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FOREWORD 

A successful research,development, or training program requires a 
knowledge of the extent of environmental representativeness of test 

sites and training areas. The Quartermaster Corps, at the request of 

the Corps of Engineers, Waterways Experiment Station, under a directive 
from the U. S0 Army General Staff, is developing a generalized compara¬ 

tive climatic picture of the wet tropics throughout the world by a 

series of tropical analog studies. The series parallels another al¬ 

ready completed which presented comparisons between Yuma, Arizona, 
and the various desert regions of the Northern Hemisphere. 

t’h® fifth report of the tropical series. It compares 
the Canal Zone climate with that of South Central Africa and 

Madagascar, and by so doing provides a climatic reference for 
military planners and test personnel. 
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ABSTRACT 

The climate of South Central Africa and Madagascar 10 côí^ar.-.^ with 

that of two localities in the Canal Zone: Balboa Heights, representing 
the o 1er, leeward. Pacific side of the Isthmus of Panama, and Cristobal, 

representing the wetter, windward, Atlantic side. Distribution of areas 

of analogy of pertinent climatic elements and combinations of these 

elements are shown on maps. The only area in South Central Africa that 

is analogous to either of the Canal Zone stations is the outer periphery 
of the Congo Basin t nortn of 7° S latitude and westward to the Atlantic 
Ocean; it is analogous to Balboa Heights,, This analogous area does not 

have as much rainfall as Cristobal, Some of the higher areas which are 
analogous to BaDboa Heights in precipitation are too cold for temperature 

analogy. The area of analogy for the mean temperature of the wannest 

month is much larger than the area of analogy for the mean temperature of 
the coldest month. The study area has greater mean daily ranges of 
temperature than the Canal Zone, An area in the most continental and 

equatorial part of the Congo Basin is not analogous because of too 
wany wet months. For mean c3oudiness of the wettest month and relative 

humidity of the driest month, analogy appears to exist between the 
Canal Zone and much of the study arsa, but not enough data are avail¬ 

able to draw firm conclusions. 

is 
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ANALOGS of CANAL ZONK CIJMATE IN SOUTH CEI'jTRAL AFRICA AND I-1ADAGASCAR 

3. Pumosfi and scope 

This roport is the fifth study of a series comparing the cliimte of 
Cristobal and Balho* Heights, Canal Zone, with other tropica] regions of 
the world. These two stations were selected to represent respectively 
the climates rf the Atlantic and Pacific portions of the Canal Zone. 
The environment - -1 Cri'tohal is desert.bed in a previous report (Wiley 
and others, 1955)- 

No attempt k.s beon made to provide a regional climatology of South 
Central Africa and Madagascar. Instead, the method has been to select 
certain dim'tic elements that are considered particularly significant 
and for each of these, to map the areas within the region considered 
closely analogous to either Balboa Heights or Cristobal. Some of the in¬ 
formation presented on these maps of single climatic elements has been 
consolidated into two composite maps, one for each of the two Canal Zone 
stations, showing areas where there is a coincidence of analogy for up to 
four elements. 

2‘ Delimitation and geography of South Central Africa and Madagascar 

South Central Africa comprises that part of the African 'continent 
from the Equator soutn to 26° 58' S latitude (near Vryburg, Union of South 
Africa )j including the island of Madagascar (Figure 2). All areas in south¬ 
ern Africa which have climatic conditions analogous to the Canal Zone 
stations are north of this latitude. 

a. Tonopraphv 

This area is made up of 16 regions and many transitional sub-regions. 
They are: the Cameroons-Gabon Plateau, the Western Coastal Lowland, Angola 
Platead,* Congo Basin, Rift Valley System, Central African Plateau, Kenya 
Highlands, Somali Plateau, Eastern African Plateau, Kalahari Desert, 
Gkovangc Basin, Veld, Southern Rhodesian Plateau, East Coastal Hills, and 
Mozambique lowland Plains. Also included are three regions on Madagascar: 
the Wentern Coastal Lowland, the Central Highland, and the Eastern Coastal 
Lowly nch v 

• ' t , 

Th^ Camoroons-Gabon Plateau in French Equatorial Africa, forms the 
northwestern boundary of the Congo Basin. This low plateau, the southern 
extension of a larger system to the north and west, contains broad valleys 
of streams such as the Ogowe and the N'Goume. The maximum elevation of 
this part of the plateau is about 4,500 feet, and mojt of the area is 
above 2,000 feet. 



The Western Coastal Lowland is a relatively narrow ™gionwith _ 

its greatest breadth to the north along the Ogowe and Congo ^er deltas. 

In tho nortl™ part, the lóala,d «tendn ln^ for n-rly «^«- 

All of this area is below 1,000 feet in elevation, with 

monadnocks in the north which are outliers and 
Plateau. The rivers, except for the Congo are relative^ shorty 

begin in the Angola or Cameroons-Gabon Plateaus. °f - 

is of low relief and without interruptions except in ^ ™^ton S 
the dissection of the Cameroons-Gabon Plateau is much greater than in 

the Angola Plateau. 

The Angola Plateau forms the southern and southwestern 

of the Congo Basin. It is a large region and welJ. 
north to the Congo, west to the Atlantic, and southeast to the Ckovang 

Basin. Elevations within the plateau are in excess °I 3,000 »1 
a nodal mountainous area of over 7.5™, feet near Nova Lisboa. These 

mountains, which lie in the central part of the rises 
elevation of 0,563 feet. On the Atlantic side.the Angola Plateau ri 

about 25 miles from the coast. The streams flowing to whe Atlantic are 

relatively swift; those flowing north to the Congo are broad and slow 

because they rise on a gradually rolling surface. 

The Congo Basin is the largest region in South Centra! Africa. It 

occupies most of the Belgian Congo and parts of ^f^cï^RiÎer^nd 
Rhodesia. The dominant feature in this region *3. 
its many north-flowing tributaries. To the west,the ^er has t 
deeply into the surrounding rocky rim of the basin. The eastern eage 

o/thï basin ends abruptly at the foot of the north-south trending 

carpment of the volcanic Central African Plateau. ^ the south, th 

Congo Basin ascends gradually to the height of the ^ral 
African and Angola Plateaus which separate the drainage throng 
and the Zambezi Rivers. Higher elevations occur in the southeast, 

north of Elizabethville in the Chine des Mitumba mountains, 5.000 
feet in elevation. Swamps,and poor drainage characterize thecenter 

of the basin, especially along the lower course of the Congo River. 

Twmft. Valiev System has three major segments: the Great Rift^ 
the Western Rift. gdthTÊastem Rift. The rifts are the most strik¬ 

ing relief features in South Central Africa. The Western and 
Rifts are wide, deep, steep-sided, and occupied by large water bodies. 

The Western Rift has lakes H&ward, Kivu, and Tanganyika within s 
hnundarv while the Great Rift contains Lake Nyasa and the Shire 

River ^hich flow south to the Zambezi River. The Eastern Rift is no 
asTsteep, has less relief, and is narrower than the other two rifts. 

Severalsmall lakes occupy its floor, including Eyasi, Natron, and 

Magodi. 

These rift valleys lie from 500 feet to more ttan ^ 
below the surroondlr.e mate of mountain topoeraphy. the laree blook 
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mountains of the Kenya Highlandsf the recent volcanic extrusions, and 
the few plateaus of Tanganyika. 

o 

The Central African Plateau lies east and north of the Angola 
Plateau and between the Eastern and Western Rifts. The most prominent 
feature of this high broad area of rolling surface is Lake Victoria. 
Almost all of this water body is south of the Equator between the 
Kenya Highlands and the Western Rift Valley. Gentle relief produces 
extensive swamps along several rivers and Lake Hangweula, and the 
shore line of shallow lake Victoria is constantly changing. 

The Kenya Highlands are bisected by the Eastern Ri.i b Valley. 
The major peaks in this region, Mt. Kilimanjaro (19,565 feet) and 
Mt. Kenya (17,040 feet), are the highest in Africa^ Surrounding 
these peaks are table-top mountains, which have elevations in ex¬ 
cess of 5,000 feet. 

Only the southern edge of the Somali Plateau is within this 
analog study area. It consists of low, rolling, semidesert terrain 
which gradually descends to the coast of the Indian Ocean fron an 
altitude of only 1,000 feet near the foothills of the Kenya Highlands. 

The Eastern African Plateau is a lower southerly continuation of the 
Kenya Highlands, 3»000 to 6,000 feet in elevation. Several mountainous 
uplands modify the hill and valley landscape. This region is along the 
eastern edge of the Great Rift Valley and is situated in the terri¬ 
tories of Tanganyika, Nyasaland, and Mozambique, The area along Lake 
Nyasa is extremely mountainous. 

The Kalahari Desert lies between the Veld and the Okovango Basin 
in the southwest portion of this analog study area. Most of this 
region is aridjand inclines southeastward toward the Veld. Eleva¬ 
tions in this region are between 2,500 ana 4,000 feet, and much of 
the area is poorly drained. 

The üKoya ngo Ba sin is an ill-defined^ shallow valley system at 
the headwaters of the Zambezi River. During the rainy season^ the 
region is^g^hdated by the tributaries of the Zambezi River. The 
rainfall ymries from year to year to such extent that the maximum 
amount ç|ï.finges markedly from year to year. 

In the extreme southern portion of the study area is locate.! the 
Veld, a plateau nearly al3 of which is above 4,000 feet in elevation. 
The plateau is almost flat for large stretches* and in other places it 
is rolling with low^flat-topped hills rising from the surface. The 
Veld drained mainly by the Limpopo and Olifants Rivers, 

The Southern Rhodesian Plateau, which occupies most of Southern 
Rhodesia, is drained by the Zambezi River in the north, and the 
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Limpopo River in the south. The Plateau* mostly above 4,000 feet, is 

a surface of low relief^ bordered on its eastern edge by a northwest- 
southeast trending highland which rises above 5,000 feet. 

The East Coastal Hills, north of the Mozambique Lowland Plains, 
lie behind & very narrow coastal lowland«. In the interior the land, 

mostly above 3#000 feet, is rugged like the Eastern African Plateau. 

The southern part of this region is highly dissected, and ex¬ 
panses of land at altitudes of 1,500 feet to 3.000 feet are inter¬ 
rupted by many individual mountains of over 5p000 feet. The region 
is drained to the Indian Ocean by the Rufiji, Ruvama, Rio Msalu, and 

the Rio LuriOo All of these rivers are relatively short. Their 

headwaters are in the Eastern African Plateau about 300 miles inland. 

Southeast of the Southern Rhodesian Plateau is the Mozambique 
Lowland Plain which extends inland approximately 300 miles along the 

Zambezi River and almost the same distance along the Limpopo River. 

Most of this region is included in Mozambique. In general, it is 

less than 500 feet in elevation, and has relatively poor drainage. 

A large part of the plain, especially along the coast, is composai 
of alluvial deposits from the two great rivers, the Zambezi and the 

Limpopo0 Many other smalJ.er rivers drain directly into the Indian 
Ocean. 

There are three main regions in Madagascar; the Eastern Coastal 
Lowland, the Central Highland, and the Western Coastal Lowland. The 

narrow Eastern Coastal Lowland, abutted abruptly in the west by steep 
highlands, is the smallest of the three major regions and the most 

homogeneous in physical composition. It is 750 miles long and less 

than 25 miles wide, and is fiat0 poorly drained, and sandy. 

The Central Highland is composed of many sub-regions on a 
crystalline platform, including the Tsaratanana Massif, the Ankaratra 
Highland, and the Vohimaint Highland. The average elevation of the 

highland is about 7j000 feet, and the highest mountain rises to more 

than 9p400 feet. The western slope is gentle in comparison with the 
steep drop to the east. The major interior cities are found in basins 
on the platform. The Ankara tra Highland in the middle of the island 
is the core area of this region. Falls and rapids mark the end of the 
Central Highland, and several rivers cross the alluvial lowlands on the 

western slope of the highland. In the northwest, the edge of the high¬ 
land is almost 100 mil$s from the coast. 

Ine Western Coastal Lowland is a broad region marked by low-lying 
mountains and hills, especially in the southwest,. In the north, the 

hills merge with an extensive broad lowland less than 600 feet in 
elevation. The extreme southwest portion of the island, in the lee 
of the southeast trade winds, is arid. ' 
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be Climate 

Á January low pressure area centered in the Kalahari Desert, and a 

July low centered ir the Libyan Desert and Nile Valley, in conjunction with 

the Southeast Trade Winds and the equatorial low pressure belt, produce the 

fo?lowing conditions which modify the climate of South Central Africa: 

(1) The intertropical front running east-west within the 
Congo Basin all year, though it is north of the study 

area part of the year; 

(2) Prevailing south-southwest winds on the west coast 

paralleling the cold Benguela Current: 

(3) Prevailing southeast winds along the east coast 
somewhat influenced by the Asian monsoons; 

(4) Invasion of hot^dry air from the north during the 

northern summere 

The intertropical front migrates north and south of the Equator 

annually, producing two wet seasons for some stations within this 

migration zone. 

The Benguela Current flows north along the South Atlantic Coast 
almost to the Equator^ The cool, foggy seacoast and the nearly rain¬ 

less desert of Southwest Africa are, in part, the result of the cold 

northward-flowing Benguela Current, The east-moving Guinea Current, 

with temperatures of over 80°F, brings excessive heat and humidity to 

the coast in the western equatorial portion of the study area. 

Local orographic rainfall is found in the Kenya Highlands and 

the seaward slopes of eastern Madagascar® The east coast of Africa, 

on the lee side of Madagascar, is drier, 

3« Climatic Summary of the Canal Zone 

Th0 Pacific portion of the Canal Zone, represented by Balboa 

Heights, has a moderately humid, tropical climate with a relatively 
dry season of four months (Fig« l)o The difference in mean monthly 
temperatures of the warmest and coldest months is only 2F°, and the 
range from the highest mean daily maximum (March and April. 90^) to 
the lowest mean daily minimum (February, 71°F) is only I9F . The mean 

annual temperature of 79°F is typical of equatorial areas. Precipita¬ 
tion, averaging 70 inches annually, is markedly seasonal. Two months, 

February and March, have less than 1 inch of rainfall, and 5 months 
have more than 8 inches. The dry season begins in December and ends 
in April. Rainfall during the remaining months is more than 7 inches; 
October and November both have more than 10 inches. Relative humidity 

is high from June through November. Cloudiness is at a maximum from 
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Figur© 1* Climatic Summary of 2 Cariai Zone stations 
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May through Novombor, coinciding with the wet season; sky coverage 

averages pbout 8 tenths at Balboa Heights at that season. Wind speedf 

however, is greatest during the dry season; winds average 9 to 10 mph 

at Balboa Heights from January through April, but only about 5 to 6 
mph in the other months. Southeastward toward the coast, there is a 

slight decrease in rainfall and an increase in temperature, as eleva¬ 

tion drops to sea level fron 118 feet at Balboa Heights. 

Th® Atlantic portion of the Canal Zone,, represented by Cristobal, 
has a wet-tropical climate (Fig. 1). The difference in mean temperatures 
of the warmest and coolest months is only 2F°, and the range from the 

highest mean daily maximum (April, May, June, September, and October, 

Có^F) to the lowest mean daily minimum (October and November, 75°^) is 
only HF°. The mean annual temperature of 81°F is typical of equatorial 

areas. Precipitation averages 130 inches a year, and the monthly 
distribution is uneven. Although no month can be considered completely 
dry, 2 months have less than 2 inches of rainfall, while 8 months have 

more than 11 inches. The "dry" season at Cristobal begins in January 

(3.4 inches) and ends in April (4.1 inches). During the remaining 

months, average rainfall ranges from nearly 12^to more than 22 inches 
in November. Mean relative humidity is high in all months; the lowest 

mean value, 77 percent, occurs in both February and March. Cloud cover 

is greatest in July, 8 tenths, and least in February,5*5 tenths. Mean 

wind speed is greatest in February and March (nearly 15 mph) and least 

in September (about 6 mph). 

4. Criteria and methods 

a. Climatic elements selected for study 

As in the previous studies of this series, temperature, precipitation, 

humidity, cloud cover, and wind speed were the climatic elements considered 
most important to military activities. It was assumed that test authori¬ 
ties are more interested in stress periods (e.g., hottest and wettest) 

and annual fluctuations than in the data for specific calendar months. 
Accordingly, the warmest, coldest, wettestf and driest months of the 
year at each station were selected for study. The following specific 
combinations of element and month were studied“ 

(1) Mean temperature of the wannest month 

(2) Mean daily maximum temperature of the wannest month 

(3) Mean temperature of the coldest month 

(4) Mean daily minimum temperature of the coldest month 
(5) Mean daily temperature range of the warmest month 
(6) Mean annual precipitation 
(7) Mean precipitation of the wettest month 
(8) Number of wet months 

(9) Relative humidity of the driest month 
(10) Mean cloud cover of the wettest month 
(11) Mean wind speed of the wettest month 
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b# "Analogous" and "semlanalo^ous" ranges defined 

Classes were established defining the ranges of values considered 
closely analogous to those for Balboa Heights and Cristobal, Fairly 

narrow limits of analogy were used to keep comparisons closely representa¬ 

tive of the two reference stations© Table I lists the classes of analogy 

and semianalogy selected for each element. For temperature » a departure 

of 4 degrees (except where a mean was taken for the two reference stations) 
from the mean at the Canal Zone station was allowed for each analogy class, 

and an additional 4 degrees for semianalogy. For precipitation, departures 
of 15 inches of mean annual rainfall were considered analogous to Balboa 
Heights and an additional I5 inches for semianalogy. The mean annual 
rainfall of 70 inches at Balboa Heights is somewhat below that normally 

considered humid equatorial for a locality with a dry season; therefore, 
in this study the limits of analogy were set at 55 to 85 inches, differen¬ 

tiating it from most evergreen rain forest areas, on the upper margin, 

and savanna areas, on the lower margin, Cristobal^which has a tropical 
evergreen rain forest.type of climate, has a mean annual rainfall of 

130 inches. Departures of 30 inches of mean annual rainfall were 

considered analogous to Cristobal and an additional 30 inches was 

considered semianalogous. Departures of 5 percent in mean relative 
humidity, 1 tenth in amount of cloudiness, and 2 mph in wind speed 

were selected as ranges of analogy for these respective elements. 

c0 Explanation of maps 

Values are shown for each statione with degree of analogy indicated 
by a symbolo Isopleths were drawn to show zones of close analogy, and 
these zones are shaded. Areas of semianalogy were not shaded but were 

indicated by placing the appropriate symbol on the map for stations 

having semianalogous conditions. From the separate maps showing analogous 
areas for each element, two composite maps were prepared (one for Balboa 
Heights and one for Cristobal) indicating regions where the following 

four single elements are analogous: mean temperature of the warmest 

month, mean temperature of the coldest month0 mean annual precipitation, 
and number of wet months, 

d° Limitations of data 

The procedures as outlined have certain definite limitations in a 
climatic comparison of this sort. Foremost among these is the necessity, 
often encountered in climatologyP of assuming climatic conditions in areas 

having few if any stations. A second limitation is that some elements, 
such as dew point, solar radiation, and visibility, which would have 

proved valuable as indicators of climatic analogy0 were not included in 

this study because of the limited amount of data available. For certain 

elements^the number of stations reporting does not provide a representative 
picture. Consequently, isopleths were not drawn for the following: mean 
relative humidity for the driest month, mean cloudiness for the wettest 
month, or mean wind speed for the wettest month. 
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Tho assumption has been made that Balboa Heights and Cristobal are 

representative of the Pacific and Atlantic portions of the Canal Zone. 

Data from some African Stations are not given in a form directly 

comparable to those from Balboa Heights and Cristobal. Where periods of 

record, hours of observation, or manner of observation differed, station 

records had to be interpolated in drawing the isopleths. 

Values outside the limits of analogy or semianalogy were not analyzed , 

nor were combinations of climatic elements ether than those involved in 

computing number of wet months. 

The method of recording temperatures varies from country to country. 

Mean temperatures are usually determined by averaging the daily maximum 
and minimum temperature; however, at some stations in South Central Africa 

the means are obtained by averaging bi-hourly temperature observations, as 

at Balboa Heights and Cristobal. Experience has shown that the difference 

between mean temperatures derived in those different ways is seldom more 

than IP0. Hours of observation of relative humidity, wind speed, and 

cloudiness vary widely throughout the study area. 

5. Analysis of single-element maps 

Individual maps showing analogous areas have been prepared for the 

climatic elements listed in paragraph 4a above, numbers 1 through 8. Maps 

of elements 9, 10, and 11 have been prepared showing only the values for 
individual stations, since the data were considered inadequate for delim¬ 

iting analogous areas. 

a. Mean Temperature. Warmest Month (Fig. 3) 

As indicated in Table I, the analogous range of the mean temperature 

for the warmest month for both Balboa Heights and Cristobal is from 77° to 

850F. Most of the South Central Africa analog area is analogous to this 8F° 
range. In this studyfthe highest mean temperature for the warmest month, 

88.2°F, is recorded in November at Feira, Mozambique. The lowest monthly 
mean temperature for the wannest month, 58«l0^» occurs at Equator, Kenya, 
located near the Equator at an altitude of 9»062 feet. 

One large area too cool for analogy with the Canal Zone stations 
extends from the south Atlantic coast almost to the Indian Ocean. This 

area includes the Angola Plateau, the higher portions oF the Central 
African Plateau, the Kenya Highlands, and most of the Eastern African Pla¬ 

teau. A second area too cool for analogy occupies most of the Southern 
Rhodesian Plateau, Only two areas are too hot for analogy with the Canal 
Zone stations: the Somali Plateau, and tho valley of the Zambezi River 
from Wankie, Southern Rhodesia, east to Chomba, Mozambique. Most of 
Madagascnr is analogous to the Canal Zone stations except for the higher 
areas of the Central Highland where it is t*.;o coo? , and a single lowland 

station that records a mean temperature too high for analogy. 



b. Mean Dally Maximum Temperature. Warmest Month (Figft 4) 

At Balboa Heights, the mean daily maximum temperature for the warmest 
month is 90°F0 whereas at Cristobal it is 86°Fo As ranges of analogy for 
the two stations are respectively 86° to 94°F and 82° to 90°F„ there is 
a range of complete analogy for both stations from 86° to 90°FD In 
South Central Africa 6 approximately three-fourths of the area is analo¬ 
gous to one or the other of the two Canal Zone stations* The highest 
mean daily maximum temperature for the warmest month is at Feira, 
Mozambique, with a temperature of 100o8°F for November, and the lowest 
is at Mt* Nuzaf Southern Rhodesia, with 65«4 r in January, 

In this region, analogy with Balboa Heights is closely associated 
with the lowland areas, river valleys, and gently rolling topography; 
analogy with Cristobal is associated with the higher elevations, 
mountains, and areas of greater relief0 Areas which are too cool for 
analogy are in the mountains, and the one large area too warm for 
analogy is located along the Zambezi River Valley from the Okovango 
Basin and Mongu, Northern Rhodesia, eastward to within approximately 
25 miles of the Indian Ocean, 

i 

c. Mean Temperature,, Coldest Month (Fig, 5) 

Analogy for both Balboa Heights and Cristobal is 75° to 83°F for 
the irjean temperature of the coldest month. For this 8F* range there 
is analogy in four main areas0 One area is along the Ogowe and 
N®Goutoe River deltas and valleys on the Atlantic roast in French 
Equatorial Africa, This area lies in the Western Coastal Lowland and 
along the lower slopes of the Cameroons-Gabon Plateau, The second and 
largest area of analogy is in the^ central portion of the Congo Basin. 
The higher elevations of the Central African Plateau are the southern 
boundary of the analogous area. To the east^this analogous area is 
bounded by the foothills of the Western Rift, The third large area 
of analogy is a narrow zone along the Indian Ocean south from 
Alessandra0 Kenya, almost to Ibo Island just off thb coast of northern 
Mozambiqueo The inland border of this analogous area varies consid¬ 
erably and because of the thin network of stations3 the boundary is al¬ 
most totally extrapolated from topography and an analysis of other 
elements. In Madagascar^ the northern half of the Western Lowland is 
analogous, A small area along the lower course of the Congo River 
and part of the valley of the Western Rift near Usumbura, Ruanda- 
Urundiç completes the analogous areas. The extremes in temperature 
shown on this map are from a low of 42,5°F in July at Belfast, Union 
of South Africa,, to a high of 79«8°F in July at Garissa, Kenya. 

do Mean Daily Minimum Temperature a Coldest Month (FlgQ 6) 
a 

The analogous range of the mean daily minimum temperature of the 
coldest month for Balboa Heights is from 6?° to 75°Fo and for Cristobal 

10 



the analogous temperatures are 71° to 79°^• Therefore, 71° to 75°^ is 

analogous to both stations. For Balboa Heights, the analogous areas are 

approximately the same as those shown on the previous map (Fig. 5)* 
northwest analogous area, along the Atlantic, is largely confined to the 

lowland delta and an additional area of analogy is shown to the south 
along the Western Coastal Lowland at 4° S latitude. The core area of 

analogy in the Congo Basin is smaller than on the previous map. The 

eastern analogous area bordering the Indian Ocean spreads southward 

only to Kilwa, Tanganyika. In Madagascar^the analogous area is narrow¬ 

er than that shown in Figure 5- 

There are only three stations analogous to Cristobal: Bolobo, Belgian 

Congo; Criumbo, Kenya; and Zanzibar on the island of Zanzibar; the latter 
has thfc highest temperature (72°F in August) of any station shown on the 

map. Vryburg, Union of South Africa, has the lowest mean minimum temper¬ 

ature, 30.7°F in July. 

e. Mean Daily Temperature Range, Warmest Month (Fig. 7) 

At Balboa Heights,the mean daily temperature range for the warmest 

month is 16F0, whereas it is 8F° at Cristobal, Temperatures within 4F° 

of these two means are considered closely analogous. The temperature 

ranges in the coastal lov/lands on both the Atlantic and Indian Oceans 
are almost totally analogous. However, in the interior highlands and 

plateaus the temperature ranges are too great for analogy. Parts of the 

Central African Plateau, from the northern half of Lake Tanganyika to 

northern Lake Victoria, are analogous with Balboa Heights. Cristobal 

analogy appears only in isolated areas near the coast. On Madagascar, 
the northern half of the Eastern Coastal Lowland has low enough ranges 

to qualify for analogy with Cristobal. The extremes of temperature 

ranges on the map are Lobito, Angola, with 8o4F° and Mongu, Solwezi, 

and Mumbwa, Northern Rhodesia, all having temperature ranges of 34.4F0. 

f. Mean Annual Precipitation (Fig,. 8) 

The range of analogy of mean annual precipitation is 55 85 
inches for Balboa Heights, and 100 to l60 inches for Cristobal. There 
are two areas in South Central Africa which are analogous to Cristobal; 
the island of Nossi Be near the northwest coast of Madagascar, and the 

eastern coast of Madagascar fron: the Bate d’Antongil south to Farafangana. 
In eastern Madagascar, Soanierana, with an annual mean rainfall of 191 

inches, is too wet for analogy. 

The Central Highland of Madagascar is one of the controlling factors 

in the rainfall regime of the island. It is an abrupt harrier to the 
moist southeast trades, and most of the moisture is deposited on Its 

windward slopes. There is a large area with precipitation analogous to 
Balboa Heights, covering the Cameroons-Gabon Plateau and the central 

portion of the Congo Basin. Along the Atlantic coast^the cold Benguela 

Current effectively limits excessive precipitation south of about 4° S 
latitude. Cne station south of this point, Mossamedes, Angola, has a 

11 



lower annual precipitation than any other station on the map, 2 inches. 

Air moving inland from the Guinea Current, which is warmer and moving 

from west to east, deposits up to 93 inches of rain annually on the 

heights of the C^jneroons-Gabon PlateauV The annual rainfall diminishes 
tr the south, except in the interior highlands, where there is another 

area of analogy to Balboa Heights« 

The southeast trade winds and the Asian monsoon influence the 

precipitation regime of the east coast of South Africa« Generally*the 
rainx^all decreases both to the south and to thi north of the Mozambique 

Channel, where a small coastal area and several interior highlands are 
analogous to Balboa Heights» A local situation probably causev' by the 

southeast winds moving over Lake Nyasa produces an analogous area in 

the western mountains of the Great Rift» Lake Victoria also is said to 
"make its own climate”, and this is demonstrated by the areas of analogy 
with Balboa Heights which are found around its coast«, Several other 

isolated mountain stations and the island of Zanzibar are the only other 

analogous areas« 

g« Mean Precipitation^ Wettest Month (FlgQ 9) 

Wettest month precipitation analogy with Balboa Heights is 8 to 14 

inches; with Cristobal, 15 to 29 inches0 Because of the seasonality of 
this elementc a greater part of the study area is analogous to Balboa 

Heights or Cristobal for mean monthly precipitation of the wettest 
month than for mean annual precipitation (Fig* 8)0 Cristobal analogy 

is found only in isolated areas associated with heights and plateaus 

near the coast or other water bodies; analogous areas include part of 

the Cameroons-Gabon Plateau on the Atlantic side south of the Equator, 

the northwest heights of the Great Rift on Lake Nyasa, and a northwest- 

southeast band across the northern tip of Madagascar» 

Most of the study area is analogous to Balboa Heights» However, 
three large areas too dry for analogy are enclosed by this analogous 

area» The analogy decreases to the south and disappears along the 
southwestern parts of Africa and Madagascar«, The greatest monthly 

rainfall* 23„4 inches in April, is at Lyamungu, Tanganyika, Mossamedes, 
Angola, has the driest month, 0»9 inches in April» 

h0 Number o. Wet Months (Fig» 10) 

The definition used in this series of analogs for "wet month" is 

based on the Thornthwaite formula (Thomthwaite,, 1931) in which higher 
temperatures must be associated with more precipitation in order for a 
month to be called humid» Mean monthly precipitation for any given 
me^n monthly temperature must be at least as high as the values indi¬ 

cated below in order to be called wet. 
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Mean monthly temperature (°F) Mean monthly precipitation (in9) 

95 2.88 
90 2*71 
85 2o5^ 
80 2.37 
75 2o20 
70 2o03 
68 1o96 

Wet months with mean monthly temperatures below 68°F are excluded from 
consideration as being nontropical0 

Basal on the above definition0 the areas of analogy for Balboa 
Heights and Cristobal are 8 to 10 wet months and 9 to 11 wet months 
respectively. In South Central Africa$ the greatest area of analogy is 
in the western part, and includes the Kasai River Basin. Three 
scattered areas on the Indian Ocean receive enough rainfall to be 
classified as analogous* On Madagascar, the interior of the Eastern 
Coastal Lowland and the windward slope of the Central Highland consti¬ 
tute areas of analogy0 

The deep interior of the Congo Basin receives too much rainfall 
during all months for analogy with Cristobal0 This is also true of the 
coastal segment of the Eastern Coastal Lowland of Madagascar which con¬ 
stantly receives precipitation from the moist southeast trade winds. 

i0 Relative Humidity,, Driest Month (Fig, ll) 

Mean relative humidities of 70 to 80 percent for Balboa Heights 
and 72 to 82 percent for Cristobal are considered analogous for the 
driest month. Isopleths for this map were not drawn because of the 
inconsistency of records for this climatic element. The eastern half 
of Africa and Madagascar are fairly well covered by the pattern of re¬ 
cording stations, but the variability in recording processes at these 
stations prevents exact comparison. It is obvious, however, that high 
humidities exist in approximately the name areas as high precipitation. 

Of the stations of record, the lowest mean relative humidity for the 
driest month appears in June and July at Nova Lisboa, Angola, with 3^ per¬ 
cent. Fort Hall, Kenya, Cabinda, Angola, and Port Francqui, Belgian 
Congo, have July mean humidities of 89 percent, the highest in the region. 

jo Mean Cloudiness. Wettest Month (Plru 12) 
JÊ5 isa 

At both Balboa Heights and Cristobal, the mean cloudiness for the 
wettest month (November) is 7«6 tenths sky coverage. This element is 
inadequately observed, and observed ty too many different methods at 
too many different hours of the day to be comparableo In general, 
the wettest areas tend to be the most cloudy, and the reported cloud 
amounts appear to be similar to those reported at Canal Zone stations. 

13 



k. Mean Wind Speed. Wettest Month (Fig. 13l 

At Balboa Heights,the mean wind speed for the wettest month is 5.8 

mph, and at Cristobal.it is 8 mph. Closely analogous areas would be 4 

to8 mph for Balboa Heights and 6 to 10 mph for Cristobal. With only 
21 stations reporting this element, it is not possible to draw a pattern 

of analogy. 

6, Analysis of composite maps (Figs. 14 and — 

Two maps, Figure 14 for Balboa Heights and Figure 15 for Cristobal, 

are presented to show the extent of composite analogy within the study 

srea with respect to the more important elements presented singly else¬ 

where. The elements for which areas of analogy are fully plotted on 

the composite maps are (l) the mean temperature of the wannest month, 

(2) the mean temperature of the coldest month, and (3) mean annual 
precipitation. Because of the importance of seasonality of precipitation 

in the tropics, areas which are analogous with respect to the number of 

wet months are also shown, but only where they occur within areas analo¬ 
gous with respect to the other three elements. This is done because 
full presentation of a fourth element would make the maps difficult to 

read. 

There are only two areas of complete analogy for the four criteria 

on either map and these are both on the Balboa Heights map. The first 
of these areas includes the highlands and plateaus of the Cameroons- 
Gabon system. The other composite area of analogy is in the western and 

southern portions of the Congo Basin. The central portion of the Congo 

Basin has too many wet months for analogy. There is also an area of 
three-criteria analogy along the northwest coast of Madagascar. On the 

composite analogous area map of Cristobal, only two of the four climatic 

parameters were found to be analogous. 

7. Tables of monthly values 

Tables II through IX show the monthly means of the climatic 

elements for 22 key stations for the 12 months as well as the annual 
means. These stations were selected for length of reliable record 
and representativeness. No key stations are shown for the Somali 

Plateau, the Kalahari Desert, the Okovango Basin, or the Angola Plateau, 
because these regions are nonanalogaas to most elements studied in this 
report. In each table^the mean values for Balboa Heights and Cristobal 
are shown for comparison- The tables reveal certain characteristics of 

climatic analogy which are not manifest in the maps. 
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TABLE II ï STATIONS DSHD LN TABLES OF MONTHLY VALUES 

Stations 
Period of Record (Yr) 

Elev. (ft) Lat. (S) Long. (E) Temg. Free. Other 

R4LB0Ä HEIGHTS 118 
(Canal Zone) 

Beira 
(Mozambique) 

Bosondongo 1>558 
(Belgian Congo) 

Brazzaville 951 
(French Eq# Africa) 

Broken Hill 3*750 
(Northern Rhodesia) 

CRISTOBAL 36 
(Canal Zone) 

Diego-Suarez 98 
(Madagascar) 

Entebbe 3 * 8^2 
(Uganda) 

Farafangana 10 
(Madagascar) 

Fort Johnston 1,263 
(Nyasaland) 

Gandajika 2,789 
(Belgian Congo) 

'Johannesburg 5 * 75U 
(Union of South 
Africa) 

Livingstone 3*090 
(Northern Rhodesia) 

Louren^o Marques 194 
(Mozambique) 

Luanda I5I 
(Angola) 

Lulenga 6,070 
(Belgian Congo) 

Mombasa 53 

8 58 

19°50 

0°39 

4°17 

14°28 

9°25 

12°17 
0 , 

0 05 

22°50 

14°31 

6C43 

26°11 

H 

N 

17°50 

25°58 

8°49 

1°24 

4°04 

79°35'W 

34051' 

23O02’ 

15°163 

28°27' 

79°52 'if 

49°17' 

32029' 

4?04?' 

35014' 

23°59' 

28°031 

12-34 22-38 II-34 

37 27 18-20 

10 10 * 

15 22 5-22 

14 27 5-6 

7-32 8-60 3-41 

27 27 2-4 

26 50 26 

27 27 5 

5 14 6-8 

9 10 # * 

15 47 5-6 

25°50 

32°36 

13013 

29°22 

39°42 

22 26 

31 31 

30 58 

10 10 

10 4? 

5-6 

27-32 

19-58 

5 

7 

Mptka 4,647 11°51 
(Northern Rhodesia) 0 

Nairobi 5.495 1 16 
(Kenya) 0 

Porto Amelia 197 13 06 
(Mozambique ) 

Salisbury 4,865 17°50 
(Southern Rhodesia) 0 

Sao Hill 6,500 8 20 
(Tanganyika) 

Tabora 4,151 5°02 
(Tanganyika) 0 

Tananarive 4t5H 18 55 
(Madagascar) 

31°27 

36°50 

40°32 

31°01 

35°12 

32°49 

47°33 

14 

15 

7 

22 

5 

15 

27 

31 

22 

6 

37 

12 

46 

26 

5 

1-13 

6 

10-14 

5 

14-15 

4-26 

“Period of record unknown 
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Stations 

BALBOA HEIGHTS 

Beira 

Bosondongo 

Brazzaville 

Broken Hill 

CRISTOBAL 

Diego-Suarez 

Entebbe 

Faraiangana 

Fort Johnston 

Gandajika 

Johannesburg 

Livingstone 

Lourenço Marques 

Luanda 

Lulenga 

Mombasa 

Mpika 

Nairobi 

Porto Amelia 

Salisbury 

Sao Hill 

Tabora 

Tananarive 70 

Feb Mar Apr May 

79 80 80 79 

81 80 78 73 

78 78 77 77 

79 80 80 79 

72 71 69 65 

80 81 82 81 

80 81 81 30 

72 72 71 71 

80 79 77 72 

78 79 ?6 72 

77 77 77 77 
«■ 

6? 65 60 55 

76 76 73 67 

79 7? 74 70 

78 80 79 76 

65 64 64- 64 

81 81 80 78 

70 69 68 65 

67 69 67 65 

81 80 79 77 

69 70 66 61 

64 63 62 60 

73 73 72 72 

70 69 67 63 

Jun Jul Auf Sep 

79 79 79 79 

71 68 70 74 

77 77 78 78 

74 72 74 78 

' 61 62 65 72 

81 81 81 81 

78 76 76 77 

70 69 69 70 

69 69 70 72 

68 69 70 77 

75 74 76 77 

49 49 54 60 

63 63 67 76 

66 66 67 70 

71 68 68 71 

64 64 64 64 

76 75 75 26 

61 60 63 70 

63 60 62 64 

75 74 74 76 

57 56 60 66 

57 55 57 60 

70 70 72 76 

59 58 59 63 

TABLE III: HE.4K MONTHLY TEMPERATURE (°F) 

Jan 

78 

81 

78 

79 

72 

80 

81 

72 

80 

80 

76 

69 

76 

78 

77 

64 

80 

69 

66 

81 

70 

64 

72 

Oct Nov 
•M» «WH» ! ■ ■ I 

78 ?8 

79 79 

78 78 

79 79 

78 77 

80 80 

78 80 

71 71 

75 78 

82 83 

77 76 

66 66 

82 80 

73 75 

74 7? 

64 63 

78 79 

74 74 

67 66 

78 80 

70 71 

63 64 

78 76 

67 '9 

Dec 

73 

80 

78 

78 

OT 
■ ^ 

80 

80 

71 

II 

79 

76 

78 

78 

70 

ei 

79 

71 

75 79 

81 

7? 73 

77 

64 

■°o 

70 

64 

73 

• Q 

76 

S -, 

76 

68 

77 00 

75 

6-4 

78 

66 

61 
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TABLE IV: KEAN DAILY MAXIMUM TEMPERATURE 

Stations 

BALBOA HEIGHTS 

Beira 

Bosondongo 

Brazzaville 

Broken Hil] 

CRISTOBAL 

Diogo-Suarez 

EntehV>e 

Farafangana 

Fort Johnston 

Gandajika 

Johannesburg 
am- 

Livingstone 

Lourenyo Marques 

Luanda 

Lulenga' 

Mombasa 

Kpika 

Nairobi 

Porto Amelia 

Salisbury 

Sao Hill 

Tabora 

Tananarive 

Jan Feb Mar Apr 

88 89 90 90 

89 89 8? 86 

8? 8? 88 87 

88 89 91 91 

79 80 79 78 

84 84 85 86 

88 89 88 88 

80 80 80 78 

88 88 87 83 

90 88 90 87 

86 8? 37 89 

80 78 75 72 

87 87 86 86 

86 87 85 83 

85 85 86 85 

74 75 74 75 

86 86 87 84 

76 77 77 75 

79 81 80 76 

87 87 07 86 

80 79 80 77 

72 73 72 70 

8?. 82 82 82 

79 78 ?8 ?6 

18 

May Jun Jul Aufl 

87 86 87 87 

82 79 77 79 

86 87 86 86 

88 84 82 85 

77 74 74 78 

86 86 85 85 

88 85 84 84 

78 77 77 77 

79 77 76 78 

84 81 81 85 

90 91 90 90 

66 6l 61 67 

82 78 79 83 

80 77 76 77 

83 78 74 74 

75 75 75 75 

82 80 79 79 

73 70 70 73 

74 73 71 71 

84 82 81 81 

74 71 71 75 

69 68 66 68 

82 82 83 84 

72 68 68 70 

(°F ) 

Sep 

86 

82 

87 

89 

84 

86 

84 

79 

81 

92 

89 

73 

92 

80 

76 

74 

81 

81 

77 

82 

82 

72 

88 

75 

Qct Nov 

85 85 

8? 87 

88 87 

89 88 

90 87 

86 84 

86 88 

80 80 

83 85 

96 93 

88 87 

78 78 

96 Q2 

82 83 

80 82 

73 73 

83 84 

85 84 

78 75 

85 86 

86 84 

75 75 

90 87 

80 81 

Dec 

87 

88 

66 

87 

81 

84 

90 

80 

87 

92 

86 

80 

88 

86 

83 

73 

85 

78 

75 

68 

82 

73 

82 

80 

Yr 

87 

84 

87 

88 

80 

85 

87 

79 

83 

88 

88 

72 

86 

8? 

81 

74 

83 

77 

76 

85 

78 

71 

84 

75 



TABLE V: MEAN DAILY MINIMUM TEMPERATURE (°F) 

Stations Jan Feb Mar Apr May Jup Jul Aug Seg Oct Lev Lee 

BALBOA HEIGHTS ?2 71 ?2 ?4 7^ 74 74 73 73 73 

Beira 74 75 74 71 65 6?. 61 62 65 71 72 73 

Bosondongo 69 68 69 68 68 68 68 69 69 69 69 69 

Brazzaville 69 70 70 70 69 65 62 64 68 69 69 69 

Broken Hill 64 65 64 59 54 49 49 53 59 66 6? 64 

CRISTOBAL 76 77 77 78 77 ?6 77 ?6 76 75 76 77 

Diego-Suarez 75 75 75 75 74 71 69 69 70 72 74 75 

Entebbe 63 64 64 64 64 63 62 6l 62 63 63 63 

Farafangana ?4 73 72 69 65 61 61 61 64 65 70 72 

Fort Johnston ?0 68 69 65 6l 56 57 55 63 67 73 69 

Ganda jika 66 67 67 65 64 59 59 62 65 66 65 65 

Johannesburg 57 56 54 49 43 38 37 41 47 53 55 5o 

Livingstone 66 66 65 60 53 47 47 50 60 68 68 66 

Lourenço Marques 71 71 69 65 60 56 55 57 6l 64 67 69 

Luanda 74 74 75 75 73 67 64 64 67 71 ' 3 74 

Lulenga 54 55 54 54 54 54 54 54 54 54 54 54 

Mombasa 74 75 76 75 73 72 70 70 71 73 ?4 75 

Mpika 62. 62 62 60 56 52 51 53 59 63 64 62 

Nairobi 53 53 56 57 56 53 51 52 52 55 56 54 

Porto Amelia 75 74 73 73 70 68 67 67 69 71 74 75 j 

Salisbury 59 59 58 54 4? 42 42 45 51 55 58 59 

Sao Kill 55 55 55 54 51 47 45 47 49 52 54 55 

Tabora 63 64 63 63 6l 59 58 60 64 66 66 64 

■ Tananarive 61 61 60 58 54 50 48 48 51 54 58 60 

Yr 

73 

69 

69 

68 

59 

76 

73 

62 

67 

64 

64 

49 

60 

64 

71 

54 

73 

59 

54 

T 

52 

52 

63 

55 

19 



TABLE VT: MEAN MONTHLY PRECIPITATION (inches) 

Stations 

BALBOA HEIGHTS 

Boira 

Bosondongo 

Brazzaville 

Broken Hill 

CRISTOBAL 

Diego-Suraez 

Entebbe 

Farafangana 

Fort Johnston 

Gandajika 

Johannesburg 

Livingstone 

Lourenço Marque: 

Luanda 

Lulenga 

Mombasa 

Mpika 

Nairobi 

Porto Amelia 

Salisbury 

Sao Hill 

Tabora 

Tananarive 

Jan Feb Mar 

1.0 0.6 0.7 

11.6 8.2 10.0 

4.7 5.7 6.8 

5.8 5.6 7.0 

7.7 7.3 4.2 

3.4 1.5 1.5 

9.6 9.5 7.8 

2.6 3*6 6.1 

10.7 15.8 15.7 

8.7 8.1 5.2 

6.4 4.1 7.3 

6.2 4.9 4.2 

7.0 5.3 4.7 

i 5.4 5.5 5.0 

1.0 1.4 3.0 

4.1 4.9 7-8 

1.1 0.6 2.6 

10.3 9.6 7.9 

1.6 2.1 5.0 

6.3 7.5 7.6 

7.4 6.4 4.5 

7 6 6.7 3.8 

4.9 5-1 6.8 

12.0 11.5 7.5 

Apr Hay 

2.9 8.0 

4.1 2.5 

6.7 5.2 

8.5 4.8 

0.5 0.2 

4.1 12.5 

2.1 0.3 

10.2 9.3 

10.4 8.7 

1.8 0.3 

7.8 1.2 

1.7 0.8 

0.9 0.3 

1.7 1.1 

4.6 0.5 

8.8 6.3 

7.5 12.5 

1.6 0.2 

7.7 5.5 

5.4 0.7 

3.0 0.5 

3.4 0.8 

5.2 1.2 

2.0 0.6 

Jun 

3.4 

1.4 

5.3 

0.3 

T 

13.9 

0.4 

4.9 

6.3 

0.1 

0.1 

0.2 

0.0 

0.5 

T 

4.2 

4.7 

T 

1.7 

0.2 

0.1 

0.1 

0.1 

0.3 

Jul 

7.3 

1.0 

3.3 

0.1 

T 

15.6 

0.2 

3.2 

8.8 

T 

0.3 

0.4 

T 

0.6 

0.0 

2.5 

3.8 

T 

0.6 

0.4 

T 

0.1 

0.0 

0.2 

Aug Se£ 

7.8 8.2 

1.0 0.8 

6.7 7.5 

0.2 1.3 

T T 

15.3 12.8 

0.3 0.3 

2.8 3.0 

5.3 4.8 

T 0.1 

0.9 4.3 

0.4 1.0 

T 0.1 

0.4 1.1 

T T 

4.8 8.1 

2.5 2.6 

T T 

1.1 1.0 

0.1 0.1 

0.1 0.3 

0.1 

T 

T 

0.3 

Oct Nov 

10.2 10.5 

1.5 5.2 

8.4 10.3 

5.8 8.0 

0.5 3-8 

15.8 22.3 

0.2 0.7 

3.9 5.1 

4.4 5*6 

3..2 2.0 

5.2 8.0 

2.5 4.9 

0.6 3.2 

2.0 3.1 

0.2 1,2 

7.6 7.4 

3.3 3.8 

0.3 3.3 

2.4 4-2 

0,6 0.5 

1.1 3-6 

0.4 2.5 

0,6 4.2 

0-.3 0.6 2.5 4.8 

Dec 

4.7 

10.1 

6.6 

6.5 

8.9 

11.7 

7.3 

4.6 

10.9 

6.3 

8.9 

5.4 

5.2 

4.7 

0.8 

5.4 

2.5 

9.8 

2.5 

4.3 

5-9 

7.5 

6.7 

11.4 

Yr 

70.3 

57.4 

77.2 

53.9 

33.2 

130.4 

38.7 

59-3 

107.4 

34.0 

54-5 

32.6 

27.4 

31.1 

12.7 

71.9 

47.5 

43.0 

35.4 

33.7 

30.0 

38.0 

35.1 

53-7 
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Stations 

BALBOA HEIGHTS 

Beira 

Bosondongo* 

Brazzaville 

Broken Hill 

CRISTOBAL 

Diego-Suarez 

Entebbe 

Faraf angaria* 

Fort Johnston* 

TABLE VII: WEAK CLOUDINESS (tenths of sky covered) 

Jan Feb Mar Apr May Jjjfl J]¿ áâS ãSR Ü2Z Ï£ 

4,8 4.8 5.0 6.3 7.6 8.0 7.6 7.7 7.7 7.7 7.6 6.3 6.8 

6.0 5.7 

6.0 6,0 

a.2 8.7 

5.5 4.4 

6.0 6,0 

7.2 6.1 

3.7 3.5 

5.7 4.2 

4,0 4.0 

3.7 3.6 

4.7 4.4 

2.8 2.6 

3.6 4.3 

4.9 5.7 

2.6 4.0 

5.7 6.0 4.6 

6.0 6.0 

7.3 8.2 

5.5 

5.5 

5.9 5.5 5.8 6.4 7.8 7.9 8.0 7.6 7.1 7.4 7.6 

8.0 7.8 7.5 5.5 5.0 5.5 5.0 5.3 4.5 5.0 5.8 

5.4 5.9 6.3 7.8 6.3 5.8 5.9 5.7 5.8 6.1 6.3 

6.8 7.'j 

6.5 6.0 

6.2 6.1 

Gandajika* 

J ohannesburg 

Livingstone 

Lourenço Marques 

Luanda 

5.9 6.1 

7.4 7.1 

6,1 5.6 

6.4 6.2 

5.2 3.0 

6.2 4.8 

5*6 îj'4,0 

6.8 7.1 

2.1 2.0 

3.4 2.6 

3.2 2.2 

5.5 5.0 

1.3 1.0 

1.6 1.2 

2.6 2.6 

5.5 6.0 

2.7 3.6 

2.2 4.0 

4,0 5.5 

5.9 6,2 

4.8 5.7 

6.8 7.6 

6.4 6.3 

6.5 6.6 

3.6 

4.6 

4.5 

6.1 

Lulenga* 

Mombasa 

Mpika 

Nairobi 

Porto Amelia 

Salisbury 

Gao Hill 

Tabora 

Tananarive 

4.7 4.3 4.1 4.8 

7.6 7.8 6.6 5.8 

4.1 4.1 5.1 6.3 

7.0 7.3 7.0 6.0 

7.1 6.6 5.4 3.6 

9.2 8.5 8.7 8.4 

7.3 7.4 7.4 7.3 

8.0 8.0 7.8 6.8 

6.5 5.5 5.7 5.6 

3.4 2.9 1.9 1.8 

6.5 6.4 6.3 6.6 

3.4 4.2 4.3 4.2 

3.2 1.7 1.4 1.6 

7.2 5.8 5.6 5.9 

6.1 4.2 2.8 3.4 

6.0 6.3 6.0 5.5 

5.1 4.3 

1.8 2.4 

5.8 6,5 

3.9 3.8 

1.5 2.1 

4.9 6.5 

4.4 5.9 

5.3 5.0 

4.1 

5.3 

7.1 

4.3 

5.1 

7.0 

4.9 

7.0 

5.9 

6.3 

6.2 

5.0 

4.5 

5-9 

5.1 

3.8 

8.1 7.1 

6.8 7.2 5.8 

6.5 8.0 6.6 

No data available 
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Stations 

BALBOA HEIGHTS 

Beira 

Bosondongo* 

Brazzaville 

Broken Hill 
» 

CRISTOBAL 

Diego-Suarez 

Entebbe 

Farafangana 

Fort JohnstcHi* 

Ganda jikal,, 

Johannesburg 

Livingstone 

Lourenço Marques 

Luanda 

Lulenga 

Mombasa 

Mpika 

Nairobi 

Porto Amelia 

Salisbury 

Sao Hill 

Tabora 

Tananarive 

* No data available 

r 

TABLE VIII; MEM RELATIVE HUMIDITY U) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

78 75 73 77 85 67 86 87 87 88 88 84 

74 74 77 76 77 77 78 76 76 72 73 ?*+ 

Yr 

83 

75 

83 

76 

78 

74 

76 

83 

81 

8Q 

7? 

83 

75 

80 

82 81 

?4 68 

77 79 

80 78 

79 82 

79 79 

82 

60 

83 

73 

83 

82 

ei 

58 

85 

69 

80 

77 

79 

56 

86 

68 

70 

78 

75 

86 

68 

80 

76 

73 

41 

85 

68 

79 

75 

78 

¿40 

85 

70 

75 

77 

82 

58 

86 

70 

77 

76 

83 

72 

82 

74 

79 

81 

80 

61 

82 

73 

79 

79 

72 ?6 

69 68 

75 75 

80 ?8 

81 80 

72 69 

80 82 

56 54 

77 77 

76 74 

83 80 

70 ?! 

72 60 

64 56 

7? 75 

80 83 

83 86 

71 75 

78 72 

61 68 

7? 75 

75 69 

84 82 

72 68 

78 80 75 77 

52 50 , 48 

50 50 50 

7¿* 72 72 

83 83 84 

85 82 81 

81 7? ?7 

64 62 58 

71 70 69 

69 66-65 

64 63 59 

79 70 72 

60 54 48 

76 76 75 

40 ¿<6 

43 36 

72 72 

86 83 

81 83 

77 75 

57 5¿+ 

68 61 

67 70 

53 4? 

72 62 

46 42 

50 63 

32 ¿t6 

73 74 

82 82 

86 84 

73 71 

49 58 

60 66 

69 70 

¿45 62 

58 66 

41 51 

72 68 66 67 

68 

63 

74 

82 

83 

73 

?4 

64 

72 

75 

76 

6? 

74 

58 

52 

74 

82 

03 

?4 

66 

64 

71 

('A 

74 

58 

74 
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Stations 

BALBOA HEIGHTS 

Beira 

Qosondongo* 

Brazzaville^ 

Broken Hill 

CRISTOBAL 

Diego-Suarez* 

Entebbe 

Farafangana* 

Fort Johnston* 

Gandajika* 

Johannesburg* 

Livingstone 

Lourenço Marques 

Luanda 

Lulenga* 

Mombasa 

Mpika 

Nairobi* 

Porto Amelia 

Salisbury 

Sao Hill* 

Tabora* 

Tananarive 

TABLE IX: MEAN WIND SPEED (mph) 

Jan Feb Mar Apr May Jun Jul Aug Se£ Oct Nov Dec 

8.8 10.1 10.3 8.3 6.1 5.4 5-9 5.9 5.6 6.3 5.8 6.4 

11.4 12.0 11.4 10.9 9.9 9.3 9.5 11.2 12.2 13-4 13-0 11.9 

4.4 4.5 5.5 7.9 7.8 7.9 6.6 7.6 7.4 7.4 5.4 4.7 

14.0 15.0 15.0 12.0 8.0 7.0 8.0 8.0 6.0 7.0 8.0 12.0 

Yr 

7.1 

11.3 

3.0 3.0 4.0 3.1 2.9 3.0 3.0 3.0 4.0 4.0 3.0 3.0 

4.3 5.4 4.9 4.6 4.1 3.8 3.8 4.2 4.5 5.2 5-0 4-2 

11.0 10.5 10.1 9.4 9.6 9.7 9-9 10.8 11.8 12.1 11.8 10.9 

6.3 7.3 6.8 6.5 6.2 6.0 5.6 5-8 6.2 7.9 8.1 7.0 

6.4 

10.0 

3.2 

2.6 2.4 2.7 5.0 3.0 3-4 2.9 3-3 3.8 3.1 3-4 3.4 

7.6 7.3 9.9 11.5 12.1 13.5 12.7 13.8 14.5 15.5 10.0 7.2 

2.2 2.1 1.7 3.0 3.6 5.2 6.2 6.3 4.5 3.5 3-9 3.1 

5.0 4.8 5.3 5.1 5.2 5.6 5-8 6.4 7.0 7.8 6.0 5.6 

4.5 

10.6 

6.6 

5.4 5.4 4.5 4.3 4.3 4. 5 4.7 5.1 5-1 4.7 4.5 4.5 

2.7 

11.3 

3.8 

5.8 

*No data available 
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