Climatic change: The future for Zimbabwe.
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The weather changes from day to day
and through each year, The average
weather conditions, measured ever
several tens of years, define climate
and this too changes over longer
periods of time. The last two million
years or so, the Pleistocene epoch,
marks probably the most turbulent
climatic era in earth history. Global
climates have continued to change in
historical times but so slowly that it
is very hard to notice and separate
climatic changes from the natural
variations of the weather. In the last
couple of decades it has become
clear that the activities of man have
the capability to infloence world
climates, This' paper examines
natural climatic change and the in-
fluence of man. It considers how fu-
ture global climatic warming can
change the rainfall patterns of

Alrica and the effects on Zimbabwe. -
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Figure 1.
Ia = Mean annual rainfall.

Rainfall in Africa

Before considering past African
climates, it is neccssary to under-
stand the processes that currently
bring rain to the continent and the
resultant distribution of rainfall.
Figure 1 shows the mean annual rain-
fall over Africa and seasonal rainfall
for the northern and southern sum-
mers. Notice that the region with the
highest annual rainfall is centred
around equatorial latitudes. North
and south of this lie drier areas that
form the Sahara and Kalahari/Namib
deserts. Rainfall  jncreases
polewards of the deserts, at around
the north and south coasts of the con-
{inent. )

This pattern arises because land near
10 the equator is heated the most by
the sun, developing cells of conver-
genl, rising air; the inter-tropical

Mean rainfall conditions affecting Africa in historical times.

ib = Mean rainfall May to October (northern sununer}
lc = Mean rainfall November to April (southern summer)
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convergence zone (ITCZ).  Air
rising within the ITCZ cools with
height and may cause convectional
rainfall. This equatorial air diverges
at heights of several kilometres and
moves polewards, before descending
over the deserts. The deserts are dry
because air becomes warmer as it
descends and can yield no rain. This
general pattern is altered by the dis-
tribution of land and sea and the ef-
fects of altitude. Rainfall over
southeastern Africa is increased by
generally high relief and the
proximity of th Indian Ocean. The
lowlands of northeastern Africa are
made more arid by dry air masses
from the Middle East and Asia.

The climatic belts shift with the
seasonal mwovement of the sun.
During the northern summer the
ITCZ moves northwards and Zim-
babwe falls under the influence of the
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descending air mass of the Kalahari
(Fig. 1b). During the southern sum-
mer, the ITCZ moves southwards,
creating conditions which may lead
to convectional rainfall over Zim-
babwe (Fig. 1c). The rainbelts that
lie polewards of the descris and affect
the Meditcrranean  coast  and
southern coast of South Africa also
maove with the seasons. In the winter
these regions comc under the in-
fluence of cyclonic systems that
characierise  femperate  latitudes,
resulling in the winter rainfall of (he
Mediterranean climate.

Fce ages

The climate of Africa has changed
many times during the Pleistocene.
Changes in the location and activity
of Africa’s rain bells can be seen us
the consequence of climatic change
at high latitudes. During globally
cold intervals, areas at high latitudes
that experienced sufficient snowfall
developed ice shects. These spread
across  North  America  and
Northwest Europe, eroding the sur-
face from upland areas and deposit-
ingavaricty of glacial und periglacial

sediments near the ice margins. At
their maximum, ice sheets reached as

lar south as London and New York, '

pushing the northern hemisphere’s
lemperate and tropical climatic bells
into lower latitudes.

Sediment cores recovered from the
deep sea have supplied relatively
continuous and well dated records,
going back millions of years. Ocean
temperatures inferred from these
sediments - indicate repeated
cpisodes of warm and cold conditions
thatappear to be related to long term
variations in the carth’s orbit. Chan-
gesin the angle of the carth on its axis
and the obliquity of its orbit are
known 10 occur over periods of iens
or hundreds of thousands of years.
By changing the amount and distribu-
tion of solar radiation reaching the
carth’s surface (Imbrie and Imbrie,

1980), these regular variations arc

believed o trigger changes in the
energy balances of the atmospherc
and occans that lead o ice uges.

The amount of solar radiation ab-
sorbed by the carth is mfluenced by
the nature of the surfoce, particular-
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ly the reflectivity or albedo, which
governs the amount of energy
reflected back into space. This isalso
affected by the composition of the at-
mosphere. | Although  air s
transparent within the range of light
emiticd by the sun (the visible,
spectrumy), the earth radiates hear at
muchlonger wavelengths and certain
gasses are opaque o this infra red
radiation.  This phenomenon s
known as the greenhouse effect sinee,
like a greenhouse, light enters [reely
but heat is prevented from feaving,
One important gas with this proper-
ly is curbon dioxide (CO2 ). Studies
of air bubbles trapped inice (Neftel
¢t al, 1U5Z; Barnola et al, 1987) have
shown that the last <old {glacial)
period during the Pleistocene was
characterised by aumospheric CO:
cancentrations about thirty pereent
lower than modern, pre-industrual
levels.,

Climatic warming and man

The conceniration of CO2 in the at-
mosphere has increascd since the In-
distriol Revolution by almosi twenty
five percent and by some ten percent
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Figure 2.

Three estinpntes of fncreasing atmospheric carbon dioxide. All
plotted against time (vears AL,

graphs show CO2Z coucentrations (parts per mitliou by volimne)

Za = CO2 concentrations over the last 400 years, estimated from air bubbles in Antarctic jee. Notice that CO2 concentrations start to
inciease at the Indnstrial Revolution, mid. 19 century. :

2b & 2c = CO2 concentrations since 1958 measnred directly from the atmasphiere in Hawaii 2 aund  Colorado (2¢). XNotice seasonmd
variations are superimposed on a trend of inereasing CO2 .
.
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over the last thirty years (Fig. 2).
This 15 due mainly to the large
amounis of CO2 added to the atmos-
phere by burning fossil fuels. Ther-
mal power stations and internal com-
bustion engines derive their power by
oxidising carbon, forming a little
carbon monoxide and a lot of carbon
dioxide. Certain agriculiural and in-
dustrial processes also generate COz
and a range of other "grecahouse
gasses” that have a similar ellect, in-
cluding methane, nitrous oxide,
chloroflorocarbons  {CFCs)  and
ozeme.  These have accumulated
since (ire Industrial Revolution to in-
creasc the grecnhouse effect by the
equivalent of 50 parts per million of
CO2 (Jones and Warrick, 1988). We
know that levels of greenhouse pas-
ses have increascd and we know that
this should causc the earth 10 warm
but bas the carth acteally become
warmer?

This question has proved surprising-
ly difficull to answer. [t is necessary
toseparate the short term variations
of the weather [rom the longer ierm
changes that we know as climate.
Typically, measurements show s0
much variation that any apparent
warming trend can be explained by
this natural variability and the trend
1s said to be "not statistically sig-
nificant". Recent syntheses of data
from the southern hemisphere (An-
gell, 1986; Karoly, 1987) show that
the lower atmosphere (troposphere)
has been warming, al least sincc
15964, rclative to the stratospherc.
Computer models of increased CO2
predict that the stratosphere should
cool slightly as the - troposphere
warms. Thus the atmospherc is be-
having as CO2 models predict, al-
though it still cannot be stated with
any certainty that this temperature
trend has resulted from an increase
in levels of greenhouse gasses and
1ol some other cause.

Fulure warming will obviously
depend on the rate at which green-
house gasses are released into the at-
mosphere, Projections of past trends
suggest a doubling of the pre-in-
dustrial CO2 concentrations by 2030
AD. Computer modelling predicts
that this will eventually warm the
earth by 1.6 °C to 4.9°C bui, due 10

TABLE 1

World food crops and percentage of world food production, listed
according to the biochemical pathways used during the process of

photosynthesis.

C3 crops will benefit considerably from

increased atmospheric €O, C&4 crops receive little benefit (see

text).
C3 CPOPS %

Wheat 17
Rice 15
Potato
Barley
Cassava
Sweat potate
Soyabean
Qats and Rye
Grapes
Bananas

Bret Sugar 1
Gther C3 13

PR L LS B un O D

Data from Warrick (1988),

C4 CROPS %
Maize 15
Sorghum 2
Cane sugar 2
Millet 1

Note that although C4 crops account for only 206% of werld food
praduction, they include species that are important in Zimbabwe.
Increased CO coupled with climatic change could cause the
advantage to shift to €3 species, encouraging, traditional

agricultural patterns to change.

heal absorption by the oceans, the
temperature at 2030 AD will be be-
tween 1.3°C and 3.1°C warmer
(Jones and Warrick, 1988).

Farming in the greenhouse

Crop vields are expected to respond
both to the direct effects of increas-
ing levels of atmospheric CO2 and to
changing climates. In most food
plants, biochemical reactions used in
photosynthesis are limited by the
availability of COz2, so higher con-
centrations directly increase the rate
at which carbon is fixed. These so
called C3 species comprise somc
eighty percent by weight of the
world’s total food production. Other
crops use the C4 photosynthetic path-
ways (Table 1) and do not benefit
fromincreased CO2 in the same way.
Increased COz causes the stomata
on the surface of all leaves to close a
little, thus reducing water loss during
transpiration. The direct effect of in-
crcased COz on agriculture are thus
beneficial and Warrick (1988) es-
limates that a doubling of atmos-
pheric COz would increase yields of
C3 crops by 109 to 50% and C4
crops by up to 10%.

The effects of climatic change are
more complex. Climatic warming
will be beneficial to arcas whose
growing season is short and con-
stitutes the major limit to arable
farming. Such marginal areas of the
Canadian Prairies and Russian Step-
pes may develop a more secure
agriculiural base but these ad-
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vaniages are likely to be offset by
changes in the distribution, amount
and reliability of rainfall, that may
not be predicted in advance.
Climatic warming will not necessari-
ly causc world agricultural belts 10
move, since there are a varicty of
ways that farmers can combat and
ameliorate the effects of changing
climate. By changing seed varietics,
planting times orirrigation practises,
traditional food crops may be grown
even where the climate has become
less advantageous.

Previous warm intervals

Why should we in Africa be so con-
cerncd about a global temperature
increasc of a few degrees centigrade?
The answer is that the interactions on
the earth’s surface arc complex; one
change leads to several others and
climatic warming could decrease ice
volumes, raise sea level and shift
global tain belts, with profound in-
fluences on man. In considering
whalt a warmer earih would be like, it
is instructive to examine what hap-
pened during former times when the
carth was warmer than now.

The geological record suggests that
there have been only two times
during and since the Pleistocene

“when the earth was warmer than it is

today;

1) The Climatic Optimum was the
most recent  and  occurred  al
around 5 ({}) years ago. It is believed
to have been warmer  because cer-
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fain  temperate plant  species
penetrated poleward of their present
ranges. Sea level is thought 1o have
been about the same as it is today.

2) The previous time was at the peak
of the last interglacial, some 125 000
years~ago. Most of the evidence on
land was erased during the sub-
sequent glaciation but it is clear that
sca level was some Sm to 7m higher
than now. It is inferred that this extra
water was supplied to the oceans by
the melting of ice. Various evidence
suggests that mean global tempera-
tures were then some 2°C warmer
than now.

Global temperatures and African
rainfall

The chronology of Pleistocene
climatic change in Africa has been
picced together largely from the
records of lake levels around the con-
tinent. Where a lake forms the end
point of an internal drainage basin,
its level is a sensitive measure of the
climate of its catchment. Former
lake levels show that the glacial max-
imum at 18 000 years before present
(18000 BP) was a very dry time in the
northern hemisphere tropics, which
became wetter at around 12 000 BP
(Street-Perrot et al, 1985). The
southern hemisphere tropics show
the opposite change, being compara-
tively wet during the glacial maxi-
mum and becoming dryer when the
northern hemisphere tropics became
wetter (Shaw and Cooke, 1936).
These changes can be explained by
movement of the equatorial rain belt,
rather than changes in its activity.
They suggest that the ITCZ was
caused to move southwards during
the fast glacial and northwards
during the present interglacial, the
period known as the Holocene.

The movement of the rain belt can be
explained in terms of the extent of
high Jatitude ice sheets in each hemi-
sphere, which affect the strength of
the atmospheric circulation (Har-
rison et al, 1984). During glacials,
when ice sheets advanced over north-
ern temperate regions, the extent of
southern hemisphere ice increased

latitudes in the southern hemisphere.
Ice over the Antarctic probably ad-
vanced a small distance to the edge of
the continental shelf (Fig. 3). In con-
trast, ice sheets developed over mil-
lions of square kilometres of the
northern hemisphere, increasing the
strength of the atmospheric circula-
tion and pushing the ITCZ south of
the equator,

During deglaciation, ice sheets over
Canada and Northwest
melted completely, causing the
equatorial rain belt to move
northwards. At the Climatic Qp-
timum the vegetation belts of north
east Africa lay some 4 north of their
current latitudes (Ritchie and
Haynes, 1987) and Savannah vegeta-
tion with big game penetrated north

Europe -

mto what is now the Sahara Desert
(Munson, 1981). If this is what we
can expect from climatic warming
then it is a bleak outlook for Zim-
babwe. If the mean positions of the
rain belts move further northwards,
then the frequency with which they
migrate southwards over Zimbabwe
during the southern summer will be
reduced, lowering our annual rain-
fall. Can weé cxpect this pattern 10
repeal itsclf and what will be the ef-
fect of further climatic warming on
the world’s ice sheets and hence on
the rainfall of Africa?

Remaining ice sheets
There are currently two places on

earth where climatic conditions are
still able to maintain ice sheets:
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Antarctica

very little. This was d].lC to there West Antareticn, shiowing ureas of exposed yock (solid black) and the con ill:ml:“l .\'|IE::T (Inln-g (lu.\:]:;:[llli‘::‘r]s{)‘;;:l:‘t:‘:;urrcnl
i i 3 { 1 iee shel re shown, with their sesward marging mmarked by hatcl Mg, Lee streains L -
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shelves are belicvesl o budtress theice shieet aver West Anlarclica such that their rentoval coukl canse this lee shecl o
collapse and melt (sce dext).
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Greenland and Antarctica. The
North Pole lies in an ocean, the
Arctic ocean, covered by a floaling
ice cap that is tens or hundreds of
metres thick. The high snowfall
areas of North America, Northwest
Europe and New Zealand are too
warm to support ice throughout the
year, except at high altitudes, where
valley glaciers form. Under condi-
tions of a cooler earth these places
become the nucleii of ice sheets,
under conditions of a warmer earth
these nucleii contract below their
present limits. Higher sea level
during the last interglacial, by about
Sm to 7m, implies that the world’s ice
sheets were then smaller by about
two million cubic kilometres. In as-
sessing the effects on the rainfall of
Alrica, il is vitally important whether
this ice was removed {rom the ice
sheets of Greenland or Antarctica or
both.

Antarctica in fact supports two ice
sheets, over East and West An-
tarctica, separated by the Transan-
tarctic Mountains (Fig. 3). The East
Antarcticice sheet lies on land that is
mainly above sea level. Ice moves
ouilwards towards the coasts, where it
either joins small ice shelves or cal-
ves directly into the sea as icebergs.
The ice over most of West Antarctica
is channelled via ice strcams into the
Ross and Ronne-Filchaer ice shel-
ves, where it begins to float. These
ice shelves are several hundred
metres thick and each covers an area
of sea roughly equivalent 1o the land
area of Zimbabwe. The ice moves
towards the open sea, passing over
numerous rocky protrusions beneath
the shelves, which slow down ice flow
from West Antarctica and buttress
the ice sheet.

These properties are believed to
make the West Antarcticice sheet in-
herenily unstable (Hughes, 1973). If
climatic warming were to cause the
calving front at the seaward margin
of the ice shelves 10 recede, the but-
tressing effect would be diminished.
Ice streams would channel ice more
rapidly into the Ross and Weddell
Seas, causing the ice sheet to thin.
More of it would then fleat, increas-
ing the rate of melting. Such a
process would probably lead to the

deglaciation of large areas of West
Antarctica, much of which lies well
below sea level. The North
American and NorthwestEuropean
ice sheets have already melted away
completely, could the West Antarctic
ice sheet be the next one to go?

Evidence from Africa

Unfortunately, the record of the last
interglacial has been largely
removed from high latitudes by the
erosive work of the succeeding
glaciation. The record from Africa
has been preserved in several places
but evidence is not always easy 1o in-
terpret or to date. Sediment cores
taken from the Nile Delta shows
comparatively wet conditions in the
Nile catchment at that time (Rossig-
nol-Strick, 1983), consistent with the
presence of large lakes in Southern
Libya (Gaven et al, 1981). This
evidence suggests a situation similar
Lo that at the Climatic Optimum, with
the ITCZ pushed north of its current
mean latitude.

South of the equator, particularly
high rainfall is indicated over the
caichment of the Upper Zambezi,
when it joined with the Middle Zam-
bezi to form a single river. The
Upper Zambezi previously formed
part of an internal drainage system
that ended in a lake in the Kalahari.
Record of the lake is preserved as al-
luvial and.lacustrine sediments that
underlic and extend beyond the

modern Okavango and Chobe
swamps and the Makgadikgadi Pans
(Fig. 4). Thejoining together or cap-
ture of its upper catchment by Lhe
Middle Zambezi is believed 1o have
occured at Katombora, upstream of
the Victorial Falls, and resulted in
severe degradation of the channel
downstream. Before this downcut-
ting began, the river left behind a
flood deposit which now forms the
Stoney Ridge at Mana (Nugent,
1988). This flood indicates that river
capture resulted not from headwards
erosion and backcultting of the Mid-
die Zambezi, but rather from over-
topping of Palaco-lake Greater
Makgadikgadi (Nugent, 158%).

Downcutting can be dated from
Stone Age artifacts found on terraces
that formed on the Middle Zambezi
as the river cut down to its modern
level. The Stone Age sequence
described by Bond and Clark (1954)
shows that degradation was occur-
ring as the first cultures of the Mid-
die Stone Age appeared in the Zam-
bezi Valley. Although the Middle
Stone Age is not well dated in the
African interior, the record from
caves on the South African coast
(Singerand Wymer, 1982) shows that
these cultures began to evolve during
the lowering of sea level that fol-
lowed the last interglacial. Early
Middie Stone Age cultures thus link
degradation of the Zambezi River
with lowering of sea level and strong-
ly suggest that river capture occurred
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Figure 4.

The drainage networks of the Zanbezi and Okavange Rivert and major tributaries and the extent of alluvial aod lucustrine
1 ciated with Pal: lake Greater Mnkg.-dljgndi (dotled aren). This former lake is unlikely 1o bave covered

the n:ullu ares of lacnstrine sediments at any ont time and the highest shorelines (a1 945m a.5.1.) enclose sbout half this ares.

The Jetter *K* marks the Katontbora raplds, belleved 1o have been the polnt where the palaco-take avertopped its margin,

spilling on to the basalt plateaw upstream of the Yiclorla Falls.
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at around the time of highest sea
level, at the peak of the interglacial.

Overtopping of Palaeo-lake Greater
Makgadikgadi into the Middle Zam-
bezi River system is believed to indi-
cate a period of high rainfall over the
lake’s catchment, in Eastern Angola
and Western Zambia. Overtopping
does not seem 1o have occurred
during any of the previous glacials
and interglacials of the Pleistocene,
To move the ITCZ from north of its
modern position to the catchment of
the Zambezi would have required
cither a northern polar cooling or a
southern polar warming. Since cap-
ture is believed to have coincided
with high sea level at the peak of the
interglacial, the latter cause seems
the more probable. The most ob-
vious candidate is the melting of the
West Antarctic ice sheet.

Implications for the future

Can we expect the future pattern of
climaticwarming to mimic that of the
past? One important difference is
that the events that led fo the
Climatic Optimum started at the
peak of the glacial maximum, at
around 18 000 BP. The movement of
the ITCZ was then determined by the
scquence of deglaciation in both
hemispheres. A global warming
starting now (or rather at the In-
dustrial Revolution) cannot be ex-
pected to reproduce this sequence.
Thus the fact that the ITCZ lay north
of its mear modern position at the
last interglacial and at the Climatic
Optimum does not mean that future
warming will Jead to this situation.

An aspect of future climatic change
that is perhaps more clear is the next
stage in the remaining process of
deglaciation. Evidence from the
Zambezi and consideration of the
unstable nature of the West An-
tarctic ice sheet suggest that as the
earthcontinues 1o become warmer, it
is this ice that will be the next to mell.
Predicted warmingof 1.3°C103.1°C,
associated witha doublingof CO2 by
2030 AD, suggests that the earth will
by then have achieved a temperature
regime similar 1o that of the last in-
terglacial. Melting of polar ice will
lag behind this atmospheric warming

36

and the rate of deglaciation will
depend on whether ice shelves
remain to buttress ice flow. If the ice
shelves were removed by rapid
iceberg calving, then the wholc ice
sheet would be able to surge, melting
or floating away relatively rapidly
(Stuiver et al, 1981).

The outloek for Zimbabwe
In the broadest terms, the very long

range weather forecast for Zim-
babwe seems to be quite promising,

On the assumplion thal the con- |

centration of atmospheric CO2 will
continue 10 increase and thal this will
continue 10 cause global warming,
the volume of world icc sheets will be
reduced. Theoretical considerations
ofice sheet stability and the record of
the last interglacial suggest that the
ice sheet over West Antarctica will
be hardest hit and may melt away
complelely.  The last interglacial
capiure of the Upper Zambezi River
suggests that this was the wettest time

in the catchment of the Upper Zam- .

bezi during the whole Pleistocene.
There is every reason to believe that
future climatic warming will cven-
tually recreate these condiiions.
Zimbabwean agriculture will be en-
couraged 1o change as the changing
environment favours high rainfall
and COz loving crops over the tradi-
tional C4 spccies.

Before we rush off to buy land in the
Kalahari, it would be wise to consider
some other implications of climatic
change. The wholec process of
deglaciation of West Antarctica will
probably be so slow that our children
and even our grandchildren are un-
likely to witness the effects. In the
mean time, the Southern African
climate may even become dryer, as
the equatorial rain belt is pushed fur-
ther north. Mankind is only now

_awakening to the possibility of global

climatic change. If and when change
occurs, disruption of agriculture and
sea level rise will be particularly
damaging (o the densely populated,
maritime nations of the developed
world and wmay thus help 1o
precipatate a new economic order. It
is encouraging thal we, or rather our
descendents in Central Southern
Alflrica, will live in one of the few

places on earth likely to benefit from
future climatic changes.
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Charting OQur Course

According to our lead article,
‘Climatic Change, ihe future for
Zimbabwe’ our decendanis in
Central Southern Africa, will live in
one of the few places on Earth likely
to benefit from future climatic
change. Much of the world’s popula-
tion, living in the maritime nations,
will not be so fortunate. It is thought
that increased carbon dioxide con-
centrations in the atmosphere, lead-
ing to global warming and extensive
melting of the ice sheets will raise the
level of the sea and flood these low
lying and densly populated lands.

Thereseems little doubt that climatic
changes will have an influence, even
in  Zimbabwe. The available
evidence sugpests that we are enler-
ing a period of dryer weather, result-
ing from northerly movements of the
equatorial rain belt, but that in the
more distant future increased rain-
fall can be expected. In combination
with eclevated levels of carbon
dioxide, such conditions favour crops
like wheat and rice, rather than
maize, our current staple food. Thus

EDITORIAL

a greater use of drought resistant
crops may become essential in the
near future, with more emphasis
being placed on crops like rice, forin-
stance, in the more distant future.

We, in Zimbabwe are becoming
more familiar witha changing world.
Our precious wildlife, fast dissap-
pearing, our precious land eroding
away, with the threat of acid rain on
our doorstep, and the AIDS
epidemic looming like a black cloud
in front of us.

And yet in almosl every case, man is
in a position to make "course correc-
tions" for the better - if he so chooses.

In charting the coursc which Zim-
babwe must take, it is essential that a
scientific approach must be taken,
and that practical use Is made of the
accumulated wealth of knowledge
that is currently available to us. By so
doing, it is possible for the nation as
a whole to make "course corections"
and adapt to make the best of new cir-
cumstances.

In a thought provoking view, written
by the editors of World Development
Forum, our Senior Citizens were
here before the pill, penicillin, and
plastic; before television, xerox and
ballpoint pens. Unless we, of today,
begin to make certain "course cor-
rections” the Senior Citizens of 2089
will find themselves in 2 much more
daunting and unfamiliar world. Will
they be the ones who were here
before the seas rose, before the head-
waters of the Nile became a trickle,
before the AIDS  epidemic
decimated cities on three continents.
Will they be the ones who could, in
past years, still see rhinos, ¢lephant
and cheetah in the wild and fresh-
water lakes teamed with life?

It is up to our scientists 1o chart a
course into the future, using the great
wealth of knowledge that is already
available 10 us, for the benefit of our
children and their children, after
thent.

PETER MORGAN

Bt bic. area il

What will the future bring for our children - and their childrea,
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