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TEMPERATURE CONDITIONS IN THE TROPICAL
HIGHLAND CLIMATES OF EAST AFRICA

JOAN M. KENWORTHY

East Africa owes its great contrasts in mnatural vegetation, its diversity of
crops and types of agriculture, to the wide range of altitude and resulting variation
in temperature conditions, as well as to variations in amount of rainfall from place
to place. The cool climate of the Kenya Highlands contributed largely to the
success of Buropean farming, besides being perhaps one of the most pleasant
climates in the world. The text-book description of tropical highland climates is
frequently so simplified as to suggest that increase in altitude has comparable
effects to increase in latitude. In Bast Africa, from sea-level to nearly 20,000
feet, one might expect to find a range of climates equivalent to those found from
the Equator to the Arctic or Antarctic: but the farmer or gardener soon becomes
aware of differences when he introduces European plants to the East African
highlands and finds that some will not grow well, or will not flower, in the light
and temperature conditions of the short tropical day. In fact, there is considerable
difference between ‘temperate’ high latitude climates, where the growing season
is limited by low winter temperatures, but compensated by long hours of daylight
in the summer months, and ‘temperate’ climates at high altitudes in the tropics,

where moisture availability (rainfall or irrigation), not temperature, determines

the growing season. The adjective ‘temperate’ is perhaps most appropriately
applied to the tropical highland climate with its small seasonal temperature range
(Bailey, 1960), but in such areas crops must be suited to a wide diurnal range of
temperature and fairly constant length of day. -

e

The classification of tropical highland climates.

“Tropical highland climates are poorly represented in most climatic classifi-
cations and are commonly over-simplified. The word ‘tropical’, from the Greek
tropikas - the solstice, has definite meaning in terms of the solar climate,
Between the tropics of Cancer and Capricorn, the climates of all areas, highland
and lowland, are tropical and experience the overhead mid-day sun during one
or two seasons of the year. Definitions of tropical climates in terms of the
atmospheric circulation automatically include all highland areas: e.g. between
the axes of the sub-tropical high pressure cells (Hare, 1953), or between the
boundaries between easterlies and westerlies in the middle troposphere of both
hemispheres (Richl, 1954). Highland areas are subject to the same major
circulation patterns and associated rainfall regimes as adjacent lowlands. Highland
areag are excluded however from any thermal definition of tropical climates. There
is frequently a tendency to imply that only the low-lying, and consequently
warmer, temperature zones can properly be described as ‘tropical’, the word
then implying ‘continuous warmth’. Recognition of temperature zones by name
is characteristic in long-settled areas of the tropics. The names used in Latin

* America — tierra caliente, tierra templadg and tierra fria — are familiar. Less
~well known but similar are those used in Ethiopia: kolla, woina dega, dega and

wirch, usually interpreted as ‘tropical’, ‘sub-tropical’ ‘temperate’ and ‘alpine’.
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Humboldt was the first to relate the vegetation of tropical mountains to
the vertical zonation of their climates although the limits to vegetation are clearly
complex and involve not temperature alone, but rainfall, hurpidity, wind,
evaporation, and soil and topographical conditions. Many comparisons between
the zonation of climate with altitude and with latitude arose from Humboldt’s
work, aithough he himself recognised the distinction between cold regions at high
altitudes and those of high latitudes (Troll, 1959). Koppen failed to recognize
a highland type peculiar to the tropics, but applied his temperature criteria
for the great latitudinal belts to the zonation of climate with altitude. In the
scheme as modified by Trewartha (1954) all highland climates are simply
designated by the letter H, although Trewartha distinguishes the characteristics
of -tropical highland climates in his text. Thornthwaite’s 1948 classfication' also
distinguishes temperature Zones and can indicate the absence of seasonal contrast
in thermal-efficiency by a fourth category, though this is not in fact used or
emphasized.  Unfortunately the basis for measuring thermal-efficiency is an
estimate of potential evapotranspiration that has been shown to be unsound in

tropical conditions (Dagg and Wawery, 1965).

Blumenstock (1958) gives a selection of isotherms used by various authors
to distinguish ‘tropical’ from ‘extra-tropical’ climates. Those using mean annual
temperature are: Koppen, 64.4°F (dry tropics), de Candolle and de Martonne,
68°F; Miller (1931), 70°F; Ravenstein, 73.4°F; and Thornthwaite, 74.7°F (derived
from the thermal efficiency formula). The following use the mean tcmperaturs
of the coldest month as a criterion: Koppen, 64.4°F (rainy tropics); Phillipson,
68°F; Gorzynski, 69.8°F; and von Wissman, 56.3°F (contributed by Troll to
to the discussion following Blumenstock, 1959). Blumenstock shows that when
mapped these isotherms have ‘a great latitudinal spread in some arcas, but, he
says, “the various isotherms would be closely spaced along the slopes of plateaus
and mountains, where the thermal gradient is steep, as along the edge of the
Brazilian plateau, along: the slopes of the mountains of the BEast Indies, and
along the slopes of the mountains of Equatoria]l Africa”.

Nevertheless, although closely spaced on a small-scale map, these isotherms
may range over a considerable altitude, which is of greater local significance.
The relationship of each value to the aititudinal temperature gradient in East
Africa is shown in Figures 1 and 2. Figure 1 shows actual values of mean
annual temperature for meteorological stations in Bast Africa?, plotted against
the altitude for each station, together with the regression line for mean annual
temperature (T, in °F) and altitude (h, in feet), or the lapse rate, calculated from
these values:

Tmean {annual) = 822 — 0.002%h

Figure 2 shows the mean temperature of the coldest month for the same

stations, again with the regression line indicated :
Tmean (coldest month) = 78.7 — 0.0028h

Tt is clear from both graphs that the critical values selected for distinguishing
‘tropical’ from ‘extra-tropical’ climates have considerable altitudinal spread.Their
diversity makes agreement, on a meaningful quantitative boundary, at least as
much a problem along the slopes of plateaus and mountains, as in the lowland
areas as indicated by Blumenstock. Furthermore both graphs, and Figure 2in
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Variation in mean annual temperature with height
above sea level in East Africa
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particular, emphasize that altitude itself, despite its frequent use as an. indicator
of climatic condifions, is not a good guide to detailed and perhaps critical qualities
of the climate. At any given altitude, the mean temperature of the coldest month

varies quite widely.

By excluding the cooler uplands, all such classifications of tropical climates
are misleading, whatever the criteria chosen. They fail to indicate the peculiar
characteristics of tropical climates at high altitudes. For these climates, C. Troll
(1959) uses the expression ‘thermal diurnal climate’, stressing the significance of
the diurnal range and the absence of a cold season. Thus night becomes the
winter of the tropics, so that instead of a Jahreszeitenklima (climate dominated by
seasonal rhythms) we find a Tageszeitenklima (climate dominated by diurnal
rhythms). At very high altitudes is found the Frostwechseltage, (daily freeze-
thaw) where frost may occur every night of the year. The distinctiveness of
tropical highiand climates is also emphasized by H. Walter (1958), who says that
(trans.) “there is no climate in the tropics, even in the mountains, that corresponds
to that of the temperate zone”.

Altitudingl gradients.

The broad temperature-altitude relationship, such that “if the height of a
location is known, its temperature may be calculated with a probable error of
only 2° Farenheit” (East African Meteorological Department, 1959), tends to limit
the demand for more detailed analyses of temperature conditions. R. W. Rayner
showed that, when temperature relationships of a crop disease have been deter-
mined experimentally, inadequate meteorological data, and hence over-reliance on
altitude as an indicator, make efficient warnings of the likelihood of disease

impossible.

Some regional contrasts in altitudinal gradient are well known. The most
rapid fall of temperature with height is found on coastal hills. Thus Amani, at
2,989 feet in the Usambara Mountains, has a mean annual] temperature of 69°F,
characteristic of conditions at 4,550 feet on the mean temperature-altitude
gradient shown on Figure 1. Regional differences quite well known to farmers are
found in the Kenya Highlands, where conditions at a given altitude in the West
Kenya Highands (west of the Rift Valley) are generally believed to be warmer
than at the same altitude in the East Kenya Highlands, where cloudiness and mist
are more prevalent.

Detailed analyses of these regional differences are not easy, because of the
limited range of available data, but are being carried out for future publication
using all data available up to 1965. A preliminary analysis using data available
up to 1956 illustrates some characteristics. Meteorological stations used for the
West Kenya Highlands range from 6,000 to 9,062 feet and in the Fast Kenya
Highands from 3.750 to 7.800 feet. Correlation between temperatures (T, in
°IF) and altitude (h, in feet) for each area gave the following results:

West Kenya Highlands East Kenya Highlands
Tmax. 1094 — 0.005h Tmax. 98.9 — 0.0038h
Tmean 84.8 — 0.0033h Tmean  £7.2 — 0.0038h

Tmin. 60.5 — 0.0017h Tmin, 75.6 — 0.003%h

e e g —

TN RIE




icator
alities
aonth

mates
culiar
Trol
ce of
s the
xd by
aurnal
regzes
55 of
i that
sonds

of a
or of
limit
ayner
deter-
ce on
isease

most
ni, at
69°F,
titude
5 are
West
armer
| mist

f the
:ation -
ilable
v the
{enya
T, in

2

above sea level in East Africa

Variation in mean temperature of coldest month with height

10,000 Slen @ |olo
= o (@D
Tropical / Extra-tropical 5|5 =3
. o<
boundaries : <18 > 3ie
90004 (as given by Blumenstock 1958 ) ) £ o =N
e (] = 0 |3
3 ~ 212
[+1] = =
3 y
° 2
8000+ Von Wissman 8000 ft ——— =
el
i
7000
*
*
6,000-
+ i
g 50004 leppen 5107 ft ——
w ! (Qainy tropics)
4000+
- Phillipson 3821 ft ————
3000 Gorzynski 3179 ft ———
2000
1000
Sci fevel . - . ' .
30 L0 50 60
Temperature °F

Figure 2.




EAST AFRICAN GEOGRAPHICAL REVIEW

In the East Kenya Highlands the lapse rates for maximum, mean and migimum
temperatures are almost parallel (see Fig. 3), but in the West Kenya Highlands
maximum temperatures fall off more rapidly with height, so that there is a
marked decrease in diurnal range with increasing altituded. Nevertheless only
the regressions of maximum temperature on altitude were significantly different.
The difference between those for minimum temperature was not significant.
Analysis using more stations may give improved results, but several characteristics
can be noted at this stage. The higher maximum temperatures characteristic of
the West Kenya Highlands at around 6,000 to 7,000 feet may be due to less
cloudiness and mist, and also to plateau heating effects, The scatter of minimum
temperatures particularly in the West Kenya Highlands suggests that local
topographical controls may be most important. Regional variation in dew-point
temperature must also be significant in controlling night minima. The regional
picture was not clear from the data at present analysed, although the general
relationship between dew-point temperature and altitude is known (Glover and
Kenworthy, 1957).

Diurnal temperature conditions.

Since variations in temperature from season to season are small, and from
year to year very slight, it has often been assumed that the effects of temperature
are of little significance In the tropics even at high altitudes, compared with the
severe limitations imposed by variations in rainfall amocunt and regime. Not
enough is known of the effect of particular temperature conditions on different
crops. The subject is complex and temperature conditions can seldom be
considered alone, the effects of temperature being strongly inter-related with other
factors of the environment. Plant physiologists often think in terms of optimum
emperatures, and of maximum and minimum temperatures that can be tolerated.
Climatic extremes are generally of more interest than averages. The number of
degree-hours or degree-days above certain minima may be significant. Minimum
temperatures may be a limiting factor for some crops, a necessary stimulant for
growth or flower production in others. Much more needs to be known about
crop rtequirements before climatic conditions can be properly analysed in these
respects. Specific studies have been relatively few, but no attempt will be made
to list them all; some examples will suffice to indicate the sort of problems
involved. : :

The general temperature relationships of coffee arabica are given by J.B.D.
Robinson (1964): temperatures should not exceed 88°F or fall below 50°F for
extended periods. Short periods up to 90°F or down to 45°F are not harmful,
but may affect cropping levels. The diurnal temperature range should not exceed
35°F or be less that 10-15°F for extended periods.

The yield of pyrethrum flowers in East Africa is inversely related to mean
maximum temperatures, and directly related to the number of hours spent by
the plant at or below 60°F, some three months earlier. It seems that the thermal
diurnal climate of tropical highlands is particularly advantageous since ‘“‘the slow
increase in cold throughout the season in the constant short-day of Kenya is
responsible for the slow increase in yield and the prolongation of the flowering
season” (Glover, 1955).
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TEMPERATURE CONDITIONS IN EAST AFRICA

Rate of change of mean annual temperature with height
above sea level in the Kenya Highlands
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Figure 3.

Plant diseases not directly caused by climate tend nevertheless to spread
more rapidly when marginal conditions prevail. For example, parallel sitreak in
sisal has been recorded as severe or moderate only when mean minimum
temperatures fall below 60°F during the July and August prior to an outbreak
later in the year (Pinkerton, 1965). Though not apparently caused by cold
conditions, symptoms of crinkle leaf and ‘hot and cold’, chleritic conditions in
coffee, appear mostly at high altitudes during cold periods.
















