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Tre pap er discusses the three climatic elements o f winds, 

t empe r a ture and r a infall at t h r ee stations in Addis ~ ~ab a . 

The decada l, mon t hly and seascnal v Rriations of the se e l ements 

a t t he t hr ee sta ticns are examine d . Some te chniques of 

ti~e s eri es analysis have been employed to see so~e identifiable 

tr ends cf t he three climatic e l ement s over ti me . 
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CHAPTIf.: J 

I TEODUCTI O, 

1. TPE Pf-OLLE: 'I 

A. :1Umb er of autho r s , as will be d iscussed in the r.ex t 

chapter , have written on rai nfa ll, winds and t emperatur e 

at Addis :'Ibab a . Some of them , such a s Wood (1 979) and 

Gizaw Attlee(1965) have used long- t e T~ c lima tic da t a of 

74 and 37 years r espe ctively . The cor of their s t udy , 

however , probab l y with the excepti on Gf Gizaw Attl ee . was 

not to analyse the cli ma te o f Ad dis Ababa . In mos t cas e s , 

the writers i nc luded Addis Ababa in the ir s tudie s when in 

th e main their inten tion wa s to des cribe the c liIT a t e of Ethipia 

sinc e Addis Aba ba is one of the c l i..13 t ic s tations \vith 

adequate climatic data . 

Inspite of t he us e of lone t e r m r eco rds howeve r , these 

authors had rarely dealt wi th more t han one climatic e l ement. 

Mo reover, none of t he authors had trie d to exam i ne the va ria­

tio~s of these climatic elements OV8r time . With t he excep ­

tion of Suzuki (1 967) , who examined t h e da ily r ain fa ll p a tterns 

at Addis Ababa, the s ca l e of categorization by mo st authors 

has been on monthly or seasonal basis. Th is sca le of categori­

za tion is obviously no t useful for a Fri cultura l purposes 

where , In the case of r a infa ll, eve n five t o t en days o f ' ;dry' 

period can i mpa ir the growt h of crops , espec i ally a t an 

1 early stage . 
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Therefor e , such questions as which decades of e ach month 

are relatively dry or rainy a nd a t wh a t de cade of the first 

month of a rainy pe riod rain commenc e s have to be answered. 

Also the r e lative variability of r a infa ll a t the onset, advnce, 

retreat and end of th e rainy period, th e possible d rection 

of change which rainfall, temperature and winds could assume 

over time at Addis Ababa have not yet been studied. This 

study is an attempt to fill t h is gap by ar.a1ysing and explain­

ing the general pattern and variation of rainfall, temperature 

and winds at three stations in Addis Ababa. 

2. OEJECTIVES OF THE STUDY 

The specific objectives of this study are as follows. 

1. To find out if there is any identif rainfa ll, tempera-

ture and surfac wind speed trends a t the three stations 

in Addis Ababa over the years for which reliable data are 

availabl e by examir.ing the daily records for the three 

elements at th e three climatic stations of Bole, Ar a t Kilo 

(Geophysical abserva tory) and national Meteorological 

services Agency(A.A. Observatory). 

2. To find out the time of the onset , a dvance, retreat and 

cessation of rainfall at the thre e st a tions and the 

similarities or differences among th em . Thi, analysis 

will inturn lead to the identificati on of the time of 

the arrival, persist ence and r e treat of seasonal winds 

over the three stations in Addis Ab aba. 
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3 . To find out th e decadal . mon t h ly and s ea sna l r a inf all 

variability at t he thr ee climat ic s tations in Addis 

Ababa and th e ir similari ti es or diffe r ences. 

4 . To f ind out t he d iurnal surface wind patterns In each 

month and s easonal variation of surface wi nd speed and 

direction at Bol e and at A.A. ob serva tory , th e two sta tions 

for which wind speed da ta ar e ava ilable and t he similarities 

or differences between them. 

S. To find out the decadal, monthly and seasonal temperature 

patterns at the three stati ons and the similarities or 

differenc e s among them. 

3. JUSTIFICATION AND RATIONALE 

Since r a infed agricultural activities ar e highly affected 

by climatic conditions and Et h iopi a depends heavily on the 

agricultura l sector of th e economy, especia lly on rainfed 

agricultur e , a knowledge of the de gree of vulnerability of 

r a infed agriculture to th e effects of nclimatic" fluctuations" 

IS obviously essenti a l to plan agricultural deve lopme nt. 

The need for the preparation of fie lds in the rural areas 

jus t before th e ons e t of th e r ains, fo r examp l e , r equire s 

some prior knowledge ab out the st ar t of th e r ains . Farmers 

have to be sure that the rainy period ha s started before 

t hey sow their seeds . The probl em oft en encountered 

in other East African countri es i s t he fac t th a t r a infa ll 

variability is i n genera l high and becomes eve n more higher 

a t th e time of the onse t or c essa t ion of the rains. 2 Thus an 



- ~ -

occurrenc e of r a i nfal l may be followe by dry sp lls but 

th e f a r me r may be mis l ed in be l ieving th t the r a iny s ea son 

has s t a rted, I n o t her words, t he f r me r , s sumin g tha t the 

r a ins h a ve ~tart ed , may sow h i s s eed s while in reality t he 

rains have not yet s t a rted, at l east in adequa t e amoun ts to 

sta rt sowing . A high rainfa ll variability a t t he time of the 

cessation of the r a ins can a lso r e sult i n crop damage by 

distunbing the per iod of h a rvest. 

An under s t and ing of the rainfal l , t empe rature a nd wind 

variations and the ir tEends is necessa r y t o p lan and make 

the necessary adjustments not only in agricultura l activitie s 

but also in va rious spheres of life . The se include such simpl e 

dome stic activitie s as the washing and the spreading of cloth­

es and the more s oph isticated industria l a ct ivitie s like c ement 

production. 

This study will, therefore, contribut e t owards the plann­

ing o f agr icultural a ctivitie s a r ound Add i s Ab aba as we ll as 

other weather-depen dent economic activiti e s within the city . 

4. DATA SOURCE S 

For the pur pose of this study, da ily r a infall and 

temperature(ma ximum a nd minimum) dat a for a s many years of 

comp l e te r e c o r ed as a va ila ble we r e obta ined from the three 

c limat ic sta tions in Add is Ababa . The se are the Geophysical 

Ob s e rva tory at the Ar a t Kilo Scie nc e Faculty , t he Addis Ababa 

Observa tory of the National Me teorolo gic a l Services Agency 
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near the Bl ack Lion Hospit 1 a nd he Add i s Ababa Bo le Airport . 

Monthly da t a a t 0600, 1 200 and 1 800 hrs on winds peed a nd 

direc tio n could only be ob t a ined from t h e Add is Ababa 

Observatory a nd Add i s Ababa Bole Airport . The number f 

years o f rec o r d fo r each el e ment and a t each s tation on the 

data gathered for this study is shown i n Tab l e I 

Table I Number o f Years of Record For Each 

Element At EAch Esation 

Rainfall (rrun) Tem:eerature( OC ) Sur. Win. (at2 m) 

Station Time Tota l Time Tota l Ti me To t a l 
C No. of Coverage No. o f Coverage No . of overage 

yrs. yr s . yrs . 

Geophysica l 1957-1980 24 1 959 -1 980 22 
Observatory 

!\ . :'\. 
A.A Obser- 19 52-1 980 29 1 958 -1 980 23 1 95 1-198 0 30 
atory 

A. A . Bo l e 1 964-18 80 17 1964-1 98 0 17 1964-1980 17 

The wind speed data for Bole was r ecorde d at t he c ontro l 

tower of the a irport which is 1 0 meters abo ve the g r ound. The 

wind speed data at Add is Ababa Obs e rva t ory i s a t 2 meter •. 

The Bole wind s peed data was reduced to speeds at 2 meter s 

by using a correction fac tor o f 0 . 78 as s u gge ste d by J . S . G. 

Mc Cul l och. 3 

As c a n be seen in the t ab l e ( Tab l e I), the t o t a l number 

of years of record at the thre e s t at ions iR not the same . This 
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affects the compar ab ility of the three stations; a nd it is 

with this und ersta nding that the stations mus t be comp r ed . 

Data fro m other sources h a ve not been s e d in this study. 

For example, the t e mper a ture data(from 1901-11+1924+1929-30+ 

1937-40) , wind data (from 1937-38-39-4 0 ) a n d rainfall data 

(from 1900-194 0 ) recorded a t 9002 '00" Nand 38 045 '0 0 " E a t a 

height of 2450 m. above sea level(The ffi~ it er suspects this 

station to be at the Italian Embassy) summar ized by Fantoli 

(1965) were not used mainly because ( a ) the rainfall da t a 

given only on monthly basis doesn't allow treatme nt of t he data 

o n decadal basis . (b) the temporal -:~. gap (1 940-1 952 ) when the r e 

has not been any data a t the same station will still r ema in 

unknown and still give incomple te p icture . (c) the r e ha s not 

been any information as to how(i. e. r ecording inte rva l,he i ghts 

of instruments e tc.) these climatic ele ments were r e corded. 

(d) the National Me t e orolo g ical Servic e s Agenc y does not g ive 

these data as data of one of the sta tions in Add is Ababa 

perhaps due to reliability problems. 

There a r e tempera ture a nd r a infall records of different 

pe riods a nd different dura tion, mostly not e xceeding t e n 

years in Add is Ababa a t some schools such s Teferi Makonne n, 

Gen eral Wingate, St. Jo s eph a nd Me dh n eal ern documented a t the 

National Meteorological Service s Agency . These have not been 

used in this study because, among othe r things, data for seve ral 

months(4 to 6 months) are ofte~ mi ssing a nd there a r e no 
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reco r ds for a number of ye rs . The climutic r eoc r ds t t hese 

sta tio ns a r e i n g ene r a l incomple te, di scontinuous nd re 

of s hort periods. 

S . METHODOLOGY 

The da ily r a in fa ll amounts a nd t he da ily ma x i mum , minimum 

a nd me a n tempe r a tures for the three c l i matic sta tio n s gat he r ed 

f or the purpo se of this study we r e sU ffiffiur i zed by dec ade for 

eac h month. Fur the r a na lysis o f t he da t a we re the n made 
~ 

ba s ed o n thes e decada l va lues. Wind speed a nd d ire ction da t a 

mad e a va ilab l e a t Add is Ababa Ob serva t ory ~nd a t Bo le we r e only 

monthly r e cordings a t 0600, 1 200 a nd 1 800 hours. 

The wind s pee d dat a a t 0600, 1200 and 1 800 hours were 

a veraged to g e t t he monthly s peed o f sur gac e wind s. 

Da t a gathered o n s urface wind f r equ e nc i es from diff e r e nt 

d ire ct i o ns we r e t a llied, t abula t e d a nd the f r equency perc e ntage 

contributio n of each direction in a g lve n mont h was c a lcula t ed 

to draw the wind f l ow d i agr am which shows the re l a tive pr e va l-

enc e of surfa c e wind s comlng f ro m each d i r e c tio n a t t he 

d iffe r ent times of th e year. 

Th e f irst d e c a de of a month r efer s to da ys 1 to 10 , the seco n d 
t o 1 1 t o 20, a n d the t hir d dec ade to 21 to the l a st da y 
of the mon th . 
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A wind flow diagram is a n isop l e th diagr a m dr wn on a 

tabl e of percenta g e frequency of winds from each d ire ction 

a nd for each month a t a particula r sta tion . Gehrke (1944) 

studied the pa tt ern of wind flow a t Wash ington D. C. a nd found 

out that this meth od is pre f e r ab l e to othe r methods of study-

4 lng wind flow like wind ros e s. As Gehrke d id in the c a se of 

Washington D. C., the prevailing directions wer e written hori­

zonta lly and the months vertically. The percentage frequenci~ s 

were written i n the ir respective directions a nd months during 

which they occurred. Isolines were the n dra wn over the numbers 

a t interva ls convenient for drawing. Where a single direction 

preva ils by a high frequency, a wider int e rva lClO % in the 

case of this study) should be used to pr e ve nt the crowding of 

lines. The diagr a m is fina lized by sha d i ng va rious inte nsitie s 

a ccording to a sca l e of density to emphas ize the gradia tion 

value s . 

In a n a tte mpt a t showing possible ide ntifia ble trend 

varia tion over time of the three e l ements of t emper a ture , wind 

speed a nd rainfa ll, some of the va riou s t e chniques of time 

s e ries a n a lys e s like semi-a ve r a ge me t hods , running mea n 
5 

me thods a nd the l east squares me thod h a ve been a dopted. 

Th e semi-average method is a me thod wh e r e th e a vailable 

data is split into e qual parts a nd whe r e t h e figures in each 

h a lf are a veraged . The a ve r age s thu s o b t a i n ed a r e plotted at 

the c e nt e r of the ir r e spective periods a nd a straight line is 

drawn through t h e two points. The running meanCmoving a verage s) 
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method is a s e ries of succe s siv a ver es secur d f r om 

s e ries of fi gures by grou ping a numbe r o f fi gure s nd obta i n ­

ing the group a ve r a ge . Th e first fi gure in each group is 

dropped and the ne xt figure in the s e rles of fi gures lS 

include d to get the n e xt average. The l e s t squa r e s me thod 

may be sta ted a s 

y= a + bx 

where y r epr esents the var i ab l e i n question 

a r e presents the aver a ge i ntercept on the 

vertical axis 

1'\b r epr e s ents the r a t e of cha nge (increas e or 

decrea s e ) per x 

x r ep r e sents th e time e xpre ssed In years . 

The r a infa ll c oefficie nt approach a nd the ogive curve 

model have been employed whe n examining the seasona lity of 

r a infall a t Addis Ababa a nd e ach one of these me thods has 

r e vea l e d some patt e rns of r a infa11sea sonality a t varying l e ve ls 

of a ccuracy. 

The rainfa l l coeffici e nt approach ( R. C .) is a n a pproa ch 

whe r e the year i s d ivided into dry pe riods a nd r a iny period s 

by using r a infa ll coe fficient va lues obt i ned by dividing the 

The s t at istical significa nc e of the r a t e of cha nge wa s t es t ed 
by the us e of ~he s tudent t d istribution t e st . To do this 
the va rianc e (r ) , the corre l at ion of the va ria ble with time 
( R), the standard error of b(thc r a t of change) and t we r e 
c a lculated. 
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mean monthly r a infa l l by one - twelfth of th nnu 1 me n· 6 Onc e 

ths r a infa ll c oefficients a r e obtained the cla ss ifica tion 

~s made on the f Ollowing . 

Designation =-_i nf 11 coeffici nt 

Dry month l es s tha n 0 . 6 

Rainy mont h 0. 6 and ove r 
Smal l rain s 0 . 6 to 0 . 9 

Big rains 1.0 a nd over 

Moderat e c onc e ntration 1. 0 to 1. 9 

High conce ntpation 2.0 to 2 . 9 

Very high conce ntration 3 . 0 a nd a bove 

The ogive curve approach which i s supposed t o indica t e 

the onset, advance, r e trea t and cessation of r a infall,is 

constructe d in the followin g proce dure . a ) Ten day me ans ~f 

r a infa ll · were computed b) The percentage .. . f the mea n annual 

r a infa ll that occureed a t each ten-day interva l for every 

sta tion was dervied c) The computed percentages at ten-day 

interval were a c cumula ted d) The cumulative percentages a t 

ten-day interva ls were p lotted through the year e ) The time 

of onset of rainfall is identifies a t the f irst point of 

maximum curvature on the p lotted graph . f )Ad va nce of r a infa ll 

is es t ablished by the subsequent spe lls of heavy r a infall g ) 

The retreat of r a infa ll is derived from the s lope of the 

cumula tive percentage graph of t en - day r a infa ll, The perioQ 

of r a infall retreat coincides with the po i nt on the graph at 

which the r a te of increase of ~umulated annual rainfa ll 

7 decelerates. 
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Inorder to s ee the r e l a tive va riab ility o f r a i n f a ll, 

simple percenta ges and coeffici ent of va ria tions h a ve been us ed . 

Coefficient of variations a r e formul a t ed a s 

C.v . ( %) = rr x 100 
x 

Whe re C.V.(%) = coe fficie nt of va ria tion e xpre ss e d 
in pe rcent . 

~ = standard devia tion 

= mean x 

Since the variation of t e mpera ture s is not a s great a s 

rainfall, the use of simple arithme tic mean is employe d to 

reflect the reality . 



CHAPTER II 

Review of Related Lite r a ture 

1. GENERAL INTRO DUC TION 

Addis Ababa is located on the Shewan Pla t eau which is 

a physiographic region in the c entre of Ethiopia. The plateau 

is the least dissected physiographic region of th e country. 

The Abay(Blue Nile) River system, the Omo and the Awash river 

systems 'cut deep gorges on the northe rn, wester~ and southern 

sides of the plateau. The flat ~entral t able land of the 

plateau where Addis Ababa is located c a n be assumed to have 

a relatively more homogenous climatic condition than the rest 

of the highly disseceted parts of its e dges . 

The part of the Shewan Plateau where Addis Ababa ~s 

located ranges in h e ight from about 2,333 m. at Addis Ababa 

Bole Airport, the southern part of the city , to approximately 

2979m.
8 

on Entoto Mountains which form the northern boundary 

of the city.9 To the west of the city, Mt. Wachacha rises 

approximately to a height of 3,353 m; to the south are found 

a number of hills of smaller h e ights than Wachacha; and on 

the southeast Mt. Yerer rises to the h e i ght of Entoto. lO 

According to the information obta ined from the two 

stations, Addis Ababa Observatory ( 2408 m. above sea leve l) 

o ' is located almost at the c enter of the city, at 09 01 Nand 

38 0 44' E while the Geophysical Observatory (2442.5m) situated 

, 

Ayaldl
Rectangle
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on the northeastern part of t he city i s found r oughly 

at 0900 2 'N latitude and 38 0 45 ' E longitu 

Most writers on th e clima t e of Eth iop i ha ve included 

Addis Ab aba i n t he ir studi e s not only because of its centra l, 

and therefore r epr e s entative loc ation but also ma i nl y because 

Addis Ababa is one of the few station s wi th adequa t e climatic 

data in the country. However, no a uthor, as far a s lS kno wn 

to this writer , has studies the climat e of Addis Ababa a s such. 

What follows, therefore, is a summary of ava ilable liter a ture 

on the climate of Addis Ababa which a l so deal with other climatic 

stations in the other parts of the country . The r e view is 

limited to asmospheric circulation and winds in general a nd to 

what is written on the rainfall and t emper a ture conditions 

which are relevant to this study. 

2. ATMOSPHERIC CIRCULATION AND SEASONAL WINDS 

Seasonalities in the climate of Add is Ababa is mainly du e 

to the influence of the dry tropical a ir masse s coming from 

the northeast in the dry s eason and the mois t equatorial air 

streams from the southwest during the wet season. The Sudan 

and Arabian anti-cyclones in the north and th e cyclonic center 

in Central Africa in the south determine the pattern of air 

circulation over Addis Ababa Region i n t he period between October 

to May.IO In addition to the influence of the surface tropical 

air masses both from the south and north at a lternate seasons 

the cold temperate westerlie s joining t h e warm easterlie s f orm 
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the Ind i a n Oc e n a t h i ghe 

thunderstorms in the period 

5 -

l t it s prod ce l rreg l~r 

12 a rch to Me y . 

At the time of l~w sun ( winter ), the high p essure ce l l 

that overlies the Sudan has a l o ng eas t - west Xl S nd e xtends 

form about 27
0 

to 30 0 N. 1 3 The othe r high p r essur e ce ll is 

the Arabian anticyclons over CentrAl As i ~ nd wh ic h is N-S 

oriented a nd elong ted a s f a r sou t h a s Som lia in East Afr ic 

As Trewartj a ~md Kebede T to h~ ve put it , the a ir stream from 

the Sudan high pressure cell a t t he t ime of l ow sun h s h d 

a l and tra jectory a nd is , there fore, dry nd s t ab le . The - ir 

current which or i gina t e s from the Ar~b ian a n d Mi dd l e Ea st high 

pressure cell h as aga in ma inly a n overland pa th . 

Bec a use of the tXT ension of t he high pressur e ce ll south ­

wards up to Somalia in wipter , it h a s evidently a sea tr jec­

t ory of a short l e nght. Ne vertheles s , i t i s only the surfa ce 

a ir which c a n be moist wh il e the a ir ma ss a loft is dry, sub-

1 4 sident a nd sta ble . The dry subsident a l r streams mo ving 

southwards over Ethiop i a fro m the Sudan a nd t he a ir streams from 

the northeast a nd eas t orig ina ting from t heArabian a nd 

Sib e ria n Hi ghs creat e dry we a the r condit i ons over most o f the 

west e rn h a lf of the country a nd t he cent r a l p rts of th e 

country where Addi s Ab ba is l oc t ed. 

At the time of high s un( summe r), the h i gh pressur e c e l l 

o 0 be tween 27 a nd 30 wh i ch h d 2 long E-W ex ten sion a t the 

time of low s un a c c ording t o Tr ewarth , retrea ts po l ewords 

the Mediterr a nea n.
1 5 

The r eg ion between 20 0 a n d 22
0 

de ve lops 
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a n e xte nsive E-W or i e nted l ow pressur~ c 11 o v r the S h a r 

and the Sudan. 1 6 Th l a titud in 1 loc tion of the l o w pre ss r e 

c e nte r, accor d ing to Gizaw Attl ee (1 965 ) ppro che s Add i s 

o 
Abab a ( 9 N). Cons eque ntly a i ·r current s north of th e s e low 

pr e ssure cell s flo w in a nticyclonic direction ch r cte rized 

by subside nc e a nd dry weathe r. The ir stre ms th t come 

from the sou~h a r e warm a nd mo ist. The s e ir s tre ms acc ording 

to Trewartha, orig inate from the.South Atl ntic Ocean to pr oduc e 

the maximum amou nt o f r a infa ll over the r e gion . In add ition 

to the convergence a nd convective instab ility , the intensive 

hea ting of the high p l a t eaula nd whe r e A d i s Ababa is f o und is 

a nothe r c a us e of a s ignifica nt proportion of the ra infa l l .
17 

Int e rrupted by the periods of high sun a nd low sun a r e 

two tra nsitiona l periods ( Spring & Autumn) wh ich a r e c r eat ed 

by e ither the d e ve l opment of cyclonic c e ll s ove r the Sudan 

a n d Arab i a or by the progr es sive d isintegr a tion of the s e l o w 

pr e ssure c e lls. 

In Autumn, the low pre ssure cent e r e gradua lly we k e n 

with the southwa r d movement o f the sun n d a high press ure 

ce ll which according to Gizaw Attlee e xte nds a tongu e tow r d s 

the Ethiopia n high ground de ve lops in the pe riod October to 

Fe bruary.18 At this s a me tra nsition 1 period occasiona l cold 

burst from north t e mper at e l a titudes penet rate south nd 

pass o ve r the sub-trop ica l h i gh pr e s sur e belts and the ppe r 

parts a r e usua lly c rried a w y to the e st by the upper 

. 1 l' 1 9 wes t e rlie s be for e r eachlng the ow at ltu e s . Wh ne ver this 
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front cucceeds in r e ching the Ethio p i n Hi8hl nds, ccor 1ng 

to Kebede Ta to , it produces moder t e t e mpe r a t e r eg ion 

clima t e and b e come s a co l d f ront loft a ltho u gh its effects 

h 20 on t e surfa ce a r e not clearly marked . Th south e st a ir 

stream tha t orig ina t e s f r om t h e Ar abia n a nti-cyclone s , being 

warm and moist du e to its short s ea tr jectory yields usu lly 

scatte r ed a nd showery t ype of pr ecipit tion ove r Addis Ababa 

but ma inly ove r the Easte rn High l a nds . 

The sma ll r a i ny period ( spring ) ( Ma rch to May) coincides 

accor ding t o Griffiths ~ with a dimunition of the Ar ab i a n high 

a s it moves towa rds the Indian Oce n. 21 This then causes wa r m 

a n d mo ist a ir with a southerly compon ent to f low over the 

southe rn half of the countr y without ve r y much a ff e cting the 

rainfall a t Add i s Ababa . 

Generally, the prevailing a lr strea ms o ve r Ethiop i a in 

genera l and over Add is Ababa in part i cular Qd va nc e a nd r e treat 

seasonally fo llowing t h e seasonal shift of the ITC Z ; a nd the 

we t and dry periods are clos e l y linked to this shift of the 

ITCZ . But a ll r a infa ll occurre nc e s c a n ' t be e xplained only 

by the ITC Z . The r e a r e m n y othe r f ctors th t ff ec t the 

'we t' and ' d r y ' periods of a r g lon. Jackso n (1 968 ) s t at e s 

tha t on a da ily basis, e ve n when it is p oss i ble t o de t ct 

the I TCZ , on many occassions r inf 11 is not fo u n th r e , bu t 

a longway way. Othe r more loca l r e s of conve r genc e ,perh ps 
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a S~Q.iated with a t mospheric d i stur b nc e s r e r sponsib l or 

r a i nfalls t ha t oc c ur outside th ITCZ . 22 The s m thor in 

h is l a tte r work (1 97 7) s t a t e s t h t 

Re cognition o f the s i gnifica nc e of isturbanc e s in the 
de ve l opment o f deep c l ou d n d he vy r infa ll ove r ­
c ome s earlie r problems wh e n att e mpts we r e made to 
r e conci'l e t he a ssocia tion of cloud n d r in with 
gene r a l a r eas of conve r gen c e a n d a s c e nt in an 
int er-trop ica l conve r gen c e zon e CI TCZ ) ss ocia t ed 
with the equ a t oria l trough . Sat e llite phot ogr aph s 
show tha t only r a r e l y can r TCZs be i dentif i ed s 
long continuou s cloudy a r eas . Ar ea s o f cloud a nd 
r a in s h o w ve ry va ried structures -some t i mes linear , 
some times o va l or circu l a r. Clust e rs o f c l ouds 
s epar a t e d by l a r ge a r eas of r e I tive l y c l ear sk i e s 
occur CHolton e t a l 1 9 71). The move me n t of cloud 
a n d r a in a r ea s i s oft e n irregua lr n d clo uds a nd 
r a in sometime s a p pear to jump b e t vJeen l oc a tions 
without a ff ecting inte rvening a r eas nd o f ten run 
count e r t o s e a sona l t r en d s. Such irregul ar s pace ­
time va r i a tion d i d n o t suit earlie r conc e pt s of 
wide s pr e ad a scent. It wa s t h e persis t e nc e with 
a tt e mpt s t o mak e ob s e rve d fact s f it thes e concepts 
that r e t a r de d a d va nc e s in t h e subject . Ma ny years 
a go Th o mps on (1 95 7a ) po i n t ed out tha t a simp l e 
a ss ocia tion of r a infa ll with movement s o f t h e r TCZ 
h ad proved of no va l u e f or fore c a s t i n g . Oft e n t h e 
rTCZ c a nnot b e tra c e d a n d e ve n wh e n i t c n, r a i n -
f a ll is not a l wa y s a s socia t ed with it . 23 

Su zu k i' s d i s c ove r y of s o me per i ods of r e I tive ly low amoun t of 

r a infa ll int e rrupt ed by p e r i ods of high r i nf 11 within the 

ma in r a iny sea s on a n d t h e we t · spe ll s in the r y s e s o n a t 

Addis Ab a ba c a n't b e e xp l a ined by the mo ve me nt o f the rTCZ 

only but by other f a cto r s wh i ch could be loc 1 In n t ure . 

In addit i o n t o t h e mo vement of t h e rTCZ , s c 

in t h e pa tte r n of isohye t s in ny r i nf 11 m p of Et 

r e l ie f has a ve r y mar ked e f fec t on h e mount nd d is 
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of r a infa ll. More over, t he highlan s ro n A di s Ab b 

a r e a ligned to the a ir flow t o trigg r of in s t bility i n the 

a lr ma ss a n d to contribute to the incre se of rainf 11 o ve r 

the a r ea . 

3. WI ND SPEEDS OVER ADD I S ABABA 

Th e wind patterns at t he Airport a ccord ing to t he ir s pe e d 

a nd d ire ct i on wer e br i e fl y e xamined by Giza w At t l ee (1 965 ). 

He tried t o s ee the patterns a t four d iffe r e n t l e ve ls; a t the 

s urfa ce i. e . a t 1 0m . above the ground: t 30 48 m. (l O, OOOft) 

a bove mean sea l e ve l; a t 4 26 7 m.(140 00ft .) a nd a t 54 86 m. 

(1 800 0ft.) abo ve mean s ea l e ve l. 

In the period De c e mb e r to Februa r y, the surface wind s 

( a t 10m. a bove the ground ) were found to b l ow ma inly from the 

SE direction a t a speed of l e ss t han 2 . 6 m/sec . At 304 8 m. 

a bove sea l e ve l , the preva iling winds ur e e s t e rly wind s a t 

a s peed of 7.7 m/sec . t o 1 0 . 3 m/sec . Tho se winds blowing a t 

426 7 m. above s ea l e ve l a r e mainly NE or E winds a t ve locity 

r a n g ing f rom 5.2 m/sec . to 1 0 . 3m/s ec; wh e r ea s the e st rly 

wi nds b lowing a t a speed of 7 . 7 . m/sec to 1 0 . 3m/ s e c . pr e v il 

a t a h e ight of 5486 m. above m n se l e ve l . I n spr i ng (M rch 

t o May), the southe st a nd south winds t sp ed of l e ss th n 

2 . 6m/sec. a r e common a t the surf c e ( t 10m . bo ve h e groun ) . 

--- --- ~ 
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4 . SEASONAL I TY OF RAINF LL A D TEMPERATURE CO DITIO S 

Ac cord i ng to Kebede T to ( 1 96 4) the r lny se son ln th 

"Centra l Hi gh l a n ds " of Et h i o p i a , Shewa, We llo , Go jj m, Go nder 

a n d Northern Wellega , e xt ends f r om J un e t o September, pe r iod 

whe n 70 to 85% o f t he t ota l a nnual r a i nfa ll occurs . He s t t e s 

t hat ln the s e r e gions the "dr y " per i od i s f rom Octob e r to 

March a n d t he "sma ll r a i ny s ea s on" of spring is from April to 

May . 

Gizaw Attlee (1 965 ) has a ttempte d to a n a lys e t h e we ather 

and climatic cond itions of Add i s Ababa ln more de t a i l . Al though 
t he ba sis of his demarca tion is no t c l ear, he cla ss i f i e s 

t he peri od March t o Ma y a s a period of the " small ra i ns" o f 

s pring ; a n d with a n e xception of a short dry spel l in early 

J une , the ra in~ s eason ext e n ds from Jun e t o Sept ember . Ba s ed 

on 37 years of r a infa ll dat a a t Add i s Ababa h e wrot e t hat 

No ve mb e r is the drie s t month with a n a ve r age monthly r a inf 11 

of 1. 9mm . wh il e July a n d Augu s t a re the rainiest mo nths wi th 

month ly a ve r age s o f 258 and 260 mm . r es p e ctively . Th e ai ly 

ra infa ll o f the small r ainy ~ eriod is usua lly be tween 0 . 2 and 

0 . 9 mm . wh ereas da ily ra i nfa l l amounts r n g in g from 1 . 0 to 

9 . 9 mm . a r e common l n the ma i n r a lny se so n . 

Suzuk i(1 967) , us i ng da ily r a i nf 11 a t from 195 9 t o 1 965 , 

found the f o llowing pat tern of s eason 1 r ainf 11 d i strib tion 

i n Addis Ababa. 
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Rain Period I nd 
2n 2 de cade of M rch to the ec d 

of May . 

" " II 3rd 
2n d decade of M y to the ec e of 

Octobe r. 

" " III nd 2 d e cade of November to th 1
st 

dec de 
of December. 

The a bove show the l a c k of uniformity among the thre e 

authors in the ir schEme of classifica tion of rainfall periods 

a nd in the delimitation of the beginning n d the end of each 

perio d . The differences may be summarized a s follows . 

Table II Classification of the Year Different Authors 

I ! I • 

ISmc;ll Author 
iMaln Dry 
Rainy Season :Ralny Season Season 

Kebede Tato I Jun e - September April & May October- March 

Gizaw Atlleel June - Septe mb e r I March .- May October-
Februa ry 

I 

I , . 
1 ~"Hldeo -

I 
1 I Suzuki June - October I March - May January & , 
I February 

I 
I 

I 
I , Nov. & De c . 

, 

* The table shows a generalized form of s zu k i's fin d ings. 
He has identified a lot of short dr y spe lls in the r a iny 
periods a~d we t spells in the dry periods . 
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The disagrement a mong the stud i e s of the three a uthors 

might have originated e ithe r from the us e of dat a collected 

at different times with varying accuracy or from the us of 

d ifferent methods of treating or proce ssing the data . 

Gizaw Attlee(1965) has also att empt ed to a nalyse tempe rature 

conditions at Addis Ababa. He states tha t the average a nnual 

temperature of the city varies between 1 60 e a nd l Soe. The 

average annual temperature of the city as r e ported i n the 

works of Daniel Garnachu(1977) and Me sfin W/Mar i am (1 9 72) is 

16.3
0
e. When talking about the s easo na l 'patte rns of t e mpe rature , 

Gizaw Attlee says that the p eriod be fore t h e on set of the ma in 

ra1ny season(the months of April and May 1n particular ) is the 

warme st period of the year whil e th e pe r i od No ve mb er to December 

experiences the lowest t e mperatures of the y ear . The aver ag e 

monthly maX1mum t e mperature s a r e 24 0 e to 26 0 e wh e r eas the 

° average minimum monthly t e mpe r a tures r e S to 10 e . The 

author goes on to mention the occurre nc e of cole nights 1n 

December and in January with t emper a tures oOe to 20 e below ze ro. 



CHAPTER III 

SURFACE WINDS AT ADDIS ABABA 

1. GENERAL 

The understanding of the most pr e valent surface wi nds ~s 

important in that it gives a basi s for the selection of 

settlement sites, for windbreak and runway constructions, for 

orienting building s and for deciding the location of windows, 

etc .
24 

The speed component of the surface winds t ogether 

with frequency lead, to a better understanding and to a re­

latively more reliable decision-making i n many practical 

aspects of life . A general increase i n the morn ing and even ing 

wind speed means, an increased dynamic convection which mixe s 

up the various layers of air . The mixing proce s s in turn 

minimizes ground t emperature invers i on and the r isk of frost . 

As Geiger states states "the f armer is not afraid of frost 

when there is wind, but he is if the wind descends with the 

sun" 2 5 

This chapt er i s the analysis of the d i l y and seasona l 

variation in the direction and speed of the surface air flow 

at 2 meters e l e va tion at Bole and a t Addi s Ababa Obs r v tory 

in Addis Ababa . The speed of the surf CG winds g iven in knots 

in the origina l dat a has been converted into meters per secon 

(m/ sec. ) ~', 

1 Knot = 0 . 51 5 m/sec . 
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n ' e surface :i d sp ed obse r a t " on 

into th e followi ng pe tT T U i .gs . 

Speed ( Kn ots) 

< 1 

1. 0 - 3 . 9 
4 . 0 - 6 . 9 

7 . C - 10 , 9 

11. 0 -15 . 9 
16 . 0 -2 0 . 9 

w r th n 

Sp 

< n .5 

0 . 5 .r 
2 . 1 3 . 5 

3 .6 - 5 . 

5 . 7 - 8 . 1 

5.7 - 8 . 1 

ca up y" zed 

Surface wi nds f lowirp at a sreed of lese t han 0 . 5 m/ ~c . 

have been conside r ed as calms. 

2 . VARI.{I,TIOJJ~, I N SliRFACI V-' U l DI 

2 . 1. 

.!i~ , Tab l e III s r.ow s the lPonth1y pr ,vaiJin f s urfa ce wi n c1 

d irecti ons at Add is Abab a Olse r va ory a ~ 2t ,d i ' ab 

Bol e . If no dat a was mi si g th e t o 1 Tcc or~s 0 the 

p r evailing direc ti ons at t e P. el i Aba ba nt,s TV Cl or (TOI!' 

195 1-1980 ) wou ld be 1080 pliil th a t of .A . ;. 01 (fT 19 4 -1 

wou l d add up to 612 . Bu t th e ava i ab1 da t 8 " di a t cs 

th a t in t he pe ri od 195 1-1 980 a tot a l of 9 7 UT E ce WI d 

obs e rva tio ns we r e r ecorderl \.1 i1e t e,] t l1 tot 1 S ill' ce 

wi nd obse rva tions f r olP 196 4-1 9 0 add u t o 

) 

Ayaldl
Rectangle



The c alms a ll Occurr ed in the mornin g ho r s 0600h s) 

a t both station s. These calm cond i t i ons c o o - for 1 . 5% 0 

the tot a l r ecor ded a b s e vations at Add i s Abab Observ or , 

whereas a t Bo l e they c onst itut e on ly 2% of th e 585 r ecor e 

observations. The remaining 8 7. 5% ( 846) of t he s rface Wl 0 

obser vations recorded at Addis Ababa Observ tory d 8% of the 

recorded observations at Bo l e i nd i cat ed an air flow 

a t a s pe ed of 0 .5 m/sec . and above. 

Monthly Preva iling Surfa c e \Jind Dire ctions a t Addi 6 

Ababa Obse rva t or y & Bol e a t 0600 , 1200 1800 r6 . 

Sta tion Time 

,~-----------------------------
N NE S Sv.] 

0600 hrs 22 6 57 o 11 . 1 8 135 16 . 0 

A. A. 
16 03 4.4 42 . 2 8 . 1 0 . 7 5 . 9 22 . 2 100 . 

Obs <: rva -
348 41 . 1 16 1 70 36 84 16 1 200 hrs 16 t ory 9 1 

% 4. 6 4.6 48 . 9 10 . 3 24 . 1 4 . 6 2 . 6 0 . 3 100 . 0 

1 800 hrs 22 52 182 28 22 8 1 3 42 . 

6 1 2 2 3 . 0 10 . 5 100 . 0 % 6 • 1 1 4 • 3 50 . 1 7 . 7 • • 

Tot a l 60 74 409 64 11 7 25 28 9 84 

% 7.1 8.7 48 . 3 7 . 6 13. 8 3 . 0 3 . 3 8 . 2 ~~:~ ___ ___ _ 
- -- -================== ===============----------­

====================~ = ==----

0600 h rs 22 

A. 1\ 
% 12. 0 

1200rr s 0 
Dol e 

% 
1 800hr s 1 

% 0 .5 

'l' ot a l 23 

% 4 . 0 

13 71 2 1 1 

7 ~ 1 38 . 6 

o 88 

1 . 1 0 . 5 0 . 5 

36 37 25 

45 . 4 18 . 6 19 . 1 12 . 9 

o 117 34 5 

59 . 7 17 . 3 2 . 6 1 . 5 

13 276 72 

2 . 3 48 . 1 12 . 5 

3 

7 . 5 

29 

5. 

17 

4 . 7 

8 

8 . 2 

5 
8. 

47 

25 . 

o 

20 

0 . 2 

7 

1 

84 

00 

00 . 

00 

7 

00 . 

2 . 

. 8 

00 . 0 
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As c an b e seen fro m the t abl e (T ble III ) the e s t r 

northeaste rn a n d the we st ern surfa c e wind s show prog r s s ive 

increas e in their fr e que ncy towa r ds t h e e vening a t d is 

Ababa Observatory whe r eas a t Bole t h e incre s ingly nccurr ng 

surfa c e wind towards the e ve ning a r e the e s t erlies only . 

In the morning hours( a t 0600 h r s) t he northwesterlies , 

n ext to the easterlies are importa nt a t both s t tions wh ile 

a t midday (1200 hrs) the southeast a nd south winds beg i n to 

gain importa nce at the two sta tions. In t h e even i ngs, howe ve r , 

the two stations seem to differ from eac h other significantly . 

Othe r than the easterlies, the northeast, the nor thwes t , the 

southeast, the south and north surface winds a cco un t f o r a 

r e asonable proportion of the total s urfa c e wi nd occurr ences ~n 

the e vening at Addis Ababa Ob servator y . In the case of Bole , 

howe ver, n e xt to the e asterlie s, the southe s t , t he nor thwe st 

a nd the wes t a r e the most pr e va iling d ire ct ion s in the e vening 

hour s . 

The same t ab l e (Table III) show s tha t cert a in pr e v iling 

d ire ctions like the north, the north eas t n northwes t do not 

occur esp e cia lly a t midday a t Bole . The r e v 1 n c e of s urf c e 

a ir flow from limit Gd d ire c t ion s ove r Bole th n o ve r dd i s 

Ababa Obs e rvatory found in the mi dd l e of th c i ty , m y in ~c t 

the diverting e ff e c ts of the urban phys i c 1 s truc tures on the 

pre vailing surfa c e wind d ire ction s . None he less, h e st rl 

s urfa ce winds a r e the most promine n t wi ds t both st lon s 
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th rour~ ou t th e day ins pit t h varirus s r ue u cs 

( buildin r s ~ pi l lar s e tc.) that coul d rff ct h cl' y i o 

winds a t Addis Ababa Obser va t ory . 

2 . 2. Seasonal Sur fa ce Vfird Dl' r s 
. "--..;......;::...;;;...::...=....::...::..::.~ . ea . 1 

surface wind variaticns as s how _ 1 F ' r . 3 & 4 Dr ar d 0 

t]1(? ba sis of Ta r'l es IVano r indicate hi g simi l ay' i cs 

betwe en t he t wo s t a ti ons . 

~ t a t ion A. A. Obse rvat or y 

1' 2,b Ie IV Font h ly Surf ace Vhnd Freque nci es & r r ce t a c 

Of Fr eCl uencies of t )-} e j', ai Dir c i or..s 

-~ 

i'.1on t h N NE E Sf SW 11 a l 

J A T\UA RY 
4 Fr equen cy 4 5 46 11 4 1 0 2 11 

% 5 6 55 13 5 1 2 13 1 0 

rrr:PUAPY 
Frequen cy 3 4 49 8 2 1 0 4 12 , 3 

q. 
c 4 5 S9 10 2 1 0 5 14 10 

HJ\RCI-l 
Freq uency 1 6 56 3 1 0 0 2 11 8 

\ 1 8 70 4 1 0 3 1 1 1 

}\PP I L 
() 0 2 1 82 

Fr enuen cy 4 7 52 6 1 

% 5 9 63 7 1 0 2 2 ~ 

MAY 
5 1 0 9 2 

Freq ueJJcy 5 5 SO 3 

(; 6 61 6 1 1 
% 
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Table IV Continued 

t-1on th N NE E SE S Sv.1 W CALM Tota l 

JUNE 

Frequency 3 6 26 2 25 3 5 2 1 0 82 

% 4 7 32 2 30 4 6 2 1 2 99 

JULY 
Frequency 6 1 1 0 22 6 1 3 20 1 0 79 

% 8 1 1 0 28 8 1 6 2 5 13 100 

AUGUST 
Frequency 10 0 1 0 34 12 5 6 11 7 9 

% 13 0 1 0 43 1 5 6 8 14 100 

SEPTEMBER 
Frequency 10 3 25 11 1 8 0 0 5 7 79 

% 13 4 32 14 23 0 0 6 9 1 01 

OCTOBER 

Frequency 3 7 50 5 2 0 0 3 11 81 

% 4 9 62 6 2 0 0 4 14 101 

NOVEMBER 

Frequency 1 4 56 2 0 0 1 1 12 77 

% 1 5 73 3 0 0 8 1 00 

DECEMBER 

Frequency 2 5 53 5 0 0 0 1 0 79 

% 3 6 67 6 0 0 0 5 1 3 100 

Total 

Frequency 52 53 465 56 114 24 2 55 121 67 

% 5.4 5.5 48 .1 5. 8 11. 8 2 . 5 2 . 5 5 . 7 12 . 8 100 . 1 
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STATiON: A. A,OBSER ATORY 

5 0 2 

4 2 0 

0 0 3 

5 9 7 0 0 2 

6 6 0 

4 2 4 2 

S 0 

0 6 

4 0 

9 2 0 0 

3 

Fi9· 3. WIND FLOW DIAGRA 

N.8: Ttle F Igur. , Inside Indlcat. percentooe dl . trlbutl on. of Hen " ,...,alll 
,urfoce wind In eocll monttl 

·1 3·.·. : 

· . 
: 14 : '. 

• · . 

:1:: : · , . 
: 12 : : .. . 

· . · · . 
:11' : '. . , . 

· . 
: 12: '. 
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Station: A. A. Bol e 

Tabl e V Monthly Surface Wind Fre que nci s a n Per c e nt ge 

Fre que ncies of the Main Dire c t ions 

Month N NE E SE S SW VI W Calm 

JANUARY 

Frequency 1 1 35 12 1 a 0 1 a 
% 2. 0 2.0 69.0 24.0 2 . 0 0 . 0 0 .0 2 . 0 0 . 0 

FEBRUARY 

Frequency 2 1 34 11 2 a 0 1 0 

% 4.0 2. a 67.0 22.0 4 . 0 0.0 0 . 0 2 . 0 0 10 

MARCH 

Fre quency 0 2 34 1 2 1 0 0 2 0 

% 0 . 0 4. 0 67 . 0 24 . 0 2. 0 0 . 0 0 . 0 4 . 0 0 . 0 

APRIL 

Frequency 4 1 37 5 1 0 0 1 a 

% 8.0 2.0 75 .0 1 0 . 0 2 . 0 0 . 0 0 . 0 2 . 0 0 . 0 

MAY 

Frequency 7 2 21 5 2 1 1 3 3 

% 16 . 0 4; 0 47 . 0 11. 0 4 .2 2 . 0 2 . 0 7 . 0 7 . 0 

JUNE 

Frequency 2 0 5 0 12 7 8 1 a 

% 4.0 0.0 10. 0 0. 0 25 . 0 15 . 0 17 . 0 29 . 0 0 . 0 

JULY 

Frequency ' 0 0 0 0 3 9 1 1 0 

% 0.0 0.0 0.0 0 . 0 7 . 0 20 . 0 47 . 0 27 . 0 0 . 0 

Tot 1 

51 

1 01. 0 

51 

1 01. 0 

51 

1 01. a 

8 

99 . 0 

45 

10 0 . 0 

1 00 . 0 

1 00 . 0 

5 

1 01 . 0 
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Month NN NE E SE S SW C 1m 

AUGUST 

Frequency 0 1 0 1 7 9 19 1 0 
% 0 . 0 2 . 0 0.0 2 . 0. 1 4 . 0 18.0 38 . 0 8 . 0 0 . 0 

SEPTEMBER 
Frequency 2 1 14 6 14 2 2 8 2 

% 4 . 0 2 . 0 2 7. 0 12 . 0 27 . 0 4 . 0 4 . 0 16 . 0 . 0 
OC TOBER 

Frequency 1 ' 4 32. . 6 0 1 0 3 ] 
% 2 . 0 8.0 65 . 0 13.0 0 . 0 2 . 0 0 . 0 6 . 0 4.0 

NOVEMBER 

Frequency 3 0 33 8 0 0 0 3 2 
% 6 . 0 0 . 0 67.0 17.0 0 . 0 0 . 0 0 . 0 6 . 0 . 0 

DECEMBER 

Frequency 3 0 33 6 0 0 0 
% 6.0 0.0 69.0 13 . 0 0 . 0 0. 0 0 . 0 8 . 0 . 0 

Total 

Fre quency 24 13 275 72 42 29 51 5 11 
% 4.0 2.0 47 . 0 1 2 . 0 7.0 5 . 0 9 . 0 11. 0 . 0 

The eas t e rlies a r e the most preva l ent surf ce wind s bo h 

st~tions for most of the year . These s urf c e wind s p r ev il 

for ten months(Se ptember to June) t Ad i s Ab b Observ t o r y 

while a t Bole the ir preval enc e is limit d t o e i~ht months 

(October - May ) of the yea r . These winds ssume e hO g e 

monthly percentage contribution in ovember (7 %) l 

To 

50 

1 02 . 0 

51 

1 00 . 0 

9 

1 00 . 0 

9 

10 0 . 0 

48 

10 0 . 0 

585 

9 . 0 
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A.A. BOl 
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4 0 0 4 0 

2 0 0 2 0 

2 2 1 

0 

0 0 O· 

2 

4 

0 2 0 6 4 
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N.S : Ttl . FIQuru In Id. Indlc ote ~rc"t ; . dl. trl b"tlOft I of lOe" pr.."lIl n, 

. urfC • erlnd In .oe ll !fton.I\. 
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March (7r%) at Add is Ababa 0 s e r vatory (T , 1 IV) . 

occurrence of thes e winds a t Addi s Ab ba Obs rv tory shows 

: ·rogre ssive increase from J anua r y (55 %) to a r c (70) . 

Thereafter, it declines t o 63 % and 61% in April ard ~ a y 

r espec tively until it begins t o become l iliost cqu ll y 

important with the southerly surface winds i n th onth { 

June. In July and P,ugust, these winds do not a ea r a t 

Add is Ababa Observatory. It is i n Se ptem er that t hey 

reappea r and continue to assume promi nence till D c me r. 

The nex t important surface winds a t Addis Ab al a 0 servatory 

are those coming from the south which r evai l for a r elativ ly 

shorter period (June to September) . The s p 'nds acco unt for 

the highest proportion (43 %) of t he p r e vailing su r face wind s 

in August (Table IV). Th e southern surfa e wind s and the 

northwestern surface winds a r e also 1 port a t in July . 

I~ th e pe rio d June to Se ptembe r, a t Pol e , th sout, 

southwest and rorthwest surface winds be gin t o r e va il anJ 

acquire a h i ghe r rercentape contrib tiop f the s rfac winds 

occurrin g each Ilonth (Fi g . 4). Th e te po r al x t nt of t his 

group of winds is relatively short , hardly e c 

months (June to Aueust). 

As can be s een fro m the tab l e (T 1 I 

11 t hr 

) a t 

time of seasonal shift (June and 

Ababa Observatory ; and ay and ~ep t 

t ern e r in t c o 

e r I ) , th 

d i 
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pr eva l e nc e of one sin gl e direction IS r e uc d a. each 

dire ction cont ribut e s a r eas on able rerc t a c sh r . 

3 . VARIAT IONf H~ SURFACE ~ I ND PE DS 

3 .1. Nont h l y at 

06COL 1 2CO and 1800 Hours. As already s t at er! 1 t h r evi us 

pa ge s , a to t a l of 967 recorded sur fa ce win 0 se rva t ions a t 

Addis Aba ba Obse r va t ory and 585 at ol e w r e ana l ysed . Cut of 

th e 96 7 obse r va ticns at Addi s Abab a Obs e r vato r y . 121 ohs TV ti ons 

or 12.5 % were calms while a t Bo l e th e ca l ms account only fo r 11 

observa tions or 1 .9 % of t he 585 obs e rvati ons . 
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Table VI Tot a l Recorded Surf ace In o Tv a I ons 

at Addis Ababa Observatory and a t 01 

Station 
Calm Sl eds of Total 

Time (0 . 5 ml O . . m/ s c . o ser a ti o s 
sec . ) or above 

A.A Observatory 0600 hrs N 121 135 256 
% 47 .3 57 . 7 100 

1200 hrs N 348 34 8 
% 100 100 

1800 hrs N 363 363 

% 100 100 

Tot al N 121 846 967 
g. 12 c 87 c 100 

. == = === = ==== = = == === == ====== = =~== -=~~===== === ~~======== =-= -==== 

A. . A. Bole 

Total 

0600 hrs N 11 

% 5 . 6 

1200 hrs N 

1800 hrs N 

% 

N 
o 
il 

11 

1.9 

184 

94 . 4 

19 4 

100 

196 

100 

574 

98 .1 

As shown In Tab: e VI , all t he ca lms OC CUTre In th 

195 

1 0 

194 

1 

196 

1 

morning hours at both stations. The calm a t ddi s ab 

Observa t ory constitute a reasonably hi gh proport i on 

of the morning recorded surfa ce wind 0 serva ti o s t h 

. 3 ) 

01 

(5.6 %) ; indicating a lower surfac wi nd sp 1 th orning 

hours at Add i s Ababa Observa t or y . Th mid da and e 
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records , howe ver, revea l an abse ce 0 

bo t h st a t ions . 

a l o o s 

As indi ca te d I n Tab l e VII , which s how t v ri ~ i 

t he Donth ly wind sp eeds above 0 . 5 m/ sec . a t difF 'n t ti . 

of the day e t here i s no incidence of surface ~ i d flo w' g 

at or greater t han 5.7 m/ sec in th e morni ng hou r s t . ddi 

Aha ba otservatory wh il e at Po l e 8 .1 % of t~e ornirg : ind 

f l ow a t speeds of 5.7 m/ sec or highe r. PI t ou ~ ca l~ 

1 

( 0 . 5 m/ sec) a'l-:·} occurred in t h e mo r ni ng r: our at t 

st a tions , t he proportion of t he calm a servati n t .ole s 

muc h sJ1"alle r th an a t Addis Abab a Observatoryefa 1 ) . Th 

morning hours a r e , t here fore, more windy at ole h n a t . ddi s 

Abab a Ors ervatory . 
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Ta t le VI I Diurna l Di s tribu t ion of uur ae 

(exc lu ding calm s ) 
vi 

-----------~--~~----------~--S P -' E D S 
Station Time 

_______ ~------__ --_6_.5-2 .0 2 . 1 - 3.5 3.6-5 .6 5 . 7- . 1 8 . 2-10 . T a l 

fl . A . 

Observator y0600 trs 

% 

1200 1,rs 

% 

1800 r r s 

Total 

80 

59 . 3 

147 

42.2 

158 

4 3 .5 

385 

45 . 5 

15 

11.1 

11 4 

3 2 . 8 

115 

31. 7 

244 

28 .8 

40 

29 .6 

82 

23 .6 

85 

23 . 4 

207 

24.5 

o 

5 

1. 4 

5 

L a 

10 

1 . 2 

o 

o 

13 5 

10 

3 

1 C 

3 3 

100 

10 
~-------------~---~----------------------------------------

A. A. Bole 0600 hr s 
'< o 

1200 br s 
o o 

1800 }' r s 
o 
(: 

9 

4 . 9 

1 

0. 5 

1 

0.5 

137 

74 . 5 

19 

9 . 8 

24 

12 .2 

23 

1 2 . 5 

9 

9 . 5 

10 1 

51. 5 

12 

6 . 5 

-6 

18 . 

3 

21 . 9 

21.6 

1 

1 

10 

19 

1 

19 

1 

--------- -- ---~----------------~~--------~----
Total 

Table 

winds blow 

at n; idday 

abov e 0 . 5 

VI I also 

at higter 

and I n the 

m/ sec blow 

11 

1. 9 

s hows t ha t 

sp eed s a t 

eveni ng . 

a t spe eds 

Add i s Ababa Ob s ervatory, t hi s 

180 

31. 4 

not only 

p,ol e t a 

At 0 1 

of 5 . 7 

pro ort i o 

220 

38 . 3 

is ) 

t 

2 

/ c . 

]. 0 

91 

15 . 

or "'1 

dd- a 

a h 

1 ] . 2 

\,' 

2 

12 . 5 

u 

il 

r 

5 

o 

1 

d 
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u ae \./ d 

a t s E' 

In ot he r wo rds, about 98 . 8% of th e da il 

occurrenc e s of 0.5 m/ s ec . cr ab ove b lo 

5.7 m/sec. at Addi s Ababa Observator 'd ,Yea s o 

proportion is 71.6\. 

Tab l e VIII shows th e diurnal var i a ti on 1 wir.d 5 

i nc ludi r g calms at t he two s tations . 

0" 

Table r Ill Surfa ce Wind Speeds a t Or crva t or )' 
f'. • A. Bol e ( inc luding ca ms) 

--
S U R F J\ C E /I,~' I N D S P E E D (m/ c) 

Sta ti on Calm 

11 

d ) 

(1 

< 0. 5 0 . 5- 2 . 0 2 . 1-3.5 3 .6 - 5 . 6 5 . 7- 8 . 1 8 .2- 1 

1\ . /-\ . 
Ols ervatory 121 385 244 207 10 

% 12 . 5 39 .8 25 . 2 2 1. ~ 1.0 

A . /':\ Bol e 11 11 180 22 0 . 1 72 
0 
~ I . 9 1. 9 30. 37 .6 15 . 1 2 . 3 

I t may be ob se rved from the t a I e t ha t a 1 1. 0. 0 

sur fa ce winds at !\d dis Ababa Obs ervatory 10\" a t 5 . 7 ,I s 

abov e wh ile a t Pole t his proportion I S 27 . Th 1 0\{ r 

speeds at Addis Ataba Observatory is p r h i' du 0 

\,' 

b 

effect s cf the bu i l t-up ar ea i n ic 0 5 r or 

is 1 0 C <-1 t ed . 'T" ta l l bu i 1di ng s and the r 1 ti 5 1y 
1 ne 

cons t ruc t ed house5 act a s ba rri ers to r du c \'1 d C 

"' iT'd d ir ection and even to alter t t r f ir h· . 

T 1 

9 

1 

5 5 

0 

g 

g 
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Table IX 1S ccn.structed to i dent ify t h rr iIi g d 
surf ace wi nds for t he variru s class e s of ' il d 0 

stat i or.s . 

Tab l e IX Preva ili ng Win.d Di r ectio ns At ddis ,a ·a bs v o r y 
and A. A. bo l e at Vario us de:.; ( xcI d' e 1m ) . 

-----
Sa ti on Speed 

1-' NE E SE S SW .' \" Tot 1 (m/s ec) j ~ 

----~ 
0.5-2. 0 31 5 180 29 0 9 1 35 S 

Addis % 8 .1 1.3 46 . 8 7 . 5 20 . 8 2 . 3 4 . 2 . ] 1 0 
2 .1 -3 . 5 16 37 109 20 23 10 9 l 5 24 Araba 

~ 6 . 6 15 .2 44. 7 8.2 1] . 5 4 . 1 3 . . 1 00 .0 l' 

Obs erva tory 3.6-5 . 6 11 32 1 20 IS 9 1 3 1 
% 5.3 15 .5 58,0 7 . 2 4 . 3 O . S l. ~ 7 . 100 . 

5.7-8 .1 2 0 0 0 0 S 3 0 

% 20 . 0 SO .0 30 .0 I (\(' . 

8. 2 - 1l' .7 0 0 0 0 0 0 0 0 

% 

Tot a l 60 7 4 4 0 9 6<1 117 25 28 9 8 t. 
~ 7 . 1 8.7 48. 3 7 . 6 1 3 . 3 . 3 . S . 0 

+ -- ~ 

0 . S-2.0 () 1 5 1 3 

II 
0 9 .1 4 5 . 5 9. . 1 . 3 1 

Add i s 2.1-3 . 5 14 10 58 9 6 ,1 

" 7 . 8 5 . 6 3 2 . 2 5 .0 c .0 3 . 3 1 . 1 S . Ababa 0 

Bale 
3 . 6- 5 . 6 2 1 1 49 3 11 3 20 

% 0. 9 0.5 67 .7 13 . S . 0 . 7 S . J .0 

S.7 - 8 .1 7 1 44 IS 1 4 3 I' , 

% 7 .7 1. 1 48. 4 1 6.5 I S . ;; 3 . 4 . 4 - , 3 1 . 0 

8 .2 - 10.7 0 0 20 1 7 9 15 7 

0 
-0 27 .8 23 . 1 2 . S 0 . 1 

Total 23 13 276 72 4 29 S 7 5 

0, 

" 4 .0 2.3 48 . 1 l2 .5 . 5 5 . 1 !J , .0 
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FI(a1 . 5 AVERAGE SURFAC E WIND SPE ED AT oolS ABABA OBSE RVATORY 

AND BOLE 

4 '.60 i 
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3 .15 i 
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Ire table shews that the easterly surface wi ds are i ari b I ' 

pr e va lent for a ll classes of s peed both a t ddis a 

otse rvatory and a t Bele . These east er ly wi nd Ccoun t for 

48 . 3 % a t Add is Ababa Ob servatory Rnd for 48. 11 at Eo 1 f r 

all observations cf C.S m/ se c. or above. to A di s ab 

Obse rv s tory, next to t he eas t e rlies, t he southe rl y suda 

winds ar e the mo s t i mpor t an t a ccount ing for 13 . 8' or a 1 

observations of 0 .5 m/ sec . and above. 

3 . 2 . Se as onal Vari a t ion i n Surface v:ind Spee · Th 

seasnnal surface wi nd sp~ed variati on a t t he t wo t at io 

(::\s sh own in fi g . 5) is ve r y s i nlilar. Bo t statio! sto ~ 

more stea dy surface ai r flow during the months f Jun , 

July , Augus t and Sep tembe r t han in the r es t of t h r . 

Oct ober is the mon t h of h ighest sur fa ce in ee hi I e 

Aug us t is a month o f lowest wind s pee (l at bo t s t a t i s . 

The seasonal surface wi nd speed vari a t ion a n t :~ d 

mo r e in .the eveni ng hour s and a t middays at loth s at on . 

As c aIl be s ee n from fig . 6 t he mo r ninr "ur face w· . d h w 

.' d 10 a t a l \v r e l a tive ly lower seasonal variatIon an r 

through out t he year. 
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Table X 

qt ion 

Ve a n Month l y Wind Spe ed (m/ sec . ) at 2m . 

at Addis Ababa Orservatory and , I e . 

- -I -J F tv' A :\1 J j 1 
J 

P.. A . Ol~ se rvatoTY 2.1 213 2. 4 2 . 2 2. 3 1. 5 1. 4 1.3 1. 2 . 6 .. -~ "'---~ 

/\ . 1\ . ]:i ole 3 . 4 3 . 6 3 . 8 !. 7 1 3 ~4 2. 8 2.8 2. S 2 . 6 3 . 8 3 . 

Sour ce : Na ti ona l Mete oroiri ca l Services Agency ; unp ub l i sh 

da t a . 

Tab l e XI Monthly Aver age Su rf ace ~ind ~Dee (m/ s .c .) 

a t 2m a t 0600 , 1200 and 1800 our s at 

Addis Ababa Chse r vat ory . 

r1 • of .L U :\(? 
J F H A )vi J J A S 0 N 

Day 
--
Horning 

(0600 0 .. 67 0. 69 0. 59 0. 63 0. 68 0. 71 0. 64 0. 54 0. 71 0. 56 0. 52 
-.Er s ) 

Midday 
2. 14 2. 27 3. 21 ( 1200 2 . 68 2 .. 89 2. 79 2 . 53 2. 58 2. 13 2. 02 · 

_..h.~s ) 

EveninGl 
I 1. 98 1. 71 2. 22 4 (1 800 '3 . 04 2. 84 3. 0C 2. 12 . · 2. 97 3. 19 

hr s) 

To t a l 3. 39 6. 55 6. 57 6. 0 6. 26 4. 96 4. 76 4. 27 5. 2 6. 91 · 
- -. 

Aver a ge ~ . 1 2. 2 2. 2 2. 0 2 . 1 1. 7 1. 6 1 . 4 1. 7 2. 2 . 

N. B .. -- The ave rage i n this t abl e and t he a vera e in Ta 1 x ~ 

f ' in this t le a r e f ro m each o t he r sinc e the ~ gures 

of mi d- p oin t s of surf ace wind speed i ven in r 8 . 

0. 85 

2. 51 

. 2 

• 18 

2 . 2 

r 

12 . 4 

3 , 4 
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fIG.$ ME AN MONTI-H.Y SURfACE WIND SPEED 
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Tab le XII ~ ;on t hly Averafe Surface Wind Sp eeds (m/ sec . ) 
Ii, t 2m . at 0600 ; 1200 and 1800 hours 

at .Addi s Ab aba ro l e . 

~--------
.. 
-~--~-~ 

Time J F '" 1 A ~1 J J A c: 0 0 " "","",---...-10._ """--_ . 
~ 

0600 
hours 2 . 6 2 .0 2 . 5 2.1 2 .0 2 . 1 ---- ---.;...--------- 2 .1 2.3 1.9 1.7 1.7 2 . 0 

1200 
hours 3 . 8 3 . 4 4 .0 4 .6 3 . 6 3.8 3 . 4 3.2 3 . 4 5 .6 4 .8 3.6 -
1800 
hcur s S . C 5 .8 7 . 0 5 . 9 6 . 5 3 . 0 3 . 1 2 .9 3.0 5 . 1 5 . 2 5 .0 

To t a l 11 . 4 11. 2 13.5 1 2 .6 12.1 8 .9 8.6 8 .4 8 . 3 12 . 4 11.7 10 . 6 
----------~----------............ -~----

Average 3 . § 3:..} 4.5 4 . 2 4.0 3 . 0 2.9 2,8 2 . 8 4 . 1 3 . 1 3. 5 
~ 

N.B, Th e average surface wind speed in this table differs from 

t he average shown iT> Tab l e X since this table is 

summar ized Oil the basis of \V ind sneed given ir: r anges . 

Tt e mid-point in the £iven ran ge ha s been t ak en added u 

and Bve r aged to £i ve t he average surface wind speed at a 

gl ven tirr;e . 

3 . 3. Trends in Sur face V.'i nd S12ee d at Addis Abab a_ 

Obse r va tory & Bole. The trend of s urface wind s , eed over t h 

l as t thi rty years a t Add is Ababa Ob servatory and over 5e 
t n 

Years As shown. l' n r: 1' g . 7 t here at ro le has b ee n exam ined . r 

1S a a,ene r a,l t he two stations ov r time . 
r increasing trend at 

Ino rder to 1 d t d '",Thether or not th e i ncrea s un ers a n . , -
v r ti . 

a 
1 S sta tistica lly si gn ificant the l eas t squares me t ho 

be sho Tn in t a Ie XIII . 
en e~p loyed and t h e out come ha s been 
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Tabl e XI II 
Rate of Chan9., c of (' f l ' • . J u r _a ce hind Speed ~er 

Yea r a t P.ddis Ababa Observatory & "B ol e 

------------------------ ~~-~------------- r"\ 

~N 

~ .j...l '1j 0 I 

0 ~ '"Cl44 

+-' 4 ·, Q) • ..-i Q) ~ 
III 'tl C 

p . 
0 

o ~r-- .j...l • ..-i ro 
.j...l III Q) "-' 

Q) ~ ..a ro Ur-. 'tJ 
Ci\ .j...l III 

U,-.. Q) ro '-' .-1 • ..-i 0:: 
~ ..-1 ~ e 

I-< ro .j...l'£! 

~ 0 ;::l 
Ci\ 

Q) 4-! '-' ro~.n 
~ C-JO 

CJ.) "--! ro U ~ 4-; 
u .::1 Q) 'tl 

.j...l c:r: ~ Q) 
.j...l~ ..-1 .D 'tlQ) 

1=: 0 0 
rJ) Q) Ci\ Ci\ III 

H U U 
U .j...l ~ 

~ 

........ 

Addis At- aba 
Observa t ory 0 . 5982 2 3 0 .102 19 0.881 2 4 0. 010369 . 86492 .

4 
28 

Addi s At8b a 
C . 10 36 8 0 .046730 .050642.04732 .13115 

Bo l e 2 . 3706 
-----------------------------.----------------.----------

As shO\\' 11 iT' t :1 e tab l e , the surf a ce wi nd speed a t Addi s 

Ababa Obse r v a t ory he s incr e ased at a rate of 0.102 ml sec per 

yea r ove r t he last t h irty ye ar s . Tre rate of surface \'lind 

speed incr e a se has als o b e en ab out the same or 0.104 m/
sec 

per 

year a t Eo l e o v e r t he l a st sev ent e en years. 

Using t he s tuden t d is trih ution test, it has be en found out 

that tabulat ed at 28 de gree of fr eedom i s lower that calculat ed 

1n t he ca s e C
C 

Addis Aba\;a Ob s e rvatory meani ng that the positiV 

cha te of speed o ve r t ime i s s tati s ticallY significant at 95 

leve l of con fi deu ce . In t he cas e of Bo Ie? ho,,!eve
r

, the 

applicat ion of the same t e st Sug ~ests that the change of 

sur fa ce wi nd s peed is no t statisticallY s ignifi cant . 



CHAPTER IV 

TEMPERATURE VARIATIONS IN ADDIS ABABA 

1. VARI ATIONS IN MEAN TEMPERATURES 

Unlike the data on surface winds which were available 

for two stations only, temperature data have been available 

at the three stations (A.A. Observatory, A.A. Bole and the 

Geophysical Observatory). It has therefore been possible t o 

discuss decadal and seasonal temperature patterns at t he t hr e 

stations . The following table compares the mean temperatur s 

of the three stations over the last 17 years at Bole, 23 ye r s 

at A.A . Observatory and over the last 22 years at the Geophy s i
c 

1 

Observatory . 

Table XI V 

Station Height 

( m ) 

A.A . Bole 23 33 

A.A. 
Observatory 24 08 

o S' 
Temperatures (C ) At The Three t atlo

ns 

Min. Temp Mean Mean TemE He n 
Annu 1 

Yrs Annu. Yrs. Annu. Yr s .AnouR n e 

of mean of 
mean of mea n em . 

record 
r eCQ reC 

22. 8 17 8 . 4 17 15 .& 

17 
9. 6 23 15 . 

23 22.2 23 

22 8 . 5 
Geophys ical 21. 6 
Observa tory 24 42. 5 22 

of 
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s shown I n the table , Add is Ababa Obser v or y h s 

annua l t empera ture of 15. 9
0

C ; the Geophysic l Obs r 

° 0 15 .1 C; a n d Bo l e 1 5.6 C . The highest me 1 

ra ture i s obs e rve d at Bo l e C22.80C) an he 

GeOPhys i calOb s e rva toryC21. 60C). The lowes 

minimum te mperature is obse rve d at A. f . Bol 

Ob s e rvatory which i s found in the mi ddl of 

t 

e r 

h i gher t emperature than the surrounding mor e n t r 1 s 

° is e xpected h as t he highest mean annu 1 t emp C1 5 . 9 C) ° 

t h ree stations. 

If we se e the mean annual r ange of t 

diffe r enc e between the mean annual 
xim In d 

inimum temper atures ) in Tab l e XI V, Ad ' s Ab bObs 

h 
g (1 . GoC ) 

as t he l east me an a nnual t emperat r e r 

a ttrib utab l e t o the degr ee of urb a i z tion of h~ 
the st a t i on i s f ound . The number o f b 

e bo h 
the s t a t i on r educ e wind s peed nd ch 

and patt ern of a ir fl ow. Tur bule nt ir 

e s the rate of max in g a n d, t her 

w i ch in trun avoids the occ rre nc e of ex r 

c ondition s a t d i s Abab Ob se v to y . 

The coldest t e mper t r 
5 

t e three stations whi l e a is 
c rm S 

n 

1 

r 

) . 
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Ta ble XV Nea n Dec a d a l a nd Monthly m 

(oC) a r oc S t , t l.O 

Sta tions De cades J F M A tol J ,T A S 0 Ii D , Annual 
A. A. Bol e 1 14 . 0 15 . 5 16 .4 1703 17 . 2 17 . 1 1(, . 0 15 . 6 15 . e 1; . 5 13. 8 13. 1 \ 

2 14. 7 16 . 0 17 . 1 17 . 1 17 . 'f 16. 3 15. 5 15 . 6 15. 5 15. 1 13. 7 12. 8 
A. A. 3 15 .1 16 . 2 16. 9 1-; . 4 17 . 5 16 .1 14.8 15 . 8 15.8 14 .7 14. 2 13. 7 

.. \~ , '~ ' : Av e r age 14.6 15 . 9 16 . 8 17 . 3 17 . 4 16 . 5 15 . 4 15.7 15 . 7 15. 1 13. 9 13 . 2 15 . 6 Observa tPTY 

1 14 . 9 16. 1 ' 16 . 9 17 .4 17. 7 17.2 15 .4 14 . 9 15 . 5 15 . 6 14 . 8 14 05 
2 15 . 3 15 . 9 17 .1 17. 5 18 .1 16 . 3 15. ~ 15 . 3 15 .4 15, 4 14 07 14 01 

3 15.5 16 . 6 17.1 17.6 17. 6 15. 7 15.1 14 . 9 16 . 0 15.2 14 . 0 1404 

Avera.ge 15 02 16 . 2 17. 0 17. 5 17.8 16.4 15 . 3 15 00 15 06 15 . 4 14 . 5 14.3 15 . 9 
Giophy s ical 1 13. 9 15 . 2 16 . 0 16 . 6 16 . 8 16 . 3 14 . 9 14 . 5 14 . 7 14 .8 13.7 13. 3 

Ob se rva t o ry 2 14. 4 1505 16 . 6 16 . 5 17.1 15 . 4 14 . 7 14 04 14 . 4 14 . 5 13 . 8 13 . 5 

3 14 . 9 15. 7 16 . 5 16 . 7 16.2 15.1 14 . 5 14 . 6 15 . 0 14 00 13. 6 13. 9 

Av e rage 14 . 4 15 . 5 16.3 1606 1 16 . 6 15 . 6 14 . 7 14 . 5 14 . 7 14 . 4 13. 7 13 . 6 15 . 1 
I __._ . _. 
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2. DECADAL TEMPERATURE VARIATION 

As c a n b e seen f rom fig. B, the mean temperature of t 

Geophysica l Ob s e rv"ltory is the lowest of the three st t io 6 

at all decades for t en to eleven months of the year. t 5 

Ababa Obse r v" t or y, on the other hand, the t emperature t 1 

decades is the high e st for n,ne to ten months of t he Y 

the decadal t emperilture of Bole varie s between the temper 5 

of Addis Ababa Ob serva tory and Geophysical Observatory. 

The de cadal t emper a ture graph (Fig· B) showS a gen
er 

1 

tempera ture increas e towards the third de cades starting fro 

the th ird de c ade a f De c e mber to the second decade of ~\ y . 

Thereafter, t e mper a ture decrease s towards t he third deC 

till the en d of J u l y and the beginning of August when t h 

t 
the second decade and t hird 

emperature aga i n r ises till 
decades of september . The summer as s hown in Fig · 8 
a . the r e. l ativelY high cl 0 

perlod of 1 0\,.;1 t emperature due to 
cover which r esults in a reduction of solar rece ipt. 

9 , 5 
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SEASONAL TEMPERATURE VARIATIONS 
3. 

The seasonal variation of temperature roughly r esembl s 

the decad
al 

temperature variations at the three station d scr' < 

earlier. A rising temperature is observed from January t o y. 

In the period June, July and August the temperature f allS to 

rise again in september and october. Then the temperatur droP' 

in November and December and starts to rise in January· Marc, 

Mril and May constitute the hOttest period of the year whi 

November, Decembe r a nd January can safely be considered s t 

coldest per iod of the year. The months of June, July and 

August consist of the relativelY cool period. The rena

inin 

months are mont hs of medium temperature. 

4. 
TRENDS Of TEMPERATURE 

I 

th 
direction of t emp 

n an attenpt of finding out e 

changes at the three stations, a five year running m an 

has been employed (Fig .10) . As can be seen from t he fi N 

the~e are 1 or cy~lical temper

atur 

.. no important seas
ona 

... 

changes. 

t b
e secular occurrio 

Instead, the changes seem 0 fro 

once 1.' rnpression obtainabl 
~n ten or more years, an 

five '-'h1.·ch give a rough i d 
year running mean graphS ~ 

o 

t emperature increase . 



The dir ection of t emper ature h 
c ange has furth r b 

el aborated by the use of the least 
squar es met hod wh i c 

resulted in the fo llowing outcome. 

Table XVII Rat e of Max i mum and 
Minimum Temper ture 

Changes (Per yr) at the Thr ee St ations 

<1) I-< 
I-< OU 
;:J U 
~) 4-\1j) 1j) 

~ 

cct (; til til 

P. 
I 

<l.) 
c;jr-. 

0r-. 
.-1 c:C. 
0'-' 

I-< roro r--
<1) (J) (J).D 

I-< ct\ 
(1) '-' 

I-< ~ 
H (; '"' l>-

Sta ticn 
(l) 
p , ~I-<""'-' 
t:~ cU U U I-< 
(J) p-;' .::: i.l,) >--

~ 

t:,.. 

I=! 
0 ',-1 

,.-I'iJ--.. 1-4 
~ 

A.A. Bole Max _ 0 .01806 9 
22.9563 317 - 0 . 000033 

Min 0.027451 
8.2627451 0 .1585 

3 

A.A. Observatory 1'/[ax _0 . 0412059 
22. 709 787 

_0 . 36 6437 

Min 0. 111166 
8 .451087 

0 . 2629 795 

Geophys ical Obs . Hax 0 .047 60 02 21.122 925 0 . 04 52 7 

Mi n 0.0213 439 
8.25 77 073 

0 .3721 96 

e r The max i mum t e mperatures a t BoH and at A .. Obs rv 

decreas e a t an average rate of o. 018\1e and O. 04 

1

°C per 

respectively. The maximum temperature at t he Gaoph sic o 0 7°C 

Observatory, hOINeve
r

, increase at an aver age rate of . 

h d incre 5 5 

The min i mu m temperature, on the other an, 

at the thre e st ations. The minimum temper ature t 

per year. 

Observ t f u 1 in

cre 

se 
a ory shoINes the highest r a t e 0 ann 

( O. llloC/ yr. ) 
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TEM PORAL TEMPERATURE C ~ ANGES IN ADDIS ABABA 
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The decreas i n g t endency of maximum t emperatures n 

the increa s i n g t e ndency of minimum temper atures r esult i 

decreasing t e mperature ranges, a t endency perhaps attri u 

to the growing urbanization of the city . According to ,G, 

Barry and R,J. chorle y (1 968 ), the surfa ce ar eas of buil 5 , 

roads e t c. a r e the pr imary control of a city 's climat e 1 

periods !tJhen direct heat production by combustion and 

atmospheric pol l ution are a t a minimum and the effect s of 

these urban surf aces ( b uildings & roads ) on r a ising the minim . 

t " 'f' t 25 emper a tures are especlally slgnl lcan . 

, 0 ) 
shows t ha t the average lntercept (8 , 5 C Table XVII 

at A,A. Observatory is the highest t han a t the other t wo 

stations , and the ra t e of minimum temperture . increas per 

year (0.111 °C) is aga i n the highest of the two stations , 

A. f h f th Cl' t y' and the e s t blishme nt of _ urther growt. 0 ,e 

gr eater number of industrie s whose exhaust s enter the over 

at mospher e of Addis Ababa in var ious ways will prOD bl y 

an even 1 r ange in the future provi e sma l e r temperatur e 
o 

fac t ors are kept constant. 



CHAPTER V 

RAI NFALL PATTERNS IN ADDIS ABABA 

1. GENERAL 

As mentioned earlied (CHAPTER IV) rainfall data of 7 

years has bee n available at Bole while the rainfall dat 

obtained at the Geophysical Observatory and Addis Ababa 

Observator y is for 24 and 29 years respectively. s show 

in the foll owing tab l e , the annual rainfall varies fro 

106 1. 3 nun . at Bole to 1 346 . 6mm. at the Geophys ical 

The A. A. Observatory with an annual rainfall of 11 50 . 2 . . 

fa lls between the two stat ions. 



ble XVIII 

r S ta t i on J F tv! 

A_ 

Addis Ab a ba 

Bo l e 17 . 9 40.4 63 . 1 

Add i s Aba b a 

Ob se rv~to ry 20 . 0 32 .7 62 . 6 

Geo p h y sical 

Obse r v a t ory 28 . 0 - 47.1 75 . 5 

. 

lIea n I\o nth l y Rai n fall (mm) a t t h 

Thr e e Sta t io n s i n Add i s Ab a b 

A H J J A 

74. 6 76.8 114. 2 244. 2 233. 3 

90 . 3 68 . 2 116.0 251.3 27 3 .1 

92 . 7 79 . 1 132 .1 297 . 0 330 . 9 

S 0 N D An nu a l 1 

144.1 39 . 1 9 . 1 4.0 1061.3 

174.4 40 .0 9 .9 11.7 11 50 . 2 

1 97~6 39 . 8 11. 5 1105 1 34 5. 6 
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Althou gh the t h r ee sta tions differ from each 0 hr' 

their monthly a.nd a nnua l amounts of r a infa ll, they re ess 

tially simila r in the a nnua l march of rainfall (F' 12) 19 . . 

2 . SEASONAL RAIN FALL PATTERNS I N ADDIS ABABA 

The mea n monthly rainfall generally increases fro m J 

on 'tlards unt il a peak is reached in July and August at the 

three sta tions ( Fi g .12) . Thereafter, the r a infa ll decreas 5 

until it reaches it s minimum.', in November in the case of A •• 

Observatory a n d in December in the case of the other t wo 

stations. 

Bole diffe rs from the other two stations not only in i t s 

10\-1 amount of ra i nfa ll but a lso in that , in its May aver ge r n-

fall is gr e.at e r tha n the a verage r a infall in April. b) h 

ral'nf 11 ' '1 the other two s t tio 5 a peak lS reached in July whl e 

have the ir highest monthly rainfall in August. c) Decemb 

is the drie s t month a t A . A. Bole and at the Geophysic l Obs r -

vatory vJhile at A. A. Observatory November is the driest 

(Fig .12) . 

In an a ttempt to divide the year into dry and r i ny 

coeffici nt s 0 
per i ods a t the three stations, the rainfa ll 

each month have bee n t abulated as follows . 
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Table XIX Ra infa ll Coeffcients t a the Three St a t ion 

i n Add i s Ababa 

St ation J F M A M J J A S 0 

A.A. Bo l e 0<2 0 . 5 0 .7 0.8 0. 9 1.3 2.8 2.7 1. 6 0 .4 0.1 O. 

AW .Obs er va tory o . 2 o . 3 0 . 6 0. 9 0.7 1.2 2 , ~ 2 . 8 1. 8 0.4 0.1 

Geophysica l Obs 0 . 2 0 . 4 0.6 0 .8 0 .7 1. 2 2.6 3.0 1. 8 O. 0 .1 

Ac cor d i n g to Ta b l e XI X, ma de on the basis of t he met ho­

dology mentio n e d i n CHAPTER V the year can be divided into 

dry and r a i ny per iods a t the three station. 

Dry per i o d ( B . C . < 0 .6 ) 

Rainy perio d ( B . C . > 0 . 6 

Oct.,Nov . ,Dec., J n. , f 
------------------

Small r a in s ( R.C . 0 .6 -0.91 
l1ar. ,Apr. ,MaY· ---

Bi g r ain s ( R . C. l .a a n d a bove ) 
Moder a t e conce nt r a tion(R.C .1. 0 -1. 9)_ Jun . ,Se 

High c onctmt r a tion(R.C . 2.0 - 2. 9) _Jul . , Au 

None of the three stat ions has experienced ver y hi h 

r 
' th of the ye r . 

a1nfa ll concent r a t ion ( R .C . )3.0) at any mon 
Th ' . f T bl e XI , 

18 cla ss if ica tion o f the year on the ba sl
S 

0 

i d' the t hr ee stations . 
n l cat e s . a simi l ar c ond ition among 

oth dl'vided into dry n 
erwords, the y ear c a n b e similarly 

In 

r ' alny per i ods a t t he three sta tions. 



DFC ADJIL Fl·. I NFAL L Pft.TTERNS IN ADDIS ABABA 

Tl:e de cac,a 1 ra in fal l graphs (fi p . 13 .) shO\\' a consi sten t ly 

amoun t of r ainfal l f rom t h e f irst de cade of 0 b , et o er t o t h 

thi rd dec ade of r: ob r u a ry wi t h an e xception of Io le where 

th i s l ow r ainfall see.rn s t o p e r s ist to t he first decade of 

Mar ch (Fi g . 13 ) . Ite sma l l ra iny period commences in t he 

fi rs t de cad e or ~ 'iarch , r e ach es i ts peak i n the first decade c 

April and Eradually r e c edes until i t r eaches its mi nimum in 

the mi ddl e of j\~3.y , the dri e s t gap between t he small rains and 

the bi g r air s a t the thr ee s t a t ions . 

1'1:0 t: ig r8 iry pe riod s tarting from early June !,ersists 

un til i t r ea c!' c si t s Tea kin 1 ate J U 1 Y at A. A. Bole; in 

lat e AUfJuS t at A . A . Ob s e r va tory and i n t he firs t decade of 

August a t t h e Ge op hy s ica l ' Observa to r y . Afte r August , the bi f 

rai ns s l ow l y r e t r ea t and end some time i n th e first decace 

Cc t ober a t t he th r ee s t a tions . 

As t he decada l grap l s shew t he dry per i od starts i n tre 

h st decade of Oc t ob e r a nd l'v' i t h shert, r e l at i ve ly wet spell 

persists u n t il t he l as t de cade o f February -

) accounts fo r 

f 

Th e 1:dry ' p er iod (o c t ob er to Februa ry 
\. s t at io . 

~ r s at eaC I. 
abo ut 10% of the ann ua l rainfall t ha t oc~u 

at each stati on 1 
Of t he tota l annua l r a i nfa l l that occurs 

f fl ay , L erio 
comes d d t h e f1' r s t half 0 . ur ing ~arch , Apri l an 

1 r ainfall C 
of f t tle annua 
- small r a ins ). 1 1.,'(:: r a ini ng 73% 0 I , I . ' v pe rl O 

( t h.l e bip run, 
dUT 1' n J d c tember g , une , J u ly sAug us t an · .. ep . 
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The Ogive curve (fig.14) which ha s be en constr ct d t o 

indicate the onset, advance and r etreat of r i nf 11 con i r s 

roughly with the de ca dal rainfall pattern shown in 3 . 

The curve shows its first maximum curvatur e i n th ir 

decade of March indicating an onset of t he small r 5 

three stations . The same curve shows another posit ive 

curvature in the s econd decade of June t o show th co nc 

of the big rains which advance s until a s i gn of r etr 5 

det ecte d by the decelerating rainfa ll incr se in S p e 

4. VARIABILITY OF RA I NFALL I N ADDIS 

Table XX shows the mean, med i an , stan a rd 

rainfa ll coe fficient of variation at t he t hr e 5 

shown i n the t able, A. A. Bole with a r inf 
. . t he hl' ghest r in 1 

varla tion of 22 .0 % experlence s 

t y of the other t wo st ations . The G ophy s c 
18 . 0 

ha s a r a infa ll c oeffic i ent of variation 0 

i s 
Observa~ory whose c oef f icient of v rl 

t he l east variable ra infall (T ble X ) . 

Tab l e XX 

St a t i on 

A.A. Bole 

Mean , Medi an , St n 

Coe ff icient of V 

Me n 

10 6 . 3 
11 1 . 9 7 . 8 

io 

o v 

15 . 

5 . 

o 

A. A. Obser- 11 50 . 2 
. 78 . 0 

vator y 1 315 . 2 
Geogphysic a l 1 345 . 6 

Ob s e . 

Vl i o 

o s . s 

e n 0 

o 

s 

o 

o 
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The .pattern of annuao rainfall distribution at th 

three stations can aiso be compared with the followin f orm 

of skewnes s . 

Skewness = 3(mean - median) 
() 

Where G- is the standard deviation 

The application of this formula showS that the r i nf 11 

distribution is positively skewed at the three stations . e 

rainfall distribution at A.A. Observatory with a skewness 

.oefficient of 0.142 is closer to normal distribution th 

the other two stations probably due to the longer perio r e --

cords of rainfall at this station. The r a infa ll t t he 

Geophysical Observatory and at A.A. Bole wi t h a r espect iv 

skewness Coefficient of 0.376 and 0.3 98 i s re l tivelY or 

skewed (to the right) positively. A.A. Bole \ i t h th 1 5 

numb er of years of record deviate s more fro t he nor 
1 

tribution. 

4.1. Seasonal Variability of Ra inf 11 

shown in Fi~. 15 the variability of r in f 11 
co 

are relativelY high a t the three st t i ons . 

period ha s the lowe st r a infall coeff i c i e 0 

the three stations. The short dry p 
of 

~erio.d of small rains fro m the per l. 

r epr e sented by r e l a tivel y in re 

November and Dec emb er , t he ries
t 

Zer o eO) indic t es p 
ego va lue (-) indic 5 

po s . va lue (+) indic t 5 

oe 

e 

c o 

5 -

5 
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FiO · 15 MONTHlY RAINFALL VARIABILITY AT THE THREE STATIONS IN ADOI S ABABA 
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~onths, ,up. char,lcterized by the hi?,hest values rf 

coefficient of variations at the three stations. 

11-:e month ly rain fa 11 cce ffi cient of va ri <:tion ran p 

from 21.()'. in July to 262.5% in De cembe r at 0 15 ab a R 1 . 

At Pedis Abab (:1 Ocservatory, the coe ffi cien t of vari at i r S , 

r an g-es from 28.7% in Sen ter.1ber to 162.4% ip Decemb ,r; 

at the Ceo"hysical Observatory, the coef ictect of a r ti 

varies from 26. 4% to 190.9\ in November (Tall xI). 

T8h Ie XXI 
Monthly Painfall Coefficient of 'ariatt n 

at the Thre e Stations 

F M A M J J A s o o 

227 , 2? 

A. ! .... 
Bole 

A. Ao 
Ob se rva­

tory 144.4 102
0
4 95.8 58.5 75.

4 
3

2
•
0 

2 • 

Geophysi­
cal 

. 2 2R . 
. 0 

. ? 
2 • 

Ob s e rva ­
tory 120.7 110.6 81.2 70 . 0 70.

0 
3 • 

-~.--------------------
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4.2 . Decada l RAinfall Variability in Addis Ababa : Fi g . 16 

illustrates that the first and second decade . of the "dry" 

months generally ha ve higher coefficient of variation va l s 

than the last decade s of the same months. This high first 

and second decade rainfall variability persists throughout 

the small rains and even to the first part of the big r in s . 

Beginning from July and August, however, the third dec d s 

are associated with more variable rainfall. Tha last dec 

of October (whose coefficient of variation a t Bole is 393 %; 

at A.A . Observatory 478% and at the Geophysica l Ob serv t or y 

453%) is characterize d by the highest r a infall vari bilit y 

in the year at the three stations(Appendix 3b) 

Generally the decadal rainfalls r e charact eri ze b 

higher variability than the monthly r ainf Il s . This prob bl 

indicate s uneve n a nd highly skewed dail y r i nf 11 

vllie the r a particular month recieve s a high or l ow 

i s rib 

rno 

rainfall, it is the de stribution of t h t 
rno nt 0 er 

that affe cts the deca dal r a infall coef f i cient 0 

If the monthly r a infa ll ha s occurred only 0 

of tha t month, a higher decada l r inf 11 

r e sult than a r a infall variability 0 

v r~ 

ec 

r a infa llis fairl y d i stributed over 
he w ole roo 

The decada l r a inf 11 co f fic i 
o r 

sugge st a f a ir di str ibut i on of e ~ 

in the r a iny per i ods t h n i n t e " 

station~. 

h . 

o 

mo 

) 

Ayaldl
Rectangle
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FiQ . 17, RELATIONSHIPS 
\ 

BETWEEN MEAN MONTHLY RAINFA LL S MONTH LY COEFFIC1EPii ~ VA RIAlIOt. 
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5 • 
RAINFALL TRENDS 

Although th e time considered is too short to speak of 

the trend of r a infall at the three stations, it has been 

included here to compare the conditions at the three st ations 

only during the period considered. 

As shown in Fig. 18 there has been an increasing t n ency 

of annua l rainfall at A.A. Observatory and at the Geophysic 

Observatory for the last 29 and 24 years respectivelY, h 

trend of annu~l r a infa ll a t A.A . Bole has, however show 

decrea sing tendency. The rate of annual chan e h s been 

obtained and shown ,n Table XXII by the us e of t he 1 st 

squar e s method . 

Table XXII 
Rate of R~infall Ch n e pr Y 

the Three Stations i n di s 

Rat e of 

St ation 
Intercept change 

(b) 

A.A. Bole (17yrs) 

A. A. Obs er.(29 yrs) 

Ge ophysica l 
Obs e r. ( 24 yrs) 

Cd ) 

1023.53 

110 6 . 21 

1 077. 48 

- 2 . 21 

2 . 02 

26 . 00 

- 0 . 05 

o. a 
0 . 5 

. , 

. 5 
. 5 
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~ r~,18b ANNUAL FL.UCTU ATIONS AND TRE NDS OF RA INFALL 

AT THE THRE E $TATIONS IN AD DIS ABABA 
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As shOwn In the t a b l e , t he r a t e of change at A.A. Bole 

is -2. 2 "un. p e r y o W wh il e a t Add is Aba ba Observa tory and 

at the Geophysica l Ob s e rva tory the r at e s ar e 2.0 and 26.0 roms. 

per year r e s pect i ve ly . 

Inspite of the cha n ge s (trends) shown in the t able the 

student t d i s tribution t es t Suggests that the rate of chna g

es 

are statis tic a llY ins i gnificant e xcept for the Geophysical 

Observatory whose r a t e of change is highly significant at 95 % 

level of conf i denc 8 . 



SUMMARY AND RECOMMEN DATIONS 

1 . 
SUMMARY 

The de t " il
s 

of the paper can be summarized as follows, 

1 . 1. 

1.1.1 . The enS N r lY surf ace windS ar e the most frequent 

winds at ., ny t i rae of the day and fbI' e i ght to ten monthS 

of the year . The southeast surface winds, next to the 

easterlie s pr e v,'l il for most of the year but theY disappe r 

together with the easterlies in JulY and August . at both A.A. 

Observatory d tA B 1 a n r\'. • 0 e . 

1.1.2. 

In June , July, August and ssept
erober

, the S,SW ,W 

and NW surfa

c 

winds are the most preval ent at both stations , 

The t southerly surfa
c 

windS prevail from June t o sept erob

er 

Addis Ababa Observa tory whereas at Bole the occurrenc of 

these winds is limit ed to the monthS of June nd s ept rob r · 

the period June to August, the SW,W, and NW sur f ce w'n 5 

the most prominent windS at Bole . t the tWO L 

1.1.3. 
The periods of seasonal shift 

indica t ed by the wind flow diagr ams of both st tio

n 

early June and s e pt e mber. 

5 
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The morn i n hour s ( 06 80 hI's) at both stations are . 

character i ze d by low surf ce wi nd speeds and ca lms. At Addis 

Ababa Ob ser ve1 t o ry, 

h i gh pr oportion of surface winds occur 

at 3. 5 m/ s
e c

. or belOW a lmost over t he whole day while most 

of the surf ac e winds t Bo l e floW a t speeds of 3 •• 
6 

m/ seC· and 

above . In general, surfa ce wind speeds ar e higher at Bole 

than at Add i s J-\b a.b a Ob s e rvtory . 

Th e tl y@n ing windS (a t 1 800 hI'S) in the "drY" period 

are f as t er than t h e midday windS of the sa me period at both 1.1.5. 

stat i ons . In the b i g rainY per iod (j une ,JulY, August, sept.) 

however , t h e evening s ut'face windS floW at l ower speeds t han 

the mi dda y winds of the s ame period . The rel a tive l Y higher 

surfa c e wi nd s speedS i n the evening hOur s of the "drY" period 
(whe t h f th atmO sph ere is 1 imi t ed due 

n e gr een hous e e ff e ct 0 e 
to t he abse nce of cloudS) are useful t o minimize the occur

r enc 

5 

of r ad i a tion fros t . 
The monthS of June , July Augu s t and sept ember 

r e 

'r f Ilow t h n 

ge 

a slower 
sur f a c e a ~ 

nrra lly c h a r a cte rize d bY 
1.1. 6 . nnu 1 surf ce 

, october in oc
t ob 

r 
the r e st of the year , 

s t ~ s; a l1O'ntb- wh n 
wind s peed a t A.A. Ob s e rva torY occurs lD , s rf c e wif\ 

and November while a t Bole , the max,m

um 

is encounte r ed i n october and March. U,_ 
o h 5 

surf a c e winds f l OW a t the ir min i mum s pe c 

c 
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The mi d da y a n d e vening surface wind speeds ha ve a 

marked sea son a l v,J.ria t ion while the morning surface wind 

speeds ha r d l y show a ny clear patte rn of sea sonal change . 

1.1. 8 . 
As de s cribe d i n the trend ana lysis, there ha s been 

a stati s tic lllly s i gnific a nt positive change in the speed of 

the surfa c e \.J ind a t Add is Ababa Obsevatory. This is not true 

of Bole prob a bly du e t o the openness of the area and the 

resulting a b senc e of turbulent a ir flow ; wherea s in the ca s e 

of A. A. Obs e rva t ory , t he increasing t empe r ature contrast s 

between the s t a tion a nd the s urrounding regions might ha ve 

l ed t o a n inc r ea s i ng surfa c e wind speed. 

1 . 2 Temper a ture 

1. 2.1. Add i s Ab a ba Ob s erva tory with a mean t e mper a tur e of 

15. 9 ~C is the hot t e st of the three climatic stations i n t he 

Cl
'ty. the Geophysica l Obs er v tory h v 

Addis Ab a ba Bole and 

m 15. 6
oC a nd 15.10C respective l y . 

ean t e mpe r a t u re s o f -
( 4 . 2°0 i s 

The h i ghes t a nnua l range of t emper a t ure 
1. 2 . 2. nd t he 
encount e r ed a t A. A. Bole while A. A. Observat or y 

G 
. e annnua l t emper t r 

eophysica l Obs erva tory exper~enc 
of 3.SoC a n d 3.0o C r e spectivelY, 

while December i s the 
Hay is the hottest month 1. 2. 3 . M rch , April n 

Colde st month a t the three st ~tions. 
the ye r wh i l e Octo e 

cons titut e the h ott e st period of 
the co ldes t perio of 

NOve mber a nd De c e mb e r constitute 

year a t the thre e stations. 

5 
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1,2. 4 • The b i g l'1 a lny period (vlith the exception of September 

when th e ~t empera ture at the three stations shows an increase) 

is characterized by r a latively lower temperatures probably 

due to t he i ncrea sed cloudiness that reduce s incoming shor t 

wave r ad i atio n . 

1.2.5. Th e ma x i mum temperatures at Bole and at A .A. Observatory 

showed a decreas ing tendency while the minimum temperatures 

cl the thre e s t a tion s showed an increasing tendency over .t he 

years cons i der ed . 

1.3. Rainfall 

1.3.1. 
The t h r e e .climatic stations vary in the magnitude of 

their rainfall . The lowest amount of annual rainfall (1 06 1 . 3mm ) 

occurs a t A . A. Bo le while A, A. Obsevatory and the 

Geophysic a l Ob servatory get l150 . 2rrun. and 134 5 . 6.mm . of 

annual rainfa ll res pectively. 

. are similar a t the three 
period 7 small rains and big ralns 

1. 3.2. 
The month s comprising the periods des i gnated a s 

stations . The time of rainfall onset, advance and retre r 

1 t' e percenta e c rve) 
shown by the Ogive curve made(cumu a lV 

essentially similar at the three stations . 

wett
est month at A .A . Bol e while . 

July is the 1. 3 .3. 
in at the other twO climatic s 

the wettest month 

Obs
ervatory ; wher eas , £0 

1S the driest month at A.A. . ec emb 

Bole, 
the driest month l S 

physical Observatory and 

r y 

5 

eo-



The pa tt ern of annual rainfall distribution is more 

dispersed and more ske wed t o the right at A.A. Bole than at 

the othe r two sta tions. The annual rainfall distribution at 

A.A. Observa tory i s the closest to normal distribution. Inspit e 

of the diffe r e nc e s among the three stations in the degree of 

skewness, the dis tribution is skewed to the right at the 

three st ations. 

1. 3.5. 
The high er degree of positive skewness of the annu 1 

reinfall distribut ion at A.A. Bole indicates a relatively lower 

amounts of r a infa ll a t that station. The relatively low amount 

of rainfa ll a t Bole, is more variable than the rain at the 

~her two sta tions. 

R 
. f 11 rl'abl'll'ty deac~eases towards the r a iny a ln. a va .L 

periods a t the three stations. The decadal r ains a t the three 

stations are characterized by very high rainfall variability . 

b Ob servatory and at th 
The rainfall at Addis Aba a 1. 3.7 . 

l'ncreasing tendency whi l e 
Geophysical Observatory has shown an 

the rain at A.A. Bole showed a decreasing tendency ov r t he 
however ha ve not be n foun 

except for the Geophy s i c 1 
years consider e d . The changes, 

to be statisticallY significant haS b en s t t i s i c 

Observatory whose rainfall rate of increase 

Significant at 95% level of confidence . 

y 
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2 • RECOMMENDATIONS 

The treat ment of t h e three climatic e l ements of t emper at ur 

rainfal l a nd wind s a t the three climatic stations gives a 

better picture of the climatic conditions of Addis Ababa t han 

a study ma de on da t a ga the r ed at one station woul d give . 

Us i ng the da t a collected at the three stations, it has 

been po s sib l e to d i sc o ver some dIfferences among the three 

station s in t e mperature, in wind speed and in rainfall amount s . 

, 

A study based on da t a collected at greater number of stations 

would be expecte d t o disc lose more r ealistic and diversified 

cl imat ic f eature s of Addis Ababa. Additional number of climatic 

stations In 
'diff er ent parts of the city should , ther efor e , 

be es t ablishe d. 

Inorder t o appreciate the influence of urbani zat i on on 

the c limatic conditions at Addis Ababa, dat a gather ed at t h 

differ ent cl i matic stations within the city mu st be comp r 
t . Such a compar ison would 
o dat a c olle c t ed around the c1ty . 

h or not t he c l imatic condi t i on 
elp under sta nd as to whether 

at Add i s Ababa r esemble s that of the surrounding r ur 1 

r e s . 

It a l so 
th or not a r ecomm 

he l p s to understand whe er 
. . d t Addi s bab 

the basis of a c11mat1c stu Y a 

ndation 

waul 

made on 
The writer g in 5 

5 5 

hOld t r ue to the surrounding areas . 
d i n the outskir 5 0 

that c l i matic stations be installe 

City . 
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APPENDI X la 

A.A. Obs erva t or y : 

Me a n Wind Sp.eed (m /sec . ) at 2m 

-
Years 

1951 

52 

53 

54 

55 

56 

57 

58 

59 

1960 

61 

62 

63 

Gij4 

65 

66 

67 

68 

69 

197 0 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

J 

1.4 

1. 5 

1. 8 

1. 3 

1. 0 

0 . 6 

0 . 5 

o . 5 

0 . 4 

1. 1 

1.1 

1.1 

1. 0 

2 .7 

2 .4 

3 . 0 

3. 2 

2 . 3 

2 . 5 

1.8 

2 . 2 

2 . 3 

3 .4 

3.8 

4.0 

1. 8 

2. 8 

3 . 3 

3.1 

F 

1 .5 

1 . 8 

2 , 0 

1. 9 

0 . 9 

0 . 7 

0. 6 

0 . 8 

0 . 6 

1. 5 

lo S 

1.1 

1. 4 

2 . 2 

2 . 2 

1. 8 

3 . 3 

1 . 4 

2 . 5 

2.5 

3 . 3 

2.0 

3. 6 

4.4 

4.4 

4.1 

3 . 1 

3.3 

3 . 9 

4.1 

1-1 A 

1.2 

1.71.0 

2 . 6 1. 3 

1. 0 1. 2 

1. 6 1.5 

1.1 0 . 6 

0 . 6 0 .4 

o . 6 0 .7 

0 . 6 0 .6 

1.0 1.0 

1.2 0.7 

0 . 9 0.7 

2 . 5 1. 8 

2 . It 3 . 9 

2. 5 1.5 

2.5 2. 5 

2. 6 2.3 

2 . 4 2 .1 

2 . 8 2.7 

2.3 2.4 

3 .5 2.2 

2 . 5 1.4 

3.7 4.0 

3.3 3.8 

3. 8 3.3 

3.8 3.6 

3. 8 2.1 

3. 5 ll. 4 

3.6 3.9 

4.2 3. 8 

mean 2 . 0 2.3 2. 3 

_ mi ssing da t a 

M J 

1.9 0. 8 

1:5 0.9 

2 .2 0.7 

1.2 

1.4 

0.5 

O.G 

0 . 9 

0 . 4 

0 . 6 

0.8 

1. 0 

2 . 1 

3.3 

3.7 

3.5 

2.3 

2 . 6 

2.2 

2.5 

1. 8 

2.6 

3.5 

3.3 

3 . 5 

3 . 5 

2 . 6 

3 . 3 

4 . 3 

3. 6 

0.5 

0 .5 

0.4 

0.3 

0.4 

0." 
o . 7 

o . 5 

0.6 

1.4 

2.2 

1.2 

1.2 

2 .5 

2 . 5 

2 . 7 

2 . 4 

2 . 7 

3 . 0 

2 . 2 

J A S O N D Me n 0 
t h 

0.9 0.5 1 ~ 2 1. 8 l~Q 1 . 

0.6 0 .7 1.0 1. 5 2 . 8 2 . 3 1 . 3 

0. 6 0.6 0. 9 1.7 2 . 1 . 8 . 5 

0.5 

0.5 

0.3 

0.3 

O 
.) . ) 

on 
o . 5 

o . 6 

0 .6 

1. 3 

1. 6 

1 .2 

1. 5 

0.4 

0.4 

o . 3 

0 . 6 

0. 3 

0 .2 

0 . 6 

o . 6 

0 .7 

1. 6 

1. 8 

1. 3 

1. 9 

2 . 1 1 . 7 

2 .5 

2 . 7 

2 . 3 

2 . 9 

3 . 0 

2 . 3 

2 . 

2 . 6 

2 . 7 

2 . 7 

0.51. 6 2 . 21. 2 1. 

0 .7 1 . 5 1.7 1 . 3 1 . 0 

0 . 3 0 . 8 0. 9 0 . 7 0 . 6 

m.e ~ .O 0.8 0 . 8 0 . 6 

0 . 3 0 . 6 0 . 7 0 . 6 0 . 5 

0 .2 0.7 0 .7 .0 0. 5 

0 . 6 1 . 3 1 . 3 1 . 2 0 . 9 

0 . 6 1.1 1.1 1. 2 . 9 

0 . 8 1 . 2 1 . 1 . 0 0 . 9 

1. 6 2 . 5 2 . 6 . 2 1 . 8 

2 .1 3 .7 2 . 8 2 . 2 . 5 

2 . 0 2 . 8 3 . 6 2 . 6 2 . 2 

2 . 6 2 .6 2 . 7 2 . 0 . 3 

. 3 2.1 

. 5 . 8 s . 
3 . 

2 . . 9 

3 . 6 3 . 

. 5 . 6 

. 9 

. 7 

. 0 
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APPENDIX Ib 

A.A. Bol e:: 

Mean Wind Speed (m/sec) at 10 m. 

Hean of 
Year J F M A M J J A S 0 N D':Jta yr . 

m/ sec . 

1964 5.1 6 .8 4 . 3 5 . 4 4 . 5 3 . 2 4.8 2.8 2.4 3.8 3 . 9 4 . 2 4.3 

1965 4 , 1 4. 6 5.2 1+ .1 4 • 5 3.2 3.0 2 .9 2. 9 3 . 9 4.4 3 .7 3 . 9 

1966 3.9 3 . 0 4 . 8 4 .1 5. 0 2.8 2.6 2. 6 4. 0 4.6 4. 5 3 . 9 3 . 8 

67 4.7 4 . 9 1+. 7 3 . 5 3.0 3.e 3 . Lt 2.7 2 . if ~ . 'l . 3 . .A .~ . 3 . 7 

68 3 . 7 2 . 5 4.0 3 . 2 4 . 1 3 . 3 3 .3 2. 6 3.2 5 . 5 5.7 4 . 6 3 . 8 

69 4. 1 3 . 7 5,1 4.8 4. 1 3. 1 2. 8 2. 8 3. 6 5 . 3 5.2 4 . 6 4 . 1 

1970 2 . 9 3 . 6 3. 6 3 . 7 4 . 1 2 . 8 3 .1 2.3 2. 9 5 . 0 4 . 6 4 . 0 3 . 6 

71 4 .1 4. 8 5.2 4.1 3.0 2.6 2.8 3.0 2 . 5 4 . 3 5 . 0 3 . 9 3 . 8 

72 4.1 3 . 7 4. 6 2. 9 3.2 5 . 2 4.7 4 . 0 . 1 

73 4.0 4.7 5. 6 6 . 0 4.4 3 . 4 3.0 2 .3 2. 4 4 . 9 4 . 9 4 . 2 . 2 

74 1+ .6 5. 6 4.0 5 . 6 4.6 3.9 3.,6 3. 8 3.2 5 . 4 

75 4.9 5.2 5 .2 4. 7 5 . 2 4 . 0 4 . 0 3 . 6 3 . 5 4 .5 5 . 2 .5 4 . 5 

76 4. 8 5.4 4.9 4.9 3 . 9 3 . 2 3 . 2 3. 5 4 . 4 6 .0 3 . 7 5 . 8 . 5 

77 5 . 5 5.9 5 . 6 5 . 4 5.0 4 . 0 5. 3 5 . 9 5 . 7 6 . 1 5 . 7 
6 . 0 7. 1 

78 6.4 7.0 5. 7 5 .6 5 . 5 5 .2 4 . 0 5.0 5.0 . 6 5 . 5 
503 6,3 

79 4.1 4.1 4 . 3 4 . 8 4. 8 4 . 2 3 . 3 3 . 5 3 . 5 5.0 . 5 

1980 4. 0 4 • 5 1+.8 1.+.6 3.8 3 . 5 3 . 5 

mean 4.4 4.6 4. 9 4.8 4 . 4 3.6 3.6 3 . 2 3.3 

- mis s ing da ta 
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APPENDI X 2a 

Mean Monthly Max i mu m Te mp r a tu r e a t t he Th r e e S t a tion 

., _ .. ---------

Sta b - n s De c a d e J F H A . . M J J A S 0 tl D Annu a l 

.~. ---. .-- ~ 

1 
22 .3 2 3.5 24 . 4 24 . 3 24 . 1 24 . 5 21.4 20 . 5 21 . 4 22 .1 22 . 2 22 . 

A. A. Bole 
2 

22 . 8 23 .8 24. 6 24. 5 25 .1 23 .1 20 . 9 20.5 21. 2 22 . 7 22 . 2 20 .8 

-3 
23 .1 24.0 24.5 24. 8 24. 9 22 . 0 1 0 . 9 21. 2 22 .1 22 . 7 23 .5 22 .4 

Ave r ag
e

_ 2 2 .7 23 . 8 24.5 24.5 24.7 23 . 2 20 . 4 20 . 7 21. 6 22 . 5 22 . 6 21. 8 
22 . 8 

1 
2 2 .3 23 . 3 24 .2 2~ .7 23 . G 23 . 6 20 . 3 1 9 . 6 20 . 6 21. 3 21. 8 22 .1 

2 
22 . 7 23 . 6 24.1 23 . 8 24. 6 22 . 2 1 9 . 9 1 9 . 9 20.5 22 .0 21.7 21.1 

A " Ao Ob s . 

3 
22 . 9 23 . B 23 . 2 23 . B 23 . B 21. 3 1 9 . 5 1 9 .4 21.1 22 .1 20 . 6 21 . 1 

Avo ra g e 
22 . 6 23. 5 23 . 8 23 . 8 24 .1 22 . 4 1 9 . 9 l q . 6 20 .7 21. 8 21.4 22 .4 

22 . 2 

1 
21 . 8 2 2 .7 23 . 2 ?~ . O 22 . 6 2 3.3 1 q .7 1 9 . 0 20 . 0 20 . B 21. 5 21. 6 

Geophy si -
2 

22.1 2 3 . 0 23 . 2 22 . 8 23 . 8 21. 8 19 . 4 1 9 .1 1 9 . 7 21.6 21 . 3 2 1 . 6 

C iJ.l 3 
2 2 .4 23 .1 22 . 9 23 . 0 2 2 . 4 20 .5 1 G. 9 1 9 . 7 20 . 8 21. 8 21 . 3 21. 8 

Ob s . 

A v e r ag e 
22 .1 22 . 9 23 .l 22 . 9 ?2 . 9 21. 9 19. 3 1 9 . 3 20 . 2 21.4 21.4 21.7 

210 6 
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DIY. 2b 

Mean Minimum Tempra t ure( oC) a t t h e Thr ee s t a t i on 

Stat ion s De cad e s J F M A H J J A S 0 I- D 

- -,--
1 5.7 7. 4 . 8~3 10 •. 3 10 . 3 9 . 7 10.5 10 . 6 10 . 2 8 . 9 5 . 3 ) . 8 

2 6 •. 6 8.2 9 •. 5 9 .6 9 .8 9.5 10.0 10 . 7 9 . 8 7 . 5 5 . 2 4 . 8 

A. Ao Bol e 
3 1 .0 8. 3 9 . 2 10.0 10.0 10.2 10.7 10.3 9 . 5 6 . 6 4. 9 5. 0 

Average 6.4 8 . 0 9 .0 10.0 10.0 9.8 10.4 1005 9 .8 7.7 5.1 4. 5 

1 7.5 8.8 9.6 11.0 11.5 10.7 10.4 10 . 2 10 .4 9.9 7.8 6. 9 

~ ,\ 2 7 . 9 9 . 2 10.1 11.1 11.6 10 . 3 10.7 10.6 10.3 8.7 7 . 6 7.1 

....... ...""\. . 

Ob s e rva to r y 3 8 .1 9 . 4 10.9 11.4 11. 3 10.1 10 . 6 10.4 10.9 8 . 3 7.3 7.6 

Av e r age 7 . 8 9 01 10 . 1 11.2 11.5 10.4 10 . 6 10.4 10.5 9.0 7 . 6 7 02 

1 6 . 0 7 .7 8 .7 10 . 2 10 . 5 9 . 3 10 .1 10.0 9 . 4 8.7 5.9 5 . 0 

2 6 . 6 7. 9 9 . 7 10 . 1 10 . 3 9 . 0 10.0 9.6 9.0 1.3 6 . 3 5. 4 

Ge o})hys i cal 9 . 4 6 . 2 6 0 0 

Ob s erv a t o ry 3 7 . 4 8 . 2 10 . 0 10 . 4 9 . 9 9 . 6 10 . 1 9 . 1 5. 9 

Av e r a ge 6.7 7 . 9 9 .5 10 . 2 10. 2 9 .3 10.1 9. 7 9. 2 7.4 6.0 5 . 5 
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APPENDIX 3a 

Monthly Rainfa ll Mean , Me di a n, S t a n da rd Dev i a tion 

and Co efficient of Varia tion a t th e Thr ee S t a ti on s 

---•. ~-.~------ ...... ...--,. 

Sta tion ~ F ,., A 1'1 J J 0 S 0 N D 

A. A. Bo l e 
X 17.9 40.4 63 .1 7~~6 76.8 114. 8 244. 2 233 . 3 144 . 1 39 . 3 9 . 1 4. 0 1061 . 

med 5.7 l5.7 52 .4 65.9 86 . 6 124. 8 256 . 5 223 .4 128 . 8 24 . 8 0 . 0 0 .0 1030 00 

27 .7 4~ .1 48 . 2 64.7 53 . 6 33 . 6 51.4 61. 8 48 . 3 53 08 20 . 7 10 . 5 236 . 0 

G,~( %)154 07 llq. l 76.4 86.7 69. 8 29.3 21.0 26.5 33.5 136 . 9 227. 5 262 05 22. 2 

... -- .- ~ -... --.. "- =-
X 20 .0 32 . 7 62 . 6 90 .3 68.2 116 . 0 251. 3 273.1 174.4 40 00 9 09 11. 7 llr.,C) . 2 

AoA. . me d 11.4 24.0 43.2 83 . 8 53.5 
123 . 5 240.5 277 . 9 179 . 0 1 2 .5 1.4 0 . 0 1141. 9 

Obs ;r va-
tory 27. 0 34.7 59 .4 5 2 . ~ 51. 4 37 . 1 72 . 6 66 . 2 50.1 57. 0 18 .1 19 . 0 174 08 

CoV er ) 144 .4 102. 4 95 . 8 58 . 5 75 .
4 32 . 0 29 ·9 24. 2 2f! .• 0/ 142 .5 1 81.0 162 .4 15 . 2 

.. " t"'I~ " -''''''~--

X 28 . 0 470l 75 . 5 92.7 79 .1 
132 .1 297 . 0 330 .9 197. 6 39 . 8 14.3 11. 5 1 345 0 6 

Ge o g·pby. 1 30 . 9 284.0 329 . 5 
1. 8 2 . 2 131 502 

OpS ? TVa- me d 17 . 4 25 . 6 71 . 0 75 . 2 57. 2 
197 . 0 1 2 . 2 

t ory 
89 . 4 87 . 2 71.2 27 . 3 21 0 6 242. 78 

33. 8 52 . 1 61. 3 64 . 9 55 . 4 44 07 
55. 1 

c.v( '}~ ) 120.7 110.6 81. 2 70. 0 70. 0 33 08 30 .1 26 .4 27 . 9 178 . 9 190 . 9 187 . 8 1 8.0 

-----~ 
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APPENDIX 3b 

jecala1 Rainfa ll Mea n , Median, Standard Deviation and 

oefficient of Var iation at the three Stations 

J F M 

D .G C A D 
., 

D;~CADE S'I'kTI ONS !!J DEC A ]) E 

1 2 3 1 2 3 1 2 3 

X 4. 0 6.6' 6. 9 15 . 7 14 . B 10.1 . 12 .1 .. 1S;'3 . ;'2. 5 

A.A. Til e d 0 . 0 0. 0 1. 0 0. 2 5. B 0. 0 7. 0 .2:iB ? .0 

Bole 10 . 0 13.5 12. 7 28 . 6 24 . 8 14. 5 l S. 3 27. 3 1.8 

c . V '2 50 . 0 204. 5 184 . 1 182 .2 167. 6 143. 6 152. 2 149 . 2 97.8 

X 2 . 6 8. 1 9.5 9. 5 10 . 7 10. 9 18. 0 19. 4 26 .1 
A. f eo 

med 0. 0 0. 0 0. 1 0. 6 1. 8 0. 2 1. 6 1. 5 1 . 5 
Ob se r va - 6 . 2 1L •• 6 15 . B 18. 2 16.6 19. 2 31. 2 32. 2 28. 3 
tory 

C.V 23~L 5 180 . 2 166.3 191. 6 155 .1 176. 1 173. 3 166.0 l OS. 

- 13. 8 18. 7 12. 4 15. 9 22 . 3 4. 2 
Geophys i - X 3.5 10 . 1 12.4 

cal med 0.0 0. 4 2. 7 4.1 3. 1 2. 2 0. 4 6. 2 . 
Obso r va to - g. 6 19. 0 19 . 0 28 . 2 30 . 5 16. 4 24. 0 1.1 7. 
ry 

C. V 245 . 7 188.7 153 . 2 204. 3 163.1 132. 3 150 . 9 I . . 5 10 . 4 
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APPEN DIX 3b Continu 0d 

A M J 

D E C A D E DEC A D E DEC 1\ D E 
Sl'ATI CNS 

1 2 3 1 2 3 1 2 3 

-
A.A. X 37 . 3 17 . 3 16.1 37 .4 5.7 26 .7 19. 8 2. 9 58. 8 

Bole med 28 . 5 11. 5 B.7 2Lf. 9 0. 4 7.3 10. 8 25 . 8 4. 

LfO . O 16. 6 26 . 4 40 . 5 48 . 8 34 . 7 16. 5 22 . 3 2 • 

C. v 107. 2 96. 0 164. 0 108 .3 15Lf. 4 130. 0 83 . 3 74 . 6 48 . 3 

-
A.A. X 33 . 0 27 . 3 29 . 6 29 . 5 ll. 6 26 . 3 22 .1 31.5 60 . 3 

Ob ser vCl - med "'51. 0 22 . 6 27 . 2 18. 9 1. 1 22 .0 17 .0 3 . 5 5 . 

tory 
30 . 8 23 . 5 38. 6 31. 9 16. 5 28 . 5 15.6 18. 0 20 . 

c . v 93 . 3 86 .1 130. 4 108 .1 142 . 2 168. 4 70 .6 49. 3 34. 2 

- LfO . 7 28 . 2 25 . 9 . 5 
~ . ,. X 33 . 0 28 . 6 27 .1 10 .1 

Geophysi- 20. 0 25 . 6 R. l-

eal med 27 . 2 24. 6 17 . 0 27 .0 1.2 

Observa- 15. 4 2 . 

tory 43 .1 27 . 5 39 . 4 40 . 4 16. 8 27 . 3 15· 9 

c.v 130 . 6 96 . 2 145 . Lf 99 . 3 16(' . 3 911 . 8 61.4 
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APPENDIX 3b Co ntinued 

... 
J A S 

... 
DEC Ji D E D EC A D E D E C D E 

Stations 

1 2 3 1 2 3 1 2 3 

A.A. X 67 . 3 85 .1 9Lf. 8 84. 2 74 . 9 71t. 6 67.0 55. 0 21. 4 

Bol e 
me n 68 . 6 87 . 5 98.5 76. 2 67 . 9 71. 6 74 .1 50 . 6 17 .1 

~5 . g 32 . 2 18. 6 33 .1 27 . 0 79. 9 21f. 3 27 .5 21.5 

c.v 3g . 3 37 . [\ 19. 6 39 . 3 36 .0 107.1 36., 50 .0 100 . 5 

X 81.1 76 . {, 93 . 2 89 . 9 "87. 5 94. 9 21.6 59 . 3 5.1 

A. I\. . 
ObservR- med 78 . 9 72 . 8 96 . 4 8") . 2 82. 5 89 .1 81. 7 57 . 3 ;, . 8 

t or y 
35. 8 21.1 27. 2 34. 2 32 . 4 100 . 6 34 . 1; 24.6 27 . 8 

C. V 44 . 1 27. 5 29 . 2 38 . 0 37 . 0 106. 0 42 .0 41. 5 7 . 2 

---- - 95 . 1 108 . 5 112. 4 108 . 9 108. 9 9 . 1 72. 1 . 7 

Geophysi-
X 93 . 4 

CRl med 87 . 0 Blfo8 100. 5 112. 6 111;5 98 .0 38 . 7 • o. 

Ob sp r va -
t ory 55 . 4 42. 3 76 . 6 34. 7 lf9 . 4 114. 9 30. 5 21 . 8 2 . 7 

GoV 59 . 3 4907 70. 6 30 . 9 45 . lf 105 . 5 2 . M. 

-
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APPENDI X 3b C ont i n u (~ d 

0 N D 
-,....,...-

D E C A D E D E C A D E D E C A D E 
St ati on 

1 2 3 1 2 3 1 2 3 
------ -

X 18 . 0 5. 2 11. 5 3. 8 4. 2 0. 6 0. 0 0.2 3. 6 

A.A. 
':1 01 e 

me d . .1+ 0 . 0 0 . 0 0.0 0.0 0. 0 0. 0 0. 0 0.0 

20 . 9 10 . 8 45 . 2 12. 0 10. 6 1.9 0. 0 0. 4 10. 1 

C nV 115 . 5 207.7 393 . 0 315. 8 252.4 316.7 0. 0 zoo.o ZRo . 

- -
" 23 . 4 7. 3 9. 2 2. 2 4. 8 2. 7 0. 4 6. 2 4.R 
A 

AoA. 
Ob s e r va - me d 7 r- 0 . 0 0 . 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 

. :J 
t ory 

213 .1 20 . 0 44. 0 7. 6 13. 5 5· 2 1. 5 17 . 0 12. 

C. V 120 .1 274 . 0 472 . 3 445 . 5 281. 2 192. 6 375 . 0 274 . 2 256 . 

.. --- -
- 4. 2 D.o 2.1 1.0 2. 

Geophys i -
X 20 . [\ 1+. 6 ll~ . 5 

ca l 8.1 0. 0 0. 0 0. 0 0. 0 0. 0 0 .0 

Obs(~ rva-
med 0 . 0 0 . 0 

to ry 25 . 5 13·7 (, 5. 7 n. 5 19 . 9 I f . 3 . 1. 1 . 7 . 7 

122 . 6 297. 8 453 . 1 "273. 8 243. 8 20Lf . 8 10; 0 4. ? . 
C. V --, 

I 

Ayaldl
Rectangle

Ayaldl
Sticky Note
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APP ENDI X ';C 

Perc ent a~ e Contrih ut i on s o f each De c ad e f r om ~he knnua~ 
Rainf a~~ a n d Cumu l a t iv e Pe r c A n ~ ~ IT e s 

.... -.- .--------- .~ .. - -- A. A. Bo~ e 
ft . A. Ob s erva tory 

G.OPD1810~1 Ob s e rv at o r~ 

~';o n th De c a d e Rainfa~l % Ra infall cu m 0 1 
cum Ra in f all 

m.m % 
T" I n 0 1 

0/, 

m!!\ . " 
mm. 

--'"' ... ~ .-...... .--------
1 18 . 1 1.738 1.738 23 . 4 2. 032 2. 032 20 . 8 1. 572 1.572 

U c t ob ,.:: r 2 5.2 o . L~99 2.237 7.3 0.634 2.666 4 . 6 0. 348 1.920 

3 11 .3 1.104 3. 341 9.2 0.799 3 . 465 14.5 1.096 3. 016 

1 3 . 8 0.365 3.706 2 . 2 O.lcn 3. 656 4.2 0 . 317 3. 333 

F o v e:mbe r 2 4. 2 00403 4 .109 4.8 0 . 417 4.073 8.~ 0 . 605 3.938 

3 0 . 6 0 . 058 4 . 167 2 . 7 0 . 235 4 . 308 2.1 0.159 4.097 

1 0 . 0 0 . 000 4.167 o.~ 0 . 035 4 . 343 1 .0 0 . 075 4.172 

"D E:cemb s r 2 0 . 2 0 . 019 4 . 186 6 . 2 0 .539 4 . 882 2.6 0 . 197 4 . 369 

} 3 . 6 0 . 346 4 . 532 4 . 8 0 . 417 5. 299 7. 8 00590 4 . 959 

1 4 . 0 0 . 384 4 . 916 2 . 6 0 . 226 5. 525 3.5 0 0265 5 . 224 

J a n u a r y 2 6 . 6 0 . 634 5 . 550 8 .1 0 . 704 6.229 10 . 1 0 0763 5. 987 

3 6 . 9 0 . 663 6.2l3 9 . 5 0 . 825 7. 054 12. 4 0 . 937 6 . 924 
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,PPEl'IDI X "1c Continued 

- '- f\ ;" A Bole 
A. A. Ob se~tor1 

Geophys i cal 

l"; onth Decade 
Rainfall % cum Rainfall ~{, cum Rainf all ct cu 

1Il0 
0 / mil. % mID .. ' 
, 0 

~-.~------" 

l l5 . 7 l. 507 7.720 9 . 5 0 . 825 7. 879 l 3 . B 1.04 3 7 · 

Februa ry 2 1 4 . 8 1.421 9 .141 10 . 7 0.929 8 . g08 l B. 7 1. 414 9 . "181 

"Z, 10.1 0.970 10 . 111 10.9 0 . 9~7 9 . 755 1 2 .4 0 . 937 10 . "11B 

./ 

l 12 . 1 1 .l62 110 273 18.0 I 
1.563 11.31B 15 . 9 

1. 202 11. 520 

Iiia r ch 2 1 8 . 3 1.757 13 . 030 19 . 4 1.685 13 . 003 22 . 3 L 6B6 13.206 

3 32 . 5 3.120 16.150 26 . 1 2 . 267 15. 270 34 •2 2 .585 15 . 791 

1 37 . 3 3.581 lQ.731 33 . 0 2 . 866 18 .136 33 . 0 2 .495 18 . 286 

Ap ri l 2 17 . 3 1. 661 21 . 392 27 . 3 
2.371 20 .507 28 .6 

2 . 162 20 . 448 

3 16 . 1 1. 564 22 . 938 29 . 6 2 .571 23 . 078 27 . 1 
2 . 049 22 . 497 

1 37 . 4 3 . 591 26 . 529 29 . 5 
2 . 562 25.640 40.7 3 . 077 25 .574 

F,ay 2 5 . 7 0 . 547 27 . 076 11. 6 
1.00 P, 26 . 648 10.1 

0 . 763 26.337 

3 26 . 7 2 . 564 29 . 640 26 . 3 
2 . 284 28 . 932 28 . 2 

2 . 1 32 28 . 469 
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APPENDIX 3c Continued 

o ry 
f.:. ..o. r\ n rl v ~ .l... "~ -' 

A . A. ., Bol e 
A. A. Ob se rv atory 

Honth Decade Rainfal l % cum Ra~nfall % cum Rainfall r., 

m!:1i 

eu 

% mil;· 
c' 

~. 
/ 

IftC. 

--~~~~ 

l 19 . 8 1.<jOl 31 . 54l 22 . 1 l. 920 30 . 852 25 . 9 l. 95f\ '>0 . 4 

June 2 29 .9 2 . 871 34. 412 36 . 5 3 . '5:70 34 . 022 39 . 5 2 . q8 

3 58 . 8 5 . 646 40 . 058 60 . 3 5', 238 39 . 260 66 . B 5 . 050 ,>8 . 4 

1 67 . 3 6 .462 1+6 . 520 ~1..1 
7.044 46 . 304 93 . 4 7 . 060 45 . 52 

JuJ_y 2. 85 . 1 8 . 171 54. 691 76 . 6 6 . 653 52 . 957 85 ·1 6 .433 51.95 

3 94 . 8 9 . 102 63 .793 93 . 2 8 .G95 61. 052 108 . 5 8 . 202 60 .l58 

1 84 . 2 8 . 084 71. 877 89 · 9 
7 . 209 68 . 861 112 .4 8 . 469 68 . 654 

~.~ v .. [;U E: t 2 74 . 9 7 . 192 79 . 069 87 . 5 7 . 600 76 . 461 108 . 9 8 . 232 76. 886 

'Z, 74 . 6 7 . 163 86 . 232 94 . 9 8 . 243 84.704 108.9 8 . 232 85.118 

./ 

1 67 . 0 6 . 433 92 . 665 81.6 7 . 088 91.792 93 .1 7.038 92 .156 

;..) _ 'C ,~ r;', '0 c. ,:: 2 
') 5 . 0 5 . 282 97 . 946 59 . 3 

5 . 151 96 . g L~3 72 . 1 5. 450 97 . 606 

:J 
21. 4 2 . 055 100 . 001 35 . 1 3. 049 99 . 992 31.7 2 .396 100 . 002 

1150 . 9 
1345 . 6 

Total 
1061. 3 
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