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ABSTRACT

The drought* of early 1970* and early 1980* were l a w  of the 

worat on record In the hiatory of Sub-Saharan Africa. Drought, 

which In thia atudy refer* to an extended period of exceptional low 

rainfall, haa been aaaoclated with negative effect* In Africa with 
the drought* of early 1970* and early 1980* being bow* of the worat 
especially In the Sahel region. The effect* of these drought* of 

the 19708 and the 1980s led to Increased attention on the cl lest 1c 

anomalies In Africa especially drought 1n the Sahel. The Increased 

attention had hitherto largely Ignored the high rainfall areas of 

Africa In teres of drought occurrence and yet these areas are the 

granaries of the Contlnent.s populace.

This study was aimed at finding out whether the high potential 

lands of Kenya are prone to drought occurrence (especially 

meteorological drought) . The study also was aimed at finding out. 

If the above was true, whether there are unique characteristics of 

drought occurrence 1n the high potential lands of Kenya that can 

be used as a basis for better Informed resource planning. Lake 

Victoria Basin which has the largest share of the high potential 

land* in Kenya was selected as the main area to be covered by the 

study. The Nyanza and Western Provinces (WEST KENYA) were used as 

representatives of the Lake Victoria Basin of Kenya and thia was 

because nearly all the agro-cl 1mat1c zones of the Basin are found
there.
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Dal 1 y rainfall totals data from twelve Rainfall Recording 

Stations aa wara availabia at tha Msteorological Haadquartara. 

Nairobi, wara uaad for tha study. In addition, data on tha daily 

rivar flows for Nzola. Yala. Nyondo. Sondu-Mirlu. and Gucha-Migor1 

wara also usad aa supporting inforaation aa wara tha agricultural 
raoorts for West Konya. Tha daily rainfall data uaad wara for tha 

pariod 1971-80 and wara those of tha aontha of January to July.

Tha Main statistical analysis tochnioua uaad in tha study was 

tha T1ns-Sorias Analysis which allows a tsapors1 prosontation of 

tha data. This tochnioua therefore suited tha need In tha study to 

Identify periods of abnormal low rainfall that could ba described 

as meteorological drought conditions. Of tha various Ties Sarias 

Analysis techniques, tha study usad tha Sarias Plot, tha Weightad 

(Binomial weights) Running Moon.the Autocorrelation Tost, and the 

Cor ra log ram Tost. The study first subjected tha data distributions 

to basic statistical analysis using tha Moan. Median, Mods, 

Kurtosis .Skewness .Frequency Tabulation, and the Analysis of 

Variance Test (AMOVA) so os to reveal tha central or gonera1 

tendencies in tha data. In tha study , tha hypothasla investigated 

was that . tha droughts of tha aarly 1970s and tha early 1980s 

never occurred in West Kenya and the food shortage experienced 

during the periods could not have bean as a result of rainfall 

failure. Statistical significance tests were in all cases done at
alpha 0.05 level.
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It was found that the drought* of eerly 1970s end eerly 19808 

could be traced In the dally rainfall ear lea for the Months of 

January to July between 1971 and 1986 as was characterised by 

decreased rainfall distributions (<5mm par day) or breaks In the 

rainfall series (<0.25mm per day). The decrees Ions (< 5aa par day) 

or breaks (<0.25aa per day) were not well defined In the rainfall 

series distributions and this Indicated sura of erratic or delayed 

or early ending distribution of reins then well defined 

meteorological drought situations. The "drought conditions" traced 

In the rainfall distributions between 1971 and 1986 occurred In aid 

1970s and In the 1970s-1980s transition period especially 1979-1981 

period. Food shortages, therefore.which were experienced outside 

the periods above could not have been due to nature 

anomal1es(rainfall failure) only.

On the basla of the findings. It was realised thet a detailed 

characterization of drought occurrence In the Lake Victoria Basin 

of Kenya was still Halted unless the dally water balance 

conditions In the Basin were availed. Nevertheless, 11 was 

concluded that agronoalc practices In West Kenya should have in

built "drought shock-absorbers" like food buffer stocks, growing 

of time tested drought resistant crops .and other forme of 

production and drought management strategies. This was because the 

possibility of rains not meeting the crop requirements was found
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to be very real In Weat Kenya. The study faced the problee of poor 

data entry and erroneous recording and It la therefore recoamended 

that data recording, entry and Meteorological Stat1ona(or recording 

stations) should be Managed by trained and Interested personnel.

' — 1 ri - r* V
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CHARTER ONE

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

1.1 Central Renarks

In the early 1970e and early 19SOe. the sub-Saharan Africa 

experienced sane of Its worst drought periods on record and the 

effects were most felt In the marginal lands (see Odlngo, 1985). 

Since the effects of meteorological droughts have bean most 

"demonstrated" In the marginal lands, where famines and deaths have 

been common, people have tended to associate drought in Africa 

with the Sahel region which extends from West Coast of Africa to 

the East Coast of Africa. Kenya is part of the Sahel complex with 

isolated "rainfall isles" like the Kenya highlands and the Lake 

Victoria Basin. The rainfall isles are usually the main food 

producing areas and droughts assume national Importance when they 

strike In these "high rainfall potential isles". It would be good, 

therefore, to look into the meteorological conditions of the "high 

potential Isles", within the Sahel region that usually ease off 

pressure on the marginal lands 1n times of needs, during the so 

called drought periods. This is to enable one judge whether the 

high potential lands of a region are prone to drought occurrence 

or not and to find out the nature of drought occurrence.if 

possible, in those areas.
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Most studies on drought In Africa have bean dona in the 

marginal lands (Odingo, 1985) but little on drought In the "high 

potential Isles'*. Various definitions of drought exist and "people 

have tended to use the terns drought, deeertlf i cat ion and famine 

8ynonynously" (Gregory, 1988). Whatever definition of drought 

given, water deficiency la central and in terms of moisture 

availability, rainfall has been the most useful parameter. In 

meteorological circles, drought is seen as a period of prolonged 

rainfall deficiency that is significantly below the normal 

tendency. It was the aim of this study to investigate using the 

daily rainfall data, whether the drought periods of early 1970s and 

first half of 1980s affected the high potential lands in Kenya. 

In this study the Lake Victoria Basin of Kenya, which is a high 

potential region and hence agriculturally productive part of Kenya, 

was chosen and the study was concentrated in West Kenya (Myanza and 

Western) which has all the agro-cl imatic zones of the Basin.

1.2 Statement of the Problem

Kenya is to a greater extent an agricultural country with over 

eighty percent of the land area being semi-arid or arid. The 

remaining portion of the land area of the country is either medium 

rainfall region or high rainfall area. As a result the potential 

of any land area in Kenya is mostly judged by its ability to 

sustain cultivated agriculture and therefore the major agricultural 

areas in the country are found in the high rainfall areas mainly 

and to a smeller extent in the medium rainfall areas. Sinoe
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agriculture is a Major aconoaic sector of the economy of Konya, one 

would logical 1 y expect Major population concentrations to be In the 

naln agricultural regions as la the case In the country. It la due 

to thla dependent of the ooonooy on agriculture that rainfall 

becomes a major actor In the economic planning of Kenya. Any 
rainfall anomaly In the rainfall distribution and amount in the 

high potential lands and to a smaller extent 1n the medium 

potential lands of the country is bound to have a telling 

implication on the country’s economy. One such rainfall anomaly 

that has become a major problem in aa.1or agricultural lands 1n 

Africa and majorly In the Sahel regions as 1a Kenya la drought.

Drought Is a meteorological phenomenon which la very difficult 

to define and predict and this has resulted in lack of appropriate 

drought management strategies thus leading to disastrous effects 

like famine and desertlficatlon. What exactly constitute a drought 

condition is a matter of disciplinary dispute but the occurrence 

of drought has been part of human history from time ammorial as 

long as some kind of agriculture, horticulture or aivllculture 

existed. Due to lack of universally accepted definition of drought, 

it has been very difficult to give its causes especially as 

concerns the Immediate and ultismta causa. Also lack of definition 

plus the creeping nature of drought has mads 1t difficult to 

determine the start and end of drought period. Since it is 

difficult to come by a universal definition end prediction of 

drought. It would be better to deal with drought occurrence which
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has bean recorded in human history and even layman can claim to 

recognise. This study was carried out to establish the rainfall 

8 tat us of the high potential lands of Kenya during the so called 

drought periods. The Question that concerned the study was that 

“are the high potential lands of Kenya .which are the main 

agricultural areas, prone to drought occurrence?"

Drought occurrence Is a natural feature of the Owns re 1 

Circulation System of the Earth and can therefore occur anywhere 

on the Earth surface depending on the definition with only duration 

and severity varying from one climatic zone to the next. In Africa, 

major droughts have been most severe in the Sahel complex .which 

Kenya is part of, usually resulting in famines and desertification. 

As a result, most studies on drought in Africa have been dona in 

the Sahel zones, sometimes called the semi-arid or marginal lands. 

The possibility of drought occurrence in the high potential lands 

of Africa has been, to a greater extent ignored especially when 

dealing with severe drought and yet they are the major agricultural 

lands. Droughts in Africa usually annuam national importance when 

the high potential lands can no longer produce enough food to 

supply those in the marginal lands as well as those in the 

agricultural lands. In Kenya, the high and medium potential lands 

are also the major population centres and is therefore very 

vulnerable to climatic anoamlies mostly rainfall. This study 

recognised the risk involved in neglecting the possibility of 

drought occurrence in the high potential lands of Kenya and
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therefore did eet out to minimise this toiee In drought study 1n

Kenya.

The hiah potential lands of Kenya, in terns of earl cultural 

production and rainfall amount and distribution, are restricted to 

the Kenya hi oh lands, the Lake Victoria Basin, and to a Halted 

extent the South Western part of the coastal reelon. The largest 

aha re of the hi ah potential lands In Kenya is in the Lake Victoria 

Basin which 1s also the major grain growing region of the country. 

Lake Victoria and associated land features have a noderating role 

on the climate of Kenya due to the me so-scale circulations 

generated. This study was based In the Lake Victoria Basin of Kenya 

focusing mainly on West Kenya (Nyanza and Western Provinces 

combined) which has all the agro-clImatic zones of the Basin.

* -
Major droughts rarely cover smell areas and In the early 1970s 

especially between 1972 and 1974 . there was a near worldwide 

drought and the most demonstrated effects were in the Bahe! regions 

of Africa. Again in the first half of the 1980s. a major drought 

occurred In the Sahel regions of Africa especially in Eastern 

Africa leading to massive food Importation to meet the needs of tha 

“hungry people of Africa". The question that concerned this study 

was that "did the great Sshelo-Ethiopian droughts of tha early 

1970s and the early 1980s affect the daily rainfall distributions 

over the high potential lands of Kenya to warrant food shortages 

that were recorded during those periods or was nature not guilty?"
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Kanya Is in Easts m  Africa which is part of tha Bahai coop lax and 

ona would expact tha droughts of early 1970a and early 19BOs to 

have been experienced in Kenya. It is therefore fair enough to 

investigate the rainfall status over the ea.ior rainfall arena in 

Kenya and to try identifying tha salient features of drought 

periods that can be used in designing appropriate drought 
managenent strategies in an attaapt to minimise the effects of 

drought. This study eada an attaapt to identify tha aa.ior rainfall 

characteristic during the drought periods over tha high potential 

lands in Kenya. In this case the Lake Victoria Basin. Tha study 

used the daily rainfall data between 1971 and 1986. during which 

some of the most disastrous droughts occurred, as tha basis of 

analysis.
.. f c- si--*«.

In the agricultural calendar of Kenya, tha first crops grown 

during the long rains are the most important and their failure may 

as well spell famine and are largely dependant on tha rainfall 

performance. The long rains generally occur between March and May 

although in the Lake Victoria Basin no wall defined boundary exists 

between the long rains and tha short rains, fleam of tha driest 

periods in the Lake Basin era found between January and February 

and between June and July. Tha study was baaed on the rainfall data 

for the aonths of January to July whan soam of tha wettest and 

driest periods respectively are expected in tha Lake Basin.
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Even though there it no universally eccepted definition 

ofdrought. the question of we ter availability ie centre 1 to ell 

definitions currently eveileble. In the Tropicel world the M i n  

source of Mater is rainfall end se e result studies on drought 

are usually baaed on rainfall distribution end Mount. In M n y  

cases, studies on rainfall distribution In Africa and in Kenya 
particularly, have been based on the Mean annual or Monthly 

rainfall values and not the actual totals. Even the few studies 

that have used the actual totals have Mostly been dealing with 

Monthly or annual values with few exceptions. Also the rainfall 

studies in the high potential lands of Kenya have not been, in Many 

cases, directly concerned with drought occurrence. This study used 

the daily rainfall totals to investigata whether the high potential 

lands of Kenya are prone to drought occurrence and If so whether 

there are unique characteristics of drought occurrence in those 

areas one can use In designing drought Managenent strategies to 

be used in Mitigating the effects of drought. The data analysis was 

based on the five day Interval taking into account the Moisture 

retention capacities of Major soils in the Lake Victoria Basin. 

Lake Victoria Basin of Kenya is a large region of about 46.000 

square k lionet res and without covering the whole region the study 

focused on West Kenya which has all the agro-cl 1 net 1c zones of the 

Basin.

It was the purpose of this study to drew the et tent ion of the 

scientists and planners to the fact that, drought is a no real part
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of the General Circulation System and ite occurrence should be 

expected anywhere on the surface of the earth. Drought nanagasant 

strategies should therefore be part of the overall planning in the 

high potential lands in Kenya as they are in the Marginal lands. 

It is also iaportant to take note of the fact that, even if there 

is no universally accepted definition of drought, specific 
definitions are possible depending on the interest of the scientist 

and on the cllnatic zone and it was the hope of this study to help 

in the search for specific definition of drought in the vsrious 

high potential regions of Kenya.This study did not etteapt to give 

causes of drought in Kenya and did not specifically attenpt to daal 

with drought forecasting although references were saris towards this 

field of study.

1.3 Aina of the study
•j .  ■ • .  .. k r • * . 1 r \

The sain objective of the study was to find out whether the 

drought periods of 1972-74/76. 1980-1981 and 1984-1986 affected the 

daily rainfall distribution 1n West Kenya. If this was so. then 

it would show that meteorological droughts are also a factor in the 

high potential lands. Secondly, if there were signs of drought 

occurrence, attempt was made to check whether there were some major 

characteristics one could use to describe drought periods in West

Kenya.
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Drought Is a normal feature of the ataoiphark General 

Circulation eye tee and to this the possibility of its occurrence 

in any region on the earth surface is not unique. There is a 

general assumption that drought occurrence is s confine of the arid 

and semi-arid lends and this is a dangerous trend since the other 

regions are also subject to the General Circulation system. The 
difference may be In the definition, the intensity, and the 

frequency of drought occurrence. Drought as a factor in resource 

planning and management ia only important where there is earns kind 

of human activity or where the activities in an area affects human 

activities. Since Lake Victoria Basin of Kenya Is one of the moat 

agriculturally productive and one of the a»at populous regions in 

the country, it la wise to check its meteorological condition 

during the so called drought period in order to know its 

vulnerability to drought occurrence. It is also important to have 

proper drought management strategies and. in thia. drought 

occurrence characteristics are important since the causes of 

drought are not easy to pinpoint as is the universal definition of 

drought.

The hypothesis used in the study was that no year showed any 

sign of exceptionally low rainfall during the months of March May 

(period of long rains peaks), and therefore periods of food 

shortage did not correspond with periods of low rainfall 

(exceptional). That 1s. the droughts of early 1970s and marly 1980s 

never occurred in West Kenya and the food shortage experienced
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during the periods could not have been as s result of rainfall 

failure. Exceptional rainfall In the study was considered as 

failure of rains durino the non the of April and May when the lone 

rains were expected to peak. Also, hi oh rainfall during the non the 

of January-Febrtiary were considered uneeaeonel likewise to rainfall 

peaking In July.

The signlf icance of statistical results ware tested at alpha

0.05 <95 percent confidence level).

1.4 Justification of the Study

This study was a deviation fron the connon practice in Africa 

and elsewhere, with a few exceptions, as concerns drought studies. 

Most of the literature on drought has been concerned with the 

marginal lands or the arid and semi-arid lands (see Literature 

Review). This concern with drought In the narglnal lands is due 

to the fact that drought Is most common in these areas and 

particularly in the most marginal lands. These aside, "national 

droughts" often result when drought affects the high potential 

lands especially the food producing areas in a given country. The
• . . .  . ... -u —-; •

Lake Victoria Basin of Kenya falls within the high potential lands 

in Kenya and 1s rightly regarded as the "grain granary" of the 

country. Unfortunately the Lake Victoria Basin is not immune from 

the effects of the General Circulation system and thia study was 

designed to determine the rainfall condition of the Basin during
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the drought periods In Ess tern Africa taking into account the role 

of Lake Victoria In the clients of the rep ion. This would help in 

detarmining indirectly the effects of drought on apricultural 

production since eoet of the so called droupht periods in Eastern 

Africa have been accompanied with food shortages end aaeetiees 

faeines; that is.it would help in eetabl 1 shine whether nature has 

been responsible for most of the fseine periods recorded in Eastern 

Africa or whether to look for other explanations.

Most of the work on droupht in Eastern Africa. Kenya included, 

has tended to concentrate on the Huwan aspects and therefore ended 

up discussing mainly famine and desertif i cat ion rather than the 

equally interesting meteorological droupht (see literature review). 

The study concentrated on the physical aspects of droupht in order 

to help bridge the gap and show that meteorological droupht can be 

a factor in the climatic scene of high potential lands. This is 

Important because people have tended to neglect the possibility of 

drought occurring in the high potential lands despite the fact that 

In the event of even a slight meteorological anomaly, the high 

potential lands are the most vulnerable in terms of human 

settlement, ecological balance, and food production. The study of 

physical droupht was also Intended to help in solving the confusion 

always met when dealing with droupht. famine and desertification. 

Famine can simply be seen as shortage (severe) of food supply and 

desertif ication simply as the encroachment of desert conditions or 

decline of vegetation cover. Drought can be a cause of both famine
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and desert1f 1 cation but not always and that dap an da on human 

activities and raaponaibl 1 ities. Mataorological drought la an 

i n he rant part of the climatic acana of Africa (0.1 any and Ogando, 

1973; Zewde. 1976) and thara 1a tharafora naad to chacfc whether 

periods of drought always result In famine especially In tha high 

potential lands which are usually tha food granariaa in tha given 
countries.

The period 1971-1985 was chosen because two of the scat felt 

droughts not only In the sub-Saharan Africa but also globally, 

occurred during tha period. Tha 1972 (± 4) was an alaost world wide 

drought that brought to the world’s attention the vulnerability of 
the Sahel region to cl ieatic anonalies. The 1984 <± 2) drought 

magnified the effects of drought as was shown by tha Ethiopian and 

Sudanese hunger plights which herald in tha food-aid and famine 

fund raising era as if drought was a new phenomenon.

Whatever definition of drought given, water deficiency is an 

ever present element and in this, rainfall is the most important 

elea^nt in Tropical Africa. Most of tha agronomic or agricultural 

practices In Africa, Kenya Included, are largely based on rainfall 

amount and distributions throughout tha year. This study tharafora 

used rainfall totals (daily) which affect the soil moisture 

availability and therefore water available for plant growth, 

evapotransplratlon, runoff, deep percolation, underground storage
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and river flow*. Stream floes were also used mm supporting 

Information on rainfall distribution during the period of study.

The analysis of rainfall was on a dally basis and this 

deviated from the common practice of analysing drought occurrence 

annually or monthly. It was the view of the study that drought can 

even occur on a weekly or less basis. The analysis of rainfall 

totals on dally basis was done for every month so as to help check 

whether there had been a change In the dally distribution of 

rainfall during 1971-85 period. This 1s Important because It 1s 

not uncommon to ’‘hear” people complaining of declining rainfall 

(the author*8 experience. Dissertation. 1987). Analyses of monthly 

means and annual means have not shown any major change In the 

rainfall trends 1n Eastern Africa but the answer may be In the day 

to day rainfall total distribution rather than the mean values.

Finally, the study concentrated on rainfall totals (dally) 

during the period of January to July because of the fact that the 

driest and wettest months are within this duration. Also crops of 

most Importance In terms of food supply are planted during this 

time and any failure 1n rainfall Is bound to affect food supply, 

especially during the Apr 11-May peaks, when most crops are 1n their 

development stages.



1.6 The Study Arm*.

Lake Victoria Baa In of Kanya la an extensive geographical 

red on extending froa the Mao ranges to the border with Uganda and 

froa the border with Tanzania to the Uasln Giahu District. The 

study focused on an area within the Lake Victoria Basin of Kenya, 

West Kenya, coupriaing of two adalnlstratlve provinces; Nyanza and 

Western.

West Kenya Is within latitudes 1*16' North and 1*30* South and 

longitudes 34* East and 35*30’ East. This Means the study area is 

located within the Equatorial zone and within Eastern Africa 

region, and thus the synoptic features affecting these regions 

affect West Kenya. The situation of the study area within the Lake 

Victoria Basin exposes It to the Influence of neeo-scale 

circulations generated due to the presence of the Lake Victoria and 

associated land features. West Kenya Is bordered by Uganda to the 

West, Rift Valley Province on the Kenya side and Tanzania to the
t . f • ■ r .4

South-West-South.

West Kenya has a land surface generally sloping towards the 

Lake with occasional projections like the Bun yore Hills. San is 

Hills, Seas Tors, Nyando eacarpatent. Hona Hills. Wire Hills. Qwasi 

Ranges and others. On the sides bordering the Rift Valley, there 

are embarknents "guarding'* the flanks like Mount Elgon to the 

north west. Nandi Hills, Mau escarpawnts and the Gusli Highlands.

14
I
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The near bowl-like shape of the Basin with the large expanse of 

water In the Middle, the projecting physical features within end 

on the flanks are major actors in the rainfall distribution and 

aaount in West Kenya as well as teapereture Moderation and 

evaporation rates in addition to the effects of General 

Circulation. West Kenya land surface is doninated by the waters 

of Lake Victoria and associated rivers with river Mzoia, river 

Yala, river N yen do. river Mlriu-Sondu and Quche-Migori being the 

aa.ior ones. River regimes (seasonal flow) are closely linked with 

rainfall amount and distribution in the Lake Victoria Basin (Lamh. 

1966) and if there is drought in the basin, flows are likely to be 

affected.

Soils of the study area (West Kenya) are Mostly those that 

have been derived from the Nyenzian and Kavirondian rock systems . 

Soils of any geographical region are effected by several factors 

usually acting in unison. Those factors May be given as climate , 

the parent Material, vegetation cover, nature of the earth 

surface. 1 iving organisms In the earth and htswn activities. In the 

tropica(Lake Victoria Basin has a Modified eouatorial cl 1m s te) the 

major climatic elements that affect soil formations and types ere 

rainfall and temperature(distribution and amount) as thay affect 

sol 18 depth (weathering). Maturity, drainage, distribution, and 

mineral composition. The parent material 1s Mostly important when 

considering the soil chemical composition, soil colour, and 

distribution. Vegetation cover affect the chemical and biological
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composition and age of tha moil in tar—  of aroaion. Tha iwtura of 

the land aurfaca affact tha moil drain*— , distribution turitv. 

Tha living oroanis—  and human activitiaa arm mostly important whan 

considering soil as a living body and in tar—  of soil con ear vat ion 

. In tha Lake Victoria Basin, tha — .ior actors in tha soil types 

and distributions arm parent rocks, mostly tha Myanzian and 

Kavlrondlan system which are tha old— t rock ayataan in Kenya and 

in so—  areas there are volcanic intrusions and Sedimentary 

systems. Rainfall and temperature amount and distribution are also 

important factors in soil types and distribution in the basin as 

Is the nature of the earth aurfaca.

In West Kenya. Ferrrasola dominate the high grounds with high 

moisture carrying capacities and are damply w— thared. Vertieols 

dominate the plains with high moisture retention capacities; a 

factor that leads to water logging during the rains and this causes 

difficulty in working the soils . There are other soil types, in 

pockets of are— , like nitomola. histoaola and gleysols amongst 

other numerous ones. Soil types affect the soil water balance In 

ter—  of albedo. — isture retention capacity and moisture carrying 

capacity. This therefore affects the potential of tha moils which 

in turn — y determine the type of land use and vegetation cover to 

be found in an ar— .

The vegetation cover of West Kenya h—  lar— ly been humanised 

and what now remains is mostly derived vegetation cover. There ere
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no- Derived Savannah as can be seen mostly in south Nyanza end 
pockets of Modified equatorial forest as the Kakaswoa forest. 
Alono the Lake, there are lacustrine areas cover/vegetation but all 
in all, there is little left of the natural vegetation of the Lake 
Basin. The vegetation cover of a given geographical region nay act 
as a climatic Indicator especially the shallow rooted plants like 
grass. The vegetation cover also plays a role in soil formation, 
water balance, energy balance, wind flow structure and ecological 
balance in a given geographical unit .and therefore a very integral 
part of a region’s climate.

In Kenya, the most important element of climate is rainfall 
and the main rain-generating systems are associated with the 
passage of the In ter tropical convergence zone (ITCZ). Other 
factors affecting the cl imatology of rainfall in Kenya are
topography (altitude mostly), inland lakes. Indian Ocean, the Trade 
kinds (South East and Worth East). Egyptian air mess and the 
Congo(Zaire) air mass. These factors therefore define rainfall 
regions of Kenya, rainfall seasons, rainfall distribution and 
amount in the country, and finally rainfall reliability. The 
factors affecting rainfall distribution in Kenya must not bs looked 
at in isolation from the General Circulation system of the earth; 
that is specific factors affecting the climate of e given region 
must be understood from a broader context of the General 
Circulation System. The climate of the Lake Victoria Baain must
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therefor* be seen in the context of the climate of fee tern Africa, 

climate of the troeicel world end the cliauita of the world.

The wain factor* affect 1 no the rainfall cHaetolonv of the 

Lake Victoria Bealn are the eynoptlc scale eeaaonal flow which 1a 
oredomlnently easterly throughout the year, and the meeo-ecale 
circulations created by the Lake in the presence of the highlands 

in the Eastern. Southern and Northern neighbourhood (Mungai. 1984). 

Other factors that need to be considered are the Congo (Zaire) air 

mass, distance free the Lake (Lake littoral receive little as 

coep a red to other places). In general, the Lake Victoria basin 

receives wore than 50mm per month (the barrier between a dry month 

and a wet month) throughout the year, with a maximum during April 

and May. This effect of rainfall throughout the year is attributed 

to the interaction between the strong Lake-breeze and the large- 

scale flow. Zonally, rainfall amount and reliability varies with 

the Lake littoral receiving less, about 700am annually (and less 

rel iable).and other areas receiving up to over 2000mm per annum 

like Kakamega area and Klsii Highlands. These variations in 
rainfall amount and reliability leads to the agro-climatic zonetion 

of West Kenya from I-IV (Schimdt and Jaetzold, 1982). The potential 

for rain fed agriculture varies from very high in Zone I to medium 

In Zone IV (see figure 2). The proportion of medium potential land 

is very small and confined to the Lake littoral. The dallyl
distribution of rainfall also range much with short torrential
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rains In the Lake littoral to Iona steady rains in the hi oh lands 

and other areas away from the Lake littoral.

Other climatic factors are very conservative in West Kenya 

with little variation from year to year. Temperature averages 21* 

Centigrade but aay reach 25* Centigrade in the littoral. Kisii 
highlands are cooler due to altitude factor. Evaporation varies 

from I650«m in the Kisii highlands to over 2000am per year in the 

littoral. Relative huaidlty 1s high throughout the year.

Generally.the climate of the Lake Victoria Basin, in this case 

West Kenya, is that of warm and moderately wat nmture conforming 

to the tropical or equatorial conditions though modified by meso- 

scale circulations generated by local factors. Although there are 

no well defined rainfall seasons in the Lake Victoria Basin the 

period of the long rains and short rains can be identified as is 

the generally dry seasons. The existence of wet seasons and dry 

seasons.relatively. points to the possibility of having periods of 

rainfall not favourable to crop growth. On this basis the study was 

done to check whether the unfavourable rainfall condition can occur 

when the favourable situation is expected or to check what aay be 

described as unfavourable condition in Weat Kenya so that proper 

agricultural or agronomic planning can be done taking into account 

the possibility of unfavourable rainfall condition occurring.

Moat people in West Kenya are involved in rural-based 

activities mostly small scale agriculture. The large scale
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agricultural activities are Mostly the preserve of big companies 

like the Mehta and Madhuanl groups 1n the Myanza Sugar Belt. Crops 

grown In the region are mostly food crops for consumption and sales 

like Maize. Sorghum. Bananas. Finger millet amongst others. Major 

cash crops are Sugar, Tea. Pyre thrum. Coffee and Sisal to a sisal 1 

extent. Those in the Lake littoral are in soam cases involved In 
the fishing industry. Mining activities used to be pert of West 

Kenya economy but of late they have received little attention and 

whoever is involved does little in terms of output.

Most agricultural activities are rain-dependent and any 

anomaly in the rainfall distribution, directly or indirectly 

affects faming activities, especially floods and droughts

respectively.

The population of West Kenya is quite large reaching over 4 

million people (1979 census, see District Development Plans for 

Myanza and Western province). Regions with the most concent

ration of people are Kakamega and Kisli Districts and the least 

settled is South Myanza. As has been said above, the population 

1 s largely rural based with little urbanization although urban 

centres growth has been Increasing; Klsumu. Kakamega. Kisli, Homs 

Bay. Webuye. Si aya and Busis are some of the major urban centres, 

notable characteristic of these urban centres Is their close 

relationship with the rural areas.
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In conclusion. West. Kenya la within a high reinfell zone 

In Kenya with little part of it In the eeari-ar1d (relatively wet) 

zone. A large section of the study area la In the high potential 

zone and all the agro-clleatlc zones of the Lake Victoria Basin of 

Kenya can be found 1n West Kenya. It would therefore be necessary 

to check the dally rainfall conditions over the region 

during the drought periods of 1972-74/76. 1980-81 and 1984-1985. 

and thi8 was the main purpose of the study.





34° 00'E 34°30^ K
Uoo'ioJ'

3 5 °  0 0 '

FIG. 1-2

- ---- —
; a g r o -ecologi-

CAL ZONES.
U M I  po r l - m

■1 /  For»»t _ \
__ Z v K io r t* *  *h*ot/ _______________ ./ I Ul ...i /_ . •—K  -"7

0 ° 3 0 'N
/  Can* N X  ,

L M I  • u
l -m i

/\ Merging 
f '  \Sugor

A * « \/
.yfa /N a  , \ L M  2 . 
Jor«/v»)/ '  '  i - m i1 t

^Sugor
Can* \  Zon »[  f  ? or.  {wo 

C e lt  a n  \  Zon»

Z o n * .

1 U M I tw o /tfr* *  /

(*7m)H

Sugar Con* Zon*

_^ ^ C mT ^ ^ or921£| Sugor ____ /  ^ ' ~ l >
x "  l^Cm/e)l > / ” —  l/ w m / i or t ^»* Marginal \ 4 - UM3

____ C o tto n  /  Aj[|/m
(m/»HI V  Z o n o .x ’ — Im /*or

M arginal L M 4 \  /  . » /m
Cotton Z(mA>+1 ) j  

fhe*/S*arn£^r/LM j  mtflv*)
*/li(*or*/*»;

A —

LM3
ml ( » / » » )

C o tto n  Zon*
m / li ( « )  LM 2l/m. -On/*)(*/m)

■ m/li »/m Morginol 
Cott** 

Zon*
. UM 2

0 ° 3 0 'S

l/mfmA), I
L M 2 / L M I U  p or l_ * »  
I/m/ . r ’l-M.

[Sugor n  
'm)iar<m/(>| Con* ( ,  

L M 4  \  L M  3 \

m / ll(* ) \  Marginal 
Margin l \ Sugar Can*

CottorJ \ Zon*

porKm l

Cotton

Zon*

v/i or \  

Dairy I '-* * *  }< wh#ot •

. 1 . l'’n;>Svcotf..r'mi (•/¥•) (* / m )\ \  2on# ^

y)**'/---- 0 0 '

.(
LM 2

l/m-<m/*)CI V
UM 3 . 4

»  vll or two

•V UM 2 - 3  \  
jrliortwo

U M 4

40

km.

. ( Jaetzo ld  a  Schmidt, 1932)



24

KEY TO FIGURE 2. 

TA-----Tropical-Alpine Zones.

1. TA I— Tropical Alpine Cattle end Sheep Zone.
2. TA II-Tropical Alpine Sheep Zone.

UH---- Upper Hiphland Zones.

1. UH 0— Forest Zone.
2. UH 1— Sheep and Dairy Zone.
LH---- Lower Hi phi and Zones.

1. LH 1--Tea-Dairy Zone.
2. LH 1--Tea-Dairy Zone with permanent croppina possibilities.
p or dividsbls in a Iona croppina season followed by
1—e a mediun one.

3. LH 2--Maize/Wheat-Pyrethrua Zone.
4. LH 2-- Mai ze/Wheat-Pyrethrua Zone with a very loop croppina
vl 1 season and intenaediate reins, dividsbls in a Iona
or croppina season followed by a (weak) eediue one.

1-(«)1

UM-----Upper Midland Zones.

1. UM 0— Forest Zone.
2. UM 1— Coffee-Tea Zone.
3. UM 1— Coffee-Tea Zone with permanent cropping
p or possibilities dividable in a long cropping 
i-« season followed by a eediue one.

4. UM 2-3— Coffee Zone( undefferentlated.partly eerginal)
5. UM 2— Coffee Zone.
6. UM 3— Marginal Coffee Zone.

LM-----Lower Midland Zones

1. LM 1 —  Lower Midland Sugar Cane Zone.
2. LM 2— Marginal Sugar Cane Zone.
3. LM 2— Marginal Sugar Cane Zone with a long cropping season 

1/nv- followed a (weak) eediue or eediue to short
(m)1 one and intermediate rains.
or
(a/s)1

4. LM 3— Lower Midland Cotton Zone.
5. LM 3— Lower Midland Cotton Zone with long to 

1/m eediue cropping season, followed by
(s/m) a (weak) short to folium one.
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6. LM 3--- Lower Midland Cotton Zone with a Medium
n/lie to lono croppino season, intermediate reins

and a (weak) short one.

7. LM 3 Lower Midland Cotton Zone with a medium crooping
mi season, intermediate rains and a (weak) short to
(a/vs) very short one.

8. LM A--Marginal Cotton Zone.
9. LM 5--Lower Midland Liveatock—Mi 1 let Zone.





CHARTER TWO

2.0. L I T E R A T U R E  R E V I E W

Drought both as a Meteorological phenomenon and social problem 

has been part and parcel of Africa's history and much has been 
written on it especially after the great Sahelian Drought of the 

early 1970s. The Ethiopian and Sudanese plights of early 1980s 

have reinforced the World's focus on drought as a major problem. 

In Kenya, no ethnic group has a history free from the drought 

problem both in the high potential lands and the marginal lands. 

Literature on drought both oral and written has become extensive 

but there seems to be little on drought in high potential lands and 

little agreement as to what exactly is drought.

2.1 Purpose of Review

First, this review was done to show the extent that had been 

reached in drought studies so as to help in identifying loopholes 

and strengths. The review was also done to show trends pertinent 

to the research problem and therefore to help in defining and/or 

designing the techniques to be used in analysing the data and 
general methodology.

Lastly, this review was necessary in defining exactly what is 
drought in this study. This study recognised the fact that "little 

agreement exists as concerns drought definition and therefore
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study."

2.2 The Review

Drought aa a natural disaster has drawn the attention of 

various scientists, the media and the public at large especially 

as concerns Its occurrence and social-cum-economic effects. This 

has led to great confusion as to what really constitute a drought 

situation. There 1s no universally accepted definition of drought 

or a drought situation and whatever definition that may be offered 

Is bound to be relative and specific to the iob at hand. Attwants 

have been made to define drought universally but has wet with 

little success.

Hounan (1972) and McCutchan (1978) recognised the difficulty 

faced in defining drought. Hounan (1972) suggested that "the best 

solution may be specific definltion or approaches to meet different 

requirements". He went further to give the various definitions 

that might suit meteorologists, agriculturists, hydrologists and 

economists. McCutchan (1978) said that "it is generally impossible 

even to say that drought has started until a significant period of 

be low-normal rainfall has already occurred". He made an observation 

that "drought is capable of many Interpretations, and a variety of 

different aspects must be considered if any serious attempt is to 

be made to see how its effects can be mitigated."

whatever definition given in any study is only relevant to that



29

Felch (1976) gave • meteorological definition of drought aa 

“a regional manifeatation of a generally fluctuating climate 

aaaociated with aberration (abnormality) of the atmospheric 

circulation". The phrase "generally fluctuating" is important 

because a fluctuating climate does not mean drought occurrence 
unless the condition is abnormal in the sense of the average 

condition in an area and therefore need to investigate how the 

element used in the study behaves Internally. This would help In 

defining the boundary between the normal and abnormal condition in 

a particular area. Felch made a distinction between drought and 

aridity noting that "aridity Is low average rainfall or available 

water, and It Is a permanent feature of the region in question. 

Drought on the other hand is a temporary feature of the climate". 

This view was very relevant to this study and an attempt was made 

to check the rainfall tendency (dally) and to Identify any abnormal 

feature using the < 0.25mm and rainfall < 5mm rainfall per day 

limits respectively.

Sandford (1976) defined drought in economic terms as "a 

rainfall-induced shortage of some economic good brought about by 

Inadequate or badly-timed rainfall". The "badly-timed" phrase is 

important for a shift in rainfall regime without change 1n the 

total amount at the end may well trigger off a drought.

Odingo (1978 and 1985) observed that drought "la a phenomenon 

deeply related to agricultural practices and environmental set
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ups." He described a drouoht situation as "a period significantly 

loop, when the water shortage due to the failure of rains or other 

human causes Is such that normal agricultural activities for 

example pastoral Ism are equally brought to a halt through lack of

grazing".

Gregory (1986) gave a complete summary of the possible 

definitions of drought, whatever approach 1s taken. He warned 

against the use of the terms drought, desertification and famine 

synonymously. In conclusion. Gregory said that "generally, 

droughts are normally seen as being restricted to land areas where 

some form of agriculture, horticulture, or slvllculture 1s 

possible". To him. even humid areas can experience droughts and 

therefore any definition of drought should be relative, not 

absolute. The observation that "even humid areas" can experience 

drought is very important for most studies on drought have tended 

to neglect the high rainfall lands especially in regions with over 

lOOOmm rainfall per year and yet in these areas such rainfall 

alteration can lead to crop failure or serloualy depressed crop 

yields.

Many other definitions have been given and even attempts made 

to give quantitative definitions but they all end up being 

meteorological, social, economic or agricultural. In this study, 

drought in the Lake Basin was seen in terms of failure of the 

Aprl 1-May rains. The definition was then polished quantitatively
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In teraa of dally rainfall of less than 0.25mm distribution in a 

day or leas than Sam par day.

Since It 18 almost Impossible to coma by a universal 

definition of drought, the question that Is now faced Is whether 

there are common characteristics that can be used to Identify a 

drought situation. In this case also, various characteristics have 

been given depending on whether one is a hydrologist, a 

climatologist and or meteorologist, agriculturist, social scientist 

or an economist. Felch (1978). Odingo (1978). Ri.ike (1978) aattng 

others have given various characteristics of drought. Felch*s 

important observation to this study was that 1t Is almost 

Impossible to get very severe droughts in a very small area. 

Therefore, near global droughts of the 1970s and the 1980-81 and 

1984-5 droughts that devastated most of Africa must have covered 

large areas of Kenya and 1t Is Important to check whether they 

extended to the high potential lands especially the Lake Basin 

where the Lake 1s normally expected to play a major moderating 

effect. In Od logo's observations as concerns drought

characteristics, three were most Important In the study; that is. 

the following conditions according to Odingo (1978) could be 

declared “drought situations' depending on the observer and on the 

type of agriculture or other mode of land use with which It Is to 
be associated:

(1) a shift In the occurrence (or onset) of seasonal
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rains especially for the Months critics! for crop 
psrfornsnce; in the study, the Months of April and

«#
Hay when Most crops in the basin are in their 
“development a tape" are considered (see Nyandega,

1937).

(ii) the complete failure of seasonal rains 

followed by the rain proper the following year; 

this can happen even in the high rainforest zones 

(Oguntoylnbo at al 1977. UNDP. 1976).

(iii) too much rain at the wrong time; this could siso 

be called unseasonal1ty of rainfall.

In this study, the conditions above were checked against dally 

rainfall during the noted periods of drought in Kenya so as to 

identify which one is characteristic of drought period in the Lake

Basin.

Examining the various definitions and characteristics of 

drought, one quickly realises that the list can be endless and 

therefore In this study, the meteorological definition was taken 

and the characteristics to be looked for were also to be 

meteorological. With this approach a drought situation was taken 

as a period of exceptionally be low-normal rainfall. Be low-no real 

rainfall in this study for example Included the occurrence of long 

rains well after the first five months of the year when they were 

normally expected; that is. normal rains in the Basin in terms of
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Iona rains are those occurring from February/March and peaking in 

April-May then fading off free late or mid June. January and 

February (especially early February) are usually dry relatively as 

i8 late June and July. Any exception to the trends above as 

concerns long rains is abnormal but to be exceptionally abnormal 

there must either be failure of rains totally to peak in April-May 
or occurrence of dry spells, on a continuous basis for more than 

half of April-May period.

If the definition and characteristics of droughts can be seen 

from a relative point of view, then one need to provide an answer 

to the question “what causes drought or a drought situation?". On 

causes of drought in the world and Africa in particular, one has 

to be careful about the Question of the ultimate cause, and 

immediate cause. Climatologists and Meteorologists relate drought 

occurrences to forces that produce rainfall and any failure in 

terms of development of the forces la most likely to result in 

drought.

Writing on rainfall in Africa. Griffiths(1972) gave the 

following factors as resulting in relatively low (or even failure 

of) rainfall in East Africa es compared to other areas in the same 

latitudinal position as :

(i) Divergent character of both the North-East 

and South-West monsoons;
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(i 1 ) The shallow depth of the South-West monsoons;

(Hi) The strong meridional flow in ell but the 

transition seasons;

(iv) Lastly, the stable stratification aloft

(intrusion of the inversion layer) together with 

a marked decline in the moisture content. Other 
factors noted are topography and the nature of 

the land surface.

Wood and Lovett (1974) dealing with recent droughts in Africa, 

associated drought occurrence in Ethiopia with the solar cycles 

(sun-spot activities) especially the 11 year solar cycle. Hussein 

(1976) discussing the drought situation in Ethiopia, put the blame 

on the social and political system that had existed prior to the 

1974 revolution and not meteorological phenomena. In fact. 

Hussein’s work more or less considers drought and famine as 

synonymous and he stated that “famine is a social phenomenon and 

it results for the most part from the socio-economic system and the 

manner in which production and distribution are carried out in a 

society-.

Lamb (1977) disputed the findings of Wood and Lovett (1974) 

linking drought in Ethiopia with the 11 year sunspot cycle. He 

blamed the wind and pressure distributions within and from without 

Africa. Schove (1977) linked the Sahelo-Ethiopian droughts with 

the Southern Oscillation (this is a pressure see-saw between the
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Eastern Atlantic and the Indian Ocean) and the El Nino (a warm 

upwelling a long the coast of Peru in South America; the ENSO (El 

Nino plus Southern Oscillation) factor.

Felch (1978) explained meteorological abnormaliee in terms of 

the physical forces and restraints which determine large scale 

atmospheric circulation patterns, coupled with regional and local 

factors which superimpose local climate peculiarities on the large- 

scale climatic background. He considered the prolongation of 

drought period a result of the absence of large scale vertical 

act i v i t ies/moti ons.

Odingo (1978) took an environmental approach to the causes of 

drought question giving possible causes as :

(a) Increase of population pressure on the 

marginal lands.

(b) Urbanization and its effects on vegetation cover 

in terms fuel supply.

(c) Increase in stock numbers in the pastoral-lands.

Gregory (1986) gave a complete summary of possible causes of 

meteorological drought as:

(i) Air subsidence and anticyclonic development over 
and/or in a region;

(ii) Changes in location, intensity and frequency of 

atmospheric circulation systems affecting a
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place;

(111) Ocean surface temperatures and related

oceanic circulation especially location of warmer 

and colder surface waters or temperature changes 

of ocean masses over a larger area;

(iv) The possible role of Southern Oscillation and El 
Nino (warm upwelling along the Western Coast of 

South American continent);The ENSO as a 

Teleconnection factor. Teleconnection is delayed 

impact of atmospheric circulation changes far 

from the drought area concerned with long chain 
of intermediate effects;

(v) Southern Hemisphere temperate and sub-tropical 

circulations and northern hemisphere droughts;

(vi) Changes in Arctic conditions and the Sub-Saharan 

droughts;

(vii) Changes in upper atmospheric circulation, 

including /jet stream location;

(v 11i > Local modification of surface conditions;

(1x) Changes In atmospheric gaseous and aerosol

composition especially the carbon dioxide and 

ozone questions, introduction of volcanic dusts 

or by-products of combustion;

(x) Desertification

(xi) Variation in sun’s energy output.
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It 1a not necessary for all the facta above to be In operation 

at a go. Noting the various possible causes of drought, one 

quickly records the many differences In depiction of drought. This 

study was not concerned with the causes of drought but with whether 

drought has occurred 1n the Lake Basin (West Kenya) or not and with 
whether there are notable characteristics 1n terms of dally 

rainfall distribution, of drought occurrence in the basin.

Meteorological drought Is usually of Importance to the people 

when Its occurrence affects human activities especially socio

cultural and socio-economic set-ups. Drought has had a history of 

adverse effects especially in Africa and Asia Minor. Most people 

do associate drought with famine, deaths, malnutrition, mass 

population displacement (see Hussein et al., 1976. Odingo 1985, 

etc). The socio-ecological implications of drought are usually 

used to determine the severity of a drought period.

Many people, even laymen, can claim to know the effects of 

drought. Most work on drought 1n Africa has concentrated on the 

social effects and economic effects [Odingo (1985)]. Writing on 

the cost of famine to the nation, Mbithl and Wiener (1972) divided 

the effects of drought into direct costs which the government 

incurs 1n alleviating the burden of drought over the affected 

population, primarily through famine relief and production losses 

(economic cost), and social costs like nutritional problems and 

nutritional1y related diseases, family and community disruption.
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misery and loss of human dignity. Others have also noted these 

effects plus political implications and economic effects (Hussein 

et al 1976. UNDP 1976. Odingo. 1985, etc). This study did not deal 

with the effects of drought but Indirectly touched on famine to 

check whether meteorological droughts usually lead to famine or 

not.

The study dealt mainly with occurrence of drought especially 

in the high potential lands 1n Kenya. Neil (1961) reporting to 

the parliament on famine and floods in Kenya in 1961 noted that 

"the long rains failed in 1961 almost throughout the country and 

yet the short rains were exceptional 1y heavy causing floods 

throughout the country". Lamb (1966) writing on the climate in 

the 1960s referred to the work of Morth (1955) and other geological 

evidences to point out that even the Lake Basin showed signs of 

drought occurrence. Morth (1967) explained the principle features 

of Lake Victoria’s level fluctuations 1n terms of rainfall 

anomalies; reference to drought and floods.

Holt and Seaman (1976) looking at the scope of the 1974-1976 

drought in Ethiopia said that within Ethiopia, drought was a 

localised disaster, even though it struck a significant proportion 

of the territory. This is important because people do ignore the 

fact that drought can be a local or regional affair, and that 

patterns can be noted 1n drought occurrences in a given area.
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UNDP (1976) warned against ignoring the possibility of drought 
occurring in the regions with 1,500mm of rain a year or above. 
Zewde (1976), 0/jany and Ogendo (1973) all noted that drought has 
been a feature of the African climate from time immemorial. To 
Zewde (1976), drought is not always the cause of famine, for famine 
has always been inherent in the Ethiopian socio-economic set-up in 
the manifest contradiction between means of production and 
distribution of wealth. That locusts, cattle plagues and drought 
merely transformed an endemic situation into an epidemic. This is 
an important view for this study recognised the fact that many 
other factors may lead to famine and that famine is not drought and 
vice versa.

Baker (1977) studying the background to drought occurrence in 
East Africa said that "over large areas of East Africa, drought is 
probable although not precisely predictable". To him. the impact 
of drought will vary under different climatological conditions and 
in accordance with the characteristics of other elements in the 
environment, more particularly soils and vegetation. He 
particularly emphasised the importance of soil moisture, 
evapotranspiration (potential and actual), moisture balance and 
other soi 1 factors. This suggests that even the high potential 
lands may be sub/ject to drought occurrence though the overall 
impact may not be the same as in the marginal lands. It was in this 
connection that Oguntoyinbo et al (1977) gave the example of 
drought occurring in Southern Nigeria in the rainforest zone to
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sound a warning to those ignoring drought as a factor in high 
rainfall areas. Wood (1977) noted that droughts are a recurrent 
phenomena in Africa. This statement was important to this study 
for there was need to check whether the drought periods 
investigated had the same characteristics in terms of dally 
rainfall distribution or not.

Felch (1978) asserted that “most of the world’s agricultural 
areas are subject to drought, but the duration and Intensity vary 
greatly from one climatic zone to the next”. Wetheral et.al (1978) 
warned against the tendency 1n some quarters to under-estimate the 
importance of drought and rainfall unrel1abi1ity in areas outside 
the low rainfall extremities of the semi-arid zones. They said 
that drought may not be so spectacular in the higher rainfall 
areas, but 1t still can be of greater overall significance since 
it is in such areas that ma.ior population concentrations are to be 
found. This is the case with West Kenya especially the high 
rainfall areas. Holt (1982) gave the example of drought occurrence 
in the high rainfall zone(s) of Zaire, in the “heart” of Zaire 
(Congo) Basin, in 1978 due to localized effects.

In his work on rainfall occurrence in the Lake Victoria Basin 
of Kenya, Mungal (1984) noted that dry spells are a common feature 
of the rainfall regimes in the Lake Victoria Basin of Kenya and 
that there is need to check how long a spell becomes regarded an 
abnormal situation. O.iany and Ogendo ( 1973) took note of the



41

history of famine in the Lake Basin which have been linked to 
drought occurrences, and said that drought and floods as two 
extremes of weather have been present in the history of Kenya from 
time immemorial. Odingo (1985) singled out the periods 1972-76, 
1980-81 and 1984-1985 as some of the worst drought periods in 
Eastern Africa. One can generally say that , the high potential 
lands have had their share of droughts in Eastern Africa, and that 
drought occurrence have been experienced in the high potential 
lands like Kenya Highlands, Lake Victoria Basin and others. So it 
is important to investigate whether the 1972-76, 1980-81 and 1984- 
85 droughts affected West Kenya in terms of the definition given 
and whether, if there were drought periods, famine occurred.and 
lastly whether the drought periods had common characteristics to 
be used in drought recognition and management.

Quantitative analyses of drought situations have been 
attempted but still the problem of universally accepted definitions 
surfaces. Another problem 1s that no one has actually managed to 
point precisely when the drought begins until after it has long 
progressed. The work of Conrad and Poliak (1962) brought out this 
problem clearly as it was concerned with the quantitative analysis 
meteorological phenomena . Morth (1967; early version 1955) related 
the fluctuations of Lake Victoria levels with rainfall in the basin 
catchment and pointed out that a fall in lake level is a reflection 
of periods of dry spells or even drought situations.
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Winstanley (1973) analysing rainfall trends in Africa, the 
Middle East and India, said that “in the marginal lands. It is not 
unusual for the monsoon rains to fail each year but it is almost 
unusual for them to fail so widely in several consecutive years". 
Writing on drought and irrigation in East Africa, Hall(1978) 
considered the facet of drought which causes rainfall shortages or 
delays the arrival of winter rains to be the climatic problem. 
According to him, the problem is not the scarcity of rainfall in 
absolute terms but that of Irregular distribution over the year, 
especially during the rainy seasons. This may be the case in West 
Kenya since this is a region of relatively high to moderate 
rainfall with the exception of some places in the Lake littoral 
which may be said to be semi-arid but relatively wetter than other 
semi-arid regions in Kenya. Felch (1978) used the Palmer's index 
as a drought Indicator but still warned against Its general use in 
various climatic zones.

Masaya (1978) using spectral analysis technique in comparing 
rainfall variations in Kenya and Zimbabwe noted that drought and 
floods are usually followed by heavy rains which cause human 
suffering. In spectral analysis, the peaks in the spectrum suggest 
the existence of a cycle and any rainfall value below the secondary 
mean is defined as drought. Mungal (1984) using the 5.0mm per day 
as the limit between a dry day and a wet day, found the occurrence 
of dry spells in the Lake basin a common feature.
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Kiangi (1978) Investigating the nature of the physical and 
windflows in the atmosphere over Eastern Africa during 1967 (good 
year) and 1972 (drought year) in response to near global drought 
of 1972, found no change in the physical structure of the 
atmosphere. On the other hand, the windflows were shown to be 
different during April and July of 1967 and 1972 respectively. 
There was also upper level convergence in 1972, a feature often 
associated with suppressed weather activities, and hence less 
rainfall or drought.

Schneider (1978) gave the following problems faced in 
forecasting future droughts:

(i) no physical theory explaining the connection between 
drought and other physical meteorological factors
is generally accepted;

(ii) Droughts are not even geographically comparable,
nor do they last for the same length of time, nor do 
they exhibit the same severity.

These observations by Schneider (1978) were well considered in the 
study especially the second one (ii). Since it is not very 
possible to point out clearly the start and end of drought, an 
overview of the distribution of one central element in drought 
occurrence, namely, rainfall, was considered crucial in this study.
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Rainfall analyses have been done in Africa, Eastern Africa 
included, and the world over thoroughly, but usually using the 
annual values or monthly averages with little use of the actual 
daily rainfall. Henderson (1949) working on some aspects of climate 
in Uganda with special reference to rainfall said that in Lake 
Victoria zone, rainfall is well distributed throughout the year and 
peaks in March-Apri1-May and October-November. That dry seasons 
(relatively) occur between December and March and June-July. 
Griffiths (1958) gave various tests one could use in testing for 
normality In rainfall data like the Cornu’s criterion which uses 
the relationship between the mean deviation and the standard 
deviation. The same researcher in 1972 used 50mm per month Isohyet 
line to differentiate between a wet month and a dry month. Jaetzold 
and Schmidt (1982) on rainfall distribution in West Kenya said that 
rainfall is more or less continuous with little distinction between 
the first and second rains. The more or less continuous rainfall 
makes it difficult to decide when the "so called" second rains 
start and stop. Mungai (1984) gave three rainfall regimes in the 
Lake Victoria basin:

(i) Eldoret regime,
(1 i) K i bos reg i me,
(111) Transitional regime.

These regimes were used in the study when choosing representat1ve
stations.
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Sansom (1952) noted the Increasing rainfall trend between 1920 
and 1949 but with a belt that existed where rainfall was decreasing 
from Kenya Coast across Lake Victoria. He recommended the use of 
5-year moving average in working out the annual rainfall trend. 
In the study, the 5-day moving average was used as a low filter 
pass to remove oscillations less than five days. Jagannathan and 
Parthasarathy (1973) on trends and periodicities of rainfall over 
India noted that persistence, the alternative to randomness has the 
property of low frequency variation, which introduces positive 
serial correlation at small lags. They recommended the use of 
autocorrelation functions in studying the structure of a time 
series like rainfall. To smoothen any series, the use of Binomial 
Coefficients to weight the series as provided by WMO (1966) was 
recommended. This study used the Binomial Coefficients to weight 
the 5-day running means.

Rodhe and Virji (1976) pointed out the lack of any definite 
long term trends of annual rainfall in East Africa except at some 
stations in northern Kenya where the trend towards increased 
precipitation 1n recent years was indicated. Subjecting their data 
to spectral analysis, they found peaks at frequencies corresponding 
to the following time periods; 2-2.5, about 3.5 and 5-5.5 years. 
Ogallo (1978, 1980) also found no definite trend In annual rainfall 
distribution over Africa and East Africa respectively. From these 
works, it seems as If no major trend have been found in the annual 
rainfall distribution over Africa and East Africa to Indicate any
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ma.ior"down turn" in rainfall amount. Most of the work quoted above 
use the annual amounts or monthly means and totals but the picture 
probably may be hidden in the daily distribution of rainfall and 
that is the approach adopted in the present study.

On the general trends of statistical analysis in clima
tology, the work of Conrad and Pollak(1962), and Stringer(1972) are 
very comprehensive. On time series analysis and the relevant 
significance tests,the following work were important in this study: 
Blackman and Tukey (1958). Quenouille (1968), Kendall (1976), 

F.A.0(1973)and Salkkonen (1985) .

Generally, literature on drought has become extensive since 
the 1972 Sahelian drought and is bound to Increase with current 
food supply situation in Africa. Literature on drought has. 
generally, concentrated more on the effects of drought than on 
drought per se thus the current confusion as concerns drought and 
famine. The available literature is also not very clear about 
drought definition and the causes of drought . The study used a 
meteorological definition of drought but attempted not to give 
causes of drought in West Kenya. Literature on rainfall trends in 
Africa has tended to rely on mean data than the actual totals and 
this might have resulted in not getting hidden characteristics of 
rainfall distributions. This study therefore relied mostly on 
rainfall data as recorded by the various stations in West Kenya so 
to establish the actual rainfall situation during the 1971-1985
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period. As concerns the drought study regions, the literature is 
more on the marginal lands but to a greater extent ignoring the 
high potential lands in the world over. In Kenya there is general 
lack of literature on drought in the high potential areas and the 
study was done in an attempt to correct this anomaly. The study 
recognised drought as a normal part of the world climate and can 
therefore occur any where on the earth surface. If the basic 
characteristics of drought occurrence in any region can be 
established, it would then be easy to design appropriate drought 
management strategies in a given geographical unit. Since the high 
potential lands of Kenya are the main food producing areas and 
population centres, it is very essential to establish their 
meteorological conditions (mainly rainfall amount and distribution) 
because any small rainfall anomaly may result in a national
disaster.



CHARTER THREE

3.0. 0.0 RESEARCH METHODOLOGY

3.1.0. 0 Data Source

This study was based on the daily rainfall data, mainly, and 
a little on river flows and agricultural performance reports.The 
rainfall data used were those of the months of January. February, 
March, April, May, June and July. River flow information and 
agricultural reports were also for the same months.

Rainfall data were retrieved from the computer stores at 
Dagoretti Corner, Meterological Department Headquarters, Nairobi. 
This work was only possible after the rainfall Stations had been 
identified and mapped to show the spatial representation of the 
various agro-climatic zones (see figure 1.1). The rainfall Stations 
were mostly concentrated in the Western Province, and Kisii and 
South Nyanza Districts. Few Stations from Kisumu and Siaya 
Districts were used (Table 3.2) due to either lack of data 
consistency or lack of Stations but all the agro-climatic zones in 
these areas were well represented by Stations in Busia, Bungoma and 
South Nyanza Districts.

Data on river flow were retrieved from the Ministry of Water 
Development computer stores. Nairobi, on a daily basis for each
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month from January to July for 1977-1985 period. The data were 
recorded on computer sheets for each month with corresponding
years.

Data on agricultural performance came from district 
agricultural reports as given by agricultural stations in West 
Kenya (see Table 4.4). Reports of particular interest were those 
for the period 1971-1985 with reference to the long rains, and 
agricultural production.

Stations ( Rainfall, Hydrological and Agricultural) from which 
the data came were confined to West Kenya and represented nearly 
all the agro-climatic zones of the Lake Victoria Basin. The 
Stations were also those with the most representative and the most 
consistent data for the period 1971-1985. Altitude was also used 
as a factor in choosing the representative stations.

Generally, data used in the study came mainly from secondary 
sources and there was no attempt made to collect primary data in 
the study. This resulted in some difficulty in cross-checking some 
data that appeared to be uneven, as was shown by Kisii data for all
the months in 1971.

3.2.0.0 Data Collection
To get the necessary data for the study, all the Rainfall 

Recording Stations in West Kenya were first marked out from the
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list of Stations provided by the Meteorological Department. 
Stations with the longest records and those that have been closed 
were at first all marked out giving the altitudes, locations 
(latitudes and longitudes) and periods of record (see Table 3.1).

The Stations were then cross-checked with the three rainfall 
regimes of the Lake Basin; Eldoret, Kibos and Transition regimes 
(Mungal, 1984). The representative Stations were then chosen on 
the basis of data consistency, length of record, altitude, agro- 
climatic zone and climatic regime. Forty-five Stations were 
selected or chosen on the basis of the above factors.

The forty-five Stations were again weighed on the basis of 
the factors already mentioned above and spatial representation, 
and on this basis twelve Stations were chosen(see Table 3.2). 
After selecting the Stations, rainfall data were collected on a 
dally basis from January to July for each Station. For each month, 
data were arranged under the corresponding years for 1971-1985, and 
these were then entered into computer diskettes (Information 
stores) using a statgraphic package (this package 1s for 
statistical and graphic work). In the diskettes, each month for a 
given Station was taken as a file and each year taken as a variable 
for the study was to deal with the yearly rainfall set ups as 
displayed on a daily basis. The same method was followed
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when collecting river flow data for Rivers Nzoia. Yala, Nyando, 
Miriu and Gucha-Migori.

Data on agricultural performance were tabulated for the whole 
of West Kenya (see Table 4.4) and then compared with the stations 
rainfall record especially in the analyses of the results.

3.3.0.0 Data Analysis Techniques

3.3.1.0 Introduction

The collected data were subjected to various statistical 
analysis techniques to show rainfall distribution over the years 
( 1971-1985). This was In search of years that could have been 
exceptional 1n terms of rainfall distribution and variation, 
first, the basic statistics of the mean, standard deviation. 
Skewness and Kurtosis were used to show the central tendency. The

Table 3.1:Rainfal1 Stations Arranged according to Altitude 
in WEST KENYA (source:Meteorological Department books).

A 1650m and Above
Number Name Alt. m

88.34.001 North Mount Elgon Forest station 2190
90.34.032 Moromba Farmers Co-op society 1890
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90.34.065 Nyamlra District office 1830

91.34.019 Ntlmaru Chief's office 1800

89.34.072 Ka1mos1 Tea Estate Ltd 1740

90.34.001 Kieil District Commissioner office 1740

90.34.046 Nyabomlte Farmers Co-op 1710

89.34.078 Kaimosi Farmers Training) Centre 1680

90.34.031 Nyaturubo F.C. Society 1680

89.34.028 Kakameqa Forest Station 1650

89.34.060 KimiHll Aqric. Dept. 1650

B 1650 -1500

89.34.016 Luqarl Forest Station 1590

89.34.061 Malays Aqric. Station 1560
89.34.103 Vlhlqa Aqric. office 1560
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89.34.001

90.34.048

90.34.069

90.34.005

90.34.056

Kakamega DC*8 office

Rapogi Sec. School

Kibos Kisumu Mater Supply

Kamagambo School

Nyakoe F.C. Society

1530

1530

1530

1500

1500

C 1499.7-1350.

90.34.047

89.34.002

89.34.031

Uriri Chief’s camp

Bukura Farmers T. Centre

Yala St. Mary's School

1470

1440

1440

90.34.011 Maseno Vet. Station 1440

90.34.023 Oyugls Agric. office
89.34.082 Bungoma Agric. Dept.
90.34.023 Oyugis Agric. office

1440
1410.6
1440
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90.34.041

90.34.045

90.34.047

9 0 .3 4 . 0 6 2

90.34.066

91.34.010

91.34.015

Marlnde Dispensary

Kosele Pr. School

Urlrl Chief’s camp

Kodera Forest Station

Magunga Chief’s camp

Mlgorl Agric. office

Klhancha Aprlc. office

Below 1350

89.33.026

89.34.013

89.34.030

89.34.037

Port Victoria Catholic Mission

Mumlas Girls’ Boarding School

Nanglna Catholic Mission

Lukolls D1sp.. Kakamega

1350

1350

1470

1360

1350

1350

1410

1230

1318.8

1200

1200
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Bungoma. Butula Catholic Mission 1275

89.34.058 Sega Pr. Schoo1 1200
89.34.059 Uholo Chief’s camp 1200

90.34.004 Kleumu PCs office 1127.7

90.34.007 Miwanl Sugar Sec. II office 1302

90.34.018 Gendia Chief’s camp 1200

90.34.021 Bondo Usigu Health Centre 1215

90.34.025 Kisumu Met. station 1130.7

90.34.060 Kisumu New Prison 1200

90.34.063 Lambwe Divisional office 1200

90.34.067 Sangoro Primary School.Nyakwere 1140
90.34.81 K1bos Cotton Exp. station 1154.1
90.35.046 Chemelll Plantations 1209.6
91.34.009 Muhuru Bay Hydromet station 1200
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Table 3.2: STATIONS USED IN THE STUDY

Number S Name Lat. Long. £II4Jr—<

1. 88.34001 Mount Elgon Forest 1 08N 34 45E 2230

2. 90.34065 Nyamira DO’s office 0 35S 34 55E 1860

3. 90.34001 Kisii DC’s office 0 41S 34 47E 1770

4. 89.34.060 Klm1l1l1 Agric office 0 47N 34 40E 1680

5. 89.34061 Malava Agric office 0 28N 34 50E 1590

6. 89.34082 Bungoma Agric office 0 34N 34 33E 1430
7. 90.34.062 Kodera Forest 0 31S 34 39E 1370

a. 90.34.045 Kosele Primary 0 26S 34 42E 1370

9. 89.33.026 Port Victoria 0 07N 33 59E 1250

10. 90.34.021 USIGU HEALTH CENTRE 0 05S 34 08E 1230

11. 91.34.009 Muhuru Bay Hydromet 1 OOS 34 07E 1220
12. 90.34.025 Kisumu Met office 0 06S 34 45E 1150
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mean daily value was used to check whether the < 0.25mm/day (this 
is an extreme value),< 5mm/day and > 5mm/day were a common feature 
or not. The <0.25mm/day was being used to define the 
meteorological dry day by the Meteorological Department although 
this figure is no longer used as it was realised the amount was too 
low for Kenya ( it was the exceptional low amount that the study 
was interested and thus the use of this figure) and the 5mm/day 
limit was used by Mungai (1984) as the barrier between a dry spell 
and wet spell for agricultural purposes. In using the standard 
deviation, the tendency towards exceptional distribution was 
checked at 95X confidence limit; that is two standard deviation and 
any that fall outside ± 2 standard deviation was considered
exceptional. Positive skewness was taken to show tendency towards 
positive distribution and therefore exceptional distributions were 
to be negative and vice versa. Kurtosis showed the general 
distribution and zero or near zero or negative Kurtosis values 
showed tendency towards platykurtic (flat) distribution and 
therefore low rainfall. Positive kurtosis showed tendency to have 
exceptional rainfall in the torrential nature or high falls 
(indicated by leptokurtic distribution). The basic statistics did 
not give the actual distribution but /just the central tendency and 
were therefore reinforced by the use of frequency distribution 
tables.

The frequency distribution used 21 classes to get the best 
distribution showing the < 0.25mm/day , < 5mm/day and > 5mm/day.
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To test statistically the central tendency shown by the 
Mean. Standard deviaton and Frequency Tabulation statistics, the 
Analysis of Variance Technique was done to test the hypothesis 
(null) that there were no differences in the mean daily rainfall 
distribution for each month over the years (1971-1985). The test 
was carried out at 95* confidence limit or alpha 0.05. This was 
to give indications on whether there had been significant variation 
and differences over the years in the daily rainfall distribution 
or not.

To give the actual picture and structure of the daily rainfall 
distribution of each month during the period 1971-1985, a higher 
statistical technique was found to be necessary and in the study, 
the Time Series Technique was the most appropriate in terms of 
structure of the distribution and the process behind the 
distribution of rainfall. The daily rainfall values, yj. were 
plotted against time (days), tj. This gave the actual distri
butions and the graphs were drawn using the statgraphic package. 
Numerous variations shown in the series necessitated a further 
study of the components of the series that might have been present; 
trend, cycles, periodicity and random (irregularities). A five 
point moving weighted average was used as a low filter pass to 
smoothen off high frequency oscillations of less than five days. 
This was then checked to see whether there were periods of 
exceptionally low or high rainfall in keeping with the main aim of 
the study. The distributions shown were then examined for
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persistence (a common feature in climatic events) or randomness 
usinq a time-domain technique, namely,autocorrelation function, rk. 
The autocorrelation function results were then tested for 
siqnif icance. usinq the formula oriqinally qiven by Anderson (1941) 
but later modified by FAO (1973), aqainst the first Markov Chain 
Model.The process behind the distribution were then checked or 
investiqated by plottinq the autocorrelation coefficients aqainst 
time laq, k.

3.3.2.0 Analysis of Variance Test

The mean of a data distribution reflects the nature of the 
various elements of the data. It is therefore important when 
dealinq with several variables in the data to investiqate whether 
there is any difference of means between variables (in the study, 
daily rainfall of the various years, 1971-1985). One of the best 
tests of the difference of the means in the data is the analysis 
of variance test. In usinq the analysis of variance test, the 
followinq assumptions were made:

(i) Data was assumed to be normally distributed; qreater 
than 30 in numbers (daily).

(ii) The samples (yearly data) were independent; on a 
yearly basis yes but on a daily basis no.

(iii) Equal population standard deviation; miqht have
not been so due to differences in the number of days 
of the various months.
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The hypothesis tested in the analysis was that the yearly daily 
rainfall means were equal (Ho) during the 1971-1985 period.

In the study, the one-way classification technique was used. 
The yearly rainfall values are usually not affected by one another 
(Stinger, 1972). The daily rainfall observations were obtained for 
15 (or less 4 years) years, where the number of observations ranged 
from 28 days to 31 days. The analysis of variance test was aimed 
at giving the daily rainfall variation for each year (within 
variance) about the mean and between the yearly variation (between 
variance) about the overall mean. Data for analysis were 
represented as below:

I
(Table 3.3: Analysis of Variance Table

--------- »

I
Years! Rainfal1 value (daily) Mean
1971 | x

1,1
x
1,2

. . .  X
1,31

X

1972 J x x . . .  X X1«1• •
2,1 2,2 1 ,31

• . -
1985 ! x

15,1
x
15,2

. . .  x , 
15,31

X

First, the mean for individual years for each month (e.g. 
January) from 1971-1985 were worked out as:

31
W  = Ixy/n (1.3)

1 = 1



where Ixy is the total daily rainfall for each month in a 
particular year between 1971-1985.

n - the number of days in the particular 
month.

The mean for the whole period was then worked out. This came 
from the basic statistics and frequency tabulation results as 
already mentioned in the preceding sections. The mean for the 
month in the period 1971-1985 was then represented by X.
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Generally, in the analysis, the daily rainfall values for the
individual years were represented by x , x .......the sample
means by x , x , . . . x and the overall mean for each month 
in the period 1971-1985 by X

The “within variance" was estimated by using the formula
I I( X: - x ).1 v •» ”

N - K =Si’ (2.3)

where N is the total number of days for the particular 
month in question during 1971-1985.

K - the number of days in the particular month.

The 'between variance’ was estimated by using the formula:
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i <5 -  x)2
----------  =Sb2

K-1 (3.3)

where x 1s the mean daily rainfall for individual 
years;

X - overall mean daily rainfall for the period 
1971-1985.

The above formulae are inbuilt in the statgraphic package and 
only the data addresses were given to the get Ŝ 2 and Sfe2 
respectively. To test the significance of the results, the F- 
distribution at alpha 0.05 were used; F= S^/S^2 where Sb2 is the best 
estimate of between variance and Sg is the best estimate of the 
within variance.

If F was found to be significantly great, there was then 
significant difference between the means of various years and 
therefore the null hypothesis was rejected otherwise H. was

tf
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accepted or the .judgement was reserved until further analysis was
applied.

The analysis of variance test together with the basic 
statistics results gave the general tendency of the daily rainfall 
distribution for the various months between 1971-1985 in West 
Kenya. These central tendency measures and tests did not give the 
internal structure and processes involved in the rainfall 
distributions over the period of study. Need for an investigation 
on the structure and processes of distribution of daily rainfall 
was therefore apparent.

3.3.3.0 Time-Series Technique

This was the main statistical technique used in the study and 
the question of whether there occurred a period of exceptionally 
low rainfall or not was largely based on the results of this 
analysis technique.

A Time-Series consists of observations taken at a specified 
time, usually at equal intervals or simply observations arranged 
sequentially with respect to time. Mathematically, a Time-Series 
can be defined by values yj,y2,y3 , ... y„ of a variable y 
(daily rainfall in the study). Variable yj in the study was a 
function of time (t), days, symbolized by yj = F(t). (4.3)
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Time-Series has several components and these components suit 
best the study of natural fluctuations like daily rainfall time- 
series. The components are:

Trend: long term movement
Cycles; fluctuations about the trend of areater 
or less regularity.
Seasonal fluctuations which repeat themselves within 
fixed periods of time less than one year (in the 
study less than one month)
Random, residual or irregular fluctuations.

A Time-Series is therefore represented as a sum of (additive 
model) or product of (multiplicative model) the above four 
components, namely, Y = T + C + S + I or Y= TCSI where 

T - trend
C - cycles
S - seasonal effects
I - irregular or random effects.

To study the "properties" of a Series, there is usually the 
need to decompose the Series into its various components using 
either the Time domain Autocorrelation function, rk, (serial 
correlation) or Frequency Domain (Spectral analysis). This study 
used the Time—domain method to study the properties of the daily 
Time Series for stations in West Kenya. Each month was studied
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separately and Series plot for each year worked out (see figures 
4.4-4.6).

Many natural processes have been observed to belong to 
periodic. Moving Average (MA), Autoregressive (AR) or Auto
regressive-Moving Average (ARMA) processes. Using the moving 
average (weighted) and autocorrelation analysis method, the Series 
were examined to check for any trend, cyclic, seasonal or irregular 
fluctuations in the Series which may be used to characterise 
drought periods and the model they would fit.

3.3.4.0 Plotting the Time-Series

For each month, the daily rainfall values represented by yj 
for all the years from 1971 to 1985 were plotted against time 
(days), depending on the number of days in the month.

No attempt was made to average the days of the month for there 
was need to show what actually happened. A statistical package, 
statgraphic, was used to carry out the task. The graphs for all the 
years, depending on the month, were fixed in one graphic frame with 
the same vertical and horizontal scales respectively. This was to 
provide a visual impression of the differences and to give the 
actual fluctuations (see figs 4.4-4.6). Also, this was to give 
years of exceptionally low daily rainfall distribution relative to
other years.
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So many irregular distributions may hide the trend, or cycle 
or seasonal distribution and in the study, the original scenes 
showed web-like distributions and were therefore not easy to 
observe and describe. As a result, the need to smoothen the series 
became a necessity. In smoothing the series, one can either use 
the least square method or the moving average method. This study 
used the moving average technique to smoothen the series that 
resulted from the plots.

3.3.5.0 Smoothing the Series Using the 5-day Moving Average

The Moving Average (MA) process can be mathematically
expressed as:

Xt =€t+ °l  et-t al £ t-21**+a <5 - 3 >

where
- Xt is the Time Series

- a, ,a2 ,aft are some constants

- is the random shock at time t (see Kendall. 1973,
1976).

The moving average used in this study was a low filter pass 
removing fluctuations of high frequency less than five days. The 
five day interval is important for agricultural purposes in terms 
of soil moisture retention capacity of most soils in West Kenya. 
The moving average used in this was a 5-day one expressed as :
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v,+v2+ v3+ y, + y5

5

(6.3)

y2 + v3+ y4+ y$* y«

5

(7.3)

until all the values of the data range were covered. The smoothing 
moved from one year to the other and therefore even in the overall 
smoothed series the x-axis provided the scale to identify 
distribution for particular years (see figs 7-13 ).

3.3.5.1 Disadvantages of Moving Average Method

(i) The choices of the length of moving average is 
arbitrary; in the study, the soil moisture 
retention c a p a c i t y  influenced the 5-day point.

(ii) Moving averages made from purely random
Time-series can generate irregular apparent 
periodicities by the process of Slutzky-Yule 
effect.

(iii) Moving averages give little weight to the middle 
values and the first and last values are usually 
lost.

To correct some of the above disadvantages or defects of 
moving average, weighted moving averages were preferred in the 
study. In this study the Binomial Coefficients were used as given 
by WMO, 1966 ( .0.22 , . 2, . 12 , .05 , .02 ) . The Time Series was then
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examined for persistence or randomness as a way of checking the 
property of the distribution shown. The Time-domain method 
(Autocorrelation function, rk) was used to carry out this task. 
One should note that the time-domain and frequency domain methods 
are complementary but not the same (see, Erat, 1973, Ogallo.1977)

3.3.6.0 Autocorrelation Function, rk

A time-Series is considered randomly distributed when each 
event is statistically independent of all preceding and succeeding 
events. Many hydrometeorological processes are due to persistence 
in the data (a common feature in meterological daily rainfall data 
where occurrence of an event today is likely to affect the 
occurrence of the same event the following day). Dependent events 
are usually analysed using Autocorrelation (serial correlation) 
function, rk, technique.

The Autocorrelation function, rk, is the ratio of the auto
covariance, Cjj , to the variance Cfl , that is rk = Ck /C0 . The 
following steps were followed when working out the autocorrelation 
functions for the various months during the period of records:-
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(i) The data sequence (daily rainfall records) were denoted 
by (yj) = i = 1,2,3.4. .. .N. (8.3)

(ii) The arithmetic mean of daily rainfall data were
then

worked out:- y = I yj/N (9.3)
where N is the number of days of record and y the mean,

(iii) The Autocovariance (or simply the covariance), Ck , was 
worked out as

N-k
Ck = KVj -y)(yjrt-y)/N (10.3)

1 = 1

(iv) The variance was then worked out :-
N

c0 = I(y} -y)2 /N (11.3 )
1 = 1

(v) Finally. rfc = Ck /C0 (12.3)

In the statgraphic package, the general formula for the 
Autocorrelation function, rk, is inbuilt and is given as :-

N-k n-k N-k
rk=[1/N-k IyjVj+|(-1 /(N-k)2 (lyj)2 (ly j+|}2]* (13.3)

1 = 1  1 = 1  1 = 1

N-k N-k
([ 1 /N-k ly}2 - 1/(N-k)2 (Zyj)2],/2 

1 = 1  1 = 1

N-k N-k
(1 /N-k Zyj+k2- 1/(N-k)2 (Xyj+k)2J) 

1=1 1=1
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where ia the auto-correlation function of order k (time-lag) and 
V, = the rainfall values. Note that * in the formula ia multiply.

3.3.7.0 Testing The Significance of Autocorrelation functions

If the sequence of the daily rainfall data were random, the 
calculated value of all rk should differ from zero only by sampling 
variation, so that when r̂ were plotted against k (lag time), the 
points should not show large divergence from the horizontal axis. 
The autocorrelation functions were tested for significant 
divergence from zero to check against persistence.

In theory, it is expected that the Autocorrelations 
Coefficients of all lags (other than zero) have large-sample 
error.i1/ N. An approximate test of significance that was used in 
the study to check for persistence was obtained by comparing 
autocorrelation functions rk (coefficients) with the range 
± 2/ N; values lying outside this range suggested presence of
persistence in the data sequence. This was done until the point 
where the lag time showed no persistence or complete persistence 
so as to be used in defining normal number of wet or dry days.

Usually, the first order autocorrelation function, r(, is used 
in testing for persistence or randomness and in the study the test 
was carried out at a 0.05. A simplified form of r, that can be
used i s :
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r, = 1 /N- 1  V ( v t - y)(Vj+f-y)
1 =  1

------------------------- (14.3)
N -

1/N I( yj - y )2
i = i

where rt is distributed normally about the mean -1/(N-1) with 
variance (N-2)2 /(N-1)3 .

The test used in the study was given by Anderson (1941) and 
modified by FAO ( 1973) where if r} lies outside the range :

(-1/N-1 + 1.96(N-2)/(N-1 )3/2, (15.3)
-1/N-1 - 1.96(N-2)/(N-1 )3/2 )

then there was evidence that r} was significantly different from 
zero and therefore not random and vice versa. If r( was found to 
be significantly different from zero, indicating persistence, it

Lwas checked if it approximated to an exponential relation: r̂ = r* 
; r̂  >= r,k indicating a Markov linear type of persistence while rk

L< r* showed that persistence was not linear.

To reinforce the Significance Test results. the 
autocorrelation functions rfc were plotted against k (lag-time) to 
“throw some light on“ the internal structure of the observed 
series. The plot is called the correlogram. In the study, the 
work was done by computer using the statgraphic package and the 
results were in block forms rather than the traditional line graph.
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3.3.8.0 Correloqram
A plot of rk against k is called the correloqram. The shape 

given by plots revealed, in the study, the nature of the process 
in the Time Series for each month. For a periodic process, the 
correloqram was periodic; for moving average process, the 
correloqram vanished; for auto-regressive process, the correloqram 
was exponential (fitting the first order Markov process, r̂  = r, 
and the correloqram decaying); see figures 14--18.

The correlograms and the autocorrelation function tests were 
used together to describe the structure of the Series studied.

3.3.9.0 Why Time Series Analysis of The Data

The characteristic feature of Time-Series, as compared to 
other statistical subjects, is that the observations occur in 
temporal order. This is important in that, among other things, it 
deals with the relationship of values from one term to the next, 
in serial correlation along the series. This suited the study most 
for there was need to check whether there were differences between 
the Series over the period of study, 1971-1985. When there are 
several Series to consider as a multivariable c o m p l e x  as was in the 
study, there will arise a dimension of complexity beyond that of 
multivariate analysis. In multivariate analysis, the concern is 
with relationships or interrelationships among variables regardless 
of the order in which the individuals which bear them are
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presented. With a multivariate Time Series as mss the case in the 
study, there is need to consider, in addition, the correlations and 
cross-corral at ion among the Series when one or more lead or lag 
behind the others.

In the study, the Time Series Analysis Technique was used 
based on the following functions of the technique:

(a) at the most superficial level, a particular Series 
is considered and a simple system constructed to describe its 
behaviour in a concise way. This was the main reason for using 
the Time-Series in studying the daily rainfall distribution in West 
Kenya so as to identify the periods of exceptional rainfall. There 
was need to describe the behaviour of daily rainfall from 1971 to 
1985, the period which experienced some of the worst droughts in 
recent climatic history of Africa;

(b) explaining the Series behaviour in terms of other 
variables and to relate the observations to some structural rules 
of behaviour. In the study, the autocorrelation function was used 
to analyse the structure of the Series and then to relate the 
processes to the periodic, moving average, autoregressive and first 
order Markov chain models.
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The Time-Series analysis usually present some problems that 
were also faced in the study like:

(i) when to make observation and in Time-Series analysis 
there are rarely rules of general and universal 
application; a great deal depends on the purpose of the 
study. In the study, so long as there was daily 
rainfall record, no attempt was made to check whether 
the recording took place in the morning, afternoon or 
at night;

(ii) the study assumed that the yearly records were 
independent but in Time Series analysis, there is the 
problem of aggregation. So long as the Series is 
cumulative as was the case when using running-means, 
the variables become dependent on one another;

(iii) there is also the problem of continuity and 
discontinuity. The rainfall data record might have 
been discreet but cumulatively continuous. So the 
problem must be stated clearly. In the study, the 
rainfall data were taken as discreet variables 
between the years but continuous within the years.

(iv) there is the calender problem especially the February 
end problem and also that months do not have uniform 
number of days and weeks. In the study, no attempt 
was made to adjust the records since the study was to 
show the actual situation and not what was supposed to
be there.
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(v) the problem of defining the length of the Series is
also notable. In the study, if one was considering the 
years that elapsed between the 1971 and 1985, one would 
come out with fifteen years as length of the various 
series. This study used the data entry per day to give 
the length of the various Series and in this case the 
length of the Series were according to the number of 
days in a particular month, January - July, for the 
period 1971-1985.

Even if there are disadvantages in Time-Series analysis 
technique, it still provide the most suitable option in terms of 
statistical techniques in studying the structure, and process of 
a Series like rainfall and river flow over a given period. Also 
since drought has been noted as a recurring meteorological 
phenomenon, a temporal analysis of data is the best way of 
investigating drought occurrence and characteristics in a given 
geographical unit as was the case in the study.

N/B. In cases where rainfall data were missing for particular 
stations, data from adjacent stations were used to fill in the gap 
or data from a station within the same agro-cl imatic zone were 
used in data analyses in this study.



C H A R T  E R F O U R

4.0.0 R E S U L T S  A N D  D I S C U S S I O N S

In this section of the thesis, a detailed examination was made 
of the results obtained followed by a discussion of their 
significance if any.

4.1.0 Basic Statistics Results

The basic statistics used in the study were the Mean, Standard 
deviation, Kurtosis, Skewness and Variance. These basic statistics 
revealed the central tendencies and therefore the general behaviour 
of the rainfall data on a daily basis.

4.1.1 January Results for 1971-85 Period

Starting with the Lake 1ittoral(£1250mm), represented by Kisumu 
Meteorological Station, Muhuru Bay Hydrometeorological Station, 
Usigu Health Centre and Port Victoria, the mean daily rainfall was 
found as a rule to be low. Muhuru Bay, Usigu Centre and Port 
Victoria showed mean daily rainfalls of each less than 0.25 mm per 
day in 1974. 1975, 1976, 19B0 and 1982, an indication that the
years were the worst in terms of dry spell occurrence.

Generally, the Stations mentioned in the Lake littoral showed 
a general tendency of mean daily rainfall less than 5mm per day 
with the worst centre being Muhuru Bay and the relatively better
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centre being Kisumu. The Kurtosls end Skewness values were always 
positive Indicating that extreme cases were those of high rainfall 
distributions and the normal was low rainfall distributions. Also, 
even If the Kurtosls and Skewness values were positive, they tended 
to be near or less than one thus showing platykurtlc tendencies 1n 
the rainfall distributions. These were Indications of low rainfall 
distribution.

The Standard deviation and Variance values were always greater 
than the Means and this showed greater coefficient of variations, 
and this could possibly be attributed to occasional occurrence of 
heavy downpours(Tables 4.4.,4.S..and appendix I). The Stations of 
the Lake littoral represented solely the Klbos regime of Munga1( 
1984).

Moving to the Lake Basin low midlands (above altitude 1.250 
metres). January was still dry but relatively better than the Lake 
littoral. The difference with the Lake littoral during January was 
only noticeable In terms of total amount but the less than 5mm per 
day rains still dominated. The low midlands zone was represented 
by Kosele Primary School. Kodera Forest Station, and Bungoma 
Agricultural Department Office. Around Bungoma, the 1975 and 1979 
mean daily rainfalls were exceptionally high. The Standard 
deviations and Variances still showed great coefficient of 
variations and the Kurtosls and Skewness values showed the extreme 
values to be those of high rainfall distributions; the
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distributions were generally low and positively skewed. The 
occurrence of mean daily rainfalls of 0.25mm was rare with only 
Kosele and Bungoma showing that trace in 1975 and 1974
respectively.

In the upper midlands zone (1500m and above) represented by 
Malava Agricultural Office, Kiail District Off ice. Nyamira District 
Office and by the highland station. Mount Elgon Forest Station, the 
occurrence of mean daily rainfalls of each less than 0.25 mm per 
day was none existent although the less than 5mm per day was still 
the normal feature. Variation was still great according to the 
Standard deviation and Variance results. The extreme features were 
most likely to be high rainfall distributions as was shown by 
positive Kurtosis and Skewness values.

Generally, January was as a rule a dry month during the period 
of study and one could conclude from the central tendency 
statistics that it was the normal feature in the Lake Basin 
rainfall regime. Extreme variations were possibly due to occasional 
occurrence of heavy downpours but the distribution seemed to be 
platykurtic ultimately indicating generally low rainfall.

4.1.2 February Results for 1971-85 Period

In the Lake littoral, the February rains were lower than the 
January rains as was indicated by the high number of years showing
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mean rainfall records each of less than 0.25mm par day. Uaigu 
showed 1972. 1975. 1977, 1980, 1983 and 1984; Muhuru Bay. 1971, 
1980. and Port Victoria, 1971 and 1982; as the worst years and the 
1 ess than 5mm per day was shown by all stations throughout the 
period of record. Kisumu was better off because 1978 and 1979 had 
more than 5mm per day mean rainfall and no year showed mean 
rainfall less than 0.25mm. The rainfall distribution in February 
was st111 relatively platykurtic but the Kurtosls and skewness 
values were mostly positive indicating the occurrence of extreme 
cases 1n terms of heavy rainfalls. This showed that the 
distribution was mainly low with occurrence of high rainfall 
distributions being abnormal but not an impossibility.

The standard deviation and the variance values ware greater 
than the mean 1n most cases indicating great coefficients of 
variation 1n the daily rainfall distributions; this was mostly due 
to the high possibility of getting zero and heavy downpour 
respectively 1n a day during the month.

In the low midlands zone(above 1250m). the mean daily rainfall 
of less than 0.25mm per day was rare/nonexlstent but the less than 
5mm per day being normal. 1978 showed heavy rainfalls 1n Kosele 
region as was 1974. 1975. 1981 and 1983. In the Kodera Forest 
region. 1976 and 1979 showed exceptional high daily rainfall mean. 
The Bungoma region showed exceptional mean dally rainfall in 1972, 
1973. 1978, 1979(Table 4.5). These years were exceptional in that
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they had mean daily rainfalls (treater than 5am per year. This 
showed that, although the lower midlands zone Is within the Kibos 
rainfall regime zone of Mungal(1984). it was better off than the 
Lake littoral and the possibility of planting low water requirement 
crops as from February mss greater than in the Lake littoral.

In the upper midlands zone (1500m and above) which Is mainly 
in the transitional zone with only Mount Elgon station and Kimillli 
showing Eldoret regime type of rainfall distribution, (Mungal,1984) 
.the February rainfall were relatively better off than in the first 
two zones. Only 1971 showed mean rainfalls of less than 0.25mm per 
day and 1n the case of Kisii the data was suspect for all the 1971 
data were found to be low throughout the months of record. The 
February rains were still relatively low as was shown by the 
domination of rainfall of less than 5mm per day. The coefficients 
of variations were still great and the distribution was still 
relatively platykurtic.

Generally February in the Lake Basin (1971-85) was dry and 
this seemed to be the normal but in the low midlands, the mean, the 
Kurtosis and Skewness values Indicated Improved rainfall amounts 
although the coefficients of variation was still great.
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4.1.3 March Results for 1971-86 Period

The Lake littoral zone showed Improved rainfall distribution 
In March but the general tendency was that of low rainfall 
distributions. The mean dally rainfall was still generally less 
than 5mm per day. The less than 0.25mm per day mean rainfall was 
only shown by Muhuru Bay In 1971 and Uslgu Health Centre 1n 1974, 
1983. 1984 and 1985 showing Uslgu as the worst off area. Klsumu 
and Port Victoria area were better off with 1975. 1978, 1979,1980, 
1981 and 1985 showing mean dally rainfalls generally above 5mm per 
day.

The Kurtosls and Skewness values were generally positive but 
1n the Muhuru Bay area and Uslgu area, 1971 showed zero or near 
zero values showing extremely low rainfall distribution tendencies. 
This could have been due to the occurrence of very heavy downpours 
during that year or that the rains were extremely low.

In the low midlands zone, the March rainfall showed marked 
improvement with mean daily rainfalls of less than 0.25mm per day 
being very rare. Only Kosele area showed a mean daily rainfall 
distribution of less than 0.25mm per day in 1971 and generally, 
Kosele, apart from altitude, seems to fit in the Lake littoral 
zone. Dally mean rainfall coefficient of variation was still great 
as the Standard deviation and the Variance tended to be greater 
than the mean. The Kurtosis and Skewness values were mostly
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positive with only Kosele In 1975 showing negative Kurtosis value. 
Thi8 showed that 1975 was wetter relatively and the low rainfalls 
seemed to have been the extreme or that there were heavy downpours 
in that year. The less than 5mm per year rainfall still dominated 
as was the case In the Lake littoral but the balance was better 
here.

In the upper midlands zone. March rainfall was relatively 
better than was In the other two zones with only the Mount Elgon 
area which was more of Eldoret regime than the transitional regime 
showing relatively low ralnfal1(Table 4.7). Malava area showed 
exceptional low distribution (mean) In 1973, and 1982. Mount Elgon 
in 1980 and Kisii in 1984. Variation 1n mean dally rainfall was 
still great and the less than 5mm per day still dominated but the 
balance was better relatively than In the low midlands zone. The 
Kurtosis and Skewness values were exceptional in Kisii in 1984 
where they tended towards zero showing a rather platykurtic 
distribution thus indicating a generally low rainfall than in other 
years during 1971-85 period. The Mount Elgon area also showed this 
tendency in 1980. Nyamira area showed the wettest tendency in the 
whole midlands zone followed by Kimilili. Malava, Kisii and lastly 
Mount Elgon. March daily rainfall (mean) was relatively better off 
than in January and February and the improved mean daily rainfall 
gave a tendency towards a general increase in rainfall. It 
therefore seemed to be that rainfall as would be expected starts 
peaking in March in the Lake Basin but this was not universal even
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Mi thin the zones mentioned above. Daily rainfall variations seemed 
to be still considerable and the occurrence of heavy downpours as 
indicated by the dominance of positive Kurtosis and Skewness values 
was still the normal feature.

4.1.4 April Results for 1971 -85 Period
April rainfall for the period under consideration was 

relatively good in the Lake littoral with no year showing mean 
daily rainfall below 0.25mm per day. In the Muhuru Bay area, only 
1972. 1975, 1976, 1980 and 1981 showed mean daily rainfalls less 
than 5mm per day; Usigu data showed a generally low rainfalls with 
the less than 5mm mean daily rainfalls dominating; Port Victoria 
showed low rainfalls (mean) in 1976, 1978-79 and 1981 and; Kisumu 
area showed low rainfalls in 1981, 1982 and 1984. The Variances 
and Standard deviations were still great and this showed that daily 
variations tended to be high. Kurtosis and Skewness values were 
generally positive and the distribution were leptokurtic, that 
is,the distribution was generally peaked showing that rainfall was 
relatively high.

The low midlands April rainfalls were generally as expected 
with no year showing mean daily rainfall less than 0.25mm per day 
and the equal or greater than 5mm per day mean daily rainfall 
dominating. Only 1972 and 1982 tended to have shown mean dally 
rainfalls less than 5mm per day. Variations on a daily basis 
tended to have been great as was shown by large values of Standard
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deviation and Variance than the mean. Kurtosis and Skewness values 
were positive and generally above zero showing general tendency 
towards heavy downpours at the same time extreme values were mostly 
to be those of high rainfall distributions.

The upper midlands April rains were good with no period showing 
mean daily rainfall less than 0.25mm per day except 1978 1n Kisii. 
This could have been due to data error as was in 1971 when mean 
daily rainfall was less than 5mm per day. In the Malava area only 
1973, 1976 and 1979 showed mean daily rainfalls less than 5mm per 
day(Table 4.6). KimiliH showed a tendency towards mean dally 
rainfalls less than 5mm per day in 1973, 1974 and 1979. Nyamira 
area showed the tendency of less than 5mm per day only In 1984; 
Elgon area seemed to have been different from the rest of the upper 
midlands zone with many years showing mean dally rainfalls less 
than 5mm per year. Generally in the upper midlands zone, mean 
daily rainfall was above 5mm per day. The coefficients of 
variation on a daily basis tended to have been considerable with 
the Standard deviations and Variance values being generally greater 
than the mean values. The Kurtosis and Skewness values were 
generally positive showing tendency towards peaked rainfall 
distributions and the extreme values most likely to be In the form 
of heavy downpours.

In the Lake Victoria Basin during the period 1971-1985, April 
rainfall was generally as expected but particular years showed low
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rainfall distributions but not very exceptional. It therefore seems 
that April is generally a good month in terms of daily rainfall 
distribution and if crops are to be planted, their development 
stages (this is the period when water is most needed in crop 
development) should fall in this month.

4.1.5 May Results for 1971 - 85 period

The Lake littoral showed good rainfall in May but not as was 
in April. The less than 0.25mm mean daily rainfall was still rare 
but the less than 5mm per day tended to have increased in number 
as compared to the April rains. Usigu area (see figure one) showed 
1984 as having mean daily rainfall of less than 0.25mm per day but 
the 1971 period 1n the same month seemed to have been better off 
with the low rainfall distributions being the extremes as was shown 
by the negative or near zero Kurtosis and Skewness values 
respectively. Variations of daily rainfall was still notable as 
shown by larger Standard deviation values and Variance values than 
mean values. In the littoral therefore, the crops grown should by 
mid May be in their late season stage (maturity stage). That is, 
fast maturing crops are suitable and should be hardy drought 
resistant crops.

The low midlands showed May to be good in terms of daily 
rainfall with the greater or equal to 5mm per day mean daily 
rainfall still dominating. Only Bungoma area showed mean daily
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rainfalls leas than 0.25mm. in 1971. Kosele area showed 1973, 
1979. 1981. 1983. 1984 as having mean daily rainfalls less than 5mm 
per day. Kodera Forest area showed mean daily rainfall distribution 
less than 5mm only in 1984. Bungoma area showed mean daily 
rainfalls of each less than 5mm per day in 1976. 1977 and 1985. 
The area also showed platykurtic distribution in 1971 showing 
general tendency of low rainfall distributions. Mean daily 
rainfall distribution coefficients of variation was high with the 
values of Standard deviations and Variances being generally greater 
than the Mean values.

The upper midlands zone showed May rainfall to be generally as 
good as the April rainfall. The mean daily rainfall of less than 
0.25mm per day was very rare with only Mount Elgon forest area 
showing the tendency in 1983. Daily coefficients of variation 
tended to be high and the Kurtosis and Skewness values indicated 
leptokurtic distributions. The extreme values were mostly in the 
form of heavy rains. Malava area showed tendency of extreme values 
to be low rains in 1982, 1983 and 1984 and rainfalls less than 5mm 
per day in 1971, 1972 and 1981. Kimllili area showed 1981 as the 
year of a relatively low rainfall with mean daily rainfall being 
less than 5mm per day. Kisii area showed 1971,1974. 1 978,1981,and 
1984 as having relatively low rainfall distributions with mean 
daily rainfall being less than 5mm but greater than 0.25mm. Nyamira 
showed this tendency in 1974, 1978, 1979, 1981, 1983, 1984 and 
1985. Mount Elgon area seemed to have been drier than other upper
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midlands areas with more years showing mean daily rainfalls of each 
less than 5mm per day.

Generally May rainfall was as expected in the Lake Victoria 
Basin during the 1971-85 period and meaningful crop growing 
practice must integrate this rainfall distribution tendency into 
its structure.

4.1.6 June Results for 1971 -85 period

June rainfall in the Lake littoral showed the expected decline 
from the April-May peaks with Muhuru Bay showing 1971 and 1981 with 
mean daily rainfall less than 0.25mm per day; Usigu showed the 
tendency in 1972,1982, 19B3 and 1984; Port Victoria showed the
tendency in 1971; with Kisumu showing none of this tendency. The 
less than 5mm per day mean daily rainfall in June dominated in the 
Lake littoral. To this, therefore, the crops grown should be in 
their late season and/or harvest stage (see Nyandega, 1987). 
Kurtosis values and Skewness values showed tendency to be positive 
and therefore extremes were mostly to be in the form of heavy 
downpours. The Standard deviation and Variance values were 
generally greater than the mean showing high coefficients of 
variation on a mean daily basis.

The low midlands showed decline in June rainfall but not as was 
in the Lake littoral. The less than 0.25mm per day rainfall was 
rare but the less than 5mm per day dominated. Kosele area showed
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generally high mean daily rainfalls in 1974, 1982 and 1983 as was 
Kodera Forest area in 1973, 1977 and 1982. Bungoma area showed this 
high mean (> 5mm per day) daily rainfall distribution in 1976. 
Daily mean coefficients of variation was still high and the extreme 
values were most likely to be the heavy downpours as shown by 
positive values of Kurtosls and Skewness.

The upper midlands zone showed relatively good rains in June 
but not as was in Apri1-May period. Malava area still showed the 
greater or equal to 5mm per day mean daily rainfall dominating, 
and other areas like Kisii, Nyamira and Kimilili showing a near 
balance between £5mm rainfall per day. The distribution was still 
leptokurtic showing that extremes were most likely to be in the 
form of heavy downpours. Daily mean coefficients of variation was 
still high as the Standard deviations and Variances were greater 
than the Means. June rainfall showed the expected decline but this 
depended on the zone as Malava area still showed heavy rainfall but 
the Lake littoral had already reached dry time. In the Lake 
littoral, to reduce the risk of crop failure, crops should be in 
the harvest stage; in the low midland zone, the end of the late 
season stage and; in the upper midlands, the crops should be in the 
early late season stage.
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4.1.7 July Results for 1971 -85 period

July was dry in the Lake littoral as was January / February 
time with mean daily rainfalls generally less than 5mm per day and 
means of less than 0.25mm per day not uncommon. Muhuru Bay showed 
1972, 1977, 1978, 1979 and 1980 as having less than 0.25mm per day 
mean daily rainfalls. Daily coefficients of variation was still 
high with the extremes most likely to be in the form of heavy 
downpours.

The low midlands showed a dry July but not as in the Lake 
littoral with the less than 0.25mm per day mean rainfalls being 
rare features. Generally the mean dally rainfalls were less than 
5mm per day and to this, the crops in the zone should be in their 
harvest stage when minimal or no water supply is required. Daily 
coefficients of variation was generally high with the extreme 
values most likely to be in the form of heavy downpours as was 
indicated by positive Kurtosis and Skewness values. Kosele area 
(see figure one) showed relatively good mean daily rainfall in 
1976, 1977 and 1978; Kodera Forest showed good mean daily rainfall 
in 1975 and; Bungoma area showed the relatively good mean daily 
rainfall 1n 1974 and 1983.

The upper midlands showed relatively better rainfall 
distributions 1n July than was in the low midland zone but the 
expected decline in rainfall amounts in July was noticeable. The
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Elgon area still showed a relatively steady rainfall probably 
indicating the influence of the Zaire(Congo) air mass. Malava area 
still showed the greater or equal to 5mm per day mean daily 
rainfalls dominating with only 1971, 1973, 1975, 1982 and 1984 
showing mean daily rainfall of less than 5mm per day. Kimilili 
area showed the less than 5mm per day mean rainfall dominating with 
only 1972, 1974, 1975 and 1979 being the exceptions. In the Kisii 
area the less than 5mm per day rainfall dominated with 1974, 1975, 
1976, 1983, 1984 and 1985 as the exceptions. As to the general 
tendency, only 1971, 1974, 1975, 1976, 1978, 1981 showed mean daily 
rainfall of greater or equal to 5mm in the Kisii area.

July rainfall was generally low in the Lake Basin during 1971- 
1985 period and this seems to be the general tendency. Variations 
in rainfall amounts and distributions from one station to another 
and from one zone to another were shown to be the norm. July 
rainfall tended to approach the January/February levels in most 
places but the transitional zone mostly found in the upper midlands 
showed better rainfall (relatively) in July. Crops grown in the 
Lake Basin at least should be in their late season stage of growth 
but mostly in the harvest stage.

Generally, the basic statistics indicated variations in mean 
rainfall distribution within and between different zones in the 
basin. The statistics also indicated that the dry spells of less 
than 0.25mm and 5mm per day rainfal1,respective!y, tended not to
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be the extremes. Instead, the extremes were mostly indicated to be 
in the form of heavy downpours. Also, because there could only be 
either a dry day or a wet day, the less than zero extremes were 
not to be expected (see Tables 4-8 for example). Since the basic 
statistics showed a tendency towards differences in rainfall 
distributions« especially the mean daily rainfall, it was now 
important to see how significantly different or not different the 
mean daily rainfalls were from one another in the various zones and 
even within each zone of the study area. This would indicate 
significance of the differences to help in identifying rainfall 
distributions that were not normal in the daily rainfall regimes 
of the months of January-July (1971-85).

4.2.0 Analysis of variance Test Results for the
months of January - July during 1971 - 85 period

The tests were carried out to check the null hypotheses that 
the mean dally rainfall were equal to one another for all the 
months during 1971-85 period; that is, there were no significant 
differences of the means for all the various months from January 
to July during 1971-85 period. The tests were carried out at alpha 
0.05. The results showed significant differences for all the months 
from January to July in mean rainfall distributions (1971-85 
period). The null hypothesis was therefore rejected and to this, 
it was accepted that there were significant differences in the mean 
rainfall distributions for all the months during 1971-85 period. 
After establishing that there were differences in the mean
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distribution, it was therefore fair to start investigating the 
actual distribution of daily rainfall to see if the basic 
statistics results, the frequency results and the analysis of 
variance test results indicated the trend in the actual structure. 
It was also important to check the internal structure of the 
indicated tendencies and the processes behind them.

4.3.0 The Time Series Results, 1971-85 Period

The raw Series showed high frequency of variations and a 
mixture of many years data showed no smooth trend or feature thus 
presenting a not easy to describe features(see figures 4.4-4.6 and 
appendix XII). To solve this problem of very many variations not 
easy to describe, the data were combined sequentially but still 
with distinctive years. The Series were then smoothed using five- 
day weighted running means to remove the high frequency 
oscillations of less than five days. The weights used were 
binomial coefficients extracted from normal variate tables (WMO, 
1966).

4.3.1 Five-day Weighted running means Results, 1971-85 Period
These were to give years for each month that showed a low 

distribution exceptional from the general set up or distribution. 
The years were not only to be exceptionally low but even 
indications of decline were to be noted and the exceptionally high 
distributions to be equally taken into account.
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4.3.2 January Results. 1971-85

In the Lake littoral represented by Kisumu Meteorological 
Station (= 1150m), Muhuru Bay Hydrometeorological Station (= 
1220m), Usigu Health Centre (= 1230m) and Port Victoria (= 1250m), 
the weighted Series showed January as a dry month(appendix XVI) 
throughout the period (1971-85). This case as was supported by the 
basic statistics results already discussed. The Kisumu area showed 
a generally low rainfall with occasional peaks over 5mm per day 
indicating heavy downpours(fig.4.7). 1974 showed marked low 
distributions as were most of 1976, 1979, 1980 and 1983-84 periods. 
Days of less than 5mm per day were more than those of over 5mm per 
day but a prolonged period showing a whole month without a wet day 
was rare or non-existent during the period of study. Muhuru Bay 
area showed marked low rainfall distributions in January during the 
period of study in 1974, part of 1975, 1978. 1980-82 and 1984-85. 
There were more days with less than 5mm per day and the chances of 
getting a dry day was high. Usigu area showed marked lows in 
January throughout the period with 1974 and the 1980-84 period 
being exceptional.

The January rains were generally below 5mm per day with few 
peaks indicating heavy downpours, occasional 1y. Around Port 
Victoria Station, rainfall less than 5mm per day in January 
throughout the 1971-85 period dominated with 1974-76 time showing 
marked low as was 1979,and 1981-84 time. Days with over 5mm
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rainfall ware few but not absent, a factor showing the occurrence 
of heavy downpours occasionally.

The Lake Basin low midlands represented by Kosele Primary (= 
1370m), Kodera Forest (= 1370m) and Bungoma Agricultural Office 
(=1430m) showed January as a dry month as was the case in the Lake 
littoral although difference in rainfall amounts could be noted. 
Kosele area showed a low rainfall distribution with many days 
having less than 5m per day record. 1971 had a low break but not 
complete. 1974-76 showed a near complete break and a restrained 
distribution was exhibited between 1983-84 but not a complete 
break. Kodera Forest area displayed a relatively low rainfall 
distribution in January with many dry days of less than 5mm per day 
rainfalls. 1976-77 showed marked low indicating an exceptional 
case, although dry days of less than 5mm were a common feature. 
Bungoma area indicated January rainfalls as erratic in distribution 
with ma/jor lows shown in 1972, 1974-75, 1980-81, 1984-85. Rainfalls 
of over 5mm per day were rare but not absent and occasional storms 
were a feature indicated by peaked distribution.

The upper midlands represented by Malava Agricultural Office 
(= 1590m), Kimilili Agricultural Office (= 1680m), Klsii District 
Office (= 1770m). Nyamira District Office (= 1860m) and Mount Elgon 
Forest Station (= 2230m) still showed restrained and/or low January 
rainfall. Malava area showed January as generally dry with many 
breaks indicating dry prolonged times as was in 1980, 1982-84 but 
these were not unique in January. In the Kimilili area, the month
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was relatively dry with dry spells being a common feature (<5mm per 
day). Part of 1972, in 1974-76 period and in 1979, general lows 
were indicated but not exceptional as the less than 5mm per day 
rainfalls dominated (see basic statistics results eg Tables4-8). 
1980, 1981-82 and 1985 also showed breaks in the rainfall Series 
indicating extended low periods in terms of rainfall distribution 
in the month. Kisii area indicated 1971, 1974, part of 1977, 1981 
and 1984 as periods of low rainfalls as compared to the general 
Series. These were not “clear cut” exceptional periods from the 
others for there were many dry days with occasional wet days of 
sometimes above 10mm per day. Nyamira area showed erratic January 
rainfall distribution dominated by the less than 5mm per day but 
the less than 0.25mm per day rainfall not a common feature. Only 
1980s showed signs of a general low rainfall distribution as 
indicated by breaks in the Series. Mount Elgon January rainfall 
Series showed 1972, 1974-75, 1976, 1981, 1983 and 1985 as years of 
exceptional low rainfalls as indicated by breaks in the Series. 
Also, 1977, 1978 and 1979 showed exceptional high rainfalls. Low 
rainfalls of less than 5mm per day tended to dominate in January 
in the Elgon area. The 10mm per day rainfalls and above looked 
unseasonal in January in the Series.

Generally, In the Lake Basin, the January rainfall was low and 
this seemed to be the case in the rainfall climatology of the 
basin, and the breaks shown In the Series did not seem to be 
uniaue,that is, occasional dry spells were a normal feature of the
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daily rainfall distribution in the Basin.

4.3.3 February Results, 1971-85

The February daily rainfall Series in the Lake littoral showed 
a very dry month relatively with many dry spells and breaks 
indicating extended dry periods. Around Kisumu area, there were 
many dry days in February with occasional wet spells accompanied 
by heavy downpours as indicated by leptokurtic distributions. 
1973, part of 1976, 1983-84 showed marked breaks in the Kisumu
February rainfall Series, implying extended dry or low rainfall 
period with the daily rainfall generally below 5mm per day. The 
Muhuru Bay area showed marked breaks in the February rainfall 
Series in 1972, 1975, 1977, part of 1978 and 1980-85 (appendix 
XXII) and generally there were more dry days (less than 5mm per day 
rainfall) than wet days. Usigu rainfall Series had marked lows 
throughout February, generally below 5mm rainfall per day with only 
1981 showing exceptional peaking (unseasonal). Port Victoria area 
had marked breaks or tendency towards marked breaks in 1971, 1973, 
1975. 1976, 1979, 1980, 1981-82 and 1984-85 indicating prolonged
periods of rainfalls less than 5mm per day. Occasional storms were 
shown by peaked distribution reaching over 10mm per day.

The low midlands still had a relatively dry February as was 
shown by lows and/or breaks In the rainfall Series. Kosele had a 
major break or low in 1980, and 1983-85 showed erratic distribution
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with a decline or low tendency. The Kodera area Seriea in February 
was marked with many dry days (less than 5mm rainfall per day) but 
offered no major break. 1972-73 period showed a tendency towards 
low rainfall distribution of less than 5mm per day. Bungoma area 
also showed a dry February with many breaks showing low rainfall 
than in January. Part of 1971, 1972, 1974-75, 1977, 1980, 1981 and 
part of 1984 showed marked breaks 1n the Series indicating 
prolonged dry periods of less than 5mm per day rainfall.

In the upper midlands, February was still relatively dry but 
the rains seemed to have started picking up. Malava area February 
Series showed lows or breaks in 1972, 1976-78 and 1981, that 
indicated extended dry periods or days. Generally February 
rainfalls in the Malava area between 1976 and 1981 showed more 
erratic behaviour than other periods but no well defined breaks 
could be said to have occurred. February was still relatively dry 
in the Kimilili area with more dry spells (< 5mm per day) and 
breaks indicating prolonged dry days. Part of 1972, 1974, 1975-76 
and 1981, exhibited marked breaks indicating prolonged low rainfall 
distribution of less than 5mm per day but the breaks seemed to be 
part of February rainfall Series. Kisii area Series showed marked 
breaks in the Series in 1971 and also between 1973 and 1975. 
Generally, apart from 1971 (the data was suspect), there were no 
well defined ma.ior breaks as there was a tendency towards a balance 
between dry days and wet days. Nyamira Series results indicated 
that rainfall below 5mm per day were common but complete gaps to
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indicate prolonged dry daya were rare. 1972, 1975, 1983 and 1984 
showed traces of marked breaks but really no complete gap appeared 
to indicate a break (prolonged dry days) in the series. The Elgon 
area rainfall less than 5mm but occasional leptokurtic peaking 
indicated heavy downpours as a feature. 1974-77 showed an 
exceptional break indicating prolonged dry days (less than 5«m 
rainfall per day). The eighties also showed erratic distribution 
with occasional breaks especially 1980-81 but 1978-79 Indicated 
exceptional heavy rainfall generally over 5mm per day (rainfall 
unseasonal1ty).

Generally, February rainfall was low in the Lake littoral and 
low midlands but started peaking in the upper midlands. The breaks 
were more notable 1n the littoral and the low midlands than in the 
upper midlands. Even in the littoral and the low midlands, the 
breaks were rarely complete indicating more of erratic behaviour 
in rainfall than exceptional 1y prolonged periods as dry days were 
a common feature of the rainfall climatology of West Kenya in 
February (see the basic statistics results tables, and frequency 
tables in the appendix).

4.3.4 March Results, 1971-85
March seemed a moderate month in the Lake littoral relative to 

the months of January and February. There were signs of rains 
increasing, in amount and frequency, late in the month. In the 
Kisumu area, dry days and wet days were common but 1973, part of
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1976, 1983-84 showed marked breaks or low rainfall distribution 
generally below 5mm per day (appendix XIV). The breaks were not 
complete, an Indication of either late or more erratic rainfall 
distribution. Muhuru Bay gave a relatively moderate March with 
many wet days than in February and January respectively. 1975-78, 
1979-80 and 1984 tended to have had big gaps In the Muhuru area but 
were not complete. The breaks Indicated either more erratic 
rainfall distribution or delayed rainfall in March. Usigu area gave 
an Indication of occasional heavy downpours as shown by leptokurtlc 
distribution but the dry days continued to dominate. Relatively, 
March rains were good as compared to the February and January rains 
respectively. 1974 and 1984 showed marked breaks but these seemed 
not to have been uncommon. Indications were that rainfall started 
“picking up" in late March 1n the Usigu area. Around Port Victoria 
Station, March rainfall Series showed an increase in the number of 
rainy days (equal to or above 5mm per day rainfall) as compared to 
January and February rainfall respectively. 1971, 1973, 1976, 1980 
and 1984 exhibited marked breaks in the Series indicating prolonged 
dry days of generally less than 5mm per day rainfall.

The low midlands March rainfall Series indicated a good, 
relatively, rainfall distribution, a sign that the long rains were 
picking up. Kosele March rainfall fluctuated much but peaks over 
5mm per day or even over 10mm were becoming a feature. Dry days 
were also common thus indicating a moderate month In terms of 
rainfall distribution. 1972-73, 1974, 1975-76, showed exceptional
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peaking Indicating heavy rains and were therefore unseasonal. Part 
of 1977 and 1980-81 showed breaks Indicating prolonged dry days but 
the breaks were not complete and were therefore signs of delayed 
rains and or erratic distribution than prolonged dry spells. Kodera 
area Series Indicated March rains of steady distribution but 
generally less than 5mm per day with occasional peaking. Complete 
breaks 1n the Series were rare and only 1973-75 seemed to have had 
a decline 1n rainfall amount as compared to the general 
distribution of the Series (appendix XX). Bungoma area gave a 
Series with fluctuating distribution between dry spells and wet 
spells (fig 4.10). 1973. 1976, 1980-81 showed not complete breaks 
In the Series but was generally above 0.25mm (a meteorological wet 
day) and the breaks were not well defined, an Indication of erratic 
low rainfall. 1984-85 Series had a break with low peaks, an 
indication that dry spells could easily occur and were a more 
common feature. Occasional downpours of over 5mm per day were also 
notable and therefore a reflection of the moderate “face" of the 
March rainfall in the Bungoma area.

March rainfalls in the upper midlands showed decline 1n the 
early stages especially the first two weeks relative to the late 
surge of rainfall in February. In the Malava area. March rainfalls 
indicated peaking as from mid-month with heavy downpours 
Interspersing dry days. 1972-73, 1974, 1980. 1982-84 showed breaks 
that were exceptional In March and these indicated prolonged low 
rainfall times, although the breaks were not complete. Klm1l111
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rainfall Series were marked with leptokurtlc distributions 
Indicating heavy downpours Interceded by dry spells. 1973, 1976, 
1982 and 1985 showed breaks 1n the Series but the breaks were not 
complete. This indicated more of erratic rainfall distribution 
and/or delayed rainfall 1n March. The March rainfalls generally 
were above 0.25nwn per day used 1n defining meteorological dry day 
and wet day respectively, but there was a tendency towards a 
balance between above and below 5mm per day rainfall. The below 
5mm per day rainfalls were prominent In the early stages of the 
month. Kis11 area had good March rainfalls during 1971-85 but the 
dry days were still a feature 1n the series. 1971, 1973, part of 
1980 and part of 1984 showed tendency towards rainfall less than 
5mm per day but the breaks were not complete Indicating more of 
erratic rainfall distribution. Nyamira area had steady March 
rainfalls but showed decline between 1972 and 1975. The breaks 
shown during that period were not well defined but the 1980s showed 
average low rainfall distribution. March rainfalls In the Elgon 
area seemed to have been lower than around other stations in the 
upper midlands. There were breaks in the Series 1n late 1972. 1n 
1976, 1979-80 and 1983-84 which were clearly abnormal from the
general Series. The gaps or breaks 1n the Series Indicated 
prolonged dry days that could have led to a drought situation but 
the gaps were not complete and one could not assign them to drought 
situations with confidence. Only 1979-80 gap was complete and this 
clearly was a meteorological drought set-up.
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In the Lake Basin, during the 1971-85 period, March rainfalls 
were relatively better than in January and February respectively 
but there were differences between the zones and even within the 
zones. The occurrence of breaks in the Series indicating prolonged 
dry days were accompanied by leptokurtic distributions indicating 
heavy downpours.
4.3.5 April Results, 1971-85

The April rainfall Time-Series portrayed the April rainfalls 
as relatively high within the Lake Basin. Rainfall of over 5mm per 
day were as frequent as were the dry days and sometimes dominating 
in the Series. In the Lake littoral, April Series showed a better 
rainfall distribution relative to January, February and March. In 
the Kisumu area, average, there were more days of equal or over 5mm 
per day rainfall than the dry days and especially less than 0.25mm 
per day. 1972 showed a hesitant break indicating delayed rains and 
1974 rains seemed to have ended early, and the same trend of 
delayed or rainfall ending early were portrayed in 1979-80 and 
1981-82 (fig 4.8). The breaks were not complete and this indicated 
that the rainfall tended to be erratic in distribution during those 
periods. Generally, in the Kisumu area, the April rainfall during 
1971-85 period was relatively good although the years from 1979 to 
1985 showed a generally low rainfall but averagely, the 5mm per day 
possibility was still high. Muhuru Bay area Series portrayed 
relatively good rains in April with not well marked breaks In the 
Series in 1972-73, 1974, 1975, 1977. 1979. 1980-81 (appendix XVII)
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Indicating more of erratic behaviour of rainfall Series than unique 
prolonged periods. The periods noted above although not unique in 
the Muhuru Bay. tended to have had a low rainfall distribution, 
relatively. 1n April. Usigu area Series in April indicated a 
relatively wet month but few days received rainfall above 5mm. 
although downpours were greater 1n amount on numerous occasions 
relative to other months. 1980. 1982 and 1984 tended to have had 
exceptional breaks 1n the Series but the breaks In the Series were 
rarely complete Indicating more of erratic distribution than 
uniquely prolonged dry days that could be described as drought 
situations. Usigu April’s rainfall Series Indicated a lower 
rainfall distribution than 1n the Kisumu area and slightly near 
that of Muhuru, If not worse. Port Victoria area April’s rainfall 
Series had numerous peaks but there were periods where even If 
rainfall was above 5mm per day. signs of decline were notable with 
occasional breaks showing less than 5mm per day rainfall. Between 
1978-79, the Series tended to have been generally below 5mm per day 
as was in 1981-82 period although heavy downpours of over 10mm per 
day were not Impossible. The periods noted mostly had erratic 
rainfall distribution and delayed peaking of rainfall 1n April.

The low midlands April’s rainfalls were relatively better than 
those of the Lake littoral although the Kosele's were more towards 
the Lake littoral’ situation. Kosele area rainfall Series gave 
relatively high rains with many days having more or equal to 5mm 
per day but dry days were still a feature and no major breaks could
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be identified In the Series. Partly 1975-77 period showed breaks 
Indicating tendency to high frequency of dry days and erratic 
rainfall distribution or not well peaked April rainfall. Generally 
April rainfall was good but dry days still appeared and had high 
(relatively) possibility of occurrence. Also, the Series showed a 
tendency towards low distribution In the late 1970s and early 
19808; a tendency towards platykurtlc rainfall distribution. Kodera 
Forest Series showed steady rainfall distribution in April with 
restricted dry spells although their occurrence possibility was 
high as shown by the fluctuating series. No year showed major 
breaks 1n the Series although the fluctuations indicated a 
possibility of prolonged dry days. Bungoma area had a Series 
generally above 5mm per day. 1972 Indicated a major break 1n the 
Series and this could have been a bad year agrlcultural 1y for 
Bungoma area. There were small breaks 1n 1974, 1977, 1981 
Indicating not well developed rains in April which could have 
affected yields of food crops grown especially maize, reaching 
their development stages during this month. In the Bungoma area, 
the 1980s generally had a relatively low rainfall distribution 
although there were dally rainfall distribution mostly above 5mm 
per day. This could have been important 1n terms of crop 
productions for the established agronomic practices were to be 
adjusted to the new condition; was that time there before failure?

The upper midlands had heavy rainfall in April with dry days 
being less frequent. Malava area had heavy rains with no major
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break throughout the 1971-85 period. 1980. 1981 and 1985 showed 
gaps in the series but these were not complete indicating hesitant 
rains. Generally, in the Malava area, the 1979-81 period April 
rains were more erratic relatively but could not be said to 
constitute drought situations or prolonged dry days, although the 
possibility was there. Kimilili area had a generally wet rainfall 
Series, generally above 5mm per day. The Series was well 
distributed with no unique break but dry spells were a feature. 
April was generally wet in Kimilili area and the distribution was 
leptokurtlc indicating a frequency of heavy downpours averaging 
over 10mm per day. Kisii area was also wet in April as the Series 
was generally above 5mm mark but dry days were a common feature. 
Only 1971 and 1978 showed breaks with the 1971 one being more of 
data recording error than a meteorological factor. 1978 in the 
Kisii area had a generally low rainfall and the distribution was 
more erratic; that could have led to agricultural drought depending 
on the crops grown. Nyamira area Series showed a generally high 
rainfall throughout the period (1971-85) with no ma.ior break. Only 
1978 showed a not complete break that could have been a delayed 
rainfall time or that the rains did not develop to the general 
level. The 1980s indicated averagely low rainfall but the 5mm 
average still dominated. April was a wet month In the Nyamira area 
and this seems to be the general situation. Mount Elgon area Series 
indicated high rainfalls in April as days with 10mm rainfall or 
more tended to dominate. 1972, 1974. 1976. 1978, 1980, 1982 and
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1983 Indicated decline in rainfall amounts or mostly delayed 
peaking in the April period. Low peaks interspersed dry periods 
during these years more or so indicating erratic distributions than 
complete failures with only 1974 showing a defined break to 
indicate low rainfall distribution or prolonged dry days.

In the Lake Basin, West Kenya, during the 1971-85 period, the 
April rainfall was generally high with few dry days. Indications 
were that although the April rains were high, possibility of 
prolonged dry days were there as noted by gaps in the Series 
especially in the Lake littoral and low midlands.

4.3.6 May Results, 1971-85

May rainfall Series in West Kenya Indicated variations in 
rainfall amounts and distributions from one zone to the other but 
was still good as the Series were generally above 5mm per day. In 
the Lake littoral. May Series showed early peaking but decline 
towards the end during 1971-85 period; seemingly the general 
feature of the May rainfall in the Lake littoral. In the Kisumu 
area. May rainfall was generally high, equal to or above 5mm per 
day (appendix XIII). The Series Indicated lows as shown by breaks 
in 1974, 1976 and 1981-84. The breaks were not complete for peaks 
of over 5mm per day were in between, indicating delayed, or early 
ending or erratic rainfall distribution than a well defined 
prolonged period of dry days, a drought situation (meteorological).
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Muhuru Bay had a steady Series of May rainfall with peaks 
occasionally reaching over 10mm per day (appendix XVIII). No well 
defined gap appeared in the Series but restricted breaks occurred 
in 1974, 1978, 1980-81 and 1984 Indicating not well developed May 
rains, especially early ending and erratic distribution. Depending 
on the crops grown, an agricultural drought situation (when the 
water supply is unable to meet the requirements of the crops) could 
occur. Usigu May rainfalls were relatively lower than those of 
other stations already mentioned in the Lake littoral with 1979. 
1981 and 1984 showing breaks in the Series that could be disastrous 
in terms of agricultural production depending on the crops grown. 
In meteorological sense, the breaks were not unique as dry spells 
were a common feature in the Series. Port Victoria May rainfall was 
generally good, and was more towards the Kisumu level than to those 
of Muhuru and Usigu areas. The Series showed dally rainfall 
generally above 5mm per day but 1971, 1973, 1978. 1980 and 1984 
indicated prolonged periods of days having less than 5mm per day 
rainfall. These were indications of early endings of May rainfalls 
and could affect crops if they were still in their development 
stage; a stage when water (soil moisture) Is most needed.

The low midlands had tendencies in the Series of rainfall 
peaking more in May than In April although the Kosele area was more 
towards the Lake littoral levels. The Kosele area had a relatively 
high rainfall Series in May but 1972-73, 1979 and 1983-84 periods' 
rainfall were relatively low with the distribution being more
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erratic. Also, the Series In those years Indicated early endlna of 
the May rainfalls. Dry spells were a common feature In the Series 
and therefore possibility of extended dry period was real. May 
rainfalls in the Kodera area were relatively high and steady 
although dry spells were common. No unique break 1n the Series was 
noted but the possibility of break occurring was indicated by the 
fact that the dry spells were common in the “face" of the Series. 
May rainfall in the Bungoma area was steady but occasional breaks 
could be identified as was 1n 1973. 1978. 1979 and part of 1981. 
These breaks were not complete indicating more of erratic and early 
ending distributions than unique phases of the Series. Generally 
in Bungoma area, 1973-74 and 1978-81 Series showed decline in 
rainfalls but not a well defined one that could be used to say that 
there were drought situations during those particular periods. 
Only that, the decline tendency could disrupt the established 
agronomic practices. Generally in the low midlands. May rainfall 
was high but Indications were that a decline towards the end was 
a real possibility and crops should be past their development 
stages by then.

The upper midlands indicated peaked rainfall distribution In 
May and was generally heavy, above 5mm per day. Malava area had 
heavy rainfall in May but this fluctuated although generally above 
5mm per day. 1980. 1982-83 showed breaks In the Series which 
seemed exceptional and could have been drought situations. 
Generally 1n the Malava Series, 1979-85 period showed rainfall
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distribution affected by breaks that seemed abnormal from the 
overall Series. That period In terms of rainfall climatology, was 
relatively fragile. Kimlllli was also wet in May as the Series 
indicated a generally above 5«m per day rainfall. 1981-02 showed 
a gap in the series that Indicated more of erratic distribution 
than a unique break in the Series. Dry spells were also not unique 
and the near breaks shown in 1981-82 looked like a normal phase of 
the Series although generally low. May rains were steady with 
occasional exceptional peaking in the Kisii area (appendix XV). 
Only 1971 indicated exceptional low but this seemed to have been 
due to recording error in data entry as has been noted in the 
preceding paragraphs. 1978 showed a near drought situation and was 
exceptional in the Series for rainfall was generally below 5mm per 
day. Generally 1975-76 and 1977-78 Series though above 5mm per day 
in most cases tended to have been low and erratic. 1981 also showed 
generally low rainfall as was 1984 but the years noted were not 
unique in the Series as dry spells were part of the distribution. 
All in all. May rainfall in the Kisii area was high and the 
situation could be described as wet although occasional extended 
lows were possible. Nyamlra May rainfall Series had no major break 
but mid 1970s and late first half of 1980s showed decline 
tendencies which were more of erratic and early ending 
distributions than unique features. Elgon May rainfalls were 
peaking(append1x XXIII), an Indication that the rains started rise 
more In April and was peaking in May. The May Series showed not 
complete breaks in 1979, 1980 and 1983-84 that pointed to erratic
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distributions than unique features In the Series. Only 1983-84 
showed a real break of less then 5mm per day rainfall; an 
indication that an agricultural drought situation could have 
occurred but not a real meteorological drought situation.

Generally In the Lake Basin (West Kenya). May rainfall seemed 
to have been high and steady during 1971-85 period although 
possibility of extended dry periods for at least two weeks was 
there, more so towards the Lake littoral.

4.3.7 June Results, 1971-85

In the Lake littoral, June rainfall Series (1971-85) started 
fading off towards the January - February levels. Indicating a more 
peaked distribution in April-May period and decline as from June. 
Kisumu area had exceptional rainfall peaks in 1972, 1977-78, and 
1980 which were unseasonal In the Series. 1976, 1979, 1981 and 1984 
series showed general low rainfall distributions below 5mm per day 
especially 1979 and 1981 and 1984 indicating rainfall distribution 
generally below 5mm per day and even below 0.25mm per day. Indeed, 
the June rainfall series showed generally low rainfalls but there 
seemed to have been as many lows below 5mm as were peaks with a 
tendency of rains from 1977 to 1985 to have ma.ior peaks between 
exceptional lows. Muhuru Series had “a fading” June rainfall in 
the first half of 1980s. Occurrence of a dry day was most probable 
in the Series and ma.ior gaps appeared 1n the Series in 1983, 1980-
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81 and 1984-85 indicating prolonged dry periods with erratic 
rainfall distributions. June was generally dry In the Uslgu area, 
with dry days dominating; the Series was dominatlngly below 5mm per 
day and the less than 0.25mm days were many. 1982-84 Indicated 
marked breaks in the Series but this was not uncommon as dry spells 
dominated the Series. Port Victoria series showed a fluctuating 
series, generally, with more dry days but 1971, 1973-74, 1976-77, 
1980-81 and 1984-85 showed more explicitly prolonged dry days of 
less than 5mm per day. Occasional peaks indicated the fact that It 
was not easy to get a month throughout 1971-85 period without a wet 
day (> 5mm per day).

The low midlands June Series indicated declining rainfalls but 
were relatively better than the lake littoral with Koeele being 
closer. Kosele Series showed a patchy distribution with many dry 
spells. 1973 showed a break that indicated short June rains and 
1975-76 showed a pronounced erratic June rainfall. There was 
exceptional peaking 1n 1977. unseasonal. but 1980-81 was drier and 
could have been drought situation. There was another unseasonal 
peaking in 1982-83 period. Generally, June was dry in the Kosele 
area with occasional peaking being a feature and this seemed to be 
the general rainfall set up in the month. Kodera Series in June 
indicated erratic distribution but better was off than the Kosele 
situation. Rainfall was distributed throughout the month but with 
irregular pattern indicating high risk of dry spells. The rainfall 
Series was generally below 5mm per day but rarely falling below
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0.25mm per day mark. June Series showed low peaks generally but 
no ma.jor break in the Series indicating more of rainfall not 
developing fully than prolonged periods of dry days. Bungoma area 
June’s Series showed a relatively good peaking but the fluctuations 
were notable. Rainfall Series fluctuated with no major break but 
part of 1975. 1977. 1978, 1979 or generally between 1978-81, 
indicated low rainfalls of erratic distribution or not well 
developed rains.

June rains were still good and steady In the upper midlands but 
relatively lower than in the Apri1-May period except around Mount 
Elgon Forest Station where the June rains were still at near par 
with the May rainfall. Infact, the Elgon rainfall regime indicated 
peaking from mid-April to June. In the Malava area, 1982-83 showed 
exceptional breaks but not complete 1n the Series indicating low 
and erratic distribution than well defined prolonged dry period 
during the well distributed rainfall month in the area. Generally, 
1979-85 period in the Malava area showed rainfall distribution 
affected by breaks that seemed abnormal from the overall Series; 
the period was generally low and erratic in rainfall distribution. 
Kimilili Series gave no major break in the Series and the rainfall 
was balanced between less and above 5mm per day respectively. 1974 
and 1980-81 indicated tendencies towards less than 5mm per day 
rainfall. These tendencies could have been dangerous if the crops 
were still in their development stages or in their early late 
season stages. Kisii Series(fig. 4.12)indicted low distribution
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in 1971 (generally lees than 5mm per day) as m s s  in 1979, 1981 and 
1983. 1972-73 showed exceptional high peaking and therefore
unseasonal rainfall that could have been dangerous if the crops 
were in their harvest stages; crop damage in the farms due to 
excess water leading to rotting. June rainfall Serias was 
fluctuating but still good in the Nyamira area than around Kisii 
station area. 1973 showed a break in the Series as was 1976 and 
1980-84 but the breaks were not complete Indicating erratic 
distributions and not well developed distributions seemed to be 
normal throughout with few gaps that were not really exceptional 
as was in 1981.

June rainfalls in the Lake Basin during 1971-85 period showed 
marked variations between the three altitudinal zones; Lake 
littoral, low midlands and upper midlands. The variations were 
present even within the zones but generally June rainfall had 
indicated decline from the Apri1-Hay peaking with the Elgon Station 
area being slightly exceptional. Generally, in the Lake littoral, 
crops grown should be In their harvest stages, in the low midlands, 
late season stage and in the upper midlands, early late season 
stage.

4.3.8 July Results, 1971-85

July was generally dry in the Basin and In some places very 
dry. In the Lake littoral, July was very dry and nearly drier than
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February with rainfall generally below 5mm per day and the 
distribution being pronouncedly erratic. In the Kisumu area, 
rainfall peaks above 5mm per day and lows were common but 1973 
showed a prolonged period of below 5mm per day (fig.4.9). The 
prolonged dry days also appeared 1n 1975 and in the 1977—78 period. 
Rainfall unseasonality appeared 1n 1981-82 period with rainfall 
above 5mm per day seemingly common. Only 1973 showed a well 
defined low but the other years mentioned were having incomplete 
breaks. Indications of erratic distribution. Muhuru area had a 
generally dry month of July in 1971-85(appendix XIX)per1od with 
few days receiving rainfalls each equal to or above 5mm per day. 
A near complete gap appeared in the Series between 1976 and 1981 
with few days receiving rainfall equal to 5mm per day. Between the 
period noted, there was a notable decline 1n the July rains but the 
situation was seemingly the norm in the area. July in the Usigu 
area was very dry (1971-85) with dry spells dominating the Series. 
1972, 1975-76 showed marked breaks in the Series but these were not 
uncommon for the domination of dry spells Indicated high 
possibility of prolonged dry period in July. Port Victoria area 
was relatively better off in terms of July rains than the Muhuru 
and Usigu areas respectively but closer to the Kisumu area's level. 
July in the Port Victoria area was generally having more days with 
less than 5mm per day but days with even over 20mm per day were 
possible. 1971-73, part of 1974, 1977-78. 1981. 1983 showed in the 
Series, generally prolonged period of less than 5mm per day
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rainfall but the breaks were not complete indicating erratic 
distributions than a real drought situations.

In the low midlands. July was relatively dry with the less than 
5mm per day rainfall Series dominating. Kosele area was dry In 
July with 1974 showing a major break in the Series but 1976-78 
showed exceptional peaking above 10mm Interceded with dry spells 
(fig.4.11); rainfall unseasonal1ty. 1979-80 indicated patchy 
rainfall distr1 butions with 1983 showing marked breaks 1n the 
Series as was in 1974; prolonged dry periods. 1972-76 period was 
relatively drier than other years In the 1971-85 period but the 
situation was more of a patchy distribution than a real drought 
situation. Bungoma area indicated a steady rainfall Series in July 
but 1973, 1979-81 showed signs of breaks although the breaks were 
not well defined; erratic distributions.

July rainfalls in the upper midlands was relatively better than 
in the zones already mentioned although relative to the preceding 
months, it was dry. Malava area rainfall Series in July Indicated 
irregular rainfall distributions in 1972, 1974, 1981-82 but no 
major break. Kimilili area Series had lows in 1977, 1980, 1983-84 
but the lows were not complete, indications of Irregular rainfall 
distributions than a unique situations. Kisil area had low 
rainfall Series in 1971 , 1978 and 1981 (appendix XX) with 
indications that the rainfalls were more erratic and in some cases 
failed to develop to the general level(1978) but the 1971 rainfall
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data was not to be trusted aa already mentioned In the preceding 
paragraphs. Nyamira July rainfall Series Mas steady and relatively 
good with only 1973 and 1982 showing lows but not complete ones. 
In the Elgon area, the July rains were steady and 1n some cases 
high indicating more of an Eldoret regime than the transition 
regime of Mungal (1984). 1984 tended to have had a unique gap in 
the Series and this indicated a near drought situation. The 
rainfall distribution in July was relatively steady as compared to 
other stations in the upper midlands already mentioned.

Generally the July rainfall was relatively low with the less 
than 5mm per day rainfall being dominant. This indicated that, 
crops grown even in the upper midlands should be in the stage of 
growth where water requirements were minimal; harvest stage or if 
anything, irrigation water is to be made available to the crops.

The weighted Series showed rainfall distributions between 
January and July having peaks in Apri1-May period during 1971-85 
and this seemingly is the situation 1n West Kenya. The Series also 
indicated the possibility of prolonged dry periods, relatively, 1n 
all the months as were indicated by breaks (gaps) in the rainfall 
Series of various months during the 1971-85 period. Also, the 
breaks were not very complete with less than 0.25mm per day breaks 
being very rare; an indication of less possibility of 
meteorological drought although the tendencies were there. The less 
than 5mm per day Series breaks were more common and possible in all
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the months but these varied in length with the zones; the Lake 
littoral being more susceptible and the upper midlands least 
vulnerable. That Is, the possibility of agricultural drought was 
real and could occur even In a matter of days, depending on soil 
moisture balance , in all the agro-cl imatic zones of West Kenya but 
the Lake littoral seemed more vulnerable. The vulnerability of the 
various zones to agricultural drought could further be better 
assessed by considering the types of crops grown, their lengths of 
growth, and their water requirements as to the water balance of the 
various soils of the basin.

4.4.0 The Autocorrelation Significance Teat Results, (1971-
85);January - July.

This test was used to check whether the Series distributions 
shown and described above were due to chance ,random distribution 
(white noise), or there were persistence tendencies(red noise)in 
the distributions. The first autocorrelation function test was 
used based on Anderson’s modified formula (FAO, 1973):
(-1/N-1 + 1.96(N-2)/(N-1 )3/2, -1/N-1 - 1.96(N-2 )/(N-1 ) 3/2)
If the first autocorrelation coefficient was within the range 
above, the distribution was random and the reverse meant 
persistence. If there was persistence at first lag, it meant that 
a rainfall event could be repeated the following day. Indication 
of persistence at first lag was then checked against first order 
Markov Chain model; an event occurring two days in a row; rk < r* 
meant non linear distribution and rk > meant that the
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distribution fitted the first order linear Harkov distribution 
model, where rk was the autocorrelation coefficient ,k lag time and 
r,k was r, raised to lag k. The distribution was then checked for 
persistence or random distribution at lag 5 (r5), lag 10 (r„). and 
lag 15 (rJS) which were more meaningful 1n terms of soil moisture 
retention capacity in West Kenya, using estimate. ± 2/Jn , where N 
was the number of days in the period.

4.4.1 January Results. 1971-85

In the Lake littoral, at lag one. the coefficients were 
generally outside the range with few exceptions in January 
indicating persistence in the distribution. That is. if there was 
a dry day. It was most likely to be followed by dry day, and the 
same was true for a wet day. In the Kisumu area, the January 
autocorrelation coefficient at lag one was .15078 and the 
Anderson’s range was 0.08864 and - 0.09295. This meant that at lag 
1. rk was significantly different from zero and this showed 
persistence (Red noise) in the Series distribution and the break 
in the distribution Series was most likely to continue for at least 
two days. At lag 5, using the ± 2/I"fi estimate equals to + - .09275, 
rk was -.01705 and therefore within the range indicating random 
distri but ion. Since r̂  was negative, the distribution at lag 5 was 
most likely to decline, that is, rainfall distribution within five 
days was most likely to show decline from the first values. 
Therefore at lag 5, a break in the Series was not predictable as
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it was equally likely to get a dry break as it was to get wet 
period. At lag 10. using ± 2/Jn (±.09275), r̂ was -.03399 
Indicating random distribution as was the case at lag 5 and the 
same was true at lag 15 where r̂  was negative and within the 
confidence limits ± 2/Jn . In January of the Kisumu area,
indications were that persistence was most likely at lag less than 
5 and thereafter random distribution was dominant. At lag 5. rk

Lwas less than and this indicated non-l1near persistence at lag 
1 and the same was true at lag 10.

Muhuru Bay area January autocorrelation coefficient at lag 1 
was equal 0.09B9B and the Anderson’s range was .09167 and -.09628. 
This showed that r, was significantly different from zero and thus, 
persistence in the series at lag 1. At lag 5 with the confidence 
limits ± 2/Jn of ±.09600, rk was negative (-.01207) and within the 
limits indicating random tendency in the series at lag 1. Testing

Lfor the Markov chain model at lag 5. r̂ was less than indicating 
the persistence at lag 1 to be non-linear. At lag 10. using the 
± 2/'Tn (±.09600) limits, rk was negative and within the limits (- 
.07008) indicating random and declining tendency In the series 
distribution as was in lag 5. The same was true at lag 15 and this 
generally pointed to a tendency to have persistence at high 
frequencies, less than 5 days, but random distribution at low 
frequencies, more than 5 days. At lag 10, the distribution showed 
rk < rj indicating non-linear persistence at lag 1 and therefore 
not fitting the first order Markov chain model.
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The Uelgu area January rainfall Series with lag 1 
autocorrelation coefficient of .38985 at Anderson’s range of .09503 
and -.10000, showed that there was persistence at lag 1 for r| was 
significantly different from zero. At lag 5, rk was outside the 
limits ± 2/j~N and this indicated persistence in the series 
distribution. Testing against the first order Markov chain at lag
5. there was indication of the distribution persistence being of 
linear Markov type; that is, there was greater possibility of a 
rainfall event of the same order occurring two times in a row. At 
lag 10, there were still indications of persistence for r̂  (.32448) 
was outside the limits ± 2/*In (±.09963) and this still showed a 
linear Markov persistence. At lag 15, ^(.08175) was not 
significantly different from zero for it was within the limits ± 
2/ N (±.09963) and this indicated random distribution. Persistence 
seemed to have been common in the January rainfall Series with 
frequencies equal to or less than ten days showing persistence.

Port Victoria area showed random distribution (white noise) for 
r 1 was within -1/N-1 + 1.96(N-2)/(N-1 )3/2 , -1/N-1 - 1.96(N-2 )/(N- 
1)' range. At lag 5, there was Indication of persistence for 
rk(r5) was outside the limits ± 2/ N (±.09275). At lag 10, rk was 
within the limits ± 2/JnT and was negative indicating decline and 
random distribution. At lag 15, rk was still within the limits and 
negative. Generally, the Series distribution gave a mixture of 
random and persistence showing that the rainfall tendency was more
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unpredictable at high frequencies less than 5 days but a bit 
predictable as one nears 5 day.

Generally 1n the Lake littoral, the distribution showed 
persistence at high frequencies (less than 5 days) but random 
distribution at low frequencies. One has to note the possibility 
of both random and persistence events in the rainfall distri
bution of the Lake littoral in January on a daily basis.

In the low midlands, the January dally rainfall Series showed 
a general randomness at lag 1 with few exceptions. Kosele area 
daily rainfall autocorrelation coefficient at lag 1 (r,) was .02703 
and was within the Anderson’s range (.09166, -.09628) and therefore 
not significantly different from zero. This showed that the 
distribution at lag 1 was random (white noise). That is, if there 
was no rain today, it was equally likely to have rain or no rain 
the following day. Using the ± 2/-Tn estimate (1.09600), there was 
still random tendency at r5 (.02175). At lag 10 (r)fl), using the ± 
2/TS" estimate, the distribution was still having random tendency 
as was at lag 15 (r,5) showing that the January daily rainfall 
distribution was mostly random and at lag 1 and alpha 0.05, 
randomness was the feature. In the Kodera area rk was significantly 
different from zero for it was falling outside the Anderson’s range 
(.09166, -.09628) as rj = .26629. This showed that if there was a 
dry day, the following day was most likely to be dry and the same 
was true with wet days. At lag 5 (r5) using ± 2/Tn estimate
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(±.09600), there was random tendency in the rainfall distribution 
as rg = .05993. The same was true at lag 10 and lag 15. This 
indicated persistence tendency in daily rainfall distribution in 
January around Kodera area at high frequencies (days less than 
five) but random tendency at low frequencies (equal or greater than 
five days). The persistence at lag 1, was checked against the

LMarkov linear model at lag 5 and lag 10. At lag 5, rk > r, and this 
indicated linear Markov persistence and the same was true at lag
10. Around Bungoma area, at lag 1, the January rainfall series was 
random as rk was within the Anderson’s range (.08864, -.09295) and 
therefore not significantly different from zero. At lag 5, using 
the ± 2/HT estimate (±.09275), there was tendency towards random 
falling distribution as r5 (-.03907) was within the limits and 
negative. The same was true at lag 10 (-.00741). At lag 15, 
although still within the ± 2/47T limits, there was a random 
tendency but with a rising distribution.

It seemed as if the January daily rainfall distribution showed 
more of random distribution than persistence inthe low midlands 
although inspection of the autocorrelation coefficients showed that 
a mixture of random (white noise) and persistence was possible in 
the low midlands.

In the upper midlands, the January rainfalls Series were 
showing more of persistence (Red noise) than random (White noise) 
distribution with the exception of the Elgon area Series. Malava
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area Series had an autocorrelation coefficient at lag 1 (r,) equal 
.43818 and this was outside Anderson’s range of .08864 and -.09295. 
As a result r, was significantly different from zero and showed 
persistence in the Series and the same was true at lag 10 and lag 
15 respectively. Generally, the January Series in the Malava area 
showed persistence tendency at lag 1; there was 95 percent 
confidence that persistence was a feature of the Series. The kind 
of persistence present in the Series was investigated by checking 
whether the distribution of the Series fitted the first order

LHarkov chain model. At lag 5, rk > r * where k was 5 indicating 
linear persistence and the same was true at lag 10. In the 
Kimilili area, the January Series autocorrelation coefficient at 
lag 1 (r1) was .16445 and therefore outside the Anderson’s range 
of .08864 and -.09295. This showed significant difference from 
zero and to this, at lag one, there was persistence in the Series. 
Using the ± 2/^H estimate (±.09275), at lag 5 (r5), the 
autocorrelation coefficient of -.04632 was within the limits and 
this indicated random tendency in the Series distribution, that is 
after a span of five days there was random tendency in the Series, 
and the next five days distribution were most likely to be low. 
The same situation was at lag 10 and lag 15 and this indicated 
persistence tendency in the January rainfall Series at high 
frequencies (less than 5 days) but random tendency at low 
frequencies (greater or equal to 5 days) with falling distribution. 
Since at lag one. rk was sign if icantl y different from zero and 
therefore showing persistence in the distribution, a test was done
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to check the kind of persistence at lag 5 and 10 respectively. At
Llag 5 and lag 10, rk < rt showing a non-linear persistence and 

therefore not fitting the first order Markov chain model. That is. 
even though there was persistence at lag 1, it was unlikely to have 
the same amount of rainfall two days in a row, as opposed to linear 
persistence where the likelihood of two days 1n a row rainfall of 
the same amount was highly possible. Kisii area rainfall Series 
at lag 1 (rj) had autocorrelation coefficient of .38806 and
therefore outside the Anderson’s range of .08864 and -.09295. At 
lag 1, r̂ was significantly different from zero and this showed 
persistence in the rainfall series. Using the ± 2/Xu estimate 
(±.09275) to check the possible nature of the Series distribution 
at lag 5, 10 and 15 respectively, it was found that at :

-lag 5, rk was within the limits and negative indicating 
(.04844) random (white noise) distribution in the Series; 

-lag 10, rk was within the limits and negative indicating 
random distribution of a declining nature in the Series; and 

-lag 15, r̂ (-.03660) was within the limit and negative 
indicating random tendency in the Series distribution with 
falling levels.

Since at lag 1 in the Kisii area Series, the autocorrelation series 
showed persistence, a test was done to check the kind of 
persistence when k was 5 (lag 5) and 10 (lag 10) respectively. At

Llag 5 (r5), rk > r* and this showed linear persistence, fitting 
first order Markov chain model but at lag 10, rk < rtk showing non
linear persistence in the Series distribution. Generally, the
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Kisii Series tended to have had persistence at high frequencies 
(less than 5 days) but random tendencies at low frequencies. 
Nyamira area Series at lag 1 (r,) had autocorrelation coefficient 
equals to .26797 falling outside the Anderson’s range (.09166 and - 
.09628) thus showing persistence in the series. At lag 5, was 
.0844-5 within the limits ± 2/Hn" (t.09600) and therefore indicating 
random tendency in the Series distribution. This showed that the 
January rainfall Series in the Nyamira area had a mixture of 
persistence and random tendencies. Since r? at 95 confidence limit 
showed persistence, it was checked against the linear Markov model

L Lusing the rk > r, or rk < r, at lag 5 and 10 respectively. The
Lresult was that at both lags, rk > r, and this indicated linear 

persistence thus fitting the Markov model. Elgon area station was 
unique 1n that at lag 1, r̂  (.07304) was not significantly different 
from zero and this showed random distribution (white noise). This 
was because r1 was within the Anderson’s range (.08864, -.09295). 
At lag 5, using the ± 2/Tn estimate (± .09275), rk was within the 
limits and this indicated random tendency in the Series 
distribution. At lag 10 and 15 respectively, r̂  was negative and 
within the limits (± 2/J"n ) and this indicated random falling 
tendency in the Series distribution. In general, the January 
rainfall Series in the Elgon area had a random tendency.

In conclusion, January daily rainfall Series in West Kenya 
tended to have had a mixture of persistence and random 
distribution. Persistence was a feature at high frequencies (less
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than 5 days) and random at low frequencies (> 5 days), but this was 
not well defined Indicating more of a mixture in the rainfall 
distribution structures. Persistence at lag 1 was common but not 
exclusive as the case of Kosele, Port victoria and Elgon 
demonstrated.

4.4.2 February Results, 1971 - 1985
In the Lake littoral, the February rainfall Series at lag 1 (r̂ ) 

tended to have been random; that is, there were equal chances of 
getting a wet day or dry day. In the Kisumu area r, was .04839 and 
was within the Anderson’s range (.09156, -.09617). this showed at 
alpha 0.05 that r( was not significantly different from zero and 
the Series distribution was random (white noise). At lag 5 (r5), 
the autocorrelation coefficient was -.02045 and within the ± 2/Jn 
(+.09589) limits. This indicated a random falling tendency in the 
Series distribution. At lag 10, rk was within the ± 2/Jn limits 
but was positive and therefore showing a random positive tendency 
in the Series distribution. The same was true at lag 15. The 
Kisumu rainfall Series distribution tended to have been random. 
In the Muhuru area rainfall Series, the autocorrelation at lag 1 
(r,) was .03145 and within the Anderson’s range (.09337, -.09814). 
This meant that at lag 1, rfc was not significantly different from 
zero and therefore at lag 1 the Series was random; white noise in 
the Series. At lag 5 (r5), r̂  was .00474 and this was within the 
limits, ± 2/'Tn , and this indicated random tendency in the Series 
distribution. At lag 10, r̂  was negative and within ± 2/-l~N limits
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indicating random falling tendency in the Series distribution. At 
lag 15, rk was within ± 2/-JT5" limits but positive and therefore 
showing random positive series distribution. In the Usigu area, 
rk at lag 1 was -.00276 and within the Anderson’s limits (.09468, - 
.09962). This was unique in that at lag 1 to get random and 
falling Series distribution is rare. The r, was not significantly 
different from zero and was negative, indicating a falling or low 
Series distribution. At lag 5, r̂  was within the ± 2/TtT (±.09926) 
limits indicating random tendency in the Series distribution and 
since r$ was negative, the random tendency was also showing 
declining distribution tendency. The same was true at lag 10 and 
lag 15. This indicated that the Usigu area rainfall Series was 
generally random and falling or low in distribution. The Port 
Victoria rainfall series autocorrelation coefficient at lag 1 (r1) 
was negative (-.00521) and within the Anderson’s range (.09156, - 
.09617). This showed that at lag 1 , rfc was not signlficantly 
different from zero and to this the Series distribution was random 
and declining or low. At lag 5 (r5), r̂  was -.02735 and within the 
limits, ± 2/-TR\ (±.09589) showing random falling tendency in the 
Series distribution. The same was true at lag 10 but at lag 15, 
although random tendency was still present, the distribution no 
longer had a falling tendency. The Port Victoria February rainfall 
Series showed a general random distribution.

In the low midlands, the Series distribution showed persistence 
tendency in general although deviations from this were to be 
expected. In the Kosele area, the autocorrelation coefficient at
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lag 1 (r-j) was .14778 and this was outside the Anderson’s range 
(.09156, -.09617). This showed significant difference from zero 
at a 0.05 and to this, there was persistence in the Series 
distribution at lag 1. At lag 5, rk was .01311 and this was within 
the limits ± 2/Jn (±.09589). This indicated random tendency in the 
Series distribution. The same was true of the series at lag 15. 
Generally, the February Series in the Kosele area showed persistent 
at high frequencies (< 5 days). The Kodera area February rainfall 
Series autocorrelation coefficient at lag 1 was .20929 and fell 
outside the Anderson’s range (.09156, -.09617). At lag 1 
therefore, rk was significantly different from zero at alpha 0.05 
and this showed persistence in the Series. At lag 5, rk was - 
.01553, falling within the limits ± 2/-Tn (±.09589). This Indicated 
random falling tendency in the Series. At lag 10 and 15, 
respectively, coefficients (r)() = .06413, r,5 = .04501 ) were within 
the ± 2/4n limits but were not negative indicating random positive 
distribution in the Series. Since lag 1 had shown persistence in 
the Series, a check was done to see whether it fitted the Markov 
linear model or not at lag 5 and 10 respectively. At lag 5, rk >

L , Lr, indicating linear Markov persistence but at lag 15, rk < r, 
indicating non-linear persistence. Bungoma area rainfall Series 
had autocorrelation coefficient at lag 1 of .07377 and this was 
within the Anderson’s range. To this, at lag 1, rk was not 
signi f icantly different from zero at alpha 0.05 and the Series 
distribution was therefore random. At lag 5, rk was .06160 and 
within the ± 2/-Tn (±.09589) limits indicating random tendency in
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the Series distribution. The same was true at lag 10 ( .06459) but 
at lag 15, the distribution had a random tendency.

In the upper midlands, the rainfall Series distributions were 
generally persistent in nature during the month of February. In 
the Malava area, at lag 1, rk was .36743 and fell outside the 
Anderson’s range (.09156, -.09617) thus showing significant
difference from zero. At lag 1 therefore, there was persistence 
in the Series distribution. At lag 5, rk was .17895 and this was 
outside the limits ± 2/JTl (±.09589) indicating persistence tendency 
in the February rainfall Series in the Malava area. Since there 
was persistence in the Series at lag 1, a test was done to check 
the types of persistence in the Series. At lag 5, rk > r^ showing 
linear persistence (Markov chain model) and the same was true at 
lag 10. Generally, the persistence in the February rainfall Series 
in the Malava area was of the linear Markov type. In the Kimilili 
area, rk at lag 1 was .28427 and outside the Anderson’s range 
(.09156, -.09617). This showed that rk at lag one was signi f icantl y 
different from zero and there was persistence in the Series 
distr ibution. At lag 5, rk was .09154 and within the limits, ± 2/JTI 
(±.09589), indicating random tendency in the Series distribution. 
At lag 10, rk was .12720 and this was outside the limits, ± 2/>Tn , 
indicating persistence in the Series. At lag 15, rk was .03816 and 
within the ± 2/Tn limits. This indicated random tendency in the 
Series distribution. Generally, in the Kimilili area, there tended 
to have been persistence tendency at less than 5 days , random
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tendency at 5 or more days , persistence tendency towards ten days 
and random tendency towards a month duration. Checking the kind 
of persistence shown at lag 1, the lag 5 and 10 bases were used
respectively. At lag 5, rk > rtk showing linear Markov Persistence
and the same was true at lag 10. Kisii area autocorrelation
coefficient (rk) at lag 1 was .24373 and this was outside the
Anderson’s range (.09156, -09617). This showed that r( was 
significantly different from zero and the series distribution 
showed persistence. At lag 5, r̂  was .02866 and within the ± 2/Ui 
(±.09589) limits, indicating random tendency 1n the Series 
distribution. At lag 10, rk was .00742 and within the ± 2/Jkf limits 
as was at lag 15, indicating random tendencies in the Series at lag 
10 and 15 respectively. This indicated persistence in the Series

Ldistribution at high frequencies. At lag 5, rk > r, indicating 
linear Markov Persistence and the same was true at lag 10. In the 
Nyamira area, the February rainfall Series autocorrelation 
coefficient (r̂ ) at lag 1 was .27433 and outside the Anderson’s 
range (.09156, -.09617). This showed that at alpha 0.05, r, was 
significantly different from zero and the Series distribution was 
therefore persistent in nature. At lag 5, rk was .05868 and within 
the ± 2/JTT (± .09589) limits. Indicating random tendency in the 
Series outside the ± 2//N limits indicating persistence tendency 
in the Series distribution. A general picture of the Series showed 
Persistence tendency at high frequencies (< 5 days), random 
tendency at low frequencies although persistence after five day 
consecutive period was to be expected. Testing to check the kind
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of persistence at lag 1 using the lag 5 and lag 10 bases, it was
Lfound that at lag 5, > rf and the same at lag 10. This indicated

linear Markov Persistence in the Series distribution. Finally, in 
the Elgon area, the autocorrelation coefficient at lag 1 of the 
February Series was .07733 and within the Anderson’s range (.09156, 
-.09617). this showed that at lag 1, r̂ was not significantly 
different from zero and the Series distribution was therefore 
random (white noise). At lag 5, r̂  was .04313 and within the ± 2/Tn 
(± .09589) limits, indicating random tendency and the same was true 
at lag 10 and 15 respectively. February Series distribution in the 
Elgon area was generally random although persistence at certain 
lags could be noticed, for example at lag 2, lag 4 and lag 11 which 
were .iust one lag from the lags used in the analysis.

In West Kenya generally, the February rainfall Series showed 
persistence at high frequencies (< 5 days) but random tendency at 
low frequencies (> 5 days). This is important in terms of rainfall 
events behaviours and in this study the occurrence of dry or wet 
days. If persistence is a factor in the daily rainfall climatology 
of an area,the possibility of dry day or wet day extending to a 
spell is high and this may eventually developed into a defined 
period of a given rainfall event.
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4.4.3 March Results, 1971 - 1985

March rainfall Series distribution showed persistence tendency 
throughout West Kenya at lag 1 with only the Port Victoria area in 
the Lake littoral showing random distribution. The lake littoral 
like the rest of West Kenya showed persistence in the Series 
distribution especially at high frequencies (< 5 days). In the 
Kisumu area, the autocorrelation coefficient (r̂ ) at lag 1 was 
.17789 and this was outside the Anderson’s range (.08864, -.09295) 
thus showing persistence in the Series distribution. At lag 5 
(r5), r̂  was .07995 and there within the ± 2/TiT (± .09275) limits. 
This indicated random tendency in the Series distribution. The 
same was true at lag 10 and 15 respectively although at lag 15 
there was random falling tendency 1n the Series distribution. The 
kind of persistence indicated at lag 1 was investigated using the

Llag 5 and 10 respectively as bases. At lag 5, rk > r̂  showing 
linear Markov Persistence and the same was true at lag 15. Muhuru 
Bay area autocorrelation coefficient at lag 1 was .09898 and this 
was outside the range (.09167. -.09628). This showed that at alpha 
.05. lag 1 autocorrelation coefficient was significantly different 
from zero and there was persistence In the Series distribution. 
At lag 5, rk was .04623 and within the ± 2/Ibi (±.09600) limits, 
indicating random tendency in the Series distribution. The same 
was true at lag 10 and 15 respectively although at lag 15, the 
random tendency showed rainfall decline in the Series distribution. 
To check the kind of persistence at lag 1, it was checked whether
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Lrk (where k was 5 and 10) was greater or lesser than r, . At lag 

5. rk > r,k indicating linear Markov Persistence and this was also 
true at lag 10. Generally, Muhuru Bay March Series showed 
persistence tendency at high frequencies (< 5 days) and random 
tendency at low frequencies. In the Usigu area, the
autocorrelation coefficient at lag 1 was significantly different 
from zero at alpha 0.05. At lag one (r,), therefore, persistence 
was a feature in the series distribution. At lag 5, rk was outside 
the ± 2/jTT (±.09275) limits indicating persistence tendency in the 
Series distribution. This tendency continued up to lag 10 and 15 
respectively. The kind of persistence shown at lag 1 was of the 
linear Markov type using lag 5 and 10 respectively as bases; for 
rk was greater than rk (r̂  > r,). Persistence was a major feature 
of the March Series distribution in the Usigu area. The Port 
Victoria area March Series autocorrelation coefficient at lag 1 
(r1) was .06864 and this was within the Anderson’s range (.08864, 
-.09295). At lag 1 therefore, r̂ was not significantly different 
from zero showing randomness in the Series distribution. At lag 
5, rk (-.01353) was within ± 2/*Tn limits and was negative, 
indicating random falling tendency in the Series distribution.The 
same situation was true at lag 10 but at lag 15, although the 
random tendency was positive. Port Victoria Series indicated
generally a random tendency in the distribution of daily rainfall.

In the low midlands, persistence was a major feature 1n the 
March daily rainfall Series. In the Kosele area at lag 1, the
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autocorrelation coefficient (rk) was .23792 and this was outside 
the Anderson’s range of .08864 and -.09295. At lag 1 therefore, 
rk was significantly different from zero showing persistence in the 
Series distribution. At lag 5, rk (.03056) was within the ± 2/fit 
(± .09275) limits, thus indicating random tendency in the Series 
distribution. The same was true at lag 10 and 15 respectively 
although at lag 15, rk was negative. The persistence shown at lag 
1 was of linear Markov type using k = 5 and 10 respectively (rk > 
r,k). The Kodera area March rainfall Series autocorrelation 
coefficient at lag 1 was .17384 and this was outside the Anderson's 
range (.08864, -.09295). At lag 1, rk was therefore significantly 
different from zero and there was persistence in the Series 
distribution. At lag 5, rk (.08870) was slightly within the ± 2/Jn 
(±.09285) limits and this indicated random tendency in the Series 
distribution. At lag 10 and 15, rk was still within the ± 2/fN 
limits thus showing random tendency in the Series distribution. 
There was a general tendency towards persistence at high 
frequencies (< 5 days) and randomness at low frequencies (> 5 
days). The persistence shown at lag 1 was linear Markov for rk >
Lr, where k was 5 and 10 respectively. The Bungoma area March 

Series showed persistence at high frequencies (< 5 days) and random 
tendency at low frequencies (> 5 days). The Autocorrelation 
Coefficient (rk) at lag 1 (r,) was .13583 and this was outside the 
Anderson’s range (.08864, -.09295). This showed that r1 was 
significantly different from zero and there was persistence in the 
Series distribution. At lag 5 (.06980), rk was within the limits
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± 2/^H (±.09275) and this indicated random tendency in the Series 
distribution. At lag 10 and 15 respectively there was random 
falling tendency as the rk were within the ± 2/{u limits and were 
negative. Persistence shown at lag 1 was linear Harkov type when 
k was 5 but non-linear when k was 10 and this indicated mixed or 
more than one process in the Series.

The upper midlands March rainfall Series showed general 
persistence at high frequencies (< 5 days) but a mixture of 
persistence and random distribution at low frequencies (> 5 days). 
Malava area autocorrelation coefficient (r̂ ) at lag 1 (rl) was 
.34939 and this was outside the Anderson’s range (.08864, -.09295). 
At lag 1, therefore, r̂  was significantly different from Zero and 
there was persistence in the Series distribution. At lag 5, r̂  was 
20897 and this was outside the ± 2/>J"n limits thus indicating 
persistence tendency in the Series distribution. There was still 
persistence tendency at lag 10 but at lag 15, rk within the ± 2/>Jn 
(±.09275) limits and this indicated random tendency as from mid 
month in the Malava area. The persistence shown at lag one was

Llinear Markov as at lag 5 and 10 respectively, r̂  > rj (where k = 
5 and 10). The Kimlllli Series at lag one showed persistence. 
This was so because, r̂  equals to .18113 was outside the Anderson's 
range (.08864, -.099295) and therefore significantly different from 
Zero. At lag 5, rk was .133100 and this was outside the ± 2/{)i 

(±.092275) limits thus indicating persistence tendency in the 
Series distribution. At lag 10, rk was .033678 and within the ±
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2/fn limits and this indicated random tendency in the Series 
distribution. At lag 15, rk was - .00761 and within the t 2/Ju 
limits, indicating random falling tendency in the Series 
distribution. The persistence shown at lag one was linear Harkov 
type when k was 5 and 10 respectively (rk > rjk). Kisii area
rainfall Series showed persistence in distribution at lag one (r, 
= .25905) . Lag one autocorrelation coefficient was outside the
Anderson’s range (.08864. -.09295) and therefore significantl y
different from Zero at alpha 0.05 At lag 5 rk was .0877705 and 
within the ± 2/Tn (±.09275) limits. This indicated random tendency 
in the Series distribution. The same was true at lag 10 and 15 
respectively although r^ was negative (-.00958). Generally, March 
Series showed persistence at high frequencies (< 5 days) and random 
tendency at low frequencies (> 5 days). The persistence shown at 
lag one was linear when K was 5 but non-linear when K was 10. 
This Indicated a mixed process behind the Series distribution. 
Nyamira area March rainfall Series autocorrelation coefficient at 
lag one (rj) was .28169 and outside the Anderson’s range (.08864, - 
.09295). This showed that, at lag one, rk was significantly 
different from zero and there was persistence in the Series 
distribution. At lag 5, rk (.07083) was within the ± 2/fN (±.09275) 
limits and this Indicated random tendency in the Series 
distribution. At lag 10, rk (.18671) was outside the ± 2/47? limits 
thus indicating persistence tendency in the Series distribution. 
At lag 15, rk (.04193) was within the ± 2/-J7T limits and this 
indicated random tendency in the Series distribution.
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In summary, the March rainfall Series in the Nyamira area 
showed persistence tendency at high frequencies and a mixture of 
random and persistent distributions at low frequencies (> 5 days). 
Elgon area March rainfall Series showed persistence tendency at 
lags > 5 days but random tendency at lags > 10 days. At lag one. 
rk was .29817 and outside Anderson’s range (.08864. - .09295).
This showed that r̂ was sign if icantly different from zero and there 
was persistence in the Series distribution. At lag 5. r̂  (.10492) 
was outside the ± 2/-Jn (±.09275) limits and this indicated
persistence tendency in the Series distribution. At lag 10, rk 
(.04129) was within the ± 2/Tn limits thus indicating random 
tendency in the Series distribution as was the case at lag 15.In

tboth the Nyamira area and Elgon area, when K was 5, rk > rf thus 
indicating linear Markov Persistence at lag one. The same was true 
in the Elgon area at lag 10 but non-linear in the Nyamira area.

4.4.4 April Results. 1971 - 85

The April rainfall Series showed a mixture of persistence and 
random distribution in West Kenya. The Lake littoral and the upper 
midlands showed more persistence in the Series than the low 
midlands which had more of random distribution in the Series. This 
difference seemed to had been due to the fact that the littoral was 
generally low In rainfall and the possibility of dry spells 
occurring was high. In the upper midlands, the April Series was 
high in rainfall amount and the possibility of wet spells occurring
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was high unlike the low midlands where there was some balance 
between the wet and dry spells occurrences.

In the Lake littoral, the April rainfall Series at lag one 
showed general persistence with the exception of the Port Victoria 
area. The Kisumu area April rainfall Series autocorrelation 
coefficient (appendix X) at lag one was .11847 and this was outside 
the Anderson’s range of .09006, - .09452. At lag 1, therefore, rk 
was significantly different from Zero and there was persistence in 
the Series distribution. At lag 5, rj, was .02436 and within the ± 
2/-In” limits thus Indicating random tendency in the Series. The 
same was true at lag 15 and this generally indicated that, the 
April rainfall Series had a persistence tendency at high 
frequencies (< 5 days) and random tendency at low frequencies (> 
5 days). The persistence shown at lag 1 was linear Harkov type 
when K was 5 but Non-linear at K equals to 10. In the Muhuru Bay 
area, the April rainfall autocorrelation coefficient (Table 4.9) 
at lag one (r,) was .17148 and outside the Anderson’s range (.09006. 
- .09452). To this, rk was significantly different from zero and 
this showed persistence in the Series at lag one. At lag 5, rk was 
.02541 and this was within the ± 2/Ju (±.09428) limits, indicating 
random tendency 1n the Series dlstr 1 but ion. The same was true at 
lag 10 and 15 although at lag 15. there was random falling tendency 
in the Series distribution.
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Generally, there was persistence tendency at high frequencies 
(< 5 days) and random tendency at low frequencies (> 5 daya) in the 
April rainfall Series of the Muhuru Bay area. Persistence at lag 
one was linear Markov type when K was 5 and 10 respectively because 
the result of model fitting was r̂  > r^. In the Usigu area, the 
April rainfall Series autocorrelation coefficient at lag one was 
.23653 and this was within the Anderson’s range (.009317, - 
.09791). There was, then, significant difference between rl and 
zero and this showed persistence in the Series distribution. At 
lag 5, rk (.09054) was within the ± 2/47T limits thus indicating 
persistence tendency in the Series distribution. At lag 15, r̂  
(.06634) was within the ± 2/>|7T limits and therefore showed random 
tendency in the series distribution. The Usigu area Series, in 
general, showed a mixture of persistence and random distribution 
tendencies in the April rainfall Series. The persistence shown at 
lag one (rj) was Linear Markov type when K was 5 and 10 
respectively. Port Victoria area autocorrelation coefficient at 
lag one was .03575 and this was within the Anderson’s range 
(.09006, - .09452). This showed that rk was not significantly 
different from zero and there was random in the Series 
distribution. At lag 5, r̂  (-.05859) was within the ± 2/Tit 
(±.09420) limits and this indicated random tendency in the Series. 
This tendency was shown again at lag 10 and 15 although at lag 10, 
the tendency in the Series distribution was random and falling. 
Port Victoria April rainfall Series was generally showing random
tendency.
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In the low midlands, the April rainfall Series showed a mixture 
of persistence and random distribution with those areas nearing the 
Lake littoral showing persistence and those towards the upper 
midlands indicating random distribution. The Kosele area April 
rainfall autocorrelation coefficient at lag one was .14778. This 
was outside the Anderson’s range, thus, rk was significantly 
different from zero and there was persistence in the Series 
distribution. At lag 5, r̂  (.01311) was within the ± 2ATm (±.09589) 
limits and this indicated random tendency in the Series 
distribution. At lag 10 and 15 respectively, rfc was negative and 
within the ± 2/$H limits and this indicated random falling tendency 
in the Series distribution. The persistence shown at lag one was 
linear Harkov when K was 5 and non-linear when K was 10 thus 
indicating a mixture of persistence types in the Series. The 
Kodera area autocorrelation coefficient at lag one in April was 
.06011 and this was within the Anderson’s range (.09006, - .09452). 
At lag one. therefore, rfc was not signlficantly different from zero 
and there was randomness In the Series distribution. At lag 5, r̂  
was within the ± 2/-Tn limits and this was true at lag 10 and 15 
respectively, thus indicating random tendency. The Bungoma area 
April rainfall autocorrelation coefficient at lag 1 (r^ was 
.03021 and this was within the Anderson’s range of .09006, and this 
was within the Anderson’s range of .09006, and - .09452. This 
showed that rk was not significantly different from zero at lag one 
and there was random distribution 1n the Series. At lag 5, r̂  (- 
.02394) was within the limits, ± 2/>Jn (±.09428), and this
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indicated random tendency In the Series distribution and the same 
tendency m s s  shown at lag 10 and 15 respect1vely.

In the upper midlands, the April rainfall Series at lag one 
showed general persistence in distributions, an indication to the 
general steady rainfall distributions. In the Malava area, the 
April rainfall autocorrelation coefficient at lag one was .26025 
and this was outside the Anderson’s range of .09006 and -.09452. 
This showed that, rk at lag one was significantly different from 
zero and there was persistence In the Series distribution. At lag 
5, rk was .10688 and outside the ± 2AjN (t.09428) limits thus 
indicating persistence tendency in the Series distribution. The 
same was true at lag 10 but at lag 15, rk (.06186) was within the 
± 2/J"n limits and this showed random tendency as from mid April in 
the Series. The persistence shown at lag one in the Series was 
1 inear Markov when K was 5 and 10 respectively. The Kimilill April 
rainfall Series autocorrelation coefficient at lag one (rj) was 
.17379. This was outside the Anderson’s range of .09006, and - 
.09452 thus showing that rk lag one was significantly different 
from zero and there was persistence in the Series distribution. 
At lag 5, rk (-.01955) was negative and within the ± 2/jN (±.09428) 
limits. This indicated random falling tendency in the Series 
distribution at lag 5. The same random tendency was shown In the 
Series distribution at lag 10 and 15 respectively although at lag
10. rk was positive.
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Generally, there was persistence tendency at high frequencies 
in the Kimilili April rainfall Series. Persistence shown at lag

Lone was non-linear when K was 10 (rk > r j ) . In the Kisii area, the 
April rainfall autocorrelation coefficient (rk) at lag one was 
.20496 and this was within the Anderson’s range of .09006,and- 
.09452. This showed that at lag one, rk was significantly different 
from zero and there was persistence in the Series distribution. 
At lag 5. rk (.17546) was outside the ± 2/'Tn (±.09428) and this 
indicated persistence tendency in the Series distribution. At lag 
10, persistence tendency was still present but at lag 15, rk 
(.00854) was within the ± 2/415’ limits thus indicating random 
tendency in the Series from mid month. There was a general 
persistence tendency in the April rainfall Series distribution in 
the Kisii area. Persistence shown at lag 1 was linear Markov when 
k was 5 and 10 respectively. Nyamira April rainfall Series showed 
randomness in distribution at lag 1. This was so because at lag 
1 rk (.00805) was not within the Anderson’s range and therefore not 
significantly different from zero. At lag 5, rk was .08445 and 
within the ± 2/475 (±.09428) and this showed random tendency in the 
Series distribution and this was true at lag 10 and 15 
respectively. The lag 1 rk was unique for it showed a random 
falling rainfall distribution and this could have been due to very 
high daily rainfall amount followed randomly by a relatively low 
rainfall amount. That is, a day of rainfall could equally be 
followed by a wet day or dry day but whatever the result, it was 
bound to be relatively low than the previous day rainfall event!
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The Elgon area April rainfall Series showed general persistence in 
distribution- At lag 1, rk (.22548) was outside the Anderson’s 
range of .09006 and -.09452- This showed that rk at lag 1 was 
significantly different from zero and therefore, persistence was 
present in the Series distribution. At lag 5, rk (.16107) was 
outside the ± 2/<(n (±.09428) limits and this indicated persistence 
tendency in the Series distribution. At lag 10 and 15, rk (r,8 = 
.02484 and rJ5 = .01815) was within the ± 2/JIT limits and this 
showed random tendency past five days in the Series distribution. 
The persistence shown at lag 1 (r̂ ) was linear Markov when k was 5 
and 10 respectively.

4.4.5 May Results, 1971 - 85

In the Lake littoral, the May rainfall Series at lag 1 showed 
a general random distribution with the Usigu area Series being the 
exception. In the Kisumu area, the autocorrelation coefficient at 
lag 1 of the May Series was .03108 and this was within the 
Anderson’s range of .08864 and -.09295. This showed that, at lag 
1, rk was not significantly different from zero and there was then 
random distribution in the Series. At lag 5, rk (.12109) was 
outside the ± 2/Jn (±.09275) limits and this indicated persistence 
tendency in the Series distribution. At lag 10 and 15, 
respectively, rk was negative and within the ± 2/>I~"n limits and 
this indicated random falling tendency. The May rainfall Series 
in the Kisumu area showed a general random distribution with
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indications of persistence at some lags, for example at lag 5. 
Muhuru Bay rainfall Series in May showed random distribution at lag 
1 (r,). This was due to the fact that, at lag 1, rfc (.06510) was 
within the Anderson’s range of .09167 and -.09628 and this showed 
n ot significant difference from zero. At lag 5. rk (.08016) was 
within the ± 2/^N (±.09600) limits and this indicated random 
tendency in the Series distribution. At lag 10, rk was -.10340 and 
therefore outside the ± 2/ N limits. This indicated a persistent 
falling tendency in the Series distribution. At lag 15, rk was 
within the ± 2/JH limits and this indicated random tendency in the 
Series distribution. The Muhuru Bay May rainfall Series was 
generally random but there were indications of persistence 
especially at low frequencies (> 5 days). Usigu area showed 
persistence 1n the May rainfall Series distribution at lag 1. At 
lag 1 (r,), rk was .24889 and this was outside the Anderson’s range 
of .09167 and -.09628, thus showing significant difference from 
zero. At lag 5, the May rainfall Series showed indications of 
random tendency / distribution as rk (.06660) was within ± 2 / J n 

(±.09600) limits. At lag 10, there was indication of persistence 
tendency in the Series distribution as rk (.19580) was outside the 
± 2/yft4 limits. At lag 15, there was indication of random 
distribution In the Series for rk was within the ± 2/>Tn limits. 
The Usigu area showed an alternating tendency 1n the Series 
distribution between persistence and random distribution. The 
persistence shown at lag 1 was linear when k was 5 and 10 
respectively for the test results was rk > rf. Port Victoria series
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in May showed random distribution at lag 1. This was due to the 
fact that, at lag 1, rk (.00539) was within the Anderson’s range 
(.08864. -.09295) and therefore not signlfIcantly different from 
zero. At lag 5, rfc (-.05292) was within the ± 2/>fN (±.09275) limits 
and this Indicated random falling tendency in the Series 
distribution. The same tendency was shown at lag 10 and 15 but at 
lag 15, the tendency was positive. The May rainfall Series was 
generally random in distribution around Port Victoria area.

In the low midlands, the May rainfall Series showed general 
oersistence in the distribution. In the Kosele area, at lag 1 
(r,), rk was .20788 and this was outside the Anderson’s range of 
.09166 and -.09628. This showed that rk was significantly different 
from zero and there was persistence in the Series distribution. 
The same was true at lag 10 and 15 although at the latter lag, 
there was random falling tendency. The persistence shown at lag 
1 (r1) was linear Markov when k was 5 and 10 respectively as the 
test results showed rk > rf. The May rainfall Series distribution 
showed persistence as rk at lag 1 was .11105 and outside the 
Anderson’s range of .08864 and -.09295 In the Kodera area. The r, 
was therefore signlficantly different from zero. At lag 5, the 
Kodera area May Series showed signs of randomdistribution. The 6ame 
was true at lag 10 and 15 respectively although at the latter lag, 
there was random falling tendency. The persistence shown at lag 1 
(ri) was linear Markov when k was 5 and 10 respectively as the 
results showed that rk>r1k. The may rainfall Series distribution
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showed persistence as rk at lag 1 was .11105 and outside the 
Anderson’s range of .08864 and -.09295 in the Kodera area. At lag 
5. the Kodera area May Series showed signs of random falling 
tendency as rk (-.04419) was within the ±2/«Tn ( ±.09285), limits. 
At lag 10, rk was outside the i2/-J~R limits and indicated
persistence tendency in the Series distribution. At lag 15, rk was 
within the ±2/'Tn limits and as rk was negative, there was random 
falling tendency in the Series distribution. The May 
rainfall Series generally showed varying forms of distribution; 
persistence and random tendencies at various lags. The persistence 
shown at lag one was non-linear when k was 5(rk<r1k) but linear
when k was 10 thus indicating the importance of time in the
persistence tendency in the Series. In the Bungoma area, rk was 
.22559 at lag one and was outside the Anderson’s range of .08864 
and -.09295. This showed that at lag one, rk was significantly 
different from zero and there was persistence in the Series
distribution. At lag 5, rk was outside the ±2/47T, (±. 09275) , limits 
and this indicated persistence tendency in the Series distribution. 
At lag 10, rk was still outside the ±2/-fH limits thus indicating 
continued persistence tendency in the Series distribution. At lag 
15, rk was within the ±2/-J’n limits and this showed random tendency 
in the Series distribution. The May rainfall Series in Bungoma area 
showed a general balance between persistence and random tendencies 
with persistence as a feature in the first half of the month. 
Persistence shown at lag one was linear when k was 5 and 10 
respectively. Persistence tendencies in the low midlands rainfall
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Series in Hay were probably indications of steady rain unlike in 
the Lake littoral where random tendencies dominated the May Series.

The upper midlands May rainfall Series showed general 
persistence in the rainfall distribution and this was probably an 
indication of steady rains. In the Malava area, r̂ was .29477 at 
lag one and this was outside the Anderson’s range. At lag one 
therefore, r̂  was significantly different from zero and there was 
persistence in the Series distributionMay). At lag 5, ^(.10245) 
was outside the t 2/<Tn (±.09275) limits and this showed persistence 
tendency in the Series distribution. At lag 10, r̂  was still outside 
the ± 2/J"N limits but at lag 15, r̂ was within the ± 2/T^ limits 
thus indicating random tendency. This generally indicated the 
dominance of persistence in the Series distribution although random 
tendencies were possible especially in the second half of the 
month. The persistence shown at lag 1 (rj) when k was 5 and 10 
respectively in the May rainfall Series of Malava was linear Markov 
(rk > r,k). The Kimilili r̂  (.14908) at lag 1 was signif icantl y
different from (Anderson’s range; .08864, -.09295) zero and this 
showed persistence in the Series distribution. At lag 5, r̂  
(.03845) was within the ± 2/>Tn (±.09275) and this indicated random 
tendency in the Series distribution. At lag 10 and 15 
respectively, rk was negative and within the ± 2/JN limits thus 
indicating random falling tendency. The May Series in the Kimilili 
area showed persistence in distribution at high frequencies (< 5 
days) and random tendency at low frequencies (> 5 days). The
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persistence shown at lag 1 when k was 5 was linear Markov (rk > 
r̂ ) but non-linear (rk < r,k) when k was 10 and this indicated 
tendency to have “mixed process" in the Series. The Kisii area May 
rainfall Series showed persistence in the distribution at lap 1 as 
rk (.14000) was significantly different from zero (Anderson’s range 
was .08864 and -.09295). At lag 5, rk (.08979) was within the ± 
2ATn” (±.09275) range and this indicated random tendency in the 
Series distribution. At lag 10, rk (.10048) was outside the ± 2/-/N 
limits and this indicated random (white noise) tendency in the 
distribution. At lag 15, rk was still outside the ± 2/>Tn and this 
indicated a general persistence in the Series distribution although 
random tendency was also possible as was at lag 5. The persistence 
shown at lag 1 when k was 5 and 10 respectively was linear Markov 
(rk > r,S- Nyamira area May Series showed persistence at lag 1 for 
rk (. 17432) was significantly different from zero. At lag 5, rk 
(.03562) was within the ± 2/Tn (±.09275) limits and this showed 
indications of random tendency in the Series distribution. The 
same was true at lag 10 and 15 respectively. This showed that, the 
May rainfall Series in the Nyamira area had persistence tendency 
at high frequencies (< 5 days) and random tendency at low 
frequencies (> 5 days). The persistence shown at lag 1 was linear 
Markov (rk > r,k) when k was 5 and 10 respectively. There was 
persistence in the May rainfall Series distribution in the Elgon 
area for rk (.13195) at lag 1 (Anderson’s range:- .08864, -.09295) 
was significantly different from zero. At lag 5, rk (-.00170) was 
within the ± 2/Jn (±.09275) limits and this showed falling tendency
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in the Series distribution as was the case at lag 10 and 15 
respectively. The May rainfall Series in the Elgon area was 
generally having persistence in the Series distribution at high 
frequencies (< 5 days) and random tendency at low frequencies (<5 
days) . The persistence shown at lag 1 (r̂ ) was non—linear when k 
was 5 and 10 respectively.

4.4.6 June Results, 1971 - 1985
The June rainfall Series in West Kenya had a mixture of random 

and persistence tendency in distribution with the random tendency 
more pronounced towards the Lake littoral, and persistence tendency 
towards the upper midlands.

In the Lake littoral, the June rainfall Series autocorrelation 
coefficients at lag 1 indicated random distributions in the Series 
with Usigu area being the exception. In the Kisumu area, at lag 
1, rfc (.15078) was within the Anderson’s range (.09006, -.09452). 
This showed that rk was not significantly different from zero at 
lag 1 and there was random distribution in the Series. At lag 5, 
rk (-.05820) was within the ± 2/JJi limits and this indicated random 
falling tendency in the Series distribution. Random tendency 
(positive) was also indicated at lag 10 and 15 and this generally 
showed a tendency to have random distribution of June rains around 
Kisumu. In the Muhuru Bay area, at lag 1, rk (.01722) was not 
significantly different from zero (within the Anderson’s range) and 
this showed random distribution in the Series. At lag 5, rk (-
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.04695) was within the t 2/Jn (±.09428) range and this indicated 
random falling tendency in the Series distribution. Random 
tendency still persisted at lag 10 and 15 respectively although at 
lag 15. rk was positive. In the Usigu area, at lag 1 (r,). rk
(.37945) was outside the Anderson’s range and was therefore 
significantly different from zero. This showed persistence in the 
Series distribution. At lag 5, rk was outside the ± 2/4U limits 
and this indicated persistence tendency in the Series distribution, 
and this continued upto lag 10. At lag 15, rk was within the 
± limits and this indicated random tendency in the Series.
June rainfall in the Usigu area was generally persistent in the 
Series distribution. The persistence shown at lag 1 was linear 
Markov when k was 5 and 10 respectively (rk > rf). The Port 
Victoria area June rainfall Series at lag 1 had autocorrelation 
coefficient of .00904 and this was within the Anderson’s range of 
.09006, -.09452. At lag 1 therefore rk was not slgnificantly
different from zero and this showed random distribution (White 
noise) in the Series. At lag 5, rk was within the ± 2//S" limits and 
this indicated random tendency in the Series distribution and this 
was also the case at lag 10 and 15 respectively.

The low midlands June rainfall Series was generally persistent 
in distribution although the Kosele Series was more towards the 
random tendency of the Lake littoral. In the Kosele area, at lag 
1, rk (.01249) was within the Anderson’s range (.09006, -.09452) 
and to this rk was not significantly different from zero. This
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showed random distribution (White noise) in the June rainfall 
Series. At lag 5, rk (.02778) was within the ± 2/'/IT limits and 
this showed random tendency in the Series distribution and the same 
was true at lag 10 and 15 respectively. In the Kodera area, at lag 
1 (r j), r (.18328) was outside the Anderson’s range of .09006 and 
-. 09452. This showed that rk was significantly different from zero 
and there was persistence in the Series distribution. At lag 10, 
there was persistence tendency in the Series as rk (.15180) was 
outside the ± 2/477 limits and the same was true at lag 15. 
Generally, the June rainfall Series showed persistence tendency in 
distribution. The persistence shown at lag 1 was linear Markov

Lwhen k was 5 and 10 respectively (rk > r, ). The Bungoma area June 
rainfall Series showed persistence in distribution at lag 1. This 
was due to the fact that at lag 1, rk (.09491) was outside the 
Anderson’s range (.09006 and -.09452) and therefore significantly 
different from zero. At lag 5, rk (.03740) was within the ± 2/471 
limits showing random tendency in the Series distribution. The 
same was true at lag 10 and 15 respectively. The persistence shown

Lat lag 1 was linear Markov when k was 5 (rk > r̂  ) and non-linear
Lwhen k was 10 (rk < r, ) thus indicating mixed process in the Series 

distribution.

In the upper midlands, the June Series distribution at lag 1 
was generally showing persistence tendency. In the Malava area, 
at lag 1, rk (.23945) was significantly different from zero and 
this showed persistence (Red noise) in the Series distribution.
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At lag 5, rk was within the ± 2/-JTT limits and this indicated random 
tendency in the Series distr i but ion. At lag 10, rk was outside the 
t 2/477 limits and this gave indications of persistence in the 
Series distribution. At lag 15, rk was within the ± 2//n limits 
and this indicated random tendency in the Series. The June Series 
distribut ion was alternating between persistency and randomness, 
generally. The persistence shown at lag 1 was linear Markov when 
k was 5 and 10 respectively (rk > r,*1). The Kimilili June rainfall 
Series distribution showed randomness and this was due to the fact 
that rk (.08271) was within the Anderson’s range (.09006, -.09452). 
At lag 5, rk (.05788) was within the ± 2//w (±.09428) thus 
indicating random tendency in the Series distribution. At lag 10, 
rk was outside the ± 2/J7T (±.09428) limits and this indicated 
persistence tendency in the Series distribution. At lag 15, rk was 
within the ± 2/-JiH limits and was negative therefore indicating 
random falling tendency in the Series distribution. The Kimilili 
rainfall in June was generally random in distribution. The Kisii 
rainfall Series distribution at lag 1 showed persistence. At lag 
1. rk (.21711) was outside the Anderson’s range of .09006 and - 
.09452 and therefore significantly different from zero. At lag 5, 
rk (.03460) was within the ± 2/4n" limits and this indicated random 
tendency in the Series distribution. At lag 10, rk was outside the 
± 2/fN limits and this showed persistence tendency in the Series 
distribution. At lag 15, rk was within the ± 2/'fi7 limits and this 
indicated random tendency in the Series distribution. The June 
Series distribution showed a mixture of persistence and random
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tendency. The persistence shown at lag 1 was linear Markov when
Lk was 5 and 10 respectively (rk > r, ). Nyamira area June rainfall 

Series at lag 1 showed persistence in distribution. At lag 1, rk 
(.18615) was significantly different from zero (Anderson’s range 
.09006, -.09452). At lag 5, r̂  (.13024.) was outside the ± 2/ N 
limits thus indicating persistence tendency in the Series 
distribution and the same was true at lag 10. At lag 15, rk was 
within the ± 2/4"n (±.09428) limits and this indicated random 
tendency in the Series distribution. The persistence shown at lag

L1 was linear Markov when k was 5 and 10 respectively (r̂  > r, ). 
The Elgon June rainfall Series at lag 1 was random in distribution. 
At lag 1, rk (.02386) was within the Anderson’s range (.09006, - 
.09452) and therefore not significantly different from zero. At 
lag 5, 10 and 15, r̂ was within the ± 2/475 (±.09428) limits and 
this indicated random tendency in the Series distribution. The 
June Series distribution in the Elgon area was generally random.

4.4.7. July Results. 1971 - 85
The July rainfall Series in West Kenya showed a mixture of

%

persistence and random tendency more pronounced in the near shore 
Stations of Muhuru and Kisumu and the upper most station of Elgon 
forest. Generally the persistence nature of the Series 
distribution reflected the dominance of dry days (< 5mm per day) 
in July rather than dominance of wet days as was during Apri1-May 
period. Random distribution indicated more of the uniqueness of 
the occasional heavy storms during the relatively dry month of July



rather than oscillation between wet and dry days although the 
occurrence of a storm was equally likely as the occurrence of dry
spel1.
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In the Lake littoral, the near shore Stations showed random 
distribution at lag 1 and the Stations towards the low midlands 
showed persistence in rainfall distribution. In the Kisumu area, 
r. at lag 1 (.08657) was within the Anderson’s range. This showed 
that rk at lag 1 was not significantly different from zero and there 
was randomness in the Series distribution. At lag 5, rk (-.02171) 
was within the ± 2/>Tn (±.09275) and this indicated random falling 
tendency in the Series distribution. The same was true at lag 10 
and 15 respectively and this indicated a general random tendency 
in the Kisumu area July rainfall Series. In the Muhuru area, at 
lag 1 . the rk of July rainfall Series was .06229 and this was within 
the Anderson’s range of .09167 and -.09628. So rk at lag 1 was not 
significantly different from zero and the Series distribution was 
random. At lag 5, rk was within the ± 2/473 (±.09600) limits and 
this indicated random tendency in the Series distribution. The 
same was true at lag 10 and 15 respectively although the tendencies 
were falling (declining) in rainfall amount per day. In the Usigu 
area, at lag 1, rk (.52863) was outside the Anderson’s range 
(.09879, -.10418) and therefore signlficantly different from zero. 
This showed that there was persistence in the Series distribution 
at lag 1 in the Usigu area. At lag 5, rk (.21708) was outside the 
± 2/473 limits and this indicated persistence in the Series
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distribution and this was true at lag 10 and 15 respectively. The 
July rainfall Series in the Usigu area showed general persistence 
tendency in distribution. The persistence shown at lag 1 was 
linear Markov when k was 5 and 10 respectively. In the Port 
Victoria area, at lag 1, rk (.16080) was outside the Anderson’s 
range (.08864, -.09295) and this showed significant difference from 
zero and therefore persistence in the Series distribution. At lag 
5, rk (-.00789) was within the ± 2ATn limits and this indicated 
random falling tendency in the Series distribution. The random 
falling tendency was also shown at lag 10 and 15 respectively. The 
July rainfall Series generally showed persistence at high 
frequencies (< 5 days) and random tendency at low frequencies (> 
5 days). The persistence shown at lag 1 was non-linear when k was 
5 and 10 respectively.

In the low midlands, the July rainfall Series distribution 
displayed general persistence. In the Kosele area, at lag 1, rk 
(.31534) was significantly different from zero( Anderson’s 
range;.09503, -.10000) and there was persistence in the Series 
distribution. At lag 5, rk (-.01150) was within the ± 2ATn limits 
and this showed persistence tendency in the Series distribution. 
The July Series distribution had a mixture of persistence and 
random tendency. The persistence shown at lag 1 was non-linear (rk 
< r, ) when k was 5 and linear Markov (r̂  > r, ) when k was 10. In 
the Kodera area, at lag 1, rk (.19716) was significantly different 
from zero and this showed persistence in the Series distribution.



At lag 5 and 15, rk was within the ± 2A/TT limits thus showing random 
tendency in the Series distribution. At lag 10, rk (.10223) was 
outside the ± 2/>Tn limits and this indicated persistence.
Generally, the July Series distribution alternated between 
persistence and random tendency. The persistence shown at lag 1 
was linear Markov when k was 5 and 10 respectively. The Bungoma 
rainfall Series distribution at lag 1 was random and falling. At 
lag 1, rk (-.00514) was not si gni f icantl y different from zero 
(Anderson’s range .08864, -.09295).

The upper midlands Series also showed general persistence in 
the Series distribution. In the Malava area, at lag 1, rk (.27927) 
was significantly different from zero and this showed persistence 
in the Series. At lag 5, rk (.11421) was outside the ± 2/J*N limits 
and this indicated persistence in the Series distribution and this 
was still true at lag 10 and 15. Generally, there was persistence 
in the July rainfall Series in the Malava area. The persistence 
shown at lag 1 was linear Markov when k was 5 and 10 respectively. 
In the Kimilili area, at lag 1, rk (.21447) was significantly 
different from zero and this showed persistence in the Series 
distr i bution. At lag 5, rk was negative and within the ± 2/Tu

limits. This indicated random falling tendency 1n the Series 
distribution. The random tendency continued at lag 10 and 15 
respectively. The July Series in the Kimilili area showed
persistence at high frequencies (< 5 days) and random tendency at 
low frequencies (> 5 days). The persistence shown at lag 1 was

L Lnon-linear (rk < r ? ) when k was 5 and linear Markov (r~ k > r,) when
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k was 10. The Kisii July rainfal1 Series autocorrelation

coefficient (rk) at lag 1 was .19131 and this fell outside the

Anderson’s range of .08864 and -.09295. At lag 1 therefore, rk was
significantly different from zero and there was persistence in the 
Series distribution. At lag 5, rk (.02973) was within the ± 2/fN 
limits and this indicated random tendency in the Series 
distribution as was the case at lag 10 and 15 respectively. The 
Kisii rainfall Series showed persistence tendency at high 
frequencies (< 5 days) and random tendency at low frequencies (> 
5 days). The persistence shown at lag 1 was linear Markov (rk > 
r.*) when k was 5 and non-linear (rk < r^) when k was 10 thus 
indicating mixed process in the Series distribution. In the 
Nyamira area, at lag 1. rk (.21352) was significantly different 
from zero and there was persistence in the July rainfall Series 
distr i bution. At lag 5. rk (.00534) was within the ± 2/Ju limits 
and this indicated random tendency in the Series distribution as 
was the case at lag 15. At lag 10, rk (.10481) was outside the ± 
2//n limits and this indicated persistence in the Series 
distribution. The July rainfall Series distribution was 
alternating between persistence and random tendency. The 
persistence shown at lag 1 was linear Markov (rk > rj ) when k was 
5 and 10 respectively. The Elgon area July rainfall Series 
distribution was random at lag 1, where rk (.07102) was not 
significantly different from zero Anderson’s range (.08864, - 
.09295). At lag 5, rk (.10047) was outside the ± 2/>Tn (±.09278) 
limits and this indicated persistence in the Series distribution.



At lag 10 and 15, there was random falling tendency in the Series 

distribution, respectively. Random tendency dominated the Series 

distribution although persistence tendency was also possible.

Generally, the "face" of rainfall distributions during the 

months of January to July from 1971 to 1985 was dominated by 
persistence tendency during the very dry, relatively, and very wet 

months. Random tendency was mainly a feature towards the end of 

the month although its occurrence could not be ruled out even at 

lag 1 .

4.5.0 The Shape of the Correlogram: January to July Results

(1971 - 85)
A correlogram results when r̂  (autocorrelation coefficient or 

function) is plotted against k (lag time); see figures 4.14.-4.-18 

and appendices XXIV-XXXIII. The shape of a correlogram in 

principle, reveals the nature of a process. For a periodic 

process, the correlogram is periodic; for a moving average process, 

it vanishes (decays); and for a first-order Markov process, rk > 

r/, the correlogram decays exponentially. Usually, when the number 

of data points is small, the correlogram fails to damp off as 

expected because the observed auto-correlation functions are 

subject to inflation due to sampling errors. The need to find the 

process behind the series distribution, and to reinforce
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the significant test results of rk already worked on led to the 
correlogram plots.

In the Kisumu area, the correlograms for all the months showed 
a mixture of periodic processes and auto-regressive processes in 
the Series but the processes were not well defined. In January, 
the correlogram was periodic and decayed towards the end. There 
was a diffused cycle in the process and most of the processes were 
shown in the correlogram upto lag 4 and 5. In February, the 
correlogram was periodic with hidden rapid swings indicating 
cycles. The correlogram decayed towards the end. In March, the 
correlogram was periodic and decayed from lag 10 but not 
completely. In April, the correlogram failed to dampen and showed 
more of periodic variations. In May, the correlogram decayed early 
or dampen early but towards the end showed swings and periodicity. 
In June, there was a general cyclic variation with rapid periodic 
movements mostly on the negative side. The July correlogram showed 
oscillatory movement with rapid periodicity mostly on the negative 
side. Generally, the Kisumu correlograms from January to July 
showed a mixture of periodic and autoregresive processes in the 
series distribution.

In the Muhuru Bay area, the January correlogram failed to 
dampen and showed more of periodic processes with hidden cycles and 
the same was true with February correlogram. In March, the 
correlogram was periodic and decayed around lag 10 to 14 but then
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failed to dampen completely as late swings were noted. The April 
correlogram showed periodic movements with hidden cycles but 
started decaying as from lag 4. In May, the correlogram failed to 
dampen and showed periodic movements with hidden cycles, and the 
same was true with the June and July correlograms. The combined 
correlogram from January to July showed a general periodic movement 
with hidden cycles and decay tendency shown towards the end. This 
indicated a mixture, Autoregressive Moving Average (ARMA) process.

In the Usigu area, the January correlogram decayed but 
periodic or cyclic variations were also shown. The February 
correlogram decayed fast but steadied out at lag 3 forming a near 
straight line. March correlogram decayed with periodic movements. 
The April correlogram showed signs of cyclic variations and 
although there was decline tendency, the correlogram failed to 
dampen off completely. The May correlogram indicated cyclic 
(periodic) variations and failed to dampen off or decay. In June, 
the correlogram decayed with signs of cyclic variations (or 
periodic). July correlogram decayed but not completely and cyclic 
variations signs shown. Generally, the correlograms from January 
to July showed signs of cyclic variations (periodic) and decayed 
towards the end but not completely.

In the Port Victoria area, the January correlogram was 
periodic with hidden cyclic movements. In February, the 
correlogram had not well defined periodic movements with hidden
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cyclic variations. The March correlogram was mostly periodic with 
cyclic tendency between lags 5 and 11. The April correlogram was 
periodic but decayed towards the end (not completely). In May, the 
correlogram decayed with cyclic tendency. The June correlogram 
dampened off or decayed with swings indicating hidden cycles or 
periodic movements. In July, the correlogram decayed in the 
initial stages but then rose towards the end with swings indicating 
hidden cycles or periodic movements. The combined data gave a 
correlogram for January - July period showing periodic variations 
processes with swings indicating cyclic variations.

In the Kosele area, the January correlogram was periodic with 
levels of variations increasing with lags and therefore failed to 
dampen off or decay (and signs of hidden cycle movements were 
given). The February correlogram decayed towards lag 15 but
thereafter rose with periodic movements. The March correlogram 
decayed thus fitting the theoretical correlogram of dampening 
towards the end;first order Markov process. In April, the
correlogram showed a big trough, probably part of a cycle, with
periodic movements and failed to dampen off or decay. The July
correlogram decayed in the initial stages but then swung up to give 
a cyclic (periodic) process. Generally, the correlograms showed 
a mixture of processes in the Series distribution from January to
July.



In the Kodera area, the January correlogram was periodic and 
failed to decay (there were signs of hidden cyclic movements). In 
February, the correlogram showed "big" swings, probably cyclic 
movements, but decayed towards the end. In March, the correlogram 
was periodic but the movements were not well defined and failed to 
dampen off. In April, the correlogram was periodic with hidden 
cycles and failed to dampen off. The same was true with May and 
June correlograms. In July, the correlogram decayed with periodic 
and irregular swings. The combined data for January to July gave 
a correlogram which was periodic with hidden cycles and failed to 
dampen off properly.

In the Bungoma area, the correlogram for January, February, 
March, April, May, June and July respectively were periodic and 
generally failed to dampen off or decay except the May correlogram 
which decayed with periodic tendency in distribution. In the 
Malava area the January correlogram was periodic with hidden cycles 
and decayed towards the end. The February correlogram was periodic 
and decayed towards the end. The same was true with March, April, 
May, June, July correlograms respectively. Generally, the 
correlograms from January to July in the Malava area were periodic 
with hidden cycles and decayed indicating a mixture of processes 
in the Series distribution.

In the Kimilili area, January correlogram decayed with hints 
of cyclic (periodic) movements. The February, March correlograms
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respectively, decayed with periodic movements. In April, the 
correlogram was periodic with hidden cyclic tendency and decayed 
towards the end. The May correlogram was periodic with big swings 
indicating cyclic tendency but failed to dampen off completely. 
The June, July correlograms respectively, were periodic and decayed 
towards the end. The correlograms viewed collectively, decayed 
towards the end with irregular periodic variations.

In the Kisii area, the correlograms for January, February, 
March, April, May, June and July were mostly periodic with hidden 
swings indicating cyclic movements. The February, March, 
correlograms respectively, were periodic in movements but decayed 
towards the end. In the Nyamira area, January correlogram was 
irregular in distribution and showed signs of cyclic (periodic) 
movements but failed to dampen off. In February, the correlogram 
showed signs of decay but also signs of hidden cyclic movements 
(periodic). The March correlogram decayed but with some peaking 
at the middle lags showing traces of cyclic movements (periodic). 
The April correlogram was largely periodic and failed to dampen off 
completely. The May correlogram rose with lag times showing signs 
of exponential movement. The June correlogram failed to dampen off 
and had periodic tendency. The July correlogram showed signs of 
decline or decays were there towards the end. The Nyamira 
correlogram showed mixed processes at work in the series

163

distributions.



164

Lastly, in the Elgon area, the correlograms, from January to 
July, were mostly periodic in shapes and showed signs of decay 
towards the end. Hidden cyclic movements were also noted but the 
February correlogram was largely periodic and failed to dampen off 
as was expected theoretically. The correlograms showed a mixture 
of processes at work in the Series distribution, mostly ARMA 
(Autoregressive Moving Average process).

The general picture of the correlograms from January to July 
in West Kenya rainfall daily distributions indicated a mixture of 
processes and this had already been shown in the autocorrelation 
coefficient significant tests results.

4.6.0 Daily River Flows
The daily river flow data for River Nzoia (Kakamega, IDD1A), 

Nyando (Ahero bridge), Miriu (Sondu Bridge) and Gucha-Migori 
(Muhuru Bay) indicated less daily variations;see figures 4.19-4.21. 
Periods of floods were indicated by standard deviations surpassing 
the daily mean flow and periods of low flow were indicated by the 
standard deviation and the mean being almost equal. There were 
year to year differences in daily river flows for particular months 
and this was also shown in the year to year rainfall for particular 
months in West Kenya, as was shown in the analysis of variance
results.
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4.7.0 Agricultural Reports

Agricultural reports from West Kenya between 1956 to 1986 
showed that periods of low rainfall or delayed long rains had 
occurred and this affected agricultural productions. Floods and/or 
too much rain were also noted as factors in crop production but 
even farmers ability to prepare land in time and to get the right 
seeds were also noted as factors. What was important in the 
reports as concerns the study, was the link between low or delayed 
long rains not developing properly, with crop production in West 
Kenya {see Table 4.10). The rainfall series analysis showed that 
there were periods of low rainfall or erratic rainfall 
distribution, or long rains delaying or ending early (see time 
series analysis section).
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BASIC STATISTICS FOR USIGU HEALTH CENTRE IN JANUARY (RAINFALL DATA)

Table: 4*4- .......... . - v -—  ^ •* :-t Ml
.;/■■■

Variable

-----1 ' *

1972 1972 1973 1974 1975 1976 1977 1970 1979 1980 1981 1902 1983 1904 1985

Sfnple size
31 31 31 31 31 31 11 31 31 31 31 31 31 31 -

Average * 1.59677 0.574194 1.55161 0.1 6.452 1.90323 2.54839 2.65416 6.00323 0.696774 1.15404 2.92501 1.64194

1-fed iun
1

0 0
0

0 0 0 0 0 0 0 0 0 0 - 0 -

Mxfc 0 0 0 0 0 0 0 0 0 0 0 0 1 _ 0 -

Variance 70.323 10.2206 20.0052 0.151333 1.290 112.29 73.6559 01.9799 226.202 11.757 41.3432 63.2993 - 12.3745 -

Standard Deviation B.30508 3.19697 4.40166 0.309316 0.0360 10.5967 0.5023 9.05427 15.04 3.42005 6.42907 7.95609 - 3.51774 -

Standard error 1.50615 0.574194 0.004929 0.069069] 6.452 1.90323 1.54143 1.6262 2.70126 0.615839 1.15494 1.42896 - 0.631005
- - ..

Mininun 0 0 0 0 0 0. 0 0 0 0 0 0 - 0 ~

Maxim.™ 46.7 17.0 17.0 2 0.2 59 44 40 50.4 19 35.0 29.1 - 10.9 -

SLevrass 5.53692 5.56776 2.00042 4.44501 5.56776 5.56776 4.200 4.5751 2.39548 5.4172 5.56776 2.73272 - 1.86072 -

Kurtosis
___________________i

30.7541 31 7.34754 20.5012 31 31 19.2053 22.5072 4.40059 29.7446 31
»

6.22295 “ 1.89091 -



T a b l e : 4 ’5

BASIC STATISTICS FOR BUNGOMA AGRIC STATION IN FEBRUARY (RAINFALL DATA)

Variable 1971 1972 1973 1974 1975 1976 1977 1978 1 1979 
________ 1________

19U0 1981 1982 1983 1904 1905

Sarple size 29 29 29 29 29 29 29 29 1 29
|

29 29 29 29 29 29

Averags • 0.748276 5.35517 6.05517 0.806097 1.51379 4.34028 0.955172 6.02069 5.84483
i

0.610345 1.68276 1.62414 2.24138
•

2.51379 1.40966

ffediim 0 0
0

0 0 0 0 0 0 • 0
________ i________

0 0 0 0 0 0

ttxfe 0 0 0 0 0 0 0 0 I o .
1

0 0 0 0 0 0

Variance 7.95901 166.775 180.445 11.615 11.1634 214.106 11.4654 151.772 219.933 
________ i________

5.61596 37.2908 17.9405 28.0389 37.6662 42.100

Standard deviation 2.82117 12.9142 13.433 3.40007 3.34116 14.6324 3.30606 12.31% 14.8301 2.3690 6.10662 4.23562 5.29518 6.13720 6.4952

Standard error 0.523879 2.3981 2.49444 0.632863 0.620139 2.71716 0.628776 2.28769 2.75388 1.440061 1.13397 ! 0.78653 ! 0.98329 1.13966 1.2061

tiininun 0 0 0 0 0 O ' 1 0
________i_______

0 0 0 0 ! 01 0 0 | 0

ttaxi/run j 12.2 52.8 57.8 18.3 15.3 56.4 ! 16.3I1
51 75.5 12.4 27 117.9 22.1 24.2 ! 34.1

i
Skevness | 3.6915

1
3.0182 2.81315 5.178 2.92028 3.33331 3.99535

!
2.4583 4.03481 1.75947 3.73206 3.07113 2.77798 2.50253 i 4.9030 1

Kurtosis | 12.7713 8.7920 0.24855 27.3769 9.98291
i
10.2667 16.4706 6.24630 18.3545 23.025 13.23774 9.23523 7.65735 6.01519 24.859



Table : 4-- 6

BASIC STATISTICS TABLE FOR MALAVA AGRIC STATION IN APRIL (RAINFALL DATA)

Variable 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

Sarrple Size 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

Average
4

7.27667 5.6 2.78333 10.1967 9.72 4.25667 9.62333 7.66 3.98 5.18 12.1233 10.1967 9.02333 15.24 12.6467

f-fediun 0 0 0 0 0 0 4.5 0 0 0 11 4.2 2.5 0 4.35

Tbcfe 0 0 ' 0 0
0 °  .

0 0 0 0 0
0

0 0 0

Variance 131.739 166.954 43.1442 266.095 342.439 62.8419 149.079 209.455 45.5817 45.3796 145.545,575.362 139.525 397.549 218.825

Standard Deviaticn 11.4778 12.9211 6.56842 16.3124 18.5051 7.92729 12.2098 14.4726
L

6.75142 6.73644 12.0642 19.3743 11.8121 19.9386 14.7927

Standard Error 2.09554 2.35906 1.19922 2.97823 3.37855 1.44732 2.22919 ( 2.64232
________1_________

1.23263 1.2299 2.20261 3.53724 2.15658 3.64028 2.70077

Mininun
0

0 0 0 0 0 0 0 0 0 0 0 0 o o

Maxinun 43.9 63 32.2 62.8 90.9 30.7 40.6
________

50.8 30.2 20.6 51 83 52 49.2 44

3<cvreas 1.78952 3.5017 3.49536 1.86945 3.2598 2.59157 | 1.38081 2.26206 2.24015 1.11496 1.52147 3.15474 1.77063 0.71104 (0.76013:

Kurtasia 2.80014 13.8843 14.1648 3.25271 12.8619 6.73959 1.07056 4.34261 6.64608 0.264647 2.91559 9.84146 4.50949 -1.35728 -.0.917;

i



Table : 4--*?

BASIC STATISTICS TABLE FOR NORTH ELGON STATION IN MARCH (RAINFALL OATA)

Variable 1971 1972 1973 1974 1975 1976 1977 1978 1980 1981 1982 : 1983
i1

1904 1985 1979

Average 1.16452 1.2 2.1 2.00323 2.74516 j 0.722581
________1________

1.29032 1.83871 0 6.9071 2.60065 i 1.53226 i
i

1.967742 4.72581 1.73541

Tfcdiim , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hxte 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Variance 15.943 8.21267 36.2073 22.673 82.0039 | 7.02581 7.79624 14.4050 0 . 71.0556 62.8643 42.1823 1.290323 60.4146 17.514/

Standard Deviation 3.99289 2.86578 6.01725 4.76162 9.09966! 2.65062
I

2.79217 3.7955 0 7.54232 7.9287 6.49479 0.5300k 7.77269 4.1850

Standard Error 0.717141 0.514700 1.00073 0.855212 1.63435 0.476066 0.501485 0.601691 0 1.71305 1.42404 1.1665 1.0967742 1.3902 0.751/

Mini/run 0 0 0 0 0 0 0 0 0 0
_______

0 0 0
_______

0
________

0

Maximm 19.6 10 26.6 21.3 49.3 12 10 15.5 0 ! 35.8
i ■ .

35.7 34 3 25 17.1

SkewEss 3.88112 2.35144 3.00963 3.1689 4.00334 3.00979 2.33546 2.39994 1.53617 3.43422 4.66084 5.56776 1.49682 2.7894/

Kurtosi9 15.9988 4.25144 9.63745 10.3065 24.6449' 13.890 14.01097
i

5.75647
L a _

2.02005'11.7858 
1________1_______

22.5002 31 0.872188 7.511

Sinple Size 31 31
[

31 31 31 .31 31 31
_________ ! 31

—
31 31 31 31 31 31



T a b l e  4 . 8

FREQUENCY TABULATION FOR JANUARY RAINFALL(MUHURU BAY,1971-85)

jciase i
nL.L jU.L IHDP “ |FRE. IREL.F ICUM.F __:____ »__:_____

T
RE(CUM. RF|KEY

11 .0 2.25 1 . 12 |31 |
1.071 |380

.876 i • j1 1 1  OWFRv-----
2 2.25 4.50 3.37

r  !
.044 1399 .919 LIMIT

1 1
3 4.50 6.74 5.62 7

I 'I 
1.016 1406 | .935 U .P-UPPER

LIMIT 1
4 6.74 8.99 7.87 5 . 0 1 2 41 1 I .947 i !1MDP MID POINT!
5 8.99 11.24 10.11 4i .009 415 . 956 ' (

1 FRF FRFOUFNCYl
6 11.24 13.49i j12.36 3i .007

" "I|418
I .963 i !(oil FRF-

7 13.49 15.73 14.61| 2i | . 005 420 | .968 _______
I CUMULATIVE 
i cDcm icwrv 8

fl 15.73 17.98j 16.86 5 i.012 Ii 425I .979 j
flop f-r f i a t t v f !

h  
i -

17.98 20.23 19.10 4
1

009 |429 .988 (FREQUENCYjj
110 1 20.23 22.48 j2 1 . 3 5 2i

.005| 1431 |
.993 (CUM.RF- J
i_______iniMIII ATTUC Deii

i nk . 22.48. 24.72 23.60I II0i i.000 431| .993 l-LATIVE FREQ-j 
| UENCY.

(

!

1
I

1

i
(
1

|

(121 24.72 I26.97|_
25.851 11 i.002 432 j .995

1 13 f 26.97 29.22 28.10 II .002 433 .998j |
(U
i

29.22 31.47 30.34 I0
I

. 0 0 0 I
I433 |

.998

115 
1

31 .47 33.71 32.59 0 1.000 433
r 1 
.998

11 6 i 33.71|35.96 34.84 0
!

. 0 0 0 I433 .996

11 7 
i

35.96|38.21 37.09 0 . 0 0 0 433 .998 I

(181____ _ 38.21L. 40.46 39.33
0 1

.000 (433
I i

.998 |
1

11 8 | —
i 1
40.461 42.70 41.58 0 1.000 (433I .998 |

i 20I_____ 42.70 44.95 COcc•co

0 1
.000 (433

B
.998

I21j_____ 44.951
} 1
47.20| s•(0 

*

’ j
. 0 0 2 ( 4 3 4  

1
1.000

j >21 1_____ 47.201
J __

0 1 L i
R

. 0 0 0 ( 4 3 4ii ■1 . 0 0 0 Ii

!
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Estimated Autocorrelations for April Rainfall Data during the 1971 
-85 period. Muhuru Bay Station.

Lag Estimate nStandard Error '' Lag Estimate Stnd.E .
1 .17148 .04714 2. .08304 .04851
3. .01725 .04882 4. -.02436 .04884
5. .02541 .04886 6. .03448 .04889
7. -.01976 .04895 8. -.02546 .04896
9. .00136 .04899 10. .07423 .04899
11. .02291 .04924 12. -.02693 .04927
13. -.01580 .04930 14. -.01934 .04931
15. -.02434 .04933 16. -.01470 .04935
17. -.05408 .04936 18. -.00486 .04949
19. .01810 .04950 20. .07257 .04951
21 . .06451 .04975 22. -.02409 .04993
23. .02289 .04996 24. -.00424 .04998

Table 4.9.
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TABLE 4.10: WEATHER CONDITIONS*RAINFALL) AND AGRICULTURAL 
PERFORMANCE IN WEST KENYA FROM 1956 TO 1986(Kenya government).

j Year Weather Agr iculture General Remarks Ij1-----
11 9 5 6

I

Upto average rainf
all distribution 
but localised and 
this was unfavoura 

-ble to crop produc 
-tion.

Arable farming 
not very much fav
oured but good for 
1ivestock.

Break in June and! 
July rains and 
heavy storms I 
thereafter affect! 
-ed crop product I 
ion. :

1967
Average long rains 
with dry June and 
July. Late short 
rains.

Good long rain 
crops but below 
par short rains 
crops.

Average crop yearj 

Averaqe crop Yearj! 1 958 Late long rains 
preceded by long 
dry period. Short 
rains failed.

Good year in terms 
of crop production

1

11 959 Long rains disappoi 
-ng but. short rains 
heavier than usual

Bad year in terms 
of long rains crop 
especially in the 
1 owlands.

Year averagely 
not good in crop | 
production.

I
j  1 9 6 0 Same as 1959 •• 1I

!1 961 Worst weather ever 
in the first and 
second quater with 
failure of long 
rains. Heavier than 
usual short rains 
causing floods.

Failure of long 
rains crops and 
floods causing 
damage in the 
short rains 
period. Army 
worms causing 
great damage.

Bad year (drought!
) livestock 

suffered. Bumper | 
crops in the last! 
quater destroyed ! 
by heavy rains. *

1 9 6 2 Uniform rainfall 
throughout the year

Good long rains 
harvest

Good crop year j

1963 January and Februa 
-ry wetter than 
usual.Long rains 
delayed but very 
heavy.

Good crop 
and livestock 
year

Generally good 
year.

1
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|

1 964 Heavy rains during 
the long rains

Heavy rains 
affected crop 
yields.

Good year
•

1965 Poor distribution 
of long rains.

Crop failure and 
drop in yields but 
still the food 
supply was satisf
ied.

Poor crop year. i

1 966 Good long rains 
but rains 
short of the 
expected wet year 
leve 1

Good crops apart 
from the effects 
floods in the 
lower lands and 
the effects of 
hai1 stones.

Good crop year i

1 967 Unusual weather 
conditions with 
long rains delayed 
upto end of march 
or mi d Apri1; 
a drought situation 
This was followed 
by heavy rains 
during the short 
rains.

Long rains crops 
not good but 
good short rains 
crops.

Moderate crop 
year.

1 968 Long rains started 
early and continued 
heavi1y till June.

Satisfactory food 
supply.

Good year in terms 
of rainfal1.

1 969 Intermittent rains. 
Long rains not well 
defined.

Crop yields low Not good year

r
I 1 970 

L.

Well developed long 
rains and short 
rai ns.

Good crops Average year 
crop year. i

I 1 971

L
Delayed long rains Not good for long 

rains crops but 
good for short 
rains crops

Moderate to bad | 
year. <

i

Long rains starting 
in February but 
intermi ttently;good 
short rains.

Satisfactory crop 
yields.

Moderate year

1
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|

1 973 Long rains not 
well developed

Decline in crop 
yields

Not a good year ||

1974 Rainfall intermitt 
-ent in distributio 
-n

Not good yields 
due to unreliable 
rainfal1.

Not a good year i

1 976 Uniform rainfall Satisfactoy food 
situation

Good year

1976 Long rains started 
in March but poor 
short rains

Good long rains 
crops but decline 
in short rains 
crop

Moderate year

1 977 Long rains not 
good but well 
developed short 
rains

Average crop 
production

Moderate year

1 978 Long rains early Long rains crops 
harvest affected 
by heavy rains. 
Livestoct situatio 
-n good.

Good rainfall 
year

1 979 Dry year Crop yield declin 
-ned with the 
exception of some 
upper midlands 
areas.

Moderate to bad D 
year

1 980 Drier than 1979 Poor crops Bad Year.

1 981 Adequate rainfall Good crops Moderate year #
1 982 Adequate rainfall Satisfactory crop 

production

H
Good year

i
1 983 Long rains delayed 

a bit
Moderate crops

1
Moderate year |

i 1 984 Dry year especially 
during the long 
rains

Significant crop 
yields decline

Very bad year

1 985 Good rains favoura
ble for crop 
production and 
livestock condition

Good year Good year



11986 jGood rainfall year (Good crops
-----j------------------ 1

j good year

1

$ Source: Kenya Gorvernment; Ministries 
Liveistock Development.

of Agriculture*and |
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K I S U M U  S T A T I O N  11983-1985)
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Fig..4 .5 : t i m e  S E Q U E N C E  P L O T  J U L Y  R A I N F A L L  F O R  K O S E L E  S T A T I O N
(1983)
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Tim« ( Doy*)
(Data Source Meteorological Dept. 1971-85)
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Fig . 4-6 : T I M E  S E Q U E N C E  P L O T  A P R I L  R A I N F A L L  F O R  K ISH S T A T I O N

(1983-1985)
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Fig 4-7: TIME SERIES A N D  M O V I N G  A V E R A G E  F O R  J A N U A R Y
R A I N F A L L  (1971 -  1985) K I S U M U  S T A T I O N

EE

i
X

Time Index (Days)

tDolo Source; Meteorological Dept., 1971-85)



F iQ .4 .Q  : TIME S E R I E S  A N D  • M O V I N G  A V E R A G E  F O R  A P R I L
R A I N F A L L  ( 1 9 7 1 - 1 9 8 5 )  K I S U M U  S T A T I O N

Time Index (Day*)
(Data Source; Meteorological Oept. 1971-85)
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Fig.4-9 : T I M E  SERIES A N D  M O V I N G  A V E R A G E  F O R  J U L Y

R A IN F A L L  (1971-1985) ! K I S U M U  STATION

Tim* Index (Day*)
(Data Source Meteorological Dept. 1971- 85)
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Fig 4 1 0  : T I M E  SE R I E S  A N D  M O V I N G  A V E R A G E  F O R  M A R C H
R A I N F A L L  ( 1 9 7 1 - 1 9 8 5 )  B U N G O M A  S T A T I O N

Tim* Inde* (Day*)

(Data Source: Meteorological Depf. 1971-85)
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Pig 4-11! T I M E  SERIES A N D  M O V I N G  A V E R A G E  F O R  J U L Y
R A I N F A L L  ( 1 9 7 1 - 1 9 8 5 )  K O S E L E  S T A T I O N

T im« Index ( 0 oy*)

(Dolo Source Meteorological Dept.I97I-85)
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Fig.4 .1 2 '. TIME SERIES A N D  M O V I N G  A V E R A G E  F O R  J U N E
R A I N F A L L  (I97I - I985) KISII S T A T I O N

Tim* ln<J*x (Day*)

(Data Source Meteorological Dept. I97I-85)



Fig.4.13: TIME S E R I E S  A N D  M O V I N G  A V E R A G E  F O R  J U L Y
R A I N F A L L  (I97I-I985) ! E L G O N  STATION

Timt Index (Days)

(Data Source: Meteorological Dept. I97I-85)
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Fig 4.14 : K I S U M U  : E S T I M A T E D  A U T O C O R R E L A T I O N S  ( J A N U A R Y )
(1971-1985)



Fig^'5 ‘ USIGU ! E S T I M A T E D  A U T O C O R R E L A T I O N S  (APRIL)
(1 9 7 1 -1 9 8 5 )

(Doto S o u r c e :  Meteorological Dept. 1971-1985)
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(1971-1985)
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C  H  A  R  T  E  R F I V E

5.0 SUMMARY, CONCLUSIONS, RECOMMENDATIONS AND LIMITATIONS
5.1 SUMMARY

This study was carried out to specifically check whether the 
early 1970s and early 1980s droughts affected the daily rainfall 
distribution in the high potential lands of Kenya, in this case, 
the Lake Victoria Basin of Kenya. This case study was of West Kenya 
situation during the 1971 - 85 period.

The data needed for the study were the daily rainfall totals 
and these came from the Meteorological Stations or rainfall 
recording Stations of Muhuru Bay Hydrometeorological Station, Usigu 
Health Centre, Port Victoria Catholic Mission, Kisumu Hydromet 
Station, Kosele Primary School, Kodera Forest Station, Bungoma 
Agricultural Office. Kisii District Off ice, Nyamira District Off ice 
.Malava Agric Office, Kimilili Agric Office and North Mount Elgon 
Forest Station all of West Kenya. The Stations were grouped 
according to altitude, a factor affecting rainfall amount and 
distribution in the Lake Victoria Basin of Kenya. Kisumu 
Meteorological Station, Muhuru Hydrometeorological Station, Usigu 
Health Centre and Port Victoria Catholic Mission comprised, in the 
study, the Lake littoral: Kosele Primary School, Kodera Forest
Station and Bungoma Agriculture Office made up, in the study, the 
low midlands and lastly; Malava Agriculture Office. Kimilili



Agriculture Office, Kisii District Office, Nyamira District Office 
and North Mount Elgon Forest Station represented, in the study, the 
upper midlands. Strictly speaking, the agro-climatic zones of West 
Kenya (see figure 2) were represented differently by the above 
Stations. For references, data on river flows; Rivers Nzoia, Yala, 
Nyando, Miriu and Gucha-Migori, were analyzed but did not form part 
of the main analysis and this was true with the agricultural 
reports from West Kenya.

The daily rainfall data were then first subjected to basic 
statistical techniques and the statistics used were the Mean, the 
Median, the Mode, the Variance, the Standard Deviation, the 
Skewness, the Kurtosis, the Minimum and Maximum values and lastly 
the Frequency Tabulation. These were necessary as central tendency 
statistics required in giving indications of the general trend of 
the daily rainfall distributions from January to July during the 
1971-85 period. The statistics showed that the daily rainfall 
conditions in West Kenya were low, relatively, in January, February 
and July but the inferences depended very much on the distance from 
the Lake Victoria and on altitude. March, April, May and June, 
averagely showed a maximum with April- May period showing 
relatively wetter conditions. In the Lake littoral, only April and 
May showed good rainfall, relatively, with the Usigu-Muhuru areas 
showing a near arid rainfall conditions, with the exception of 
Apri1-May period and Kisumu and Port Victoria areas showing 
relatively better rainfall conditions. In the Lake littoral, 1972,
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1975. 1976, 1979, 1980, 1981, 1982 and 1984 showed, averagely, 
rainfall distribution tendencies towards less than 0.25mm per day 
(meteorological dry day) with the first half of the 1980s showing 
the worst rainfall conditions, especially in the Usigu - Muhuru
areas.

In the low midlands, the average daily rainfall conditions 
Mere better off than in the Lake littoral although the Kosele area 
conditions leaned toward the Lake littoral conditions. The rains 
were better off as from March up to June. In the low midlands, 
1972, 1973, 1979, 1981, 1982, 1983 and 1984 showed daily rainfall 
totals generally below 5mm especially in the Kosele area. The first 
half of the 1980s was generally low in rainfall distribution.

The upper midlands’ daily rainfall average conditions were 
relatively better than in the low midlands and no month could be 
said to be meteorologically dry (averagely). Generally, January. 
February and July showed averagely low daily rainfall conditions 
with March, April, May and June, averagely being wet. Places like 
Malava and Nyamira showed averagely good rainfall conditions from 
January to July throughout the 1971-85 period. 1971 in the Kisii 
area tended to have had a generally low daily rainfall conditions 
and this seemed to have been due to data recording error. 1971, 
1972, 1976, 1979. 1980, 1982 and 1984 tended to have been low in 
rainfall distribution (< 5mm per day), but those varied from place 
to place especially in areas bordering the low midlands and towards
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the outer fringes of West Kenya to the North West and Southern 
areas. Generally, the basic statistics showed that mean daily 
rainfalls of each less than 0.25 were restricted to the Usigu- 
Muhuru areas especially in the January-February and June-July 
periods. The occurrences of dry days < 0.25mm were common features 
of the daily rainfall distributions in West Kenya but the nature 
of their distributions varied from place to place and from day to 
day with the extreme rainfall conditions most likely to be in the 
form of heavy downpours as was shown by positive Kurtosis values 
and positive Skewness in distribution.

The Analysis of Variance Technique was then used and this 
showed significant differences in mean daily rainfall in each month 
during the 1971-85 period (alpha 0.05). Since the Variance 
Analysis Technique showed significant differences in mean daily 
rainfall conditions in each month during 1971-85 period, there was 
need to study the daily rainfall sequences for each month so as to 
identify the mean rainfall conditions that seemed abnormal. The 
seemingly abnormal conditions could show whether the drought 
conditions of early 1970s and early 1980s affected daily rainfall 
conditions in West Kenya. Time-Series Technique was the most 
appropriate method of analysis in case of Time-dependent 
activities, like daily rainfall in the study. In the Time-Series 
technique, the 5-day weighted running mean(moving average), the 
Time-domain Autocorrelation Test and the correlograms were used to 
analyse the daily rainfall sequences for January - July during the
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1971 - 85 period. In the Time-Series Technique, the daily rainfall 
data were plotted for each month from 1971 to 1985. This gave 
individual years' Series behaviour for each month from 1971 to 
1985. The raw Series given gave “confused" set-up not easy to 
describe. To solve this problem, a 5-day weighted running mean was 
used to smoothen the Series for each year in sequence depending on 
the month during the 1971-85 period. The weights used in the 
running means were binomial coefficients (0.22, 0.20. 0.12, 0.05, 
0.02). The years that showed breaks or lows (less than 5mm per day 
rainfall) were marked as abnormal if the breaks or lows were not 
common in the Series as a whole. The daily rainfall data for each 
month were then subjected to Autocorrelation function, rk, (Time- 
domain) tests to check whether the distributions shown were due to 
chance (random distribution or white noise) or there was 
persistence in the series (red noise) at lag 1 so that a rainfall 
condition to day was most likely to appear the next day. If there 
was persistence in the Series, the first order Markov model test 
(rk = rlk, where k was lag time) was used to check the kind of 
persistence. The correlograms were then used to check the kind of 
processes behind the Series distribution; periodic, moving average. 
Autoregressive (first order Markov process) processes.

In the Lake littoral the daily rainfall data for the months 
of January to July between 1971 and 1985, the Time Series results 
indicated generally low rains between January and February and also 
between June and July. The Muhuru Bay area and Usigu area rains
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were the lowest and indications of prolonged dry days that could 
results in Meteorological droughts were notable. The general view 
of the 1971-85 rainfall distributions for the months of January to 
July indicated the 1975-77 period to be generally low in rainfalls 
and could have affected agricultural yields in the Lake littoral. 
In the low midlands, the 1979-81 generally indicated low or 
depressed rainfall distributions and lastly, in the upper 
midlands, 1983-84 was relatively low in rainfall amounts and 
distributions. The low rainfall periods mentioned above were not 
well defined and generally showed erratic, late start or early 
ending of the rains in the given month. This therefore showed that 
in West Kenya the low rainfall periods could not be marked as 
meteorological drought periods but could easily qualify as 
agricultural drought periods depending on the type of crops grown.

Generally, during the 1971-85 period there was "a low” in 
rainfall distributions during the transition period of 1979-81 in 
West Kenya and the indications were that a moderated meteorological 
drought condition could have occurred.

The daily rainfall data in West Kenya during the 1971-85 
period indicated general persistence in the series at high 
frequencies (<5 days) and a mixture of random and persistence 
tendencies at low frequencies (>5 days). That is , the possibility 
of getting extended dry or wet period of less than five days in the 
daily rainfall Series of West Kenya was high and in the daily



rainfall data for January to July during the 1971-85 period could 
have had telling effects on crops performance. At low frequencies 
rainfall distributions in West Kenya between 1971-85 was 
unpredictable due the mixture of random and persistence tendencies 
and this was an indication of equal and /or unequal possibility of 
getting extended dry or wet periods in the daily rainfall 
climatology of West Kenya during the period of study. There was a 
tendency in the data to have persistence tendencies dominating the 
Series distributions during the very wet or very dry periods. One 
could therefore take note of the fact that during the wet or dry 
months a persistence condition was to be expected and to be wary 
of any deviation.

The internal structures of many daily rainfall distributions 
in West Kenya indicated a mixture of periodic, moving average , 
and autoregressive processes. No well defined process could be 
identified in the daily rainfall Series for the months of January- 
July during the period of study and this indicated further the 
problem of predicting daily rainfall conditions.

The daily river flows showed general persistence tendencies 
in the Series and showed little variations on daily basis but were 
indicative of rainfall conditions on annual basis. The agricultural 
reports for West Kenya also gave indications of rainfall 
performance in the region during the period of study and did 
indicate periods that were not favourable to agricultural
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productions with the early 1980s being a bad period generally. From 
the Time Series Analysis results certain conclusions were 
reached as concerns drought occurrence in the Lake Victoria Basin 
as par the 1971-85 daily rainfall data.

5.2 Conclusions
From the time-series analyses results (moving average results, 

autocorrelation tests and correlograms) the following conclusions 
were made from the 1971-85 daily rainfall data for the months of 
January to July:

(i) January, February and July were the driest months in West 
Kenya during the period of study (1971-85) but this depended very 
much on distance front the Lake and altitude. In the Lake littoral, 
the months of January, February, March, June and July were 
generally low in rainfall (< 5mm per day) with the Usigu -Muhuru 
areas showing the lowest distributions. March, April, May and June 
in west Kenya were relatively good in rainfall distribution 
especially in the upper midlands (> 5mm per day average rainfall).

(ii) The droughts of 1972-74 and 184-85 could not be well 
defined in the West Kenya rainfall series (January - July) during 
the period of study as breaks or low (< 5mm per rainfall) occurred 
in a not well defined way. The breaks were also not complete 
indicating more of not well developed rains which were erratic in 
distribution. So the major characteristics of the breaks that 
showed prolonged dry days were those of erratic distribution
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and delayed or early ending rains within a given month for each 
year during the periods of study.

(iii) The breaks were more pronounced in the Lake littoral 
during the 1975-77 period than during the 1972-74 period. The low 
midlands also showed this tendency but the upper midlands daily 
rainfall conditions were not affected. In the upper midlands, the 
1979-81 showed low rainfall conditions (< 5mm per day rainfall). 
The 1983-84 period tended to have had low distribution during the 
April- May period in West Kenya but this still varied with the 
distance from the Lake and altitude.

(iv) In West Kenya the mean < 5mm per day rainfall condition 
should be used to describe abnormal situations during the April- 
May rains especially in the low midlands and upper midlands. In 
this case, in the Lake littoral, 1972-73, 1973, 1977, 1979-80, 1982 
and 1984 showed low rainfall distribution that must have affected 
established agronomic activities especially in the Usigu-Muhuru 
areas. In the low midlands, 1975-77 and 1980-81 indicated low 
rainfall conditions that must have affected agronomic activities. 
In the upper midlands, this tendency was more during the 1979-81 
period. It should be noted that the periods or years given above 
did not show well defined dry periods but rather periods of 
delayed, early ending and erratic rains.

(v) The < 0.25mm mean condition was not of much meaning in 
West Kenya except in January, February and July months in the 
Usigu-Muhuru areas where those indications could be noted. As to 
this, meteorological drought condition was limited during the
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period of study and the dry conditions shown were not unique in 
the general series of the January, February and July months in the 
Lake littoral.

(vi) Isolated prolonged dry periods could be noted from the 
Lake littoral to the upper midlands, relatively, and this was an 
indication that widespread meteorological low rainfall conditions 
were restricted in the Lake Victoria basin. West Kenya, during the 
period of study, 1971-85. Generally, indications were that 
meteorological drought conditions were a possibility but their 
occurrences were limited.

(vii) Persistence was a major feature in the rainfall series 
distribution in West Kenya at high frequencies (less than 5 days). 
Persistence in series distributions therefore indicated the 
possibility of having extended dry period but this was limited to 
the less than five days although even longer periods could be 
noted. Persistence was mostly a factor during the drier months or 
during the wetter months and random distributions were noted in the 
transition months especially in March and June. It should therefore 
be noted that a given meteorological condition, in terms of daily 
rainfall, could be termed abnormal if it persisted more than five 
days but the possibility was there due to the linear tendencies at 
<5 lag time.

(viii) There were a mixture of processes behind the series 
distributions shown and the most common processes noted were 
periodic, moving average and autoregressive appearing in combined
forms.
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(ix) Generally, the effects of the early 1970s were delayed 
in West Kenya until the mid 1970s and the effects were not very 
meaningful meteorologically but could have been meaningful 
agricultural1y. The 1980s drought seemed to have been an extension 
of the mid 1970s drought with the 1979-81 period showing the worst 
conditions agriculturally. The periods that showed breaks in the 
rainfall series did not seem to be unique meteorologically as they 
were to be expected in conditions where the occurrences of dry 
spells were a greater possibility and persistence a feature of many 
series distributions. The breaks could have been more meaningful 
agricul tural ly for the "adapt ion-time" factor was a limiting 
feature of the series in that the breaks come in erratic forms.

In general, breaks in the daily rainfall series especially in 
the Apri1-May period showed that meteorological anomalies were a 
possibility in the rainfall climatology of West Kenya. Since 
persistence was also a feature of the series distributions, the 
possibility of extended dry periods was real in the rainfall 
climatology of West Kenya, and that several processes were behind 
the various distributions indicated the possibility of getting 
several types of meteorological conditions in West Kenya, drought 
included.
5.3 Recommendations

From the experience and data analysis results, the following 
recommendations should be considered seriously by scholars and
government planners.
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(i) The results of this study should be combined with the 
results of a detailed daily water balance study in West Kenya so 
as to be able to make authoritative statements about drought 
periods in relation to the situation in West Kenya. That is, 
agricultural drought conditions should be studied more closely in 
West Kenya as meteorological "lows" are features of the daily 
rainfall climatology of the region.

(ii) Agronomic or agricultural practices in West Kenya 
should have inbuilt drought-shock absorbers, as possibility of 
extended dry period is a real feature of the series. This may have 
a telling effect on crop performance especially when crops are in 
the i r deve1opment stages.

(iii) The Usigu-Muhuru areas should not be involved in crop 
cultivation but if need be, fast maturing and drought resistance 
crops reaching their development stages in mid April should be 
grown. In the low midland areas, drought resistance crops should 
be grown and ma.ior crops growing should be mostly carried out in 
the upper midlands, but having in mind the possibility of rains 
delayance, or early ending of rains or .just erratic rainfall 
distribution that may limit the full potential of the various crops 
grown being achieved.

(iv) Recording of daily rainfall should be monitored by 
trained personnel as some problems were noted as concerns data 
entry and data consistency. Also, Stations network should be 
improved in West Kenya especially towards the Winam gulf (Kano 
plains) and towards the South East. Data gathering as concerns
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other factors of climate of the Lake Basin should also be improved 
especially on actual evapotranspirat ion and vegetation cover, 
horizontal and vertical temperature distribution, relative 
humidity, wind movements and structures, and the interaction of 
the various climatic elements in the “Lake environment".

(v) The definition of a drought situation in West Kenya 
should be based on the less than 5mm rainfall per day mark and this 
should be used in conjunction with the soil moisture balance of the 
various soils in West Kenya.

(vi) If the January - February rains are exceptionally high 
or steady, early ending of the April- May rains should be expected 
to be more erratic in distribution. This should be seen in terms 
of moisture availability in the atmosphere of the Lake Basin (West 
Kenya). Also, if delay in the onset of the long rains is noted, 
the farmers should expect to have good rains in the May-July period 
and should therefore adjust their agronomic set-ups, if there is 
time, to that expectation.

(vii) The occurrence of extended dry periods in January, 
February and July should be expected in West Kenya especially in
the Lake littoral and low midlands and rain-based activities should 
be organised with this reality in mind. Extended dry periods in 
April and May should be seen as abnormal, although the limited
possibility is there.
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5.4 Limitations
This study was faced with some problems that limited the 

certainty of the conclusions made and the most notable were:
(i) The most serious problem faced was data availability 

and this was in the form of lack of consistency in data entry, 
biased representation of aqro-ecological zones of West Kenya, data 
accessibility and lack of control in collecting primary data as the 
study was based on secondary data.

(ii) In analyses of data, there was delayance due to lack of 
the right computer package to handle the vast data in the manner 
wanted. The package was acquired from a government establishment 
only after valuable time loss.

(iii) Lastly, the duration covered in the study, 15 years, 
was not long enough to enable confident statements to be made 
although even five-year period is enough to give basic indications 
of the climatic conditions of a region. The limited period covered 
therefore did not allow for the drought definition to be given with 
certainty. Also drought definition in West Kenya as a whole was 
limited by the fact that various climatic conditions exist in West 
Kenya starting from the semi-arid Usigu-Muhuru areas to the Afro- 
Alpine Elgon area.
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APPENDIX I

BASIC STATISTICS FOR KISUMU (1971-S5) IN JANUARY

VAR SS AVER MED MOO VA STD S.E MI MAX SKEW KURT
Y71 31 .0403 0 0 2.036 1 .427 0.256 0 6.7 3.9 14.9
Y72 31 . 384 0 0 1.167 1 .080 0.194 0 5.3 3.6 14.7
Y73 31 4.266 0 0 92.754 9.631 1.730 0 44 2.9 9.2
Y74 31 .368 0 0 1.496 1.223 0.220 0 5.9 3.9 15.5
Y75 31 .619 0 0 4.885 2.210 0.397 0 12 4.5 21.1
Y76 31 2.652 0 0 57.287 7.569 1 .359 0 37 3.7 14.7
Y77 31 2.303 0 0 23.603 4.858 0.873 0 18 2.4 4.9
Y78 31 4.726 0 0 223.06 4.935 2.682 0 68 3.5 11.9
Y79 31 1.997 0 0 23.051 4.801 0.982 0 21 3 9
YSO 31 1 .426 0 0 36.648 6.053 1 .087 0 33 5.2 27.6
YB1 31 1.268 0 0 10.478 3.327 0.581 0 14 3 9.1
Y82 31 1.565 0 0 23.922 4.891 0.878 0 25 4.2 18.6
Y83 31 .497 0 0 2.616 1 .618 0.291 0 8.4 4.3 20.1
Y84 31 1 .442 0 0 17.273 4.156 0.746 0 21 4 17.4
Y85 31 3.123 0 0 98.705 9.935 1.784 0 50 4.1 17.3

_______
VAR=VARIABLE 
SS=SAMPLE SIZE 
AVER=AVERAGE 
HED&MEDIAN 
MOD=MODE 
VAbVARIANCE
STD=8TANDARD DEVIATION
S.E=8TANDARD ERROR
HIsMINIMUM
MAX^MAXIMUM
SKEW=SKEWNESS
KURT=KURTOSISY=19
In all cases of appendices of Basic Statistics.



APPENDIX II

BASIC STATISTICS FOR KISUMU (1971-85) IN FEBRUARY

VAR SS AVER MED MOD VA STD S.E MI MAX SKEW KURT
Y71 29 0.393 0 0 1.567 1.252 0.232 0 5.6 3.37 1.455
Y72 29 4.224 0.6 0 58.143 7.625 1 .416 0 36 2.93 10.16
Y73 29 3.528 0 0 46.076 6.788 1.260 0 23 2.03 2.984
Y74 29 0.955 0 0 8.095 2.845 0.528 0 1 1 3.02 8.173
Y75 29 1.814 0 0 15.072 3.882 0.721 0 13 2 2.638
Y78 29 2.324 0 0 23.658 4.864 0.903 0 21 2.66 7.78
Y77 29 2.862 0 0 45.070 6.713 1 .247 0 30 3.15 10.47
Y78 29 6.110 0 0 81.923 9.051 1 .681 0 26 0.98 -0.88
Y79 29 8.066 0.6 0 252.68 15.896 2.952 0 69 2.68 7.517
Y80 29 1.566 0 0 31.030 5.570 1 .034 0 27 3.98 6.014
Y81 29 1 .052 0 0 13.028 3.609 0.670 0 18 4.28 19.57
Y82 29 2.379 0 0 43.632 6.605 1.227 0 30 3.38 11.70
Y83 29 1 .6 0 0 14.997 3.873 0.719 0 17 3.02 9.572
Y84 29 1.745 0 0 51.219 7.157 1 .329 0 38 5.15 27.12
Y85 29 2.931 0 0 34.757 5.896 1 .095 0 20 2.05 3.035



APPENDIX III

BASIC STATISTICS FOR KISUMU (1971-85) IN MARCH

VAR SS AVER MED MOD VA STD S . E MI MAX SKEW KURT

Y71 31 2 . 3 6 5 0 0 9 1 . 2 8 3 9 . 5 5 4 1 . 7 1 6 0 51 4 : 7  7 2 3 . 6 7

Y7 2 31 2 . 2 8 4 0 0 1 9 . 9 2 7 4 . 4 6 4 0 . 8 0 2 0 13 1 . 8 2 1 - 7 9 2  j

Y7 3 31 0 . 4 4 5 0 0 5 . 5 3 2 6 2 . 3 5 2 0 . 4 2 2 0 13 5 . 5 4 3 0 . 8 1 S

Y7 4 31 4 . 8 1 6 0 0 1 1 7 . 6 6 1 0 . 8 4 7 1 . 9 4 8 0 51 3 . 1 2 1 0 . 6 8 1

Y7 5 31 9 . 0 3 2 3 . 1 0 1 2 9 . 3 5 1 1 . 3 7 3 2 . 0 4 3 0 3 6 1 . 1 5 0 . 2 0 7

Y7 6 31 1 . 0 6 1 0 0 3 2 . 1 5 1 5 . 6 7 0 1 . 0 1 8 0 3 2 5 . 5 6 3 0 . 9 4

Y77 31 4 . 4 9 0 0 0 1 6 2 . 4 8 1 2 . 7 4 7 2 . 2 8 9 0 6 7 4 . 4 0 21 . 0 9

Y 7 8 31 7 . 7 2 6 5 0 1 1 5 . 5 6 1 0 . 7 5 1 . 9 3 1 0 41 1 . 7 1 2 . 3 2 4

Y 7 9 31 6 . 9 9 4 0 0 1 9 5 . 5 6 1 3 . 9 8 4 2 . 5 1 2 0 5 7 2 . 3 4 5 . 1 5 7

Y8 0 31 5 . 7 3 2 0 0 1 3 9 . 5 1 1 1 . 8 1 2 2 . 1 2 1 0 3 9 1 . 9 7 2 . 3 8 0 {

Y 8 1 31 9 . 8 7 1 0 .5 0 3 9 0 . 5 5 1 9 . 7 6 2 3 . 5 4 9 0 8 2 2 . 6 0 6 . 6 4 4 |

Y8 2 31 1 . 9 5 8 0 0 6 9 . 4 1 5 8 . 3 3 2 1 . 4 9 6 0 4 6 5 . 3 4 2 9 . 0 7 1

Y 8 3 31 1 . 277 0 0 1 8 . 0 3 3 4 . 2 4 7 0 . 7 6 3 0 19 3 . 6 6 1 2 . 8 1 |

Y8 4 31 1 . 1 0 0 9 . 7 2 5 3 . 1 1 8 0 . 5 6 0 0 14 3 . 3 8 1 1 . 1 9 1

Y85 31 7 . 9 7 4 0 0 3 6 4 . 7 6 1 9 . 0 9 9 3 . 4 3 0 0 9 6 3 . 6 7 1 5 . 3 9  j



A P P E N D IX  I V

B A S IC  S T A T I S T I C S  FOR K IS U M U  ( 1 9 7 1 - 8 5 )  I N  A P R I L

VAR SS AVER MED MOD VA STD S . E MI MAX SKEW KURT

Y71 30 1 1 . 5 1 3 3 . 6 0 4 9 8 . 6 1 2 2 . 1 2 7 4 . 0 4 0 0 1 16 3 791 1 7 . 6 8

Y7 2 30 7 . 6 0 7 0 . 9 0 2 4 0 . 7 2 1 5 . 5 1 5 2 . 8 3 3 0 61 2 . 5 8 6 . 2 2 0

Y 7 3 30 7 . 1 7 7 0 0 2 3 8 . 1 1 1 5 . 4 3 1 2 . 8 1 7 0 5 2 2 . 2 7 3 . 9 9 0

Y7 4 30 1 0 . 1 9 3 . 6 0 1 9 2 . 4 5 1 3 . 8 7 3 2 . 5 3 3 0 4 7 1 . 5 0 1 . 5 1 5

Y75 30 5 . 4 8 3 0 0 1 1 5 . 3 8 1 0 . 7 4 2 1 . 9 6 1 0 5 2 3 . 2 0 1 2 . 3 5

Y7 6 30 1 1 . 0 4 3 1 . 2 0 6 8 5 . 2 9 26  *1 7 8 4 . 7 7 9 0 1 2 9 3 . 6 0 1 4 . 5 0

Y77 30 9 . 8 6 3 2 . 9 0 2 0 1 . 3 1 1 4 . 1 8 9 2 . 5 9 0 0 4 3 1 . 3 8 0 . 4 7 2

Y7 8 30 7 . 0 6 3 0 . 9 0 1 5 3 . 7 1 1 2 . 3 9 8 2 . 2 6 4 0 4 5 2 . 1 1 3 . 6 6 5

Y7 9 30 5 . 4 0 3 0 0 1 4 6 . 9 0 1 2 . 1 2 0 2 . 2 1 3 0 6 3 3 . 9 3 1 7 . 9 7

Y 8 0 30 7 . 4 5 2 . 8 0 1 0 8 . 9 5 1 0 . 4 3 8 1 . 9 0 6 0 3 6 1 . 5 0 1 . 3 0 3  j

Y81 30 3 . 1 7 3 0 . 3 0 2 9 . 7 2 8 5 . 4 5 2 0 . 9 9 5 0 2 3 2 . 1 3 4 . 6 9 8  j

Y82 30 3 . 7 5 7 0 . 1 0 5 1 . 6 7 0 7 . 1 8 8 1 . 3 1 2 0 2 8 2 . 4 8 6 . 0 1  0 j  
1

Y 8 3 30 8 . 4 5 3 1 . 5 0 1 8 8 . 6 3 1 3 . 7 3 4 2 . 5 0 8 0 5 2 1 . 8 8 2 . 8 9 3 1

Y84 30 4 . 7 7 3 0 . 9 0 5 9 . 8 5 9 7 . 7 3 7  I
J

1 . 4 1 3  
_________ I

0 31 2 . 0 8 4 . 0 6 6 f

Y8 5 30 7 . 3 6 3 0 . 8 0 1 6 0 . 9 4 1 2 . 6 8 6  j 2 . 3 1 6  10 51 2 . 2 4  i 4 . 9 3 3 |



A P P E N D I X  V

B A S I C  S T A T I S T I C S  FOR K IS U M U  ( 1 9 7 1 - 8 5 )  I N  MAY

VAR SS AVER MED|MOD VA STD S . E MI MAX j SKEW KURT j

Y71 31 9 . 3 2 3 0 . 1 0 2 3 5 . 4 0 i 1 5 . 3 4 3 2 . 7 5 6 0 6 3 1 : 9 8 4 . 0 8  i

Y 7 2 31 6 . 2 4 5 1 . 4 0 8 7 . 5 2 7 9 . 3 5 6 1 . 6 8 0 0 3 4 1 . 6 1 1 . 5 6  1

Y 7 3 31 7 . 5 3 5 1 . 5 0 2 5 5 . 5 9 1 5 . 9 8 7 2 . 8 7 1 0 7 8 3 . 3 6 1 2 - 7 1 i

Y7 4 31 2 . 2 8 4 0 0 2 4 . 3 6 3 4 . 9 3 6 0 . 8 8 7 0 18 2 . 5 5 5 . 5 0  jj

Y 7 5 31 5 . 4 1 9 1 . 6 0 1 0 1 . 3 2 1 0 . 0 6 6 1 . 8 0 8 0 4 8 3 . 1 2 1 1 . 0 9  i

Y 7 6 31 2 . 3 0 . 3 0 2 8 . 3 1 5 5 . 3 2 1 0 . 9 5 6 0 2 8 3 . 9 8 1 7 . 8 7 }

Y 7 7 31 9 . 2 7 1 0 . 5 0 4 2 4 . 3 9 2 0 . 6 0 1 3 . 7 0 0 0 8 9 2 . 7 6 7 . 6 4  3

Y 7 8 31 6 . 3 1 9 0 0 1 8 4 . 7 9 1 3 . 8 9 4 2 . 4 4 1 0 6 3 2 . 9 8 9 . 8 3  3

Y 7 9 31 4 . 5 9 4 0 0 1 1 8 . 2 3 1 0 . 8 7 3 1 . 9 5 3 0 51 3 . 2 2 11 - 2 7 |

Y 8 0 31 3 . 7 9 7 0 . 5 0 5 5 . 6 1 2 7 . 4 5 7 1 . 3 3 9 0 2 9 2 . 4 1 5 . 0 5  j

Y81 31 5 . 4 4 2 0 . 3 0 1 2 5 . 4 8 1 1 . 2 0 2 2 . 0 1 2 0 4 3 2 . 5 6 6 . 1 1  j

Y 8 2 31 2 . 6 2 3 0 . 5 0 2 0 . 2 5 5 4 . 5 0 1 0 . 8 0 8 0 1 7 2 . 2 5 4 . 5 6  ||

Y 8 3 31 3 . 8 7 7 0 0 7 3 . 5 8 1 8 . 5 7 8 1 . 5 4 1 0 3 3 2 . 4 6 5 . 2 7  3

Y 8 4 31 4 . 0 1 9 0 0 7 4 . 5 8 3 8 . 6 3 6 1 . 5 5 1 0 36 2 . 7 0 7 . 1 4  g

Y 8 5 31 7 . 3 1 6 2 . 5 0 1 4 1 . 1 0 1 1 . 8 7 9  j 2 . 1 3 3 0 5 2 2 . 4 0 6 • 1 4  j



A P P E N D IX  V I

B A S IC  S T A T I S T I C S  FOR K IS U M U  ( 1 9 7 1 - 8 5 )  I N  JUNE

VAR ss AVER MED MOD VA STD S.E MI MAX SKEW KURT j
Y71 30 1.49 0 0 7.370 2.715 0.496 0 12 2*49 6.6768
Y72 30 3.517 0 0 97.022 9.850 1.798 0 49 3.80 15.81 § jj
Y73 30 1.133 0 0 7.947 2.819 0.515 0 14 3.76 15.99j
Y74 30 3.48 1 0 27.065 5.202 0.950 0 1 8 1.68 1.930 8
Y75 30 1.153 0 0 6.054 2.460 0.449 0 1 1 2.92 9.440| 

i
Y76 30 1.35 0 0 7.554 2.748 0.502 0 9.2 2.19 3.614|

j
Y77 30 2.987 0.6 0 28.349 5.324 0.972 0 1 9 2.20 4.133 j jj
Y78 30 3.083 0 0 58.799 7.668 1 .400 0 37 3.52 1 3.92 j
Y79 30 1 . 9 0.1 0 11.037 3.322 0.607 0 13 1.93 3.27 5 |

Y80 30 2.207 0 0 48.381 6.956 1 .270 0 37 4.66 23.29 S
Y81 30 2.603 0.3 0 46.698 6.834 1.248 0 36 4.50 22.148

jj
Y8 2 30 5.677 0 0 155.63 12.475 2.278 0 42 2.25 3.72 J

Y83 30 3.34 7 0.2 0 67.597 8.222 1.501 0 38 3.49 12.338
Y84 30 1 . 903 0.7 0 8.051 2.837 0.518 0 1 1 1.70 2.1308

jY85 30 3.673 0 0 120.70 10.986 20.006 0 52 3.75 14.268
_______fi



A P P E N D IX  V I I

B A S I C  S T A T I S T I C S  FOR K IS U M U  ( 1 9 7 1 - 8 5 )  I N  J U L Y

VAR SS AVER MED MOD VA STDl CO m MI MAX SKEW KURT i
Y71 31 1 . 906 0 0 25.149 5.015 0.901 0 27 4:40 21.521
Y72 31 2.442 0.1 0 35.439 5.953 1 .069 0 30 3.86 16.51i
Y73 31 0.5 0 0 1.808 1.345 0.242 0 5 2.73 6.31 7 |
Y74 31 4.358 0.5 0 105.02 10.248 1.841 0 43 3.08 9.2051
Y75 31 1.242 0 0 5.424 2.329 0.418 0 1 1 2.59 7.671 |
Y76 31 2.871 0 0 86.260 9.288 1 .668 0 50 4.79 24.46|
Y7 7 31 3.013 0 0 88.517 9.408 1 .690 0 51 4.80 24.74f
Y78 31 2.845 0 0 27.937 5.286 0.949 0 20 2.15 4.155 ijj
Y79 31 1 . 974 0 0 20.32 4.508 0.810 0 18 2.69 6.833|
Y80 31 2.855 0 0 36.634 6.053 1 .087 0 29 3.19 11.51j
Y81 31 2.439 0.5 0 23.577 4.856 0.872 0 21 2.74 7.470 S
Y82 31 2.948 0 0 72.389 8.508 1.528 0 37 3.38 1 1 .07 S
Y83 31 0.881 0 0 8.474 2.911 0.523 0 16 4.84 24.861
Y84 31 6.268 0.3 0 287.28 16.919 3.044 0 87 1.03 18.01\ |
Y85 31 2.813 0 0 39.909 6.317 1.135 0 23 2.46 4.9158



A P P E N D IX  V I I I

FREQUENCY T A B U L A T I O N  FOR K I S U M U ( 1 9 7 1 - 8 5 )  I N  MAY

CLASS Lo. L | Up. L i M I D P O I N T If r e q8r e l .f r e Ic u .f r e Ic u .r e l .frequency 8 
» » » » i

at or b j .00a 1243 1.54000 8243 8.540 * 1

i Loo I 2.46 j 1 . 23 | 1 10 8.24444 1353 8.784

2 i 2.46 i 4.92 i 3.6 9 127 J.06000 8 380 8-844

3 i4.92
______

i 7 .39 1_____ is.15 824 j-05333 §404 1.898

4 17.3919.8518.82 fl6 8.03556 |420 |.933 8 _____X____ k_________k____ K________k_______8__________________ k
5
-

9.85 i 12.3j 11.08 6 8.01333 8426 8.947l k k k -|
6
.

12.3 i 14.8j 13.54 15 8.01111 8431 8.958 8

7
.

14.8 i 1 7.2 16.00 |2 8.00444 8433 8-962> k k k k
8 I 17.2 I 19.7 I 18.46 4 8.00889 8437 8.971 8i k  k l |
9 11 9 .7 i 2 2 . 2 I2 0 . 9 3I |1 8.00222 8438 8.973

10 I2 2 . 2  
______

i 24.6 23.39 I0 8.00000 8438 8.973

11
I 24.6 I 27.1

r
25.85 1 8-00222 8439 1.976 8 

1 8  8 8 8
j 12 27 . 1 29.5 28.31 1 8-00222 8440 j.978u H R  k

13 29.5 32.0 30.7 7 0 8.00000 8440 |.978

14
1-- 1

32.0 34.5 33.24 |2 8.00444 8442 |.982 | k k k jj
1 15 |34.5 I 36.9 j 35.70 j 1 j.00222 8443 I 984k k k k

16 j36.9 |39.4 j38.16 3 8.00667 8446 1-991 8k k k k
17 39.4 4 1 . 9 j40.62 1 8.00222 8447 |.993 8 k k k k

! 18 41 . g| 44.38 43.08 j ____ k_________k1 8.00222 8448 |.996 8k k k k
i 19 |44.3i 4a.aj 45.55 0 8.00000 8448 8.996 8k k k k
I 20 846.8 j49.2 (48.01 1 8.00222 8449 1.998

§ 8 8  8
21 j49.2 j5 1 . 7 j

_____ K50.47 1 i . 0 0 2 2 2 8450 ii. 0 0 0 i
_____ X_________ k________ X______________________ i

ab 151 - 71 j jo j . 00000 §450 j1.000 
Mean=2.63356,Standard Devi ation=6.82085,Median=0



A P P E N D IX  I X

E s t i m a t e d  A u t o c o r r e l a t i o n s  F o r  K i s u m u  ( 1 9 7 1 - 8 5 )  i n  J a n u a r y

Lag Estimate standard error Lacii Estimatei standard error
1 .15078 .04637 2 i.29352 .04742
3 .04310 .05117 4 .11273 .05125
5 -.01705 .05178 6 -.00628 .05180
7 .00999 .05180 8 -.01396 .05180
9 -.03292 .05181 10 -.03399 .05185
1 1 -.04904 .05190 12 -.03528 .05200
13 -.04484 .05205 14 -.06084 .05214
15 -.06530 .05229 16 -.05617 .05246
17 -.05746 .05259 18 -.01009 .05273
19 -.05307 .05273 20 -.02441 .05285
21 -.02059 .05287 22 .02006 .05289 jj
23 -.00989 .05290 24 -.01959 .05291



A P P E N D I X  X

E s t i m a t e d  A u t o c o r r e l a t i o n s  F o r  K i s u m u  ( 1 9 7 1 - 8 5 )  i n  A p r i l

Lag Estimate standard error I Lag Estimate i standard error
1 .11847 .04714 2 .05649 .04780
3 -.02120 .04795 4 .00752 .04797
5 .02436 .04797 6 .01123 .04800
7 -.00331 .04800 8 -.05259 .04800
9 .00434 .04813 10 -.02416 .04813
1 1 .09950 .04816 12 .01699 .04861
13 .01148 .04863 14 -.04777 .04863 j
1 5 -.06405 .04874 16 -.03712 .04892
1 7 .01453 .04899 18 -.06015 .04900 8
1 9 -.05809 .04916 20 -.02650 .04931
21 -.04580 .04934 22 -.00837 .04944 |
23 .00373 .04944 24 .02788

1
.04944

___________________1



A P P E N D IX  X I

E s t i m a t e d  A u t o c a r r e l  a t  i o n s  F o r  K i s u m u  ( 1 9 7 1 - 8 5 )  i n  J u n e

Lafl Estimate standard error Lag Estimate standard error
1 .06071 .04714 2 .00770 .04731
3 .04509 .04732 4 .08945 .04741
5 -.05820 .04779 6 -.07061 .04794
7 .02063 .04817 8 -.00413 .04819
9 -.07131 .04819 10 .02841 .04843
1 1 -.05246 .04846 12 -.01797 .04859
13 -.05457 .04861 14 -.03422 .04874
15 .00633 .04879 16 -.02401 .04880
17 .03160 .04882 18 .00990 .04887
19 -.02425 .04887 20 -.01677 .04890
21 -.02665 .04891 22 .00093 .04894 |
23 .00624 .04894 24 -.05400 .04895

KEY FOR APPENDIX VIII 
Lo.L-Lower Level 
Up.L-Upper Level 
FREQ-Frequency 
REL.FRE-Relative Frequency 
CU.FRE-Cumulat1ve Frequency
CU.FRE.FREQUENCY-Cumulatvie Relative Frequency



A P P E N D I X  XII

TIME S E Q U E N C E  P L O T  —  M A Y  RAINFALL F O R  KISII S TATION

1 1 I t I |— |-------1— r — |-----1-------1------1----- 1----- 1------1------1-----1------ 1------1 t

--------------1983

-------------- 1984

-------------- 1983

Tim* (Day*)

1 Doto Source: Meteorological Dept. 1971— 85)
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APPENDIX XIII

TIME SERIES AND MOVING AVERAGE FOR MAY

T i m *  l nd«x  ( Da y s )
(Data Source: Meteorological Dept. 1971 —  8 5  )



APPENDIX XIV
T I M E  SERIES A N D  M O V I N G  A V E R A G E  F O R  M A R C H
RAINFALL ( 1 9 7 1 - 1 9 8 5 )  K I S U M U  ST A T I O N

Tim« Indtx ( Day*)
( D a t a  S o u r c t ;  Meteorological  Dept .  1971-85)
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A P P E N D I X  X V
TIME SERIES A N D  M O V I N G  A V E R A G E  F O R  M A Y

R A I N F A L L  (1971-1985) ! KISII STATION

T im * Index (Doy»)

(Data Source: Meteorological Dept. 1971— 85 )
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A P P E N D I X  XVI

TIME SER I E S  A N D  M O V I N G  A V E R A G E  F O R  J A N U A R Y
R A I N F A L L  ( 1 9 7 1 - 1 9 8 5 1  M U H U R U  S T A T I O N

(Doto Source. Meteorological Dept. 1971— 85 )



A P P E N D I X  XVII
TIME S E R I E S  A N D  M O V I N G  A V E R A G E  F O R  A P R I L
R A I N F A L L  (1971-1985) M U H U R U  S T A T I O N

Tim* Index (Ooyt)

(Data Source Meteorological Dept. 1971— 8 5 )
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A P P E N D I X  XVIII
TIME SE R I E S  A N D  M O V I N G  A V E R A G E  F O R  M A Y

R A I N F A L L  ( 1 9 7 1 - 1 9 8 5 ) :  M U H U R U  S T A T I O N

T im * Indtx (Oojrt)

( Data Source: Meteorological Dept. 1971— 85 )
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A P P E N D I X  XIX
TIM E  S E R I E S  A N D  M O V I N G  A V E R A G E  F O R  J U L Y

R A I N F A L L  (1971-1985) ! M U H U R U  S T A T I O N
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ta Source: Meteorological Dept. 1 9 7 1 - 8 5  )
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A P P E N D I X  X X

T I M E  S E R I E S  A N D  . M O V I N G  A V E R A G E  F O R  J U L Y

R A I N F A L L  (1971-1985) I KISII STATION

( D o t a  S o u r c e :  M e t e o r o l o g i c a l  D e p t .  1 9 7 1 - 8 5 )
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A P P E N D I X  XXI

T I M E  S E R I E S  A N D  M O V I N G  A V E R A G E S  FOR M A R C H

R A I N F A L L  ( 1 9 7 1 - 1 9 8 5 )  *. K O S E L E  S T A T I O N



TIME SERIES AND MOVING AVERAGE ‘ FOR FEBRUARY 
RAINFALL (1971-1985)  MUHURU STATION

A P P E N D I X  XXII

Tim* Indtx (Ooyt )
(Doto Source: Meteorological Dept. 1971 —  8 5  )
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TIME SERIES AND MOVING AVERAGE FOR MAY 
RAINFALL (1971-1985 ) ! ELGON STATION

A P P E N D I X  XXIII

Tim * IndM ( Doys )

( D a t a  Source: Meteorological Dept. 1 9 7 1 -  8 5 )
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A P P E N D I X  X X I V

U S I G U - E S T I M A T E D  A U T O C O R R E L A T I O N S  ( M A Y )
(1971 -1985 )

(D a ta  S o u r c e :  M e t e o r o l o g i c a l  Dept. 1971 -  8 5 )
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- M U H U R U —  E S T I M A T E D  A U T O C O R R E L A T I O N  ( J A N U A R Y )



A P P E N D I X  X X V I
M U H U R U  -  E S T I M A T E D  A U T O C O R R E L A T I O N S  (MAY)
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(Doto Source: Meteorological Dept. 1971- 85)



A P P E N D I X  XXVII

'j: M U H U R U  —  E S T I M A T E D  A U T O C O R R E L A T I O N  (J U N E )

Log

-JOto S o u r c e  : M e t e o r o l o g i c a l  Dept. 1971-85)
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appendix  XXVIII

K I S H  —  E S T I M A T E D  A U T O C O R R E L A T I O N S  ( F E B R U A R Y )

(1 9 7 1 -1 9 8 5 )
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*a K I S M  ”  E S T I M A T E D  a u t o c o r r e l a t i o n s  i a p r i l j

(1971-1985)

Data Source: Meteorological Dept. 1971-85)
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•, KISII —  E S T I M A T E D  A U T O C O R R E L A T I O N S  (JUNE)
(1 9 7 1 -1 9 8 5 )
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!:■ KISUMU — ESTIMATED AUTOCORRELATIONS (FEBRUARY)
T 1 —  - ■ , (1971-1985)
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A P P E N D I X  XXXIII

- : E L G O N - E S T I M A T E D  A U T O C O R R E L A T I O N S  ( M A Y )

(1971- 1985)

-ato S o u r c e :  Meteorological Dept. 1971-85)


