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Abstract.

The paper is divided into four major parts. In the first

one a general description of Lake Naivasha and its enviren-
ment is given. In the second one a modern depth survey of

the lake is presented and the bottom topoqraph§’is discussed.
The third part summarizes the water level variations of the
Holocene and especially those of the last century. The final
part deals with the water budget of the lake, presenting
strong support for an underground outlet of the lake.
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NOTA BENE

There is some confusion about the absolute altitude
figures of Lake Naivasha, because different 0-levels
have obviously been used for the various water level
stations around the lake. A levelling carried out in
Oct. 1985 from a bench-mark c. 1 km SSE of Naivasha
railway station revealed that the lake level of

1985 10 22 was c. 1884.7 m a.s.l. Thus the lakc level
at the time of the depth survey (i.e. Oct. 1983), was
c. 1885.8 m a.s.l. which is 3.5 m lower than the figure
indicated in Chapter 2. (In all cases conversion from
feet to metres has been made through multiplication by
0.3048.) For most of the discussions carried out in the
paper this finding only means a change' in the scale of
the vertical axis of some of the diagrams, which does
not alter the discussion as such. In one case, however,
the difference iq of some importance'. The values given
in Chapter 3 in connection with Fig. 3.4 must be recon-
sidered. Right now it is not possible to say to what
extent the diagram is correct and which of the figures

given from the time interval before 1910 are valid or not.

The authors
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FREFACE

One of the most well-known of the lakes in Kenya's Rift Valley is Lake

Maivasha. The lake is within easy reach (c. 50 kms) of Mairobi, the
capital of Kenya and one of the world's most famous lakes for bird-
watching, A relatively great number of imvestigations have been
carried out concerning the lake and its surroundings, but the research
studies are spread among a great number of scientific institutions.
Fortunately, many of these studies were collected by the late Roger
Mennell of Korongo Farm, Naivasha. I am very grateful to Roger and his
widow Lucy Mennell for having been allowed 'to study his library.

My interest in Lake Naivasha started during my time as Head of the
Geography Department at Kenya Science Teachers' College (KSTC) in
1972-1977. Together with a colleagque, Dr. Nils Tarras-Wahlberg, I
started same special studies in the Lake Maivasha aréa for the KSIC
students and quite a number of interesting results appeared already at
that time, Some of the results were compiled by a KSTC-student, | Jane
Mirithii, who won a CASME award from the British Counsil for her
Maivasha study. ’ >
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After wmmm&:;dmtheunivadarmudﬂazmdmaﬂ. ui.tnly
through literature studies, but at two occasions, in 1980 and 1981 "I
ad the opportunity of spending same time at Lake Maivasha through
grants provided by Carl Mannerfelt's fund. In October 1983 I super-
vised two Swedish students, Krister Suwk:wdtnrswtn.uptﬁf
field work at Lake Maivasha in order to complete their degrees. ::m‘:
studies were sponsored by a fund for developing intermational contacts
(*internationaliseringsanslag") at the University of Stockholm. My cwm
studies were, once again, sponsored by Carl Mannerfelt's fund.

The results appearing here are due to the joint efforts of Sembo,
Syrén and myself, but as is evident from the headings of each chapter,
one of us takes the responsibility for the chapter in question.

We want to thank the following pecple for help during our stay in

Kenya: Miss Belinda Rego at Kenya Science Teachers' College, Mr. S.H.
Charania, Mr. J.0. Nyagua and Mr. Ndete of the Ministry of Water De-
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~ velopment in Nairohi, Mr. Njoroge Njau at Kenya's Meteorological De-

partment, Mr. John Kagai and Mr. Charles Ojoki at the Fisheries De-
partment, Naivasha, who all provided valuable help for us in obtaining
the necessary data for our studies. We also want to thank Mrs Lucy
Mennell for her hospitality during our stay at Korongo Farm and Mr.
and Mrs Hopcraft of Loldia Farm, Naivasha, who allowed us to borrow a
boat for our investigations,

For valuable discussions about the manuscript, we want to thank Prof.
Wibjérn Karlén at the Geography Department of the University of Stock-
holm. Ms Gertrud Hultblad of the same department typed parts of the
manuscript, Ms Eivor Granbam of the same department improved some of
the drawings, Mr. Sigvard Blam also of the same department did the
printing of the paper. Mrs Jessica Karlén improved the English text.

Stockhelm in December, 1985

lars-Erik Ase

CHAPTER 1

LAKE MAIVASHA - A PRESENTATION OF AN EAST AFRICAN RIFT VALLEY LAKE
AND ITS SURROUNDINGS

By Lars-Erik Ase

Geology

one of the most remarkable features of the Earth's crust is the Rift
Valley of Africa. The valley, or rather the valleys, form a more or
less continuous scar fram Israel and Jordan insouthwestern Asia all
the way to Mozambique in southeastern Africa (cf. Figs. 1.1-1.3). One
of the most prominent parts of the valley system is tILhe so-called

, "Gregory Rift Valley" in FKenya. Flanked by scarplines like the

Nyandarua Range (Aberdares) on its eastern side and the Mau Escarpment
o its western side, it reaches relative altitude differences of 1000
m or more, depending on how far from the bottam of the Rift one wants
to go. The evolution of the rift has been discussed very much over the
years, the two most favoured ideas being the tension theory and the
compression theory (cf. e.g. Buckle 1979). In connection with the
breakthrough of the theory of plate tectonics, the former theory seems
to be the more realistic one, supported particularly by the fact that
gravity measurements (Fairhead 1976) indicate a higher position of the
astenosphere under the Rift Valley than in the surroundings. It might
be noted that "the dropping keystone" idea that was fundamental to
Gregory {e.g. 1896, p. 220), who has given his name to this part of
the Rift Valley, can be combined with both the theory of compression
and the theory of tension (cf. Fig. 1.3). A relatively recent theory
for the geological development of the Rift Valley built on field work
in the Lake Bogoria (L. Hannington) area north of Lake Naivasha is
given by McCall (1967) and appears in Fig. 1.4. The main faulting
stages in the formation of the Rift Valley occurred according to
McCall in the Miocene or early Pliccene (5 in Fig. 1.4), the Pliocene
(7 in Fig. l.4) and in the Pleistocene-Holocene (B in Fi?a' 1.4). The
faults west of Lake Baringo have a very "fresh" appearance and to the
resent author the faulting seems to have occurred within the last few
millenia. Celia MNyamveru (1980, p. 40) writes that a fissure over 2
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Fig. 1.1 The Kenyan part of the Rift Valley.
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The East African Rift
Valleys and volcances.

metres wide was formed along the Subukia escarpment, with a downthrow
o the west side, in connection with the Subukia earthquake in 1928,
which had its epicentre along the lLakipia escarpment to the east of
Lake Bogoria (Hannington) and a magnitude of 7.1.

During my stay in Kenya, same students drew my attention to a fresh
fissure a few decimeters wide that had developed in the early 1970's
at the Kikuyu Escarpment east of Lake Naivasha and passed under a
house without doing much damage. So obvicusly, the tectonic activities
of the Rift Valley are still in "full swing" and the picture drawn by
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Fig. 1.3 Rift Valley fommation theories. Modified from Buckle 1978.

Celia Nyamweru (1980, p. 101), in which (cf. Fig. 1.5) within 50
million years the eastern part of the African continent during a
migration towards the NE, leaves the rest of the continent, seems very
plausible (cf. Fig. 1.5).

The development of Gregory Rift Valley is strongly linked to the for-
mation of volcances and volcanic eruptions. Volcaroes like Mt. Longo-
ot, the Eburu Mts, Menengai and Kipipiri not only characterize the
rorizon around Lake Maivasha but are also responsible, through their
eruptions, for the soils and lavas around the lake. Generally speak-
ing, the volcances and their eruptions are geologically very young.
The geological map of the Naivasha area does not include any forma-
tions older than Quatermary, in fact these are not any older than
lower Pleistocene. Especially the area around Mt. Longorot has wvery
recent features like a parasitic cone, the lava field of which is not
yet tully colonized by vegetation. Amori:hng to Thompson and Codson
{1958, p.22) the latest eruption of Mt. Longorot occurred "within the
last hundred years". Hot springs and fumarols are frequently found
toth on the slopes of the volcanoes and in the bottam of the rift it-
self. In fact, the themmal energy from the Hell's Gate area is now be-
ing exploited for the praduction of electricity.
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Fig. 1.4 Successive stages in the formation of the Rift Valley
in the Lake Bogoria (Hannington) sector. (After McCall
1967)
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Fig. 1.5 Possible arrangement of the continents 50 million years
into the future. Redrawn from Celia Nyamweru 1980.

WADSINE STATION /

The main rivers flowing into Lake Naivasha are the Malewa (even called (Movendak)
Melawa), the Gilgil and the Karati. Especially the tributaries of the
Malewa River form a very regular dendritic drainage pattern except for
in the Kipipiri area, where there is a radial drainage pattern due to
the conical shape of the wolcance. The drainage area of the three
rivers is covered by Tertiary and Quaternmary deposits, especially py-
roclastics and lacustrine deposits. i(.‘nly on the slopes of the
Myandarua Range and at Kipipiri are there lavas like basalts or
trachytes. The pyroclastics are mainly tefra and tuff layers depcsited
during eruptions of Mt. Longonot and other volcaroes in the area
around the lake. The lacustrine deposits consist mainly of diatamitic

BAINFALL STATION -

silts deposited in the pluvial lakes that have existed in the Rift
Valley area during the Quaternary (cf. chapter 3}.

Climate and vegetation

Lake MNaivasha is situated in the highest part of Rift Valley at an Fig. 1.6 Map showing the drainage area of Lake Naivasha and its
altitude of c. 1890 m a.s.l. In spite of this, the lake and its drain- geology. (Original, Syrén)

age basin (cf. Fig. 1.6) are in the rain shadow of winds coming fram

oth the west and, more importantly, from the east. The average anmual
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figure for rainfall at Maivasha D.C. for the period 1931-1960 was
608 mm  (East African Meteorological Department 1966). This figure
omuld be compared with an anmual evaporation of 1865 mm, calculated
for the years 1966-1982 fram data fram the Naivasha Water Supply (pro-
vided by Kenya's Meteorological Department). Whereas the evaporation
figures show a rather small deviation of c. +50 mm standard deviation,
the precipitation figures vary greatly much strongly from one year to
another. During the pericd 1931-1960 the highest annual precipitation,
of 939 mm, was recorded in 19394 whereas the fiqure for 1942 was only
443 mm. Normally, most of the precipitation occurs during the "long
rmins" in March-May. The short rains, in October-November, are less
mronounced here than in other parts of Kenya. On the other hand,
during June and July it is not so dry as in other parts of Central
Kenya that have the same annual precipitation. This might be due to
the influence of the Zafre monsoon from the SW that has a strong in-
fluence especially over the Lake Victoria area (cf. e.g. Ojany-Ogendo
1973, p. 59).

, The winds over Lake Naivasha are generally (cf. Fig 1.7) weak and come

from quite varying directions. The strongest winds (occasionally ex-
ceeding 21 knots) normally occur in August and October. In spite of
the rather weak winds, the waves on the lake can rise rather high due
to the uninterrupted fetches over the lake and can be disastrous for
man. - The direction of the winds does not entirely correspord to
those normal for Kenya. Thus, the NE-monscon, which daminates most of
Kenya during the beginning of the year (cf. e.g. Thompson and Sansam
1967, pp. 22-23) is not possible to trace in the Naivasha material.
Probably the general N-S direction of the Rift Valley has a strong in-

" fluence upon the weaker winds, as southerly winds seem to be more fre—

quent than easterly winds. i

. The arid climate and the porous soils of most of the drainage basin of

Lake Naivasha have a strong influence upon the vegetation. The Kedong
valley, to the south of Lake Naivasha, has according to Trump (1967,
pp. 40-43) a natural vegetation referred to as "evergreen bushland”.
Characteristic species for this type of vegetation are the "cactus"-

. shaped Euphorbia candelabrum and the fire-resistant Acocanthera schim-

peri. large parts of the area have an appearance of dry savannah,
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Fig. 1.7 Wind roses for Naivasha. Lat. 0043'S Long. 36°26'E. Alt.

1900 m a.s.l. Fram East African Metr. Dept. 1967, p. 26.

which might partly be due to fire and downcutting of the bushes. Even
grasslands frequently occur in the less arid parts of the Ilarﬂscq:e. L ggmea
) The "whistling thorn tree" (Acacia seyal) is characteristic;'for this
"secondary vegetation®. The most characteristic tree of tHe shores of
|\ lake Maivasha is the yellow fever tree (Acacia xantophloea). The lake-
side zonmation of the vegetation appears in Fig. 1.8 (redrawn from
Gaudet 1977). Gaudet's figure shows the conditions around 1973. Since
| that time the water lily (Mymphea caerulea) has disappeared more or ceoy™
less completely from the lake. On the other hand a floating fern
| (Salvinia molesta) has appeared as a pest _on the lake. Floating

A re o Lfyré §
*sudds" of Salvinia-mats colonized by e.g. Mﬁu@ noW  very
common at the shores of t.he lake (cf. Fig. 1.9).
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Fig. 1.8 The littaral vegetation of Lake MNaivasha in the mid 70's.

HW = high water, W = low water. (Modified after Gaudet
1977)
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Animal life

Among the herbivares found on the floor of the Rift Valley the zebra,
q}mffe, Thanson's gazelle and Grant's gazelle are the most commen ly
seen. According to Stewart (1967, p. 52), the kongoni also occurs
throughout the Rift Valley flooT, whereas the gnu or wildebeest,
"which formerly was found as far north as Lake Maivasha now is re-
stricted to the plains around Lake Magadi" further to the south. Among
other mammals the ft_)_ck hyrax, which is particularly abundant at
Fi.sher'sl_ tower in Hell's Gate, the porcupine, also found in Hell's
Gate, and a bat, possibly the big-eared free-tailed bat that, accord-
ing to Stewart (1967, p. 53), occurs in the caves of Mt. Suswa, but
which also is found in small caves to the west of Korongo Farm at the
western part of Lake Naivasha, can be mentioned. large camivares are
rowadays not often seen in the Rift Valley. According to Stewart the
striped l}}g_@ occurs in the Kedong Valley to the south of lLake
Naivasha. The caracal is also found on the Rift floor.

The puff-adder is the most commonly seen snake; among birds s:aed—
eating weavers, bee-eaters, superb starlings and hoopoes are among the
most frequently cbserved. Secretary birds, ostriches, Verraux eagle
and the famous lammegeyr (cf. Carnelley 1972) are among the birds of
Hell's Gate.

(haracteristic mammals of the lake itself are the hippo and the
coypus. The former, which has became a problem for the-famers around
the lake, has been carefully studied by Jutta Dietrichs (1976). During
the 1970's the coypus spread fmnl fur farms to the north of the lake
and is now quite cammon in spite of some hunting. According to Gibsen
{1973) the ocoypus used to feed on Nymphea stalks and Papyrus, which
might be a reason for the disappearance of the blue water lily
(Nymphea). However, in the view of the present authar (Ase 1982, P.
167) the rising water level from 1977 onwards could have been a reason

for the disappearance of the water lilies. There wire Wal¥er lillies v Ta'30s.

'
- YLy ) .

As was mentioned in the preface of this paper, Lake Naivasha is vir-
tually a paradise for bird-watchers. Among the most common species are

the cormorant, which is often seen on drowned Acacia stumps, various
herons, such as the Goliath heron and egrets, kingfishers and pe-
licans. The sacred ibis and the bronze winged ibis are both very com-
mon. The red knobbed coot, which was extremely abundant in the 1970's,
as now decreased tremendously, possibly due to the disappearance of
water lilies and submerged vegetation. Among the predators the
fish-eagle must be mentioned. In contrast to the coot, the fisheagle
seems to have increased in number, possibly due to the introduction of
a crayfish, louisiana swampy red crayfish, in 1969-1970. As can be de-
ducted from studying the "vomiting balls" emanating fram the fish-
eagle, crayfish is now a very common food for the fish-eagle.

Aong articles dealing with the bird-life of Lake Naivasha the follow-
ing might be mentioned: Stewart 1967, Carnelley 1972, Lundberg and
Tallmark 1973, and Tarras-Wahlberg 1981.

A very camon frog in and around the lake is the tree frog and at dawn
and dusk, especially during the long rains, a cacaphony of sounds ema-
mting from frogs and toads can be heard from the lake shore.

The most common fish in Lake Naivasha is Tilapia. According to Stewart
(1967, p. 55) there are three different species of Tilapia; nigra,
zillii and leucosticta. According to Malvestuto (1975), Tilapia leu-
osticta was introduced to lake Naivasha in 1954. He also found that
the average size of Tilapia leucosticta was smaller in Oloidien hay,
which was isolated from the main lake fraom 1939 to 1961, than in the
other parts of Lake Naivasha. It was also found that the fish was
heavily infected by a womm (Contracaecum sp. or spp.). However, the
decrease in the fishing of Tilapia that occurred during the 1970's was
grobably due to the appearance of Salvinia, which so to say blocked
the hatching grounds for Tilapia. Now, fishing of Tilapia has increas-
e again after the rise in lake level that started in 1977. Another
very common fish in Lake Naivasha is the large-mouthed black bass,
which has also been introduced to the lake. The black bass is a pre-
dator, nowadays probably mainly on crayfish, whereas Tilapia feeds on
littoral vegetation and plankton.

Ve mre




.

- e —

T IR

14

land use around Lake Naivasha

Before the arrival of the "wazungu" (white people) the land around
Lake Naivasha was mainly grazed by Maasai cattle. (von Hohnel, who
reported about the Teleki expedition that visited the area around Lake
Naivasha in August 1888 describes (1892, p. 791) a meeting with Maasai
women who were on their way to the Kikuyos to exchange soda for
tobacco.) Grazing of cattle is still very common around the lake ard
Buropean breeds have also been imported to replace or interbreed with
the zebu. Even Friesian dairy cattle are found around the lake. Where
irrigation can be provided cultivation of vegetables and other crops
can occur. Often cited (e.g. by Jutta Diedrichs 1976) is the har-
vesting of seven crops of lucern from the same field during one single
year. In addition to vegetables, maize is now the most common crop
around the lake. Attempts have been made to cultivate flowers, e.g.
carnations for export to Europe, and for the processing of perfumes.
The industrial development of the MNaivasha area is otherwise very
limited. Exceptions are the creamery at Morerdat, and the vegetable
processing factory just west of Maivasha town. Maivasha town also has
same hotels, shops and a market-place. The tourist industry is .con-
centrated to Lake Naivasha Hotell and Safariland Lodge on the eastern
shore of the lake.

The landowners around the lake are still mainly Buropeans. The workers
on the farms are mainly Africans who often live in small villages on
the farms. The fishermen at the lake are often pecple fram the area
around Lake Victoria belonging to the Luo tribe, who have migrated to
Lake Naivasha. The main tribes of the area, the Rikuyos and the
Maasai, narmally do not eat fish. Many people from Mairobi visit the
lake for fishing and bird-watching during holidays and weekends.

(2]

CHAPTER 2
DEPTH-SURVEY OF LAKE MNAIVASHA

by Krister Sernbo

Introduction

tne of the most important tools for the study of a lake is of course,
a depth-map. In the case of Lake Maivasha a depth-survey was made as
early as 1927 (cf. Thompson and Dodson 1963, Fig. 2.3). However, the
quality of the survey was obviously not very good, especially as the
echosounding technique was not practiced at that time. Thus, a major
task for the studies carried out at Lake Naivasha in 1983 was to make
echosoundings of the lake, which could form the basis for a depth-
survey. A depth-survey is of particular interest for the description
and explanation of the bottam topography of the lake and, to some ex-
tent, also allows for comparison with the survey of 1927. Moreover, a
depth-survey could serve as a basis for limological studies of the
lake, some of which have already been carried out by e.g. J.J. Gaudet,
N. Tarras-Wahlberg and L-E. Ase (cf. reference list).

Methods

Echosounding

Lake depths were surveyed using a Lowrence x—Ls" echosounding instru-
ment. The equipment has an operating frequency of 192 KHz, accuracy
within 0.6 percent.

The soundings were carried out from a smll motorboat, running at
constant speed and direction between two defined positions. The re-
cording echosounding-equipment could then give a depth profile to the
appropriate scale between the two positions (cf. Fig. 2.1).

Compass bearings were taken to determine the positions of the starting
and stopping points (except sections MNo. B-13, where positions were
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determined by theodolite measurements), and 38 sounding-sections of
varying length were echosounded. Their positions are shown in Fig.
2.2. As a basis for navigation and map-drawing, the topographical maps
1:50 000 Maivasha 133-2 and Longonot 133-4 (Survey of Kenya 1967-1969)
were used,

Shortage of time (and to a certain extent, the high petrol rates) li-
mited the number of sections sounded. Because it soon became evident
that the bottam topography in the middle of the lake was quite even,
the survey was concentrated to areas close to the shore, and especial-
ly to the northern part of the lake, where the major inflows enter
Lake Naivasha. Crescent Lake, which according to the map of 1927
(Thompson and Dodson 1963) forms the deepest area of the lake, has
also been sounded more thoroughly.

The distribution of the sections also had to be adapted to the great
Papyrus-belts and the floating islands of Papyrus, which together
cover large parts of the lake. Belts consisting of the floating fern,
Salvinia, could sometimes also be quite difficult to pass through with
the small motorboat.
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Fig. 2.2 Sections sourded during the depth-survey. The irreqular pattern

Fig. 2.1 Example of a depth-profile (sounding-sectiocn No. 21), as re-
gistered by the echosounding instrument. This particular

sounding-section above shows the bottam topography of Crescent

lake, with its character of a volcanic crater.

is due to the concentration of effort to the most interesting
parts, namely, the parts close to the shores, the delta area and
Crescent Lake.
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Fig. 2.3 Depth-map of LaJce Naivasha, based on data from 1927. The contours
are shown relative to the water surface in November 1927, when

the altitude of the lake was approximately 1892.0 m a.s.l. (Note - -

that this is 3 m higher than the 0-level of the map from
1983.) (Fram Thompson and Dodson  1963.)

Fig 2.4

19

Depth-map of Lake Naivasha, based on soundings made in 1983. The
map is drawn referring to a lake-surface level of 1889 m a.s.l.
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uction of the map

Every point along the sounded sections that corresponds to a position
with a depth of an even metre, was indicated on the map. Contour lines
were drawn between points with the same value for depth.

The depth-map (cf. Fig. 2.4) was drawn referring to a lake-surface le-
vel of 1889 m a.s.1., which corresponds to the surface level of Lake
Maivasha during the depth-survey (October 1983) minus the depth of the
echosounding instrument. The lake-surface level during the time of
echosounding was indicated to be 1889.3 m a.s.l. on a gauge at Korongo

Discussion of errors

ompass bearings were taken to determine the start- and stop-positions
of the sounded sections. On those occasions when useful aiming-points
were distant, the method could have lead to errors (approximately
+100-200 metres). Even the measurements made with the theodolite were
inclined to be affected by error, because of the long distances be—
tween the instrument and the boat.

To achieve a picture of the sounded section that was in the correct
scale it was important to maintain a constant speed and direction. In
areas with dense floating vegetation of Salvinia and other types of
floating vegetation it was occasionally difficult to maintain constant
speed. Efforts were made to compensate for loss of speed, and there-
fore errors in this connection are probably of minor importance. For-
~unately, the soundings were mostly carried out under very calm con-
dirzions, which simplified maintaining of a constant direction.

The iimited quantity of sections sounded leads to some uncertainty in
the drawing of contour lines. Thus, thd contour for eight metres is
not well-covered by sounding-sections. Another sparsely sounded area
is the western part of the lake, where the drawing of the contour
lines is based mainly on the topography of the adjacent lake-bottom
and the surrounding land.
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Sounding-section No.l4, crossing the lake in direction SSW to MNE,
suggests a contour pattern which does not completely correspond to the
surrounding sections No. 9-13 and 15-19. On the other hard, there is
good correspordence to section No. 1. Papyrus, which does not seem to
grow in deep water (deeper than about two metres below average lake
level, cf. Figs. 2.8 and 2.11) in Lake Maivasha, appears fram section
Mo. 14 to be growing in much deeper water. This suggests that there
might be an error in the drawing of the contours in this area.

The bottam morphology of Lake Naivasha . i

General features

The depth-map of Lake Naivasha, shown in Fig. 2.4, has been drawn

using a lake-surface level of 1889 m a.s.l., and all depth-figures in

the following text refer to that level. The map indicates a very flat

bottom with major decrease in depth only close to the shores. The flat

bottem topography is also clearly shown in the two cross-section fig-

ures, 2.5 and 2.6. Fig. 2.6 also shows two areas that topographically

differ greatly from the daminating flat pattern, namely Crescent Lake

and Oloidien Bay. These areas form the deepest parts of the lake.
Crescent Lake has a maximum depth of 17 m, which is medeepmtspotcf‘"i
in the lake, and Oloidien Bay has a maximm depth of 9 m. The deepea)."!&
registered spot in the main lake is 9 m, registered just outside Hippo .
point. The mean depth is 4.7 m. The volume of the lake is calculated \S-4%
to 9.0 x 108 m3 at a lake level of 1889 m a.s.l.

=i

Croncens Lawe

d F w8 e g AN

Fig. 2.5 Cross-section from MW to SE, based on sounded sections No. 1 and
21. The flat bottom of the main lake and the volcanic character
of Crescent Lake are clearly visible.
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Fig. 2.6 Cross-section from WSW to ENE, based on sounded sections NOWHE®, r
MBEnd 22 The figure shows the flat bottom of the main lake and 0 o L H
the two areas of divergent character and deeper water, namely A
Oloidien Bay and Crescent Lake.
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The flat bottam topography of the lake contrasts with the hilly topo-
graphy of the surroundings. The most probable way to explain the ,dif-
ference is that the lake basin has filled up with large amounts of se- ‘f;;?ﬁ

masl

diments, resulting in an even bottam topography. f

The depth-map clearly shows a more shallow area in the northern part
of the lake. This feature has been interpreted as a delta, built up by
sediment loads deposited by the Imain inflows, namely the rivers
Malewa, Gilgil and Karati, which all enter the lake in this area.

Qampariscn with the depth-map of 1927

As mentioned earlier, it is not clear what kind of material the depth- ‘::U:
map of 1927 (Thompson & Dodson 1963, cf. Fig. 2.3) is based on, ard B

therefore we do not know the degree of accuracy of the map. Same notes

can be made:

- The deepest spots in the main lake and in Crescent Lake are the
same on both the 1927 map and the current map, and the figures for Fig. 2.7 Relationship between the water level of the lake and A: the area,
: i ; ; B: the volume. Figures are based on calculations from the depth-
depth in these places also correspond. It is also possible to find %ap of 1983 (Fig. 2.4). Crosses ot conmected by Weeg o
rived from the survey of 1927 (Brind and Robertson 1958).




in both of the maps an indistinct slope fram the northeastern part
of the lake towards the southwest.

- On rhe other hand, there are many major differences. For example,
on the 1927 map Oloidien Bay is drawn completely differently as
comoared to the present map, and Thampson and Dodson (1963) note
that probably sufficient readings were not taken in the south-
western part of the lake. The deepest spot in the bay is noted to
be approximately one and a half metre (referring to a lake-surface
level of 1889 m a.s.l.). During fhe soundings of 1983, a depth of 9
m was recorded in the bay.

- The map from 1927 does not show the presence of a delta as clearly
as the map fram 1983 does, although the northern part of the lake
is shown as rather shallow. Furthermare, the O-contour (i.e. the
shoreline) shows a lakeward bending on the map fram 1927.

Between 1927 and 1983 changes in the bottom topography might have oc-
curred. For instance, it is possible that the delta has been built up
and enlarged during this period. But it is hard to believe that
Oloidien Bay has became more than seven metres deeper in 55 years.
Thus, a comparison between the two maps is not very fruitful, and
would prabably not be so even if the original map-drawings were found.

Volcanic bottom structures

As mentioned earlier, Lake Naivasha is situated in the Gregory Rift

Valley, and thus one should not be surprised to find volcanic features
in the bottcm morphology of the lake.
|

Crescent Lake The most praminent volcanic features in the lake are
Crescent Island and Crescent Lake, which together form an old volcanic
crater, which has been described already by von Hohnel (1892). The
form of the crater is shown well by the depth-map (Fig. 2.4), which
indicates a rounded shape and steep slopes. The steep crater walls are
also clearly shown in the cross-section in Fig. 2.5, and in the sound-
ed section in Fig. 2.1. A more detailed study of Fig. 2.1 reveals a

pair of small irregularities on the bottom of the crater. These fea-
tures are difficult to explain, but they might be small underwater
springs or steam~jets. Taking into consideration the thick layers of
sediments in Crescent Lake (at least 10 metres thick, acoording to
the Richardsons 1972), a theory suggesting same sort of gas leakage is
the most probable. As a support for this theory, there are earlier re-
vorts of upwelling water or gas in the area (Ase and Tarras-Wahlberg,
pers. comm.).

Oloidien Bay The sounded section through Oloidien Bay has ‘Igiven a
campletely different picture of the depth-conditions in the bay than
that based on the old map (cf. Fig. 2.6). The bay forms a clearly de-
fired area where the average depth is deeper than that of the main
lake, and obviously it also constitutes the remains of an old crater.
Oloidien Bay's origin as a volcanic crater is an important though not
unexpected finding of this study.

Morphology ‘of the delta

In the northern part of the lake, a delta has been built up by sedi-
ments from the main inflows to the lake. Judging from the form of the
delta, most of the sediment-load has been brought by the rivers Gilgil
and Malewa.

The sounded section in Fig. 2.8 gives an indication of a small delta
front in the southern part of the delta (probably accentuated by the
edge of the Papyrus-clumps). In other parts of the delta there seems
to be a 'more gradual, smoother slope towards deeper water (cf. Fig.
2.9). Sediment samples collected from the delta contained material in
the clay-silt fractions, and that kind of material seldem forms steep
delta fronts (cf. e.g. Axelsson 1967). The shifting lake lwe--l~ probab-
ly also prevents the formation of a marked delta front.

The sounded sections in the delta area very often show an irregular
bottam topography. Some of the irregularities could be old Papyrus
roots lying at the bottam, but many are probably furrows, formed
through erosion by running water from the inflows during periods of
lower water-level (cf. Fig. 2.10).
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Fig. 2.8 This sounding-section (part of section No. 12) indicates a small
delta front, probably accentuated by clumps of Papyrus.
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Fig. 2.9 This sounding-section (part of section Mo. 7) exemplifies an area
where the depth of the delta gradually increases towards deeper

water.
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Fig. 2.10 Irreqular bottam topography. Many of the irregularities are pro-
bably furrows, formed through erosion by running water from the
inflows. The figures are parts of sections No. 6 (A) and 9 (B).
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Fig. 2.11 An example from the delta area (section No. 16) where the cuter-
most Papyrus-clump is found in water less than two metres deep.

On the topographical map of 1967, the distribution of Papyrus in Lake
Maivasha is marked. Camparison with the depth-map shows that the delta
area corresponds well to the area where Papyrus is distributed in the
northern part of the lake (there are also large Papyrus-belts in the
western part of the lake). The shallow water of the delta pramotes co-
lonization and spreading of Papyrus (Gaudet 1977). The sounded sec-
tions from the delta do not show any presence of Papyrus in water
deeper than two metres (cf. Figs. 2.8 and 2.11). On the other hand,
dense vegetation like that of a Papyrus-belt must surely capture large
anounts of sediments, and thus the Papyrus should accentuate the grow-
ing of the delta.

There is a need for more detailed studies in order to find out to what
extent Papyrus is limited by water depth in its distribution in Lake
Maivasha. If it were limited by certain water depth (for example 2 m)
it would be very interesting to compare the distribution of Papyrus
today with older aerial photos, and maybe learn samething about the
earlier extent of the delta.

Small bottom structures

The fine accuracy of the echo-sounding instrument made it possible to
detect even quite small irreqularities on the lake bottom, same of
which might be of importance to the small-scale geamorphology of the
lake. Several of the sounding-sections made close to the shore showed
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Fig. 2.12 Depressions in the lake bottam at great depth (part of section

No. 30). A possible interpretation might be that these are
underwater springs or steamjets.

small, distinct depressions, about 0.3-0.8 metres deep (cf. Fig.
2.10). The depressions have been found at depths between 2 and 4
metres. These depressions have been interpreted as ditches, dug by
farmers cultivating new land during periods of low lake-surface lewel,
e.g. the low water levels of the 1940's and 1950's (Ase 1982).

The unexpected irregularities at the bottam of Crescent Lake, which
might be underwater springs, have previously been described. The
sounded section made eastwards fram Hippo point (section No. 30},
across the deepest part of the main lake, showed a number of small

(about 0.3 m), less distinct depressions in the lake bottam (cf. Fig. )

2.12). The depressions were registred at a depth of about 8 metres,
implying that the hypothesis of marmade ditches is not plausible in
this case. A depression of this size, originating from a structure in
the bedrock underlying the lake would most likely soon be filled up
with sediments (campare with the normally completely flat bottom, e.q.
Fig. 2.1). At this time the only reasonakle hypothesis is that even
these depressions are underwater springs or steam-jets, continuwusly
kept open by upwelling water or gas.

CHAPTER 3

LAKE NAIVASHA - THE WATER LEVEL VARIATIONS FROM EARLY HOLCOCEMNE
TO 1980 A.D.

By Lars-Erik Ase

The climate of the Rift Valley has not always been as arid as it 1is
today. Pericds of wet weather have alternated with pericds of dry
weather. The wetter periods are called pluvials, the drier interpluvi-
als, just as we talk about ice ages as glacials' and of the periods be-
tween the glacjals as interglacials. However, the tempting idea about
synchronity between ice ages in Burope and pluvials in Africa does not
seem valid from what we know today. This was otherwise the idea that
influenced geologists and a.m'tnelogisw for a number of decades. In
fact, the four ice ages cammanly talked about in Eurcpe i.e. Ginz,
Mindel, ,Riss and Wdrm were thought to each have a correspording plu-
vial age in East Africa and these were even named.

Thus, the last pluvial epoch was called Gamblian after a cave to the
south of Lake Elementaita, Gamble's cawve, which was excavated by
L.S5.B. Leakey between 1926 and 1929 (cf. Sonia Cole 1970, p. 49). The
idea of a correspondence between pluvial ages in Africa and ice-ages
in Burope was very much favoured by E. Nilsson, both in his gradual
dissertation in 1932 and later (e.g. 1938). Nilsson did a great number
of levellings of old shorelines and presented (1932, p.43) a map show-
ing the maximal extent of the "Gamblian" lake, here reproduced as Fig.
3.1. Acoording to Nilsson (1939, p. 432) the highest share of the
Gamblian lake developed during the latter part of the Gotiglacial
epcch, i.e. c. 10 000 B.C. or c. 12 000 B.P. according to the "tradi-
tional" Swedish time scale (cf. e.q. G. Lundqvist 1963). According to
Nilsson the altitude was c. 1930 m a.s.l. Later studies by e.g. Bishop
(1971), Richardscons (1972) and Celia Wasbourne-Kamau-Nyamweru (1967
and 1974) have given a rather different picture of the "Gamblian Lake"
ar the last Pluvial. Thus, Bishop (1971, p. S21) shows that fram c.
8000-10 000 years ago there seemed to have been two lakes in the Nai-
vasha-Nakuru area. The northern cne ("Great-Nakuru") with a level c.
600 feet (e.g. 180 m) higher than the present Lake Nakuru seems to
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Fig. 3.1 The Nakuru-Naivasha Basin, Eastern Rift Valley. The highest
ancient lake of the basin {io. I} is marked with horizontal
lines and its shore-line is dotted where it has not been
followed and levelled. Shore-lines of lower ancient lakes
are designated by the same numbers (II-VII) as the corres-
ponding lakes. Present lakes are checkered. The figures of
the contour-lines are in feet. (E. Nilsson 1932)
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Fig. 3.2 Major relief features and extent of former lakes in the
Makuru-Elmenteita and Naivasha basins. (Modified after
Bishop 1971)

have had its outlet towards the north, i.e. towards the Menengai Cal-
dera, whereas the southern one ("Great-Maivasha") in the present Lake
Maivasha area was drained towards the south. ‘The level of the southem
lake was at least 350 feet, i.e. 105 m higher than that of the present
Lake Maivasha (Celia Kamau 1974). As the present Lake MNakuru has an
altitude of 5767 feet (e.g. 1758 m a.s.l.) and Lake Maivasha an alti-
tude of c. 1890 m a.s.l. the former "Great-Naivasha" had a lake level
c. 60 m higher than "Great-Nakuru". Analyses by the Richardsons
(1972) indicate high water level of lake Naivasha fram c. 9200 up to
5700 years B.P., during which time planktonic genera of diatams
dominate samples in a core taken from the crater east of Crescent
Islard.
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Even for the "post-pluvial epoch" (Nilsson's terminology) there is
ooor relationship between Nilsson's studies and the data appearing in
uchardsens' study. Thus, whereas Nilsson talks about two wet phases,
the Makalian and the HNakuran, occurring between c. 6000-4500 and
4000-2000 B.C. (Nilsson 1938, p. 432) and two dry phases just before
6000 and 4000 B.C., Richardsons' study indicates high water levels up
to ¢. 5700 years B.P. and decreasing water level up to 3040 years B.P,
when the lake was almost dry even in the deepest part of the crater
=ast of Crescent Island which now has a depth of c. 20 m. Since then,
Richardsens believe that the water level seems to have varied consi-
derably, in agreement with Nilsson's idea. However, whereas Nilsson
thinks that the present water level is an extremely low one for the
last 3000 years.- Richardsons favour the idea that flucruations have
ocourred mainly below rather than al:pve the present surface. It must
be admitted that there are very few 14C-debeminations to verify the
modermn ideas about the variations of the water level of L. HNaivasha
and, in a way, one must also give credit to Ni]._sa-aon for having realiz-
ad the tremendous Holocene (andJate Pleistocene) variations of the
lake levels in the Naivasha-Nakuru area. Taking into consideration the
camplete lack of absolute datings available at the time of Nilsson's
studies, the tentative datings in his diagrams were not bad, although
he seems to have overestimated the number of raised shorelines in the

area.

Unfortunately, due to the absence of a written indigenous language,
there are no records of the water levels of Lake Maivasha befcre the
arrival of the first "wazungu" (= white people) c. 100 years ago.
There is an indication (Edmondson 1977) that around the middle of the
19th century Maasai were herding their cattle on dry land where the
centre of Lake Naivasha is now. There is also a Maasai tradition about
a very dry pericd immediately before the arrival of white men, during
which cattle grazed in Crescent Island (Sikes 1936, p. 82) which ob-
viously was at the time a peninsula. When Fischer, the first European,
arrived in June 1883 water level had started to rise, but (according
to a Maasai) it was still possible to get across to Crescent Island.
The level of the mud between Crestent Island and the mainland is
according to Sikes 6193 feet which means the lake level would normally
be at least six inches lower or 6192.50 feet. With a correction of +2
feet this equals to 1880.1 m a.s.l.

Fig. 3.3 Drawing of Lake Naivasha in Aug. 1888. Fram von HShnel 1892.

Teleki and von Héhrel visited the Maivasha area in August 1888. von
Hohnel presented (1892) both a small-scaled map over the area and a
drawing (1892, p. 793). The map shows that at that time Crescent Is-
land was clearly isolated from the lake-shore. In the area where the
Gilgil River now enters L. Maivasha there was an incised deep bay up
to approximately the 6200 feet contour of the topographical map or in
other words c. 20 feet or 6 m higher than the lake level of 1959
(which is unfortunately given a wrong altitude on the map). The draw-
ing (here reproduced as Fig. 3.3) also indicates a rising lake level.
Even during Gregory's visit in 1893 the lake lewel was very high
(Sikes 1936, p. 83), which was also the case in 1894. -Hobley (cited
framn Sikes) mentioned "the lake level was so high that we wére unable
to pass between the cliff, where the railway now nmns, so we clambered
over the bluff". Sikes arrives at the conclusion "that lake level can-
not have been less than 6228 feet above sea level - that is about
three feet below present rail level at the point - and may \«ha-ll.E have
been a few feet higher". As the rainfall at Machakos was well above
normal in 1895, Sikes arrives at the conclusion of a high water level
even in 1895.
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There then followed four years of severe drought culminating in "the
famine years" of 1898 and 1899. During this pericd the lake must, ac-
cording to Sikes, "have dropped rapidly until 1900. The Railway Survey
of 1898 shows that the lake level on September l14th, 1898, was
6,214,72 and on November 19th, 6,214]56. Continous records were com-
menced at the end of 1908, when the level stood at 6,210.90." In 1982
a curve for the water level variations of L. Maivasha between 1911 and
1980 was published (Ase 1982, p. 162). The lake levels prior to 1935
were according to the original, a diagram kept at Korongo Farm, "week-
ly observations but frequent interpolations. Between 1936 and April
1964 levels were taken from Naivasha Staff Gauge Records. These re-
cords seem at least able to provide reasonable m:mthly records." Fram
May 1964 the material consists of R. Mennell's daily water level ob-
servations. Unfortunately, these observations were stopped at the
death of Mr. Mennell in 1983,

The levels have been converted from feet to metres by multiplication
with 0.3048. In 1958 a change of Datum took place so that 6210' of the
old system correspords to 6212' in the new one. Thus, a correction of
+2 feet should be added to the figures cited from Sikes. From the dia-
gram at Korongo Farm monthly and annual average figures were calculat-
ed. The table below summarizes the observations before 1910.

water level records from Lake Naivasha before 1910
|

Source Date Original Correc- Water
figure tion level
m a.s.l.

Fisher through Sikes June 1883 Below 6192.5' +2 feet 1888.1

von Hshnel Aug. 1888 c. 6 m higher None 1893.1
than the water
level of 1959
Huuley through Sikes 1894 Above 6228°' +2 feet 1898.9
Railway Record Sept. 1898 6214.74° +2 feet 1894.9
through Sikes Nov. 1898 6214.56" +2 feet 1894.8
Water level record End of 1908 6210.90' +2 feet 1893.7

through Sikes

yeor

nmo wx e 1950

v.H = According to von Hohnel, H = According to Hobley,

Annual water level records of Lake Naivasha (1911-1980) and same data for previous years.

1

Railway records, TD =:-According to Thampson and Dodson, R = Record starts.

F = According to Fis

1980
RR
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Fig. 3.4
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Fig. 3.5 (a) Variations of level of Lake Naivasha. Prcbable majar
fluctuations of level in the region A-B of the graph are
taken fram Sikes, 1936. Fram about 1860 to 1882 Crescent
Island was joined to the mainland and acacia trees grew
along the lake shore, but were then killed by the rise of
the water level, their stumps remaining submerged until
1935. During the period of low level at the end of the
nineteenth century, it is probable that the lake did not
rise above the 6,195-fcot level.

(b) Annual evaporation from Lake Naivasha and annual rain-
fall at Maivasha.
(From Thampson and Dodson 1963)

The values given in the table have also been inserted in Fig. 3.4,
which is otherwise copied from Ase (1982). A few comments 'about the
diagram might be added. The very Luw water level before 1883 is also
indicated by Tetley (1948) who writes: "There were reports that in re-
cent years there were still some trees appearing from below the sur-
face of the lake as it continued to fall recently". The water level
before 1883 might thus have been even lower than that of the mid
1940's. In Fig. 3.4 I have tentatively let the lake level rise before
1883 at about the same rate as between 1883 and 1888, The extremely
high level in 1894 indicated by Sikes (from Hobley's description)
seems a bit doubtful*, since the rainfall that year in Naivasha (cf.
Thampson and Dodson 1963, p. 10) seems to have been about 2 feet i.e.

* Levelling of the cliffs east of Naivasha railwaystation in Oct. 1985
revealed a cliff base of c. 1896 m a.s.l.

about average. However, Gregory's description (1896) shows that 1893
must have been a very wet year. The dropping of lake level just before
the turn of the century seems reasonable :rom the precipitation fi-
gures. The high precipitation during the first years of the 20th cen-
tury might have made the lake level rise, a rise that is ot possible
to trace from Sike's material, but that appears in ﬂnrpsor_i"s and
Dodson's attempt indicating a rising lake level up to c. 6217' (cf.
Fig. 3.5}, which should correspond to c. 1895.5 m a.s.l. in Fig. 3.4
around 1905. Incidentally, this is just one solar spot cycle after the
assumed high water level of 1894-95. In the middle of 1917 the highest
modern lake level was recorded i.e. 6220.0 feet or 1895.9 m above sea
level. Once again, we find that this corresponds well with a sun spot
cycle (c. 11 years) after 1905. The next high water occurs, however,
in 1923. other peaks in the water level occur in 1930, 1937-38, 1948,
1964 and 1979. Of these, the sun spot cycle fits reasonably well to
the peaks of 1937-38 and 1948, but later on the cyclical trend is not
as easily recognized. Vincent, Davies and Beresford made (1979) a sta-
tistical study of the water level variations of Lake Naivasha (cf.
Fig. 3.6).They found an indication of an 11 year cycle, but more sta-
tistically significant was a variation with a period of about 7
years.

Fig. 3.6 Anmual average levels for the Lakes Naivasha and
Rudolf (1880-1974) and Victoria (1899-1974). Victoria
level post~1961 are less 1 m. Dashed values are from
indirect indicatars. Dots are linearly interpolated
walues. (Fram Vincent, Davies and Beresfard, 1979)
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*re intueresting, perhaps, than the statistical variation of the water
level 15 a comparison with data fram Lake Victoria and L. Turkana
frudolf). Vincent, Davies and Beresford (1979, p. 178) fourd that even
in L. Turkana there werc high water levels around 1895, 1918 and in
<he early 1960's. The two latter maxima are also found in the material
Sram Lake Victoria (no observacions are available here for the time
around  1895). The material from Lake Victoria also shows a maximuc
fram the time around or just nefore 1%05.

The monthly variaticns of the water level of Naivasha appear from Fig.
3.7. “ne would expect that the lake level would normally show two
oeaks, one during the long rains in April-Mav and another during the
sncrt. rains in November. This is obviously not the case. The lake
level normally drops during the beginning of the year, until the long
rains start in April. However, water ievel nommally continues to rise
even during June, July and August and the maximum occurs in Septemker.
During the short rains water level normally drops. To some extent this
can pe explained by the fact that 'Tvaporar_ion is very low in June,
July and August but shows a definite increase in September-QOctober.
Even the so-called Zalre-monsoon from the Atlantic ocean and Lake Vic-
roria sametimes gives same precipitation during the middle of the
year. The hydrology of the drainage area is discussed further in
chapter 4, where the intricate question of the existence of an outlet
of Lake Maivasha is also discussed.

fig. 3.7 Monthly variations of water level in lLake Naivasha.
{Fram Ase 1“3Z}
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JNPTER 4
THE WAIEFR Bi'DGET CF LAKE !'WAYASHA sHD ITS DRAINAGE AREAR

3y Per sycsn

Introducticn

Tre main purpose of tnis project was to study the water baiance of
Lake Haivasha and the hydrological and the climatological coendit:ions
within its drainage area . The guestion that I wanted to answer through
such an investigation was whether the water level fluctuations of Laks
Naivasha are influenced by a subterranean inlet and outlet. The more
practical applications of this study can be outlined in several puints,
of which a few are mentioned below.

when we undelrstand the water balance, and know the grozortions of each
factor in the water balance equation, it is possible o imprcve Ir;‘ne ag-
riculture of an area. This is one of the most important ascirations for
all developing countries. The water balance for an irea can be -Jefiped
with the fcllowing equation:

P=E+R+As

P = Precipitation
E = Evapotranspiration
R = Runof £
AS = Changes in water storage

Agriculture can be improved by introducing new, more preritable crocs.
But very often these crops are more sensitive tc drought and therefore
require same irrigation system. Thus, this requires knowledge about the
availability of water.

Hydrological knowledge about runoff, water discharse, duration etc is
also necessary for the ongoing rcalculaticns of sedumenc transport in
the River Malewa.
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LAKE NAIVASHA
CATCHMENT AREA

0 | 10 15
RAINFALL STATION
GAUGING STATION

SUB WATER DEVIDE
MAIN WATER DEVIDE

Fig. 4.la Lake Naivasha catchment area. Drainage and locaticn of rain-
fall and river gauge stations. The full drawn straight lines
refer to the Theissen method of camputing the average rain-
fall.
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Available data and topography

The study is based on data collected during a visit in Kenya i,h 1983,

- Hydrological data on water discharge and sediment load were obtained
fram the Ministry of Water Development, Mairobi.

- Meteorological data on precipitation and evaporation from the Kenya
Meteorological Department, Nairobi, and from the publication: Monthly
and annual rainfall in Kenya 1931-1960.

- Lake level data for Lake Naivasha were registered by R. Mennel at
Korongo farm, and were collected by Lars-Erik Ase in July 1981.

Available data

Data on water discharge are available fram four river gauge stations as
follows (cf. also Fig. 4.la).

Station, 2GBl. River Malewa during the periocds Jan. 1931 - Dec. 1949.
Jan. 1951 - Dec. 1959.
Jan. 1963 - Dec. 1980.
Station, 2GBS. River Malewa during the pericd Jan. 1959 - Det. 1980.

Station, 26C4. River Turasha during the period Jan. 1962 - Bec. 1980.
Station, 2GA3. River Gilgil during the pericd Jan. 1962 - Dec. 1980.

In this study data on precipitation are used fram five rainfall sta-
tions (Fig. 4.1b). Of these, four are situated within Lake MNaivasha's
drainage area. The station Bahti forest is situated about 5 km outside
of the main watershed, but is assumed to be representative of the
northern pa;:ts of the catchment area (cf. Fig. 4.la). Data were
cbtained from the East African Metrological Department except for the
station at Korongo farm, where the records were obtained from R.
Mennel.
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Station 1. 2409 m a.s.1
Bahti forest (1931-1983)
annual rainfall 1226 mm.

]

JE M oaAM

Station 2. 2006 m a.s.l. Gilgil
railway stn. (1931-1960, 1962-1982)
annual rainfall 650 mm.

Station 3. 2006 m a.s.1
Korongo farm (1949-1945, 1959-1983)
annual rainfall 664 mm.

Station 4. 1900 m a.s.1
Naivasha D.C. (1910-1983)
anmual rainfall 608 mm.

Station 5. 2631 m a.s.1
N. Kinangop (1931-1960)
annual rainfall 1093 mm.
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Fig. 4.1b
Filled bars show actual average
rainfall, unfilled bars standard
deviation at lo over the period
1931-1960.

The evaporation data were obtained from the Kenya Meteorological Dep-
artment in Nairobi, and are in the form of monthly totals of the
Maivasha water supply during the period 1965-1983. There are also
records of annual evaporation fram a study by Brind and Robertson
(1958). These data were taken during the period 1919-1957.

Variations of the water level in Lake Naivasha were registered at Kor-
ongo farm during the period 1964-1980 and are given as monthly averages
in m a.s.l.

The topographical map SA - 37 - 1 Nyeri is used for the drawing of all
figures of drainage areas, drainage pattern, hypsographic curves and
for the location of the different gauging stations. The geological maps
No. 43 SW and NW are used for the production of the schematic map of
the distribution of soils and bedrock within the catchment area.

Topography

The Lake HNaivasha catchment area covers an area of approximately 3300
llcu'!2 and is drained by three major rivers. These are, the River Malewa,
the River Gilgil and the River Karati. Within the catchment area there
are great contrasts in relief, slope, climatic conditions, vegetation,
lithology and land use. In Fiqure 4.2a the hypsographic curve for the
whole catchment area is outlined. 30% of the total area of the Lake
Maivasha catchment basin is situated between 1890-2100 m a.s.l. The
lake, at a level of 1890 m, covers about 12% of the catchment area. 55%
are situated at levels between 2100-2700 m a.s.l. Only about 15% of the
area has an altitude between 2700-3900 m a.s.l. This area is situated
on the slopes of the eastern escarpment of the Rift Valley. This studv
is concentrated to the two major subcatchments i.e. the River Malewa
and the River Gilgil.

The River Maleva drainage basin covers an area of 1553 km’ and the
hypsographic curve is cutlined in Fiqure 4.2b. Here about 73% of the
area is situated at levels between 2100-2700 m a.s.l. This corresponds
to the Kinangop plateau. About 22% of the area consists of It;he hills

43




44

s LAKE NAIVASHA CATCHMERNT

300 4 |

2400 {

L 2 W 0 N = n s 90 w00 "

Imeters) R GILGIL CATCHMENT

L o N «w@ W o w0 s Y,

eyt R MALEWA CATCHMENT

W 0 X 4 W & WM M % WO,

Fig. 4.2a-c Lake Naivasha catchment area, River Malewa and River
Gilgil catchment areas. Hypsographic curves based on
1:50 000 topographical map SA-37-1 Nyeri.

and slopes of the Nyandarua Range, having an altitude of 2?00-3900 m
a.s.l.

The River Gilgil drainage basin (Fig. 4.2c) covers an area of 151 ]cm2
and represents the flattest subcatchment area. About 83 % of the area
is located between 2100-2700 m a.s.l and there are not any' areas si-
tuated above 2900 m.

Climatological conditions

Rainfall

Because of its marginal nature and unreliability, rainfall is the most
important climatic element in semiarid areas such as central Kenya.
However, this general classification does not reflect the true condi-
tions over large areas within the Lake Naivasha basin, for example in
the eastern parts of the catchment where the escarpment of the Nyan—
darua Range rises. Here the orographic effects and local climatological
conditions seem to have a pronounced effect upon climate, which is
othexwise.influem:ad by the large circulation systems like trades and
fluctuations of the ITCZ (the intertropical convergence zmelll '_“tJackson
1977, p. 9) '

Analysis of rainfall in the Naivasha catchment area is very important,
because rainfall is the major factor to be taken into account in order
to find the causes of the variations in lake level and to forecast its
future behavior. In this study data fram five rainfall stations,
covering a fairly long period, are available. It can be noted from Fig-
ure 4.la-b that the rainfall decreases from the upper parts of the
River Malewa and the River Gilgil headwaters to the lake surroundings.
At rainfall station no. 5, North Kinangop forest (Fig. 4.la), situated
on the Kinangop plateau, the average annual rainfall is 1093 mm (1931 -
1960). In the upper parts of the River Gilgil at rainfall station no.
1, Bahti forest, it amounts to 1226 mm (1931 - 1980), at station no. 3,
Korongo farm, the average annual rainfall during the period 1951 to
1960 is 664 mm.
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Rainfall seascnability and variability

The variability of rainfall receives particular attention in most semi-
arid areas, due to the fact that droughts are common and that rainfall
1s characterized by the occurence of a few extremely hard showers. The
annual distribution and the variation in rainfall can be showed in many
ways. One possibility is outlined in Figure 4.lb where the monthly
averages and the corresponding standard deviations during the period
1931-1960 are represented. In this diagram the long rains during
April-May are obvious, but the short rains that nommally occur in
Kenya during October-December are not as evident.

Another way of describing the variation of rainfall fram year to year
is to define the beginning and end of the periods of rainfall. In
Jackson (1977, p. 60) the use of 5 day pericds (pentades) is explained
as the totals of precipitation for three consecutive pentades, and the
middle pentade is designated as "rainy" if:

- the total rainfall for the three pentades together amounts to at
least 76 mm.

- the rainfall amounts to 7.6 mm or more in each of at least two of
the three pentades.

In Figure 4.3 the analysis of rainy pentades is shown for station no.
3, Korongo farm, situated on the western side of Lake Naivasha. The un-
reliability of rainfall, especially during the short rains, appears
very clearly here.

A way to study rainfall variability within a catchment area is to ana-
lyze the correlation between rainfall stations, (cf. Jackson 1977, p.
84). In Figure 4.4a, the monthly average rainfall fram 1931 - 1960 at
station no. 5, North Kinangop forest at 2631 m a.s.l. (which has an
average annual rainfall amounting to 1096 mm), is correlated with the
similar values for station no. i2. Gilgil Railway stn. The latter
station is situated 630 m below the former, and receives about 400 mm
less precipitation annually. From this diagram it can be seen that the
correlation coefficient of +0.83 is strongly dependent on the values
for the months of April and Mav.

No records
1965 No records

| ! |1I-l —

IR

A, o
||

Thus, the conclusion is that rainfall at stations close to each other,

. but at different altitudes, shows a greater correlation during the more
rainy periods when showers cover a greater area. During the other
months, when precipitation is more local due to orographic effects, the
difference in altitude between the stations leads to a decrease in the
correlation coefficient.

Two stations that are not so closely situated to each other, but that
are at nearly the same altitude, were also studied. In fiqure 4.4b,
station no. 1, Bahti forest, at 2400 m a.s.l and with an, average annual
rainfall of 1226 mm, is correlated with station no. 5, North Kinangop
forest. Here we have the almost reversed situation. The correlation
coefficient is +0.82 between the two stations, but here the correlation
is mare dependent on the values from the dry periods, indicating the
simi lar orographic effect at both stations. During months of ffainy pe—
riods the distance between the two stations leads to a decrease in the
correlation coefficient.
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Rainfall probability - recurrence intervals
z oo In an investigaticn by Brind and Robertson (1958) analyses on rainfall
¥z0T8.04 [

4 r208) probability are made for the two stations, no. 5, North Kinangop forest o
g““’ . and no. 4, Naivasha D.C. Their calculations are based on data frem the
4 pericd 1911 - 1956, and they assumed that rainfall distribution approx-
g imates the normal probability function. In the present study the ana-
3 lysis on rainfall probability or recurrence intervals for station no. ;
3w 4, Naivasha D.C are based on data fram the period 1931 - 1980. The i
3 method used is described by Jackson (1977, p. 77) as one of the most "
3 cammon.

P 100 150 200 Data are arranged in descending order and a rank m is assigned to each

RAINFALL STATION No S N KINANGOP OREST value, m = 1 for the largest valve and m = n for the smallest, n being
i, 4cdE CoreTatizg PR AR—— thly values on pre ; the numberi of values. The return pericd T, is given by: .T = n+l/m

cipitation at station No. 5 and No. 2 (1931-1960).

: These computed T-values, or return periods are then plotted q!;ébhi.cally
| aqainst t.he corresponding amount of annual rainfall.

In this analysis of return periods of annual precipitation (Fig. 4.5)
at Naivasha D.C, an annual rainfall of 1083 mm is estimated to ocour
once in 100 years. The actual maximum rainfall recorded is 942 mm,

i 150 bl S - which was received in 1961. The values camputed by Brind and Robertson
E (1958) of return periods at Maivasha D.C estimate an annual rainfall
g once in 100 years to 1156 mm. Recorded maximum rainfall at this study
2 is 1036 m.
= "o
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2
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: Fig. 4.5 Naivasha D.C. Recurrence . J
Fig. 4.4b Correlation between th;sveraqe monthly values on precipita- intervals of annual maximum
tion at station No. 1 No. 5 (1931-1960). raipnfall based on data from
1962 to 1980. i
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Fig. 4.6 Average measured pan evaporation at Naivasha water supply
1965-1982. The thin lines indicate the variation within
95% confidence interval.

Evaporation

It is always difficult to estimate evaporation. In the case of Lake
Maivasha, limited available records together with the general problem
of estimating evaporation from pan observation makes any estimate un-
reliable. As can be seen from Figure 4.6 the average annual measured
pan evaporation amounts to 1865+106 mm.

There are problems in defining thel amount by which the monthly figures
of measured evaporation should be corrected by the use of a pan-
factor. In other words, free water evaporation fram an evaporation pan
usually results in figures that are too high, due to the fact that the
walls of the pan tend to heat the water to a higher temperature than
normal. Fram a study by Brind and Robertson (1958) it is suggested that
the pan-factor for the station Naivasha D.C varies between 0.84 - 1.04.
Therefore a multiplication factor of 0.80 which is normally used for
the class-A pan in Kenya, (Brind and Robertson 1958) may be tco low.

The average precipitation and potential evapcration are shown in Figure
4.7 (1965 - 1982). The evaporation amounts to 1492 mm (multiplication

factor 0.80 is used), i.e. more than twice the annual precipitation in
Maivasha D.C. These figures point out the very decisive influence of
evaporation upon the water budget of Lake Naivasha.

(mm)

150 1

Fig. 4.7 ' Average precipitation and
_ potential evaporation IEO)

at Maivasha D.C 1965-1982.
The panfactor used is 0.80.

JFMAMJ JASOND

In an attempt to test these measured evaporation figures the following
test is made:*

Under certain conditions a lake could be considered as a huge evapora-
tion pan. If the water level drops during a period without precipi-
tation, discharge of water to the lake, or runoff from the lake, the
sinking of the water level in e.g. mm should represent the evaporation
figure. In this particular case potential evapcoration equals Actual
evaporation. If, however, the water level of the lake also is i'nflum—
ced by ground water flow, the whole idea of the lake as an evaporation
pan must be abandoned.

In the case of Lake Naivasha, it can not a priari be assumed that the
lake level is not influenced by inflow and outflow of ground water.
Nevertheless, it was considered to be worth testing whether changes in
water level during dry periods corresponded only to evaporation and

* This paragraph is written by Lars-Frik Ase.
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thus, 1if the test came out well, whether the "pan factor" of 0.80 was
correct or not. The following periods were selected for the test:
January 1968, March 1973 and January 1975.

During these three months, there was less then 5 mm of precipitation
recorded at Korongo farm or at Naivasha D.C. Some runoff occurred,
however, in the catchment. The effect of this runoff on the lake could
be calculated according to the method described on pp. 63-65, in this
paper. The potential evaporation, multiplied with the pan factor of
0.80, was registered at Naivasha D.C. (Maivasha water supply). The
changes in water level during the test were registered at Korongo famm.
The results of the test are given i!.n Table 4.1. '

Qvicusly, as the ratio of colum (7) in Table 4.1 varies so much, the
test was useless as an indication of whether the pan factor was correct
or not. However, as the values show such great variation they indicate
strongly that there is impartant groundwater flow to and also from the
lake.

Table 4.1
mn ] (] 1] (s) (U] n
Period Inflow Calcutated Lake lave) Actual Lake lavel Computed potential Actual potantial Ratio
changs dua to Inflow change avaporation evaporation m
15)
Jan 1968 rande’ +0.021 m 020w - 209 .- 0.7
rar 1973 2.0010°’ +0.018 0 - 0.010 m 12 - 2% - 1.8
anirs raade + 00108 - 0.1 a 170 - 200 = 1.20

Runoff

Main rivers and drainage pattern

As can be seen from Figure 4.}3 the main rivers and aiso the main
tributaries to Lake Naivasha, are in descending order, the Malewa,
Gilgil and Karati Rivers, which all enter the lake fram the northern
and eastern parts of the catchment area. A different drainage pattern
is formed by these rivers as compared to those of the southern part of
the drainage basin, where the rivers are of ephemeral character, and

tend to disappear before entering the lake. The difference can be
explained by different precipitation pattern and differnt soil
corditions (cf. e.g. Marie Morisawa 1968, p. 162). Cbviously, the most
important river for the water budget of lake Naivasha is the River
Malewa.

Construction of discharge rating curve

The available hydrological data for gauging station 2GBl, River Malewa,
during the periods 1931 - 1949 and 1951 - 1959 are in the form of idaily
average waterlevel readings, and are therefore converted intu?i corre-
sponding water discharge values. The construction of the discharge
waterstage diagram (rating curve) for the station 2GBl is based on data
that are collected at the Ministry of Water Development in Nairobi.

when plotting the values to a diagram (Fig. 4.8) a nommal ratiﬁg curve
is shown, but there is not a good correlation when the curve is adapted
to a continuous equation. Therefore the GHT-values i.e. the gauge
height values, are divided into six intervals. A linear equation Y = a
+ bX is fitted to each of these intervals, where X is the discharge in
cubic feet per second and Y is the GHT-value in feet (Fig. 4.8 and
Table 4.2).

Table. 4.2

Equation Gauge height Equation Correlation

number interval ¥ =a+ bX ooefficient (r)

1. 0.00-0.99 Y = 0.08 + 7.59x10™° X 0.988

2. 1.00-2.29 ¥ = 0.53 + 3.79x10™> X 0.998

3. 2.30-2.99 ¥ = 1.23 + 2.26x107° X 0.997

4 3.00-4.00 Y =1.76 + 1.58x10™° X 0.999
i il

& 4.01-7.49 Y =2.21 + 1.26x107 X 0.999 ¢

6. 7.50-9.10 ¥ =3.06 + 1.06x107° X 0.999
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Fig. 4.8 Discharge rating curve for river gauge station 2681,
in River Malewa.

Runoff analysis of River Malewa

Using the discharge rating curve described above, the monthly dis-
charge is calculated from daily discharge for each catchment area. The
average annual flow during the period 1932 - 1980 is 153x10° m°, which
equals a water column of 100 mm over the drainage area (the latter val-
uves are henceforth given in parenthesis). During the same pericd the
recorded annual maximm flow is 328x10° m> (211 mm) in 1964, and the
recorded annual minimum flow is 53x10° m® (34 mm) in 1939.

Records of the flow of the River Malewa are analysed to determine the
frequencies of annual and monthly volumes of flow. Return periods or
recurrence intervals for the years 1932 - 1982 are calculated ‘according
to the method described on p. 49. In figure 4.9a the line of best
fitting is estimated, and the annual flow to be expected once in 100
years is about 480):106 rn3. This result corresponds very well with a
former investigation made by Brind and Robertson (1958). Their
camputation is based on data on annual flow during the pericd 1932 -

1956 and estimates an anmal flow once in 100 years of c. 4‘!5::105 ms.
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Fig. 4.9a /
River Malewa. Recurrence intervals of 4
annual maximum discharge at gauging station 1 0 0o

2GBl. Based on data from 1931 to 1982. RETLAL PEAID (e

The return periods of monthly flow to be expected are based on data
from the months of May and August over the period 1932 - 1980. The

monthly flow to be expected for the month of May once in 100 years is

c. 97x10% m® and for the month of Auqust c. 84x10® m® (Fig. 4.9b-c).

The recorded meximm flow for these two months is 86x10° m® in 1963,

and 81x10° m° in 1971, respectively.
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River Malewa. Recurrence intervals
of monthly maximum discharge for

Fig. 4.9

River Malewa. Recurrence intervals
of monthly maximum discharge for .
the month of May at gauge station the month of August at gauge station
2GBl. Based on data fram 1931 to 2GBl. Based on data fram 1931 to
1982. 1982.

Runoff analysis of River Gilgil

The available data used for discharge are listed on p. 41. The same an-
alysis is carried out for data on River Gilgil, as was for the River
Malewa, to determine the frequency of annual and monthly flow to be
expected.

The average annual flow from the River Gilgil during the periocd 1962 -
1980 is about 24x10° m® (159 mm). The flow is equal to about one
seventh of that of the River Malewa. It can be seen in the analysis of
recurrence intervals in figure 4.10a that the highest anmual: flow to be
expected in 100 years is 121x10° n° (798 mm). The highest actual flow
during the investigated period is 49x10° m> (322 mm). These values
correspord very well with the results from the investigation made by
Brind and Robertson (1958). Their computation indicates a maximum
recurrent 100 year flow of 111x10° m’, and an actual annual hich flow

of ‘Hxlcs n-l3 from the investigated period 1941-1946.
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River Gilgil. Recurrence intervals
of annual meximm discharge at gauge
station 2GA3. Based on data fram
1962 to 1980.

River Gilgil. Recurrence intervals
of monthly maximum discharge for

the month of August at gauge station
ig%g Based on data from 1962 to

The return periods of monthly flow to be expected are based on data
from the months of May and August over the period 1932 - 1980. The
monthly flow to be expected for the month of May once in 100 years is
c. 97x10% m® and for the month of August c. 84x10% m> (Fig. 4.9b-c).
The recorded maximum flow for these two months is 86x10° m in 1963,

and 81x10% m> in 1971, respectively.

Rainfall-runoff relationship o

. i

The relation between rainfall and the amount of water transparted out
of the catchment area is described by the runoff coefficient. That is,
if the average rainfall on the catchment area is 100 mm and the
measured discharge, caused by that rainfall, out of the catchment area
is 50 mm, the actual runoff coefficient is 0.50. This coefficient de—
pends on a number of different factors within the catchment area, e.qg.
slope, soils, vegetation, evaporation, catchment size, and the char-
acteristics of the rainfall (cf. e.g. Marie Morisawa 1968, p. 11).
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|
In a study by Brind and Robertson (1958) the rainfall runoff relation-
ship is based on annual data. The correlation between rainfall and
runoff is found to be +0.89 for the Malewa catchment area and +0.64 for
the Gilgil catchment area. The equation of the line of regression for
Malewa is ¥ = 0.285 X - 6.71, and for Gilgil ¥= 0.271 X - 4.69, where Y
is runoff in inches and X rainfall in inches.

In the present study similar computations are made but on the basis of
monthly values. For the River Malewa catchment area the average pre-
cipitation is computed for each month from 1936 to 1937, and from 1952
to 1954, from precipitation stations no. 1, 2, 4, and 5 using the
Theissen method (Otnes and Reastad 1971, p. 136) . In figure 4.1l these
average rainfall values are plotted against the correspording discharge
(in colum of water) at gauging station 2GBl, and as can be seen there
a is very poor correlation i.e. +0.55. The same analysis on rainfall
runoff for the River Gilgil catchment area over the periods 1963 ~ 1966
and 1968 - 1970 is plotted in figure 4.12. Here the correlation is
only +0.53. The reascns for this low correlation between rainfall and
runoff can be explained mainly by e.g. the two factors:
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Fig. 4.11 River Malewa catchment area, Correlation
between average rainfall on the catchment,
camputed by the Theissen methed, and runoff
at station 2GBl.

n columr of water mm)

Runortt

r=09)

Qb

R !

T T T
| S0 100 150 200 250

Average precipitation (mm!

Fig. 4.12 River Gilgil catchment area. Correlation (0
between average rainfall on the catchment,
camputed by the Theissen methoed, and runoff
at station 2GA3.

- The network of rainfall stations is not dense enough. Camputation of
the average precipitation over the actual catchment area using the
Theissen method leads to large errors in the figures for the amounts
of rainfall, since the rainfall stations are not representative.

- Also, the calculations of correlation become very much dependent on
shart "gathering time"” when using monthly values on precipitation
and runoff. Suppose that a heavy shower occurs at the end of a month
and is registered at a rainfall station. The runoff caused by this
rainfall may not be recorded until the following month due to the
delay (gathering time). During this latter month the ruroff figqures
are campared with the wrong rainfall figqures: I.e. the correlation
would probably be better if the year was divided into rainy and
non-rainy periods.
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Fig. 4.13 Monthly average rainfall on the River Malewa catchment
area, runoff at gauge station 2GBl and lake level
(1932-1959).

Apart from these two factors mentioned above, there are other effects
infiltra-
tion capacity and evaporation, that lead to a low correlation. As all
these factors vary over time and with the amount and duration of rain-
fall, it is difficult to compare the runoff caused by cne rain with
that from ancther. And as will be shown later groundwater flow probably
has great influence on river dxsd*arqe Also, this latter factor might
make it difficult to compare rainfall with actual overland runoff.

on the runoff ratio, caused by variations in soil moisture,

The average monthly values for runoff and average precipitation for the
River Malewa catchment area during the period 1932 to 1959 are shown in
Figure 4.13. The average annual runoff is 87+23 mm, and the annual ave-
rage rainfall 906+201 mm, i.e. the average runoff coefficient is about
0.1. As can be seen in this diagram there is also a delay between rain-
fall and runoff. One reascnable explanation for this delay is that the
river discharge is to a great extent influenced by groundwater sources.
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Fig. 4.14 Monthly average rainfall on the River Gilgil catchment
area, runoff at gauge station 2GA3 (1962-1980).

Figures for the annual average ruroff and precipitation of the River
Gilgil catchment basin during the period from 1962 to 1980 are shown in
Figure 4.14. The average annual precipitation amounts to 899+262 mm and
runoff is 159472 mm; the average runoff ccefficient is about 0.18. In
this diagram too there is a clear delay between precipitation and run-
off, probably due to the same reason mentioned above.

As the influence of groundwater on river discharge seems to be rather
significant, there might be a gimilar direct inflow of subsurfate water
to Lake Naivasha. In Figure 4.13 the average monthly water level in the
lake from 1932 to 1959 is compared with inflow fram the River Malewa at
gauging station 2GBl, and with rainfall on the River Malewa catchment
during the same period. As can be seen, there is a definite delay
between these curves. The fact that the average annual highwater level
in the lake occurs half a year after the period of the long rains, and
about two months after the average highwater discharge, implies a
subsurface inflow of water to the lake. Sikes (1936, p. 78) menticns
the possibility of a subsurface inflow to the lake, but he states that
such seepage water would be immediately subjected to evapotranspira-
tion, and that it may be disregarded as a contribution to inflow.
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Lake level variations and the water budget

Lake level in relation to inflow

The wvariations in lake levels during the last 100 years are discussed
in Chapter 3 of this paper. In a previcus investigation, made by Brind
and Robertson (1958) the water balance for Lake Naivasha is based on
annual values for the factars affecting lake levels, and from these fi-
gures no clear relationship between the factors of the water balance
equation could be established.

In the present study the water balance for the lake is based on monthly
averages of the relevant factors, which probably describes the condi-
tions in a more accurate way. It is also more "sensitive" to the great
variations in inflow (R), the factor which affects the short time va-
riations in lake level the most.
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Fig. 4.15 Monthly average water level in Lake Naivasha and runoff
at gauge station 2GBl (1971-1980).

Lake et lmoasi)

As can bet seen from Figure 4.15, the lake level over the period 1971 to
1980 fluctuated between 1886.9 and 1890.3 m a.s.l. The relationship to
inflow fram the River Malewa is quite obvious. It should be noted that
the inflow from the River Gilgil, the River Karati and the lake sur-
roundings are neglected in this diagram.

During the period 1972 - 1976 there is on the whole a trend towards a
falling of the lake level, that amounts to about 0.5 m/yr. or 0.04
m/month. This falling lake level is not caused by any general trend of
diminishing inflow, but is due to a period of five consecutive vyears
when the inflow was at or below the average annual inflow for the whole
pericd 1931-1980.

During the period 1972-1976 lake level dropped 2.26 m and the total in-
flow from the River Malewa and the River Gilgil was ?98::106 m3. This
can be compared with the total of six average years, 1962-1980, which
avounts to 1080x10° m . From this it can be concluded that the water
balance of Lake Naivasha has a rather unstable equilibrium, and that
inflow just below the average makes the lake level drop considerably.
On the other hand, lake level is also very sensitive to high inflow.
As can be seen from Figure 4.15, water level rose from 1887.00 to
1888.00 m a.s.l during May 1977. Runoff during this flow was so heavy
that no records are available due to damage to the gauging station
2GBl, but if the discharge is estimated fram the two gauging stations
2GBS and 26C4 (cf. Fig. 4.1a) the inflow should be at least 106x10° m’
during the month of May 1977. This can be campared with an annual

average discharge at station 2GBl of 155%10% m’.

According to p. 55 and camputations of runoff probabilities such high
flow for the month of May can not be expected more often than perhaps
once in 100 years (Fig. 4.9b).

Water balance computations of Lake Naivasha

As mentioned above, an earlier attempt to establish the propoartions
between the factors influencing the water balance failed, most likely
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because annual values were used. In the present study an attempt is

made to explain the lake level variations fram the monthly values of

the factors in the water balance equation. That is, the equation for
the lake can be defined as:

P+R-E+I=+A4s

P = Average precipitation on the lake.

R = Inflow fram River Malewa and River Gilgil
transformed to colum of water an the lake.

I = The possible seepage to and/or subterranean
outlet fram the lake.

E = Potential evaporation.

AS = Changes of water level i.e. changes of starage.

An analysis of the monthly values for the factors mentioned above was
made for two periods, January 1972 - December 1974, and January 1978 -
December 1980. The two pericds were chosen for two reasons. Firstly,
there is only two data missing for the factors of the equation used,
i.e. runoff data for the River Gilgil in January 1973 and June 1980.
Secondly, the aim is to check the method under different circum-
stances, i.e. falling ard rising water level. In Table 4.3 and 4.4 all
factors are converted into columns of water (mm) on the lake, taking
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Fig. 4.16 Relationship between lake level and lake area in
Lake Naivasha. Based on the lake survey in 1927.

the actual lake area in consideration. Figure 4.16 shows the area -
water level diagram based on data from the lake survey in 1927. The
factor AS corresponds to the expected monthly water level change,
obtained by using the water balance equation: AS =P +R - E. |

Example 1. January 1972 to December 1974

The results obtained by using the equation, AS =P + R - E, are listed
in Table 4.3. The calculated water level change, AS, for each month
is plotted in Figure 4.17. These calculated water levels can be
campared with those actually measured at Korongo farm. Fram this it can
be seen that the lines follow each other very well, but thac they
gradually separate. The vertical distance between the two lines is
called AH. Results from regression analysis of this successive
“line-separation” with time can be seen in Figqure 4.18, where the
monthly difference, AH, is plotted against the corresponding month. The
line of equation obtained fram this regression analysis is Y = 140.3 +
22.8 X, and the correlation coefficient is +0.89. In other words, the
calculated amount of water that successively would accumulate in the
lake according to this camputation should be about 23 mm/month.

Table 4.3. Computations of expected water level change AS, using
the water balance equation P + R - E = AS (1972-1974).

YEAR 1972 ;
I FEB MAR APR MY JUN Ju G SEP ocT hov DEC
R(Malews ) 3.6 6.1 8.6 8.6 25.0 727 49.6 149.2 M2 ST 119 183
R(Gi1gi1) 5.2 5.9 1.8 34 3.7 105 156 214 12.8 1.7 1.2 5.0
P 1.3 1223 456 12,2 691 120 6.2 470 151 664 19.0 5.4
% 1404 1054 46,3 1354 1105 92,6 1128 1343 1ML5 437 135,72 10400
as -90.3 789 -68.3 -101.2  -13.7 41027  -31.4  +B3.4 62,4 -11.9 +42.9 -55.3
YEAR 1973

78.2  65.2 &)

R{Malewa) 2.3 21:2 13.9 23.2 6.5 3.4 S1.4 1335 5 2.1
R{Gil1gi1) -— 38 1.7 4.1 4“6 5.3 6.2 13.2 29.6 22.7 5.1 4.6
P 438 4.3 2.0 85.9 69.8 39.2 5.1 1.4 65.9 23.9 54.2 6.2
En 129.4  129.7 188,01 166.8 118.6 123.8 123.4 1369 125.9 158.6 108.6 150.7
as (-58.3) -59.8 -168.5 -83.6 -17.7 -30.9 -14.8 17,2 +A7T.B -46.8 +12.6 -117.8
YEAR 1974
R{Malewa) 12.4 0.0 15.1 9%.9 42.5 7B.3 47.0 128.2 2%8.2 178.2 93.4 .0
R{Gi1gi1) 1.6 l.8 4.6 5.4 4“7 1.8 14.2 n.s 9.0 0.4 1.1 0.6
P 3.3 4.2 60.3 162.3 169 N7 99.7 . 2.5 20.1 4.7 21.2
Ea 180.8 1637 1677 82.5 120.2 105.5 82.0 1048 1048 147.8 %.9 112.4

a5 -161.5 -145.1  -B1.7 -182.1 439 #8937 +278.9 +102.3 #2349 +60.9 +46.3  -57.6
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Fig. 4.17 The water level (H) during the pericd from 1972 to 1974.

(H) actual: measured in Lake Naivasha at Korongo Farm.
(H) calculated: Cbtained by using the water balance

tion. (H) corrected: The calculated (H) values cor-
rected for each respective trend value.
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Fig. 4.18 Analysis on r ssion of the successive "line-

separation” (AH) with time (1972-1974).
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Example 2. Jamuary 1978 to December 1980
Results from the calculation described are listed in Table 4.4. The
calculated factor AS is plotted in Figure 4.19. As in the farmer
example the calculated water level curve gradually separates from the
actual one. The analysis of regression between the factor AH and the
respective month is shown in Figure 4.20. The linre of the equation is Y
= -79.9 + 27.9X and the carrelation coefficient is +0.98. In this
latter example the calculated volume of water that would gradually
accumulate in the lake amounts to 28 mm /month.
4
[)
Table 4.4. Computations of expected water level change AS, using
the water balance equation P + R - E = AS (1978-1980).
YEAR 1978
mmmmmmauw&svwmm

R(Malews)  65.3 26,3 187.5 2653 298.2 48.0 117.3 138.8 1M.6 165.5 1138 542
R{611g11) 46 LT g 0.8 2.7 N6 427 5T B2 WS 27 6.2
] 6.1 6.8 2383 155 46.6 6.7 16.2 67.5 60.4 26.6 237 B2.4
£ 130.1 1367 107.3 104.8 109.2 849 914 120.5 1313 125.8 1086 110.2
I H0.9 449 +336.2 +206.8 +265.3 +11.4 4848 +111.5 +150.9 +104.8 516 +32.6

YEAR 1979
RMalewn) 279 279.8 420 104.2 160.6 108.6 1055 76.8 524 629 a9 181
R(G1g11) 5.8 102 25 2.5 9.2 14 139 0.0 57 2.8 21 1%
? 8.9 719 418 15 699 1058 440 587 0.9 165 M1 176
£, N6 1162 NS4 1051 103.5  €3.0 1080 140 1343 1797 6.2 136.2
as 35,0 +245.7  -50.8 +N3.1 +136.2 +140.8 455.3 <315 -45.3) 918 2.5 -91.6

YEAR 1980
Rimiews)  12.2 111 153 460 1233 1812 1226 30 N0 WS w0 200
R(Gi1g11) 1.6 L& LT 1E 2.0 - 66 47 66 26 27 26
? W3 168 4.9 WS 2096 563 0.5 33 a4 23 82 5.3
[ 169.0 174.4 4.4 1335 83,9 107.8 1318 1586 182.2 1066 1434 176
as TIN6.9 15,0 -120.5  +6.7 +290.0 (+135.7) -2.1 -116.6 -103.5 -S6.2 -)9.4 -8A.7
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Fig. 4.19 The water level (H) during the period from 1978 to 1980.
(H) actual: measured in Lake Naivasha at Korongo Famm.
(H) calculated: Obtained by using the water balance
equation. (H) corrected: The calculated (H) values cor-
rected for each respective trend value.
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Fig. 4.20 Analysis on regression of the successive “line-
separation”, (AH) with time (1978-1980).

Conclusions

The two examples describing the water balance of Lake Naivasha show
that it is possible to find a very good correlation between the monthly
values for river inflow (R), the average precipitation on Lake Naivasha
(P) , and the potential evaporation (E). There is also a good
correlation between the two lines of calculated and actual water
level. The successive vertical separation between the two lines (the
linear factor AH) indicates that there should be an accurulation of
water in the lake amounting to c. 25 mm/month ( average value for the
two periods 1972-1974 and 1978-1980), according to the computations
described. The reason for this linear factor in predicting the water
level can be explained by one or several of the following factors:

- A systematical error in the runoff (R). That is, the measured
discharge figures exceed the actual ones, by a certain amount, due
to use of an inaccurate rating curve. This would mean a difference
between measured and actual inflow to the lake amounting to &. 30 §
of the total annual inflow. Such a difference seems to be far too
much.

~ A systematical error in calculation of the average rainfall of the
lake, using unrepresentative rainfall stations. However, as the
rainfall is largely due to local showers, the fact that there is a
pronounced linear trend in the factor AH speaks against this pos-
sibility.

- A systematical error in the evaporation figures, i.e. the pan factor
used (0.80) results in figures for evaporation that are too low.

=~ A subterranean outlet of Lake Naivasha, i.e. the calculated accumu-
lation of water corresponds to the volume of water lost through
seepage. The main fact opposing this is that the lake is filled
with thick layers of sediments. These sediments might be so imper-
meable that the seepage from the lake could be el iminated.
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of these four possible explanations the most probable is a combination
of the two latter ones. Thus, the actual evapotranspiration from the
lake might exceed the potential evaporation figures used. And, as there
seems to be a considerable inflow of ground water, there mght very

well be a similar seepage of water out of the lake.

This latter possibility is very interesting, because it indicates the
feasibility of regarding Lake Naivasha partly as the exposed ground
water table (cf. Sikes 1936, p. 77). This will explain the delay
between the curve of the average inflow to the lake and the curve of
average lake level in Figure 4.13. ffhat is, the lake level variations
can be ccnsidered as the result of both the annual variations of the
groundwater table, and of short time variations due to increasing or
decreasing river inflow.

Addendum

Since the previous chapters were written another visit has been made
by two of the authors (Syrén and Ase) to Lake Maivasha and its sur-
roundings. The field work during this stay was conducted in October
1985. As same of the findings are of importance for the interpretation
of the changes in water level and water budget of the lake they will
be briefly described below. Also, a few facts that make the descrip-

tion of Lake Naivasha and its surroundings more "up to date" have been
included.

The surroundings of Lake Naivasha have changed mainly due to the in-
creased development of gecthermal energy at the Olkaria site in the
Hell's Gate area and to the fact that both Hell's Gate and Longonot
are now (since 1984) national parks. The actual electricity generated
at Olkaria now egquals ca 15% of Kenya's total. The establishment of
Hell's Gate National Park has lead to a definite increase in the
number of herbivores such as eland, of which a large herd is found in
the area, kongoni and other antelopes, and gazelles. Even carnivores
such as lions (a lion "kill" was found in October 1985) seem to be on
the increase in the area. Rock hyrax are now abundant around Fisher's
tower.

The lake level of Lake Naivasha has, except for an increase during the
heavy rains in 1981, on the whole decreased during the 1980's. The de-
crease was very rapid in 1984, so that the water level in October 1985
was 1.2 m (4 feet) lower than at the time of the depth survey in Octo-
ber 1983. This has meant that Oloidien Bay 1s now, once again, separa-
ted from the main lake, and according to a reading made in Oct. 1985,
had a pH of 8.8, whereas the pH of the main lake was around 7.8. Sal-
vinia molesta now seems to have disappeared from Oloidien Bay and most
of the southern part of the main lake, but is still very abundant in
the northern part and in the lagoons of the western part of the' lake.
In spite of the decreasing lake level, same water lilies were observed
in various parts of the lake in October 1985. This might possibly be
due to a decrease in the coipus population; not a single one was seen
during our stay at the lake. Even the population of crayfish seems to
have decreased, especially when compared to the conditions in the mid
70's.
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During our stay at Elsamere on the southwestern shore of the main lake
(opposite to Hippo point) comparative studies were carried out on the
combined effect of the absorbtion of water and evapotranspiration from
Salvinia and Papyrus, compared to the evaporation from a free water

surface under camparable conditions. The results fram two sets of ex-
periments indicated that the combined effect of the absorbtion and
evapotranspiration from living Salvinia equalled c. 80-90% of the eva-
poration from a free water surface. One set of experiments gave the
value 82%, the other 92%. The corresponding figure from a single pan
with Papyrus gave 93%. The figures strongly support Syrén's conclusion
that the water balance of Lake Naivasha greatly depends on groundwater
flow, since neither the belts of Salvinia nor the Papyrus seem to de-
prive the lake of water, as ccrnpé.red to the evaporation from the free
surface of the lake. The calculated accumilation of water in Lake
Maivasha (cf. p. 69) is probably not due to the use of too low evapo-
ration figures.

Stockholm, November 11, 1985

lars-Erik Ase
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