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Abstract: This study investigated the anthropogenic activities in Lake Naivasha Basin and how they are influencing the 

quality of water resources. The poor quality of water in the lake is seen from the presence of water hyacinth (Eichhornia 

crassipes) and is a reflection of nutrient rich waters. The water hyacinth in Lake Naivasha is associated with major  

negative economic and ecological impacts. The intensity of land use within the basin was mapped from multispectral 

Landsat satellite imagery of 1986 (TM) and 2000 (ETM) and SPOT imagery 10 m (resolution) of 2007. From interpreted 

data, the surface area of the Main Lake has decreased from 134.9 km  in 1986 to 117.5 km  in 2007 (12.9%); that of  

papyrus and wetland grasslands along the lake shore decreased from 54.6 km  to 34.3 km  (37.2%) and that of the  

horticultural and irrigated farms increased by 103.3% from 45.1 km  to 91.7 km  in the same period, placing great  

pressure on both the quality and quantity of the lake’s water resources. Information obtained from the Fisheries  

Department in Lake Naivasha show that the fishery production declined from 513 to 110 tons in the period considered. 

The Naivasha Municipal Council records indicate a 30% decline in the water it supplies to Naivasha Town from 10,000 

m
3
 to 7,000 m

3
 in the same period despite the increase in population. The decline was attributed to many factors among 

them the presence of water hyacinth and the decline in water quantity due to increased human activities. 

Keywords: Anthropogenic activities, wetland, water hyacinth (Eichhornia crassipes), invasive species. 

1. INTRODUCTION 

Lake Naivasha occupies an important position in Kenya’s 
economy because of the multi-million cut-flower industry 
flourishing at the riparian areas of the lake [1]. It is an im-
portant area for the production of fish, livestock and geo-
thermal power [2] and is the main source of water for do-
mestic use and for irrigation. Because of its biodiversity the 
lake was identified and named a Ramsar site in 1995 [3]. The 
lake is a fresh water lake in an otherwise markedly alkaline 
series of lakes in the Rift Valley floor [4]. The freshness of 
the water is attributed to incoming flow from Malewa and 
Gilgil rivers and to losses of solutes through seepage into the 
surrounding pumiceous formations. To some extent the 
freshness is also attributed to geochemical and biochemical 
sedimentation. In a study on major ion chemistry [5] esti-
mated that the amount of water loss by seepage from Lake 
Naivasha was 5% in 1973, 11% in 1974 and 20 % in 1975. 

Despite its importance and role as a major tourist attrac-

tion and its use for boating and water sports, the lake faces  

 
 

*Address correspondence to this author at the School of Environmental 

Studies, Department of Environmental Planning and Management, Kenyatta 

University, P.O. Box 43844-00100, Nairobi, Kenya;  

Tel: +254-20-8710901/9; Fax: +254-20-8711575;  

E-mail: onyweres@yahoo.com 

enormous challenges from anthropogenic activities. The ur-
ban, peri-urban and rural populations have placed pressure 
on the lake’s resources (water, fish, wildlife, and forest). The 
diverse farming activities within the Lake’s basin affect the 
quantity and quality of water [6]. This is reflected in high 
levels of siltation and pollution of surface water as seen from 
the presence of high levels of nitrates, phosphates, BOD, and 
turbidity of the water [7]. It therefore means there is lack of 
adequate supply of clean water to the riparian communities. 

The principal surface influx to Lake Naivasha is through 

Gilgil and Malewa Rivers flowing in from the north, down 

Bahati and Kinangop escarpments, respectively. The lake’s 

catchment covers an area of 3320 km . Malewa River con-

tributes about 90% of the lake’s recharge and most of the 

rest is contributed by Gilgil River [8]. Within the catchment 

there are worrying trends of land cover destruction that is 

impacting negatively on the lake and reflected on the prolif-

eration of water hyacinth (Eichhornia crassipes) infestation 

[9]. The Lake Naivasha drainage basin, presents a good ex-

ample of localities that have undergone extensive land use 

and land cover changes since the attainment of independence 

and a subsequent rise in its population. These transforma-

tions have been a threat to the sustainability of its natural 

resource endowments, in the figure of the lake itself and 

land, which are the pillar of its economic growth. The 
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changes and their repercussions require careful considera-

tion, both at local and regional level, in order to facilitate the 

formulation of rational policies that effectively strike a bal-

ance between economic development and environmental 

conservation. Rational policy formulation, however, calls for 

accessibility to land cover information of sufficient reliabil-

ity and temporal and geographic detail. The purpose of this 

study was thus to assess the level of land cover change and 

the implication of agricultural activities and urban settlement 

on the lake’s water quality. The study’s objectives were two-

fold: to determine the probable driving forces of land use 

that results in land cover changes in Lake Naivasha drainage 

basin and; to establish and map the magnitude, rates, nature 

and spatial distribution of the land cover changes that have 

occurred in the area and what that means to the quality of 

water in the lake. Both remote sensing and GIS techniques 

were employed to collect the pertinent data needed for ful-

filling the study’s objectives. Multi-temporal satellite data 

(Landsat TM 1986 and 2000 (ETM) and SPOT 2000) were 

acquired and field survey conducted from, which land cover 

sample data were collected using the Global Positioning Sys-

tems (GPS) and mobile GIS. The following section presents 

the study area, materials and methods used in the study and 

finally the results, discussion and conclusions. 

2. THE STUDY AREA 

Lake Naivasha area is dominated by quaternary volcanic 
ash and pyroclastic deposits in the plain areas and some vol-
canic tuff and lava flow in the higher escarpments. The part 
of the basin around Lake Naivasha is underlain by lacustrine 
sediment deposits most of which is conspicuously exposed at 
Ol Njorowa Gorge [10]. The geology of Lake Naivasha area 
generally shows complex geological structures. Alkaline 
volcanism 2-3 km thick and composed of pumiceous pyro-
clastics, ashes, trachytes, ignimbrites, phonolites and phono-

litic trachytes, tuffs, agglomerates and acid lava [11, 12] 
dominate the area. Four major periods of volcanicity and 
faulting are reported by [13]. Olkaria volcanic complex is 
dominated by alkali rhyolite lava and pyroclastic rocks. The 
Lake Elmenteita lava flows are mainly of basalts and ash tuff 
and the Eburru complex is dominated by trachytes. Wide-
spread trachytic pyroclastics and tuff are located in the Ki-
nangop escarpment. Ol Obonge lava at Eburru, and Ol'lolbu-
tot lava at Olkaria are the youngest of the lava flows reported 
by [14] to have occurred 2000 years ago. The lithosphere is 
thin due to geothermal activities in the area [15, 16]. 

The southern part of the catchment of the lake is within 

the Olkaria volcanic complex. Craters, fumaroles, hot 

springs and steam vents are found in several places within 

the Olkaria and Eburru area [17, 18]. The earlier tectonic 

geology is reflected in the step-faults of Satima and Kinan-

gop generating the Kingop Plateau. Grid faulting has gener-

ated the Gilgil Plateau while the Mau escarpment is as a re-

sult of fault flextures. The major fault escarpments influence 

the topography of the rift floor [19] (Fig. 1) and in general 

reflect the tectonic structure of the East Africa Rift Valley 

system in Kenya of anatomising and bifurcating faults [20] 

that influence the drainage flow pattern [21]. 

The major faults are traceable from satellite images and 

reveal the structure of the terrain and the lines of surface 

runoff. The landform features of Mau-Kinangop escarp-

ments, Gilgil plateau, Kinangop plateau and the interior 

drainage basins of lakes Elmenteita, Naivasha, Ol Bolossat 

are as shown in the Shuttle Radar Topographic Mission 

(SRTM) data of the basin [22] (Fig. 1). These landforms 

greatly influence movement and accumulation of surface and 

sub-surface waters and subsequently the ground water flow. 

They also influence the rainfall patterns in the area. 

 

Fig. (1). Location of the study area and SRTM DEM Data of lake Naivasha area (Source: [22]). 
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Meteorological observations records of the Kenya Mete-
orological Department [23] from six stations (Kwetu Farm, 
Gilgil - 0°21'S/36°18'E, 1020.9 mm; Gilgil Railway Station - 
0°30'S/36°20'E, 635.5 mm; Kinangop Forest Station 
0°35'S/36°38'E, 1154.6 mm; Naivasha KCC - 
0°40'S/36°23'E, 631.2 mm; Naivasha District Officer’s 
0°43'S/36°26'E, 670.9 mm; Kerita Forest Station - 
0°59'S/36°38'E 1382.1 mm) averages over 30 year period 
range from 630 mm at the Lake Naivasha area to 1380mm at 
the Aberdare ranges. The rainfall pattern exerts influences on 
the discharge from the catchment and over the vegetation 
cover and the pattern of agriculture in this area. Due to hot, 
dry and windy climate in the Naivasha section of the Rift 
Valley, annual evaporation loss (2060 mm) far exceeds the 
annual mean precipitation of 852 mm. There is also low rain-
fall reliability making rain-fed agriculture a challenge. The 
Kenya Meteorological Department (KMD) [23] estimates 
that the low relative humidity and an average daily maxi-
mum temperature of 25 °C tend to cause annual potential 
evaporation of 1500-1900 mm/yr which is far in excess of 
the rainfall [24]. This is also reported by [5]. The area within 
the rift floor therefore has a semi-arid climate and falls in 
agroclimatic Zone III and IV [25] and the most suitable 
farming system would therefore be rangeland agriculture. 

Because of volcanic, topographic and climatic influence, 
there are three different hydro-geological regimes in Lake 
Naivasha basin, namely: 

a). Near surface aquifers that are patched in surface lavas 
and tuff and pyroclastic sediments at between 50-150 
m [26]. These are located along the plateaus and 
within the riparian areas of Lake Naivasha. These aq-
uifers are normally found in the fractured volcanic 
rocks and at times along weathered contacts between 
different lithological units and they are often confined 
or semi-confined with low storage coefficient. 

b). Medium depth aquifers that are a result of intercep-
tion of drainage from the escarpments by the rift floor 
fault lines running perpendicular to them. The fault 
lines are indicative of permeable fractures zones 
which influence the depth of the aquifers [27]. In the 
Ndabibi area the aquifers are at approximately 100-
300 m depth and they could be a source of groundwa-
ter recharge into Lake Naivasha. The main aquifer is 
composed of lacustrine volcanic and sedimentary 
rocks with generally low permeability (12-148 
m/day), though there exists some variations locally 
[10]. 

c). Where the groundwater come into contact with 
deeper fissure and fractures zones they manifest 
themselves as geothermal resources now under ex-
ploitation at Olkaria from 1-2.5 km deep wells [28]. 
Along Olkaria and Eburru Volcanic Complexes scat-
tered warm springs are seen rising from the lavas and 
the N-S trending fissures. The fumaroles are discharg-
ing from the geothermal reservoirs. 

Data from existing boreholes and wells reveal the com-
plex hydro-geological conditions. The depth to aquifers var-
ies throughout the basin but it generally ranges from 1.3 m at 

the lake shore area to about 240 m. Estimated hydraulic con-
ductivity average 10 m/day and well yield on average is 3 
l/s/m [5]. 

Naivasha basin was formerly an integral part of the tradi-
tional pastures of the Kenyan pastoral Maasai, with the lake 
as an important dry season refuge [1]. Following coloniza-
tion by the British just over one hundred years ago, the basin 
became a focus for European settlement [29]. The higher 
parts at the escarpment were mainly used for wheat and cat-
tle and the bottom of the Rift Valley for beef cattle and sisal. 
Lucerne and other vegetables were grown around Lake Na-
ivasha. Other local communities occupied the higher-altitude 
areas suitable for rain-fed agriculture.  

The urban area of Naivasha, on the north-eastern shores 
of the lake, with its sewerage treatment works provides the 
most challenging environmental impacts on the lake [30]. 
The town has a sewerage-collection system for only part of 
its area with the rest of the population utilizing pit latrines. 
The town has open drains which often get flooded, carrying 
most of the wash-off from the town to the lake during the 
rains. The sewerage treatment works often breaks down and 
in instances is non-functional for a long period of time. The 
overflow from the treatment works is into the lowland area at 
the shores of the lake. 

Lake Naivasha area contains two small national parks 
(Hells Gate and Longonot) in the vicinity of the lake and the 
Aberdare National Park is close by and is therefore a tourist 
destination [1]. The beauty of the area, the diversity of bird 
and wildlife and the proximity to Nairobi attract many local 
and overseas visitors ( 40, 000 in 1998) [31]. In 1982 the 
first geothermal power plant in Africa, KenGen Ol Karia, 
situated 7 km south of the lake, became operational, produc-
ing about 45 kW of power [18]. In 2002 an independent 
power producer started production in an adjacent area, pro-
ducing 12 kW. In 2005 a second KenGen generation station 
was commissioned and is currently producing 65 kW of 
power. 

Naivasha’s Population 

Naivasha is one of the fastest growing towns in Kenya. 
The growth is fuelled by increasing horticulture and floricul-
ture farming business around the lake. Tourist activities in 
the region, along with rural to urban migration as a result of 
falling farm incomes from traditional cash crops, have con-
tributed to the growth. The population of those currently 
living around the lake is estimated at 380,000 people [32]. 
The population of Naivasha Division, an administrative unit 
within Lake Naivasha rose by 137% in 10 years between 
1999 and 2009 (Fig. 2). 

3. METHODOLOGY  

Spatial image analysis techniques were used to map the 
land cover pattern using Landsat TM of 28/1/1986, Landsat 
ETM of March 2000 and SPOT image of May 2007 centred 
at Lake Naivasha. The Images were used to delineate the 
land cover classes. Image preparation, projection, registra-
tion and enhancements were done using ERDAS Imagine® 
image processing software and following a method described 
by [33-34]. The statistical treatment of the satellite images of 
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the study area used bands 1+2(green) average, 3 (red) and 4 
(infrared), which showed good contrast of the terrain fea-
tures. The topography revealed the structure of the terrain 
and the lines of surface drainage. The vegetation cover 
mainly occurs on the volcanoes or at the escarpments and 
along the riparian zones. GEOVIS software was used to car-
tographically extract the terrain elements that constituted the 
land cover units. ArcView/ArcGIS ® and the visualization 
capability of ArcView 3D Analyst were used to further ana-
lyze the interpreted data and to compute the areas of the land 
cover units. The tool was also used to select appropriate 
symbolization and to change the appearance of the map. 
Large-scale printouts of FCC were generated for mapping in 
the field. 

Water samples were collected from selected boreholes 

and parts of the lake. These were used for water quality 

analysis to determine the effect of anthropogenic activities 

on the water. The depth to the rest level of the waters in the 

boreholes was measured to determine the depth to the aqui-

fers. Field observations were made to document the extent of 

the impacts occasioned by anthropogenic activities. Borehole 

water level measurements were done during the months of 

May 2006 and October 2006. Sampling parameters were for 

in-situ measurement of water characteristics and comprised 

of temperature, pH, conductivity, total dissolved solids 

(TDS) and total suspended solids (TSS) measurements. 

4. RESULTS AND DISCUSSIONS 

The high degree of reflectance contrast of the study area 

parameters enabled extraction of 34 terrain parameters (land 

cover units) shown in Figs. (3, 4 and 5) and Table 1. The 

topographic variations and the vegetation cover influenced 

Fig. (2). The population growth of Naivasha Division [32]. 

 

Fig. (3). Image and land cover map extracted from Landsat TM image of January 1986. 
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the nature of the parameters. There was strong variance 

among water, riparian vegetation, deciduous bush, bare 

ground, horticultural cultivation and the irrigated land units, 

papyrus and water hyacinth thus enabling their delineation. 

The river drainage lines dissecting through the escarpments 

were also easily delineated. The image data was visually 

interpreted based on the tonal values, texture and structure 

based on the principal discussed by [35]. The areas with 

similar characteristics were grouped to one class and the 

delineation made. The area coverage of the 34 specific land 

cover classes identified was computed and the data re-

grouped into 9 broad classes highlighted in grey in Table 1. 

The table gives a broad picture of the changes that have 
taken place in the basin. 

The interpretation made from the time series image data 

of 1986, 2000, 2007 shows that the wider Lake Naivasha 

Basin is being used for rain-fed small scale and large scale 

subsistence and cash crops cultivation. This area is mainly 

located in Kinangop Plateau and the Ndabibi Plain. It can 

also be deduced that the riparian area around Lake Naivasha 

is mainly under horticulture farming. On comparing the im-

ages of 1986 and 2007 for the 1644 km  under study, it is 

apparent that: 

 

Fig. (4). Image and land cover map extracted from Landsat ETM image of March 2000. 

 

Fig. (5). Image and land cover map extracted from SPOT image of May 2007. 
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Table 1. 34 Land Cover Units Extracted from Satellite Imagery of the Area for the Dates Shown 

SUB_CLASSES 1986 (km ) 2000 (km ) 2006 (km ) 1986-2000 % 

Increase 

2000-2006 

% Increase 

1986-2006 % 

Increase 

Acacia Wooded Vegetation 37.1 46.2 35.6 24.3 -22.9 -4.1 

Euphobia Woodland 4.1 2.7 4.9 -34.5 81.9 19.1 

Wooded Shrubland 111.7 79.6 226.9 -28.7 185.0 103.2 

Degraded Forest 33.0 65.9 20.2 99.5 -69.3 -38.9 

Dense Wooded Shrubland 27.6 28.9 32.9 4.6 14.1 19.3 

Eburru Forest  83.5 66.0 88.7 -21.0 34.4 6.2 

Mau East Forest  8.6 9.7 9.4 11.9 -2.9 8.6 

Kinangop Forest  49.5 - - Present Obliterated  Obliterated 

Riverine Vegetation 10.7 10.9 19.1 1.5 75.5 78.0 

Dense vegetation 365.9 309.8 437.7 -15.4 41.3 19.6 

Grassland 311.9 192.1 172.6 -38.4 -10.2 -44.7 

Grassland1 43.3 101.2 70.6 133.6 -30.3 62.9 

Hay Fields - - 7.7 - - - 

Open Grassland 59.8 145.4 84.8 143.1 -41.7 41.8 

Open Shrubland 11.0 - - - - - 

Shrubland 201.3 141.7 72.7 -29.6 -48.7 -63.9 

Ranch Fields 68.9 57.1 57.4 -17.1 0.4 -16.8 

Grassland 696.2 637.5 465.7 -8.43  -26.9 -33.1 

Hyacinth 6.6 9.0 4.4 36.9 -51.3 -33.3 

Papyrus 31.9 8.2 17.7 74.4 116.6 -44.6 

Wetland Grassland 16.1 12.2 12.2 - - - 

Wetlands 54.6 29.3 34.3 -46.30  17.0 -37.2 

Crater Lake  0.2 0.2 0.1 0.0 -40.0 -40.0 

Lake Elmenteita  0.0 0.1 - - - Receded 

Lake Naivasha  134.9 131.2 117.5 -2.8 -10.4 -12.9 

Lake Oloidien  5.5 5.4 4.3 -2.1 -21.0 -22.6 

Surface water 140.7 136.9 121.9 -2.60  -10.91  -13.32  

Horticultural Farms 17.7 38.9 45.5 119.9 16.9 157.0 

Irrigated fields 27.4 39.3 46.2 43,41 17.5 68.5 

Irrigation 45.1 78.2 91.7 73.43  17.2 103.3 

Large Scale Farmlands 145.5 140.7 105.3 -3.3 -25.2 -27.6 

Medium Scale Farmlands 114.1 - - - - - 

Large Farmlands 259.6 140.7 105.3 -45.80  -25.2 -59.4 

Small Scale Farmlands 58.9 277.8 329.2 372.0 18.5 459.4 

FARMLANDS 318.5 418.5 434.5 31.40  3.8 38.4 

Gilgil Township  7.5 10.7 14.2 41.2 33.7 88.8 

Naivasha Township  12.6 14.9 24.3 17.6 63.3 92.2 

Urban 20.2 25.5 38.5 26.44  51.0 90.9 

Lava 1.6 1.7 1.5 8.0 -14.1 -7.3 

Sandy Soils 0.1 4.6 4.2 3,184.9 -14.0 2,723.7 

Ballast Quarry - - 0.3 - - New 

Rock 1.7 6.3 5.9 262.18  -5.95  240.64  

Burnt area and No Image Data 4.7 2.5 13.9 Event - - 

Total Area 1,650.3 1,644.3     
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• Most of the rift floor is covered by thick grassland, 
scattered grass and scattered bushes which due to in-
creased agriculture has reduced by 33% from 696 km  
in 1986 to 466 km  in 2006. 

• The area of the lake classified as open water has de-
creased from 135 km  in 1986 to 118 km  in 2006 (a 
decrease of 13%). Similar levels (137.3 km  - 1986 
and 112.6 km  - 2001) are documented by [36]  

• The horticultural and irrigation activities around the 
lake have increased from 45 km  to 92 km  (103%) in 
the same period. 

• Lake Naivasha is fringed by a belt of papyrus and yel-
low fever acacia (Acacia xanthophloea) whose over-
all acreage has decreased by 37% from 55 km  to 34 
km .  

• Farming activities have seen a change from large 

scale farming to small scale farming and overall more 

land has been put into agriculture with an increase of 

38% from 318 km  to 435 km . Overall, small scale 

farming has increased from 59 to 329 km  an increase 

of 459%. 

• The urban settlement have grown by 90% (from 20 to 

39 km ). 

• The 49 km  of forest cover present at the Kinangop 

plateau in 1986 was completely obliterated by the 

year 2000. 

The land cover interpretation indicates that since 1986 
the nature of agriculture around the lake and its catchment 
area has changed drastically from ranching based agriculture 
to horticultural cultivation (Fig. 6a) and small scale subsis-
tence agriculture (Fig. 6b). The commercial activities sur-
rounding the floriculture industry provides employment op-
portunities and has therefore led to an influx of people into 
Naivasha Township and its surrounding area. Naivasha is 

one of the most populated divisions in the country with a 
population of 376,243 and a population density of 124 per-
sons per square kilometer [30]. There is a tremendous rise in 
population from 158,679 in 1999 to 376,243 in 2009. The 
majority of the population increment is due to immigration 
for employment opportunities at the flower farms and due to 
displacement from other areas of the country. The riparian 
area of the lake must support the large population and its 
vitality and sustainability has therefore raised concern. The 
formerly traditionally livestock rearing and ranching area 
with the lake being used for watering [27] has given way to 
large irrigated horticulture around the lake and arable farm-
ing in Ndabibi (Fig. 6b) and the Kinangop area. The farming 
activities have impacted on the natural rhythm of the Lake in 
terms of water level fluctuations as reflected in the decreased 
surface area of the lake - 135 km  in 1986 to 118 km  in 
2006 also reported by [8] as fluctuating between 138-297 
km . The lake’s ecology is also changing as reflected in new 
faunal characteristic with recording of the presence of flam-
ingoes in Lake Oloidien, - the Small Lake in the Lake Na-
ivasha ecosystem system (Fig. 6c). 

The ecology of the lake is also seen in the persistent 
presence of water hyacinth [36] (Fig. 6d). The presence of 
water hyacinth and the sediment loading has increased the 
cost of operation and treatment of domestic water supply 
which has seen the Naivasha Municipal Council reduce its 
water supply capacity by 30% from 10,000 m

3
 to 7,000 m

3
. 

Generally, the water has high turbidity requiring full convec-
tional treatment before domestic use. The town has been 
growing at a very high rate while provision of basic facilities 
has not expanded at the same rate to serve the population 
making the municipality unable to cope with the growth. 
Already Naivasha Town is a water deficit area [1]. The water 
supply can only meet 50 per cent of the water requirements. 
Other demographic pressures are mainly peremptory exploi-
tation of the forest cover and other vegetation for agriculture, 
grazing, sources of construction materials, food and fuel 
wood. 

 

Fig. (6). Impacts in Lake Naivasha area from the changing land use patterns. (a) Horticulture activities; (b) intense arable farming in Ndabibi 

area; (c) emergence of flamingoes in the Small Lake (Lake Oloidien) – note the receding water levels: (d) Fringe of water hyacinth in Lake 

Naivasha with higher turbidity of the water. 
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Water level changes and pollution in Lake Naivasha has 
been of wider interest over many years, initially because of 
scientific curiosity about the causes of extreme fluctuation 
[37-41] but lately for its economic value to irrigation and 
supply of water for domestic consumption and irrigation. 
The receding lake could be as a result of higher evapotran-
spiration, higher sediment loading and water abstraction for 
irrigation activities. These activities have lead to the change 
in the chemistry of the water in the lake which from the in 
situ measurements shown in Table 2 has a mean conductivity 
of 368 S.cm

-1
 compared to that previously recorded by [5]. 

The borehole waters have a mean conductivity of 715.7 
Scm

-1
 and river waters 107.1 Scm

-1
. These values are 

rather high for drinking water. From the pH measurements 
(8.36), the lake water tends to be alkaline. Lake Oloidien 

now supports the blue-green algae and tiny crustaceans, a 
suitable food for flamingoes that now inhabit that part of the 
lake (See Fig. 6c). As seen from the water characteristic (Ta-
ble 2), the groundwater chemistry of boreholes indicate that 
Lake Naivasha catchment area has different water character-
istics from the lake’s waters. From the conductivity and pH 
values, the water quality reflects the complex volcanic geol-
ogy of the watershed. 

Because of the low depth of the lake (mean depth of 6.5 

m [8, 42]) it means that relatively small amounts of rainfall 

result in large changes in the area and volume of the lake. 

The shrinkage of the lake margins affects the faunal biodi-

versity and the fish breeding sites and pattern as reported by 

[36, 43-45]. In addition the increasing agricultural activities 

Table 2. Summary of in Situ Measurement of the Properties of Water Samples from Various Water Sources in the Lake Naivasha 

Basin 

Name  Type Latitude Longitude Alt. (m) pH T ºC EC 

( Scm
-1

) 

TDS 

Suswa Water Supply BH 0º49´97.3 36º20´96.6 1907 7.34 26 850 0.480 

Kijabe Ltd Kabibi BH 0º45´50.3 36º12´03.3 2045 7.48 34 360 0.180 

Naivasha Water Supply BH 0º41´75.8 36º25´30.3 1904 7.48 22.7 400 0.200 

Kigio Lodge BH 0º35´59.1 36º24´14.6 1904 7.93 22.1 100 0.50 

Nyamamithi Acres BH 0º46´59.7 36º27´09.1 1913 7.15 20.9 580 0.290 

Rubiri H20 Project BH 0º48´06.1 36º26´30.8 1914 8.07 26.1 1240 0.610 

Kedong Bird Farm  BH 0º49´36.2 36º26´32.6 1945 7.18 26.6 990 0.490 

Pipeline Pump station BH 0º37´18.2 36º21´55.1 1877 7.15 26.8 480 0.240 

Great Rift Valley  BH 0º40´01.4 36º19´10.4 2038 8.38 26.4 900 0.440 

Oserian Farm BH1 BH 0º49´40.6 36º16´55.2 1824 7.82 23.4 780 0.380 

Oserian Farm BH2 BH 0º49´50.1 36º16´30.4 1854 7.4 23.3 790 0.400 

Oserian Farm BH3 BH 0º49´28.9 36º15´09.9 1845 7.04 26.9 1040 0.520 

Moindabi BH2 BH 0º47´54.7 36º12´45.6 1919 7.45 29.8 370 0.180 

Crater Lake BH BH 0º46´18.3 36º15´20 1857 7.32 26.8 1140 0.570 

Mean for borehole Bh - - - 7.51 25.84 715.71 0.391 

L. Naivasha Pt1 Malewa Lake 0º43´45.7 36º21´00.6 1836 8.2 23.1 240 0.120 

L. Naivasha Pt2 Centre Lake 0º44´58.6 36º20´48.8 1836 8.9 23.6 330 0.160 

L. Naivasha Pt3 Sewerage Lake 0º44´08.3 36º24´17.3 1847 8.7 20.4 410 0.200 

L. Naivasha Pt4 shore Lake 0º48´15.4 36º25´05.0 1844 8.9 23.4 390 0.200 

Home Grown Tunnel Lake 0º43´82.5 36º24´80.9 1894 7.08 17.6 470 0.230 

Mean for lake Lake - - - 8.36 21.62 368 0.182 

Malewa River PT1 River 0º40´06.5 36º23´14.8 1850 7.88 21.2 100 0.50 

R. Turusha PT1 River 0º28´45.7 36º25´14.3 1979 8.73 21.6 80 0.40 

R. Malewa at Bridge River 0º29´48.2 36º25´51.0 1967 8.5 22.4 90 0.40 

R. Gilgil PT1 River 0º30´06.5 36º21´51.6 2003 7.85 20.6 160 0.80 

River Gilgil River 0º37´33.1 36º21´27.8 1880 7.74 20 80 0.40 

R. Turasha Upstream River 0º36´55.0 36º33´25.3 2376 7.74 19.7 160 0.80 

R. Kitiri River 0º33´19.5 36º33´37.3 2339 8.0 18.2 80 0.40 

Mean for rivers River - - - 8.06 20.52 107.1 0.528 
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and urban settlements around the lake are affecting the dis-

charge and surface runoff into the lake. These activities also 

introduce pollution inputs which may significantly affect the 

vitality of the lake in terms of its biodiversity [42]. The con-

sumptive use of water from Lake Naivasha for irrigation, 

domestic, urban and industrial use is seen as the major cause 

of pressure on the freshwater resource. 

The presence of many large scale horticultural interests 

relies heavily on irrigation water, giving rise to concerns 

over its impact on the lake’s water level and water quality. 

Even with the introduction of the much more efficient drip 

irrigation technologies in the greenhouse environment, there 

is still concerns on the challenges facing the lake through 

abstraction and discharge. In addition agricultural activities 

have led to opening up of fault gushes and gulleys (see Fig. 

6b), interfering with surface runoff and reducing the dis-

charge into the lake. The depletion of the forests on the Ki-

nangop, Mau escarpments and Eburru volcanic complex has 

led to severe erosion damage seen on the images from the 

deep gulleys hundreds of meters long. Agriculture has a 

heavy bearing on erosion in the area as seen from the turbid-

ity of the water (Fig. 6d). The abstraction rates from Lake 

Naivasha itself have not been conclusively established and 

would require each of the riparian farmers declaring the 

quantities abstracted through metred measurements. This has 

not been adequately addressed even with the existing legisla-

tion requiring that any farmer abstracting water from public 

utilities to declare their rates of abstraction [1, 8]. Any ef-

forts towards ascertaining this are always met with resistance 

from the farmers. 

CONCLUSIONS 

Lake Naivasha is of immense national and local impor-
tance with her water supporting 70-75% of national cut 
flower production. The removal of vegetation and increase in 
agricultural area within the lake basin has however led to 
severe land cover change and erosion damage. The main lake 
show irregular changes of volume which also affects the 
chemistry, salinity, productivity, bio-chemical oxygen de-
mand and nutrients in the lake leading to vulnerability of the 
biodiversity. Studies reviewed during this study indicates a 
lake experiencing many major changes, both natural and 
anthropogenic over time-scales from diurnal to decadal or 
longer, with effects ranging from local accumulations of 
algal cells to complete drying. The quality and health of the 
lake shows a seasonal shift between diatom and cyanobacte-
rial dominance indicating increased nutrient loading on the 
lake. The major nutrient input being from Malewa River 
although waste discharge from the high population and in-
creased intensive agricultural activities that use pesticides 
and fertilizers raises concerns. The health of the lake is com-
promised as seen from the hydrophytic species succession of 
Salvinia molesta (water fern), Eichhornia crassipes (water 
hyacinth) Cyperus papyrus (papyrus), and Acacia dre-
ponalopium (Yellow Fever Acacia). Use of satellite data to 
assess the rate of change of anthropogenic activities has lead 
to improved mapping and quantification of the land cover 
units. The implication of land use trends and practices 
mapped from Landsat and SPOT data is made apparent when 
SRTM DEM data and field observation data is integrated. 

The image and the DEM model stresses the importance of 
morphotectonic control on the land cover changes taking 
place in the basin. The data is therefore valuable in address-
ing the important question of environmental degradation in 
the Lake Naivasha basin. 

The quantity and quality of water getting into the lake is 
further compromised from lack of sewerage treatment in 
Naivasha Township and runoff from the horticultural farms. 
The porosity and permeability of the geological formations 
also mean that there is probable groundwater contamination. 
The rising population and vulnerability of the productive 
wetland areas of the lake’s riparian environment means that 
there is substantial challenge for sustainable development of 
the lake’s resources. The long-term viability of the small-
scale farming to support the community has lead to new 
challenges in form of intensification of agriculture and there-
fore increased farm input. Through the intervention efforts of 
the Lake Naivasha Riparian Association (LNRA) a buffer 
zone below the 1906 m contour has been identified as an off 
limit area to all construction or cultivation but the challenge 
however is the implementation of this intervention strategy. 
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