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ON the second v i s i t ,  the make sa id  to the soothsayer; 

"Tell the s u l t a n  who sent you t h a t  a wasting d r o u g h t  will come, 
Tell him that t he  dihi, maajcen and duur  g r a s s  w i l l  wither .  

away a l toge the r .  
Tell him t h a t  of the g r o v e s  and of t h e  g r e a t  trees s t a n d i n g  

a lone ,  some w i l l  d i e .  
Tell him that all t he  ueak and poor and a i l  the f l o c k s  w i l l  

perish. 
Tell hin  t h a t  t h e  s t r o n g  cinels and black-headed sheep will 

remain.  - 
Tell h i n  t h a t  men who are  e n t e r p r i s i n g  and i n d u s t r i o u s  will 

surv ive" .  

The soothsayer s e t  of f  ir. a g r e a t  hurry ard  a f t e r  some time he came to 
the assembly, He recited t h e  poem a n d  vhen he  had finished, t h e  p e o p l e  ran 
t o w a r d s  him and lifted him from t h e  gro~nd ic t h e i r  joy. The s u l t a n ,  very 
p leased ,  g o t  up, shook hands with him, p a t t e d  h i s  head and b l e s s e d  him. 
Then the people  pa id  him grea t  honou r ,  e n t e r t a i n e d  him, and made a r i d i n g  
d i s p l a y  f o r  him. 

Next day the s u l t a n  assenbled h i s  c l a c  "It has been fore . to ld  f o r  us 

t h a t  a time of drought is approach ing .  E-:eryore mus t  store avay something 
f o r  himself", he told them. So eve ry  x i n  zade a storage p lace  w i t h  racks, 
cn  which he  p laced  such food as would k e e p .  

A f t e r  some months the . drough t  began .  The a ~ t u m n  r a i n s  d i d  n c t  come 
and there was no r a i n  during t h e  f o l l o w i n g  s p r i n g .  

All over  the  ccuntry c l o u d s  of dust vere blown about by t h e  wind,  the 
l a n d  becme bare ,  the t r ees  withered, t h e  ponds d r i e d  up, and a l l  the 
shallow wells and water-holes were e x h a u s t e d ,  except f o r  t h e  deep s p r i n g -  
f e d  wells. Then a l l  those animals which canno t  live f o r  a long time 
w i t h o u t  water, and  all t h e  animals with h o r n s ,  d i e d ,  and  no l i v e s t o c k  cou ld  
be found except f o r  t h e  b i g  s t r o n g  camels. Other peop le  were n o t  p repared  
f o r  the drough t  and they and their animals perished, bu t  the s u l t a n  and h i s  
c l a n  t u r n e d  t o  t h e i r  s tores and survived the  h a r d  times. 

2rom t h e  traditional Somali S t o r y  of t tre S n a k 2  acd  t h e  SouLhsayer. 



I SOMALI DEMOCRATIC REPUBLIC 

1 REGIONS AND DISTRICTS 



P R E F A C E .  

S i n c e  the p u b l i c a t i o n  of F a n t o l i ' s  "Cont r ibu to  alla Clirnatologia  d e l l a  
~ornalia" in 1965, very l i t t l e  h a s  appeared i n  p r i n t  concern ing  any aspect 
of the Meteorology, Climatology or Agroc l ina to logy  of Somalia,  and t h i s  
'Agroclimatology of Somalia" the re fo re  represents an  important c o n t r i b u t i o n  
t o  tie scientific data base of- which w i l l  b e  found u s e f u l  by 
engineers, scientists, economists, c o n s d t a n t s  and Governmental and - 
I n t e r n a t i o n a l  personne l  f o r  many years to cone.  

Other pub l i ca t ions  by the Food E a r l y  Warning Department i n c l u d e  t e n  
T e c h a i c a l  Publ ica t ions  listing the entire annual, monthly and daily 
rai-z- ,.,,I1 record of Somalia, and ar. Agricul tura l  S t a t i s t i c s  C o ~ p e n d i u n ,  a i l  
of which are further vital additiocs tc the n a t i c n ' s  d a t a  base. 

The au tho r s  are to be congratulated on a volume, which nat 0~15. 
explains the fundamentals of the Agroclioatology of Somal i a  in suck a c l e a r  
acd l u c i d  manner, but also includes tables, diagram and analyses n e - ~ e r  
befcre published.  

P - H -  & O.P.  

Eng .  Ali kbdi Odava, Director, 
Food Early Karn ing  Depar tment .  

The Agrociimatology of S n n a l i a  FZWS P r o j e c t  



I N T R O D U C T I O N  

R i s  volume is i n t e n d e d  to b e  used by scientists, engineers, 
c o n . ~ ; u l t i i n t s ,  students, and o t h e r s  cho wish  t o  gain a greater  u n d e r s t a n d i n g  
of t h e  Agroc l ima to logy  of Somalia. It does n o t  assume any p r i o r  knowledge 
of the sub jec t ,  b u t  i t  h a s  been  w r i t t e n  with t h e  i n t e l l i g e n t  mind i n  view. 
It does not p r e t e n d  t o  p r e s e n t  i n  f u l l  all available information on t h e  
~ ~ r o c l i r n a t o l o g y  of Somalia, s i n c e ,  f o r  r a i n f a l l  at least, these have been 
p r e s e n t e d  elsewhere, b u t  it does offer comprehensive information o n , c e r t a i n  
s u b j e c f  matter. which is . no t  foreseen to -be publ i shed  elsewhere. - . R a t h e r ,  
does it i n t e n d  to p rov ide  t h e  reader with the  b a s i s  o f  knowledge to enable 
t h e  b e s t  u s e  to be made of any agrocl irnat ic  i n f o r m a t i o n .  

Agrometeorology as a discipline is concerned w i t h  t h e  i n t e r a c t i o n  of 
p l a n t s  with the ueather and climate, therefore we have considered it 
a p p r o p r i a t e  t h a t  chapter  1 consists of a review of the  synoptic c l ima to logy  
of S o ~ a l i a  and t h e  whole P. f r i can  r e g i o n .  .The chap t e r  is s o  s t r u c t u r e d  t h a t  
e a c h  s e c t i o n  provides a rounded body of knov ledge  of i n c r e a s i n g  dep th  from 
s e c t i o n  to s e c t i o n ,  s o  that t h e  r e a d e r  may miss some of the chap t e r ,  with 
only a loss of depth of knovledge ra ther  t h a n  a k s i c  unders tanding.  
However, Ke c o n s i d e r  it impor tan t  t h a t  t he  c loud  k a g e s  a r e  s t u d i e d  
c l o s e l y .  NO set of words o r  diagrams i l l u s t r a t e s  t h e  xeather p a t t e r n s  as  
v i v i d l y  z s  do these pictures. 

Chagter  two i s  a reviec of the climate of Sonalia. We have relied on 
published information, as well as d a t a  from va r ious  o r i g i n a l  sources in 
order tc give a rounded appreciation of the Climate. Much of the 
inrcrnation has either never been p r e v i o u s l y  publis5e0, or  is  s o  d i f f i c u l t  
t o  o b t a i n  t h a t  i t  is worth repeating. Many of the analyses are our o m  
~ c r k ,  also neuex p r e v i o u s l y  published, and  ail t h e  f i g u r e s  a r s  nsw. 

In c h a p t e r  t h r e e  we apply tnis i n f o m a t i o n  to soge a s p e c t s  of 
Agriculrcre ln Sonalia. !Je hzve been hampered i n  t3is by a l ack  of 
a c c u r a t e  s c i e n t i f i c  informatio~ on Somali farming. Fcwever, a section on 
c l i m t i c  classification is included, i n  which each ciassification has an 
a g r i c x l t u r a l  o r  b o t a n i c a l  base,  t h u s  p r o v i d i n g  u s e f u l  i n f o r m a t i o n  on t h e  
agricaltural potential of the country. We a l s o  d e a l  d i r e c t l y  w i t h  t h e  
$,gricuitcre, in respect of  t h e  m a j o r  crcps ,  and t h e  narner in which climate 
a f f e c t s  the d i s t r i b u t i o n ,  and  weather t he  year to year  y i e l d  of t h e  c rops .  
We have dealt at some length on theoretical approaches to identifying the 
maxim-m1 possible y i e l d s .  We have done t h i s ,  n o t  i n  the expec ta t ion  t h a t  
s u c h  y i e l d s  can be obtained, b u t  t o  i n d i c a t e  methods whereby i t  may b e  
i d e n t i f i e d  what a re  t h e  best  p o s s i b l e  courses to follov in order to improve 
yields and production. 

k'e have n o t  d e a l t  with all aspects  of Agrocl icra tology.  Matters of 
Agro.:ony are l e f t  ;c other p u 6 l i c a t i o f i s  to b e  produced by the l'EWS Project .  
Also, f o r  exampid, the r e l a t i o n  between l o c u s t  attacks and t h e  weather is 
important, b u t  no  r e a l  time vea the r  forecasting capabilities e x i s t  in 
S o m l i a ,  at p r e s e n t .  Food s t o r a g e  i n  relation to ClLnate i s  s n o t h e r  area 
khere  s t u d y  could provide great benefits to t h e  Country. 

This publication is a p r o d u c t  of the Food E a r l y  Karn ing  Department  of 
t h e  M i n i s t r y  of Agriculture, Somali Democratic Republic, s u p p o r t e d  by t he  
E30i E a r l y  Warning System Pro jec t  (No.5.100.39.47.030) financed by the 
E a r o ~ e a n  D e v e l o p m n t  F u ~ d  and executed by T W S T E C  S . A .  of B r u s s e l s .  The 
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..thors are Technical  E x p e r t  Agroc l i rna tc log i s t  and  Head of the  
Agroclic3tology Section, Food E a r l y  Warning Depar taen t  r e s p e c t i v e l y .  

The authors wish to acknowledge the  financial s u p p o r t  of the 
organisations ment ioned above, and  t h e  s u p p o r t  of t h e  Direc tor  of t h e  
~ ~ ~ ~ r ~ e n t ,  Mr. Ali Abdi Odava, a n d  the General  Manager of the P ro jec t ,  M r .  
fi, Cervesato  In addition s u p p o r t  has  b e e n  f o r t h c o m i n g  from the British 
~ ~ t e o r o l o g i c a l  off ice,  who p r o v i d e d  t h e  satellite images, as well 2s  
historical data. Hr. Peter Ede of the  Hydrology P r o j e c t  prov ided  t h e  

of extreme r a i n f a l l s  and P r o b a b l e  Maximun P r e c i p i t a t i o n .  D r .  ~ o d  
Bowen assis ted i n  the preparation of the s e c t i o n  on Agroforestry. . 
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11 drawings have been done by the authors, t h e y  wish  t o  
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F The t i ea the r  and climate of any one area o r  p l a c e  results f rom the 
, i n t e r a c t i o n  of the M e t e o r o l o g i c a l  elements over a  l a r g e  p a r t  of  the e a r t h ' s  

s u r f a c e ,  and cannot be  u n d e r s t o o d  nor e x p l a i n e d  w i t h o u t  a c o n s i d e r a t i o n  of 
the e n t i r e  s y s t e m  of p r e s s u r e s  and winds ,  which is  known as t h e  General 

F 
C i r c u l a t i o n  of the Atmosphere. 

This n a y -  bet  i l l u s t r a t e d  i n  several ways ,  b u t  i s  convent_lon'ally shown 
-as i n  figure 1, in which t h e  vertical components o f  air movement are shown 
outside the circle, which ~ e p r e s e n t s  t h e  Globe,  and  t h e  h o r i z o n t a l  
components within the  circle. A t  t he  equa to r ,  neglecting f o r  the moment 

,the seasonal variations, solar radiation supplies t h e  energy t o  hea t  the 
ground surface and lower levels of the a t m o s p h e r e ,  r e s u l t i n g  i n  an upward 
movement of the  air, and a zone, at the surface, of low atmospheric 
pressure. Air from h i g h e r  l a t i t u d e s  flows i n t o  t h e  equatorial low pressure 

II 

area, but is deflected by the e a r t h s  rotation, fo rming  the northeast and 
southeast trade winds ,  a c c o r d i n g  to the hemisphere ,  To b a l a n c e  t h i s ,  t h e  

. . 
a i r  r:s:ng above the equator flows outvards at higher levels and subsides 

-at a b o u t  30' of l a t i t u d e ,  n o r t h  and so: l th ,  t h u s  completing circulation 
" c e l l s " .  As t h e  a i r  s u b s i d e s  in the subt-opical areas, 

t 

I 

I 
' an t i cyc lon ic ,  with a i r  f l o w i n g  ou twards  t c w a r d s  the lower  l a t i t u d e s .  The 

interaction between t h i s  air flowing from the poles at low levels, and the 
air flowing from the subtropical anticyclonic areas form the tmperate 

-zones, t h e  boundaries between t h e s e  two t y p e s  of air masses being the 
'cold' and ' w a r m '  fronts typical of the zones .  

POLAR ANTICYCLONE 

TRADE WINOS 

THE GENERAL CIRCULATION OF THE ATMOSPHERE. - FfG 1. 

so  t h e  s u b t r o p i c a l  h i g h  pressure b e l t  i s  formed. T h i s  high pressure  belt 
,is c r - a r a c t e r i s e d  by t he  existence of quasi-stationary anticylones, from 
u h i c k  a i r  f l o w s  at low leve ls  towards  the  equator b e i n g  t h e  trade winds, 
and towards the poles being kncwn as t r o p i c a l  air masses i n  the higher 
l a t i t u d e s .  The polar r e g i o n s ,  b e i n g  c o l d  at l ower  levels, a r e  a l s o  



Tke actual circulation is. of course,  ve ry  much more complicated than  
t h e  s i m p l i f i e d  p a t t e r n  de sc r ibed ,  and is  subject to d a i l y ,  seasonal and 
long-term v a r i a t i o n s .  O f  particular interest in tropical areas  a re  t h e  
,,,,anal variations of the  general circulation. 

The Intertropical Convergence  Zone. 

Between the  s u b t r o p i c a l  anticyclonic belts, t he  winds flou towards the 
equator, being d e f l e c t e d  by t h e  rotation of the e a r t h  i n t o  t h e  
cortheasterly and southeasterly t r a d e  winds ,  though t h i s  is a 
sbp l i f  ication of the - - t rue  situation. Where these winds f ram t h e  nor thern 
hemisphere and from the s o u t h e r n  hemisphere, meet is the  In t e r t rop ica l  
F r o n t  (ITP), sometimes known as the I n t e r t r o p i c a l  Boundary (IT%). The two 
sets of winds do not meet head-on but are deflected latitudinally, that is, 
from northeast to east, and southeast to east. Where these d e f l e c t i o n s  
occur is known as the Intertropical Convergence Zone ( I T c Z ) .  Depending on 
both the l oca l i t y  and the season,  t h e  ITF and the  ITCZ provide  nore or  less 
s c i t a b l e  conditions f o r  atmospheric uplift, resulting i n  convect ional  
activity and r a i n f a l l .  

Movement of the I n t e r t r o p i c a l  Convergence Zone. N e i t h e r  t h e  ITF no r  
ITCZ a re  stationary. As the sun apparently soves north and south of t h e  
equator  according t o  t h e  season, s o  t h e  heating of the e a r t h  and lover 
atmospheric levels varies, resulting i n  a n o r t h  and s o u t h  o s c i l l a t i o n  of 
both the ITF and ITCZ. This oscillafion is not in phase w i t h  the apparent  
movement of the sun, but l a g s  i t ,  t h a t  is  , it is later, by a month o r  
more. The m p l i t i t u d e  of t h e  novement also v a r i e s  a c c o r d i n g  t o  t h e  
location. It is much greater over land thar over sea, because of t h e  
differential rates of heati~g of s o i l  and w a t e r ,  and is  greater o v e r  soae 
l and  masses than o t h e r s l  depending  on the conflguration of the c o n t i n e n r s .  - 

I t  is t h i s  movement of t h e  iTF and ITCZ which provides t k e  different 
weather s e a s o n s  in t h e  tropical areas, including the monscons. 



L Somalia, l y i n g ,  as it d o e s ,  b e t w e e n  2's a n d  12Ol-4 is e n t i r e l y  between 
:he t w o  s u b t r o p i c a l  a n t i c y c l o n i c  b e l t s -  The movement of the ITF a n d  ITCZ 
are therefore the most i m 2 o r t a n t  f a c t o r s  in the s u c c e s s i o n  of the weather 
s ea sons .  - 

As mentioned, although the  I T C Z  l a g s  t h e  apparent  movement of t h e  sun 
byaabout one month, -:the earth's surface- a f f e c t s e - t h e  ampl i tude  of t h e  

9ovenent and the i n t e n s i t y  of t h e  weather activity. The features of the 
earth's surface  which are s i g n i f i c a n t  i n  t h i s  r e s p e c t ,  are  the shape of 
Af r i ca ,  t h e  existence, to the n o r t h ,  of t h e  Arabian Peninsula, and t h e  mass 
,of Asia i t s e l f  t o  the  northeast, and the Western I n d i a n  Ocean. On a more 
loca l  scale, the Kenya-Ethiopia-N-Sonalia highlands also affects the wind 
ilow a t  lcwer a b o s p h e r i c  l eve l s .  

-The Seasonal  Var ia t ion  a t  t5e Sur face .  

I n  January (Fig.2) the sun is f a r  t o  the south, and t h e  ITCZ is a t  its 
f u r t h e s t  sou th ,  l y i n g  someshere a l o n g  t h e  Equa to r  over Les t  Africa, d ipp ing  
sooth~ards over Central Africa, t o  reach a p o s i t i o n  a t  abou t  10% over 
Eastern Africa and t h e  Western I n d i a n  Ocean, o r  j u s t  t o  t h e  north of 
Madagascar. Minimum surface p r e s s u r e  a long t h e  I T C Z  i s  about  1008 t o  1010 
mb. Because it is winter in the northern Hemisghere, it is cold over Asia 
and Arabia, with c o n s e q u e n t  h igh  pressure, featuring an anticyclonic system 
w i t h  m a x i n u  surface pressure  of 1020 mb. ovzr  Arabia  and t h e  P e r s i a n  G u l f .  
A i r f l o w  is thus n o r t h e a s t e r l y  over So~alia, though c u r v i n g  ra ther  nore to 
the e a s t  f u r t h e r  i n l a n d ,  where it meets a c o r r e s p o n d i n g  a i r f l o w  round the  
Azores a g t i c y c l o n e ,  s i t u a ~ s d  somewhere t o  t h e  west  & n o r t h  Af r i c a  and 
S p a i n .  These two airflo~s do f 0 r n . i ~  airmass bounda ry ,  the movement of 
which has an uncertain effect on the weather of S o ~ a l i a .  

As t h e  year p r o g r e s s e s ,  so t h e  sun moves a p p a r e n t l y  nor~hwards. The 
high pressure system over  Asia weakens, g r a d u a l l y  b e i n g  replaced by low 
pressure of about  1000 mb at i t s  lcwest in J u l y  with a trough extending to 
cover Arabia and t h e  P e r s i a n  G u l f ,  t h e  same area t h a t  e x p e r i e n c e s  t h e  
anticyclonic feature i n  J a n u a r y .  I n  a corresponding manner, the 
s u b t r o p i c a l  h igh  p r e s s u r e  zone to t h e  s o u t h  intensifies and moves 
norchuarzs ,  from about 3 5 O ~  t o  30's. The p r e s s u r e  g r a d i e n t  over  Somalia 
therefore reverses, thus so does the w i n d f l o w ,  which becomes southerly, 
t hough  because of a seccndary low p r e s s u r e  t r o u g h  i n  the western I n d i a n  
Ocean, a n d  t h e  shape of the Ind i an -Arab ian -As ian  landmass, the resultant 
wind recurves  from south  e a s t  t o  t h e  s o u t h  of the Equator, through south t o  
s o a t h s e s t  over  Somalia. 

>.s t h e  s u n  once more .apparently rnc7.'es soui1i ; :a~-as,  betxeen J u l y  and 
J a n u a r y ,  so t h e  reverse process occurs, with t h e  l r C Z  slippins sou thvards ,  
and  p r e s s u r e  once more building up o v e r  Asia and AraSia. 





U p p e r  Level Winds. 

Though the  s u r f a c e  winds and  pressure arc t h e  elements r e a d i l y  
o b s e r v e d ,  no u n d e r s t a n d i n g  c a n  b e  comple t e  w i t h o u t  a c o n s i d e r a t i o n  of t h e  
upper attmosphere. 

C i r c u l a t i o n  a t  V a r i o u s  L e v e l s .  Meteorological charts of t h e  Upper 
Atmosphere a r e  u s u a l l y  shown f o r  p a r t i c u l a r  p ressure  l e v e l s ,  a p rac t i ce  
f o l l o w e d  here f o r  850 mb, 70a nb, 500 mb, and 200 mb, which correspond 
a p p r o x i a a t e l y  t o  h e i g h t s  of 1500, 3000, 6000 h 12300 metres respectively 
above ground l e v e l .  The d a t a  d i s p l a y e d  on such charts may be of various 
kinds, though the most p o p u l a r  a re  the  he igh t  of the pa r t i cu l a r  pressure 
s u r f a c e ,  and,  as used here, t h e  wind  f low,  in t h e  form of s t r e a m l i n e s ,  
which represent t h e  t r a c k s  of individual p a r t i c l e s  of air over t he  a r e a  
r e p r e s e n t e d  by the c h a r t .  The speeds a r e  r e p r e s e n t e d  by t h e  c l o s e n e s s  of 
t h e  s t r e m l i n e s ,  and ,  a t  p a r t i c u l a r  p o i n t s ,  b y  wind :relocity arrows. 

January. Flow at lower l e v e l s  (850 mb) i n  J a n ~ a r y  a r e  similar t o  
t h o s e  a t  t h e  surface, v i t h  the s u b t r o p i c a l  ridge l i n e s  l y i n g  at l a t i t u d e s  
ZG'N and 30°S, and low p r e s s u r e  a t  10%, b u t  va ry ing  with l o n g i t u d e ,  
d i p p i n g  t o  the s o u t h  over  the Fozambique channel and  to the n o r t h  over 
C e n t r a l  A f r i c a .  In t h e  n o r t h e r n  hemisphe re ,  f low i s  n o r t h e a s t e r l y  towards  
the icv p r e s s u r e  t r o u g h .  As altitude i n c r e a s e s ,  so the axes of h igh  
p -essure  a r e  d i sp laced  towards  t h e  equator, with the low p r e s s u r e  axis 
s n o c t h i n g  o u t  i n t o  a more d i r e c t  e a s t - w e s t  p a t t e r n ,  b u t  v i r t u a l l y  
disappearing a t  t h e  upper levels (200 mb), where t h e  t w o  h i g h  l e v e l  
p r e s s u r e  zones  a lmost  coalesce, r e s u l t i n g  i n  a l a rge  area of low w i n d s  from 
5 O N  to 2 0 ~ 5 .  Note the high speed flow at 200 mb, froc w e s t  t o  e a s t  riorth 
of a b c u t  20%. 

A p r i l .  By A p r i l ,  ( ~ i g .  3 ( b ) ) ,  thougk t h e r e  has been l i t t l e  change in 
t h e  h i g h  p r e s s u r e  a x i s  a t  low and m i d d l e  l eve l s  t h e  lo& pressure trough has 
pushed  n o r t h u a r c s  a l o n g  t h e  e a s t  A f r i c i n  coas f .  A t  t h e  upper l eve l s ,  t h e  
s o u t h e m  h i g h  p r e s s u r e  a x i s  h a s  s h i f t e d  no r thwards  over Central Africa, 
with the resultant development  o f  high speed  westerlies over southern 
Africa and t h e  sou thern  I n d i a n  Ocean. 

J u l y .  Solar h e a t i n g  h a s ,  by J u l y ,  ( F i g .  3 ( c ) ) ,  caused t h e  f o r m a t i o n  
cf t h e  low p r e s s u r e  t o  t h e  n o r t h  of Sornalia ,  at t h e  lower  levels, only, and 
~ h e  low pressure trough lies across t h e  Saha ra ,  dipping t o  the s o u t h  along 
t h e  Red Sea, then curving o v e r  the Arabian  P e n i n s u l a .  A t  500 mb, 
a n t  ; c y c l o n i c  (h igh  p r e s s u r e )  circulation exists o v e r  the low l e v e l  l ow  
pressure axis. Cyclonic development  over t h e  w e s t e r n  I n d i a n  Ocean 
i n t e n s i f i e s ,  w i t h  t h e  r e s u l t i n g  formation of t h e  Somali Jet Stream f l o w i n g  
rcund its w e s t e r n  q u a d r a n t  ( s e e  b e l o w ) .  I n  J u l y ,  hovever ,  t h e  n o r t h e r l y  of 
t h e  t w o  high  p r e s s u r e  axes'moves t o  t h e  nor th ,  a l l o w i n g  t h e  d e v e l o p m e n t  of 
a n  e a s t e r l y  airstream over Somalia at h i g h  l e v e l s .  

October.  9y O c t o b e r ,  (Fig. 3 ( d ) ) ,  the reverse movement of the e n t i r e  
 stem i s  underway, p a r t i c u l a r l y  w i t h  t h e  r i s e  of p r e s s u r e  a t  l o w e r  l e v e l s  
roind 2 3 * ~ ,  and  t h e  s o u t h e r l y  dispiaccnent of the low pressure  ax i s .  A t  
h i g h e r  l e v e l s ,  t h e  n o r t h e r l y  a n t i c y c l o r ? i c  r i d g e  pilshcs s o u t h ,  s q u e e z i n g  o u t  
t h e  e a s t e r l y  f l o w ,  
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z o n a l  - Winds. F i g .  i l l u s t r a t e s  i n  more detail  t h e  v e r t i c a l  ~ t r ~ C t ~ ~ ~  

of the atmospheric movement pat tern  outlined in F i g .  1. It shows t be  z o n a l  
( t h a t  is, east and  w e s t )  camponent~ of  winds on a longitude of 45'3, chich 
is of what i ~ a p p e n s  above the whole  of  Somalia- 

me upper i is chiracterised by a number of f e a t u r e s  which a r e  of 
i n t e r e s t  to Somalia. 

a) Extra-tropical westerlies, which occur at a l l  levels i n  the  
t e n p e r a t e  r e g i o n s .  Though ou t s ide  the t r o p i c s  a t  the surface, the 

. . -. - rester l ies  are- closer to t h e  e q u a t o r  a t  the upper levels,  a n d  the caximm 
speeds  occur a t  200 mb between 25% and 30°N but 4 5 O ~  and 50'5 in the 
southern hemisphere ( F ~ Q S ~ .  1969) .  A w e s t e r l y  jet appears in this zone in 
the northern hemisphere, w i t h  maximum speeds of 100 k t s ,  but does not 
appear in the southern hemisphere, at this lcngitude. 

b )  The subtropiczl r i d g e  lines a r e  d e f i n e d  as  t he  s u r f a c e s  s e p a r a t i n g  
the e x t r a  tropical ies?mlies  from the t r o p p ; a a  easterlies, and nay be 
t h o u g h t  of as the ridge lines of tP,e subtropical anticyclonic b e l t s .  1; 
general, the ridge lines move o n l y  slightly at the s u r f a c e ,  a matter  of 5" 
at most, but f l u c t u a t e  r a t h e r  more at upper  levels. 

c )  The 
cortheasterl 
The easterli 
h i g h  l e v e l  
The easterli 

Equatorial Easterlies, are t h e  familiar t r a d e  w i n d s .  
y and ~ o u t h e a s t e r l ~ ~  of  o n l y  t h e  former affect ~ o m a l i a .  
e s  e x t e n d  t o  t h e  u p p e r  lecels ,  a c t u a l l y  comb in ing  to form one 
equatorial easterly sysre, betveen t he  subtropical ridge lines. 

e s  embody a seasonal ( n o r t h e r n  summer) easterly j e t  a t  200 mb 
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d )  The low l e v e l  equatorial w e s : e r l l e s  a r e ,  as a l r e a d y  indicated, the 
s o u t h e a s t  trades, which recurve to the sout1:west. ~t is t h e s e  w r n d s  which I 

produce t h e  wet monsoons of Somalia. They are  esentlally a l o w  l e v e l  f 

f e a t u r e ,  n o t  reach lng  up t o  the 500 rnb l e v e l  ( 5  be) .  

e )  The low level westerlies are separated from the e q u a t o r i a l  . . 

easter l ies  by the  low l e v e l  e q u a t o r i a l  t r o u g h  l i n e s ,  the a x e s  through uhich 
the zona l  wind changes s i g n  ( i . e .  eas t  t o  west). These are not the same as 
the I n t e r t r o p i c a l  Front (ITF) which indicates the boundary between t h e  I 

drier n o r t h e r l y  al<rmass and t h e  s o u t h e r l y ,  more m o i s t ,  r a in  bea r ing  - [  
airrnass. The trough line lies to t h e  r w t h  af t h e  ITF,  at thexsurface. 

f )  The netecrological equator, a te rm used by Leroux (1983) has n o t  
been inc luded ,  f o r  t h e  s a k e  of simplicicity. T h i s  is the axis of minimum 
atmospheric p r e s s u r e ,  at t h e  s u r f a c e  and cpwards through t h e  atmosphere. 
It is ac tua l ly  a s u r f a c e  from the ground  level i n t o  the upper atmosphere, 
n o t i o n a l l y  s u r r o u n d i n g  t h e  Ear th .  

All these features are sensitive t o  t he  movement of t h e  sm, 
fluctuating north and south according to the season. 

Zonal  Winds at Louer Leve l s .  'The c o n n e c t i o n  be tween  t h i s  complex 
p a t t e r n  of winds and actual weather may b e s t  b e  understood by a c l o s e r  l ook  
a t  t h e  zonal  r i n d s  c l o s e r  t o  t h e  ground  ( F i g .  5 ) .  

I n  January ,  the eas te rn  p a r t  of t h e  e q u a t o r i a l  easter l ies  c o v e r  the 
entire country. The equatorial trough is ye l l  to the s o u t h ,  w i t h  t h e  ITP 
lying at a b o u t  10% a t  the s u r f a c e ,  b u t  s1l:ing t o  t h e  n o r t h .  As t h e  year 
p r o g r e s s e s ,  so does t h e  e n t i r e  p a t t e r n  move t o  the n o r t h ,  though c h i s  
movement is v e r y  slow i n  t h e  f i r s t  f e u  months.  By March, l i t t l e  change h a s  
n -cured .  However, a r a t h e r  s u d d e n  c o r t t e r l v ~  s h i f t  occurs  i n  A p r i l .  
p a r t i c u l a r l y  a t  t h e  l o b e s t  l e v e l s ,  resulting i n  a r e v e r s a l  o f  the  s l o p e  of 
t h e  ITF uhicy now slopes upwards to the s o . ~ t h ,  thcugh e a s t e r l y  k i n d s  stili 
cover  t h e  countrv, b u t  ~ i t h  winds frcn sou theas t  rather than nortneast over 
the s o u t h e r n  h a l f .  

In May the ITF at the surface has pushed t h r o u g h  t o  t h e  Gulf of Aden, 
t hough  at u p p e r  levels i t  s t i l l  l i e s  o v e r  t h e  n o r t h e r n  p a r t  of t h e  coun t ry .  
I n  addition, the S o n a i i a  101; l e v e l  J e t  ( see  be lo=)  i s  d e v e l o p i n g ,  and  i s  
evidenced i n  May by a maxinum w e s t e r l y  speed of 30 Kts. at 1 1Gn. altitude, 
at 5%, and a n a x i ~ u v  e a s t e r l y  speed  cf 2.5 Kts. a t  1o0s, a t  t h e  sane 
altitude. 

By J u l y ,  the g e n e r a l  movement has stabilized in its most n o r t h e r l y  
position, with vesterlies extensive far to the n o r t h  of Somalia, and the 
Somalia Je t  at i t s  maximurn development  with s p e e d s  i n  excess  of 35 Kts. In 
the far south of Somalia, v i n d s  have backed t o  s o u t h e r l y  at t he  surface and 
t h e  s o u t h e r n  equatoria1,trough l i n r  T e r y  n - r l y  reaches t h e  s o u t h e r n  t i p  o f  
t h e  c o u n t r y .  There i s  a suggestion by b o t h  Leroux  (1983)  a n d  F i n d l a t e r  
(1971) t h a t  there  i s  i n t r u s i o n  of wester?' air from the north, t h a t  is, 
c i r c u l a t e d  behind the Asia-Arabian l o x  p ressure  a rea .  T h i s  i n t r u s i o n  may 
o n i y  b r u s h  t h e  n o r t h e r n  c o a s t a l  a r e a s ,  b u t  may go .some way to e x p l a i n  t h e  
low r a i n f a l l  a t  t h e  n c r t h  c o a s t a l  s t a t i o n s .  



The tetrea:, (southerly m ~ i e n e n t )  is s l i g h t  in August and September,  
b u t  i n  t h e  l a s t  t h r e e m o n t h s  o f  t h e  yea r  themovement  does  s p a n s o m e 2 5 ' o f  
l a t i t u d e ,  t hough  it is much reduced at t h e  uppe r  l eve l s .  I n  O c t o b e r ,  t h e  
ITF h a s  retreated to a position s o  t h a t ,  on t h e  s u r f a c e  it l i e s  j u s t  t o  t h e  
s s c t h  of t h e  Escarpnent.Thereafter, the ITF moves much more rapidly near 

F 
t h e  su r f ace ,  s o  t h a t  it f o l d s  under  i t s e l f ,  thus sloping from the surface 
to the north, then a t  about 1000 rn a s l .  changing to s l o p e  t o  the south. 
F o r  t h i s  reason t h e  atmosphere i s  rather more stable, t h u s  rainfall d u r i n g  

F. the latter part of t h e  yea r  1s g e r l e r a l l v  l e s s  t h a n  i n  t h e  earlier part of 

the year. Additionally, , t h e  westerlies disappear, and the Somali Jet 
weakens and withdraws to the s o u t h .  Ey December, the situation is  

r e s t a b l i s h i n g  i t s e l f  a t  i ts  most s o u t h e r l y  extent, w i t h  persistent e a s t e r l y  
w i n d s  over the entire c o u n t r y  t o  t h e  upper  l eve l s .  

The Somali LOW Level J e t .  

X v e r y  sigsificsnt f e a t u r e  of  :he atmospheric flow is the Somal i  Je t ,  
which occurs  at low l e v e l s ,  between 1000 and 3000 m above sea l e v e l ,  
b e t ~ e e ~  May and Septenber. 

The Jet consists of an intensification, during the northern summer, of 
the flow found i n  the vescern  quadrant of t h e  secondary l o w  pressure  area 
o v e r  t h e  I n d i a n  Ocean. Due t o  t h e  Kenya-Ethiopian-N-Somalia Uplands,  t h e  
f l o u  is squeezed as it curves into southerly across the equator and thence 
s o u t h v e s t e r l y  over northern Somalia, being guided by the shape of t h e  
uplands. 

@t her Sr ream! ines 

Fig 6 ( a )  - -  

The o r i g i n  o f  t h e  f l o w  is to t h e  e a s t  of Madagascar, w h e r e  t h e  flow is 
east-south-ea~terly t h r o u g h o u t  t h e  Year. During t h e  e a r l y  months, however, 
t h e  s t r o n s  n o r t h e a s t e r l y  f l c w  f rom t h e  A r a b i a n  Sea prevents e x t e n s i o n  o f  
:ile f l o 2  t o  t h e  ;est o i  ? a d a g a s c a r -  BY March, t h c  northeast monsoon 



MGNTHLY AIRFLOW AT I KM 

Fig. 6 

weakens, and the southeasterly flow strengthens somewhat and extends into 
the Hozanbique Channel, a process which continues in April, wher the 
lortheast rnor.soon disappears, except as an anticyclonic eddy cectred off 
t h e  coast of Arabia. The southeasLerlies push into Somalia, more 
especially a r  l o v e r  l e v e l s  (1000 m), t hough  a t  3000 m the flow i s  e a s t e r l y ,  

. o u s h i n g  d i r e c t l y  across the Kenyan  . < l i g h l a r . d s  ( F i g .  b(a), f r o m  
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bring May, t h e  Jet becones well established over t h e  whole of 
Somal ia ,  w i t h  h i g h e r  w i n d  speeds  of 25 k t s .  o r  more at t h e  lover  levels. 
I n  June and July the Jet a t t a i n s  its m a x i m  speeds of up to  35 kts. 
(averape) and a r e a l  e x t e n t ,  extending eastwards  as far as India  and S r i  

Lanka.  Maximum activity is at 1000 rn or a little h i g h e r  (Fig.b(b)). 

In October, t h e  n o r t h e a s t  nonsoon pushes  southwards to reach t h e  coast  
of Somalia,  with a consequen t  r e d u c t i o n  i n  t h e  l e n g t h  of t h e  Jet and its 
displacement southwards, and by December, t h e  n o r t h e a s t e r l i e s  cover t h e  
Afr ican coas t ,  with the east-south-easterly flow pushed to t h e  eas t  of 
Madagascar .  

Though speeds over l a r g e  a r e a s  ( s e e  F i g .  7) average over 20 k t s . ,  t h e  
J e t  i t s e l f  does experience h i g h  speed p u l s e s  travelling along t h e  path of 
t h e  J e t ,  where maximum speeds  a r e  c o n s i d e r a b l y  greater .  A plot of t h e  
ex t r eme  maximum winds shows a pattern similar to that of fig. 6 ( b ) ,  bu t  
wi th  a tube of 100 k t s .  or more along the major a x i s  from 6Os t o  ~ o O N ,  with 
60 kts. o r  more being deduced as t h e  maximum over most of Somalia, usually 
at heights of 100 to 1500 in. 

The importance of t h e  h i g h l a n d s  i n  t h e  format ion of t h e  jet is s h o r n  
in F i g  9, which is a cross-section along the equator. Interestingly, a 
southerlv a i r f l o w  is f i r s t  noticed as early as February  a t  LG%, which is 
a t  ~ h e  foothills o f  the Kenyan Uplands .  The southerlies i n c r e a s e  in March, 
bu t  a r e  s t i l l  overlain by t h e  seasonal n o r t h e r l y  flow. The w i n d  shear 
between these  f l o w s  lies a r  4 0 - 4 3 ' ~ ,  which may w e l l  be a f a c t o r  

CROSSECTlON THROUGH CORE OF JET  



contributing to t h e  earlier s t a r t  of t h e  rains in inland southern Somalia, 
coapared to coastal areas (see be lcw) .  Steady i n t e n s i f i c a t i o n  of t h e  flow 
continues, reaching ground level  i n  Apri l  a n d  maximum extent and  intensity 
i n  July. 

Friction with the ground s u r f a c e  of the h igh l ands  causes a very h igh  
wind speed gradient on the vest of the j e t ,  b u t  t o  the  east, t h e  g r a d i e n t  
is  r a t h e r  more gradua l ,  w i t h  10 and 15 kts ( 5  a n d  7.5 m/s) winds occur ing  
as f a r  eas t  as 6 0 ' ~  i n  July. The jet  gradually dies away over the second 
half of the year, but t h e r e  is s t i l l  a sma l l  area of southerly flow as late 
as  November, a month a f t e r  the northerlies have established themselves  a t  
ground l e v e l .  -. . 

The Horn of Africa is unique in the world, i n  the sense t h a t  its 
I n d i a n  Ocean coas t l ine  is t h e  o n l y  tropical eastern coast of a major Land 
mass not t o  receive reasonable  amoun t s  of  r a i n .  The Somali Jet explains 
why. Instead of the low l e v e l  f l o w  from the Ind i an  Ocean being allowed to 
cross into the interior of the c o n t i n e n t ,  it is d i v e r t e d  by t h e  highlands, 
and, hav ing  dropped i t s  l o a d  of r a i n  over equatorial areas, it is d r y  a s  it 
crosses the Horn as an o f f s h o r e ,  a n d  n o t  an onshore  wind. 

The effect of the Jet on Somali weather has, s o  f a r ,  n o t  been 
investigated. However, from the n a t u r e  of the j e t ,  certain conclusions may 
b e  drawn. F i n d l a t e r  (1972) has shown t h a t  along the l i n e  of  t h e  centre of 
t h e  core o f  the  jet, a i r  is r i s i n g ,  thus p r o d u c i n g  more c loud i n  t h i s  a r e a  
(fig.lO). Either s i d e  of t h e  core, t h e  air is d e s c e n d i n g ,  t h u s  t h e r e  is  
l e s s  cloud, and thus less r a i n f a l l .  I n  a d d i t i o n ,  the a i r  t o  the west of 
t h e  core is more moist than t h a t  a c t u a l l y  i n  t h e  core or t o  t h e  e a s t .  Thus 
there is l i k e l y  to be less r a i n f a l l  to"?% east of the j e t  t h a n  i n  t h e  
cen t re  or to the west. Examination of the r a i n f a l l  distribution map 
i n d i c a t e s  the correspondence between t h e  track of the jet and a n n u a l  
: l - a i n f a l l  amoun t s .  This  i s  p a r t i c u l a r l y  eviden~L-.  i n  the sense of a r a i n f a l l  

c a x i r n ~ ~ ~ ,  l y i n g  from J i l i b  th raugh  Baidoa, which l i e  belov t h e  Jet, and the  
*lower r a i ~ f a l l  areas a l o n g  the c o a s t ,  ~ h i c h  l i e  to the e a s t .  
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*-?art from i ts  LSC i n  *eather F o ~ e c a s t i n g  and Appl ied Clinatology, 
remote s e n s i n g  of ciords p r o v i d e s  a f t - a s  t o  f o r  t u c h i n g  a n d  
~xplaining- We have, t h e r e f o r e  incladed a n m b e r  of rntrilite images of 
p a  m o r o g i c a  situations, t o  illustrate t h e  t r  ~ c n d i t i ~ ~ ~  
over  S c m d i a  described in the p r e v i o u s  sections. 

I n r  each situatiyn is presented t h e  v i s i b l e  imzge and  a s i m p l i f i e d  
~ ~ p h a f i d y s i s  ( c loud  aralysis), w i t h  a b r i e f  d e s c r i p t i o n  and ,  viere 
r e l e v a n t .  a v a i l a b l e  su r f ace  r e c o r d s  a - e d  images haQe  been used i n  
~ h c  analyses, b u t  are i n c l u d e d  o n l y  where t hey  are essential f o r  
i l l u s t r a t i n g  i m p o r t a n t  features of t h e  situations* 

The images a r e  a n n o t a t e d  according t o  t h e  f o l l o v i n g  scheme:- 

The m a i n  forms of t h e  c l o u d s  The species ( s u b t y p e s )  of  c l o u d s  
a r e :  a r e :  

Cirrus 
Cirrocumulus 
Altocumulus 
Altostratus 
Nimbostratus 
St ratocuinulus 
Stratus 
Cumulus 
Cumulonimbus 

con 
f l o  
l e n  
med 

OP 
ra 
un 
ve  

c o n g e s t u s  
f l o c c u s  
lenticularis 
m e d i o c r i s  
opacus  
r a a i a t u s  
unduiatus 
vertebratus 

O t h e r  s ~ m b o i s  u s e d  on t h e  c h a r t s  a r e :  

- A x i s  o f  J e t  

- Kind  d i r e c t i o n  a t  Somali  S t a t i o n s  

- -  S u r f a c e  kinds (General  Fio;) 

a- Intertropical F r o n t  

c Cyc lon ic  c i r c u l a t i o n  

Anticyclonic c i r c u l a - .  c lor; 



The d e f i n i t i o n s  of t h e s e  c l o u d  t y p e s  are as follows: 

C i r r u s  ( c i )  High level clouds. Detached clouds in t h e  forn of white 
d e l i c a t e  f i laments  or whi te  patches or narrow bands .  

c i r r o c d u  ( c c )  T h i n ,  white p a t c h  sheet  of c louds  w i t h o u t  shad ing ,  
,-emposed of very small elements  i n  t h e  form o f  g r a i n s ,  ripples, e t c .  more 
or less regularly arranged. 

 toc cumulus ( ' 4 ~ )  Middle level clouds. Patch, sheet or layer, generally 
w i t h  shading,  ccnposed of s m a l l  elements, rounded masses or rolls, which 
r a y  be merged. 

Altostratus (AS)  Greyish o r  b l u i s h - s h - e e t  or l a y e r ,  striated or f i b r o u s  
appearance, totalIy or partly covering the sky. 

Nimbostratus (NS) Low level clouds. Grey cloud layer, often dark, 
mostly covering the entire sky. Appearance  often r ende red  d i f f u s e  by 
falling rain. 

Stratocumulus (SC) Grey and/or white p a t c h ,  sheet or l a y e r ,  which 
a h o s t  always has da rk  p a r t s ,  composed of rounded masses, which may or may 
n o t  be merged. Regular ly  arranged elements. 

Stratus (St) Low level clouds. Grey c loud  layer with a f a i r l y  uni form 
base,  which may g i v e  d r i z z l e .  

Cumulus  (CU) Clouds of vertical development. Detached clouds, 
dense and with sharp outlines, d e v e l o p i n g  v e r t i c a l l y  in t h e  form 

of rising mounds. The s u n l i t  p a r t s  are  b r i l l i a n t  white:  t h e i r  b a s e  is  
r e l a t i v e l y  d a r k  and n e a r l y  h o r i z o n t a l -  

Cumulonimbus (Cb)  Clouds of vertical development.  Heavy and d e n s e  wi th  
a considerable v e r t i c a l  extent, in t he  form of mountain or huge t w e r s .  A t  
ieast p a r t  of the upper p o r t i o n  is usually smooth and n e a r l y  always 
flattened: t h i s  p a r t  often spreads o u t  in t h e  shape of an- anvil. The base 
cf t h e s e  c l o u d s  a r e  o f t e n  very  d a r k ,  w i t h  rainfall, which falls sometimes 
i n  the f o r n  of virga (vertical s t r e a k s ) .  

congestus (con)  Cumulus c l o u d s  with marhrd  v e r t i c a l  movement and o f t e n  
of g r e a t  v e r t i c a l  e x t e n t :  t h e i r  bulging upper  s u r f a c e  often resembles a 
r & n g o  t r e e .  

floccus ( f l c )  Each c loud  i s  a small t u f t  with a cumuliforrn appearance ,  
the lower  p a r t  0 5  which i s  ragged and o f t e n  accompanied by v i r g a .  

lenticularis ( l e d  Clouds hav ing  the shape of lenses or almonds, often 
very elongated m d  usually w i t h  w e l l - d e f i n e d  outlines. U s u a l l y  a s soc i a t ed  
w i t h  c l o u d s  of orographic origin. 

mediocris b e d )  Cumulus clouds of modera te  vertical extent, the tops  
of  which show f a i r l y  sma l l  p r o t u b e r a n c e s .  

opacus (op) An extensive cloud patch, s h e e t  o r  layer ,  t h e  greater p a r t  
of which i s  s u f f i c i e n t l y  opaque t o  mask complete ly  the Sun or Moon. 

radiatus (rs) Clouds showing broad p a r a l l e l  bands or a r ranged  i n  
parallel bands,  which ,  owing t o  t h e  effect of pe r spec t i ve  seem to converge 
towards  a point on t h e  h o r i z o n  or, when the bands  c ross  t h e  whole sky, 
towards two o p p o s i t e  p o i n t s  on t h e  horizon. 

undulatus ( u n d )  Cloud patches, shee t s  or  layers showing u n d u l a t i o n s .  
T h e s e  undu la t ions  nay be  observed i n .  fairly uniform cloud layers or in 
clouds composed of elements, separate or merged. 

vertebratus (ve) Clouds ,  the elements of which are a r r a n g e d  i n  a 
nanner sugges t ive  of v e r t e b r a e ,  r i b s  o r  a f i s h  s k e l e t o n ,  

I t  should  b e  remembered, when viewing the images , tha t  HETEOSAT i s  a t  
0' l o n g i t u d e ,  t h u s  the cloud f o r m a t i o n s  are not viewed from directly 
overhead, but ar an a n g l e  of  abou t  45O o v e r  Somalia, and  touards t h e  
e a s t e r n  horizon, the  c l o u d s  are  v i e w e d  n e a r l y  h o r i z o n t a l l y .  The f i r s t  image 
illustrates t h i s  q u i t e  well, 
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F i g  10i - -  

The upper tropaspheric f low l i e s  o v e r  Somalia and Kenya from northwest 

c qoutheq:;c,  evidsnt from t h e  upper level C i r r ~ t u ~ . ~ l u ~  \ rz i . tzbra tus  ( C C  v e )  
a : ~ u  C i r r u s  radiatus (Ci ra), best seen in the 1nfra-red image. 

But south of 5's l ies  the Intertropical Convergence  Zone, w i t h  masses 
of different t y p e s  of c l o u d s ,  i n c l u d i n g  Cumulus congestus ( C U  con), 
A l z o c u n u l u s  ( l i c j  snd S t r a t o c u m u l l : ~  ( s c ) ,  ~ z r t i c u l a r l y  at t h e  I r i ter : ropical  
F r o n t  i t s e l f ,  w h i c h  l i e s  e a s t  to uest. 

P 
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I 
,- S I T U A T I O N  12 January  1 9 8 8  F i g .  W ( C )  

I ~ a i n f a l l  is q u i t e  rare in January, w i t h  clear skies almost eve ryhe re ,  
v a l u e s  o i  a h o ~ t  2 okts?  i )s ing 1 ,  thou:;; uith ra ther  ;;.ore c-0u.l j:, r-2, 

50ut" Exceptionally, Cape Guardaf u i  reporis 4 o k t a s  for Janua ry ,  t i r e  
h i g h e s t  for t h e  s t a t i o n  f o r  t h e  Y e a r ,  and t n e  h i g h e s t  f o r  the month for t h e  
~ h o l z  c o u n t r y .  

f 
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S I T U A T I O N  2 3  March  1 9 8 8  F i g .  11( 

A l l  Somalia, from E i l  s o u t h v a r d s  is covered by compact l o u e r  and 
middie Level c l o u d s  of t k c  .tY;es S t r a t t z ~ u r ~ l n s  ; bc-j; I ; I  and 
A l t o c u r u u l u s  (Ac) ,  t h e  l a t t e r  u n d u l a t u s  extending along the  the airstre.am. 

An interesting e f f e c t  i s  seen a l o n g  t h e  coastline of Somalia, i n  that 
t h e  c o a s t  i tself i s  clear. b u t  the c l o u d s  form abou t  15 - 20 km i n l a n d .  

The images show ear -y  rains occur i7g  before  t h e  synoptic o n s e t  of t h e  
season, in particular, ti-o Cumulonimbus ( ~ b )  cells which have broken auay 
from the general cloud sys t em associates v i t h  the ITF to t h e  s o u t h .  The 
Easterly of t h e  two cells h a s  passed  ovry  t h e  Bay Region, with r a i n f a l l  a t  
Jilib (12. Om), Dinsor ( 4 .  ~ m ) ,  Bardera (!?.6m) and Baidoa ( 6  - 5 m m )  - 

P.H. h O . P .  The  Agric1imato:ogy Somalia FEWS P r o j e c ~  F z  2 6  
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Fig. 12ib)  - -  

A t  the same time, the high level wind flow is from the northeast, from 
: n l i  c ? ~  ciearly b e  seen i n  t h e  t h e  .?g:uheast of t he  Arabian  P e n i n s u l a .  "' . 

Cirrus (Ci) mass of d i f f e r e n t  t y p e s  lying over northeast Somalia. The flow 
can be seen to separate, w i t h  one b r a n c h  t u r n i n g  westwards a l o n g  the I.T.F. 
and the other  following t h e  Somali c o a s t .  t h e n  c u r v i n g  to the east- This 
i s  v e r y  c l e a r  i n  t h e  T n f r a - r e d  i m a g e .  T h i s  flow is e s s e n t i a l l v  d r y ,  so 
that curnulo-development  i s  I . r l s t . r i c ~ e d  t o  middle and l o w e r  levels, with 
small C~ulonirnbus ( ~ b ) ,  Cumulus mediocris ( C u  med). Altocumulus ( A c ) ,  
A l t o s t r a t u s  ( A S ) ,  S t r a t u s  ( S t  ) , al:d ~ v p n ,  ~ncommonly, Nimbostratus ( N b )  . 



S I T U A T I O N  11 June 1986 F i g .  1 2 ( c )  

Thus  precipitation over Somalia d u r i n g  t h i s  season is o f t e n  weak a n d  
0: s h o r t  duration, ar.6 e i ~ j b e  shows t h i : : .  c - i t h  scat teszd  showers o:cc;.ed 
over Somalia, at Baidoa ( 1 . 5 m ) ,  Mogadishu ( 3.5mm) , Jowhar ( 5 . 6 m r n ) ,  Genaie 
(9.6mm), Modun (19.0mm) and Afgoi  (8-8rm1). 
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S August 1986. H a q a i  Season.  

l i m i t .  The  I T F  is to t h e  n o r t h  of S o m a l i a ,  u l t h  t h e  main bel t  of c l o u d  
just touching n o r t h e r n  c o a s t a l  a r e a s .  

The mair, Cumulorl j .mbus ( c b )  c l u s t e r s  o c c u r  i r ~  the  n o t  3 .  o f  
Ethiopian H i g h l a n d s  a n d  f i l r t h e r  w e s t w a r d s  .. Or) l\; a sna  11  prapa.;r- t I ~ . : I ;  crf- t h e  
c l o u d s  a r e  g i v i n g  t - a i : ~  url tile  no^-thm-n p,:+t.t o f  S::~ral i a .  'i'lle c l i , i ~ d  1;; 0 1   he 
C o u n t r y  1s f ree  f ronl L l c ; ~  J coLVcr ,  1 1 1 ~  1 , ~ d i : l g  r - i : ~  l l ~ d  i < A I I  O~:~-:;I:I C~!<I:;L I 1 r ~ c !  . 
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Fig. l 4 a )  - - 

24 N ~ v e n b e r  1986.  Der Season .  

During November, cr-~e 1 T F  is retreating s o u t h i * a r d s ,  ~ i t h  t h e  weak 
convergence  zone l y i n g  o v e r  t h e  Kenya-Somalia b o r d e r ,  a t  a b o z t  013 latitude. 
i n  t h e  n o r t h  o f  t h e  c o u n t r y ,  low l e v e l  w i n d s  a r e  n o r t ? ~ e a s t a r l v .  ~ h i l e  u p p e r  
k w l  k i n d s ,  and low Level u i n d s  f u r ( h e ~ -  s o u t h  a r e  core r l a r t h ~ e s i c r l y .  A 1 1  
airstreams from t h e  i l~ : r t l i  a r e  d r y ,  w i c k  n consequent r l e a r l i ~ g  o f  t h e  s k i e s .  
F u r t h e r  s o u t h ,  t h e r e  a r e  soma clouds, t.!:lr m a i n l y  C ~ ~ r n u l o f  o r n  a: a! I t h r e e  
l e v e l s .  S~ratocwnu!uj S :  1 , A 1  t o c u l i , ~  1"s , ) ! .  i I 11s 1 Cc ! . 

. . ,-., P . H .  & 0 . P .  The  A g r o c l i r . a t o l o g y  o f  Somalia : L ~ S  F r o j e c  Page 3 2  



S / T U A T l O N  24 N o v e m b e r  1 9 8 6  F ig .  7 4 ( b )  

p.H. & O . P .  The  Agroclimatology of Somalia FEWS P r o j e c t  Page 3 3  





Radiation. 

So f a r  as is knoun, no direct measurements of Solar R a d i a t i o n  have 
ever been taken i.n S o m a l i a .  It is  possible, however ,  t o  d e t e r m i n e  t h e  
solar r a d i a t i o n  outside the atmosphere,  from Scli thsonian Meteorological 
T a b l e s  (List 1 9 6 6 ) ,  and ,  t a k i n g  a r e d u c t i o n  factor o i  0.8  for transmission 
through the atmospnere, a r r i v e  at maximum possible r a d i a t i o n  for clear 
s k i e s .  

In addition, t h e  Angstrom formula connects solar radiation on t h e  
ground  with hours  of b r i g h t  s u n s h i n e :  

R = a + b n  - 
?J 

where K = s o l a r  r a d i a t i o n .  
a ,  b are  constants. 
n = h o u r s  of a c t u a l  sunshine(dai1y average). 
N = hours of maxinun possible sunshine. 

A l t h o u g h  the f o r n  of this e q u a t i o n  is m i v e r s a l ,  the values of t h e  
c o n s t a n t s  a a a d  b v a r y  a c c o r d i n g  t o  l o c a l i t ~ t .  kiocever,  f o r  d r y  t r o p i c a l  
a r e a s ,  FA0 have adopted v a l u e s  of: 

f o r  t h o s e  p l z c e s  where direct de t e r rn ina t i o r i s  havti  n o t  been  made. 

I 
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Using  t h i s  i n f o r m a t i o n ,  f i g u r e  15 h a s  been constructed. Radia t ion  
o u t s i d e  t h e  atmosphere is  shown for two latitudes, 2 OS and 12 O N, which 
onc lose  almost a l l  Somal ia ,  s o  t h a t  t h e  re levant  radiation figure f o r  any  
p o i n t  i n  Somalia f a l l s  between these two l i n e s .  . The r a d i a t i o n ,  on the 
ground, c a l cu l a t ed  from t h e  sunsh ine  da t a ,  is shown f o r  Alessandra ,  one of 
the wettest areas  in t h e  c o u n t r y ,  and Bulo B u r t i ,  o n e  of the drler parts of 
t h e  s o u t h e r n  a r e a .  The r a d i a t i o n  does n o t  v a r y  much d u r i n g  the year ,  
mainly because the t ime  of maximum r a d i a t i o n  (north of the Equator )  co 
incides w i t h  t h e  tine of  maxim-an.cloudiness+ 

S u n s h i n e .  

Sunsh ine  has been measured at a number of si tes in Somalia ,  u s i n g  t h e  
Campbel l -S tokes  s u n s h i n e  recorder, which gives "hours o f  b r i g h t  sunsh ine" .  
F a n t o l i  t abu la t e s  n i n e  s t a t i o n s ,  whi le  t h e  r e c o r d s  from the FFdS s t a t i o n s  
a r e  still t o o  s h o r t  t o  p r o v i d e  r e l i a b l e  long  term averages. 

I n  t h e  s o u t h  of the coun t ry ,  then one p a t t e r n  p r e v a i l s .  For t h e  f i r s t  
two o r  three months t h e  hours  of s u n s h i n e  i n c r e a s e ,  b u t  a s  the 
I n t e r t r c p i c a l  F r o n t  enters Somalia moving nor thward,  its as soc i a t ed  c l o u d  
reduce, q u i t e  c o n s i d e r a b l y ,  t h e  s u n s h i n e  hours ,  t o  a minimm i n  June o r  
J u l y ,  Mogadishu shovs  a f a l l  of nea r ly  2 h o u r s / d a y  ove r  t h i s  p e r i o d ,  while  
Baidoa shows a f a l l  of  4 . 5  hours/day, from 9 . 7  to 5 . 2 .  

Thereafter t h e  clearer weather behind t h e  F r o n t  i s  i n d i c a t e d  by a 
g radua l  r i s e  i n  t h e  s u n s h i n e  h o u r s ,  though cloud associated u i t h  t h e  
retreat of t he  Intertropical Front  i n t e r r u p t s  t h i s  general r i s e  i n  October 
o r  November (fig.16). 

No data is available directly for the north of the c o u n t r y ,  b u t ,  i f  
t h e  relationships between cloudiness and sunshine, o b t a i n e d  from t h e  
s o u t h e r n  stations can be used for the n o r t h ,  and i f  t h e  r e l a t i o n s h i p  (see  
a p p e n d i x  1)  can  be e x t r a p o l a t e d  t o  low c l o u d i n e s s  figures, t h e n  the pattern 
in the n o r t h  is one  of v e r y  h i g h  sunshine, excep t  i n  the s o u t h e r n  p a r t s  of 
Awdal, West Galbeed a n d  Togdheer ,  when t h e  sunsh ine  hours are comparable t o  
those  i n  some parts of t h e  s o u t h .  
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Eerbera averages  9 . 6  h o u d d a y .  t l ~ r o u g A o u t  t h e  year ,  r e a c h i n g  1 0 . 1  
hours/dzy i n  J u n e .  These f i g u r e s  a r e  t y p i c a l ,  also of t h e  whole n o r t h - e a s t  
a rea  of t h e  Count ry ,  with A l u l a  a l s o  averaging 9 . 6  hours/day, and F a r o  
D a n t e  9 . 5 .  Kargeisa, representing the wetter p a r t s  of  t h e  n o r t h - w e s t  
averages  7 . 8  h o u r s / d a y ,  t h r o u g h o u t  t h e  y e a r ,  about t h e  same as Hoddur and  
Luuq  * 

I I J F M A M J  J A S O N D  

SUNSHINE AMOUNTS 
Fig - 16 0 

- I Cloudiness. 

T h i r t y  stations provide  r e c o r d s  of cloudiness tabulated in t a b l e  2 and 
i t  is possible t o  p rov ide  maps of t h i s  element,  that for the annual mean 

1 being  shown i n  f i g u r e  1 7 .  

I 
I This d a t a  is provided  i n  Oktas, t h a t  i s .  e ights  of t h e  sky covered .  

i Thus  0 represents a c l e a r  sky, 4 a s k y  h a l f  covered,  and 8 a completely 
o * ~ e r c a s t  s k y ,  

For t h e  a n n u a l  mean, the  h i g h e s t  v a l u e s  are t o  be found i n  t h e  f a r  
s o u t h ,  a t  Kisnayo and i n  a narrow band s t r e t c h i n g  between B a i d o a  and 
Jal2laqsi, where v a l u e s  are 4 o r  more over  t b e  yea r .  . 

Nor the rn  parts of Gedo and Bakool, as  well as almost t h e  e n t i r e  
n o r t h e r n  p a r t  of t h e  country experience less t h a n  3 o k t a s ,  on a v e r a g e ,  
v h i l e  p a r t s  of t h e  n o r t h e r n  and no r th -eas t e rn  c o a s t a l  areas a r e  not covered 
by more t h an  2 oktas, on average.  

I There are, of course variations of c loud  amount th roughou t  t h e  year, 
with h i g h e r  v a l u e s  occu r ing  d u r i n g  the wet s e a s o n s .  A t  Alessandra, the 
coverage doub les  over t h e  f i r s t  h a l f  of t h e  y e a r ,  f rom 1.8 oktas i n  January 
t o  3 . 5  in J u l y .  A t  Baidoa the coverage t r e b l e s ,  from 1 . 7  o k t a s  i n  J a n u a r y  
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to 5.8  in J u l y .  These represent t y p i c a l  s i t u a t i o n s  f o r  t h e  sou the rn  areas, 
except f o r  Kismayo, where the variation is much less marked. 

I n  the  n o r t h ,  however, t h i s  p a t t e r n  is n o t  so a p p a r e n t ,  and coas ta l  
i n f l u e n c e s  a r e  s t r o n g e r .  Thus at Cape Guardafui  and Alula highest va lues  
occur i n  December and January ,  t h e  p e r i o d s  w i t h  t h e  most persistently 
onshore  w i n d s .  I n l a n d ,  t h o u g h ,  t h i s  p a t t e r n  of heavy c loud amount during 
the wet seasons, if they can be s o  c a l l ed ,  is s t i l l  somewhat e v i d e n t .  

Cloud amounts do va ry  throughout  t h e  day,  though information on t h i s  
i s  r a t h e r  sparse.  

I n  genera l ,  c loud  amounts are less i n  the afternoon than  i n  t h e  
morning, though the  differences are  r a t h e r  smal l .  (see t e x t n o t e  1)) excep t  
f o r  Eargeisa, &here t h e  afternoon is c l o u d i e r  than morning and even ing  
t ime ,  dgring the wet  season. 

Afgo i 
rfmda 
~Iessandra 

A i u l a  
Baldoa 
b l a d  
Esrderz 

Beiet Uen 

&rL&rd 
Boscso 
Brava 

;9uI:, Berti  
Eilr Fhlaba 

Q p e  Guardafui 

EI  aur 
Far0 Dante 
Gdlcaio 

Gcraie 
Harge isa 
Iioddur 

Javha r 

Jonre 

Kisn3t.o 
Lugh C a w  

,Waddei Uen 
yogadisho 

G b b i a  

Qa rdo 
S~zus!lulian 

Cloud t y p e s  have  n o t  received much s t u d y  i n  Somalia. However a record 
does exist f o r  Mogadishu (Fantoli), which shows a preponderance of 
cunuloform c l o u d ,  with f C u )  accounting f o r  402 of all o c c u r e n c e s  
a n d  c ~ u l o n i m u l u s  ( N b )  a further 122. Of t h e  other c l o u d  types, then 
Cirroform accoun t  f o r  l 4  A l t o f o r m  5Z and  low level types 302, of which 
s t r a t o c u m u l u s  ( S c )  account  f o r  18%-  This data is not broken down by month 
or s e a s o n .  



I n f o r m a t i o n  of t h e  h e i g h t  of t h e  base of c l o u d  in IDCRbl conf i rm t h a t  
v e r y  l i t t l e  cloud o c c u r s  below 6 0 0  m, in t h e  North,  e.g. in Berbera o n l y  

i n  Rosaso 2 % .  Hargeisa 5% (mostly i n  t h e  mornings).~n t h e  s o u t h  
significant amounts do occur  below 600 m, but little below 300 m, e.g .  

- Bardera 32% and 1%. Mogadishu 242 and 0.52 and Kismayo 122 and  12. 



Mean Tempera tures .  

Air tempera tures  a r e  g e n e r a l l y  h i g h  t h r o u g h o u t  t h e  c o u n t r y ,  e x c e p t  i n  
t h e  upland a r e a s  of t h e  n o r t h  of S o m a l i a .  

Annual-mean t empera tu re s  ( f i g . 1 8 )  v a r y  from o v e r  30 OC .in Lugh t o  1 8 ' ~  
i n  Er igavo,  which is a t  an  a l t i t u d e  o f  a l m o s t  1800 m .  I n  t h e  n o r t h ,  t h e  
a l t i t u d e  is  t h e  major  de t e rmin ing  f a c t o r  w i t h  a  l a p s e  r a t e  of 6 . 4 ' ~  / I 0 0 0  m 
. I n  C e n t r a l  and s o u t h e r n  a r e a s ,  t e m p e r a t u r e  r i s e s  r a t h e r  g r a d u a l l y  away 
from t h e  c o a s t ,  d e s p i t e  a  g r a d u a l  r ise i n  a l t i t u d e .  

According t o  G r i f f i t h s  (19771, Lugh was o n c e  though t  t o  be t h e  h o t t e s t  
p l a c e  on e a r t h ,  on t h e  b a s i s  of the mean a n n u a l  t e m p e r a t u r e ,  b u t  t h i s  is  
now known n o t  be t r u e .  N e v e r t h e l e s s ,  on  any wor ld  s c a l e ,  Somal ia  r a t e s  a s  
one of t h e  h o t t e s t  c o u n t r i e s .  

Month by month, mean t e m p e r a t u r e s  v a r y  o n l y  s l i g h t l y .  H i g h e s t  mon th ly  
t empera tu re s  o c c u r  i n  March o r  A p r i l  eve rywhere  e x c e p t  n o r t h  o f   ON, where 
t h e  h i g h e s t  t e m p e r a t u r e s  occur  i n  May t o  J u l y .  Lugh a c h i e v e s  33.0 OC i n  
March. Lowest month ly  t empera tu re s  o c c u r  i n  J u l y ,  o r  o c c a s i o n a l l y  i n  
A u g u s t , . s o u t h  of  a b o u t  a 0 N  and December o r  J a n u a r y  n o r t h  o f  t h a t  l a t i t u d e  
( t a b l e  3 ) .  

------------------------------------------------------------------------------ 
Afgoi 27.0 27.6 28.4 28.4 27.4 26.1 25.3 25.5 26.3 
AlessanCra 28.7 28.7 29.2 29.3 28.2 26.8 25.6 25.8 26.4 
Baidoa 26.6 27.5 28.0 27.1 25.8 24.5 23.8 24.2 25.1 
Bal ad 28.0 28.9 29.5 29.2 27.7 26.9 26.2 26.5 26.9 
Bardera 29.7 30.6 31.9 30.3 28.2 27.6 26.5 27.0 28.2 
Belet Uen 28.3 28.7 30.1 30.4 29.2 28.4 27.8 27.7 29.0 
Berhra 24.0 25.0 26.1 28.4 31.2 36.1 36.1 36.1 33.9 
Erigavo 15.6 16.6 17.1 18.4 19.2 19.5 19.7 19.7 18.8 
Galcay0 25.4 26.3 27.8 29.6 28.7 28.2 27.3 27.5 28.1 
Genal e 26.7 27.2 28.2 28.4 27.4 25.7 25.0- 25.1 25.8 
Hargeisa 17.8 19.5 21.7 23.1 24.2 24.5 23.6 23.6 23.9 
Lugh Ganana 31.3 32-2 33-0 31-7 30.5 29.5 28.4 28.3 29.8 
l?arereJ.S.P. 28.8 29.0 29.1 29.0 27.4 25.6 24.8 24.8 25.6 
bgadisho 26.5 26.8 27.9 28.8 27.9 26.6 25.8 25.8 26.3 
Kismayo 26.9 27.2 28.2 28.8 27.4 26.1 25.6 25.8 25.9 

These v a r i a t i o n s  a r e  due t o  t h e  b a l a n c e  o f  wind f low a g a i n s t  s o l a r  
o r b i t .  I n  t h e  s o u t h ,  t h e  t e m p e r a t u r e  rises a f t e r  t h e  t u r n  of t h e  y e a r  
u n t i l  ~ a r c h / A p r i l  due  t o  t h e  a i r  s t r e a m s  f rom t h e  A r a b i a n  P e n i n s u l a ,  which  
is s t e a d i l y  b e i n g  h e a t e d  by t h e  no r thward  movement o f  t h e  sun ,  b u t  t h e  
southwes t  monsoon b r i n g s ,  n o t  o n l y  c o o l e r  a i r  from t h e  I n d i a n  Ocean, b u t  
c o o l e r  downdraughts  from a l o f t  due to shower a c t i v i t y .  In t h e  n o r t h ,  
however, t h e  l a t i t u d e  is  h i g h  enough f o r  t h e  movement o f  t h e  sun  t o  b e  t h e  
most s i g n i f i c a n t  f a c t o r  i n  h e a t i n g  o f  t h e  a i r .  



SOMALI DEMOCRATIC REPUBLIC 

MEAN ANNUAL TEMPERATURE 
Temperature in degrees Ceitws - 

Sources:  F a n t a l i  i79Nl & IDCR d l  r ~ t h  

rddrfronal  m a t e r b l  from F f  YS 
~ T C ~ N C S  

Lapse rate for the North 0 006 4'/n - 
I r =  -0.94) 

68" ,SO0€ 
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Mean Maxima and Mean Minima Temperatures. 

Mean maxima temperatures (the mean of the highest measured each day) 
follow a similar pattern to the mean temperatures, with highest monthly 
values in narch or April in southern and central areas, and May or 
June in the north. Lowest monthly maxima occur in July everywhere except 
for the north, when it is December or January. 

. . . . . . . . . . . . . . . . . . . . . .  
Afgoi 3 3 . 6  

Alessandra 35.1  

Baidoa 3 4 .  2 

Ba lad 34.9 

Bardera 35.1 
Belet Uen 1 4 . 5  

Berbera LH.9 

Er igavo 2 1 , .  5 
Calcayo 32.6  

Genale 12.3 
Hargeisa 2 5 . 0  

Hoddur 3L .6  

Lugh Ganana 38.7 
Harere J.S.P. . 35.5 
Mogadisho 3 0 . 1  

Kismyo 2 9 . 6  

The highest monthly value of 41°C occurs in Bardhere in March, closely 
followed in the same month by Lugh at 40.b°C. The lowest maxima occur in 
the higher altitudes of the north with 23.1% at Borama and 23.4OC at 
Erigavo. 

Station JAN APR KAY J1M NL AUG SEP aT NOV DECANKUU 

Afgoi 2 0 . 4  2 0 . 8  22.0 2 2 . 6  2 2 . 4  21.4 

Alessandra 22.2  2 1 . 8  2 2 . 4  2 3 . 1  23 .0  2 1 . 4  

Baidoa 1 8 . 9  1 9 . 3  2 0 . 3  2 0 . 7  20.3 1 9 . 1  

%lad 21.0 21 .3  21 .8  1 2 . 3  2 1 . 1  21.5 

Bardera 21.3 2 1 . 9  22 .8  2 2 . 8  2 2 . 4  21 .2  

Belet Uen 22.0 2 2 . 0  2 3 . 4  2 3 . 9  23 .4  22 .8  

Berbera 20.0  21 .7  21.7 2 5 . 0  26.7 30.0 

Erigavo 6.7  7 . 3  8.3 1 0 . 0  11.7 12.8 

Galcayo 8 . 1  1 8 . 8  20 .5  2 2 . 2  22.5 22.4 

Genale 2 1 . 0  2 1 . 6  22 .9  t 3 . 6  23 .3  21 .8  

Hargeisa 1 0 . 6  1 1 . 7  1 3 . 9  1 6 . 1  1 7 . 2  17 .8  

h g h  Canana 23.9  2 4 . 6  2 5 . 4  2 5 . 0  24 .9  23.9 

M e r e  J.S.P. 22.0 2 2 - 1  2 1 . 9  2 2 . 5  22.5 2 0 . 4  

Hogadisho 22.9 2 3 . 3  2 4 . 8  2 5 . 5  2k.7 23.7 

Kismayo 24.2 2 4 . 5  25 .4  2 5 . 8  24 .8  23.5 
_________________--------------------------------------- 

'fable 5 .  HEM( DAILY MINIHLW rPlPERAm 
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Mean minimum temperatures  a l s o  f o l l o w  a p a t t e r n  s i m i l a r  t o  t h a t  of 
mean t empera tu res .  The l o w e s t  m o n t h l y  v a l u e s  occur  i n  J u n e ,  o r  
occasionally J u l y ,  or in December o r  January. In the north the l oves t  
temperatures occur in December or January.  The highest minima occur 
usually, in Apri l  i n  t h e  s o u t h ,  and J u l y  o r  August n o r t h  of  ON. 

D a i l y  Range of Tempera ture .  

The d i f fe rence  between t h e  rns;x.irnrrm and minimum temperatures is k n o v m  
a s  t h e  d a i l y  range. Normally, the mean maxima and mean m i n i m a  are t a k e n  
for c l i m a t o l o g i c a l  p u r p o s e s .  

I n  general, the daily range is rather sma l l .  A t  t h e  c o a s t a l  stations, 
because of the alleviating effect of the sea, t he  r a n g e  is very small, 
falling to only 5 . 5 ' ~  at Kismayo in February. P a r t i c u l a r l y  in the semi- 
a r i d  and a r i d  areas, w i t h  l i t t l e  vegetation and low s o i l  m o i s t u r e  l eve l s ,  
one  nay expec t  grea ter  ranges ,  and t h e  reason f o r  i t  n o t  being so, is t h e  
g e n e r a l l y  h i g h  leve ls  of h u m i d i t y  i n  t h e  a i r  over t h e  c o u n t r y .  

Afgoi 

~lessandra 

Baidoa 

&lad 
> a d e r a  
Eele: Uen 

Serbera 

Er igavo 
Galcayo 

Genale 
Hargoisa 

H x l d ! ~ r  

Lug2  G a a m  
uarere J . S . P .  
Mogad isho 

Kisnayo 

Table 6. MEAN DAILY Ti3PEXAnTcE RANGE 

The d a i l y  v a r i a t i o n  i n  t e m p e r a t u r e s  i s  i l l u s t r a t e d  i n  g rea te r  detail 
in figure 19, which shows, for Mogadishu, a coastal station and Baidoa, an 
in land  s t a t i o n ,  t h e  ave rage  t e n p e r a t u r e s  for  every hour of the day f o r  
every month i n  t h e  year .  In Mogadishu, t h e  highest temperatures occur, on 
average, a t  a b o u t  noon, before tbe sea breeze effect becames important, 
while for Baidoa, m a x i ~ a  o c c u r  rather l a t e r ,  a t  about 1500 h o u r s ,  when t h e  
solar h e a t i n g  qf t h e  s o i l  h a s  had i t s  greatest effect. 

Minima occur a s h o r t  t i m e  before dawn a t  both s t a t i o n s ,  though earlier 
i n  Baidoa. 
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Isotherms are  drawn a t  2 ' ~  in te rva l s ,  and t h e  r e l a t i v e  sparsity of 
lines on the Hogadishu cha r t  i n d i c a t e s  the narrow d a i l y  range of 
tmperature ,  while at Baidoa, a greater d a i l y  r ange  is e v i d e n t .  On t h e  
Baidoa char t ,  t h e  shape of t h e  isotherns, elongated a long  t h e  yearly axis, 
indicates t h a t  daily range is grea te r  than the yearly range of tempera ture  

Extreme Temperatures. 

The h ighes t  temperature  ei7er recorded was 5 0 . 2 ' ~  on an April day in 
1933 at Lugh. No o t h e r  s t a t i o n  has  recorded a temperature over 50 OC, 

though several s t a t i o n s ,  Belet Urn, Berbera and Galcaio have recorded 45% 
o r  over .  The coastal stations of t h e  s o u t h  generally have had no 
outstanding maxima, with n e i t h e r  Mogadishu nor Kisnayo ever ache iv ing  40%, 
while t h e  altitude of some of the n o r t h e r n  s t a t i o n s  have prevented any  
excessive maxima, 

It is these n o r t h e r n  u p l a n d  s t a t i o n s ,  however which have experienced 
the  co ldes t  temperatures, w i t h  b o t h  Hargeisa and  Erigavo r e c o r d i n g  f r eez ing  
temperatures. Erigavo has recorded the lowest,  - 3 . 3 ' ~  on two occasions, on 
a December day and a J a n u a r y  d a y c  

Also remarkable is the h i g h  value of  some of the extreme minima. 
Kisnayo has never fallen below 19.0  OC, and neither Mogadishu nor 
Alessandra below 16.2°~ . . ,  Even t h e  semi-arid and a r i d  s t a t i o n s  do noL 
exper ience  the co ld  n i g h t s  expected i n  some similar desert environments. 

Sta t i on  JAN FEB KcJi APi? K.4Y JL'N JUL AUG SEP O C  NOV DEC Ah7iLIxL 

Alessandra a) 

a> 
Eaidoa a) 

b) 
Belet Uen a) 

b) 
Berbera a )  

1 
Erigavo a) 

b 1 
Galcayo a) 

b) 
Fageisa a) 

b )  
Kismyo a) 

> 
Lush a 1 

b 1 
Mogadisho a) 

b) 



I n  Somalia,  t h e  main s o u r c e  of w a t e r  vapour . i n  the a t m o s p h e r e  is 
e v a p o r a t i o n  from t h e  s u r f a c e  of t h e  I n d i a n  Ocean. Secondary  sources of 
water vapoGr a r e  t h e  ~ ~ l f  of Aden, t h e  S h a b e l l e  and Juba  r i v e t s ,  and some 
ephemeral  r i v e r s  i n  t h e  north of t h e  c o u n t r y ,  a s  well as  t r a n s p i r a t i o n  f rom 
t h e  v e g e t a t i o n .  m e  c i r c u l a t i o n  of t h e  w a t e r  vapour  i n  the a t m o s p h e r e  o v e r  
t h e  coun t ry  and t h e  f l u c t u a t i o n  o f  i ts  q u a n t i t y  have  a very c l o s e  r e l a t i o n  
w i t h  t h e  t u r b u l e n t  exchange between the l a n d  and t h e  Indian Ocean, G u l f  of 
Aden and t h e  h o t  d r y  a i r  from t h e  Arab ian  P e n i n s u l a .  The i n t e n s e  v e r t i c a l  
convergence zone which.- 11 ies  a l o n g  t-he t e r r i t o r y  between t h e  E t h i o p i 2 n  - 
Kenyan mounta in  r a n g e  and t h e  coast  o f  t h e  I n d i a n  Ocean during t h e  Gu and 
Der seasons  is a v e r y  impor t an t  f a c t o r  i n f l u e n c i n g  t h e  c i r c u l a t i o n  of  
vapour i n  Somalia, I n  a d d i t i o n ,  t h e  p a r t i c u l a r  c i r c u l a t i o n  of a i r  over  t h e  
C e n t r a l  and n o r t h e a s t e r n  p a r t  o f  the c o u n t r y  (see be low,  pa ragraph  4 . )  
c r e a t e s  a humid i ty  regime s p e c i f i c  t o  t h i s  area.  

Recording o f  humid i ty  of t h e ' a t m o s p h e r e  i n  t h e  country  s t a r t e d  i n  t he  
second  q u a r t e r  of t h i s  c e n t u r y .  O b s e r v a t i o n s  have mainly  been d o n e  u s i n g  
wet and d r y  b u l b  thermometers ,  and o n l y  a t  Mogadishu have  a n y  r e c o r d i n g  
i n s t r u m e n t s  been u s e d  e x t e n s i v e l y .  The o b s e r v a t i o n s  have i n c l u d e d  v a p o u t  
p r e s s u r e ,  deu p o i n t  and r e l a t i v e  h u m i d i t y  ( see  Appendix 2 f o r  d e f i n i t i o n s  
of t h e s e  pa ramete rs ) .  There are n o t  so many years of record .  k t  some 
s t a t i o n s ,  t h e  data comes from two o r  more s o u r c e s  and can b e  q u i t e  
d i f f e r e n t ,  and table 8 shows t h e  d i f f e r e n t  values f o r  r e l a t i v e  h u m i d i t y .  
The sou the rn  and c e n t r a l  parts of t h e  coun t ry ,  i n  g e n e r a l ,  p r o v i d e  more 
informat ion  than  elsewhere. I n  particular, a l l  i n l a n d  areas of t h e  n o r t h e r n  
and  n o r t h e a s t e r n  a r e a s  have v e r y  l i z i t e d  r eco rds .  A t  t h e  p r e s e n t  t i m e ,  the 
Food E a r l y  Warning Department a r e  i n c l u d i n g  more i n s t r u m e n t a l  o b s e r v a t i o n s  
of a tmospher ic  humid i ty ,  u s i n g  thermohygrographs .  

T h e r e  i s  v e r y  l i t t l e  known, fron i n s t r u m e n t a l  - r e c o r d s ,  a b o u t  t h e  
diurnzl f l u c t u a t i o n  of  a tmosphe r i c  h u n i d i t y ,  e x c e p t  a t  Mogadishu. Some 
reco rds  do e x i s t  i n  t h e  FEWS Depar tment ,  bct no f u l l  a n a l y s i s  ha s  been 
made. O f  c o u r s e  it is known t h a t  t h e  r e l a t i v e  humid i ty  v a r i e s  i n v e r s e l y  
wi th  t empera tu re ,  and some c h a r a c t e r i s t i c s  of t h e  d i u r n a l  f l u c t u a t i o n  a r e  
d i scussed  below. 

Year ly ,  Seasona l  and D a i l y  F l u c t a t i o n s  o f  A tnosphe r i c  Humidity.  

As k n o m ,  h ~ ~ a l i a  r a t e s  a s  one of t h e  h o t t e s t  c o u n t r i e s ,  and  s i n c e  
saturation vapour P r e s s u r e  i n c r e a s e s  w i t h  i n c r e a s i n g  t empera tu re ,  h u m i d i t y  
can be ve ry  h i g h  th roughou t  t h e  two wet  s easons  o f  Gu and Der  a able 8 ) ,  
and even h i g h  d u r i n g  t h e  d r y  seasons .  

Southern  Areas .  Along t h e  c o a s t  of  t h e  I n d i a n  Ocean, a n d  n e a r  t h e  
majcr r i v e r s ,  r e i s t i v e  humidi:.lc:- a r e  ? . L y ; , ,  ave rag ing  70-86% both  
the morning  and a f t e r n o o n  ( r i g .  20) .  I c r t h e r  i n l a n d  and away f rom t h e  
r i v e r s ,  t h e  a i r  is much d r i e r ,  most  p a r t i c u l a r l y  i n  the af te rnoons .  Dur ing  
both rainy Gu and Der s e a s o n s ,  t h e  g e n e r a l  l e v e l  of  humid i ty  has  a t e n d e n c y  
t o  increase,  while a t  other times, it is lower (Table 8 ) .  D a i l y  r a n g e  i n  
the  wet season is U P  to 25x3 and i n  t h e  d r y  times rather more, up t o  352. 
Minimum humid i ty  is observed in t h e  l a t e  morning o r  e a r l y  a f t e rnoons .  





M g o i  

Afmadu 
A l e s s m a r a  

M u l a  
Baidoa 
Balad 
Bardera 
Belet Uen 

Berbera b )  

d 
Boram 
Bosaso c j 

d )  
Brava 
Bulo B e r t i  

Burao a )  

b)  
Bur Hakaba 
Cape Guardafu i  

C )  6 d l  
Erigavo C; 

e )  
~1 B U ~  a )  

c 
Far0 Dante 

Galcayo 
Cenale 
C i m b o  

Gudubi 
Harge i sa  a )  

b) 
Hoddur 

J o n t e  

Las h o d  
Lugh Canana 

Mahaddei Uen 

Marere J .S.P.  
Mogad i sho  
Kismayo 

Obbia 
Scushubm 

Sheik 
Qardo c ) 

. d )  
Van le  Uen 

a )  - Data from C i v i l  Aviat ion Department. b )  - Data from J.A Hunt 
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A t  t h e  stations near the Indian Ocean, humidities are v e r y  h igh ,  w i t h  
l i t t l e  diurnal ( d a i l y )  change. Records f o r  Mogadishu, a t  a s t a t i o n  very 
c l o s e  to t h e  beach, are a v a i l a b l e  ( F i g .  2 1 ) .  From t h i s  diagram it  may be 
seen t h a t  high h u m i d i t i e s  of 872 o r  more exist from 1600 hours u n t i l  0500 
h o u r s  t h e  next day. 'Throughout  the year, the l o w e s t  humidity i s  abou t  792, 
a n d  77% i n  J a n u a r y  and  February, observed be tween  0800 h o u r s  and  1100 hours 
i n  t h e  morning. 

M O G A D I S H U  

HOURLY RELATIVE HUHlDlTY ( % )  THROU,GHOUT THE YEAR 
Fg. 21. - - 

43 

However, this i s  an  exceptional case.  Inland, it may be e x p e c t e d  t h a t  
the d a i l y  and seasonal v a r i a t i o n  is r a t h e r  mote, with d a y t i m e  humidities 
f a l l i n g  below t h e  e q u i v a l e n t  v a l u e s  f o r  Mogadishu. 

The Western Areas. This b i g  d r y  t e r r i t o r y  occupies the west of t h e  
s o u t h e r n  and central parts of the c o u n t r y ,  from Lugh to Garoe. The area i s  
l o c a t e d  a l o n g  the  l e eward  side of the Ethiopia - Kenya mountain range, 
which has been observed as a permanent zone of divergence (~indlater, 1977) - 
Li, ;ihich the the air fr911; the Ocean srll&m peneLraces. Eveli at n i g h t  t i m e  
t h e  r e l a t i v e  humidity is q u i t e  low, 69-702, observed for short periods 
at a b o u t  0400 to 0500 h o u r s  in t h e  morning. 

When atmospheric c o n v e r g e n c e  occurs in the country ,  d u r i n g  the passage 
of the Intertropical F r o n t ,  including the Gu and Der seasons, t h e  w e s t e r n  
areas have a s h o r t  season, t h e  Gu b e i n g  about  9 weeks and the Der 5-6.  A t  
this time, the atmospheric humidity rises very s h a r p l y ,  (see s t a t i o n s  
Hoddur, Belet Uen, Baidoa in Table 9). So, f o r  example, i n  t h e  r e g i o n  of 
station Hoddur, r e l a t i v e  humidi ty  rises from 4 5  t o  65X, and d e w  point from 
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13.8% u p  to 2 0 . 2 0 ~ ~  Such  k i n d  of f l uc tua t i on  of humid i ty  d e p e n d s  on t h e  
d i s t a n c e  from t h e  mountain range. Over this area  t h e  d a i l y  r a n g e  of 
humid i ty  is v e r y  wide,  a h o u t  60-702. Sharp f a l l s  of 502 can occur over  a 
period of two hours,  o r  i n  e x c e p t i o n a l  cases,  o v e r  one quar ter  of  a n  hou r .  

During the d r y  seasons ,  t h e  n m b e r  of days  with relative humidities 
l e s s  t h a n  30% can reach 20-25 days i n  a month, with absolute minima of 10Z 
at t h e  time of lawest h u m i d i t y  a t  abou t  1600 to 1700 h o u r s .  

_ _ _ _ _ _ -  - - -  ---------____________^________________________^________________________^____________-____________^________________________^________________________^____________ - - - - - - -  ----- 
S ta t i on  J.4?4 ~a K ~ J  APR M A Y  A JL AUG SEP 

- - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - -  

h f g o l  20.4 19.9 21.3 21.9 21.8 21.5 20.7 20.8 20.7 

~lessandra 21.6 2 1 . ~  21.9 2 3 . 4  23.3 21.9 20.9 20.7 20.7 
Alula 20.7 19.9 21.9 23.8 54.6 26.0 26.1 25.4 25.8 
Baidoa 18.7 18.4 21.0 22.8 22.6 21.0 20.2 19.7 19.7 

Balad 21.9 21.5 22.7 23.9 23.6 22.0 21.1 20.8 21.1 
Ekudera 22.4 2 2 ~ . 3  24.2 23.8 2 2 , 7  23.1 2 2 . 2  22.7 

Belet Uen 19.1 18.9 20.2 20.6 20.8 2 0 . 3  20.2 19.8 19.8 
Bosaso 20.6 20.7 21.7 23.5 2 4 . 6  23.9 2 3 . 1  ' 2 . 7  25.1 
B;lr Kakabd 16.7 18.5 13.9 2 L . 0  22-2 20.5 19.6 i9.L 19.6 
Cape Guardafui 19.9 ? 20.1 21.9 23.6 22.6 23.5 21.9 21.3 
€1 Bur 18.0 17.9 19.2 21.2 21.5 20.2 18.5 16.d 19.2 
Galcaio 17.9 17.5 18.4 19.8 20.7 20.0 19.4 18.8'19.2 
Genale 21.2 21.2 22.4 23.0 22.9 21.9 20.9 23.7  21.3 
Hoddur ' 1L.7 13.9 16.0 20.2 20.0 17.7 16.6 16.3 16.6 
Jonte '3 .8  23.5 2 4 . 5  i5.4 24.7 23.6 22.9 22.7 23.2 
Ki snayo 23.8 23.8 24.7 22.0 24.0 23.1 22.5 22.5 23.1 
L u g h G b v n a  16.4 14.6 17.5 2G.8 19.9 17.7 17.5 17.8  17.8 
Mogad i s ho 22.3 22.1 2 2 . 6  2k.6 24.1 22.6 2i.6 2 1 . 7  22.0 
O b b i a  21.9 22.3 23.1 2 4 . 2  24.3 23.2 22.2 22.2 22.1 
Qardo 17.3 17.3 18.4 21.5 2 2 . 4  2 2 . 6  2 1 . 9  2 2 . 7  22.5 
Scushuban 17.7 18.O 19.8 21.1 21.3 2 . 0  21.8 22.0 2 2 . 0  
Wale Uen 19.8 18.9 20.3 22.9 24.0 22.2 2C.9 iC.8 20.9 

---------------------------- 
OC7: NOV D F X  ANNUAL 

- - - - - - - - - - - - - - - - - - - - - - - -  - - - -  
20.6 21.2 21.7 21,O 

21.7 22.5 22.4 21.9 

22.1 21.1 21.2 23.3 

21.1 20.9 19.3 20.5 

22.0 23.1 23.1 22.2 
23.1 22.9 2 2 . 4  23.1 

20.6 20.4 20.0 20.0 

23.5 22.1 21.2 22.8 

20.1 20.2 20.0 19.9, 

2 1 . 5  20.8 2 0 . 2  21.3 

20.7 18.7 18.4 1 9 . b  

19.9 19.7 18.8 19.2 

21.9 21.8 21.8 21.7 

18.9 17.7 16.2 17.0 

23.8 2t.l 22.0 ?3..5 

23.9 24.3 2L.3 23.7 

18.5 18.1 16.8 17.8 

22.9 23.1 22.7 22.7 
23.0 23.3 22.8 2 2 . 9  

22.5 20.9 19.8 20.8 

2 0 . 6  19.0 1 8 . 3  20.4 

21.9 21.6 20.8 21.3 

The Northwest. Another d r y  p a r t  of Somal ia  i s  the  m o u n t a i n o u s  
northwest, l y i n g  a t  altitudes of 1500 - 2400 metres a . s . l . ,  b u t  f a l l i n g  t o  
sea l e v e l  at t h e  n o r t h  c o a s t -  The Hydrogeology of t h e  northwest has not so 
much water resources as to a f f e c t  the hunidity to any degree. Yearly 
average humidity of air f o r  this area is about  60-65%. A q u i t e  small 
increase  of moisture dur ing  Gu and Der r a i n y  s e a s o n s  is  observed, j u s t  
about  3-52. The daily range of a tmospher ic  h u m i d i t y  is greater,  though 
exact 'figures a r e  n o t  a v a i l a b l e .  

Due t o  t h e  proximity of t he  Gulf of Aden and the a l t i t u d e ,  relative 
humid i t y  is high throughout t h e  night for t h e  e n t i r e  year ,  a t  80-902. The  
permanent strong and  d ry  wind from the Arab i an  P e n i n s u l a  exerts the  
oppos i t e  effect  during day time. In p a r t i c u l a r ,  a very s t rong  and d r y  wind 
du r ing  June  to September, J - W I I ~ ~  ' K a r i f ' ,  contains an a i r  mass of very low 
atmospheric humidity. Permanent high wind activity on t h e  border of these 
systems create v e r y  sha rp  d i u r n a l  f l u c t u a t i o n  of humidity, depending on 



which kind of air mass passes over the territory at the time. The range of 
relative humidity can reach 70-802. At the extreme, relative humidity can 
rise or fall between 10-202 and 70-802, sometimes during 10-15 minutes, a 
range of 50-602, as illustrated in the Hygrograph trace of Aburin (~i~.22). 

- .  

The number of days with humidity less than 302 can be up to 25 days in 
a month, with absolute minima reaching 3-52, in the late afternoons at 1600 
to 1700 hours. Thus at station Berbera, monthly humidity falls from 792 to 
452, and at Hargeisa from 67-512. The driest place in this area and, in 
fact, in the whole of Somalia is station Gudubi in Togdhere Region, where 
annual mean humidity is only 42%. During the time of the Karif, monthly 
humidities fall to 37-402, with the absolute average monthly minimum at 172 
for this station. 

Station JAN FEB .W APR HAY NN JUL AUC SEP O C I  NOV DEC LWAL 

S O A Y  

HUMIDITY R E C O R D  

Aburin,  3 - 5  July  1988 

Berbera 71  71 7L 71 68  L8 38 32 39 57 65 61 3 2 

Burao 38 LO 37 L5 4 1  38 37 38 3 3  LO 35 33 33 

Gudubi 35 41 40 63 38 39 LO 30 29 28 17 37 17 

Hargeisa 61  58 50 W. 49 51 37 37 50 LO 5 3  60 37 

Las h o d  67 67 70 59 6 6  5 9  63 61 60 65 62 52 52 

Sheik 69 53 55 39 60  61 60 59 5 1  5 1  56 60 39 

Table 10.  HOKIXLY t4INIWUn R M T I E  HLMIDITY (Percent) 

The Dry East. The third dry part of Somalia occupies all the 
cortheastern .erritwry of the zountry. .. There are rh:?e specl~ic 
circulations of air during some period of the year which form particuiar 
characters of the weather. The main influence is the the permanent and 
strong dry wind from the Arabian Peninsula and the effect of the Karif - - 
blowing during June to September. The other strong factor is the Somali 
Jet over this part of the country. In this case there is a very strong 
airstream from the dry areas of Galcaio-Gudubi through Garoe to the Eastern 
corner of Somalia near Cape Guardafui and Faro Dante (see fig 29, below). 
Because of this circulation the moisture from the Indian Ocean does not 
reach this area. Therefore, during the entire year, atmospheric humidity 



is q u i t e  low. The y e a r l y  average relative h u m i d i t y  r emains  about 50-602, 
excep t  a t  the coast,  where 70-802 i s  reached ( s e e  T a b l e  8 ) .  Even t h e  
convergent stream of air in the Intertropical F r o n t ,  which affects t h e  rest 
of t h e  c o u n t r y  d u r i n g  t h e  Gu and Der seasons has little effect in this 
area. Inland, the fluctuation of air is quite feeble, for example, at 
station Qardo, t h e  r e l a t i v e  h u m i d i t y  v a r i e s  between 5 5 - 6 3 2 ,  o n l y .  But on 
t he  c o a s t a l  s t r i p s ,  t h e  range is very h i g h .  A t  s t a t i o n  Bosaso, d u r i n g  the 
Karif, the r e l a t i v e  humidity f a l l s  from 7 1  t o  47%.  A t  station B e r b e r a ,  
r e l a t i v e  humid i ty  f a l l s  from 792 to 4 5 Z ,  (see f i g  23) .  P a r t i c u l a r l y  a t  
s t a t i o n  Alu la ,  relative humidity fluctuates very l i t t l e ,  on ly  72. 



However, because of  temperature v a r i a t i o n s ,  r e l a t i v e  h u m i d i t y  i s  not a 
good i n d i c a t o r  o f  a c t u a l  m o i s t u r e  i n  t h e  a i r .  For  t h i s ,  records  of 
dewpoint  or vapour p r e s s u r e  a re  better. For dewpoint ,  t h e s e  a r e  d i s p l a y e d  
i n  t a b l e  9 and f i g u r e  2 4 ,  which immediately c l a r i f i e s  t h e  a n n u a l  v a r i a t i o n .  
Dewoin ts  r ise a l l  o v e r  t h e  area d u r i n g  t h e  o n s e t  of the Gu s e a s o n ,  and  fall 
o f f  w i t h  t h e  r e t r e a t  of t h e  Der. The d r i e r  Hagai is e v i d e n t  a t  some 
s t a t i o n s  d u r i n g  t h e  miCdle  months of t h e  year ,  b u t  t h e  e f f ec t  of  t he  K a r i f ,  
which i s  an  o n s h o r e  w i n d ,  i s  i l l u s t r a t e d  by some of t h e  c o a s t a l  s t a t i o n s ,  
e s p e c i a l l y  A l u l a .  

The i n f l u e n c e  o f  the Somali J e t  a n d  t h e  K a r i f  form a very specific 
circulation of air a t  t h e  Horn of Africa.  

MONTHLY D E W  POINT AT SOME STATIONS -- F i g .  2 4  
a 



As discussed aborre, wind i n  Somalia is a response  t o  t h e  n o r t h  and 
s o u t h  seasonal movement of the I n t e r t r o p i c a l  Convergence  Zone, and,  i n  
p a r t i c u l a r  t h e  I n t e r t r o p i c a l  F r o n t  ( I T F ) .  I n  g e n e r a l ,  winds  blow f rom the 
south o r  southwest s o u t h  of t h e  ITF ,  between s o u t h  and east  i n  t h e  r eg ion  
of t h e  F r o n t  and nor theas t ,  n o r t h  of t h e  F r o n t .  There  are e x c e p t i o n s  t o  
t h i s  g e n e r a l  r u l e ,  specially i n  t h e  nor th  vhere t h e  land c o n f i g u r a t i o n  
a f f e c t  b o t h  speed  and direction, and a long t h e  coast ,  where t h e  sea breeze 
has an e f f e c t  va ry ing  from s l i g h t  t o  d o m i c a n t .  

Wind s t r e n g t h s  a re ,  almost  everywhere,  l i g h t  t o  moderate.  Only on t h e  
n o r t h  c o a s t  a r e  s t r o n g  winds a s i g n i f i c a n t  feature a f f e c t i n g  man 's  
a c t i v i t i e s .  However, wind is, i n  g e n e r a l ,  n o t  a n e g l i g i b l e  f a c t o r  of l i f e ,  
s ince  i t  affects e v a p o t r a n s p i r a t i o n ,  and hence t h e  water ba lance ,  as well 
as p r o v i d i n g  a p o t e n t i a l  s o u r c e  of energy,  s o  f a r  a l m o s t  untapped.  
Knowledge of t h e  w i n d s  is, a l s o  a c r u c i a l  f a c t o r  i n  t h e  understanding of 
the seasons. 

Wind Directions. 

Dur ing  J a n u a r y ,  when t h e  ITF is well t o  the south of t h e  c o u c t r y ,  
winds,blow p e r s i s t e n t l y  from t h e  n o r t h e a s t ,  w i t h  some eas ter l ies  and 
northerlies, almost everywhere i n  Somalia ( f i g  2 5 ( a ) ) .  Only i n  t h e  f a r  
s o d t h  is t h e r e  soze v e e r  t o ~ a r d s  t h e  east ,  u h i c h  i s  i n  r e s p o n s e  t o  the 
genera l  circulation p a t t e r n  of t h e  a rea .  

2y March, a s  t h e  I T E  enters t h e  coun t ry  from t h e  south, so  wind 
directions i n  the very s o u t h  b e g i n  t o  veer, from n o r t h e a s t  through e a s t  t o  
s o u t h e a s t .  The process con t inues  throughout  April, when a l l  areas s o u t h  of 
a b s u t  8% e x p e r i e n c e  south ea~terlies, w h i l e  t h e  Lower Juba  experiences 
k i n d s  varying from s o u t h e a s t  to southwest (fig. 2 5 ( b ) ) .  At t h i s  time, 
v i n d s  n o r t h  of 8"N are s t i l l  from t h e  n o r t h e a s t ,  though local conditions do 
cause v a r i a t i o n  i n  t h i s  field. Sheik, for example experiences a local 
v i n d ,  generally southwesterly, while Cape Guardafui  is already i n  t h e  
s o u t h e r l y  airstream, a l o c a l  coastal effect .  

By June ,  t h e  I T F  has  cleared t h e  country ,  and by J u l y  ( f i g  2 5 ( c ) )  
southwesterlies prevail almost  everywhere. I n  t he  very sou th ,  t hcugh  
s o u t h e r l i e s ,  r a t h e r  than southwes te r l ies  prevail, due to the macroscale 
flow pattern round t h e  Indian Ocean Low. In the  far n o r t h ,  a l s o ,  t h e r e  is  
some deviation in t h e  area of t h e  Horn itself. T h i s  is caused by a special 
combina t i on  of cirmmstances, described below. 

T h e  ITF retreats through t h e  n o r t h  of the country in O c t o b e r ,  lying 
between 10' and 11% at t h i s  t ime  ( f i g .  2 5 ( d ) ) .  The northern c o a s t a l  strip 
t h u s  e x p e r i e n c e s  a r e t u r n  t o  t h e  n o r t h e q s t e r l i e s ,  w h i l e  over t h e  rest of 
t h e  cc:31q.?ry t h e  w i r . i ;  tend t c  bsc* 7;scm ; u c c m e s t ~ r l y  1.c 9oui; lp- ly aile-d 01 
t h e  ITF.  T h i s  process  c o n t i n u e s  ~ n ~ a u g h o u t  November an6 kcember ,  when t h e  
I T F  f i n a l l y  c l e a r s  t h e  s o u t h e r n  t i p  of t h e  c o u n t r y ,  and the r e t u r n  t o  d r y  
season northeasterly w i n d s  i s  complete. 
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Wind Speeds. 

Original wind speed data is rather contradictory (see textnote 2), 
however, data used here is that derived from the Civil Aviation Archives. 

The general pattern of wind speeds throughout the year, is that of 
moderate winds, averaging between 3 to 11 m/s for the various stations. 
Winds are generally lighter during the transitional months, that is, during 
the passage of ,the - ITF, than wher. the northeast or southwest monsoor.s are 
set in (table 11). 

Station JAN FEB FEB APR M Y  JUN JUL AUG SEP OCT NOV DECAh'NUAL 

Afgoi 5.8 6.0 5.4 3.7 3.5 4.4 4.2 4.5 4.4 3.8 3.0 4.6 4.5 
Alula 5.8 5.8 6.6 5.6 3.5 3.0 5.0 3.8 3.1 L.3 4.3 4.6 4.6 

Baidoa 4.0 3.8 3.7 3.0 3.1 4.3 4.6 4.3 3.8 2.9 2.6 3.3 3.6 

Bardera L.8 3.5 3.2 2.1 4.3 6.2 6.3 6.8 5.6 4.1 3.4 3.L 4.5 

Belet wen 3.7 3.4 2.7 2.1 2.9 4.6 4.7 4.8 4.1 2.3 2.6 3.2 3.6 

Berbera 7.4 6.7 7.6 6.9 7.3 12.6 11.0 12.6 7.5 6.1 5.7 5.3 8.1 

Bcrama 6.6 6.6 7.1 6.4 6.5 7.4 8.0 7.7 6.4 7.0 7.2 6.9 7.0 

Bcsaso 6.2 6.0 6.5 5.4 5.3 7.5 9.3 8.0 6.3 4.9 5 . 0 ' 5 . 8  6.4 

Burao 6.8 6.3 6.0 5.8 7.6 10.9 12.1 11.3 7.4 6.0 6.0 6.3 7.7 

El Bur 9.7 8.3 6.4 6.7 7.7 10.4 11.0 11.0 9.9 4.9 5.5 7.8 8.2 

Erigavo 17.8 8.4 7.0 5.4 6.4 9.5 14.8 12.0 8.3 9.5 10.9 1 9.3 

Calcayo 1 4.2 4.0 3.0 L.2 6.5 7.0 6.6 5.3 2.8 2.9 3.L 4.5 

Cenale 2.6 3.1 2.0 1.3' 2.0 2.6 2.8 2.9 2.9 2.1 1.2 2.1 2.3 

HKgeisa 1 0  9.8 9.7 9.8 9.9 14.7 16.6 16.2 11.3 9.2 10.4 10.8 11.6 

Kismayo 9.8 8.9 8.2 7.3 8.2 8.6 9.2 9.3 8.7 8.0 7.3 8.7 8.5 

Hogadisho 6.8 6.5 5.6 4.2 5.3 6.4 6.7 6.6 6.1 L.8 L.3 6.0 5.3 

Qardo 7.6 5.7 5.2 4.1 6.1 10.7 10.4 10.5 9.0 4.4 5.1 6.5 7.1 

Table 11. W WIhV SPEDS FOR SELECrED STATIONS ( t i ! S )  

Over the year, the winds are strongest round Hargeisa, with an average 
speed in excess of 10 m/s (fig. 26). Rather less strong winds occur over 
the rest of the northern areas and the eastern half of the Central Regions. 
There is a gradient in Central and Southern Regions from east to west, with 
the lightest winds in the country occuring in Bakool, Gedo and the western 
parts of Hiraan, Galgadud and Mudug. 

Winds are strongest everywhere during the southwesterly monsoon (fig. 
27). At Hargeisa, and generally in the northwest, there is a marked 
increase.as as the ITF passes northwards, in May/June, and decrease as it 
passes southwards, in ~ugust/~eptember/~ctober. In other areas, the 
pattern is more sinusoidal, with more gradual changes. The strongest winds 
again occur during the southwesterlies, with secondary maxima occuring 
during January, when the northeasterly monsoon is most established. 

Weakest winds, generally having only half the strenth of the maximum 
winds, occur during the intermonsoonal periods of ~ ~ r i l / ~ a y  and 
October/November. While, in the calmer areas, these weakest winds may 
reduce to 2.0 m/s, in the windy northwest, average monthly windspeed may 
not fall below 9.0 m/s, about the same as the strongest winds elsewhere. 



2 0 s  - -  Fig. 26  
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MONTHLY WIND SPEEDS AT FOUR STATIONS 
Fig 27 @ - - 

1 

D i s t r i b u t i o n s  o f  Wind Speeds .  No d a t a  is a v a i l a b l e  w h i c h  d e a l s  w i t h  
ex t reme winds,  though t a b l e s  a r e  p r o v i d e d  i n  IDCR61 showing o c c u r e n c e s  of  
Fo rce  8  1 7 . 1  m and above ,  a s  w e l l  a s  o c c u r e n c e s  o f  o t h e r  wind 
s t r e n g t h s .  

O v e r a l l ,  though ca lms  a r e  r e l a t i v e l y  r a r e ,  e x c e p t  f o r  B e r b e r a ,  wind 
s t r e n g t h s  a r e  g e n e r a l l y  l i g h t  ( t a b l e  1 2 ) .  The m a j o r i t y  of  w i n d s  eve rywhere  
f a l l  w i t h i n  t h e  r ange  of  F o r c e  1-3  ( 0 . 3 - 5 . 4  m l s ) .  w i t h  F o r c e  4 -5  (5 .5-10.7  
mls )  a c c o u n t i n g  f o r  a  f u r t h e r  202. Very few winds a t t a i n  g a l e  f o r c e  (Fo rce  
8 ,  1 7 . 1  m/ s ) .  

Beaufort Force 

Calm 1-3 4-5 6-7 > 7 

Bardera 2.3 76.4 20.2 0.9 0.1 

Belet Uen 3.1 83.0 13.1 0.2 0.0 

Berbera 23.3 49.1 18.6 6.8 2.7 

Bosaso ' 2.3 6 5 . 8  26.9 4.8 0.2 

Harpisa 4.5 68.7 22.7 3.7 0.2 

Kismayo 6 .5  79.9 16.5 1.1 0.0 

nogad ishu 1.0 95.0 -------4 o------- 

Forces: 1-3 = 0.3-5.4 mls; 4-5 = 5.5-10.7 mls 

6-7 = 10.8-17.1 mls 

Table 12. DISTRIBLTIONS OF WIND STPaCIHS ( % ) 



A l m o s t  a l l  g a l e  fo rce  winds occur in the vicinity of B e r b e r a . ,  and 
along t h e  north c o a s t ,  and these a r e  mostly confined to J u n e ,  J u l y  and 
August (table 13). 

Winds of P a r t i c u l a r  Places. 

Wind descriptions are  given o f  Mogadishu in order to illustrate more 
c l e a r l y ,  the relationships between season,  speed and direction. 

N o g a d i s h u  ( f i g . 2 8 ) .  I n  J a n u a r y ,  winds are persistently from the 
northeast (722 of all occurences), with most of t h e  remainder ( 2 0 % )  from 
the east, and no . ca lms  reported. Average speed is 6.8 m / s ,  t h o u g h  61% of 
all speeds reported are less than  4 n/s, and only a very small percentage 
greater than 8 m / s  ( F o r c e  4 ) .  By Febuary  the  n o r t h c a s t e r l i e s  a r e  r a t h e r  
less persistent, while  t h e  wind rose for March shows a distinct change in 
the p a t t e r n ,  northeasterlies occcunt for only 35% of all occurences, with 
easterlies accounting for 402 and southeasterlies 25%. Wind strengths have 
decreased, with only a small parcentage exceeding 6 m/s. This wind veer 
continues t h r o u g h  May, when t h e  most persistent winds are southeasterly 
( ~ o z ) ,  t h o u g h  there are significant occurences form northeast, right round 
to s o u t h u e s t .  Little wind exceeds 4 m / s ,  and calms occount for 5% of all 
o b s e r v a t i o n s .  

May to A u g u s t  have very similar regimes, with southwesterlies 
accounting f o r  60% to 80% of a l l  occurences, with southerlies accounting 
for most of t h e  remainder, Calms are almost non-existent, though neither 
are there many strong winds. 40-50 2 of all winds are between 2 and 4m/s, 
w i t h  only a small fraction, about 2-3 Z e x c e e d i n g  6m/s. 

During September  the wind begins to back, with a n  i n c r e a s e  in southerlies 
(35%) and decrease in southwesterlies ( b o x ) ,  while October  shows a 
significant p r o p o r t i o n  of southeasterlies (30%) in a d d i t i o n  to the 
s o u t h e r l i e s  and  southwesterlies- A backing of a h o s t  90° occurs between 
October and November, with main directions being northeasterly ( 2 7 % ) ,  
easterly ( 3 2 % )  and southeasterly ( 3 3 2 )  Wind speeds are low, w i t h  less than 
50 Z exceeding 4 m/sw 

The most important features are t h u s  v e r y  persistent monsoonal winds ,  
from t h e  southwest during the of the year, and the northeast at the 
t u r n  of t h e  year, with long transitional periods between the 
monsoons, of a b o u t  two months Though few calms, winds are generally 
l i g h t  to m d e r a t e ,  with an total lack of g a l e  force winds ,  





Part i c u l a r  Winds. 

Apart  fron t h e  g e n e r a l  k i n d  p a t t e r n s  described above, there  a r e  a 
nunber  of particular winds ,  o r  d e v i a t i o n s  from the  g e n e r a l  p a t t e r n ' w h i c h  
a r e  of i n t e r e s t .  

Land and Sea Breezes. Land and Sea breeze effects can be n o t i c e d  a l l  
along t h e  coasts ,  thouah they a r e  more developed i n  some areas than o the r s .  
Because t h e  hea t i ng  of t h e  l a n d  surface d u r i n g  t h e  day, and cooling at 
night is more pronounced  than is t h e  heating of the sea, t h en  a i r  moves 
i n l a n d  d u r i n g  t h e  daytime and s e z s r d  a t  n i g h t .  This is an effect which is 
vectorially added to t h e  existing wind system. Thus a direct  onshore  o r  
o f f s h o r e  wind is r a t h e r  less common t han  a deflection of the e x i s t i n g  winds 
i n  one d i r e c t i o n  or another, wi th  a corresponding inc rease  or decrease in 
speed.  Dobson (1987) repor t s  w i n d s  veering t h rough  about 40' at Balad (30 
k a  from coast) and at Mahaddei Weyn (80 km from coast)  at about 1600 hours  
d u r i n g  experiments made i n  January t o  June .  

U n f o r t u n a t e l y  l i t t l e  d a t a  e x i s t s  t o  determine variation of wind 
t h r o u g h o u t  t h e  2 4  hours ,  available data being mainly provided for daytime 
observation hours. However, data f o r  Mogadishu shows an  i n c r e a s e ,  fo r  
every month of t h e  year  from morning (090CL 1200L, 1500L) to afternoon, 
w i t h  a decrease by even ing  (!BOOL).  

The  K h a r i f .  The Kharif is a s t r o n g  southwesterly wind which b l a u s  o f f  
t h e  n o r t h  c o a s t  d u r i n g  June, J u l y  a n d  August. T h i s  is caused by t h e  
r e in fo rcemen t  o f  t h e  s o u t h w e s t  monsoon by the night-time land breeze. It 
thus occurs  d u r i n g  t h e  n i g h t  o r  e a r l y  morn ing  b lowing from the southwest, 
weakening and d y i n g  o u t  by the middle of the day, when the onshore  breeze 
e f fec t  opposes t h e  monsoon. The wind achieves  gale force ( ~ o r c e  8, 1 7 . 1  
m/s) frequently, 34Z  of occurences  i n  J u l y ) ,  and more often than not  
achieves  Force 6 o r  o v e r  ( 1 0 . 8  rn/s). T a b l e  14 shows t h e  r e l evan t  d a t a  f o r  
B e r b e r a ,  where it is nost s t r o n g .  The e f f ec t  weakens t o  t h e  e a s t ,  t h o u g h  
F i n d l a t e r  (1971)  i n d i c a t e s  cmshcre w i n d s  d u r i r g  J u l y  between 48' and 52' E .  

a) - Force &? o r  o v e r .  b) - force 6-7. 

The Winds  of Cape G u a r d a f u i .  

Examination of F i g .  25(c) ,  t h e  wind  d i r e c t i o n  p a t t e r n  fo r  J u l y ,  
reveals anornolous wind  directions i n  the v i c i n i t y  of Cape Guardafui (Aas 
 sir), i n c l u d i n g  A l u l a .  These anornolies i n c l u d e  a p r o p o r t i o n  of 
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southeasterlies a t  Cape Guardafui i t s e l f ,  predooinantly n o r t h e a s t e r l y  f lows  
at Aiula ,  a wind veer i .e .  a more e s t e r  component at Scushuban and wind 
b a c k i n g  in the sea areas to t h e  e a s t  of the Cape, including S o c ~ t r a -  These 
features are most e v i d e n t  i n  J u y ,  t h e  month when the s o u t h e e y  monsoon 
is most developed. but can be detected in June and August. 

According t o  F i n d l a t e r ,  this  cou ld  be due t o  a large scale eddy round 
the Cape- The surface wind from the southwest turns eastwards, spiralling 
OII itself, being northeast at Alula, rising over i t s  o r i g i n a l  t r a c k  a t  
abou t  50On above sea l e v e l ,  and e v d u a l l y  r e t u r n i n g  t o  southwesterly, 
having turned a complete c i r c l e  and  rising lOOOr ( i i g . 2  This eddy is 

f 

THE CAPE GUARDAFUI EDDY 
Fig? Fl 1 - 

J 

caused by a combination of f a c t o r s  Firstly, a s m a l l  r a n g e  of hills to the 
. s o u t h  ci A l a l a  cause a ,peed u p  s f  the surface k i n 3  a t  tile e a s t e r n  e53; 
seiundly the general monsoonal f l o w  is subjec tea  t o  h o r i i ~ n t a l  shear 
(changes i n  wind s p e d )  c a u s e d  by friction of the air against the higher 
monta in s  of Kenya, Ethiopia and northern Somalia,shown a s  the line B in the 
figure and thirdly, the sea breeze effect on the northern coast, shown as 
the line A i n  the figure. The sea breeze on the east coast, though shown in 
the figurz, is n o t  t h o u g h t  to be very  s i g n i f i c a n t .  Cape G u a r d a f u i  l i e s  just 
where the three effects meet, thus 'causing t h e  eddy. 



F i g .  29, redrawn and modified from Findlater shows the general surface 
flow, i n  t h e  fern of i n  t h e  r eg ion ,  the sea breeze f r o n t s  
(being the lines of t h e  l i n e  o f  maximum hor izon ta l  s h e a r ,  and 
the  s t r e a m l i n e  of the eddy. 

Although t h e  eddy itself is  o f  a dianeter of no more t h a n  200 o r  300 
km, t h e  e f f e c t ,  in t he  sense of a deviation of the surface airflow from the 
southwest monsoon can  be observed w i t h i n  a c i r c l e  of d i a m e t e r  1000 km, 
centred on Cape Guardafui. 

She ik .  She ik  e x p e r i e n c e s  r a t h e r  more southerly and southwesterly 
winds than- do t h e  n e i g h b o r i n g  s t a t i o n s ,  d u r i n g  those  months when these  
d i r e c t i o n s  are not predominant ,  i $ e .  October t o  A p r i l .  This shows up most 
c l e a r l y  i n  A p r i l  ( ~ i ~ .  2 5 ( b ) ) ,  when, a l o n e  i n  t h e  northwest, the 
southwesterlles are very persistent. Sheik i s  on the edge of a n o r t h  
facing escarpment. It is suggested that the differential heating of the 
lowlands t o  t h e  n o r t h ,  compared to the uplands  to the s o u t h ,  s e t  up a n  
effect similar  t o  a sea breeze ,  with air be ing  drawn from southwest t o  
northeast t o  r e p l a c e  a i r  c o n v e c t i v e l y  e levated from the lowlands* 

Bur Hakaba. Bur Hakaba r e c o r d s  show i n c o n s i s t e n t  directions, compared 
t o  nearby stations, p a r t i c u l a r l y  i n  December and January (Fig.25(a)), when 
t h e  wind is backed by a b o u t  90°, i . e  North and Northwest, rather than 
Northeast and East. T h i s  is t h o u g h t  t o  be due  o n l y  t o  t h e  l o c a l  
d i s t u r b a n c e  of t h e  Bur i t s e l f .  



Even t h o u g h  h i g h  t e m p e r a t u r e s  may be a l i m i t i n g  factor i n  many aspects 
of human behaviour, i n c l u d i n g  A g r i c u l t u r e ,  it i s  g e n e r a l l y  considered t h a t  
R a i n f a l l  is the most impor tant  M e t e o r o l o g i c a l  element a f f e c t i n g  l i f e  i n  
Somalia. I n  particular, v a r i a t i o n s  f rom s e a s o n  t o  season, and v a r i a t i o n s  
w i t h i n  s e a s o n  are what d e t e r m i n e s  t h e  success of  a g r i c u l t u r a l  a c t i v i t i e s .  

O r i g i n s  of the R a i n f a l l .  

In Somalia, a s  m e n t i o n e d  above ,  t h e  s e a s o n s  r e s u l t  from the n o r t h  ah3 
s o u t h  movement of t h e  I n t e r t r o p i c a l  Convergence Zone (ITCZ), and its 
associated f r o n t .  In general the Intertropical Front (ITF) is n o t  as uell 
d e f i n e d  as  i n  West Africa and s q u a l l  l i n e s  which are a f e a t u r e  o f  t h e  wet 
seasons in the S a h e l  i t s e l f  a r e  unknown in Soma l i a .  

Thus, rain occurs not in a s s o c i a t i o n  w i t h  s y n o p t i c  o r  m e s o s c a l e  
f e a t u r e s ,  b u t  a s  pseudo-random- showers  v i t h i n  s u i t a b l y  moist a i r  masses,. 
The s h o w e r s  t h e m s e l v e s  a r e  of r e l a t i v e l y  small d i m e n s i o n s ,  b u t  since t h e y  
o r i g i n a t e  f rom cumolo-nimbus development ,  may have  v e r y  d i s t i n c t  e d g e s .  
Given t h a t  the c l o u d s  thenselves are in notion w i t h  t h e  w i n d s ,  s o  t h a t  
shower patterns on t h e  ground a r e  e l o n g a t e d ,  i t  is e v i d e n t  t h a t ,  o n  a daily 
basis, there is very high spatial v a r i a b i l i t y .  

N e v e r t h e l e s s ,  s e v e r a l  meso - sca l e  c o n t r o l l i n g  f e a t u r e s  are i n  e v i d e n c e ,  
such a s  t h e  coas t l i ne ,  t h e  low-level  convergence  c a u s e d  by t h e  Kenya- 
E t h i o p i a - N o r t h e r n  Somalia H i g h l a n d s ,  a n d  the  topography of t h e  n o r t h e r n  
Somali  Highlands t h e m s e l v e s ,  and ,  a s  a r e s u l t ,  d i s t i n c t  p a t t e r n s  a r e  
r evea l ed ,  b o t h  on a s e a s o n a l  and a long term basis. 

PART 1 AVERAGE CONDITIONSc 

Szasonal P a t t e r n s .  

R a i n f a l l  may o c c u r  i n  J a n u a r y  o r  F e b r u a r y  a lmost  anywhere ,  b u t ,  i n  
gene ra l ,  r a i n f a l l  f i r s t  becomes e v i d e n t  i c  March. Although the I T F  can be 
distinguished entering Somal ia  from t h e  s o u t h  i n  t h i s  m o n t h ,  r a i n f a l l  does 
n o t  s t a r t  there, b ~ t  in the Middle Juba /Eay  Regions, a n d  often i n  t h e  f a r  
Korthwest .  T h i s  is  a response t o  t h e  10% l e v e l  windf low b e i n g  b l o c k e d  by 
the Kenya-Eth iop ia  highlands, t h u s  caus ing  c o v e r g e n c e  and  hence v e r t i c a l  
development ,  i n  t h e  same way as, l a t e r  i n  t h e  y e a r ,  t h e  S o m a l i  j e t  is 
c o n t r o l l e d  by t h e  s u r f a c e  topography .  

T h i s  e f f e c t  c o n t i n u e s  d u r i n g  A p r i l ,  w h e n  t h e  ITF l i e s  a s t r i d e  b o t h  t h e  
Central Regions a n d  t h e  northwest, s o  t h a t  t h e  a r e a s  of g r e a t e s t  r a i n f a l l  
a r e  t h i  Bay Region and t h a  fi~.:+-i-c?st. The coastal a r e a s 1  of s o - ~ t h e r r ~  
Somalia  are r e l a t i v e l y  less wet ,  w i t h  Kisnrdyo, for example, r e c e i v i n g  v e r y  
little rainfall, even as l a t e  a s  t h e  end of April, 

During May, t h e  I T F  is clearing off t o w a r d s  the n o r t h e a s t ,  s o  t h a t  
r a i n f a l l  may occur anywhere beh ind  t h e  F r o n t ,  i n c l u d i n g  t h e  coastal areas 
of t h e  s o u t h ,  a s  showers  form i n  a random manner anywhere within t h e  moist 
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s o u t h e r l y  or southwesterly airstreams, thoilgh local topographic f ea tu res ,  
such a s  t h e  coastline, w h i c h  encourages t5e seabreeze  and i t s  a s s o c i a t e d  
f r o n t ,  and the mountains of t h e  north and  no^-thwest, are preferred areas 
for the formation of curnulo-nimbus rain c l o u d s  ( ~ i g  ,3O(a)). 

I MONTH-Y RAINFALL IN RELATION TO THE lNTEFi'rROPiCAC FRONT (11 5930 ia )  p, , 

These l o c a l  e f f e c t s  become more important in J u n e  and J u l y  when 
s i g n i f i c a n t  rain is confined to these areas, t h e  ITF having moved o f f  t h e  
c o u n t r y  altogether. For the southern coastal areas, June is t h e  b e s t  f o r  
r a i n f a l l ,  w h i l e  in l and  areas of t h e  south experience a rather a b r u p t  end  t o  
t h e  Gu r a i n f a l l  season, 

The first i n t i m a t i o n  of t h e  r e t u r n  o f  t h e  I T C Z ,  and t h e  sou thward  
movement of the ITF is the intensification of the rainfall in the uplands 
of t h e  n o r t h ,  d u r i n g  August and Septenber, caused by convergence ahead of 
the F r o n t .  Hargeisa e x p e r i e n c e s  its heav ies t  r a i n f a l l  i n  A u g u s t ,  and  
Erigavo in September (Fig 3 0 ( b ) ) .  

However d u r i n g  October, t h e  ITF c rosses  the  n o r t h e r n  areas of Somal i a ,  
b r i n g i n g  t h e  d r y  a i r  mass Orginating from tne anticyclone resting over 
Arabia, but  covergence ahead this Front produces the start of the second 
wet  season i n  t h e  and southern Areas. Some of this rain, at least 
is attributable to the r e m n a n t s  of  the Somali Jet lying near n o r t h  
Hadagascar  ( P i n d l a t e r  1977). 
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Kovember sees a c o n t i n u a t i c n  of t h i s  same p a t t e r n ,  with t h e  ITF m o v l n ~  
t h rough  the Central and Southern Regions, w i t h  cons ide rab l e  r a i n  i n  most of  
the inland areas of the s o u t h ,  b u t  by December, d r y  season c o n d i t i o n s  
p r e v a i l  a lmos t  everywhere, though aiddle Juba and Bay Regions experience, 
n o t  only the first r a i n s  of  t h e  year, bu t  a l so  t h e  last. 

It is i n t e r e s t i n g  t o  n o t e  t h a t ,  since r a i n f a l l  occurs  ahead of, during 
t h e  passage of and b e h i n d  t h e  I T F ,  t h a t  is, w i t h i n  t h e  convergence zone, 
rain occurs in association w i t h  wind directions, not only of south a n 3  
s o u t h w e s t ,  b u t  a l s o  i n  associstion wi th  the t r a n s i t i o n a l  d i r e c t i o n s ,  s o c t h  
e a s t  and eas t ,  a n d  even u l t h  the dry season northeasterlies (Table 15). 
Wind d i r e c t i o n ,  on i t s  own, cannot be taken as an indicator of  r a i n f a l L  
cond i t i o n s .  

S t a t i o n  N R E E SE S SU W hW CALM 

Table 15. PEXCOTAGE OF W i F i l )  DIRECTIONS FOR RAINFALL OCCUPaCES. 

Annual and Seasonal R a i n f a l l  P a t t e r n s -  (See  T e x t n o t e  5 . )  

The Mean Annual  R a i n f a l l  i s  s h o r n  i n  F i g  31, and  r e f l e c t s  t h e  
processes d e s c r i b e d  above. i i l g k  r a i n f a l l  areas appear r o m d  J i l i b  i n  tP,e 
s o u t h  where over 700 mrn may be expected ,  and, in the n o r t h ,  an area of j u s t  
o v e r  600 rnm east of Hargeisa, and a small  a rea  of the escarpment where  over 
800 nm was r e c o r d e d  by Hunt  ( i 9 5 2 ) .  Areas w i t h  over  500 ITSI a l s o  i n c l u d e  
Bay R e g i o n ,  part o f  Middle  S h a b e l l e  and pa r t s  of Lower J u b a  i n  t h e  s o u t h ,  
and a small s l i c e  adjacent t o . t h e  E t h i o p i a n  border  i n  t h e  Northwest. 

Elsewhere, r a i n f a l l  dec reases  away f r o n  these areas, r e a c h i n g  levels 
of l e s s  than 100 rnm in the n o r t h e a s t .  The southern c o a s t a l  s t r i p  is l e s s  
u e t  than just a few kilometres inland, 

I n  order  t o  f i l l  i n  t h e  d e t a i l s  o f  r a i n f a l l  i n  t h e  v a r i e d  terrain of 
the north, the dataset of Hunt has  been u s e d  to produce a relationship 
b e t w e e n  Rainfall and Altitude, shown, i n s e t  i n  F i g .  31. R a i n f a l l  clearly 
increases with altitude at a r a t e  va ry ing  from a b o u t  7 mrn/103 m a t  lower 
l e v e l s ,  t o  abou t  40 mrn/100 m a t  h i g h e r  levels, w i t h  t h e  h ighe.s t  s t a t i o n ,  
D a l o ,  b e i n g  i n  rzi-her s p w i z  i c i t u a t . i o n  nn tht? euge - o f  !-he p s f : i rpmec t ,  
h a v i n g  a value greater .  t h a n  its altitude would suggest. 

Thus, although t h e r e  is a ridge of high rainfall lying p a r a l l e l  to t h e  
n o r t h  coast ,  t h i s  is n o t  continuous, being dependen t  o n  t h e  altitude. The 
a rea  of r a i n f a l l  a t  t h e  eas te rn  end of the ridge has n o t  been measu red ,  b u t  
is l o g i c a l  a c c o r d i n g  t o  t h e  altitude, a s  w e l l  as  being e v i d e n t  from t h e  
vegetation p a t t e r n  there .  





Gu s e a s o n  R a i n f a l l  The "Gu" season has been t a k e n  a s  J a n u a r y  to 
August ,  t hough  this is not correct usage of the t e r m  w h i c h  s h o u l d  apply 
o n l y  to the months A p r i l  t o  J u l y .  However, as  the r a i n f a l l  s e a s o n  
s t a r t  i n  March, and ca r ry  on t i l l  A u g u s t ,  t h e n  t h i s  - term w i l l  be u sed .  

The  heaviest r a i n  o c c u r s  in a s m a l l  a rea  p a r a l l e l  t o ,  but i n l a n d  o f ,  

o c c u r s  a t  i t s  southwestern e n d ,  n e a r  J i l i b  and  t h e  S u g a r  P l a n t a t i o n  a t  

I 
t h e  s o u t h e r n  c o a s t ,  by a b o u t  100 km. W i t h i n  t h i s  b e l t ,  t h e  most rain 

H a r e r e y .  The b e l t  extends as far n o r t h  as Mogadishu,  w h i c h  r e c e i v e s  j u s t ,  
over  300 mm, b u t  p e t e r s  o u t  f u r t h e r  i n l a n d .  T h e r e  is a n o t h e r  area, shaped 
as a ellipse, of 300 mm, more or less c e n t r e d  on Ba idoa ,  b u t  s t r e t c h i n g  
s o u t h w e s t w a r d s  towards D inso r ,  which is n o t  q u i t e  o b v i s u s  on t h e  map. This 
is t h e  r e s u l t  of t h e  t opog raph i c  c o n t r o l  of  t h e  low l e v e l  a i r  f l o w ,  w h i c h  
p r o d u c e s  t h e  e a r l y  r a i n s .  O the rwi se ,  t h e  r a i n f a l l  decreases t o  t h e  n o r t h  i 
r e a c h i n g  v e r y  l o x  l e v e l s ,  l e s s  t h a n  50 m i n  t h e  n o r t h e a s t  ( ~ i ~  32) .  ' 1  

The Gu season i n  t h e  northwest. rs t a k e n  f rom January t o  J u l y ,  t h e i  
l a t t e r  b e i n g  t h e  month between t h e  two monsoons when t h e  r a i n f a l l  i s  l e a s t , :  
I t  should  be borne i n  m i n d ,  hovever ,  t h a t  t h e  s e a s o n  i n  t h e  n o r t h  i s ;  , , 
a r t i f i c i a l l y  d i v i d e d ,  a s  i n  r e a l i t y ,  t h e r e  o c c u r s  o n l y  o n e  season ,  which 1: 

bimodal .  Two main a r e a s  of r a i n f a l l  a p p e a r .  The s m a l l e r  a r e a  is a pocket 
c e n t r e d  o n  Er igavo ,  and  r e s u l t s ,  ma in ly ,  from t h e  t o p o g r a p h y  of  t h e  area,  
t h e  s e c o n d ,  and  l a r g e r  a r e a  c o v e r s  t h e  vet-y n o r t h w e s t e r n  p a r t  of t h e  
c o u n t r y ,  less t h e  c o a s t a l  s t r i p ,  which i s  i n  g e n e r a l  v e r y  d r y .  Aga in ,  t h e  

c b i n c i d e s  w i t h  t h e  u p l a n d s ,  and the re  i s  a sharp  g r a d i e n t  n e a r  t h e  
e s c a r p m e n t .  

December i n  the s o u t h ,  a c c o r l i n g  to t h e  r e a s o n i n g  above) i s  s i m i l a r  t o  t h i  
of t h e  Gu, a l t h o u g h  i n  g e n e r a l ,  t h e  a c t u a l  a v o u n t s  a r e  reduced more becau: 
o f  t h e  s h o r t e r  l e n g t h  of  season t h a n  because  of l e s s  i n t e n s e  r a i n f a l l .  1 
t h e  n o r t h w e s t ,  no 200 rm i s o h y e t  a p p e a r s ,  t h o u g h  t h i s  amount is almo: 
r e ached  i n  t h e  f a r  west and  a t  Er igavo.  The  wettest month of  the year j 

t h e  n o r t h  occurs d u r i n g  the Der, being  Augus t  a t  H a r g e i s a  and September  i 

Erigavo ( ~ i g .  3 3 ) .  

Der S e a s o n  R a i n f a l l .  The s p a t i a l  d i s t r i b u t i o n  of  r a i n f a l l  d u r i n g  the1  
Der s e a s o n  ( h e r e  t aken  a s  Augus t  t o  December i n  t h e  c o r t h ,  and  September  t c  

3 t 
; E 

[a  
; i 

in 

The p a t t e r n  s i m i l a r  Central R e g i o n s ,  t hough  reduce 
amounts .  G a l c a i o  r e c e i v e s  o n l y  67 mrn i c  t h e  Der s e a s o n ,  this b e i n g  abo: 
43% of t h e  a n n u a l  t o t a l .  The a c t u a l  a m o u n t s  are, o f  co t? rse  w e l l  below t h  
r e q u i r e d  for r a i n f e d  c u l t i v a t e d  a g r i c u l t u r e .  

In t h e  s o u t h ,  t h e  patterc is s i m i l a r  f o r  t h e  two seasons. Baidoa 
s t i l l  f a v o u r e d  w i t h  more r a i n f a l l  t h a n  n e a r b y  d i s t r i c t s ,  w h i l e  t h e  bell 
i n l a n d  and  p a r a l l e l  t o  t h e  c o a s t ,  s t i l l  e x i s t s ,  though b roken  and n o t  w i i  
t h e  dramatic d i f f e r e n c e  evident i n  the Gu s e a s o n .  The area r o u n d  J i l i l  
e x t e n d i n g  t o  t h e  s o c t h w e s t ,  is s t i l l  a f a v o u r e d  a r e a .  

Cornparisor, of the  twc seasons shows t h a t ,  everywhere, ine Gu seasc 
p r o v i d e s  more rain t h a n  t h e  Der. The p e r c e n t a g e  of a n n u a l  r a i n f a ?  
o c c u r i n g  i n  t h e  Gu v a r i e s  f rom 5 4  % i n  Borama, a n d  552 i n  Jowhar, t o  7 2 %  i 
Cenale and  74% i n  Mogadishu, though most stations report a figure ljlin 
between 55% a n d  682,  t h u s  f o r  t h e  Der, be tveen  32% and 4 5 2 .  
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I t  is e v i d e n t  f ron  t h e  above t h a t ,  a l t h o ~ g h  t h e  whole coun t ry  is under 
the  influence of the  macro-scale m e t e o r o l o g i c a l  c o n d i t i o n s ,  the 
e f f e c t s  va ry  from place to p lace .  Thus, a l t hough  two r a i n f a l l  seasons are  
g e n e r a l l y  e v i d e n t ,  in t h e  s o d t h  t h e r e  is a rnrked d r y  season between them, 
whi le  i n  t h e  n o r t h ,  this is n o t  SO. A l s o ,  t h e  s e ~ o n d  season i n  t h e  coastal 
areas is small Compared to the f i r s t .  F i n a l l y  t h e  t o t a l  amounts v a r y  over 
t h e  country .  All this is illustrated i n  f i g  3 4 ( a )  to fig 3 4 ( d )  which show 
monthly r a i n f a l l  f o r  a number of s t a t i o n s .  

h i d o a ,  Bardera, Belet U e n  and G a l c a p .  The western p a r t  of the  
southern  and C e n t r a l  Regions e x p e r i e n c e  a similar r a i n f a l l  regime, though 
wi th  different amounts. Apart from p r e - s e a s o n a l  r a i n ,  Bardera f i r s t  
r e c e i v e s  significant rain, over 20 mm, i n  March, v i t h  Baidoa and Belet Wen 
receiving less, and Galca io  none. 

These early rains c o n t i c u ~  i n t o  A p r i l ,  which is the wettest month for 
Bardera and Baidoa. By Hay, r a i n f a l l  dec r ea se s  i n  Bardera and Baidoa, but 
i n c r e a s e s  i n  the  two nore n o r t h e r l y  s t a t i o n s ,  f o r  which Hay is the wettest . 

month. A l t h o u g h  small amounts of rain do occur ,  e s p e c i a l l y  i n  the two 
s o u t h e r n  s t a t i o n s ,  Juce e f f e c t i v e l y  s i g n a l s  the end of t h e  Gu season i c  
t h i s  p a r t  of t h e  c o u n t r y .  

MEAN MONTHLY R A I N F A L L  

in m i l t i m e t r e s  

F i g 3 4 1 a l  ; - -  
i 

The ne r  season begins v e r y  s u d d e n l y  i n  October,  which is the ~ e t t e s t  -..- - - -  

month of the Der season a t  a l l  f o u r  s t a t i o n s ,  b u t  by November, t h e  season 
is a l r e a d y  passing bjv C a l c " ~ ~  and  Lelet Uen, &?though the:! do receive son? 
r a i n f a l l  (<20  m). Ho~'cder9  Novemb~l-  i s  s t i l l  a reasonable  month i n  
Baidoa, and B a r d e r a .  Insignificant m o u n t s  occu r  in December i n  the three 
more n o r t h e r l y  s t a t i o n s  t h o u g h  Bardera does r e c e i v e  more than 20 mm, making 
December the fifth wettest month a t  Bardera.  



Kisaayo ,md Hogadishu. The Gu season starts later at these t w o  
southern  coastal stations than further inland. March is g t x e r a l l y  a dry 
month, though with rainfall increasing to t h e  n o r t h  (see Obbia, below). 
A p r i l  really sees the s t a r t  of the season, though it is later a t  t h e  most 
southern  coastal s t r i p  t h a n  further n o r t h .  May and June  a re  bo th  good 
months, with June being the vettest (compared to April o r  May f u r t h e r  
i n l a n d ) .  B u t  c o n t r a r y  t o  t h e  p a t t e r n  a t  i n l a n d  s t a t i o n s ,  there is no 
sudden end t o  the  Gu season. Each of the following three months do provide 
rain, though of d e c r e a s i n g  amounts. s o  t h a t  t h e  Der season, which is h a r d l y  
d i s t e n g u i s h a b l e  i n  t h e  f a r  s o u t h ,  i s ,  everywhere on t h i s  coastal s t r i p ,  
r e p r e s e n t e d  o n l y  by a small  monthly i n c r e a s e .  This increase  is f o r  one 
non th  o n l y  a t  Kismayo, b u t  r a t h e r  l o n g e r  a t  Mogadishu, w h i l e  December i s  
almost d ry  a t  both stations, 

I . I 
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i 

MEAN MONTHLY RAINFALL 1 
in mi l l  h e  t res  i 

F i g  3 4 b I  @ - -  i 
Obbia,  Qardo and Ebsaso. One must lcok carefully t o  see any r a i n f a l l  

at Bosaso, but, apart from t n e  amcunts, t h e  seasonal p a t t e r n  is similar t o  
the other two eastern s t a t i o n s .  The  Gu season s t a r t s  r a t h e r  gradually, 
b u i l d i n g  up from Harch t o  May, which is t h e  wettest of t h e  Gu season  
m o n t h s .  T h e r e a f t e r  occurs  a v e r y  marked d r v  season, particularly at Obbia 
where June, July and August are  t o t a l l y  d r y ,  and  September e x p e r i e n c e s  o n l y  
minimal r a i n -  Bosaso is similar, but the i n l a n d  s t a t i o n  o f  Qardo does  
exper ience  some dry s e a s o n  r a i n f a l l .  

MEAN MONTHLY RAINFALL 

in m i l l i m e t r e s  

Oar CQ 
r- - 

The Der season r e t u r n s  i n  October,  w i t h  November b e i n g  the wettest 
month i n  Obbia ,  and, f o r  u h a t  i t  i s  wor th ,  i n  Bosaso. Also of interest  is 
t h a t  t h e  s e a s o n  d o e s  c a r r y  over i n t o  t h e  new year at O b b i a ,  where 10 rm is 
expe r i enced  i n  J a n u a r y ,  and a t  Qardo,   here a minimal amount falls. 
February  is d r y  a t  b o t h  stations, 
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The l a t t e r  na l f  of the y e a r  again sees good rains, with August being  
the  w e t t e s t  month of t h e  year  a t  H a r g e i s a ,  and September  t h e  v e t t e s t  a t  
Erigavo. There is r a t h e r  a n  a b r u p t  end in October (compared to the 
southern and central stations, where October is t h e  start of the Der 
s e a s o n ) ,  with only small amounts f a l l i n g  in November and December. 

Ten-day ( ~ e c a d a l )  R a i n f a l l .  For a l l  stations, da t a  is a v a i l a b l e  in 
t e n - d a y  intervals i n  t h e  T e c h n i c a l  Reports 1-10. Th i s  gives t h e  f a c i l i t y  
to be rather more accurate in the d e s c r i p t i o n s  of the seasons ,  which are 
here g iven  f o r  f o u r  representative stations. 

Hogadishu Though t h e  d e c a d a l  p a t t e r n  fo l l ows  t h a t  of  t h e  monthly 
pat tern a few a d d i t i o n a l  f ea tu res  do emerge. F i r s t l y  t h e  season does  build 
up rather more evenly t h a n  appears  w i t h  the monthly d a t a .  From a rainfall 
of zero in the second decade of March ( a l l - r a i n f a l l  in March f a l l s  i n  t h e  
t h i r d  decade), r a i n f a l l  cl imbs s t e a d i l y  t o  a maximum value of  almost 30 EER 

i n  the l a s t  decade of  A p r i l .  The rainfall thereafter is less, for four 
d e c a d e s ,  u n t i l  a n o t h e r  peak  which  l a s t s  from the midd le  o f  June t o  t h e  
f i r s t  decade i n  J u l y .  Thus on average, there are two w e t t e s t  periods-the 
l a s t  decade in A p r i l  and t h e  t h r e e  decades  f rom the m i d d l e  of June t o  the 
b e g i n i n g  of J u l y .  T h e r e a f t e r ,  t h e  r a i n  f a l l s  o f f  rather steadily reaching 
as minimum at t h e  end of September  and f i r s t  decade of October .  The f i r s t  
decade  of November is the wet tes t  of the Der season. 

Baidoa, A t  Baidoa, t h e  ten-day  h i s t o g r a m  does m i r r o r  t h e  monthly. The 
season does start sudden ly  at t h e  b e g i n i n g  of A p r i l  and reaches it's peak 
by t h e  end of t h e  s a m e  month. Rainfall declines steeply during May, and 
there is no period of sustained rainfall, though at Baidoa t h e  highest t e n -  
day values do exceed, by about twice, those of most other s t a t i o n s ,  with 
60-70 mm as against 3 0 . m  elsewhere. By the end of May, t h e  Gu season is 
v i t u a l l y  over, though occasional rain may occur during any decade of the 
d r y  season .  The Der season is a repl ica  of the Gu, w i t h  s h a r p l y  r i s i n g  
values d u r i n g  October, sharply falling during November, and effectively 
zero by the end of December. 
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Sta t ion  JAN FEB PA7 APR PAY JUN JUL AUG SEP CCT NOV DEC ANNUAL 

Afgoi 2.7 1.4 7.6 87.8- 92.9 57.6 53.8 22.9 11.9 55.2 106.9 36.7 537.4 
Afmadu 4.9 12.3 32.3 101.8 B0.9 22.7 29.5 13.0 17.5 83.8 97.2 53.4 549.2 
Alessandra 1.8 2.6 6.3 136.1 140.2 73.3 54.2 19.4 21.1 67.1 69.7 45.4 637.2 

Baldoa 2.4 4.7 23.4 152.9 110.8 15.2 16.9 7.4 13.0 141.1 85.8 11.4 584.8 

b l a d  6.9 1.9 7.9 88.8 87.J 50.7 21.1 14.7 14.9 61 .0  87.6 33.5 476.1 
Bardera 5.4 6 .1  23.0 97.8 61.0 12.3 20.0 6.4 7.8 74.4 80.0 24.3 418.7 
Belet Uen 0 .1  C.4 6.2 61.4 71.5 9.6 1.8 2.C 9 .6  66.5 30.5 6.3 266.1 
Berbera 5.2 5 . 2  10.9 10.9 8.5 0 .6  1 .6  2.3 2.1 2.2 3.5 3.7 56.7 
Borama 5 .1  12.7 33.0 78.7 76.2 38.1 33.0 53.3 73.7 71.1 25.4 15.2 516.0 

Bosaso 0 .3  0 .0  0 . 5  5 .2  2.8 0.0 0.0 0.0 0 .0  2.1 5.2 2.0 18.1 
Brava 0 .4  0 .0  2.8 49.8 83.3 95.9 66.4 22.5 17.3 14.3 20.1 10.0 382.8 
Bulo Eer t i  2.5 2.4 15.9 73.1 66.4 3.9 4.3 2.8 12.1 87.6 62.0 5.7 338.7 

Burao 1 .3  0.6 8.4 35.1 56.9 14.6 10.9 12.8 25.2 2'2.7 11.6 1.7 159.8 
8urHakaba 3.0 0.2 11.7 129.2 84.3 15.1 21.0 3.6 9.7 106.1 56.4 10.0 4 9 . 2  
E l  Bur 4 .7  1.2 13.8 52.4 49.2 i.5 3.4 1.1 6.6 49.0 29.0 6.7 209.7 
Er igavo 12.1 4 . 6  23.2 29.6 58.3 45.1 6.5 30.3 80.3 4.9 8 .6  1.2 309.7 
Galcayo 0 .2  1.4 3.0 29.2 53.3 4.3 0 .4  1.5 3.2 46.5 14.5 1 .3  158.7 
Gehiley 2.9 3.9 22.5 53.3 49.3 49.5 71.3 89.3 67.7 13.4 9 .4  2.2 429.8 
Genale 1 .0  0 .1  5.7 109.9 82.3 78.1 61.3 48.4 18.3 27.0 4 21.1 9 7 . 6  
Hargeisa 5.7 10.9 38.9 61.4 67.5 46.3 43.5 70.9 60.8 25.3 13.7 3.6 457.5 

Hoddur 1.9 0.6 10.9 109.2 67.2 1 .6  4.7 0 .8  15.5 97.3 46.2 4.5 360.3 

Janaane 1 . 5  3.7 7.4 70.0 101.5 83.9 62.5 24.4 36.5 27.6 36.5 19.6 382.9 

Jowhar 4.8 1.2 21.3 54.0 88.2 25.4 25.8 15.7 10.9 105.9 70.9 21.4 491.5 

Jowhar(HTS) 8.1 4.0 23.3 66.5 113.7 33.2 29.3 19.9 6.0 111.6 37.3 21.6 3 1 . 4  
Kisrnayo 0 .5  0.8 3 .1  39.6 103.3 lC6.3 57.6 24.7 22.5 4 . 3  16 .3  4 .8  393.5 

Las Anod 1.0 0.8 3.7 14.1 51.8 1.3 0.0 0.0 14.8 29.7 1C.l 2.3 171.6 

Lugh Ganane 1.5 3.2 26.7 102.0 40.8 0.8 2 .6  0.2 1.2 46.3 57.1 15.7 299.2 

Mogadishu 0 .5  0 .9  7 .3  60.1 61.5  79.8 66.3 40.8 20.1 30.3 ;9.4 9 . 2  426.1 

Obbia 10.3 1.6 16.9 29.0 45.2 3.6 0 .3  0 .1  2.6 28.9 45.7 19.1 203.5 

Qardo 0.2 0.9 6.7 24.7 31.6 3.4 0.5 3.1 7.2 18.7 3 .8  1 .3  102.0 

S h e i k  5.5  5.8 24.8 82 .1  71.9 35.0 30.7 57.5 74.0 63.6 22.1 14.0 499.9 

Wanle Uen 5.1  4.3 8 .1  165.0 87.5 29.8 33.1 18.1 14.4 95.2 71.2 26.9 558.7 

Zel la  11.5 4 .3  8 . 0  17.2 7 .1  0.0 2.1 4.2 1.2 7 . 1  24.2 13.3 99.9 
- - - -  

Table 16. MOh'i'tLY 6 ASNUAL RAINFALL AT VARIOUS 3l'AT:ONS. 



Galcaio. A steady b u i l d  up,  over abou t  s i x  decades, of the Gu season 
is indicated by t h e  h i s t o g r m  of Galcaio, w i t h  a r a t h e r  sudden end ,  over  no 
more than  two decades .  The Der season,  such  as i t  is, is begun a n d  
f i n i s h e d  i n  f o u r  decades, l i t t l e  more t h a n  a month. R a i n f a l l  e x c e e d s  20 mm 
i n  o n l y  t h r e e  decades of the e n t i r e  r a i n f a l l  y e a r .  

Bargeisa. Though t h e  Gu s e a s o n  monthly r a i n f a l l s  a t  Hargeisa  ( ~ p r i l  
t o  J u l y )  a r e  f a i r l y  u n i f o r m ,  i n  f a c t ,  t h e  ten -day  h i s t o g r a m  does reveal a 

, b u i l d  up, starting in t h e  second decade of March,  a i d  r e a c h l n g  its peak a t  
! t h e  beginning of  May, the rea f te r  falling o f f  o n l y  r a t h e r  s t e a d i l y ,  and k i t h  1 no d r y  d e c a d e  a t  a l l  Although August ,  as a w h a l e ,  is w e t t e r  t h a n  
1 Septeaber, t h e  wettest d e c a d e  of t h e  y e a r  is the f i r s t  i n  S e p t e m b e r .  There  
is a r a t h e r  s h a r p  d r o p  be tween  the second  and t h i r d  d e c a d e  of t h e  sane  
month, with t h e  effective e n d  of t h e  s e a s o n  o c c u r i n g  a t  t h e  e n d  of  O c t o b e r .  
Though,  o v e r  t h e  yea r .  H a r g e i s a  is one  of t h e  k e t t e r  s t a t i o n s  i n  t h e  
c o u n t r y ,  no decade ,  on average ,  e x c e e d s  30 mm. 



PART I1 VARUIBarT"I. 

R a i n f a l l  var ies  f rom y e a r  to y c a r ,  whether it is the a n n u a l ,  monthly 
t enday  i n t e r v a l s  which a r e  being c o n s i d e r e d -  The a n n u a l  r a i n f a l l  f o r  

Mogadishu, for exar rp le ,  h a s  v a r i e d  be tween  a rninimun o f  5 6 . 7  m i n  1915 to 
9 9 7 . 2  mn i n  1923,  v i t h  a mean v a l u e  of 426 .1  nm over  t h e  s e v e n t y  years 
r e c o r d .  I t  is i m p o r t a n t  t h a t  t h e se  v a r i a t i o n s  a r e  known and u n d e r s t o o d ,  
s i n c e  low v a r i a b i l i t y  a l l o w s  t h e  accurate matching  of crops t o  their water 
requirements and a happy farmer, w h i l e  h i g h  v a r i a b i l i t y  means d r o u g h t s ,  and 
loss of  h a r v e s t ,  a t  o n e  e n d  of the s c a l e ,  and f l o o d s  w i t h  t h e i r  a t t e n d a n t  
d a n g e r s  a t  t h e . o t h e r .  For s t a t i s t i c a l  analysis, t h e  d a t a  can be cons ide red  
e i t h e r  as  a sample of unorde red  data, or as a sequence of d a t a  (time 
series) In t h i s  s e c t i o n ,  t h e  d a t a  i s  considered a s  a n  unordered s a m p l e .  

Sample s t a t i s t i c s  are u s e d  t o  describe, w i t h  a few numbers ,  t h e  
o r i g i n a l  d a t a .  The most used  s t a t i s t i c s ,  t h e  mean, maximllm and minimum 
have  a l r e a d y  been men t ioned ,  b u t  o t h e r  s t a t i s t i c s  a r e  of i m p o r t a n c e  
including median,  q u a ~ t i l e s  and  s t a n d a r d  d e v i a t i o n .  I n  a d d i t i o n  t h e  
d i s t r i b u t i o n  of t h e  d a t a ,  t h a t  i s ,  that i t  f a l l s  i n t o  some e a s i l y  
d e s c r i b a b l e  pattern is a l s o  a n  e s s e n t i a l  d e s c r i p t o r  of the d a t a ,  as well as 
being a n e c e s s a r y  t o o l  f o r  further a n a l y s i s .  

Annua l  R a i n f a l l .  

S t a n d a r d  D e v i a t i o n  a n d  Coefficient of V a r i a b i l i t y .  The standard 
d e v i a t i o r !  is the most  common measure of v a r i a b i l i t y .  When d i v i d e d  by t h e  
mean of t h e  d a t a ,  t hen  c o n v e r t e d  t o  a p e r c e n t a g e ,  t h i s  measure is t h e  

ion, Coefficient of V a r i e e '  

For  a n n u a l  r a i n f a l l ,  t h e  meaning of t h e  s t a n d a r d  d e v i a t i o n  ! s . d . )  is 
t h a t  t h e  r a i n f a l l  v a l u e  w i l l  b e ,  i n  a b o u t  two years o u t  of eve ry  t h r e e  
w i t h i n  one s t a n d a r d  deviation of t h e  mean. Fo r  Jowhar, t h e  mean i s  496 .0  
mm a n d  s , d ,  1 7 0 . 4 ,  th i ls  r a i n f a l l  w i l l  be  within 496 .0  L 1 7 0 . 4  rrn two years 
out of three or between 326 and 666 rrm, quite a w i d e  r a n g e .  For Bosaso, 
t h e  mean is 16.9 m a n d  s . d .  1 9 . 2  rnrn, g i v i n g  e q u i v a l e n t  f i g u r e s  of 0 and 
3 6 . 1  m ,  an a c t u a l l y  s m a l l e r  r ange ,  but much wide r  r e l a t i v e  to t h e  mean. 
For t h e s e  two stations t h e  coefficient of variation is 342 and l l S % ,  t h u s  
i n d i c a t i n g  the h i g h e r  relative variability for Bosaso. 

I n  g e n e r a l ,  t h e  c o e f f i c i e n t  of  v a r i a b i l i t y  ( C . V . )  increases a s  t h e  
a n n u a l  r a i n f a l l '  ( I ? )  d e c r e a s e s ,  T h u s  drier s t a t i o n s  are r e l a t i v e l y  more 
variable. This is i n d i c a t e d  i n  f i g .  36 f o r  S o m a l i a ,  in which  s t a t i o n s  with 
a l o n g i s h  record a r e  i n c l u d e d .  T h i s  r e l a t i o n s h i p  c a n  be  d e s c r i b e d  by t h e  
e q u a t i o n :  

C . V .  = 0 - P 4  - 0.00136 x R ,  

shown drawn on the  map. 
I 

We h a v e  u s e d  a l l  t h e  d a t a  t o  d e r i v e  t h e  e q u a t i o n ,  b u t  i t  does seem 1 
t h a t  t he  s t a t i o n s  i n  t h e  n o r t h w e s t ,  shown by t h e  s o l i d  c i r c l e s  ( * )  do have  
lower  v a r i a b i l i t y  compared t o  s t a t i o n s  elsewhere w i t h  t h e  same mean- 
Compared t o  o t h e r  t r o p i c a l  a r e a s  w i t h  s i m i l a r  r a i n f a l l  regimes, t h e  range 
of  c o e f f i c i e n t s  of variation found i n  Somalia is h i g h .  Those i n  t h e  S a h e l  
f o r  example,  hover r o u n d  202,  and approaches 30% o n l y  when rainfall is less 
t h a n  a b o u t  250 a n n u a l l y  (Cocheme & Franquin, 1 9 6 7 ) .  I 

, 





I?le coefficient of variation over the c o u n t r y  is shown in fig. 36. 
me lowest v a l u e s ,  t h u s  t h e  most reliable rain, occur  in two small areas, 
round Jilib and along the southwest border of the northwest, i.e. Borama to 
Tog Kajale.. In the case of Jilib, the low C.V. is a result of the high 
r a i n f a l l .  I n  the nor thwest ,  however, the rainfall conditions are slightly 
different, and t h e  C .V .  is  lower there compared to an area in the south 
with the same a n n u a l  rainfall. The highest appear in the dry a r e a s  of the 
n o r t h  east, where the C.V. is greater than 100X, indicating very unreliable 
rains. In the crop  g rowing  a r e a s  of the s o u t h ,  t h e  C . V .  is  30-402,  which 
is r a t h e r  h i g h e r  t h a n  any farmer likes. 

Cumulative Distribution and Percentiles. The variability may a l s o  be  
s h o m  i n  the form of cumulative distribution (graphically) or as - - 

p e r c e n t i l e s  (tabular), though bo th  of these methods show t h e  same da t a .  
Each method shows t h e  percen tage  of occurences (years  of rainfall) which 
exceed ( o r  do n o t  exceed) t h e  va lues  of rainfall given, or shows the values 
of rainfall which are exceeded (or not exceeded) by the percentage of 
occurences, 

600 800 1000 
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F i g .  37 shows t h e  c u m u l a t i v e  distribution for a number of the most 
i m p o r t a n t  stations. The g r a p h  shows the percentages of t h e  total y e a r s  
when r a i n f a l l  is less than (or equal t o )  the given rainfall value. All the 
c l l rves  a re  "S!'  q' . .  - -  - w l  t h  the upper ~m s t r o t ; h i q  oat t~ r :~ ,?  r i g ! * t ,  
indicating t h e  feu v c r y  h i g h  va lues .  'Ihus f o r  Baidoa, t h e  maximm a n n u a l  
value is 1217 m,  and is s h o w  a s  the  end p o i n t  of the curve. The minimum 
v a l u e  is 205 ,  which is shorn as the start of the curve. 502 of all 
occurences are less t han  513 m ( t h i s  is also t h e  median). The percentage, 
thus t h e  probability of r a i n f a l l  being less t h a n ,  ( o r  more t h a n )  a 
p a r t i c u l a r  value can be read off the c h a r t .  





ANNUAL RAlNFAl t OISTRISUTJONS 

Koxever,  even for a n n u a i  v a l u e s ,  t h e  Gamma d i s t r i b u t i c n  is a b e t t e r  
f i t  than  t h e  Normal. For t h e  higher rainfall s t a t i o n s ,  t h e  improvement is 
n o t  g r e a t ,  t h o ~ g h  n o t i c a b l e .  Fcr Baidoa, f o r  example: t h e  G m a  
d i s t r i b u t i o n  ( ~ e a n  = 583 mn, s h a p e  f ac to r  k = 6 . 7 )  peaks a t  a lover 
r a i n f a l l  v a l u e  t h a n  t h e  normal a t  a b o u t  425  compared t o  600 mm, a n d  the 
peak  is h i g h e r .  The d i f f e r e n c e  is g r e a t e r  f o r  t h e  l o w  r a i n f a l l  s t a t i o n s .  
The lower t h e  annual  r a i n f a l l ,  t h e  more t h e  d i s t r i b u t i o n  d e p a r t s  from t h e  
normal ,  w i t h  t h e  peak moving to t h e  left, and  t h e  tail extending t o  the  
r i g h t .  For El B u r ,  theGamma d i s t r i b u t i o n  ( m e a n =  198mm, k =  1 . 8 )  f i t  is 
very  different t o  t h e  no rma l ,  and c l e a r l y  r e p r e s e n t s  the d a t a  b e t t e r .  I n  
p a r t i c u l a r ,  t h e  Normal d i s t r i b u t i o n  e x t e n d s  t o  n e g a t i v e  v a l u e s ,  a p r a c t i c a l  
impossibility, v h e r e a s  t h e  Ganma p r o v i d e s  a n  e x c e l l e n t  f i t  i n  t h e  low v a l u e  
r e g i o n .  From F i g .  39 i t  may be  seen t h a t  t h e s e  e x a m p l e s  r e p r e s e n t  a 
g e n e r a l  r e l a t i o n ,  i n  w h i c h  t h e  s h a p e  f a c t o r  is p r o p o r t i o n a l  to t h e  annual 
r a i n f a l l ,  t h u s  t h e  f i t  p rov ided  by t h e  Ganma d i s t r i b u t i o n ,  t h o u g h  an 
improvement on  t h e  Normal d i s t r i b u t i o n  over  the whole range of  a n n u a l  
v a l u e s ,  is p a r t i - c u l a r l y  s u i t a b l e  f o r  t h e  d r y  a r e a s .  



Monthly Rainfall. 

I 
I S t a n d a r d  Deviat ion a n d  C o e f f i c i e n t  of  V a r i a b i l i t y .  T a b l e  18 shows t h e  
, means, standard deviations and coefficients of v a r i a t i o n  for a selection of 
I s t a t i o n s ,  i nc lud ing  one  of t h e  wet tes t?  Alessandra,  and  one  of t h e  d r i e s t ,  
, Berbera. Nany of t h e  c a l c u l a t i o n s  a r e  t r i v i a l :  i n  a practical sense, 
a because of t h e  very  low mean v a l u e s ,  inc lud ing  t h o s e  f o r  J a n u a r y ,  Februa ry ,  

March, September and December f o r  most stations, and f o r  the whole year  for 
' Berbera .  

Even f o r  t h e  v e t  months, t h e  c o e f f i c i e n t s  of v a r i a t i o n  are r a t h e r  
h i g h ,  w i t h  o n l y  1 month in t h e  e n c - r e  t a b l e ,  A p r i l  at Alessandra, being 
less than S O X .  Host vet months have C . V . s  lving between 50% and 1002. 
t h o u g h  t h i s  i s  exceeded f o r  t h e  d ry  s ~ a t i o n s  of  Berbera and Galcayo. 

Apart  from i n d i c a t i n g  t h e  v e r y  high variability of monthly rainfall 
data in Somalia,  the c o e f f i c i e n t  of  v a r i a b i l i t y  is of limited value in any 
meaningful analysis. 
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Ba i doa  
a)  2 . L  h ,  1 23 .6  l;;.'! 110. t  2 16,s i -4 13.U 1L1.1 h5.d  11.; 

b! 5 . 2  11.3 39.9 82.2 77 .8  17.4 14.8 10.0 20.4 89.8 105.9 16.0 

C) 217.0 243.0 lt'l.0 5 S , O  70.0 114.0 88 .0  135.0 157.0 6 4 . 0  1 2 3 . 0  140.0 

Be rbe ra 
I a )  6 .1  4.8 1 0 . 9  9.6 13.7 0.8 2.0 4.1 1.7 2.2 3.7 3.7 

b) 16.0 12.8 29.0 18.4 3 5 , 7  3.7 4.9 1 0 . 2  4 . 2  6 .8  1 0 . 4  11.7 

c )  2 6 2 . 0  267,O 266.0 192.0 261.0 463.0 2 4 5 . 0  2 4 8 . 0  2 G 7 . 0  '09.0 281.0 316.0 

K i smyo 

a) 0.: 0.8 3.1 39 .6  103 .3  105.9  57 .6  24.7 2 2 . 5  i G . 3  1 6 . 3  k.8 

b )  1.9 3 . 0  13.6 48.6 8 7 . 8  78.1 52.9 26.9 4 4 . 1  31.4 33.9 1 2 . 8  

c )  380.0 375.0 h39.0 1 2 3 . 0  85.0 7 L . O  92.0 1 0 9 . 0  196.0 2 1 9 . 0  208.0 267.0 

Mogadishu 

a) 0.5 0.9 7 . 3  60.1 61.5  79.8 6 6 . 3  4 0 . 8  2 0 . 1  30 .3  49 .4  9 - 2  

b) 1.7 6.7 32.3 5G.9 62 .4  63.6 49 .9  51.8 33.5 4 3 . 5  5 5 . 8  1 6 - 6  

c )  3LO.O 744.0 G2.0 95.0 101.0 80.0  75.0  127.0 1 6 7 . 0  1 4 4 . 0  1 1 3 . 0  180 .0  

Row a)  1s the Hean; b) is tihe Standard Deviation and; c) is the Coefficient of Variation 

TaSie 18 .  t.IERNS, STANDARD DEVIATIONS RYD COEFPICIEXI'S OF VARIATION FOR MONTHLY R4INFALL 

Cumulative Distribution and Percentiles. On the other hand, frequency 
distributions, of various kinds are very useful for showing the variability 
of such highly scattered data as monthly rainfall. However, as the 
available data is twelve times greater than for annual data ,  then only  G 
limited selection of stations is discussed here, and a full analysis will 
be available in a f u t u r e  publication. 

Three tables of percentiles are shown, f o r  Alessandra, one of the 
wettest stations, for Berbera, one of t h e  driest, and for Mogadishu, which 
has the l o n g e s t  record .  I n  these  tables are shown the maximum, rn in inum and 
mean of the monthly d a t a ,  as well as the percentiles. A dot ( . ) against a 
percentile indicates zero- 
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fable 19(a). FRD?ENCY DISllUBVTIONS, f O l H L Y  AMI W A L  IWKTAU. 

JAN W K4R APR PAY JUN JllL AN SEP OCI NOV D E C ~ h 7 1 1 1 . u  

Scation U S A ~ D R A  0223 (25 Y e a r s )  --__------------------------------------------------..--------------------------------------.--------- 
Table 19(b). ITZQENCY DIXESBUTIONS, WhlHLY AND U%UAL R A I h T U  
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For t he  dr iest  s t a t i o n ,  Berbera, t h e  median (50Z p e r c e n t i l e )  ) is z e r o  
f o r  10 months, and w i t h  on ly  small amounts f o r  t h e  remaining two months. 
T h i s  indicates t h a t  f i f t y  pe rcen t  or  more of nearly all months are dry, 
that i s , ' t h e  expectancy i s  f o r  no r a i n .  I n  June and October,  almost 902 of 
all months are dry.  Tho mcnths which are dry are n o t  crammed i n t o  
p a r t i c u l a r  years, thus no year  h a s  a c t u a l l y  been d r y ,  though 502 of a l l  
yea r s  e x p e r i e n c e  4 7 . 2  nnn. o r  less. 

For t h e  wettest s t a t i o n ,  Alessandra ,  ne i ther  A p r i l  nor Hay have ever 
produced a d r y  month, and f o r  t h r e e  o t h e r  nonths t h e  occurence of d r y  
months is-; ?ess than 10%. 3 n 1 7  a t  the begi1:ning of t b . .  y e a r  are  there 
months with high d r y  percentages .  Median v a l u e s  are quite c lose  to mean 
va lues ,  p a r t i c u l a r l y  i n  t h e  wetter  months, 

For Mogadishu, which  i s  i n c l u d e d  because of its l o n g  record ,  on ly  one 
month, Eay, has  not had a zero value. February h a s  never r e c o r d e d  
r a i n f a l l .  Fig. 40 shows t h e  sane i n f o r m a t i o n ,  on two graphs  f o r  clarity, 
and corresponds to figure 37 Eor  a n n u a l  r a i n f a l l .  We have shown the 
vertical axis as "probability" from 0 to 1, b u t  t h i s  c o r r e s p o n d s  t o  
" f requencies  Z" from 0 to 100 i n  t h e  p rev ious  f i g u r e .  January is only j u s t  
v i s i b l e  i n  t h e  t o p  l e f t  hand c o r n e r ,  while Februa ry ,  be ing  a l l  zeros ,  
cannot be represented. O the rwi se ,  a s  t h e  year progresses to J u l y ,  s o  t h e  
curves  fo r  each month s t r e t c h  o u t  t o  t h e  r i g h t ,  thereaf ter  falling back 
again, with the excep t ion  of  the .Der  season months of October and November, 
From these graphs can be obtained both the expected frequency or 
;)robability of any p a r t i c u l a r  rainfall v a l u e  being exceeded o r  n o t ,  and t h e  
r a i n f a l l  e x p e c t e d  for any p a r t i c u l a r  probability. 

Aq a l t e r n a t i v e  method of d i s p l a y i n g  t h e  in fo rmat ion ,  which i n d i c a t e s  
c l e a r l y  t h e  seasona l  v a r i a t i o n ,  though with some loss of information i s  
sho rn  i n  fig.. 41  ( l o w e r  g r a p h ) .  Here t h e  s e v e r a l  probabilitxrs, i n c l u d i n g  
t h e  median (502 probability) are shown as they vary  th roughou t  t h e  year .  
Both Gu and Der season p r o v i d e  peaks ,  t h o u g h  t h e  i n t e r - s e a s o n  d r y  s p e l l  is 
shown o n l y  as a r e d u c t i o n  of probabilities rather than an a c t u a l  d r y  
spell.Ttere is less t h a n  a 302 frequency of dry months i n  t he  Hagai  s e a s o n .  

Whichever method is used to d i s p l a y  t h e  data, tables or graphs, 
p r o v i d e s  simple methods of i n d i c a t i n g  t h e  p r o b a b i l i t i e s ,  and  u n d e r l i n e s  t h e  
p o i n t  t h a t  t h e  mean value  of monthly r a i n f a l l  p r o v i d e s  o n l y  a part 
description of the rainfall amounts. 

Normal a n d  G m a  D i s t r i b u t i o n .  We have n o t  a t t empted  a f u l l  a n a l y s i s  
of monthly  d a t a  u s i n g  t h e  Normal and Garrma Distributions, as this will 
appear  i n  a l a t e r  p u b l i c a t i o n .  However, we do p r e s e n t  i n f o r m a t i o n  f o r  
Mogadishu station. Clearly, the Normal d i s t r i b u t i o n  does  n o t  d e s c r i b e  t h e  
monthly d a t a  a t  a l l ' w e l l .  Nor can t h e  Gamma D i s t r i b u t i o n  be u sed  d i r e c t l v .  
; l ? z z  a p r , p r t  ,T**Lfi.. ., r t k  nccurrcnce,s  , I; ze;, , .>s . '+e .have. +,11~;.-el'~. r r  . . : - ? ? l ' ; . + t l . . (  

t he  method of E~er r ,  3nJ  o t l ,~ : ; s  ( 1 4 8 2 ) .  I n  t h i s  merhod, a t w o  p;it z2azl i b  

f o r m u l a t e d .  In this, the occurences of z e r o  va lues  are f i r s t  separated o u t  
i n  a simple b inomia l  d i s t r i b u t i o n ,  That is, w e  calculate t h e  proportion of 
zero values, and the p r o p o r t i o n  of  non-zero values .  To the non-zero values 

C 
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RAINFALL IN M f l  

RAINFALL IN MM 

MOGADISHU 

PROBABILITIES OF MONTHLY TOTALS BEING LESS 

THAN THE RAINFALL SPECIFIED. 
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we then fit the Gamma distribution. As we know, the Gamma distribution can 
be described by two parameters, thus the monthly rainfall distribution can 
be described by three parameters: 

The proportion of dry months. 
The mean of the non-zero data, and 
The shape factor, k, of the Gamna distribution 

Tb* acalysis. of the Mogadishu data usir.g this met.hod is s h o w  in tdbla 
20. The number of months in each case is 73, except for May (74). Then is 
shorn the number of dry months, ranging from 0 in May to 68 in February. 
This allows the calculation of the proportional of dry months and of wet 
months. For the non-zero data, the Gamma distributions have been 
calculated, and the mean and shape factors given. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
KO.  o f  Y e a r s  73 73 7 3  73 74 73 7 3  7 3  73 13 7 3 13 7 1 

Dry Honths 59 68 47 7 0 2 1 3 7 11 12 3 3 0 

P (ve t )  0.19 0.07 0.36 0 .90  1.00 0.97 0.99 0.96 0.90 0 . 8 5  0 .8L  0.55 1.00 

P !dry) 0.81 0.93 0.64 0 .10  0.00 0.03 0.01 0.04 0.10 0 . 1 5  0 . 1 6  0.bS 0 . 0 0  
&.ma Dis tr ibut ion  
ti- 2.59 12.44  20.41 46.43 61.70 82.10 67.20 42.50 22.60 35.70 59.10 16.80 425.80 

'kt 0.75 0.33 0.30 1.17 1.07 1.58 1.72 1.02 0.86 0 . 7 1  1 .02  0 .61  5.15 

Table 20. TWO PART FFEGiJ3CY D1STR;SLPTiONS FOR W I S H U  H O H T d Y  RAIhTXLL 

The shape factor is substantially greater than one for only tvo 
months, June and July, and is only substantially less than one for February 
and March. The former is a trivial case, since only 5 months are used in 
the analysis. Thus the exponential distribution, which is a special case 
of the Gamma when k=l is a fair descriptor of the data in most cases. In 
all cases, the shape of the distribution is represented by a reversed j, 
except for June and July, both of which peak very close to zero. We have 
not illustrated these, but reference to appendix 4 gives the idea of the 
shape of these curves. 

Tenday (Decadal) Rainfall. 

The analysis of tenday rainfall periods (decades) is substantially the 
same as that for monthly intervals. What is revealed is more detailed 
information rather than new ideas. Therefore, though analysis of tenday 
rainfall is important, it is left to a future publication, and only a brief 
mention of one station, Mogadishu is made here. 

Table 21 shows the frequency distributions of the tenday rainfalls, as 
well as the m,inima, maxima, mean and standard deviation. In general the 
median (50% frequency) is considerably less than the mean, indicating a 
highly skewed distribution, even on the wettest days. 

The frequencies also appear in figure 41 above as rainfall 
probabilities. In this. figure, the smooth annual progression of the 
monthly probabilities conceals considerable intra-monthly variation. The 
rainfall build up at the beginning and fall off at the end of each season 
is clearly shown. It is also quite interesting that the 90Z probability 
peaks at the end of April,. compared to June for the monthly data, though 
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Month f l in.  tiax. kan S.D. P e r c e n t i l e s  

Decade Normal 10 20 30 40 50 60 70 80 90 

JAN. 
I 

I I 
I11 

FEB. 
I 
I I 
111 
UAR. 

I 
I I 
I11 
APR . 
I 
I I 
I11 
U A Y  
I 
11 
I11 
m. 
I 
I1 
I11 
m. 
I 
I I 
I11 
AUG. 

I 
I1 
111 
SEP. 
I 
I I 
I11 
OCT. 

I 
I1 
I11 
NOV . 
I 
I1 
111 
DEC. 
I 
I1 
111 

Notes: 73 years of d a t a  u s e d .  Values i n  m. 
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t h e  m e d i a n  is r e l a t i v e l y  l o w ,  i n d i c a t i n g  t h e  g r e a t e r  f r e q u e n c y  o f  occurence 
of h e a v y  r a i n f a l l s  a t  t h e  end  of A p r i l .  

Daily R a i n f a l l  

The a n a l y s i s  o f  d a i l y  r a i n f a l l  is usually tackled in a rather 
d i f f e r e n t  way to that of  m o n t h l y  a r d  a n n u a l  rainfall, since the n a t u r e  of  
t h e  da t a  i s  r a t h e r  d i f f e r e n t .  The p r o p o r t i o n s  of z e r o s  is v e r y  h i g h ,  and 
t h e y e  is g e n e r ~ l l p  l i t t l e  i n t e r ~ c t  <o avatag3 d a i l v  r a i n f a l l ,  ~herzas, vhen 
g r o u p e d  i n t o  l o n g e r  i n t e rva l s  of ten days ,  months o r  years, f r e q u e n c y  
a n a l y s e s  become i m p o r t a n t  and extreme d a i l y  r a i n f a l l s  v e r y  i n t e r e s t i n g .  

F r e q u e n c y  A n a l y s i s .  An i m p o r t a n t  q u a n t i t y  f o r  f u r t h e r  a n a l y s i s  is t h e  
number ,  o r  p r o p o r t i o n  of r a i n  days. I n  t a b l e  22 a re  shown t h e  p r o p o r t i o n s  
o f  ve t  days ,  month by month and s t a t i o n  by s t a t i o n .  I n  a l l  cases t h e  
proportion is rather low, and ,  o f  c o u r s e ,  very lou in the d r y  s e a s o n s ,  
t h o u g h  i t  is  r a t h e r  ra re  f o r  no r a i n  t o  have fallen i n  a n y  month f o r  t h e  
p e r i o d  of  r e c o r d .  The h i g h e s t  p r o p o r t i o n  of r a i n d a y s  o c c u r s  i n  J u l y  i n  
Hogadisnu ,  w i t h  b O Z  o f  t h e  d a y s  be ing  wet ,  and a f e w  o t h e r  s t a t i o n - m o n t h s  
e x p e r i e n c e  more t h a n  one wet d a y  i n  t h r e e ,  i n c l u d i n g  A l e s s a n d r a  i n  May, 
Baidoa i n  A p r i l ,  Kisnayo i n  May, and Mogadishu i n  June  and J u l y .  

Stat ion 3h?l E l 3  PAR. A P R  K A Y  JIM JUL AUG SEP OCT NOV PEC AWhL 

Afgo i I 1 3 24 2 6  28 31 15 
~lessandra 1 1 2 31 35 30 31 18 

b i d -  2 2 8 34 23 12 '1L 7 

Beiet Uen 0 0 2 17 ? ?  7 1 1. 

Berbers b L 4 3 3 0 1 3 

Dinsor 0 0 6 2: 13 13 2 2 
Ga 1 cay0 0 0 1 7 12 1 0 0 

Gerale I 0 2 2 b  29 33 29 15 
Hargeisa 1 2 7 17 2 2  22  20 28 
Jowfiar 3 0 4 2 5  23  i9 2 1  .14 

K i scayo 1 1 2 31 35 30 31 18 

Hogad ishu 1 0 2 16 2 1  38 h0 28 
Obbia rC 0 3 9 10 2 2 1 
--------------------------------------------- . , - - ---- . - ---------------  

Table 22. P R O W I O N  (%) OF RAINDAYS F D R . U C H  HOhTH - 

Distribution of r a i n f a l l  intensities. The frequency a n a l y s i s  o f  
r a i n f a l l  on t h o s e  days  vhen  it d i d  r a i n  does provide some i n t e r e s t i n g  
i n f o r m a t i o n .  The d i s t r i b u t i o n s  vary  from s t a t i o n  t o  s t a t i o n ,  but t h e r e  
does  n o t  appear t o  be any geographical variation, nor does the shape of t h e  
d i s t r i b u t i o n  appear t o  depend on t h e  mcsn annual rainfall. Mogadishu h a s  
more light r a i n f a l l s  ( < l o r n )  t han  any s t a t i o n ,  b u t  Berbera shows a very 
s i m i l a r  d i s t r i b u t i o n .  Although Dinsor h a s  the lowest p r o p o r t i o n  of light 
r a i n f a l l s ,  its n e i g h b o u r  Baidoa has c o n s i d e r a b l y  more. Dinsor is q u i t e  
similar t o  Obbia which e x p e r i e n c e s  a different rainfall regime and is 
geographically differently l o c a t e d .  The i m p l i c a t i o n  is t h a t  what makes a 
d i f f e r ence  t o  t h e  annua l  r a i n f a l l s  over the country is not the type  o r  
i n t e n s i t y  of the r a i n f a l l s ,  but the number o f  r a i n d a y s .  



Station >0- 10- 20- 30- GO- 50- 60- 70- 80- 90- 100+ 

9 . 9  19.9 29 .9  39.9 49 .9  59.9  69.9 79.9 89.9 99.9 

Afgoi 71 16 5 3 2 1 1 ' 0  0 0 0 

Alessandra 71 15 7 3 2 1 1 Q 0 0 0 

Baidoa 6 7 16 6 5 2 1 1 1 0 0 1 

Belet Uen 64 18 8 C 2 1 1 1 0 0 I 

Ekrbera 7 9 10 5 4 1 1 0 0 0 0 1 

Uinsor 54 18 12 6' 5 2 1 0 3 0 0 

G d ~ a y 0  60 20 7 6 3 2 1 0 0 0 1 

Genale 7 2 16 5 3 2 1 0 1 0 0 0 

Hilrgeisa 74  15 6 3 1 1 0 0 0 0 0 

J0wha.r 70 14 7 4 2 2 1 0 0 0 0 

Ki smayo 7 1 15 7 3 2 1 1 0 0 0 0 

Hogad ishu 81 10 4 2 1 1 1 0 0 0 0 
Obbia 61 19 6 6 3 2 0 2 0 1 1 

Table 2 3 .  DISTRIBLTIOX (%) OF DAILY IIUTENSLTIES MR THOSE DAYS k W  RAIN OCCURPJD 
-_--------_--_----------------------________________________________________---------------------------------------------------- 

The same t y p e  of da t a ,  b u t  month by month for t h r e e  stations is set 
o u t  in t a b l e  24 .  Again one of t h e  wettest, one of the d r i e s t ,  and the 
longest records  are chosen .  There is some tendency f o r  the r a i n f a l l s ,  when 
t h e y  occur, to be h e a v i e r  i n  t h e  wet seasons, at least at Alessandra. But 
a t  Mogadishu, June and Ju ly  a re  t h e  wettest months, bu t  A p r i l ,  May, October 
and November have t h e  h i g h e r  p r o p o r t i o n  of r a i n f a l l s  greater than 10.0 w ;  
therefore there is no general r u l e .  



Hogadishu 
>0-9 .9  

10-19.9 

20-29.9 

30-39.9 

L O - 4 9 . 9  

50-59.9 

50-69.9 

70-79.9 

80-89.9 

90-99.9 

100 + 
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The G m a  Distribution, We have  r n ~ n t i o n z d  above that the C m a  
distribution is very suitable for daily rainfalls, though the dry days 
should first be excluded - one of the applications of d e t e r m i n i n g  the 
proportion of dry days. For daily d a t a  t a k e n  on an annual basis (i.e. the 
entire r e c o r d ) ,  t h e  Gamma distribution g i v e s  neans o f  values generally a 
l i t t l e  under t e n ,  and  shape  f a c t o r  k r a t h e r  more than 1 . 0  , which would be 
the exponential distribution. In a n y  case,  the distribution is nearly 
a l w a y s  a reversed j ' shape .  F i g  4 2  shcws t k t ,  ,-ictu=il I ~ i s t o g r ~ . ~  ar,d t h e  
fitted Gamma d i s t r i b u t i o n .  Also shown is the distribution including the 
z e r o s .  

RAINFALL RAINFALL 

K E Y  

( Occurrence of zero 

Occurenceof non-zero 

a Occurrence n e g l e c t q  zero 

\c Fitted Gamma Oistr~bvt~on 

DAILY RAINFALL DISTRIBUTIONS 

RAINFALL 

E x t r e m e  R a i n f a l l s .  Very heavy rainfalls are of interest in various 
Agroneteorological studies, i n c l u d i n g  soil e r o s i o n ,  f l o o d i n g  etc.  We have 

- not yet, at t h e  t i m e  of w r i t i n g  completed our collection of  r a i n f a l l  f o r  
t h e  e n t i r e  c o u n t r y  (see Technical Reports i n  the ~eferences), but have not 
found any very  heavy rainfalls, if the questionable record for Mogadishu on 

C 

22/6/1967 is omitted. This particular record is discussed in T e c h n i c a l  
Report No. 1 by t h e  present a u t h o r s .  Otherwise no daily record has even 

C 
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approached 200 run, e x c e p t  f o r  one. r ecord  a t  Kismayo. The heaviest - 
r a i n f a l l s  we have found f rom 13 of the largest records are: 

S t a t i o n  

Kismayo 
Mogadishu 
Berbera 
Galcaio 
Galcaio 
Afgoi 
K i srna yo 
Eaidoa 
Mogadishu 
K i  srnayo 
Alessandra 

Year Dav Rainfall Return Per iod  
( y e a r s )  

2 1 4 . 9  
176 10.5 
168 7 1 
167 65  
166 
157 
151.6 
150 59 
150 
149 
149 6 1 

These f a l l s  are spread  f a i r l y  e v e n l y  t h r o u g h o u t  t h e  country, with the 
drier stations being well represented, with Berbera, in particular, 
recording the third h i g h e s t  daily rainfall in this record. 

Extreme Rainfall Distributions. Though the a c t u a l  ex t rwe  values are 
interesting, more v a l u a b l e  i n f o m a t i o n  is o b t a i n e d  by considering e x t r e m e  
r a i n f a l l s  a s  s t a t i s t i c a l  d i s t r i b u t i o n s .  The most popular of these is t h e  
Gunbe1 E x t r e m a l  Probability, u h i c h  is desc r ibed  in any texbook on rainfall 
or Hydrology ( e . g .  Wilson, 1953 or Shav 1983). In this distribution, the 
highest daily r a i n f a l l  each year  is t a k e n  and f i t t e d  to the distribution. 
The resul t  is a t ab l e ,  o r  g r a p h  of r e t u r n  periods, o r  i t s  converse,  which 
is t h e  amount of r a i n f a l l  uh i ch  may be received once i n  so  many y e a r s .  
Some of these r e t x r n  p e r i o d s  a r e  sh.own below. Another way in which the 
distribction can be described is the p r o b a b i l i t y  t h a t  a particular v s l u e  of 
rainfall w i l l  be exceeded i n  any cne y e a r .  

30.91 

34.37 

LO. 02 

L 5 - 5 9  

53.17 

71.01 

95.00 

110.89 

1 2 6 . 1 3  

14s. 86 

13C.bL 

175.37 

209.49 

Table 25.  GLW3EX PROEABiLITIES FOR MiLYIr?UM DAILY .UIhTALL 
6 PROBABLE; .WTMR.I PRECIPITATION 
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'fie va lues  for a number  of  s t a t i o n s  a r e  shovn i n  t a b l e  25. The f i r s t  
column l is ts  the  p r o b a b i l i t y  o f  exceedance and t h e  second, the return 
p e r i o d  in years ,  therefore  t h e  r a i n f a l l s  are l i s t e d  s t a t i o n  by s t a t i o n .  
Thus f o r  Baidoa, t he  m o u n t  of r a i n f a l l  t o  be expected o r  exceeded for a 
r e t u r n  p e r i o d  of two years ,  is 7 1 . 0  ma. The p r o b a b i l i t y  of 71.0  mm being 
esceeded every  year is 0.50. Engineering design, roads ,  bridges,,etc may 
work o n  a r e t u r n  p e r i o d  of 50 y e a r s ,  more or  l e s s  depending on t h e  
structure, which f o r  Baidoa represents a r a i n f a l l  of 145.9 am. I n  
A g r i c u l t u r e ,  t h e  d e s i g n  of field drains, i r r i g a t i o n  and run o f f  canals find 
t h i s  i n fo rma t ion  u s e f u l ,  a s  would any  matter t o  do wi th  s o i l  e r o s i o n -  

The d i s t r i b u t i o n  may also be p re sen ted  g r a p h i c a l l y ,  u s i n g  s o - c a l l e d  
Guobel  paper,  which is scaled so that the Gumbe1 d i s t r i b u t i o n  p l o t s  as a 
s t r a i g h t  l i n e  ( f i g .  4 3 ) .  

fie f i n d  t h a t ,  f o r  t h e  staticns presented,  the values of the 
d i s t r i b u t i o n s  are all quite similar, e x c e p t  for R a r g e i s a .  k 'ha tever  the 
mean a n n u a l  r a i n f a l l ,  t h e  values f o r  long return p e r i o d s ,  50 100 ,  200 and 
1000 years are v e r y  close, though f o r  t h e  s h o r t e r  return periods, the 
valces for the d r i e r  stations d i v e r g e ,  and become n e g a t i v e .  This latter is 
because of t h e  years when t h e  naxirum d a i l y  r a i n f a l l  was quite smal l ,  
Hargeisa is a s p e c i a l  case,  i n  which t h e r e  are no very h i g h  d a i l y  
r ~ a i n f a l l s ,  t h e  maximum measured  b e i n g  o ~ l y  8 5 . 0  mm. This  is exp la ined  by 
t h e  a l t i t u d e  of  Hargeisa.  The am0ur.t of mois ture  i n  t h e  atmosphere which 
i s  a v a i l a b l e  t o  become r a i n f a l l  is dependent upon t h e  th ickness  of t h e  
column of a i r  above any one  place , .  The co lunn  above Hargeisa,  which is at 
1500 m as1 is that much shorter t h a n  t h a t  above Mogadishu a t  sea level, 
and so cn.  Therefore the naximm rainfalls w i l l  be less. 

This raises t h e  question of what t h e  probable naximm d a i l y  r a i n f a l l  
c o u l d  be.  This c a n  be de t e rmined  th rough  a m e t e o r o l o g i c a l  app roach ,  i n  
w h i c h  a l l  me teoro log ica l  c o n d i t i o n s  of tempera ture ,  humidity, e tc  are 
cons ide red  .as most s u i t a b l e ,  and thus c a l c u l a t i n g ,  u s i n g  physical l a u s ,  t h e  
maximum possible rainfall, or through a statistical a p p r o a c h  based on 
Hershfield (1961). In the l a t t e r  case, the r e s u l t  is k n o w  as  t h e  Probable 

, Faximum Precipitation (PHP), which is also shown in table 25. Readers are 
r e i e r e d  t o  s t a n d a r d  t e x t b o o k s ,  e . g .  Weisner (197O), f o r  f u r t h e r  
i n f o r n a t i o n .  Whereas f o r  the o t h e r  stations listed the PMP1s l i e  between 
Sb0 acd 750 mm, t h a t  f o r  Hargeisa i s  356.5 mm. 
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6 .  EVAPORATION, ESVAPOTRANSPXRATION AND SMPLE EATER RALiWCE - 

Very few measurements have been made of e v a p o r a t i o n  i n  Somalia. A few 
stations have records from American Class 'A' pans, bu t  these records  a r e  
b r o k e n  a n d  u n c e r t a i n .  S i n c e  1980, FEWS s t a t i o n s  have  been i n s t a l l e d  v i t h  
Piche evapor ime te r s ,  b u t  n o  a t t e m p t  has  been made t o  c o r r e l a t e  these w i t h  
pan n e a s u r e m n t s .  On t h e  o t h e r  h a n d ,  c a l c u l a t i o n s  of p o t e n t i a l  evaporation 
and p o t e n t i a l  e v a p o t r a n s p i r a t i o n ,  u s i n g  the Penman formula have been  done 
by 3 D,LK,>.;K o f - a g ~ n c i e s ,  , t h n ~ g h  t h e  iilcst c o n p r e h e n ~ i - ; c  i: t h a t  -.lone b y  FA? 
a s   pal^ of t h e  Agro-Ecological Zones Project (FX3, 1977) and published a l s o  
separately. 

Direct  Measurements 

" .  r i v e  r eco rds  o f  d i r e c t  measurement u s i n g  the class ' A '  pan have been 
found ( ~ a b 1 . e  26) .  The Afgoi  d a t a  i s  r ecen t  (1973-1986),  and  is taken from 
F G S  records and old handwritten d a t a  f o u n d  at A f g o i .  T h e  d a t a  fo r  Marere  
i s  from 1978 t o  1987. The o t h e r  th ree  stations ate from the Arab study 
( 1 9 7 7 ) ,  which are also nentio~ed in Fantoli, Of this data, that for Cena le  
is clearly t o o  low. 

__-_-__--------------------------________________________________________----------------------------------------------------------------------- 
~ f g o i  a)  8.6 9 . 9  10.1 8.0 6 . 5  6 . 7  6 . :  6 . 8  8.1 7 . 5  6 . 6  7 . 3  7 . 7  

b )  2 7 3  287 313 2 L 0  202 201 I ? ?  2 1 1  1 L 3  2 3 3  198 2 1  7 Z R ! O  

Genale a) 2 . 7  3.0 3.1 2 . 7  2 . 3  2.6 2.1 2.0 Z.8 2.8 2.3 2 . 3  2.6 

b) 8L 87 96 81 7 1  80 05 6 2  &(L 87 69 7 1  937 

J o ~ h a r  a )  7.0 8 . h  9.7 7 . 5  5.4 5 . 2  L . 9  5 . 5  6 . L  L.3 L . h  5.3 0 . 2  

b) 217 2 4 t  301 225 167 156 1 5 2  190 192 3 132 16.i. 2263  

Hogadishc a )  5.7 5.3 5.4  5 . 0  L . 5  G . L  L . 6  L.? ~ . 6  L . :  L . 5  5.0 L . 8  

b) 177 1 5  167 LSO LGO 132  :L3 130 133 130 135 155 1 7 5 1  

Table 26. DAILY AND H O h X L Y  PAN EVAPJRATION 

Estimations of Evapotranspiration 

For purposes of standardisation, the FA0 calculations of potential 
evapotranspiration are taken as correct. Independent c a l c u l a t i o n s  within 
the FEWS Department have shown small differences on a monthly basis, but 
n o t  enough t o  alter significantly the sense of u h a t  is described below. 

Annual Potential Evapotranspiration. On an annual basis, the highest 
potential evapotranspiration occurs along the northern coastline, with 
Berbera showink the maximum valce of 2886 m/yr, equ iva lent  to nearly 8 
mm/day, while the lowest is in the far sou th  with Jonte achieving only 1460 
m/yr, or 4 mm each day ( ~ i g  45). The main contributory factor in these 
generally high figures is the high air temperature ,  uhile high h u m i d i t i e s  
do act to temper the effect of the a i r  temperatcres. Wind is l o c a l l y  
impor tan t ,  f o r  example in Hargeisa, where, despite rather c o o l e r  
temperatures, and relatively high cloud cover, p o t e n t i a l  evapotranspiration 
is not far short of t h e  values achieved i n  the hot coastal strip. 
Geographically, there is a reduction in p o t e n t i a l  evapotranspiration from 
n o r t h  t o  south, t hough  the northern areas of Gedo and Bakool suffer rather 
nore potential evapotranspiration than their latitude migh t  indicate. 

L 
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Elsewhere, p o t e n t i a l  evapotranspiration is more uniform t h r o u g h o u t  the 
year- Rather than an increase i n  A p r i l ,  p o t e n t i a l  evapo t r ansp i r a t i on  is 
reduced,  with minimum values occuring in the middle of t h e  y e a r  with, 
generally, a small rise a t  t h e  end of t h e  year. 

Thus ( f i g .  4 5 1 ,  t h e  maximum monkhly values va ry  from p lace  to place 
from 150 mm/month on t h e  s o u t h e r n  coastal s t r i p  t o  over 400 nm/month on 
p a r t s  of t he  nor th  c o a s t ,  while the t i m e  of these maximum v a l u e s  is d i v i d e d  
between t h e  m i d d l e  of t h e  year  ( ~ u n e  t o  August) i n  t h e  n o r t h  and t h e  
beginning of t h e  year (.January t o  Harch )  i n  t h e  C e n t r a l  and Southern 
Reg ions .  Minimum month ly  values vary from place  to place from under  100 
m l m o n t h  in p a r t s  of t he  southern coastal strip to over 150 nmlmonth a: 
v a r i o u s  l o c a t i o n s  - the  upper Juba v a l l e y ,  round E l  B u r ,  and the 
a g r i c u l t u r a l  zone of t h e  northuest. H i n i m m  monthly va lues  occur  at t h e  end 
of t h e  y e a r  ( ~ o v e n b e r  and December), excep t  f o r  t h e  eastern p a r t s  of the  
southe 



Seasona l  Variations. The h i g h e s t  e s t  i w t e d  p o t e n t i a l  
evapotranspiration occurs a t  Berbera i n  A u g u s t ,  with 413 m, o r  more t han  
13 m/day ,  and t h e  lowest a t  l0rlt.e i n  Jlrne w i t h  98 m, only  j u s t  over 3 
mmlday. 

Fig. 1 4  POTENTIAL EVAPOTRANSPiRATION - - - 
pJ 

L 1 

I n  t h e  n o r t h ,  p o t e n t i a l  evapoiranspir~fion, after fluctuating i n  
January t o  A p r i l ,  increases  ra ther  s t e e p l y  i n  Yay and J u n e ,  r a a i n i n g  v e r y  
h l g h  f o r  t h r e e  m o n t h s .  Berbera p l a t e a u s  a t  i b o u t  400  mimonth ,  w h i l e  
i a r g e i s a  p l a t eaus  a t  300rm/month. From September to the end of t h e  yea r ,  
there i s  a  genera l  d e c l i n e  to t h e  year's l owes t  f i g u r e s  i n  Dee-ber. 



Water Balance. 

Nowhere, on an annual basis does rainfall even approach potential 
evapotranspiration. Whereas the range of annual rainfalls lies between 
almost zero and 700 nun, potential evapotranspiration ranges between 1500 
m / ~ e a r  to nearly 3000 mmfyear. Everywhere, there is a large water deficit. 
m e  area closest to a balance is AlessandratJilib, where potential 
evapotranspiration at about 1600 m/year is a little more than twice the 
annual rainfall. 

On a monthly basis, the situation is a .little better ( ~ i ~ .  26). In a 
few areas, round Baidoa and Alessandra/.Jilib, then some months do have a 
water surplus. At Baidoa, these are April and October - the start of the Gu 
and Der seasons, while round AlessandrafJilib a few months do have a 
surplus or near surplus. 

In terms of agriculture, then water needs of crops (see below) vary 
from 0.3 to 1.3 times the potgntial evapotranspiration. Taking the values 
of half potential evapotranspiration (as do FAO; 1977, see below), then 
some agricultural areas do have water to sustain agriculture. This w i l l  be 
discussed below but figure 46, in a nutshell, demonstrates the most 
important feature of Somali agriculture - the imbalance betveen water need, 
and its provision by rainfall. 

~f g o i  
Afcfmadu 
A 1 essandra 
B a i d o a  
B a r d e r a  
B e l e c  Uen 
B e r b e r a  
Bosaso 
Brava 
BuIo  Berti 
E l  Bur 
Calc l lyo  
C ~ d o  
L ~ M  1 e 
H a r g e i s a  
Hoddur 
J o n t e  
Jo4lz.I 
tiismyo 
I . u ~ h  GanaM 

H e x a  
H o c a d i s h o  
Obbia 

'kusc:.rL-13 

158  
1L6 
1 3 8  
1L4 

158 
1L8 
19 1 
1 7 2  
1 3 9  
1 8 3  
1 7 6  
l lr ,  
178  
135  
222 
188 
1 3 1  
1 L6 
I 6 5  
1'12 
136  
159 
181  
195 

157 
154 
137 
125 
167 
1 L4 
2 00 

150 
133 
l6L 
163 
ILL 
174 
132  
2?.7 
1 L9 
132  

ILL 
I68 

179 
1 . %  

1 5 7  

1 :: 
:'?Q 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - _ _ _ _ _ _  
Table 27. mV HONSilLY hVi) F*Y?TdkL EVAFOlTUNSPIfGTIDT IN K1LL:I.ZCW.S 



Climatic C l a s s i f i c a t i o n s  are a method of reducing t h e  many sets of 
t a b l e s  associated with climatic d a t a  to a feu, simply understood 
Farme:ers, and thus describe cl i rcates  of particular areas, and i d e n t i f y  
a reas  h a v i n g  s i m i l a r  climates. Classifications may be based only on. 
climatological considerations, though more often t h e y  a r e  used as a tool in 
Some a p p l i c a t i o n  involving the climate, such as for agro-ecology o r  
forestrv.  

Koppen C l a s s i f i c a t i o n .  

Tke classification of Koppen is included here  because it was the first 
of  t h e  u n i v e r s a l l y  r ecogn i sed  c l a s s i f i c a t i o n s .  Koppen worked a t  t h i s  from 
1900 t o  1953. I t  uses cli~atological factors, but attempts to match the 
c l ima to logy  to the variations * l n  natural vegetation. Five natural 
vegetation groups are recognised, and  t h e  corresponding climates a r e  
c l a s s i f i e d  a c c ~ r d i n g  t o  t empe ra tu r e  and r a i n f a l l .  

Clifiatic classes. A,C,D and E are defined according to the mean 
t empe ra tu r e  of t h e  c o l d e s t  n o n t h ,  type A being above 1 8 O C ,  type C being 
betueen oOC and iB°C and t y p e s  D and  E below O'C, these last two being 
s e p a r i i t e d  according t o  wnetker the temperature o f  t h e  warmest month is 
above lOoC (Type  D) or  below ( T y p e  E). T y p e  A is designated "Tropical 
~ a i ~ y " ,  t y p e  C ,  "'4arm TenperateUcr " k f e s o t h e r m a l  Fores t" ,  type D ,  "Boreal", 
o r  "Microthema! Snow F o r e s t t '  and t y p e  E as "Polar". However, none of these 
climates iippear i n  Somali ,  which experiences onl>.  t y p e  B ,  known as Arid .  

The d e f i n i t i o n  of El-type ciimates is rather more c o m p l i c a t e d .  I t  i s  
first assumed tkat rainfall is less than p o t e ~ t i a l  evapotranspiration. 

In the si~plest form of the c l a s s i f i c a t i o n ,  Type BW (~esert) occurs i f  
annual rainfall is less than 250 and BS ( s t e p p e )  if more than 250 m b u t  
less than potential evaptranspiration. 

Type BS can be  further C e s c r i b e d ,  firstly according to the mean 
t e m p e r a t u r e  of the coldest nonth, t h u s  i f  t h e  temperature is  g r e a t e r  t h a n  
!8"~, then it is hot ( B S ~ )  a n d  i f  l e s s  t h a n  1 8 ' ~ ~  t h e n  i t  is cold ( B S ~ ) .  
F u r t h e r  i f  t h e  mean temperature of t h e  Karmest month i s  less than laOc then 
i t  i s  v e r y  cold ( O s k t ) .  

Secondly, a descriptor can be a d d e d ,  depend ing  o n  whether there  is 
s~xi-.!er r a i n f a l l ,  winter r a i n f a l l ,  o r  i n d i f f e r e n t  r a i n f a l l .  Winter 
rainflll, or summer r a i n f a l l  regimes a r e  s p e c i f i e d  o n l y  i f  t he  w e t t e r  
season exceeds t h e  d r y e r  season by a factor of 1.25. 

Classification for jon-?ih. 11.; Somal ia ,  r a i n f a l l  is less t h a n  
p ~ t e n t i a l  evapotranspiration e v e r p h e r e ,  hence the entire c o u n t r y  
experiences a dry (B) climate. 

Desert c l i m a t e s  (BW) occur i n  a r e a s  with less than 250 rrm rainfall per 
year. These i n c l u d e  Cen t ra l  R e g i o n s ,  n o r t h  o f  a b o u t    ON a n d  all Northern 
Regions except the a r e a  round E r igavo  and  t h e  s o u t h e r n  p a r t s  of the 
Northvest region. (Fig. 4 7 ) .  A l l  o t h e r  a r e a s  a r e  s t e p p e  ( B S ) .  



A 1 1  steppe a rea s  are hot ( B S ~ )  except f o r  the  small area round Er igavo  
and t h e  h i g h e r  parts of t h e  Nor th re s t  Region, i n c l u d i n g  Hargeisa, where 
they  are cold  ( B S ~ ) .  

e f i n a l  descriptor, of svrner o r  w i n t e r  r a i n f a l l  is  h a r d l y  
t o  t h e  s o u t h e r n  areas,  which are  close to t h e  E q u a t o r .  . I n  t h e  

and  c e n t r a l  a reas ,  summer r a i n f a l l  p r e d o m i n a t e s  everpilere ( B S ~ S ) ,  
( B S L S ) .  I n  the sou th ,  hovever, Bay Region, p a r t  of Midd l e  Shabelle, and 
t of a d j a c e n t  areas have indifferent rainfall regimes Kcwhere does 
~ i n i e r  r a i n f a l l  p r edomina t e ,  except  t h a t  the  areas s o u t h  of t h e  Equa tor  
experience r a i n f a l l  f ram Apr i l  t o  Sep tember ,  t e c h n i c a l l y  "Winter :  sotitii of 
t h e  Equatort '  ( B ~ h w )  . 
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SOMALI DEMOCRATIC REWBLlC 

KOPPEN CLASSIFICATION 
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The FA0 Eco-cl imat ic  classification (Le Houerou, U , N ,  & Popov G.F., 
1931) is intended to 

"take into considerzfion the whole body of  
informat i o n  ( c l i m ~ i c ,  biclogical, agronomic) 
available today and which w o u l d  present to the 
ecologist and the a g r i c u l t u r a l i s t  a simple 
b u t  accurate m a n s  to u n d e r s t a n d  better the 
complex features of  a d e v e l o p i n g  continent". 

are :  
7 3 2  classification is f o r  I ~ t e r t r o p i c a l  Africa.The main criteria used 

a )  Rainfall d i s t r i b u t i o n  patterns (monomodal o r  bimodal). 
b) Precipitation: annual mount (rm). 
c) Annual distribution of rainfall (numbers of dry & rainy months). 
d )  Tecperatures (occurence of f r o s t )  . 
e )  Lacd use (pastures, crops, - forest). 
f) Nature of crops. 
g) L i v e s t o c k  s p e c i e s  a n d  b r e e d s .  
h) Distribution of Tsetse flies. 

According to the Rain fa l l  d i s t r i b u t i o n ,  four classes are  possible. 

a) a 'simple rain:; seasoi-.!one Cry season (~ropical) . 
b) t w a  rainy seasons/tuo dry seasons  quato to rial). 
c) no rainy season/permanent drought. 
d! no dry season/pernanent rains. 

In Somalia, only classes ( 5 )  a n d  ( c )  o c c u r .  

The actual lengths of t h e  rainy seasons are calculated according to 
the water requirements of crops. A month is "rainy" if monthly rainfali 
(R) exceeds one third of potential evapotranspiration (0.35 PET), which 
corresponds to the water req~irement of a newly sow-n crop. 

The zonation is shown in Table 2 8 ,  in which the zone is d e f i n e d  by t h e  
number of rainy months, with the rainfall in column 4 b e i n g  indicative 
o n l y .  I n  t h i s  zonation, No. 7 corresponds to " ( c )  no rainy season/pernanent 
drought" and Nos. 1-6 to the Equatorial type of rainfall distribution. 

The criterion of T e m p e r a t u r e  is i n c l u d e d  o n l y  i n  respect of the 
occurence of frost, though it is also implicit in the 'Montane' climates 
element, d e s c r i b e d  below. Apdrt From some very small areas i n  the north, 
::otab?y round Erigavo, frost is not a factor in Somalia, and is general 
o n l y  in uplands, which therefore becone a factor i n  the classification. 

Criterii (2) i n i l ~ f e r *  3 3  d~scriptions a::i:;led to t h e  
various zones (Table 29). 

Criterion (h), "Distrlbutlon of Tsetse flies" is i m p l i c i t  in the 
R a i n f a l l  (,m) criterion, in that the flies are usually confined to areas 
" l t h  rainfall exceeding 800 m, and, incidentally, to areas below 1500 m 
a .  s .  1 .  T h e r e  are exceptions to this, particularly in w e t  depressions 
a d j a c e n t  to rivers i n  drier areas, s u c h  a s  t h e  J u b a  a n d  S h a b e l l e  r i v e r  
valleys. 



mm 

Although not mentioned in their list of criteria, Le Kouerou and Popov 
- 

a l s o  discuss 'Montane' Climates. S i n c e  t h e  v e g e t a t i o n  of h igh land  zones is 
usually different to lowland zones, even with the same classification, it 
is thought necessary to show t h i s  d i f f e r e n t i a l  in the form of special 

I 
z o n e s .  This differential is as true for agricultural crops as it i s  for 
natural vegetation. 

The 'Montane' climates are divided i n t o  two, named "Highland" and 

! t l ~ o n t a n e " .  Highland zones are those  where t h e  d a i l y  m i m i x r u m  temperature of 
r l s * .  

I the coldest month  lies between 7 ' ~  and 10°c, and Montane, those with t h e  
equivalent t e m p e r a t u r e s  lying between O0 and 7 % .  

Duration of 

Zone r a i n y  seasons, 
F 

No. Climates - E c o l o ~ i c a l  Zones R a i n f a l l  mm i n  "humid months1' 

7 Desert D e s e r t  t h o r ~  dwarf R<lOO RS - 0 
C dwarf s c r u b  

6 Very a r i d  Acacia, Cornrniphora 100<400 R S = 1  - 3  
and a r i d  w o d l a n d  

5 Semi-arid Acacia, -Conmiphora 400<R<600 R S = 4  - 5  
woodland 

4 Dry,sub-humid Cornbretum, Acacia, 600<R<800 R S L 5  - 6  
Woodland 

3 Sub-humid Brachysteg ia, 800<R<1200 R S = 6 - 7  
Terminal ia  uoodland 

2 h m i d  Evergreen forest 1200<8<1500 RS = 8 - 10 

1 Hyper-humid Rain f o r e s t  R>1S03 RS>10. 

Table 28 Equatorial Climates. 
- _ _ - _ - - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Classification for Somal i a -  For Somal ia ,  t h e  f u l l  classification is 
shown in figures 48 a n d  4 9 -  

The whole country falls into zones 4 ( D K ~ ,  subhumid) ,  5 (semi-arid), 6 
(ve ry  arid and a r i d )  and 7 (Desert) .  Zone 4 inc ludes  t h e  coastal s t r i p  from 
Mogadishu southwards including t h e  Lover J u b a ,  and an area 3f the Bay 
reg ice . . !!ere a r e  ~ o o d l s r , A s ,  s.q.vml;? n c i  assi.:iid~ : s e ~ t l e d  arina? 
h u s b a . i d r y ,  and f a r m i n g ,  including sorghum,  cowpea and groundnuts. 

Zone 5 i n c l u d e s  much of t h e  res t  of  the southern region, excluding the 
northern parts of Gedo and BakooL, t h e  u p l a n d s  of the northwest, and a 
small area round Erigavo. This i s  s e m i - a r i d  land,  w i t h  bushland and open 
woodland. Land use i n c l u d e s  a combination of  grazing, nomadism and settled 
pastoralists s i t h  some farming of sorghum. 
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zone Sub- Vegetation types /  
NO. Climates - L i v e s t o c k  

7 Desert 

Land U s e  p a t t e r n s .  - 
C o n t r a c t e d .  Camels, Grazing ,  nomadism, no 
g o a t s ,  some s h e e p ,  c u l t i v a t i o n  w i t h o u t  
r a r e  c a t t l e  i r r i g a t i o n .  

6 Very a r i d  D i f f u s e  s h r u b l a n d  and Graz ing ,  nomadism, 
open b u s h l a n d - p e r e n n i a l  v i r t u a l l y  no rainfed 
grasses, camels, c u l t i v a t i o n  
g o a t s ,  sheep,  some 
c a t t l e  ( zebu)  

5 S e m i - a r i d  Bushland a n d  open Graz ing  nomadism and  s e t t l e d  
woodland, p e r e n n i a l  p a s t o r a l i s t s ,  some farming 
g r a s s e s ,  c a t t l e ,  sheep,  (nillet, sorghum,  cowpeas) 
g o a t s ,  rare camels - 

4 Dry, sub -  
h m i d  

Woodland, s avanna ,  S e t t l e d  a n i m a l  h u s b a n d r y  
g r a s s l a n d ,  c r o p  l a n d ,  fa rming ,  mi l l e t ,  sorghum 
l i g h t  tsetse cwpea, g r o u n d n u t s ,  sweet 
i n f e s t a t i o n ,  cattle p o t a t o e s ,  p i g e o n  pea, sown 
( z e b u ) .  sheep ,  g o a t s  p a s t u r e  a n d  r a n g e  r e s e e d i n n  - 

p o s s i b l e  

3 Sub-humid Woodland, savanna,  Limited animal h u s b a n d r y ,  
g r a s s l a n d ,  crop l a n d ,  sorghum maize, sugarcace, 
h e a ~ y  tsetse banana. r i c e ,  yam, cassava, 
infestation in c o t t o n ,  t o b a c c o ,  sown p a s t u r e  
woodland and s avanna  and r a n g e  r e s e e d i n g  
( G .  m o r s i t a n s )  

Forest ,  woodland ,  R e s t r i c t e d  a n i m a l  husbandrv  
s avanna ,  c r o p  l a n d ,  farming as above .  T imber  - ' i ' au r ine  c a t t l e  p r o d u c t  i o n  
and dwar f  g o a t s  
Perennial t s e t s e  
r i v e r i n e  i n f e s t a t i o n  

I Hyper-humid R a i n f o r e s t .  T a u r i n e  R e s t r i c t e d  a n i m a l  h u s b a n d r y  
c a t t l e  and  dwarf  g o a t s  O i l  palm,  c o c a o ,  c o f f e e ,  
permanent ,  heavy  t se tse  c o c o n u t ,  h e v e a ,  t i m b e r  
i n f e s t a t i o n  p r o d u c t  i o n  

Table j.3 E q u ; r t o r i a l  i:!.irstes : l o w l a n d ) ,  V ~ : F e t a t i ~ ~ r :  a7d ~ d c d  Use P a t  T L T T S  
---_--___--__---_--________________________---- - - - - - - - - - -  ---------_---------_I_________________________I________________________-_I_________________________I_________________________I________________________- - - - - - - - - - - - - -  
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Zone 6 occupies much of the rest of t h e  l a n d  a rea .  D i f f u s e  sh rub land ,  
bushland  and p e r e n n i a l  grasses predominate, with land use being 

,,,,fined t o  grazing and nomadism. 

Zone 7 exis ts  a l o n g  t h e  n o r t h e r n  c o a s t a l  s t r i p ,  l n l a n d  from Faro Dante 
and a n  a rea  round  Garove. Relatively little v e g e t a t i o n  exists. Land use 
is c o n f i n e d  to grazing and nomadism, though camels, r a t h e r  than cattle are 
the  most  important type of animal. 

Although r a i n f a l l  novhere reaches  t h e  f i g u r e  of 800 m/year  which is  
t h e  lowest  amount f o r  Tsetse flies, the "desheks" a n d  other low l y i n g  areas 
,longside the J u b a  and Shabelle r i v e r s  do e rcourage  t h e  p r e s e n c e  of Tsetse 
f l i e s .  These areas are  sholn i n  f i g  4 9 ,  b u t  taken from the ODA Report 
(Hendy 198.51, rather t h a n  the FA0 paper. Since that report, however, an 
OD.4 Tsetse Eradication Project has been i n s t i t u t e d ,  but the results are not 
y e t  p u b l i s h e d .  

Highland a r ea s ,  as  d i s c u s s e d  above, are  d e s i g n a t e d  those  w i t h  d a i l y  
mininun, tempera tures  b e t ~ e e n  7'-and 13OC for the c o l d e s t  month,  and Montane 
areas a r e  those  w i t h  c c r r e s p o n d i n g  t e n p e r a t u r e s  between O'C and ~ O C  f o r  t h e  
coldest month. Although over a wide a r e a  these temperature limits occur at 
d i f f e r i n g  altitudes, for Somal ia  the limits can be t a k e n  to co-incide with 
t h e  1500 n a n d  ZOO0 m contours, s i n c e  these only occur in northern.areas, 
between 9% and llOPJ. Fig 49 shows the zones, the "Highland" consisting 
only of a few small areas, though t h e s e  aress  are locally important, 
particularly round Erigava a n d  northvest of Hargeisa. "Montanet' zones a r e  
m i n u t e ,  and generaliy of no economic s i g n i f i c a n c e .  

It may be seen that this classificatinn, d e s i g n e d  for the whole of 
inter-tropical A f r i c a ,  does f i t  Somali c o n d i t i o o s  without modification, and 
does p r o v i d e  an adequa:e description of  t h e  link between Climate and Land 
Use P a t t e r n s  over the entire c o u n t r y .  
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~ p - F o r e s t r y  Climatic Z c n i n q .  

As an example of a c!assification for a specific purpose, an 
~ ~ r o f o r e s t r y  climatic z o n a t i o n  is g i v e n .  

This system is intecded to p rov ide  a  classification, based on  those 
aspects of climates which a f f e c t  t r e e  g rowth ,  which can be used to 
identify, for p a r t i c u l a r  areas, t ree species which would grow 
satisfactorily, based on comparisons with t h o s e  areas where the species are 
actually growing. Conversely, the classification identifies those areas 
s u i t a b l e  f o r  p a r t i c u l a r  s p e c i e s .  But i t  d o e s  n o t  take i n t o  account o ther  
f a c t o r s ,  s u c h  a s  soils, econcli:ic arid farming c o r . d i t i o n s  v h i c h  may p r o v i d e  
o b s t a c l e s  to successful g r o w t h .  

C l ima t i c  Classification.The method is based on t h e  work of  Webb and 
Wood ( 1 9 8 4 ) ,  whc se lec ted  Annual Hean T e n p e r a t u r e  and Annual Nean R a i n f a l l  
as t h e  two most significant factors of climate a f f e c t i n g  tree growth.  In 
a d d i t i o n ,  a l t i t u d e  above s e a  l e v e l ,  with which both  the above are usually 
c o r r e l a t e d  i s  also considered. - ' 

For Kenya. T e e l  (1W84) used t h i s  method, with some modification, 
mainly in the c l a s s  b o u n d a r i e s ,  and a further modification by ~ u t c ' h i n s o n  
( 1 9 8 7 )  h a s  t a i l o r e d  t h e  method specifically f o r  Somal ia .  For Somalia,  the  
nunber o f  c lasses  needed  t o  be e x t e n d e d ,  i . e .  an e x t r a  h o t  class and a n  
extra dry class. 

The method simply c l a s s i f i e s  a reas  acco rd ing  t o  t h e  annua l  mean 
t e m p e r a t u r e  and  t h e  a n n u a l  mean rainfall a c c o r d i n g  t o  the t a b l e  shown in 
fig.50. Any zone is d e s c r i b e d  a c c o r d i n g  to its r a i n f a l l  and temperature 
c l a s s ,  e . g .  V - 1  for Baidoa. 

Thus  T e e l ' s  c l a s s  b o u n d a r i e s  f o r  r a i n f a l l  a r e :  
(325 m c l a s s  VII 

(500 mm >325 nm c l a s s  V I  
<800mm > 5 0 0 m  classV, etc. 

t o  which a c l a s s ;  
(150 m c l a s s  VI I I  h a s  been added 

For t empera tu re ,  t ? ~ c  ~ 1 ~ 2 s ~ :  ! ) r ) u : l d a r i e s  are: 
< 2 oi": c l i i ss  4 

< 2 2 %  >?C''c C ~ ~ S S  3 
< 2 b 0 c  >2?% c l a s s  2 

>2lIC'c c l a s s  1 
to which a c l a s s ;  

> 3 i3"c c l a s s  0 has been added .  

. .  In order t o  i r ~ t e r p o l a t c  b c i r ~ e e n  a c t u a l  stations, then the relationship 
betla.een rainfall, ternperatu1.c a11d a l t i t u d e  were investigated, a n d  t h e  maps 
( f i g s  5C . 5 drawn a c c r :  .. ; : : i ; l y .  T5s ~ l a t  i~q;h!:p. ;~ sr:: < ; h r a ~ l  on  the.^^ 

Zonation for Somalia.Ti:c r c s g l  t a n t  z o n a t i o n ,  u s i n g  t h e  T e e l  
~ l o n e n c l a t u r e  is s h o ~ n  i n  f i g  5 1 .  A l m o s t  a l l  t h e  s o u t h e r n  a n d  c e n t r a l  a r e a s  
f a l l  into t empera tu re  class 1 ( L S ' C - ~ O " C ) ,  so t h e  z o n a t i o n  of t h e s e  a r e a s  
is m a i n l y  based  o n  t h e  v a r i a t  ii.:ns of r a i n f a l l ,  except  t h e  s m a l l  a r e a  round 
Lugh, w h i c h  is in t e m p e r a t u r e  c!ass 0. 
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Parkinsonia Aculeatia (Tugar), 
is a n  i n t r o d u c e d  spec ies ,  t h o u g h  i t  
is found  everywhere except in t h e  
d r i e s t  areas  of t h e  north C e n t r a . 1  
Regions and eastern areas, that is 
i n  a l l  zones e x c e p t  0,1 and  2 .  It 
is drought-tolerant, responding by 
dropping t h e  leaves  to r e d u c e  
t r a n s p i r a t i o n  need. Its u s e s  
i n c l u d e  fuelwood, fodder and for 
live fencing. 

4 ' 

ADANSONIA O/G/TA 
BAOBAB 

AOansonia Digitata (Baobab) is 
c o n f i n e d  to t h e  wetter areas of t h e  
country, ( zones  8 1 0 , l  Only in 
the very wettest areas, where 
r a i n f a l l  exceeds 600 mnlyear is it 
w i d e s p r e a d ,  so it is common in 
certain areas of the lower S h a b e l l e  
and l o r e r  J u b a .  Elsewhere it may be 
found uhere water can be 
concentrated, f o r  example, as  t h e  
r u n o f f  from B ~ r s .  It has many uses, 
though fuelwood is n o t  one of them, 
including water  s to rage ,  paper  
making, for canoes, fibre for 
baskets and even strings for 
musical instruments. 

P . E .  & O . P .  



In the north, however, the varied topography produces a complicated 
pa t te rn  of classes, i n  b o t h  r a i n f  a l i  and temperature dimensions. In 
particular the areas round Erigavo, 31-:rao and Sheik provide a very complex 

For t h i s  reason, and because n o t  all of Teel's classes a p p e a r  i n  
sonalia, further simplifications have been made, b o t h  in the ncnenclature 
,,Id in the areal delimitation of t:ie zones. Instead of a two number 
classification, a single number ing  s y s t e m  is used, though the class 
boundaries are unchanged.  Also, modification of some actual boundaries on 
the ground have been made to provide a s i m p l e r  map. In t h e o r y ,  some 
inaccuracy is thus prcduced, but in practice little adverse e f f e c t  would be 
n o t i c e d -  These s i m p l i f i c a t i o n s  appear in f i g  51, in which the simpler 
nomenclature is also t a b u l a t e d .  Only t h o s e  of T e e l  ' s classes which actually 
appear in Somal ia  have b e e n  g iven a c l a s s  number .  The n e t  e f f e c t  is a 
system of 11 c l a s s e s ,  and a much simplified map. O n l y  in t h e  mountainous 
area round Erigavo there remains a conplex pattern,which is too detailed to 
map at the scale u s e d .  

Most of t h e  s o u t h e r n  z r ea s  fall into the modified c l a s s  n m b e r s  4,7 
and 10, corresponding to temperatures of 2 4 ' ~  to 30°c an2  a range of 
rainfall greater than 150 rm.  I n  t h e  n o r t h ,  a more varied p a t t e r n  emerges, 
mainly related to the l and  r e l i e f .  In par t icular ,  there is a very marked 
c5ange between Sheik and t h e  north c o a s t ,  u i t h  the zonation changing from 
1 1 ,  the coo,lest and uettest to 0, t h e  h o t t e s t  and driest. 

Distribution of four Species.  Of course, climate is not the o n l y  
determinant of species distribution. Soil type is i m p o r t a n t ,  as i s  t h e  
a b : a i l a b i l i t y  of g r o u n d w a t e r ,  a p a r t  from r a i n f a l l .  However, i- f i g u r e s  
: - ( a )  to 5 2 ( d )  t h e  distribution of four species are given, even though some 
s i e a s  within these d e s i g n a t e d  zones may be unsuitable for reasons 
u n z o r ~ e c t e d  with climate. 
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p lan tea ,  1 

sorghum i: 
crop.  

" 

. . 
nu r L L J *  

S h a b e l  
mize 13 

be twee: 
the wc 
and 
~ e s t r i ~ ~ ~ ~ i A a  u growth in t h e  
inter-r iverine area lie i n  the 
nature  of t h e  soil, as the e n t i r e  
area ,  except f o r  the outer  f r i n g e s  
of H i r a n ,  Bakool and Gedo receive 
adequate r a i n f a l l .  I n  t o t a l ,  a b o u t  
one q u a r t e r  of a m i l l i o n  t o n s  of  
sorghum is  produced .  

b i z e .  Haite i s  second t o  
sorghum i n  terns of a r ea  p l a n t e d ,  
b u t  because  of higher y i e l d s ,  i s  
the most important crop i n  te 
production (336 ,000  t o n s ) .  
h a l f  of t h e  p r o d u c t i o n  comes from 
the Lover Shabelle, p a r t i c  
Afgoi, and one quarter from 
S h a b e l l e ,  especially Balad 
Cu season a n d  Jowhar i n  t h e  
M i d d l e  and  Lower J u b a ,  p rov ide  
of p r o d u c t i o n ,  where concent 
is i n  t h e  J i l i b  and  
Districts.  The northwest p r o v i  
a f u r t h e r  5Z, w i t h  Gedo, H. 

l ran aa Y Regions providing 
remainder .  

CROP GROWING A R E A S  

\ 
Fig. s3(bl - 
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Gavp- Cowpeas are  the 
fourth largest  crop, with about 
26,000 tons* About ha l f  the  

COWS f rom t h e  Jowhar 
and Balad Regions of Middle 

Shabe l l e  and from Lower Shabelle, 
i n c l u d i n g  the d i s t r i c t s  of Afgoi ,  
Herca and Brava, where it l a r g e l y  
gram intercropped The northwest 
and Bay Region each prov ide  about 
2 3 ~ ,  w ~ t h  t h e  remainder f 1-03 areas 
scattered over the s o u t h e r n  half  of 
the  country,  i n c l u d i n g  Galgadud  and 

Crop Ca l enda r .  Because of t h e  two wet s e a s o n s ,  and t h e  v i r i a t i o n  i n  
time of t h e i r  gccu renco  a c r o s s  t h e  c o u n t r y ,  t h e  c r o p  calendzr i~ Somal ia  i s  
r a t h e r  complicated. 

In the n o r t h ,  long d u r a t i o n  v a r i e t i e s  of sarghrm and naize ( i n c l u d i n g  
t h e  compos i te  Sorntox) are gram. these v a r y i n g  f r o c  1 2 0 1 5 0  l i y s  d u r a t i o n .  
Planting t akes  place in t h e  n i d d i e  of A p r i l ,  uh i ch  is  r e l a t i v e l y  w e l l  i n t o  
t h e  wet s ea son ,  which s t a r t s  ( H a r g e i s a )  i n  t h e  midd l e  of Ha rch .  F lower ing  
t a k e s  p l a c e  i n  June, when s o i l  mo i s tu r e  storage s h o u l d  be h i g h  H a r v e s t i n g  
takes p lace  i n  August The l o n g  d u r a t i o n ,  p a r t i c u l a r l y  a f t e r  f l o w e r i n g ,  
a l l o w s  f o r  good g r a i n  deve lopment  and h i g h  y i e l d .  I n  some y e a r s  cowpeas 
a r e  grom in n o r t h e r n  d i s t r i c t s  a l ong  w i t h  the  n a i z e  a n d  sorghum; in 
o t h e r s ,  i t  is p l a n t e d  l a t e r  in tie year ,  in August f o r  harvesting in 
Aovember, CO take a d v a n t a g e  o f  t h e  second 1 p e a k  ( t h e  Kareen).  

In the Central R e g i o n s ,  bo th  seasons a r e  s h o r t ,  t h u s  s h o r t - d u r a t i o n  
sorghum ( 9 0  d a y s )  2nd coipeas ( 75  d a y s )  a r e  p l a n t e d .  Gu s e a s o n  p l a n t i n g s  
take place  in mid-April, Tore  or less c o - i n c i d i n g  with the start of the 
r a ; . ~ ~ .  Zn t3is TO? ic : : : ,  I !,e rainfall s>.ijs.:n e f r e r t  :'~21:{ e n d s  by ~~2 !.%14 ~f 
June, t h u s  the s o r g h s  is f i o w e r i n g  a t  a time a l r a d y  d r y  S i n c e  a c r r a g e  
r a i n f a l l  does  n o t  exceed 2 m per day, little s o i l  moi s tu re  s t o r a g e  can be 
b u i l t  up d u r i n g  t h e  season, thus y i e l d s  are expec t ed  t o  be low. Cowpeas, 
with an even shorter d u r a t i o n  do  r a t h e r  b e t t e r ,  and a r e  h a r v e s t e d  o n l y  j u s t  
a f t e r  t h e  end of t h e  w e t  s e a s o n .  The Der season plantings a r e  in mid- 
October, with s o r g h u m  l a s t i n g  over  t i l l  J a n u a r y ,  b u t  cowpeas a r e  h a r v e s t e d  
in December, to f o r e s t a l l  the onset of i n s e c t  d a n 3 g c  i n  l a t e  Ccccmber and 



Areas and C r o p  Calendar. - 
Growing Are-as a The d i s t r i b u t i o n  of the  main c r o p s  in Somalia is 

governed by t w o  factors - t h e  a v a i l a b i l i t y  of water ,  e i ther  d i r e c t l y  from 
, , infal l  or from irrigation, and the suitability of the soils. For r a i n f e d  

crops little c u l t i v a t i o n  takes place where r a i n f a l l  does  n o t  
exceed 300 mm pe r  year, o r  200 nrm p e r  season. Thus, the  entire country 

of about   ON, with the exception of t h e  h igh  r a i n f a l l  areas of the 
north,  supports v i r t u a l l y  no c r o p p i n g .  South of 4Ot-4, l a r g e  a r e a s  art? 
,suitable because o f  the poor soils. 

l'%us t h e  main agricultural areas a r e  along the two main rivers, t h e  
shabelle and t h e  Juba,  and the inter-riverine area, including Bay Region, 
and, i n  t h e  nor th ,  i n  t h e  area stretching v e s t  from Hargeisa, and a mall - .  

zrea round Erigavo. 

Sesame- Sesaze is grokn, 
e i t h e r  u n d e r  d i r e c t  i r r i g a t i o n  o r  
i n  f l o o d  recession a reas ,  desheks, 
and the like, this latter being 
k n o m  as 'Dhay '  . The growing areas  
are therefore c l o s e  t o  t h e  rivers 
( ~ i ~ .  53(a) ) .  The Middle and Lover 
S h a b e l l e  Regions a r e  t h e  most 
i m p o r t a n t  growing a r e a s ,  e a c h  
account ing  for about 432 of the  
total p r o d u c t i o n  of 45,000 tons. 
Othervise  t h e  areas round  Lugh and 
Boale plant 1900 h a .  o r  more, e a c h  
c o n t r i b u t i n g  t o  Cedols 3Z of total 
production and E i d d l e  Juba's 1Z.  

f CROP GROWING A R E A S  1 I 
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Juniper- Procera ( p e n c i l  
is confined to a small area 

of t h e  nor the rn  H i g h l m d s  
(~riiS,1983), since it requires 
moisture and is intolerant of  h igh  
t e ~ p e r a t u r e s  (Zone 11). R a i n f a l l  

exceed 600 o d y e a r ,  and 
t a p e r a t u r e s  be less than 2 2 O ~  

annual), these conditions 
be ing  met only i n  a small area 
round Erigavo and the  edge of the  

f u r t h e r  west. It ic used 
i n  those applications which r equ i re  
s p l i t  wood, e . g .  fence p o s t s ,  and 
i t  is ternite r e s i s t a n t  It can 
a l s o  be  used f o r  making matches. 

l l o e  1 ,/ ACRO FORESTRY CLlt4ATIC ZONES 4 

EUCALYPTUS 
I ,/ 

CA MA f DUL EN SlS ,, ' 

,,t' 
I 

Eucalyptus Cama ldu l cns i s  
( ~ a x a r s a a f )  is an introduced 
spec ies .  It requires 500 m/year  of 
rainfall and prefers  warmer 
climates. Thus it is found in zone 
10, which includes the vetter parts 
of t h e  s o u t h ,  e x c e p t  t h e  coast, and 
a few isolated s p o t s  i n  t h e  north 

/ round Erigavo a n d  Burao. It grows 
q u i c k l y  a n d  is useful f o r  fuelwood. 
T h e  l e a v e s  have medic inal 
p r o p e r t i e s ,  e i thc r  c h e w d  directly 
o r  b o i l e d  and  t h e  j u i c e  drunk. It 
i s  used a s  a natural anti-biotic 
for the t reatnent aga ins t  
s t r e p t o c o c c u s ,  s t a p h y l o c o c c u s ,  
p a r a t y p h o i d  A a n d  8, and against 
Dysentery. P a r a s i t i c  corms i n  the I 

. . I stomach can a l s o  be treated. Used 
j . ! L.ltt: i t  ~ _ C ; S G S  r,:.~sc!es and 

ca l lns the r iervous sytem. 



The s o u t h e r n  r e g i o n s  p resen t  a much oore var ied p i c tu re ,  n o t  o n l y  
because of t h e  r a i n f a l l  v a r i a t i o n s  over  t h e  a r e a  - p a r t i c u l a r l y  the unique 
Season a long  t h e  coast ,  but also because the tvo great rivers p r o v i d e  the 
f a c i l i t y  f o r  i r r i g a t e d  a s  w e l l  a s  flood recession a g r i c u l t u r e .  

Away from t h e  coast, t h e n  s h o r t  t o  ffieditm duration sorghum and maize 
t h e  major crops .  P l a n t i n g  i n  A p r i l  f o l l o w s  t h e  early season r a i n  

i n  some a r e a s ,  e . g .  Bay Region.  A l though  t h e  r a i n f a l l  season is v i r t u a l l y  
f i n i s h e d  by t h e  end of  June, soil moisture reserves should be available to 

t h e  water n e c e s s a r y  f o r  the last 30-60 days growth. Sesane is 
planted r a t h e r  l a t e r ,  since i t  re l ies  on i r r i g a t i o n ,  and farmers are 
requi red  tn wait f o r  t h e  f i r s t  f l u s h  3f t h e  f l o o d  flow t-? clear away t h e  
s a l t y  waters. Harvesting occurs  later i n  August, over lapping w i t h  t h e  
s t a r t  of  the c o t t o n  growing cycle. Cotton is grown under i r r i g a t i o n :  
~ t a r t i n g  d u r i n g  t h e  Hagai d ry  s e a s o n ,  so as  to  avoid b o t h  h i g h  a tDospher ic  
h m i d i t y  and  diseases,  b u t  h a s  an  150 d a y  d u r a t i o n ,  so t h e  c o t t o n  season 

i n t o  January.  
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I n l a n d ,  the Der season starts in mid or  end October, w i t h  M i d d l e  
6 

duration maize and s h o r t  duration s o r g h u m  b o t f i  o f  i h i c h  b e i n g  harvested in 
J i n u a r y .  Sesame is again g r o i n  u n d e r  irrigation o r  1n recession areas,  and 
t h u s  may be p l a n t e d  a t  any time from October onwards. 

F 
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In the coastal areas,  uhere t h e  r a i n f a l l  season starts l a t e r ,  and  w i t h  
little o r  no intermediate d r y  season, plantings do not occur till July or 
 gust, with short d u r a t i o n  maize, and sesame under irrigation. Cotton, 
a l s o  g r o w  unde r  irrigation i s  p l a n t e d  i n  mid to late October f o r  harvest 
the fo l lowing  March. Rice is grown entirely under  irrigation, thus 
availability of water becomes less i m p o r t a n t  compared to other problems. 
one such  is the avo idance  of  b i r d  damage. which reaches its potential 
..ximum i n  September with weaver b i r d s .  Thus plantings take place i n  
pfarch, f o r  harvest  before September,  and i n  August, so that the  r i ce  is at 
an e a r l y  stage of growth i n  September. 



The PA0 Agroeco log i ca l  Zones P r o j e c t  was i n t e n d e d  t o  make a complete 
i nven to ry  of t h e  World's a g r i c u l t u r a l  p r o d u c t i o n  p o t e n t i a l .  The p r o j e c t  
f i r s t  assessed t h e  Wor ld ' s  c l ima t i c  and s o i l  r esources ,  then  c o n s i d e r e d  
t h e i r  u s e  by 11 of t h e  most i m p o r t a n t  c r o p s ,  of which  Phaseo lu s  b e a n ,  paddy 
r i c e ,  c o t t o n ,  sorghum and naize are grown in a n y  q u a n t i t y  in S o m a l i a ,  in 
r e l a t i o n  t o  t h e i r  t e c h n o l o g i c a l  r e q u i r e m e n t s .  

The c l i m a t o l o g i c a i  ( o r  ~ ~ r o c l i r n a t o l o ~ i c a l )  component c o n s i s t e d  o f  
c a r r y i n g  o u t  soil moisture balances for a large number of stations (730 i n  
A f r i c a , - $ &  i n  Somal ia ) ,  and arriving at the concept of 'Eke growing period, 
t h e r e a f t e r  matching the d u r a t i o n  of t h e  var ious  crops t o  this growing  
p e r i o d .  Fou r  t y p e s  of water b a l a n c e  regime a r c  recognised, 

a )  Normal, when r a i n f a l l  exceeds P o t e n t i a l  
Evapotranspiration (PET). for some of t h e  year 

b )  I n t e r m e d i a t e ;  when r a i n f a l l  exceeds ha l f  PET 
f o r  some o f  t h e  year .  

c) All year round  humid;  uhen r a i n f a l l  exceeds  PET 
f o r  t h e  e n t i r e  y e a r ,  

d )  A l l  year  round d r y ,  uhen rainfall is less t h e n  
ha l f  PET f o r  t h e  e n t i r e  year .  

I n  Soma l i a ,  t y p e s  a ) ,  b )  and  d )  o c c u r  

Derivation of  the Soil M o i s t u r e  ~ a l a n c e .  I n  o r d e r  t o  de r i ve  a g e n e r a l  
q u a n t i t a t i v e  assessment of t h e  rater balance, and t h u s  the growing  pe r iod ,  
t w o  assumptions were made, one; t h a t  t h e  growing p e r i o d  o c c u r s  when 
r a i n f a l l  exceeds  h a l f  ( 0 . 5 )  PET,  a n d  tuo, t h a t  maximum useful s o i l  moisture 
s t o r a g e  equa l s  100 mrn w a t e r .  

T h u s ,  s ee  f i g u r e  5 5 ,  r a i n f a l l  exceeds h a l f  PET at Baidoa, o n  average, 
on  30th March, which thus narks t h e  start of the Gu g r o w i n g  season, and 
again on 2 9 t h  September f o r  t h e  Der s e a s o n .  When r a i n f a l l  exceeds PET, 
then  the  humid p e r i o d  b e g i n s .  I n  t h i s  t i m e ,  n o t  o n l y  is  the re  a d e q u a t e  
mo i s tu r e  for crop g r o u t h ,  but t h e r e  is  s u r p l u s  which  is  added t o  s o i l  
mo i s tu r e .  F o r  Ba idoa ,  t h e  r e l e v a n t  d a t e s  a r e  10 th  April and 5th O c t o b e r .  
As t h e  r a i n f a l l  dec reases ,  so i t  f a l l s  below PET, t h u s  marking t h e  end of 
t h e  humid p e r i o d ,  v h i c h  f o r  Bsidoa o c c u r s  on 11 th  May and 31st October, and 
again below 0 .5  PET, m a r k i n g  t h e  e n d  c f  t h e  rains o r  rainy season. 
However, the growing s ea son  cJntinues a s  l o n g  a s  s o i l  m o i s t u r e  is a v a i l a b l e  
t o  the plants. Depletion cf this soil moisture begins as soon  as rainfall 
f a l l s  below PET, t h u s ,  i f  t h e r e  i s  o n l y  a l i t t l e  s o i l  m o i s t u r e  stored, then 
t h e  end of the r a i n y  season i s  a l s o  t h e  e n d  of  t h e  growing season.  If 
t h e r e  is e n o u g h  s o i l  m o i s t u r e ,  t h e n  t h e  g r o u i n g  season (when t h e  p l a n t  
u t i 1 i s . e ~  s o i l  m o i s t u r e )  extends  beyond t h e  end of t h e  r a i n y  season. T h i s  
does n o t ,  a c c o r d i n g  t o  FA0 happen  i n  Somalia .  Everywhere,  any  c o i l  
':'disture c,t.orct 6c;ring cite h u n i d  pcJ; i.:d i; used ;ip hv  t h ~  tn4  LXE ; . ~ I I .  i .+ lny  
season .  

As w e l l  a s  B a i d o a ,  ve h a v e  shown t h r e e  o t h e r  stations. At Hargeisa, 
'ainfa.11 never  reaches  0 . 5  PET. t h u s  n o  growing season  exists a t  t h i s  
Stat i o n .  T h i s  ra ther  demonstrates the generality of the a p p r o a c h .  For  
P a r t i c u l a r  c rops ,  t h e  c r o p  coef f i c i e n t  v a r i e s  t h roughou t  t h e  s e a s o n ,  
" % i n n i n g ,  p o s s i b l y ,  around 0 . 3  o r  0 . 4 ,  which would indicate that t h e r e  are 
f i r s t  p l a n t i n g  conditions. However, t h e  f i g u r e  d o e s  i l l u s t r a t e  why wa te r  



conservation and concentration techniques, such as planting i n  V a d i s  ( 
epheneral r i v e r  beds  ), and water retention bunds,  are practiced in the 
north-west. 

areas by-  the 10th April, with t h e  e x c e p t i o n  of t h e  c o a s t a l  s t r i p ,  
A f 6 0 i ,  Balad and northeastern p a r t s  of  Hiran.  By t h e  2 0 t h  ~ p r i l ,  o n l y  t h e  

has n o t  b e e n  reached,  and t h i s  a r e a  has t o  w a i t  till t h e  
s t a r t  of May, or even l a t e  May i n  Mogadishu f o r  s u c c e s s f u l  s t a r t .  T h i s  
accords well t h e  movement of t h e  ITF and t h e  d i s t r i b u t i o n  o f  r a i n f a l l  

i n  chapter- 1 and 2 ,  w h i c h  shows early r a i n s  in the Bay Region 
and a l a t e  s t a r t  to t h e  rains o n  t h e  c o a s t a l  s t r i p .  

I n  t h e  case of G a l c a i o ,  t h a n  t h e  sace s i t u a t i c n  a p p l i e s ,  i n  that 
r a i n f a l l  d o e s  n o t  exceed 0 . 5  PET at a n y  time of t h e  yea r ,  b u t  w i t h  the  
a d d i t i o n a l  burden t h a t  t h e  r a i n f a l l  s e a s o n s  ( a s  distinct from t h e  FA0 
' r a i n y '  season) are so  much shorter. Thus s e d e n t a r y  agriculture, a s  known 
in t h e  wetter p a r t s  of t h e  c o u n t r y ,  is very limited in the C e n t r a l  R e g i o n s .  

For Mogadishu ( t h o u g h  not an a g r i c u l t u r a l  a r e a ) .  FA0 conpate (using 
mcnthly v a l u e s )  only one  growing  season  of  32  d a y s ,  though using t e n - d a y  
m a n  values,  rainfall a n d  0.5 PET a r e  a lmost  t h e  sane f o r  a  p e r i o d  f r o n  t h e  
midd le  lend of A p r i l  to the beginning of J u l y .  

Crowing seasons. Using the data from all 18 s t a t i o n s  provided by FAO, 
figure 56 has been d r a m  up. The most important result is t h a t  no 

Growing season,  i n  t h e  sense used by FAO, e x i s t s  n o r t h  of a b o u t  5 O N .  



START, END AND LENGTH OF GROWING SEASONS BY FA0 METHOD 

C 

P . H .  & O . P .  T h e  ~groclicatology o f  Sonalia FEWS Projec t  ?age 128 

-- 
I - 'a' . " '  

1 



The season ends f i r s t  i n  Bakool a t  t h e  end of April, with ,  i n l a n d ,  the 
end occuring i n  Hay, f i n a l l y  c . lear ing  Jowhar on 30th May. A t  t h e  coast, 
however, and f o r  a distance of 50-100 km in land ,  thc end is delayed through 
June u n t i l  t h e  middle  of J u l y  a t  some areas,  such as round J i l i b  in a s t r i p  
both  eastwards t o  Genale and Afgoi .  

As a  result of these e f fec t s ,  t h e  season is  longest, at 100 days o r  
slightly more a long  a b e l t  froa J i l i b  t o  Genale and Afgoi, but  excluding 
t h e  immediate coas ta l  s t r ip .  The l e n g t h  of the season falls o f f  i n  all 
directions, vith most  of t h e  Bay Region experiencing 60 days or more. The 
important agricultural area of t h e  Middle xnd..Lower Juba experiences 80-1CO 
days, but  Gedo, Bakool and most of H i r a n  have 20 days or less. 

Der Season. The Der season s t a r t s  very late i n  September  (Baidoa)  and 
e a r l y  October, o r  not  a t  a l l ,  as i n  Bakool and the coasta l  s t r i p .  

The season e n d s  i n  November o r  early December, the da ta  b e i n g  well 
+ correlated with t h e  southwards- movement of the ITCZ. Thus the  northern 

i p a r t s  of t he  south ( ~ i r a n ,  Gedo) see an end in e a r l y  
S h a b e l l e  and Bay Regions e n d i n g  around 20 November. 

November, with Middle 
Lower J u b a  and t h e  

J i l i b  a rea ,  however, remain i n  season u r . t i l  the end of November o r  start of 
December. 

As a resu l t ,  t h e  s e a s o n  is l o : ~ g e s t  i n  Bay Region  (east) and  J o u h a r ,  a t  

50 days or more, falling o f f  i n  a l l  directions, except to t h e  southwest, 
where i n  Louer Juba  and J i l i b  area t h e  season is as l o n g .  Afmadu has a 
season of  56 d a y s ,  the same as J o ~ h a r .  



S t a r t  and End of t h e  R a i n s .  

The FA0 Agroeco log ica l  zones  p r o j e c t  was concerned w i th  average 
c o n d i t i o n s ,  though t h e  method c a n  be  a p p l i e d  t o  i n d i v i d u a l  seasons* There 
is u s e f u l n e s s ,  however, i n l o o k i n g  a t  t h e  y e a r  t o  y e a r  v a r i a t i o n  i n  t h e  
l e n g t h  and t i m i n g  ( p a r t i c u l a r l y  t h e  s t a r t )  o f  t h e  s e a s o n s .  A s u i t a b l e  
approach t o  t h i s  t a s k  is t h a t  o f  Dale and S t e r n  ( 1 9 8 4 ) ,  which i d e n t i f i e s  
t h e  s t a r t  of t h e  r a i n s ,  t h e  end  of the r a i n s ,  and t h u s  the l e n g t h  o f  the 
season  by s p e c i f i c  r a i n f a l l  and s o i l  moisture c r i t e r i a .  Note t h a t  i n  t h i s  
c a s e ,  i t  is t h e  r a i n y  s e a s o n  which i s  b e i n g  derived,  n o t  t he  growing 
season ,  a l though t h e  c r i t e r i a  used  may be chosen t o  p r o v i d e  t h e  f a c i l i t y  
that t h e  r a i n y  season and t h e  g rowing  season- 'arc . i d e n t i c a l .  A v a r i e t y  of 
c r i t e r i a  f o r  the s t a r t  and end axe a v a i l a b l e -  F i r s t l y  a t ime  limit can be 
chosen, s o  t h a t  a n y  rain b e f o r e  a s p e c i f i c  d a t e  i s  d i s c a r d e d ,  i . e -  t a  
i g n o r e  p r e - sea son  r a i n .  Then the s t a r t  is chosen on the day when t h e  
s u b s e q u e n t  s o  many days  p r o v i d e  s u c h  a n  m o u n t  of rain, i.e. t h e  day s u c h  
t h a t  t h e  fo l l owing  10 d a y s  y i e l d  20 mm r a i n .  This cou ld  be t h e  c r i t e r i o n  
f o r  t h e  s t a r t  of t h e  season. I t  is p o s s i b l e  t o  g u a r d  a g a i n s t  a f a l s e  s t a r t  
by specifying t h a t  no dry s p e l l - o f  s u c h  a - l e n g t h  o c c u r s  i n  t h e  n e x t  s o  many 
d a y s ,  e . g .  no d ry  s p e l l  of l e n g t h  10 days  i n  t h e  next  30 d a y s .  I f  such  a 
d r y  s p e l l  occu r s ,  then  t h e  s t a r t  is a f a l s e  s t a r t  and  i s  rejected, 

A f t e r  some e x p e r i e n e n t a t i o n ,  we prov ide  h e r e  f o r  Ba idoa ,  as an 
exanp le ,  t h e  s t a r t  w i t h  t h e  f o l l o w i n g  d e f i n i t i o n ;  

"Firs t  day from d r y  61 ( ~ p r i l  1 )  w i t h  more 
than 20 mm over 10 days, with no dry spell 
of 10 days or more i n  the n e x t  30 days". 

S i n i l a r  criteria can be  u s e d  f o r  t h e  end  o f  t h e  r a i n s ,  w i t h  t h e  
a d d i t i o n a l  f a c i l i t y  t h a t  s o i l  m o i s t u r e  con ten t  d o e s  n o t  r ise above  a 
c e r t a i n  value. Thus we have chosen  t h e  end t o  be d e f i n e d  as:. 

"First  day from day 1 2  (May 1) w i t h  less t h a n  
10 rm over t h e  n e x t  10 days  a n d  w i t h  s o i l  
mcisture remaining less than 60 mm", 

D e f i n i t i o n s  f o r  t h e  s econd ,  ' D e r '  season a r e  t h e  same except that the 
eason cannot  s t a r t  before d a y  260 ( S e p t e m b e r  1 )  and  cannot end  b e f o r e  day 
05  ( 3 c t o b e r  15) .  

Such  d e f i n i t i o n s  give s t a r t s  a n d  ends f o r  each s e a s o n ,  t h u s  f o r  a l o n g  
 cord, t h e r e  i s  provided a  distribution of s t a r t s  and ends. This is 
ill~strated in fig 57, which  shows t h e  s t a r t s  and e n d s  f o r  Baidoa 

I g n o r i n g  t h e  seasons when n o  s t a r t s  occg red ,  t h e n  f o r  example ,  a t  
Baldoa ,  t h e  e a r l i e s t  s t a r t  was Harch 1 ,  and  t i e  latest A p r i l  30, a spread 
01 two ~ o n t h s  wi th  t h e  median  occuring on A p r i l ,  10.  The e a r l i e s t  end on 
 re^^'-/ : C  ?dy 1 ( b y  d s f i n j t - i o n ) ,  2 n d  r h e  lqtes: rtn 1 C  wzth t h e  n e d i a l  
On 18 .  T h i s  g i v e s  a n  average season l e n g t h  o f  42 days. E q u i v a l e n t  
{ i g u r e s  f o r  t h e  Der season  are: 

Start, earliest, day 260 (,September 1 5 )  ( b y  d e f i n i t i o n )  
l a t e s t ,  day 324  (November 20) 
median day 288 ( ~ c t o b e r  18) 



End, e a r l i e s t  day  305 (Oc tobe r  31 )  ( b y  d e f i n i t i o n )  
l a t e s t  day 351 (December 1 6 )  
median day 314 (November 1 9 )  

The median l e n g t h s  f o r  t h e  two s e a s o n s  are 4 2  d a y s  and 25 d a y s  
r e s p e c t i v e l y .  These  f i g u r e s  a r e  comparable t o  t h e  humid p e r i o d  of  t h e  PA0 
s y s t e m ,  a t  31 and 27 days  r e s p e c t i v e l y  f o r  Ba idoa ,  t hough  t h e r e  'is no 
compar ison  t o  t h e  FA0 growing p e r i o d  of 60 and  55 d a y s .  

Jan Feb Ear Apr May Jun Jul Aug Sep O c t  Nw Cec 

STARTS ENDS OF THE SEASONS AT BAIDOA 

The q u e s t i o n  a r i s e s  a s  t o  whether  t h e r e  i s  any r e l a t i o n s h i p  between 
t h e  s t a r t ,  end and l e n g t h  o f  s ea son ,  and even  t h e  i n t e r - s e a s o n  d r y  p e r i o d .  
U n f o r t u n a t e l y  no u s e f u l  c o r r e l a t i o n  is a p p a r e n t ,  ( s e e  t a b l e  yy ) .  Although 
c o r r e l a t i o n s  do e x i s t ,  t h e y  can n o t  be used  i n  any p r e d i c t i v e  c a p a c i t y .  
Thus though t h e  l e n g t h  o f  t h e  Gu is  h i g h l y  c o r r e l a t e d  x i t h  t h e  s t a r t  o f  t h e  
Gu, t h e  end of t h e  Gu is  n o t ,  t h u s  t h e  c o r r e l a t i o n  i n d i c a t e s  t h a t  t h e  l a t e r  
t h e  s t a r t ,  t h e  s h o r t e r  t h e  season  bu t  w i th  t h e  f i n i s h  e s t i m a t e d  on ly  a s  t h e  
mean end. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
S t a r t  of the Gu 1.000 

End of the Cu -0.1L.l 1.000 

1xrgt .h  of  the Cu -3.931 0.4% 1.000 

Length of Hagai 0.090 -0.702 -0.338 1.000 

Start of the Der -0.017 0.011 0.931 0.70L 1.000 

End of  the Der 0.161 0.219 -0.060 -0.702 -0.198 1.000 

L e n g t h o f t h e D e r  0.115 0.134 -0.051 -0.647 -0.775 0.773 1.000 
- - -__--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Table 312. C O W T I O N  ON START, END AND -GE OF T& SEASONS 
-----------------------------------------------------------------------------------  
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3 .  CROP FOTEKI?AL AND POSSIBLE YIELDS. 

In this section we consider what ar e t h e  maximum y i e l d s ,  under i d e a l  
f a n n i n g  c o n d i t i o n s ,  p o s s i b l e  u n d e r  t h e  e x i s t i n g  c l i m a t i c  e n v i r o n m e n t ,  b a s e d  
o n  t h e o r e t i c a l  and p r a c t i c a l  c o n s i d e r a t i o n s .  Ke then examine  how t h e  
e x i s t i n g  r a i n f a l l  r eg ime w o u l d  r e d u c e  these maximum possible y i e l d s ,  and 
compare these results with actual o r  assumed production. (See Textnote 6). 

C r o ~  P o t e n t i a l .  

According t o  FA0 ( ~ o o r e n b o s  a n d  Kassan, 1979), " t h e  upper  l i m i t  of 
c rop  p r o d u c t i o n  i s  s e t  by t h e  c J  j n ~ a t i c  cocdi:ions and  t h e  gcno- t i c  p o t e n t i a l  
of the c r o p " ,  

It i s  i n t e r e s t i n g  t o  i d e n t i f y  v h a t  the u p p e r  l i m i t  of c r o p  p r o d u c t i o n  
would b e ,  and how it varies over  Somalia ,  n o t  because t h i s  l i m i t  c o u l d  be 
reached, b u t  t o  i n d i c a t e  by how s u c h  a c t u a l i t y  f a l l s  s h o r t  of t h i s  upper 
l i m i t ,  thus i n d i c a t i n g  t h e  b e s t  p o s s i b l e  choices  f o r  methods of i n c r e a s i n g  
p r o d u c t i o n ,  including t h e  u s e  05 i r r i g a t i o n .  

Measured Maximum Yields. One approach to i d e n t i f y i n g  maximum p o s s i b l e  . 
yields i s  o b t a i n  data  from e l s e w h e r e  i n  t h e  w r l d  where t h e  c rops  are 
grown, g i v i n g  t h e  b e s t  y i e l d s  which have  been o b t a i n e d .  The same reference 
g i v e s ,  f o r  semi-arid and a r i d  t r o p i c s  t h e  f o l l o w i n g ;  Maize, 6 -8  t i h a :  
sorghum 3 .5 -5  t / h a ;  Groundnut  3 - 4  t!ha. These f i g u r e s  r e p r e s e n t  y i e i d  
~ n d e r  t h e  best c o n d i t i o n s ,  including t h e  p r o v i s i o n  of o p t i m m  mounts of 
water, and cou ld  only be a c h i e v e d  i n  Somalia  under  i r r i g a t e d  conditions. 

Calculated Maximum Y i e l d s .  A n o t h e r  approach  i s  based on  p h y s i c a l  and 
b i o l o g i c a l  r e l a t i o n s h i p s ,  f i r s t l y  t c  produce  a t h e o r e t i c a l  maximum 
independent  of t h e  a c t u a l  crop, t h e r e s f  t e r  tailoring the r e l a t i o n s h i p s  t o  
p a r t i c u l a r  c rops  and c o n d i t i o n s .  Seve ra l  methods  a r e  a v a i l a b l e  t o  do t h i s ,  
b u t  we i n c l u d e  here o n l y  o n e ,  t h a t  of  FA0 A g r o - e c o l o g i c a l  Z o n e s  P r o j e c t .  

The c a l c i l l a t i o n  of t h e  maximum " d r y  mat ter  p roduc t i on  of  a s t a n d a r d  
crop" i s  based on a method of d e  V i t t  ( 1 9 6 5 ) ,  which r e l a t e s  d r y  matter 
p r o d u c t i o n  ( d e  Witt u s e s  t h e  word ' p r o d u c t i o n '  h e r e  i n  t h e  sense t h a t  we 
a r e  u s i n g  t h e  word ' y i e l d ' )  t o  r a d i a t i o n  f a l l i n g  on t h e  crop,  a c c o r d i n g  t o  
the e q u a t i o n  : 

Where ; 
Yo is t h e  p r o ? u c ~ . i o n .  
F is t h e  c l o u d i ~ . e s s s  a s  a f r a c t i o n .  
y o  is t h e  d r y  m a t t e r  p r o d u c t i o n  on cloudy days (from 

t a b l e s ) .  
y, is t h e  d r y  m a t t e r  p roduc t i on  o n  clear d a y s .  (from 

t*i*lf:c. > . 
As w e l l  as c l o u d i n e s s ,  Yo depends on l a t i t u d e  and month. T a b l e  31 

shows t h e  c a l c u l a t i o n s  f o r  some s t a t i o n s .  Ev:dently Yo varies very l i t t l e  
O v e r  t h e  c o u n t r y  and o v e r  the y e a r ,  e - e r p h e r e  t h e  values f a l l i n g  between 
l i t t l e  under 300 Kg/ha /day  to a l i t t l e  over &00. This p r o d u c t i o n  really is 
a o f  t h e  s o l a r  r a d i a t i o n  c h i c h  is  a v a i l a b l e  t o  t h e  p l a n t  f o r  

i n t o  d r y  matter. The f a c t o r s  Yo a n d  Y e  represent t h e  h i g h e s t  
Possible biomass product ion. 
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J m  Feb Hur Apr JUI Jul Sep Oct Hov Dee 

Afgoi 352 370 3 U  317 324 1 298 321 339 337 325 330 
hlessandra 369 384 3 7 9  347 333 325 328 343 3 357 %7 349 

Baidoa 355 375 353 308 304 308 282 303 315 293 298 328 

~ a t a d  360 402 403 338 326 323 349 363 375 345 30: 347 

Bardern 369 369 354 314 297  297 2 9 1  3 0 9  324 313  315 337 

Belet Uen 346 361 351 326 324 341 322 345 34s 329 312 333 

h S a S 0  327 351 385 394 384 3 6 4  379 383 386 370 337 323 
C. Cb.xdafui 286 335 375 409 404 402 392 396 406 368 312 234 

El Bur 337  361 356 336 334 j28 317 330 2 322  322 326 
Faro -t@ 322 361 395 396 374 404 389 401 391 396 353 330 

Gal~ai0 3 5 3  365 358 338 334 3&1 322 335 3G8 3 2 4  334 331 

Genale 369 379 377 352 331 327 311 338 3 5 4  342 359 352 

Harge isa 325 337 295 348 333 353 348 347 3.46 356 3 3 3  315 
Kismyo 322 340 339 322 312 297 301 319 329 332 325 318 

ugh 367 392 375 343 349 346 327 3G2 363 331 326 349 
h g a d  i s hu 347 360 357 332- 317 295 '196 319 342 345 122  337 

Wdo 3 7 5  368 363 351 368 366 383 374 351 346 330 

Table 31. RE;;t"3EHCE PRODUCTION ( Y I E L D )  KG/XA/DAY 
- -- 

h i s  reference y i e l d  is then s u b j e c t e d  to corrections f o r  e f f e c t  of 
cl imate .  c r o p  species, temperature length of growing period and harvest 
i n d e x ,  (ha rves ted  fraction). 

Ti i e  effect of cl imate  is said to be ref lec ted  in the potential 
evapotranspiration, and saturation deficit, actually as a ratio of t h e  two .  
(Bierhuizen and S l a t y e r ,  1965). This ratio turns out to lie between 0.26 
( h g h  in February)  and 0 . 7 7  (Mogadishu in January  and ~ugust) . In general 
Mogadishu has t h e  h i g h e s t ,  because o f  the low saturation deficit v h i l e  t u g h  
has the lowest. 

Jan Feb Har Apr Hay Jun Jul Aug Sep Oct Nov Dec 

Afgoi 180 211 196 165 191 215 200 231 197 189 143 1L9 

A lessand ra 137 133 152 118 130 121 138 144 153 143 135 133 

i doa 163 165 155 163 152 197 175 179 157 179 197 187 
th l ad ' 108 121 109 196 173 107 147 145 146 110 159 139 
tbrdera 14" i l L  I10 LOG 151 128 131 1442 136 1 139 135 
&!kt  Qen 1 123 1 7 3  104 1 3  :&; 155 i73 i:l 1;c 115 1'7 
G l ~ a i o  145 1 l U  129 101 127 130 135 1&1 143 130 1 136 
Gem 1 e 207 190 196 183 218 199 199 220 216 2 0 2  2 1 2  215 
Kisuyo 138 136 1L2 109 119 119 129 140 138 136 120 121 
L"Ch 121 102 101 110 129 131 128 133 123 109 104 105 
b 8 a d i  shu 267 230 236 193 212 198 210 246 280 214 216 2 2 2  
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Combining the previous result with the effect of climate gives an 
index for the growth potential of an area according to its climate (solar 
radiation, potential evapotranspiration and saturation deficit) and 
assuming an adequate supply of water. Thus it is a kind of irrigated 
potential index. Unfortunately the data is not available for all stations, 
but in Table 32 are given the available values, in Kg/ha/day. These values 
range between 101 (Galcaio in April and Lugh in March) and 280 (Mogadishu 
in ~e~tember). 

To bring the matter closer to reality, it is then necessary to correct 
for various crop factors. The first of these is the'effcct of temperature, 
since specified crops are adapted to particular range of temperature. For 
the range of temperatures experienced in Somali, the correction for 
temperature to 0.6 for both maize and sorghum. 

It is also necessary to correct for crop species (k). For maize this 
is 1.9 and sorghum 1.6. 

Then there is the correction for the harvested part, in the case of 
maize and sorghum, the weight of grain as a fraction of total weight. For 
maize the factor is 0.4 and for sorghum 0.35. 

Finally, there is a correction for the length of the growing season. 
This must be matched, of course, wfth the locality, the actual crop, and 
the time of the year'when planted; 

Afgoi a 1 
b) 

Alessandra a )  

b) 
Baidoa a ) 

b) 
Balad a 1 

b 
Bardera a 1 

b ) 
Belet  Uen a )  

b 1 
Galcaio a ) 

b 
Genale a 

b! 
risrr~vc, a : 

b) 
 ugh a )  

b 
Mogadishu a )  

b 1 

Maize 

Sorghum 

Maize 

Sorghum 
Maize 

Sorghuv 
Maize 

Sorghum 
Maize 

Sorghum 
Maize 

Sorghum 
Maize 

Sorghum 
Maize 

>arohum 
?laize 

Sorghum 
Maize 

Sorghum 
Maize 

Sorghum 
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resulting calculation provides, for the season, locality and crop, 
which is the maximum possible ,  provided that there is adequate 

nd provided that the agronomic factors are perfect - good soil, 
fertilizers, suitable cultivation, and -absence of pests and 

eases. All these are never achieved in reality, therefore the 
calculated yields are  above any  p o s s i b l e  achievement.  However, they are 
useful as comparative figures -conparing areas and c r o p s ,  to a s s i s t  in the 
planning of new developments, especially irrigation, as well as for setting 
t a rge t s  for existing systens. 

The results of o u r  calculations a re  shown in table 33. It appears 
that the h ighes t  y i e l d s  are  poss ib le  round Wogadishu at'-d-byer 1 I tons /ha ,  
f o r  maize, compared with t h e  6-8 tonslha  quoted above. A f g o i  and Genale 
are other potential high yielding areas. This is a result of the high 
humidity at these stations near the coast ,  w i t h  consequent low saturation 
deficit* At the other end of t h e  scale, then low yielding areas provide 
figures of j u s t  o v e r  4 t o n s l h a .  For sorghum the figures are 
p r o p o r t i o n a t e l y  l ower ,  though with the sane pattern. 

In the next section, the effect of water sho r t age  on these theoretical 
yields is discussed, and it will be seen t h a t  the calculated y i e l d s  
approach neare r  to realitv and do provide some sort of realistic t a r g e t  f o r  
t h e  efficient farmer. 



Yield Response to Rainfall, 

In the prev ious  section we discussed the maximum p o s s i b l  e yield 
according to crop and location, assuming vater supply was optimum. In 
rainfed areas, t h e  yield would be reduced according to any moisture 
shortage which the crop experiences. Methods are available for estimating 
yield of crops based on rainfall and other meteorological variables. Most 
such methods are based, in some form or other, on the water balance. One 
method, which i n c l u d e s  response to inadequate  vater supply is that of 
Doorenbos and Kassam (1979). 

I n  t h i s  method; as vith the Frere and P o p o ~ , -  predicted yield is 
reduced from a theoretical maximum, a c c o r d i n g  t o  the shortage of water. 
The advantage of the Doorenbos and Kassam nethod is that the rate of 
reduction varies according to the stage of dcvelopnent of t h e  c r o p .  

The basic equation is: 

(1 - 3)  = kj. ( 1  - - ETa) 
Ym ETm 

Khere; 
Ya is actual yield. 
Ym is theoretical maximum yield. 
ky is yieid r e d u c t i o n  factor. 
ETa is actual evapotranspiration. 
ETm is tie crop required evapotranspiration. 

Actual evapctranspiration is the rainfall plus any soil mois ture  
storage, up t c  the crop required evapotranspiration, which is the potential 
evapotranspiration multiplied by the crop coefficient Kc. 

The equation can be applied to the grouing season as a whole, o r  t o  
the various groving periods, u s u a l l y  taken as, ( f o r  maize and sorghum): 

0 Establishment, from planting to head initiation. 
1 Vegetative, from head initiation to head e m e r g e n c e .  
2 Flowering, from head emergence to seed set. 
3 Yield Formation, from seed set to physiological maturity. 
4 R i p e n i n g ,  from physiological m a t u r i t y  to harvest. 

Method of Calculation. To estimate yield, five steps are necessary. 

S t c p  1. Determine to maximum possible yield of the variety, (Yn) 
based on the climate, assuming adequate w a t e r  supply and assuming no 
limitations due cultural practices. It is p o s s i b l e  to do this by a few 
m e t h o d s ,  outlined in Doorenbos and Kassam, but we have taken the figures 
provided by the Agronomical Section of the FEUS Project. 

Step 2. Calculate the maximum evapotranspiration (t'h; (iol . i )  when 
crop rjater requirements are fully met. This calculation is potential 
e~apotranspiration (PET) ( C o l .  6 )  multiplied by the crop coefficient (KC) 
( ~ 0 1 . 4 ) .  Potential Evapotranspiration may be taken from direct 
measurement, or calculated indirectly from the Penman or other formula. We 
have taken the FA0 data directly (see previous chapter). The Crop 
Coefficient represents the fraction of potential evapotranspiration which 
the crop requires, at the various stages of growth. The values of the 



coefficient are based on concensus over m y  years of experimentation and 
estiaation, and, for maize and sorghm are shorn in t a b l e  3 4 -  

Step 3. Determine  the actual crop e v a p o t r a n s p i r a t i o n  ( a c t u a l  water 

u s e ) .  This is concerned  with the a v a i l a b i l i t y  of water in the s o i l .  In 
areas which are generally s h o r t  of water, such as Somalia, i t  is assumed 

t h a t  all rainfall goes into the soil, and the c r o p  t a k e s  what it requires, 
up to what is available. If any s u r p l u s  exists at t h e  end of a t e n  day 
period, then it may be used i n  t h e  next ten day per iod .  (~01.5 + soil 
s t o r a g e ) .  

C 

- -S tep  4,. Resolve - t h e  e q u a t i o n ,  either on a seasons1 basis, or by each 
growing p e r i o d .  In each case a y i e l d  response factor ( K ~ .  ) (~01.9) is 
chosen f o r  the season or each growing pe r iod ,  allowing the equation t o  be 
so lved .  

Results for S o r ~ h u m .  We have taken f o u r  stations for sorghum, a l l  in 
the main sorghum regions of Bay and Hiran. Baidoa, the heart of t h e  region 
is well su i t ed  to sorghum grouiag,-xith, on average, no moisture deficit at 
any  period, thus y i e l d  s h o u l d  be c l o s e  t o  t h e  maximum poss ib le .  Avay from 
the higher rainfall area, then potential yield falls o f f .  A t  Hoddur, there 
is n o  moisture deficit until stage 2;  l lo we ring), bu t  because of t h e  h.igh 
water need, and sparse rainfall, only 402 of t h e  water  need i s  f u l f i l l e d ,  
e v e n t u a l l y  r e s u l t i n g  in a 292 reduction in yield for the stage. It is i n  
s tage 3; (Yie ld  Fo: n a t i o n ) ,  however,  where most y i e l d  is lost, since only 
1OZ of the water need can be met, resxlting i n  a 59X r e d u c t i o n  i n  y i e l d ,  
The f i n a l  y i e l d  at Hoddur is t h u s  only 342 of possible. This pattern is 
repeated at Bardera ,  where there is a slight deficit even a t  s tage 1; 
(vegetative), and Belet Ven, where t he  e v e n t u a l  y i e l d s  a r e  as low as 
312(3.6 t h a )  and 372( 1.6 t/ha) respec t ive ly  of the maximun possible. 

There is also ssme scrghuv grown i n  t h e  northwest, where, a l t h o u g h  
rainfall i s  reasonable, p o t e n t i a l  evapotranspiration is very  high, d u e  to 
t h e  s t rong  winds and low vapour pressure. There is a w a t e r  deficit here 
th roughou t  t h e  season, with y i e l d  reductions at every stage of growth, with 
the result t h a t  t h e  final y i e l d  estimate is only  26% of the maximum 
possible. 

Results for Maize. We have chosen t h ree  stations in t h e  main maize 
growing  belt, Afgoi ,  Genale and Alessandra. In these places, the crops get 
o f f  t o  a reasonab le  s t a r t ,  except f o r  some slight difficulty during stage 
2 ;  (vegetative) at Genale, but t h e  exceptionally high crop response 
c o e f f i c i e n t  of 1.5. f o r  s tage 3;(~lowering), means that the moisture 
deficit at this stage is very important in terms of lost y i e l d .  Maize is 
very sensitive to moisture shor t age  d u r i n g  flowering. Only  Alessandra 
escapes a serious reduction in y i e l d ;  Afgoi loses a massive 78% and Genale 
552. Further losses occur a t  a l l  t h r e e  s t a t i o n s  in t h e  remaining 2 stages, 
w i t h  t h e  f i n a l  yield est imates  being 15%(1.6 t / h a ) ,  372(3.8 t/hn) and 
5 4 X (  3 - 1. t / h ~ )  a:. Afg;i ,  Genale a25 P l e s s a n d r a  r~spect l ; , :~e  1 y. 4 ' 1 . .  

A t  Hargeisa, where longe r  d u r a t i o n  maize is grown t h e  situation is 
worse. The crops s u f f e r  a complete failure d u e  to shortage of moisture 
during flowering. 

I n  p r a c t i c e ,  of c o u r s e ,  t h e  situation is no t  a s  gloomy. I n  Middle and 
Lower Shabe l l e ,  t h e n  irrigation of maize is wide ly  practiced, while i n  the 
northwest, w a t e r  conservation and concentration techniques, such as bunding 

1\ 



or planting i n  wadis is cornon .  This  method of calculation d e m o n s t r a t e s  
why. 

The above method of e s t i m a t i o n  is based on t h e o r e t i c a l  considerations, 
and a s s u m e s  optimum i n p u t  of f e r t i l i s e r s ,  good s o i l ,  good fa rming  practices 
and perfect  c rop  protection. The differences betveen t h e  estimations and 
the figures presen ted  below are  a measure o f  t h e  e f f ec t  of t h e  less than 
p e r f e c t  conditions and p rac t i ces ,  and i n d i c a t e  the  gap which may go some 
way t o  b e i n g  f i l l e d  by irnproveme.its i n  farming p r a c t i c e s .  . .  . - - 

Crop S b g e  Kc Painfa l l  PET D m  1-ETa Ky 1-Ya Ya - - - 
ETm Ym YQ 

0 Establishc~cnt 20 A ~ r 1 , 2  O.L 85.7 96 38 0 0 1 
1 Vegetative 20 A p r 3 , A w a y l  0.7 126.5 91 &L 0 0.2 0 1 
2 Flouermg 15 Pay 2 , 3  1.1 55 .1  65 72 0 0 . 5 5  0 1 
3 Yield Torna t i on  35 Jun 1,2,3 0 . 8  36 .1  138 110 0 0.45 0 1 
4 Rlpening 10 J u l l  0.5 5 . 2  38 19 0 0.2 0 1 

---- 
1 00 RAIDCIA .sQRCHLN Reduction to :  100% 

- - - - - - - - - - - - - - - - - - - - -  
Table 3 4 ( a ) .  YIELD R m U C X I C ' N  DLT ?0 SHORTAGE 

0 Establishment 20 Apr 1 , 2  0 . b  68.4 125 SO 0 0 1 
1 Vegetative 20 Apr3,HayI  0.7 67.9 l i b  80 0 0.2 0. 1 
2 Fhwermg 15 Hay 2 , 3  1.1 3 2 . k  76 8t 0.53 0.55 0 . 2 9  0.71 
3 y i e l d  Formation 35 Jun 1,2,3 0 . 8  1 5 . 2  191 153 0.90 0.45 O.L1 0.59 

G Ripening 10 JUJ 1 0.5 0 . 8  49 25 0.97 0 . 2  0.19 0.81 
---- 
1 0 0  HODm - .5cWHUH Reduction t o :  34% 

(1) ( 2  1 ( 3  1 (4) (5) ( 6 )  (7) ( 8 )  ( 9 )  (10) (11) 
Crop S W e  Days Decades Kc Rainfall PC. ETm 1-ETa Ky 1-Ya Ya - - _I m Ym Ym 
----------------------------------------------------*-----.----------------"------------------------ 

0 E s t a b l i s ~ t  20 Apr1 ,2  0.4 5 9 . 7  106 42 0 - - 1 
1Vegetative ' 20 Apr 3,Kay 1 0.7 56 .1  106 70 0.01 0.2 0 1 

2 Flovering 15  Hay 2,3 1.1 2 6 . 2  81 89 0.71 0 . 5 5  0.39 0,61 
3 Yie ld  Formation 35 Sun 1,2,3 0.8 21 .4  192 156 0.86 0.45 0.39 0.61 
4 Ripening 10 Jul f 0 . 5  6.1 Sb 28 0.78 0.2 0.16 0.84 

---- 
100 BARDERA S O W  Reduction to: 31% 

--------------------------------------------------------------------------------------------*------- 

Table 3 4 ( c )  - Y I E L D  IEWCTTON DUE M WATER SHORTAGE 
------------------------------------------------------------------"---------------*----------------e. 
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0 Establishnent 20 Apr 1,2 0.4 36.1 148 59 0 - 0 1 

1 Vegetative 30 hpr3,Hayl,2 0.7 70.2 227 159 0.56 0.2 0 1  0.89 

2 Flowering 20 Uay 3,Jun 1 1.1 36.1 180 198 0.81 5.55 0.45 0.55 

3 Yield Formation 40 Jun2,3J11,2 0.8 70.3 414 331 0.83 0.45 0.38 0.62 

4 Ripening 15 Jul 3,Aug 1 6.5 22.9 154 77 0.70 0.2 0.14 0.86 
---- 
125 WIRGEISA SORGHUM Reduction to: 26\ 

Table 34(e). YIELD REMCTION WE TO WATER SHORTAGE 

0 Establishment 20 Aprl,2 0.4 66.4 125 50 0 - 0 1 

1 Vegetative 25 Apr 3,%y12 0.7 67.9 114 80 0 0.2 ? 1 

2 ?lsvcrinq . 76, Fky 2,3Junl I.? >?.i 76 84 C.53 0.d' si.23 0.71 

3 Yie1d.Fomtioo 35 Jun1,2,3Jul 0.8 15.2 191 153 0.90 0.45 0.41 0.59 

4 Ripening 10 Jul 2 0.5 0.8 49 25 0.97 0.2 0.19 0.81 
--- - 
110 WSSANDPA MIZE Reduction to: 341 

Table 3 4 ( f ) .  YIELD REDUCTION DZ TO WATER SHORTAGE 
- - - -  
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Es tab1 i s b a t  20 Apr 1,2 0.4 59.7 106 42 0 0 1 

Vegetative 25 Apr 3,Fayl2 0.7 56.1 106 74 0.01 0.2 0 1 

Flowing 20 Hay 2,Uudl 1.1 26.2 81 89 0.71 0.55 0.39 0.61 
Yield Formation 35 Junl2Uull 0.8 21.4 192 88 0.86 0.45 0.39 0.61 

Ripening 10 Jul 2 0.5 6.1 56 10 0.78 0.2 0.16 0.84 ---- 
110 A F W I  M Z E  Reduction to: 343 

___________-_--------------------------------------------------------------------------------------- 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Crop Stage Days Decades Kc Rainfall Pm Urn 1 -  Ky 1 - 2  2 
ETta Ym Ym 

0 Establishment 20 Apr 1,2 0.4 44.4 99 40 0 0 1 

1 Vegetative 25 Apr 3,Fay12 0.7 68.7 97 68 0 0.2 0 1 

2 Flowering 20 Hay 2,3Junl 1.1 36.7 71 78 0.45 0.55 0.25 0.75 

3 Yield Fo-tion 35 Ju~1123Ju11 0.8 20.8 174 139 0.85 O.GS 0.38 0.62 

4 Ripening 10 Jul 2 0.5 0.2 50 25 0.99 0.2 0.20 0.80 ---- 
110 Cc.IALE MILE Reduction to: 37% 

________-------------------------------------------------------------------------------------------- 
Table 34(h). YIELD REDUCTION DUE TO WAI'&R SHOFTAGE 

_______----------------------------------------------------..---------------------------------------- 

_________------------------------------------------------------------------------------------------- 
(1) (2) (3) 4 ( 5 )  (6) ( 7 )  (8) ( 9 )  (10) (11) 

Crop Stage Days Decades Kc Rainfall P E I  ETn 1-ETa - h'y 1 - Y a  2 
Ein Ym Ym 

0 Establishment 20 Apr1,Z 0.4 36.1 148 59 0 0 1 

1 Vegetative 30 Apr3,Hayl,2 0.7 70.2 227 159 0.56 0.2 0 . 1  0.89 

2 Flowering 20 Fay3,Junl 1.1 36.1 180 198 0.81 0.55 0 . ~ 5  0.55 
3 Yield Forention 40 .k&,Ul?,Z 0.8 . 70.3 414 331 0.83 0.45 0.38 0 . 6 2  

, 6 Ripening 15 Jul 3,Aug 1 0.5 22.3 154 77 0.70 0.2 O.iS C.36 ---- 
125 HAKE1 SA UAIZE Reduction to: 26% 

___________----------------------------------------------------------------------------------------- 
Table 34(i). YIELD REWCfION DUE TO W m  SHOIUACE 

___________-----------------------------------------------..---------------------------------------- 
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Actua l  Y i e l d s .  

Tab l e  35 is p a r t  o f  t h e  s u i t a b i l i t y  c l a s s i f i c a t i o n  of t h e  PA0 
Agroeco log i ca l  P r o j e c t .  F o r  beans and  sorghum, any  a r e a  w i t h  a  season  less 
t h a n  90 days  is u n s u i t a b l e ,  and f o r  maize ,  t h e  e q u i v a l e n t  f i g u r e  is 105  
days .  Thus, o u t  o f  t h e  whole of  Soma l i a ,  o n l y  a  s m a l l  s t r i p  from J i l i b  t o  
Genale  p rov ides  what FA0 c a l l s  "Marg ina l l y  s u i t a b l e "  l a n d s  f o r  t h6se  c r o p s ,  
w i th  y i e l d s ,  no more t h a n  30% of  t h e  maximum p o s s i b l e  w i t h  no c o n s t r a i n t s ,  

- F E W S  1983 FEW5 1986 

COWPEAS 

O 0 20 LO 6 0 80 

L E N G T H  OF GROWING SEASON -DAYS 

YIELDS OF SORGHUM & COWPEAS 
F i g 2  - piJ 

being  a t  most 0 .310 .4  t / h a  sorghum, 2 .012 .3  t / h a  ma ize  and 0 .210 .5  t l h a  
beans .  These c o r r e s p o n d  t o  a c t u a l  y i e l d s  o f  0 .110 .8  t l h a  sorghum, 0 . 6 1 1 . 5  
t / h a  maize and 0 . 2 1 0 . 5  t / h a  cowpeas. No comprehens ive  s t u d y  o r  even  
measurement of c r o p  y i e l d s  h a s  e v e r  been done ,  though v a r i o u s  p r o j e c t s  have  
c a r r i e d  o u t  some croG c u t t i n g  t r i a l s .  Thus any r e l a t i o n s h i p  betueen l e n g t h  
of  growing season  and  y i e l d  is  r a t h e r  s p e c u l a t i v e .  However, f i g  58 shows 
d a t a  from two s o u r c e s  (FEWS, 1983,  and FEWS 1986) f o r  sorghum and cowpeas.  
Apa r t  from a  few o u t l i e r s ,  some s l i g h t  a s s o c i a t i o n  can  be d e t e c t e d .  We 
have n o t  s u b j e c t e d  s u c h  u n c e r t a i n  d a t a  t o  s t a t i s t i c a l  a n a l y s i s ,  bu t  i t  
a p p e a r s  t h a t  sorghum y i e l d  may i n c r e a s e  by a p p r o x i m a t l y  0 . 1  t / h a  f o r  e a c h  
10 days i n c r e a s e  i n  l e n g t h  of growing s e a s o n ,  and r a t h e r  l e s s .  by 0 .07  
t / h a  f o r  cowpeas. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Days 75-89 90-119 120-149 

------------------------------------------  S = S u i t a b l e  

Table  35. SUITABILITY CLASSIFICATION AND 
YIELD IN T/HA BY LD(GIH.5 OF GROWING 
PERIOD (Lov input l e v e l )  
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Forane Production. 

Drawing on a  p r e v i o u s  publication by o n e  of the  p r e s e n t  a u t h o r s  
(Hutchinson 1986),  it  is p o s s i b l e  t o  r e l a t e  t h e  Climate t o  p r o d u c t i o n  of 
f o r a g e ,  wh ich  is an e v e n  increasingly i m p o r t a n t  t o p i c  in view of p r e s s u r e s  
o n  t h e  utilisation o f  r a n g e l a n d .  By means of the methodo logy  used by t h e  
FA0 in their study of Later Use in I r r i g a t e d  Agriculture, a r e f e r e n c e  
p r o d u c t i o n ,  s i m i l a r  t o  t h a t  above  is f i r s t  c a l c u l a t e d  according to the 
formula :  

Yo = (15 .3  t10.6 - n 1 R 2 .  

N ETo 

Where Yo = r e f e r e n c e  p r o d u c t i o n  i n  ~ g / h a / d a y .  
n = a c t u a l  sunshine hoursL 
N = maximum poss ib le  sunshine  h o u r s .  
Ra = e v t r a  -te;restrial r a d i a t i o n .  - tTa  = a c t u a l  c r o p  e v a p o t r a n s p i r a t i o n ,  
ETo = reference crop evapotranspiration 

(Water need) 

This equation is  similar, but n o t  identical t o  t h a t  used above .  It 
uses s i m i l a r  meteorologicai parameters, t h c ~ g h  with sunshine h o u r s  i n s t e a d  
of c loud  amount, bilt w i t h  no reference t a  saturation d e f i c i t ,  b u t  t h e  
p a r m e t e r s  a r e  differently a r r a n g e d ,  and the c o n s t a n t s  a r e  d i f f e r e n t  . 

L'e i n c l u d e d  t h i s  e q u a t i ~ n  t o  i n d i c a t e  t h a t  there is no one  d e f i n i t i v e  
set>.od of e s t i m a t i n g  y i e l d ,  r a t h e r  a s e l e c t i o n  from which a choice may 
i n t e l l i g e n t l y  be n a d e ,  and ap?lied w i t h  cautions professionalisn. 

But to get back to the c a l c u l a t i o n :  

To c o n v e r t  t h i s  r e f e r e n c e  producicn t c  predicted a c t u a l  p roduc t  ion, 
tk3n a n m b e r  of factors need to be i n c luded :  

Where: 
a = Photosynthetic e f f i c i e n c v  of the crop, 
Ct = C o r r e c t  ion f o r  a c t u a l  t e m p e r a t u r e  a g a i n s t  opLimum 

t e m p e r a t u r e  f o r  naximum g r o w t h  of the crop. 
e = C u l t u r a l  e f f i c i e n c y .  
K f  = F r a c t i o n  of p l a n t  un ich  can b e  h a r v e s t e d .  
m = Moisture p e r c e n t a g e  of h a r v e s t .  

0 . 6 3 0 5  = Conversion from k g / h a / ? a Y  t o  T/ha/month. 

F o r  r j a n t  of b e t t e r  information, we h,;e  take^: t he  f o l l o w i n g  v a l u e s  f o r  
range?and : 

a = 0 . 2 ,  s i n c e ,  f o r  a l f a l f a  a = 0 . 3 .  
c = 0 . 9 ,  s i n c e  it is ass lued t h a t  r a n g e l a n d  p l a n t s  

will e x i s t  in near optimum t empe ra tu r e  
c o n d i t i o n s .  



e = 0 .5 ,  since, for favourable agricultural 
practices e = 0.7.  

K f  = 0.6, taking into account roots and woody 
material. 

m is i g n o r e d ,  gi1,:ing d r y  matter directly. 

Finally, we have taken ETa as monthly rainfall, and ETo as Potential 
Evapotranspiration, and performed calculations on a monthly basis, 
c u m u l a t i n g  to g i v e  a n n u a l  p r o d u c t i o n ,  and u s i n g  t h e  FA0 data .  

Where Y d n  = annual dry matter produc t ion  in t / h a  
P = Monthly rainfall- 

PET = Monthly potential evapotranspiration. 

This equation is most effected by t h e  r a t i o  PIPET, since both 
( 1 5 . 3  +10.6 g )  and Ra v a r y  rather l i t t l e  o v e r  the c o u n t r y  and the year. 

PET v a r i e s  from a monthly minirnun of 98 mm (at J o n t e ,  ~ u n e )  and a 
maximum of 4 1 3  m1n-1 (at Berbera ,  u g u s t )  a n d  t h u s  has some effect, but it is 
the v a r i a t i o n s  in r a i n f a l l  which has nost  e f f e c t  on t h e  variations of Ydm, 
both i n  tine and space.  

I 

0s -- -. 
-\- -? 

I i d  

The  r e s u l t s  o f  t he se  c a l c u l a t i o n s  a r e  shown i n  t h e  f i g u r e  59 .  Forage 
production is h i g h e s t  in the agricultural areas of the south, reaching a 
maxim~m of 2 tonslhectare. I n  t h e  t r a d i t i o n a l  nomadic a r e a s ,  p r o d u c t i o n  

FIG 59 
m 



falls o f f  to values  of u n d e r  h a l f  a t o n  p e r  hec ta re ,  and  t o  a lmost  z e r o  i n  
the f a r  northeast, 

h simpler method, based  on a c t u a l  f i e l d  measurements ( and  thus  
comparable t o  t h e  f i g u r e s  f o r  reccrded maximum y i e l d s  q u o t e d  a b o v e ) ,  is 
t h a t  f o r  g r a s s l a n d s  by D i l s h ~ l u k h  ( 1 9 8 4 )  which is d e r i v e d  from a number of 
i ndependen t  t r i a l s ,  r e l a t i n g  p e a k  biomass above ground for grassland w i t h  
a n n u a l  rainfall. The t r i a l s  were carried out by several o b s e r v e r s  i n  
A f r i c a ,  c o v e r i n g  an  a r e a  s t r e t c h i n g  from southern  A f r i c a  ( t h e  Namib) t o  
K e n y a ,  and including s i t e s  in T a n z a n i a  and Ugandaa 

The equation is: 

( p e a k  biomass ( ~ g / h a )  = 8 . 4 8 8  x p r e c i p i t a t i o n  (mn)  - 195.768.  

S i n c e  biomass is d i r e c t l y  r e l a t e d  t o  t h e  ar:nual rainfall, t h e n  the 
geographical distribution also f o l l o w s  the map of  annual rainfall (see 
figure 31). The predicted p e a k  biomass biomass v a r i e s  from less than 0.5 
t / h a  i n  t h e  f a r  n o r t h - e a s t  t o  o v e r  4 . 0  t / h a  i n  t h e  t v o  h i g h  rainfall areas  
of the northwest and over the Bay and  M i d d l e  J u b a  areas, (see fig. 5 9 ) ;  In 
this derivation, n o  account  has been t a k e n  of s o i l  and other v a r i a b l e s ,  
t hus  a c t u a l  biomass p r o d u c t i o n  i s  l i k e l y  t o  be l ess  t h a n  t h e  peak  v a l u e s  
shovn . 

Comparing t h e  two methods ,  it is seen that the peak biomass method of 
Deshmukh p roduces  h i g h e r  v a l u e s  t h a n  t h e  e s t i m t e s  cf a c t u a l  p roduc t ion  Sy  
t h e  d e  Witt method. I n  the s o ~ t h  i t  is h i g h e r  by a f a c t o r  of 2 ,  b u t  i n  t h e  
no r th  t h e  f a c t o r  increases, even up to a value of 5 .  

Hovever, so  many a s s u m p t i o n s  have bee2 made h e r e  t h a t  t h e  a c t u a l  
results n e e d  t o  be s c p p o r t e d  by f i e l d  t r i a l s ,  r e s u l t s  of  which a r e  not 
available at tne time of w r i t i n g .  





DPENDM 1 Estimation of Sunshine Bours 

Records from n i n e  s t a t i o n s  f o r  d u r a t i o n  of b r i g h t  s u n s h i n e  exist, 
while f o r  cloud m o u n t ,  t h e r e  a r e  r e c o r d s  from .30 stations. In t h i s  
analysis, seven s u n s h i n e  s t a t i o n  r e c o r d s  are u sed ,  s i n c e  o n e  h a s  been 
dropped  b e c a u s e  there  is no equivalent c l o u d i n e s s  record and one b e c a u s e , o f  
its sh.ort r e c o r d <  

Cloud anounts  a r e  recorded i n  F a n t o l i  i n  t e n t h s ,  b u t  t he se  have been 
converted t o  e i g h t h s  (Oktas) f o r  t h i s  a n a l y s i s .  

The e s t i m a t i o n s  o f  s u n s h i n e  hours i s  based .:!n l i n c a r  r e g r e s c i o n s  
betueen measured s u n s h i n e  h o u r s  and c l o u d  a m o u n t s ,  u s i n g  monthly v a l u e s  
w i t h o u t  r e f e r e n c e  to t h e  t ime  of t h e  yea r .  P re l imina ry  a n a l y s i s  showed t h a t  
t h e r e  appeared t o  be two r a t h e r  d i f f e r e n t  groups  of  s t a t i o n s ,  w i t h  
A le s sand ra ,  Genale,  Jowhar and Aimadu p r o v i d i n g  one d a t a  set  ( A )  and 
Baidoa ,  Bulo Berti and Mogadishu t h e  o t h e r .  The r e a s o n  f o r  this is n o t  
c l ea r ,  except  t h a t  group ( B )  contains t h e  more cloudy stations, b u t  t h e  
d i s t i n c t i o n  is e v i d e n t  i n  t h e  scattergraph. 
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TFle 1:r:car regressions fitted to t h e s e  two  g r o u p s  o f  d a t a  p r o v i d e d  t h e  
iolloving: 

A B 
Correlation Coefficient -0 .803 -0 .368  

Regression Coefficients Group A 

Yarameter Est.imat.e St.Error t 

Cons t a n  t 11.38  0 . 4 1  2 7 . 7 3  
Oktas - 1 . 15  0.13 -9.15 

Zegression Coefficients Group B 

Parameter Estimate St.Error t 

C o n s t a n t  11 - 6 2  0 . 3 4  3 3 - 8  
O k t a s  - 0 . 8 9  0 .09  -10 .17 

The r e g r e s s i o n s  t h ~ s  e x p l a i n  642 and  752 of t h e  variance of  the  
depecden t  v a r i a b l e  ( S u n s h i n e   ours). i 

i n -  , 

Using t h e  s i m p l e  form of t h e  s t andard  e r r o r  of estimate; 

sy = c r 2  , where s is t h e  s t anda rd  d e v i a t i o n ,  

g ives  SV = 0 . 6 3 6  and 0 . 5 2 5  f o r  Group ( A )  and  Group ( B ) .  Thus  any estimate 
of  m o n t h l y  s u n s h i n e  f r o m  t he  c loud m o u n t  is l i k e l y  t o  fall v i t h i n  a r ange  
of  + 2 Sy,  o r  2 . 5  and 2 . 1 ,  which a r e  r a the r  la rge  amounts on ac tua l  values 
lying between 4 and 1 C .  

S t a t i o n  JAN PAR APR MAY JlRJ JUL AUG SEP OCT HC,V DEC RWAL 

Berbers a) 2.1 1.9 1.6 1.8 1.6 1.0 1.7 1.5 1.3 1.2 1.3  1.4 1.5 

b) 8.9 9.1 9.5 9.3 9 .5  10.1 - 9 . 4  9.6 9.9 9.9 9.9 9.7 9.6 

Hargeisa a) 2 . 3  2.7 2 . 4  3.5 4.0 3 . 4  3 . 6  3.6  3.4 2 . 3  2.3 2 . 5  3.0 

b) 8.7 8 . 2  8.6 7 . 3  6.7 7 .4  7.2 7.2  7.5 8.7 8 . 7  8.4 7.8 

a )  is Cloud Amount ii Oktas .  b) is Sunshine Hours per Day 

Table 36. DERIVATIN OF SbiNSHIHE FROH 0 AHOUhT 

However f o r  Hargeisa and Berbera, shown in f i g .  60, t h e  Group (A )  
equation has been u sed ,  m a i n l y  because they e x p e r i e n c e  low cloudiness The 
results of these calculations are shown in t a b l e  3 6 ,  and t he  figures appear 
to be reasonable ,  though the uncertaincy is q u i t e  h igh .  The January 
estimate f o r  Berbera,  given as 8.9  c o u l d ,  however, with 95Z p r o b a b i l i t y  
f a l l  w i t h i n  the r a n g e  7 .6  to 10.2 hours per day. In addition, Statisticians 
may well s h u d d e r  a t  the i d e a  of d e r i v i n g  t h e  Berbera d a t a  l a r g e l y  by 
e x t r a p o l a t i n g  t h e  r e l a t i o n s h i p  beyond t h e  limits of t h e  actual d a t a ,  as nay 
a l s o  Geographers f o r  going beyond the g e o g r a p h i c a l  l i m i t s  of the ac tua l  
d a t a .  
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~ p m m  2 The P a r ~ l n e t e r s  of Atmospheric Ounidity. 
C _  

~eteorological o b s e r v a t i o n s  in Somal ia  include those of Vapour 
pressureB Dew Point and Relative H u n i d i t y .  

D e w  P o i n t  is the temperature when the water vapour in the air becones 
saturated and therefore c o n d e n s e s  as dew on a suitable surface. 

Rclative Humidity is the r a t i ~  m c w e e n  vapcLr precsure of t;!e a i i  and 
the saturated V a p U r  pressure at the s a n e  temperature, and is usually given 

a percentage. It may be thought of as the q u a n t i t y  of moisture t h e  air 
a c t u a l i y  c0n t a i r . s  compared t~ t h e  naximun it c o u l d  c o n t a i n  at the same 
temperature. 

Vapour pressure (el is  t h e  p r e s su re  exerted by the moisture in the 
atmosphere on a horizontal surface, in t k e  same manner  i n  which a i r  a l s o  
exerts a p res sc re  on a h o r i z o n t a l  s u r f a c e  e.g .  the s u r f a c e  of the Earth. 
S a t u r a t e d  Vapour Pressure is t h e  maximum pressure which the air can exert 
a t  a n y  t e m p e r a t u r e   hen t h e  a i r  is s a t u r a t e d ,  i . e .  contains as much vapour 
as it can. 

A b s o l u t e  Humidity ( q )  i s  defined a s  t h e  mass o f  water  vapour  in l n3  o f  
a i r .  

The r e l a t i o n  between these t u o  qxantities, e and q can be shovn  as: 

q = g . 1293 be , wher2; 
ltat 760 

q is t h e  m a s s  of  1 m 3  of d r y  a i r ,  which 

a is the coefficient of expansion of air 
(0.OO366) 

The specific gravity (g) of a vapour re la ted  to air is 0.623, thus: 

S i n c e  a is very small, then H a t  * l,therefore, approximately, 

exerts a pre s su re  of 760 mb when the 
temperatnre is O°C. 

Each of the various methods of describing humidity has its 
application, for exanple, relative humidity is the closest to what t h e  
human body can perceive and is the easiest to measure, whereas vapour 
pressure is a more useful parameter i n  scientific applications. 

Kowever, relative humidity is very dependent on air temperature, SO 
t h a t  var ia t ions  in actual water content of the atmosphere may be masked by 
variations in a i r  temperature. For t h i s  reason, either dewpoint or vapour 
pressure is used nore in scientific applications and weather forecasting. 
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Compare the t a b l e s  and figures f o r  relative humidity and dewpoint 

i n  chapter two ( F i g s  20 23 b 241 and vapour  pressure ( ~ i ~ .  61)  shown 
t h i s  a p p e n d i x  In these cases,  the atmospheric situation is more 

e a r l y  demonstrated u s i n g  vapour pressure or dewpoint,than by using 
lative humidity, f o r  vh ich  fig. 23 represents a rather disorderly 
tuation. In p a r t i c u l a r ,  t h e  onset of the two wet seasons and the effect 

t h e  Karif are quite clearly demonstrated. 

'El B u  r 
Fa ro  O a n t e  

S o s a s o  

MONTHLY VAPOUR PRESSURE AT F E W  STATIONS 



______---_I----------- - - - - . . - - - - - I - - - - - - -  _ _ _  - - - -  - - - -  

s t a t i o n  JAN FAR w~i dx?i 31 AUG SEP OC-7 .wv cLC A W A L  
_______------------------------------______________________________________I_~~---------..------------------------------------------------------- 

A f p  i 2 1  26 .7  2 7 . 3  2 8 . 6  2 8 . 6  2 7 . 8  2 25.7 25.0 2 5 . 5  . 2 3 . 9  26 .3  
~lessandra 2 4 . 9  24.8 25 .6  2 7 . 4  27.8 25.9 24.3 ?3 .6  23.9 2 4 . 9  2 7 . 2  26.1 25 .6  

bidon 22.0 23 .6  2 3 . 7  2 6 . 8  2 5 . 7  '4 .1 23.3 2 2 . 3  22.8  2 5 . 5  26.4 2 5 . 3  2 4 . j .  

~ a l a d  20.9 2 4 . 4  19.7 26 .9  2 8 . 2  2 3 . 1  24.0 2 3 . 3  2 3 . 2  2 1 . 2  2 7 . 7  2 4 . 4  2 4 . 1  

Bardera 2 2 . 3  22 .5  2 4 . 3  27 .3  2 7 . 8  2 4 . 3  22 .0  2 2 . 4  2 3 . 1  2 7 . 3  2 7 . 3  2 5 . 2  2 4 . 7  

Belet Uen 24.9  2 2 . 9  2 6 . 1  2 8 . 2  28 .9  2 7 . 0  27.0 2 6 . 1  25 .1  2 5 . 7  26.9 2 6 . 1  26.4 
h s a s o  2 5 . 3  ' 5 . 3  2 6 . 5  3 1 . 7  3 2 . 8  X . 8  3 3 . 0  3 3 . 0  3 1 . 4  3 1 . 3  3 0 . 9  3 6 . 6  20 .2  

t a ~  G u a - d a f u i  2 4 . 0  35 .2  2 7 . 0  2 9 . 0  3 1 . 8  28.8 2 4 . 5  25.2  25.7 26.0 24.7 2 3 . 1  2 6 . 3  

€1 Bur 2 6 . 8  26 .9  2 8 . 0  3 4 . 0  33.7 j 2 . 4  3 . 0  27.8 27.3 29 .3  2 9 . 3  2 8 . 4  2 9 . 3  
Faro D a t e  2 7 . 2  28.8 3 0 . 5  3 1 . 3  3 0 . 8  2 5 . 3  21.5 2 2 . 9  24.0  28 .0  2 8 . 2  2 8 . 0  2 7 . 3  
Galcalo 1 3 . 1  !6-9 1 9 . 5  21 .9  2 3 . 7  2 0 . 7  20.7 2 1 . 1  22.5  25 .3  7 4 . 5  ? 2 1 . , 5  
Genal e 26.7 26.9 28.8 3 0 . 1  3 0 . 1  2 7 . 2  26.:  2 5 . 5  25.9 2 7 . 4  2 3 . 4  2 3 . 0  2 7 . 6  
K isray0 2 8 . 1  29 .8  1 .  3 1 . 0  30.8 2 8 . 1  2 7 . 0  2 7 . 0  26.8 2 7 . 7  2 9 . 4  2 9 . 2  28.8 
LughGa=~ana 2 3 . 5  2 3 . 5  23 .5  2 8 . 8  29.0 2 5 . 3  2 4 . 0  2 4 . 0 .  23.5  2 5 . 6  2 6 . 7  23.9 2 4 . 9  
bgadisho 27 .9  27.6 2 8 . 9  3 6 . 5  29.9 2 8 . 3  6 . 7  26 .8  1 2 9 . 5  28.5 28.0 2 9 . 3  

W d o  16.3 i8.3 1 9 . 5  1 9 . 9  2 7 . 5  19.9 22.9 20.3  2 2 . 1  20.1 2 0 . 0  8 . 3  20.0 
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