate  water and irrigation
requirements.
SAPWAT, a computer program

developed for estimating crop irrigation
requirements and planning water
reguirements by Water User
Associations within South Africa was
used in conjunction with CROPWAT to




implement this study. SAPWAT links to,
and is a development of, the FAO
planning model CROPWAT. SAPWAT
is not a crop growth model but, like
CROPWAT, an irrigation planning and
management aid. It is supported by an
extensive South African climate and
crop database (SAPWAT 2003).

Data input formats to SAPWAT are
similar to those of CROPWAT and for
this study the SAPWAT database was
adapted to do the CROPWAT runs. The
ARC-ISCW  (Agricultural  Research
Council-Institute for Soil, Climate and
Water) maintains a climate database
which was used in this study (ISCW
2002). To calculate crop water use with
CROPWAT the model requires tota
available soil moisture (mm/m depth),
maximum  rain  infiltration  rate
(mm/day), maximum rooting depth (m)
and initial soil water depletion (%). The
84 Broad Natura Homogeneous Soil
Zones delimited by the Institute for Soil,
Climate and Water were used in this
study to derive the CROPWAT soil
inputs. For each of the 34 household
survey districts studied the dominant soil
type was chosen. To calculate crop water
use at district level using CROPWAT,
the data required are area, production,
and planting date or cropping pattern.
For each crop, crop coefficients and
growth stage length are also essential
inputs.

A wide variety of crops are grown in
South Africa but the most important are
maize, wheat, Dbarley, sorghum,
sunflower, groundnuts, sugar cane,
deciduous fruit and grapes. The role of
cultivated pasture in the more livestock
oriented areas must, however, not be
underestimated. In the development of
SAPWAT an extensive database of most
crop coefficients (Kc) and growth stages

(GS) for crops grown in South Africa
has been compiled. These have been
used in this study. To calculate the actual
crop water use in each district the
maximum yield of the crop grown (Ym)
and the yield reduction factor (Ky) are
required. The maximum yields for the
different crops grown in South Africa
according to various sources and the
yield reduction factors according to
Irrigation and Drainage Paper No. 33 are
reported in Durand (2004).

Simulating crop water use

Although to calculate crop water use
using CROPWAT requires relatively
few inputs, multiplying these by 34
districts adds up to a large amount of
data. Detailed reports on the results
using CROPWAT for the 34 districts
were supplied to the FAO and CEEPA
as part of an interim report in June 2004
(Durand 2004). However, detaled
anaysis of crop water use in the three
districts of focus (Lichtenburg,
Kroonstad and Middelburg) is presented
here. These districts represent a spread
from the drier western production areas
(Lichtenburg) to the wetter eastern areas
(Middelburg). Most crops in these three
districts are dryland crops and very little
is irrigated; however. The most
important crop cultivated in al three
districts is maize. Important dryland
crops other than maize are mainly the
annua industrial field crops such as
wheat, sunflower, sorghum and
groundnuts. Legumes such as soybeans
and dry beans, which have a higher
water requirement, are more important in
the wetter eastern parts of the highveld
region (Middelburg), while groundnuts
are grown mainly in the drier western
areas (Lichtenburg). Under irrigation,
vegetables and potatoes for human



consumption are important but are only
second to fodder crops such as lucerne
and pastures. There is a large variability
of yield amongst the three districts.

Using the agreed upon unified
methodology, the crop water use for all
the crops within the district was
assessed. The nearer the crop produces
to its maximum potential the lower isthe
fractional yield reduction as a result of
the decrease in evaporation rate. The
results indicate that most crops were
severely stressed, as the differences
between actual and potential yields are
very large. The census was done in 1993
and reflects mainly the 1991/1992
production season. The maize yield for
this season shows that there were many
crop failures in this exceptionally dry
year. Climate change that involved a
decrease in rainfall would have a large
impact on the agriculture of these
districts as the most important crops here
are rainfed. There is very little potential
for increasing irrigation in these districts
since there is very little or nonexistent
infrastructure for this purpose. The lower
the actua yield of the crop the less water
it uses. To attain a maize yield of five
tons per hectare the crop would use
484mm of water during its production
season. However, within the Lichtenburg
district only 0.7 tons were produced,
thus maize needed less water to attain
this production potential, which is far
below the norm. In this case only
151mm of water is required during the
growing season.

I mpacts of predicted climate scenarios

The study explored the use of the
CERES-maize model to examine the

effect of climate change on maize
production (kg/ha) at farm level. All
three districts, Lichtenburg, Kroonstad
and Middelburg, are within the summer
rainfall region of South Africa and have
amean annual rainfall (1961 to 1990) of
555mm, 622mm and 656mm
respectively.

Outputs of three General Circulation
Models’ (GCMs), namely Genesis, an
older model with simplified oceans
(GEN) (1998); CSM, developed by
NCAR, USA, which is a -current
generation  fully  coupled  ocean-
atmosphere model; and UKMO, termed
HadCM2 (a revised version of the
originahk GCM Had CM, 1995) were
used to evaluate the impact of climate
change on maze within the three
districts. The HADCM?2 scenarios were
developed using two assumptions about
sulphate aerosols, one assuming their
presence and gradua decline during the
simulation period, the other assuming
their complete absence during the
simulation period. Sulphate aerosols are
a product of fossil fuel (especialy coal)
burning, and ironically act to reflect
radiation and therefore counteract
warming by increasing CO,. These
scenarios are termed HadCM2S (with
sulphate  effect), and HadCM2N
(sulphate  effect excluded). The
scenarios are all projections to 2060.

The effects of these scenarios on the
South African climate are: (1) Summer
rainfall is projected to decrease in both
HadCM2 scenarios and CSM, while
Genesis projects a dlight increase; (2)
All four GCMs project temperature

2 The same data as used in the South African
Country Study on Climate Change (SACCC)
was used to calculate the changes in maize yield
(Kiker 2000).



increases for the whole country. The
projected increases range between 2.5
and 3°C.

The projected cumulative effect of CO,
and increasing temperature decreases the
length of the different growth stages of
maize from between 16 to 23 days,
having the greatest effect on the initia
two developmental phases. The GCM
that has the largest effect on the
shortening of the growth stage is CSM
and the one that has the least is
HadCM2N. The shortening of growth
stages was also more pronounced in the
wetter Middelburg district than in the
drier districts of Lichtenburg and
Kroonstad (Figure 2).

Figure 2: Days of each growth stage for maize
planted at Middelburg for the HadCM?2S
climate change scenario
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Following the methodology used to
caculate crop water use for potential
optimum production under the current
climate scenarios, crop water use of
maize for each of the four climate
change models was calculated using
CROPWAT. The CSM model indicated
relatively little change in water use in
the two drier districts of Lichtenburg

and Kroonstad, and a distinct decrease
in water use in the Middelburg district
of 7%. The Genesis GCM, which is seen
as the modd with the most positive
outlook on climate change in South
Africa, indicated that the projected
decrease in precipitation will not be so
severe, and also that less water will be
used in al districts, with the largest
effect being in Middelburg. The Hadley
climate change scenarios, which
generally project a more negative
picture of changes in precipitation and
temperature (less rainfall and hotter
weather) generally indicate that more
water will be used in al districts except
Kroonstad. Thus the first two models
project the same or less water use, which
can be ascribed to the reduction in
development time of up to 20 days that
IS expected due to an increase in
temperature and CO,, while the Hadley
models project an increase in water use.

The impact of climate change on the
crop water use to obtain the same level
of production as current may not be so
high as expected, as the shortening of
the production cycle leads to a decrease
in water use over time. There is a
suggestion that water use may be at the
same level as current or even dlightly
less, indicated by the negative values in
the percentage increase/decrease
column. The reduction in the growth
development time of maze may,
however, make it more vulnerable to
environmental stress such as short
drought periods or abnormal weather
during pollination. A shortened lifespan
means the plant has to go through its
critical  reproduction period in a
shortened time. A stress factor of around
50% also indicated the vulnerability of
maize to stress factors in terms of
temperature and adverse rainfal
patterns.



CROPWAT in this study was used to
indicate the effect of GCM predictions
on water use per crop and not on crop
yield. To illustrate the vulnerability of
farmers to climate change regarding
maize yields at farm level, a pilot run
was made using the CERES-maize
model (IBSNAT 1994) with data from
actual farms within the three districts to
simulate potential maize production. As
there was no reliable farm level data
available for the Kroonstad district,
Wesselsbron was chosen as an
aternative that was very similar. Using
the same climatic data for the three
GCM projections as were used to
caculate crop water use, using
CROPWAT, potential maize yield and
irrigation requirements for an actud
farm within each of the three districts
was calculated using CERES-maize.

All three GCM predictions indicate a
decrease in maize production for the
three farms, the most alarming being the
Lichtenburg district. Results indicate
that here in future only in seven out of
ten years will there be a certainty that
more than 556, 822, 697 and 733 kg/ha
of maize will be harvested for the
scenarios of CSM, GEN, HadCM2N and
HadCM2S respectively. This is much
lower than the current rule of thumb of
one ton per hectare to break even.
Indications are that maize production in
this district may in future not be
economical. Given the fact that currently
up to 57% of this district is cultivated, of
which the majority (90%) is under
maize, there is a definite warning sign
that some form of alternative has to be
sought if maize production is to be
maintained at current levels.

Conclusions and policy implications

The CROPWAT model is user-friendly
and in genera this study indicated that it
can be successfully used to calculate the
impact of climate change on crop water
use in South Africa. In the South African
case this has aready been demonstrated
by the development of country level
database inputs in the form of
SAPWAT, which is in the process of
being advocated for use at irrigation
scheme level. Climate, soil and crop
coefficient ~databases are readily
available in South Africa. The only real
lack of data, which to a certain degree
has compromised this study, is the lack
of accurate and reliable district level area
and crop yield data. For the purposes of
future studies, the government needs to
conduct a survey a municipa or
magisterial district level indicating the
areaand yields of all crops.

Adaptation to climate change where the
projected scenarios are less water and
higher temperatures means firstly more
efficient use of water and secondly a
change in farming practices. It is,
however, important that adaptation takes
place at al levels — farm, community
and national — to be effective. Water use
efficiency means different things to
different people. An agronomist would
focus more on water productivity by
crop and the use of water in the root
zone for transpiration and conversion to
a marketable product, while an engineer
would focus more on the efficiency of
delivery of water from source to the soil.

As mentioned, farmers have aready
adapted their cultivar choice of maize in
seasons with late rains to ultra short
seasoned varieties, or ae using
sunflower as an adternative crop.
Alternatives to maize which can be
grown in South Africa are millet and
sorghum, as they are more water



efficient crops. However, these are not
the staple of the people. Climate change
intervention is thus not only the
responsibility of the farmer but also of
governmental agencies putting strategic
plans together so that in the long term
consumers might be persuaded to accept
alternatives such as sorghum or millet as
thelir staple other than maize.

Currently there is an indication that the
planting window is shifting to a week or
so later into the season. Farmers are
increasingly using fields with marginal
crop production for other purposes such
as grazing.
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The agricultural sector in sub-Saharan Africa is predicted to be especially vulnerable to climate
change because this region already endures high heat and low precipitation, provides the livelihoods
of large segments of the population, and relies on relatively basic technologies, which limit its
capacity to adapt. This series of Policy Notes reports on the methods and results of the first
continent-wide study of this kind assessing how the economic well-being of African farming
communities is currently affected by climate, predicts how future climate change effects may unfold
under various possible global warming scenarios, and evaluates the roles adaptation to climate
change could play. The study is based on collaborative research efforts conducted in 11 countries:
Burkina Faso, Cameroon, Egypt, Ethiopia, Ghana, Kenya, Niger, Senegal, South Africa, Zambia and
Zimbabwe. The sampled districts used as the unit of analysis cover all key agro-climatic zones and
farming systems in Africa. This is the first analysis of climate impacts and adaptation in Africa on
such a scale and the first in the world to combine cross-country, spatially referenced survey and
climatic data for conducting an analysis that uses economic impact assessment methods, river-basin
hydrological modeling and crop growth simulation techniques.

All the reports produced under this GEF/WB/CEEPA funded project, Regional Climate, Water and
Agriculture: Impacts on and Adaptation of Agro-ecological Systems in Africa, are found on CEEPA
e-Library at its website link (www.ceepa.co.za/discussionp2006.html) and can also be accessed directly
through the project link (www.ceepa.co.za/Climange Change/project.html)
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