PRODUCTIVE AND SUSTAINABLE
USE OF WATER

AMONG COMPETING SECTORS

A STUDY IN THE NAIVASHA CATCHMENT,
RIFT VALLEY PROVINCE, KENYA

By:

AHMAD SAIAH



By THE NAME OF ALLAH THE MOST MERCIFUL, THE MOST COMPASSIONATE

PRODUCTIVE AND SUSTAINABLE
USE OF WATER

AMONG COMPETING SECTORS

A STUDY IN THE NAIVASHA CATCHMENT,
RIFT VALLEY PROVINCE, KENYA

By:
AHMAD SALAH

THESIS SUBMITTED TO THE INTERNATIONAL INSTITUTE FOR AFROSPACE SURVEY AND EARTH
ScrENcEs (ITC), ENScCHEDE, THE NETHERLANDS, IN PARTIALL FULFILLMENT OF THE
REQUIREMENTS FOR THE AWARD OF THE MASTER OF SCIENCE DEGREE IN ENVIRONMENTAL SYSTEMS
ANALYSIS AND MONITORING {(ESM) .

EXAMINATION BOARD:

CHAIRMAN H PrRoOF.DR. A.M.J. MEIJERINK

{ITC, WATER RESOURCES AND ENVIRONMENTAL STUDIES Division, HEAD}

EXTERNAL EXAMINER H DrR.IR. E.SEYHAN
{VUA, VRIJE UNIVERSITEIT AMSTERDAM {FREE UNIVERSITY OF AMSTERDAM) }

SUPERVISOR : DR.IR. W.G.M. BASTIAANSSEN

{ITC, WATER RESOURCES AND ENVIRONMENTAL STUDIES DIVISION. }

SUPERVISCR : Dr.IR. C.M. MANNAERTS

{ITC, ESM CoURSE, DIRECTOR OF STUDIES}

UPERVISOR : Dr. A. SHARIFI

(ITC, SocraL SCIENCE DIVIOSION.}

APRIL 1999.



By The Name of Allah,
the most Merciful, the Most Compassionate



ACKNOWLEDGMENT

I BELIEVE that God
created the universe, he
puts everybody in a

situation that best
suits him. As one of his
servants, unchangeably
excellent conditions

were there for me. Two
of which were the terri-
fic educational guid-
ance, and the relieving
home-away social 1life,
that I was gifted in the
last 20 months. I BE-
LIEVE that I do 1love
God, Thanks God.



Acknowledgement
Table of Content
List of Figures
List of Tables

Abstract
Introduction
1.1
1.2
1.3
I.4
I.5
Part 1
1.1
1.3
Part 2
Part 3

i

ii

iv

v

vii

viii

General viii
Water Accounting ix
Site Description X
Objectives xi
This Thesis xii

Current Water Use 3
GIS/RS 3
1.1.1 Land Use 3
1.1.2 Digital Elevation Model 5
Gross Inflow 5
Change in Storage 7
Outflow 8
1.4.1 Committed Outflow 9
1.4.2 Uncommitted Outflow 9
Water Depletion
Return Flow 17
Performance Indicators 18
Sensitivity Analysis & Validation 19

Current Water Quality 25

Agriculture 25
Industry 28
Domestic 29
Fisheries 30
Sink 32

Productivity 35
Agriculture 36
Industry 37
Domestic 37
Fisheries 38
Wildlife 38
Environment 39

Table of Content

ii \Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis.




Part 4 Optimum Water Use 43

4.1 Land Use Inventory 43

4.2 System Analysis 46

4.2.1 Pressure 46

4.2.2 State 47

4.2.3 Response 50

Part S Basin-Wide Planning 53
5.1 Introduction 53
Scenario Development 54
5.3 Scenario Evaluation 55
Sensitivity Analysis 60
5.5 Discussion 63

Conclusions and Recommendations 67
C.1 Conclusions 67
C.2 Recommendations 68

Table of Content

Bibliography Cited 72
Plates
Plate 1-1: Land-Use Classification Map.
Plate 1-2: Three Dimensional View of the Catchment overlaid by the Land-Use.
Plate 1-3 Three Dimensional View of the Catchment overlaid by Drainage Map.
Plate 1-4 Rainfall Average Map.
Plate 1-5 Ground Water Depth Map.
Plate 1-6: Interception Map.
Plate 5-1 New Reservoir and Dam Location and Suitability Map.
aAnnex
Annex ON.1: Water Accounting Framework: The Spreadsheet & Input Parameters.
Annex QON.2: Quantitative Field Trip Questionnaire.
Annex QON.3: Miscellaneous Regarding Water Quantity.
Annex QL.1: Qualitative Field Trip Questionnaire.
Annex QL.2: Miscellaneous Regarding Water Quality.
Annex PR.1: New Reservoir: Selection & Design.
Annex PR.2: Tropical Livestock Unit: Weights, Conversion Tables, and Products.
Annex PR.3: Multi~Criteria Evaluation: Evaluation Matrix, criteria scores.
Annex PR.4: Productivity Calculations

Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis. iii




List of Figures

Introduction

Part 1:

General Structure Of the Thesis.

Current Water Use

Land-Use Classification Results.

Land-Use Classification Comparisons.
Level-Volume & Surface Area Rating Curves
of Lake Naivasha.

Water Consumers.

Soil Evaporation Vs Monthly Rainfall,
Reference Crop ET

Different Constituents of Return Flow.

A Schematic Representation of the water
Status in Naivasha Catchment.

Water Accounting Framework.

Part 2: Current Water Quality

Part 4:

Fertilizers Usage in the Last Six Years
(1992-1997).

Change in Production for Cabbages &
Tomatoes over the Last Six Years (1992-
1997).

Selected Water Quality Parameters
Concentrations Vs Guidelines for Drinking
Water.

Starting Time Of Farming Activities.

Lake Level Variations Vs Fish Catch &
Area of 1.0 Meter Strip.

Optimum Water Use

Water Quality System Analysis of Lake
Naivasha Basin.

Schematic Representation of the pollution
Cycle in Naivasha Basin.

Part 5: Basin-Wide Planning.

Effect of Evaluation Technique on the
Final Ranking for Farmers.

Weight Interval Sensitivity for Farmers
{a), Government (b), Public {(c) and
Scientists (d)

Achievements of Scenarios in Terms of
Water Share and Income.

Fig.

Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

I-1

!

LEroductive and Sustainable Use of Water among Competing Sectors; MSc Thesis.

Page x1i

Page 4

Page 4

Page 8

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page 6

Page 6

16

18
20

21

26

29

31

49

61



Part 1:

Current Water Use.

Annual Rainfall Estimation for the
Catchment and Various Covers.

Applied Water Vs Theoretical Consumption &
Return Flow.

Industrial Water Consumption.

Wildlife Water Consumption

Different Uses of Forest.

Tree Types in the Catchment with their

Coverage and Theoretical Water Consumption.

Different Uses Of Tree Types.

Interception (percentage)as a Function of
SAVI and Rainfall.

Actual Evaporation from Bare, Forest, and
Natural Vegetation.
Water Balance of the Three Main Sub-

Catchments as a Validation of the
Calculations.

Part 2: Current Water Quality.

Current Water Quality for Agriculture Vs
Comparative International Standards.
Crop Tolerance and Yield Potential of
Selected Crops Vs Current Status.
Current Water Quality for Livestock Vs
Comparative International Drinking Water
Guidelines.

Water Quality Characteristics of the
Effluent from Olkaria Geothermal Plant.
Current Domestic Water Quality Status Vs
Comparative International Drinking Water
Guidelines.

Fish Species Introduction and Disappears.

Part 3: Productivity.

Part 4:

Productivity Factors For Different
Sectors.

Optimum Water Use.

Ideal Vs Current Use for Different
Sectors.

Concentration of Selected Quality
Parameters in Wastewaters.

Table

Table

Table 1

Table
Table
Table

Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

List of Tables

1-1

1-2

1-9

1-10

2-1

2-2

2-3

2-4

2-5

3-1

4-1

F
i

|

Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis

Page 7

Page

Page
Page
Page

Page

Page

Page

Page

Page

Page

Page

Page

Pags

Page

Page

Page

Page

Page

10

i1
12

[
(o)

13
14

17

20

27

27

28

28

29

30

45



Selected Pollutants Input and Output to &
from Various Sectors.

A Unit of Inhabitant Equivelant (I.E.).

Part 5: Basin-Wide Planning.

vi

Priority Matrix; different opinions of
the involved groups.

The Evaluation Matrix; different scores
of scenarios among various criterioms.
Ranked Alternatives for Different Groups
by Weighted Summation.

Ranked Alternatives for Different Groups
by ELECTRE IT.

Ranked Alternatives for Different Groups
by Expected Value.

Simultaneous 25% and Separate 100% Error
in Selected Priorities of the Farmers
Opinion and Their Effect on the Ranking;
weights Sensitivity Analysis

Simultaneous 25% and Separate 100% Error
in Selected Priorities of the Farmers
Opinion and Their Effect on the Ranking;
scores sensitivity analysis

Effect of Changing Weighting Method on
the Ranking.

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

List of Tables

4-4

5-5

5-6

5-8

Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis.
{

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page

50

58

58

59

59

59

60

61

62



ABSTRACT

Water scarcity is a vital issue allover the world.
In some regions water is abundant and the water re-
sources need only to be properly managed. Hence a
proper management of the water resources needs to take
place, and re-distribution of the resources is becoming
a necessity.

Water accounting framework is carried out as a
first step in evaluating the water status for the whole
basin. Most of the constituents of the water budget are
calculated on Geographic Information System (GIS) or
Remote Sensing (RS) basis. Detailed calculations are
carried out to unfold the concealed reality of the wa-
ter consumption by various sectors/users. Sensitivity
analysis is done also to check how wide is the range in
which some values lie.

A descriptive water quality analysis is done to see
how well is, the available water, suitable for the
utilizations in hand.

As a third step, the productivity of each sector or
sub-sector in terms of US$/m® (of water) is done re-
sulting in a refined comparison.

Having the three last layers in hand, it was easier
to analyze the whole system in both quantity and qual-
ity. A comparison between the ideal and current water
use manifested the overuse of water in some sectors
while others are under pressure. On the other hand, the
pollution is pressing on the environment hardly in an
endless deteriorating circle.

At the end, the results obtained are reformulated
in a basin-wide planning scheme. Six scenarios are as-
sumed in addition to the base scenario, of no action,
and evaluated in a multi-criteria decision making proc-
ess to come up with a set of Best Management Practices
(BMP) that are thought to be of a great help to the
sustainability of the basin.

[Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis. vii
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I.1 General

“Human beings are at the center of concerns for sustainable development.
They are entitled to a healthy and productive life in harmony with nature”; says
the coordinator of United Nations Conference of Environment and Development at
the opening ceremony. The existing imbalance between water supply and demand
holds considerable potential for internal conflicts and competition among the
water sectorial users allover the world. In general, the governing forces that
could precipitate water conflicts in any region can be categorized as follows:

* Flow variation in time and space.
Population trends.

Inefficient Agricultural Practices.
Variable precipitation.

Decreasing groundwater Availability.
Global warming.

Environmental impacts of water use.

* ¥ % % % %

Demand of water for agriculture, household use, and industry continues to
increase rapidly, while watersheds, the irrigated land base, and the quality of
water delivered to the final user are deteriorating. Scarcity of water has led
to demand for policy reform but many questions remain concerning the feasibil-
ity, costs, and likely effects of alternative water allocation policies in de-
veloping countries. Increasingly there will be competition between agricultur-
ists, and the industry, urban areas, and wildlife conservation for water sup-

Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis. viii




Introduction

plies, necessitating more use of less optimal land and reliance on less satis-
factory water supplies. [Barrow, 1995]

On focus question is yet to be satisfyingly answered is how much water can
be safely extracted without serious disturbance of the water balance. As water
is reallocated away from agriculture to other uses it creates the most profound
challenge facing agriculture today; how to produce more food with less water.

Nowadays, we readily talk about “integrated water resources management”
instead of the usual sectoral approach to developing and managing water re-
sources, integrated water resources management recognizes that river basins are
complex systems in which the use of water for one purpose has important implica-
tions for other uses. Focusing attention on water basins, a term that includes
the upper and lower areas of the basin together with the groundwater enables a
systematic approach to managing water including the socio-technical, economic,
and human aspects of water.

.2 Water Accounting

Data on water supply tend to be poor, while information on demand is often
based on gross estimates. This means that the construction and interpretation
of, for instance, water supply and demand balances needs great care. With water
resources under pressure, more effective demand management is essential to hus-
band supplies, to promote conservation and to encourage reappraisal of current
water uses. Water conservation opportunities feature strongly. Public under-
standing of the need for a shift from “on demand” to “needs only” water use will
be essential to their cooperation.

A comprehensive water demand/supply framework needs to get developed for
Lake Naivasha Basin in order to be able to analyze all the constituents of water
sector effectively. Unlike the conventional water balance methods, water ac~
counting can describe in details all the water users involved accompanied with
their contribution to the “disturbance of the environment”.

Water accounting is a procedure for analyzing the uses, depletion and pro-
ductivity of water in a water basin context. It is a supporting methodology use-
ful in assessing the performance of irrigated agriculture, and the allocation of
water among users in the basin [Molden, 1997]. Doing water accounting in terms
of quantity and quality will help pinpointing the gaps and/or shortages in eco-
nomical, environmental and social aspects. Although the major water use activity
is taking place around lake Naivasha in the riparian zone (area covered by the
lake during the year of 1906), we are carrying out this exercise of water ac-
counting in the whole catchment to get the complete picture.

The water accounting accompanied by its new terminoclogy is needed to
clearly describe the impact of any and all types of water use on actual physical
losses of utilizable water from the affected hydrologic system. Unlike most ef-
ficiency terms, the proposed methodology and terms (a) are appropriate for
evaluating water allocation, water use, and related management options, (b) are
consistent and appropriate for all the water use, not only for irrigation and a
narrow evaluation of evaluation of irrigation practices, and (c) can be clearly
understood conceptually and in terms that can be correctly applied by people en-
gaged in the water allocation/use/management debate. A change from using “effi-
ciencies” to using “fractions” to describe water use would eliminate many misun-
derstandings [Molden, 1997].

ix iProductive and Sustainable Use of Water among Competing Sectors; MSc Thesis.




Introduction

I.3 Site Description’

The Naivasha basin is bounded by the Aberdares Mountains to the East and
the Mau escarpment to the west, The total area of the catchment is 3,292 km?,
Lake Naivasha is located in the eastern arm of the Rift wvalley, at 80 km south
of the equator, at longitude and latitude 0 45’ S & 36 20’ E at mean altitude
1885m a.m.s.1. It is located within the boundaries of Naivasha division, part of
Nakuru District, rift wvalley province, Kenya. The lake has four distinct compo-
nents; (1) The Main Lake (130 Km®) is of maximum depth 6-8 m, mean depth 4m, (2)
Crescent island Bay that forms the deepest part of the lake is presently of
maximum depth 15 m, mean depth 11 m, (2) Oloidien Bay (5.5 km°) is of maximum
depth 7 m and mean depth 6 m that at low water levels is a separate lake and has
considerably high pH, And (4) Lake Sonachi (0.2 Kn®). A small crater lake, 3 Km
from the main lake of maximum depth 4 m and mean depth 3 m. is also a part of
lake Naivasha system. The main sub-divisions in the catchment are:

i- The Malewa River Basin, including the Turasha River Basin (1,579 km?) .
Drainage into the Malewa starts among the steep forested eastern slopes
from the Kinangop plateau (2,483m a.m.s.l.) and the Aberdares (3,960+m
a.m.s.l.) where the average annual rainfall is 1087.5 mm. Initial flow
takes place in a westerly direction via a number of steeply graded tribu-
taries that, at the lower slopes of the range, develop into four main
tributaries, the Mugutyu, Turasha, Kitiri, and Makngi.

ii- The Gilgil river basin (524 km’). The Gilgil drains a long narrow basin
(the Bahati Highlands to the north of the Elementeita-Nakuru basin) in the
western part of the Naivasha catchment. It has few tributaries and rises
at an altitude of approximately 2,772m a.m.s.l., in an area where the av-
erage rainfall is 1300 mm. The two important tributaries of it are Marun-
dati and Little Gilgil rivers.

iii=- The Karati Catchment; the lake itself; and the areas around the lake to
the east, south and west (1,238 Km’) . Karati is the other river that flows
occasionally into the lake, it drains about 134.7 (Kn’) and is normally dry
for long periods. It rises at altitude 2,648m a.m.s.1. where annual rainfall

is remarkably constant at about 775 mm, and well distributed throughout
the year.

The lake itself receives 90% of its inflow from the perennial Malewa and
Gilgil rivers, the remaining comes from seasonal streams, direct precipitation
and ground water inflow.

The climate of the area is warm and semi arid. Air temperatures are moder-
ate with monthly means varying between 5.9 and 18.5 °C. Only light breezes are
common in the morning but stronger afternoon winds (11-15 km/h) are typical, and
often produce violent storms on the lake. Winds usually come from the south with
the importance of easterly and westerly components depend on season. The
stronger afternoon winds in conjunction with night-time cooling usually cause
complete mixing in the main lake almost every day and well oxygenated water (5
mg/l) is present from top to bottom. Semi-arid climate makes the average rain-
fall amounts to, only around the lake, 620 mm/yr, while annual evaporation is
1735 mm. So, evaporation exceeds precipitation throughout the year except at
peak rainfall. Bimodal rainfall, having two peaks, one major in April/may; and a

¥ Source [Ase, 1986].
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Introduction

minor one at October/November. As detailed later on, overall average rainfall of
860 mm is expected annually at a standard deviation of 25% amounting to 215 mm.

The lake has always been an important ecological site to Kenya, because of
the diversity of flora and fauna in the range of vegetation-zones associated
with the lake and the hinterland, which is greater than the rift valley lakes.
Lake Naivasha is also a Ramsar site being a wetland of international importance
with a rich biodiversity, including some endangered species, and support tourism
and research activities.

Abstraction can not be always higher than replenishment, otherwise lake
will disappear in few years. First of all a population of 350,000 was assumed based on
the last census of 1989, and Kenyan highest growth rate (11%). On top of all, the im-
ported labor into the catchment with the agricultural expansion [Goldson, 1993]. Major
national income comes from tourism, agriculture, best represented by the tea and
coffee. Privately owned land is approximated at 80% of the total area under
study (Riparian Zone). East and northwest ground water is very good in quality,
rather than the poor quality of the rest.

In recent years, there has been a rapid expansion of greenhouse mainly for
flower cultivation around Lake Naivasha. Together with the expansion of green-
house growing, new irrigation technigues have also been introduced in green-
houses, one of which is the drip irrigation. At the same time, tensiometers have
been widely used for determining irrigation timing and/or requirements. Even
though, the amount of water applied is, as illustrated later, far more than the
theoretical needs. Nearly 85% of the flowers cultivated in Naivasha is indoors
where they can not control the temperature very much. 50% decrease in the yield
may arise just because of the cold weather. Farms around the lake differ in the
technical way of cultivation. Ranging from pure experience-based techniques to
very sophisticated techniques in which soil is being analyzed in terms of nutri-
ents and other necessary elements. Based on that they know how much fertilizer
they should implement.

.44 Objectives

The overall goals of this research are to (1) Quantify the water used by
every sector and its’ sub-sectors, (2) Have a more in depth understanding of the
water quality status and effect on the environment, (3) Assess the current eco-
nomical situation in terms of $/m° of water and, ultimately (4) Understand the
productivity, equity, and environmental impacts of alternative mechanisms and
policies for inter-sectoral water allocation. The effect of land-use and land-
use changes on the water resources and quality will be a research key. Increase
the physical and economical productivity of water, in other words, produce more
with less water.

I.5 This Thesis

This thesis is organized in a manner that can facilitate the process of
finding a single information about the water use in the area, and how it was
calculated/approximated. Interested readers can even go further to the annexes
to look at some raw data that have been gathered during the field trip pericd,
and detailed calculations are there as well. The first part is dedicated to the
current situation of water use in terms of quantity. In the second part atten-

& | Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis
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tion is drawn to the ever-important water quality (current Conditions). Part
three discusses the productivity of every sector in the study area. The fourth
part was aimed at investigating the relationships between the current and opti-
mum or ideal water use. The fifth and last part of the puzzle is the wrapping up
of the situation in a basin-wide planning scheme using multi-criteria decision
making, which was targeted to propose a certain scenarios, or solutions of the
water shortage problem based on the personal experience gained from the field
trip. Finally, conclusions of the whole study are being summarized and reformu-
lated in the form of recommendations. [Fig. I-1]

- GIS/RS
- Water Accounting Framework

Agricultural, Industrial, Domestic,
Fisheries, and other Sectors.

Part One: Current Water Use j E’ﬂl’t Two: Current Water Quality

Part Three: Productivity Part Four: Optimum Water Use

Agricultural, Industrial, Domestic, - Land Use Inventory.
Fisheries, and other Sectors. - Pressure, State , and Response.

Part Five:
Basin-Wide Planning
MCDM/MODM

J 0 1l

Conclusions & Recommendation

Figure I-1: General Structure of the Thesis.
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Gross Inflow
Change in Storage
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Water Depletion
Return Flow

Performance Indicators
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Sensitivity Analysis & Validation

1.1 GIS/RS

Geographic Information System (GIS) and Remote Sensing (RS) were used as
tools for facilitating the procedure of water accounting. The emerging technolo-
gies helped rigorously in spatial variability of the different parameters in-
volved.

1.1.31 Land—-Use

With the help of remotely sensed data, the catchment has been classified
according to the following land-use classes:

* Forest.

* Irrigated agriculture.

* Lake

* Rain~-fed Agriculture.

# Rangelands. (combination of soil and natural vegetation)

# Wetlands.

A Landsat Thematic Mapper (TM) scene of January 21°%, 1995 was used for the
classification. Results of the classification are indicated in [Fig. 1~-1]. A su-
pervised classification based on the ground truth taken from the field was the
basis for the classification [Plate 1-1]. Maximum likelihood technique was used
to analyze the sample set, representing the six different classes, which was re-
quired to run the spectral classification. The confusion matrix, accuracy
checker, has shown a relatively good accuracy obtained [Annex QN-3].

A comparison between the classification obtained and other land-~use clas-
sifications was necessary to unchain the uncertainties involved in the random

lProductive and Sustainable Use of Water among Competing Sectors; MSc Thesis.l 3




Part One; Current Water Use.

process of selecting sample sets [Huaccho, 18881, [Hussein et al, 1888}, and
[Hammouda, 19%%]. Although different classes were used, all of the classifica-
tions can meet in some major classes, and the results of the comparison were
judiciously satisfactory. [Fig.1-2]

Figure 1-1: Land-use Classification Results.

The land-use classification was also verified against the fractional vege-
tative cover. Making Soil Adjusted Vegetation Index (SAVI) [Bastiaanssen, 1998],
using the same TM image, band 3 and 4, which take into account the reflectance
from the soil, that will make it a better representation of the vegetative cover
than NDVI. Crossing the obtained SAVI, after slicing, with land-use classifica-
tion gave supporting results. Having sub-classes in irrigated lands for instance
could be easily explained by the fact of different crop stages. [Annex QN.3]

45%

40%
35% 4
30%
25%.
20%4

mCurrent 393% 131% 14% 37% 212% 196% 18%
pHusseh 377% 145% 17% 41% 203% 189% 2 9%
pHammouda 292% 162% 27% 39% 195% 28 5% 00%
L g Huaccho 91% 13 5% 22% 338% 304% 410% 00% /

Figure 1-2: Land-use Classification Comparisons.

A soil map, in the digital format, was available with textural classes,
i.e. clay, silt, clay. It was found that the area weighted average clay content
is 47%, silt content is 24%, and sand is 29%. Which in a way or another suggests
that the dominant texture in the region is clay.

e
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Part One; Current Water Use.

1.1.2 Digital Elevation Model {({DEM)

Generating a DEM was necessary for the calculations of rainfall; hyp-
sometric method, and also to cross check it with the land-use map for the loca-
tion of some land-uses like forests, and even to cross check the interpolated
map of rainfall.

In pursuit of attaining a reliable digital elevation model (DEM) of the
study area, two DEMs were generated. One of them was obtained based on the
original contour map of the area, refined contour lines around the lake, and the
echo sounding survey done for the lake bed (done 1998). Another DEM was obtained
from a worldwide data [Hammouda, 1999] on a pixel size of 1.0 km. Later this DEM
was resampled to the pixel size of TM. The resampled DEM has been stretched to
the actual values that are taking place in the study area in terms of min-max
altitudes. Correlating that DEM with the previous DEM gave a very high overall
correlation coefficient of 0.92 [Hammouda, 1999].

The Digital Elevation Model (DEM) was visualized in three-dimensional view
to have an effective view of the site detailing the catchment which helps in de-
scribing some of the phenomenon taking place; i.e. orographic effects. [Plate 1-
2] views the catchment in a three-dimensional overlaid by the land-use map. That
was in pursuit of checking the land-use classification obtained. The location of
the different land-use classes in a three-dimensional view was very helpful.

Drainage map on top of the DEM was also created to check the reliability of the
DEM. [Plate 1-3]

One major thing was done also by means of GIS is the Level-Volume and
Level-Area rating curves of the lake. Having the original digitized contour map
of the area, and the refined contours around the lake, in addition to the very
valuable lake echo sounding survey, was the basis of the calculations. Transfer-
ring those maps into point map and then interpolate them to have the whole thing
in a raster format of lake bed level. Having the bed level on a raster format,
it was easy to assign a certain water level to get back the volume and the sur-
face area of the lake. Interpolation techniques did not make a big difference in
this case as the lake echo soundings grid is relatively small (500 m), and the
lake bed level is nearly flat.

1.2 Gross Inflow

Since there is no reliable piezometric indications on the ground water
levels that will help pinpointing any ground water inflow, ground water inflow
was neglected and the incoming sources to the catchment is only the rainfall.

Rainfall

Globally speaking, rain is the only source of incoming water, and in our
particular case it is the main contributor to the water resources in the catch-
ment. Having said that emphasis is put towards the calculations of the rain. Un-
certainties in rainfall of only 1% is a figure of 28*10° m® and that is approxi-
mately four times than the amount of domestic use (later on briefly explained).
So, we must say that much more attention should be given to estimating the total
rainfall. Dividing the catchment into area-governed polygons around each of the
rainfall stations will not be a wise manner of calculating the total rainfall.
Orographic effect-governed areas should be divided elevation wise.

[Productive and Sustainable Use of Water among Competing Sectors; MSc Thesis. 5




Part One; Current Water Use.

First of all rainfall double mass curves were done to check the overall
consistency of the data set. That check revealed no substantial measuring or lo-
cation errors. Accordingly rainfall data could be used at a confidence level of
“‘no better available”. A three years moving average [Annex QN.3] of the rainfall
data set was also done revealing some major errors in one of the stations in
particular years. Those years were excluded from the analysis (average to be put
incorporated in the GIS techniques).

Hypsometric method for areal estimation of precipitation is a good option
in our case as it is deterministic, smoothing, and surface fitting method [Ding-
man, 1994]. Above all it is appropriate for regions in which orographic effects
are important. Herewith the precipitation is a function of elevation. Construct-
ing a relationship between the elevation and rainfall and using this equation in
combination with the DEM of the area is a reasonable approximation. The first
step in applying this approach is to plot the measured rainfall values against
the corresponding elevation [Annex QN.3] establishing a relationship between
rainfall and elevation [Egq. 1-1]. Taking the effect of windward/leeward sides of
the mountain ranges is necessary in this approach. Knowing those high enough
mountain ranges, are located along the east boundary of the catchment, and the
west boundary is partially occupied by Eburu hills, this effect can be neglected
for the sake of simplicity. That established equation of Rainfall as a function
of elevation is being used for each pixel to calculate the rainfall for this
pixel knowing its elevation.

|Rainfall = 0.6118 * Elev. — 409.81|

Eg. 1-1: Rainfall Elevation Relationship.

Where; Rainfall is the rainfall expected for a particular pixel in mm, and
Elev. is the elevation of that particular pixel in m (a.m.s.l.)

Applying the same methodology for the min or max of all the stations si-
multaneously is not a wise calculation as a max of one station may correspond to
a min in another station. Due to lack of data, rainfall of the year 1997 was as-
sumed to be equal to the average year. Alternatively, it might be calculated
through [Eq. 1-2]. Unfortunately, available data is not even sufficient for
this way. On top of that a complete frequency analysis of the rainfall pattern
in the area is beyond the scope of the study. To get rid of, at least partially,
the climate change on the value taken in calculations, a certain threshold was
put for this sake. The year 1960 was taken as a boundary of the calculations.

Current Rainf all = Qualifier ® Average

R Stations Average in CurrentYear Om@
Qualifier =

Stations Average for all Years(mm)

Eg. 1-2: Rainfall Approximation.

To further complicate matters, one other method of estimating the total
volume of rain coming to the catchment is to interpolate the available average
data of different stations. Three techniques of interpolation were used moving
surface, moving average, and trend surface.

The four values would always harmonize no matter the original input data
of stations are. Results of the previous methods are shown in [Table 1-1]. A
weighted average of the four techniques has been calculated in order to reach a
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compromise [Plate 1-4]. Weights have been assigned due to the appropriateness of
the technique and the errors encountered. For instance Equation 1-1 was based on
a low correlation of 0.5, that is why hypsometric method is given low weight.
Error maps were created for both the trend surface and moving average to indi-
cate how accurate every method is. The difference between the interpolated value
and the original value of rainfall was the error, which was divided by the
original rainfall value to obtain it as a percentage. Later on the percentages
were involved in assigning the final weights. Finally, those weights have been
incorporated in a GIS based calculations to get the annual weighted average
rainfall which is 2792*10° m’. Rainfall for various covers is given in [Table 1-
1] based on the average rainfall map obtained after making an aggregation by
land-use for the target area.

Table 1-1 : Annual Rainfall Estimation for the Catchment and Various Covers.

Method Value (10° m’) Error Weight (-) Weighted Average (10° m’)
Hypsometric 3284 R*=0.5 0.10 328
Moving Surface 2776 0.0 % 0.20 555
Moving Average 2714 1.0 % 0.50 1357

Trend Surface 2819 8.0 % 0.20 563

Total - 1.00 2803; (GIS: 2792)
Average input to the catchment 860 (mm)

Rainfall for irrigated Area 655 (mm)

Rainfall for rain-fed area 801 (mm)

Rainfall mountainous forests 996 (mm)

Rainfall for rangelands 871 (mm)

1.3 Change in Storage

As a temporary process, the change in storage taking place as a result of
the whole process in a year can be divided to ground and surface water storage
change. Ground water modeling [Troitman, 1%%8] helped in estimating the storage
change in ground water revealing the following:

* The significant storage change in the saturated zone takes place in a
zone encountered by 3 km away from the lake level at year 1997(1886
a.m.s.l.).

* No Significant storage change in the rest of the catchment. Simple
calculations revealed that a specific yield of 0.001, and a G.W.L.
change of 10 cm would result in 0.33*10° for the whole catchment. A
very negligible amount.

* The change in storage is being calculated according to 3 different
types of hydrological years; wet, average, and dry years. Values are
8.5+%10°% 1.4*10%°, 1.9%10° respectively. The later is a decrease while
the two formers are increase.

As we are taking the whole catchment, the change in storage is not a water
source unless the overall annual change in storage has decreased in a certain
year. Meaning that the people were abstracting from that source as another
source of water. Here in this particular year storage is being replenished ei-
ther surface or ground water. So, one way out of the water is being stored ei-
ther in the ground water aquifer, or as increase in the lake water volume.

Ground water depths, interpolated from point map of well depths, [Plate 1-
5] range from very few meters in the farms around the lake to 271.0 m, showing
an overall average of 82.0 m. Hence, the unsaturated zone scil volume is deter-
mined in a GIS procedure after incorporating the available well depths for the
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whole catchment (26.6*10° m’). The question now is how to quantify the change in
storage that takes place in the unsaturated zone. A closer look on the two main
rivers’ hydrographs [Annex QN.3] during the last five years (1993-1997) can help
a bit in approximating that figure. Discharge changes from year to year, for
March, the driest month, during the year 96-97 was considerably high for both
rivers, meaning that there was a significant storage change in the unsaturated
zone. Having the change in storage in the unsaturated zone as a closing term of
the whole water accounting framework, we obtained a value of 179*10° m’/yr. that

means an increase in the volumetric water content of the unsaturated zone of
6.7%.

For the same year 1997, a replenishment of 2.0*%10° m* to the ground water
and a change [Fig. 1-3] in lake storage of 30*10° m’* has occurred indicating that
this year was one of the surplus years.
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Figure 1-3: Level~-Volume & Surface Area Rating Curves of Lake Naivasha.

Net inflow is the mathematical subtraction/addition of the last two terms;
i.e. gross inflow and change in storage. In the sense that if the change in
storage is positive; 1.e. resources replenishment, net flow is the subtraction
of change in storage from the gross inflow. In case the change in storage is
negative; i.e. abstracted resource, then it should be added to the gross inflow.

Yet, there is another constituent of the storage change, which is the
storage change in permanent plantations tissues. Carrying out the water balance
on annual, not seasonal, basis has minimized the differences encapsulating the
plant storage change. Moreover, it needs very sophisticated techniques to meas-
ure and guantify. Accordingly, this constituent is being neglected in this
study.

1.4 Outflow

In the water accounting terminology [Molden, 1997], outflow is the amount
of water that is not depleted by any of the uses encountered. It can be further
classified as committed and uncommitted outflows.
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1.4 .1 Committed ocoutflow

It is that part of outflow that is committed to other uses, it’s not nec-
essarily to go out of the catchment. In our case there are two branches of the
committed outflow:

* Townships: This is the amount which is being abstracted from river Tu-
rasha for Nakuru, Kipipiri and Ol Kalau townships for domestic use, as
the water sources are insufficient for those towns. The amount of
19,000, 6,100, 16,400 m’/day respectively, totaling 15.16*10° m®/year,
is currently abstracted [Goldson, 1993] on the maximum capacity of the
pipeline, hence, no variability over time unless an extension of the
pipeline system is planned. No doubts that any future expansion of the
project depends on the discharge of the river, which is on average
0.3*10° m’/day.

* Olkaria: the geothermal plant based in olkaria uses the water for two
main reasons; (1) the steam used to drive turbines, (2) water used to
condense the steam. The later was said to be direct from the lake.
People at the Olkaria claim to use half of the irrigation water on the
assumption of [Goldson, 1993], that amounts to 15*10° m®/year while a
realistic value may be imagined to be 30*10° m’/year, and that was the
value used for the water accounting calculations. Future expansions of
the plant will definitely affect the water use. Which means a monitor-
ing program of the water use by the plant is needed.

1.4.2 Uncommitted Outflow

Uncommitted outflow is the water that is not depleted, nor committed, and
is available thus for a use within the basin or for export to other basins. It
flows out due to lack of storage or operational measures. Ground water outflow
is the only constituent that represents the uncommitted outflow in our case, and
obviously it flows outside of the catchment. The southern part of the lake is
the window for the ground water out flow.

Detailed study of the agquifer system in the area [Ojiambe, 18861 revealed
that the ground water outflow is ranging between 18-50*10° m’/year depending on
the hydraulic conductivities in the region concerned. Previous researches have
shown that the ground water outflow alsc lies within those figures. Based on the
piezometric contours, Ojiambo illustrated that the ground water outflow is in
the direction of south to southwest. Thus an average of 34*10° m’/year is being
taken for the water accounting calculations. Another outlet of the groundwater
is thought to be to the north direction of the catchment and is estimated to be
11*10° m’/year [Goldsen, 1893]. So in total an approximation of 50*10° m’/year is
being taken for the groundwater outflow.

1.5 Water Depletion

Is the use or removal of water from a water basin that renders it unavail-
able for further use [Molden, 1997]. Water depletion is a key concept for water
accounting, as it is often the productivity and the derived benefits per unit of
water depleted we are interested in. It is extremely important to distinguish
water depletion from water diverted to a service or use, because not all the wa-
ter diverted for a use 1s depleted. In water accounting framework [Fig. 1-8], a
separation is made between sink and return flow, which represents the difference
between, diverted and depleted water. Two generic processes are responsible for
water depletion: process depletion and non-process depletion. we will start by
process depletion which is the amount of water diverted and depleted to produce

rProductive and Sustainable Use of Water among Competing Sectors; MSc Thesis.! 9




Part One; Current Water Use.

an intended good. Again process depletion is further classified into our major
sectors, agriculture, industry, and domestic.

1.5.1 Agricultural

Total irrigated area around the lake was declared in the water permits
submitted to the ministry of water to be 3,246 ha. While this area was conducted
from RS [Hussein et al, 1998] to be 4,600 ha. Sticking, only, to remote sensing
cluster analysis, or declared agricultural area will not be a wise solution. The
land-use classification done has indicated that the irrigated area is 4,568 ha
and that was in a good comparison to the other classifications indicated before.
Hence it was used for the sake of GIS calculation. On the other hand, the esti-
mation of water consumption using water permits is not trustworthy. Current wa-
ter use by the different crops is being conducted from the irrigation values de-
clared by the farmers, which were cross-checked with the water permits data.
Most crops have fallow period in which the soil is completely bare and is being
neglected water-wise. Food and Agriculture Organization of the United Nations
(FAO) tabulated information [FAO, 1986] about the growing period of each crop
[Annex QN.1l] was used in combinaticon of the data declared by the farmers about
cropping in turn. Evaporation from topsoil during the fallow period is being as-
sumed to be of the normal bare soil evaporation. Actual vs current water con-
sumption are shown [Table 1-2].

Table 1-2: Applied Water Vs Theoretical Consumption & Return Flow.

1 Applied Applisd Rainfall ETact
Crop Area \(ha) Irr. (m/day) Trr. (m/yo) (s ye) (/g ETuct (mm/yr) Surplus (u*/yr)
Flowers 1,200 5.0 2557 0 2.1 751 16,064,685
Wheat 25 5.0 1826 655 3.2 874 401,870
French Beans 125 6.0 2192 555 3.2 1064 2,227,829
Baby Corn 100 5.5 2009 655 3.2 1064 1,599,638
Cabbages 75 5.5 2009 655 3.2 1064 1,199,729
Squash 75 5.5 2009 655 3.2 1064 1,199,729
Onion 75 5.5 2009 655 3.2 1064 1,199,729
Tomatoes 75 5.5 2009 655 3.2 1064 1,199,729
pea 75 5.5 2009 5655 3.2 1064 1,199,729
Grass 800 3.5 127 655 2.9 967 7,727,097
Fodder 1,943 3.5 1278 655 2.9 967 18,771,920
Rain~fed 64,559 . . 801 3.3 820 ~12,188,878
Natural Veg. 59,634 . . 871 1.4 511 250,438,775
Bare 129,320 . . 871 0.8 294 745,644,152
Forest 43,031 . . 976 4. 1,477 -215,844,892
Total Return Flow from Agricultural Land 52,791,684
Total Return Flow from Natural Vegetation, Bare and Forest 780,238,035
Total (include sink) 833,029,718
Total (exclude sink) 785,517,202

1. Acreage of various crops was obtained from the water permit cross-checked with the current values from farmers.

Apart from the regular irrigated area around the lake, there is rain-fed
agriculture taking place allover the basin. The area under rain-fed was esti-
mated, as illustrated before, by remote sensing means to be 64,559 ha, consuming
some 517*10° wm’/yr of rain water. Farmers are cultivating various types of crops,
such as potatoes, maize.

1.5.2 Industrial

There are three main industries which are taking place in the catchment;
agro~industries, better say diaries and milk production, geothermal plant, local
beverages factory, and the telecommunication factory near Gilgil town. Agro-
industries, taking water for irrigating fodder crops and for processing of milk.
Based on certain acreage of fodder and grass according to [Table 1-3].
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Table 1-3: Industrial Water Consumption.

Fodder Acreage for diaries (ha) 106
Grass acreage left for grazing (ha) 400
Milk consumption (lt/capita/day) 1.0
Factory Water consumption (lty.aier/ltnitk) 12.0
Total Factory Water Consumption (nﬁ/year) 1,534,050
Delamere Estate Other Factories
Fodder Grass Factory Gilgil Others Others?2
13,076,397 8,035,500 1,534,050 5,000,000 7,085,850
5%, [motals 1z 085,850
134,131,191
13,619,900 Water for factories only

1.5.3 Domestic

Although a small 1% uncertainties in rainfall may result in 28+%10° m’/year
exceeds the peanuts of water consumed by domestic sector is worth mentioning for
the sake of having the complete picture of the water users. Having the popula-
tion of the whole catchment, the way the population is being distributed among
the different classes of housing, the total number of tourists per year, and all
the available public amenities number and capacities [Annex QN.1] will enable us
to get a well structured calculations of the domestic water consumption of the
study area. Ideal values for each sub-sector of the domestic sector were get
from the “Kenya Design Manual for Water Supply”. A certain requirement satisfac-
tion percentages were assumed for, tourism, urban and rural sub-sectors based on
the different interviews that were carried out during the field trip period.
From those requirement satisfactions the current water supply was calculated
showing a deficit increases from tourism to urban to rural. Requirement satis-
factions were taken 95%,75%,45% for tourism urban rural respectively. Total of
7*10° m*’/year is yet 25% of the mentioned rainfall uncertainties.

Non-process depletion occurs when diverted water is depleted, but not by
the process it was intended for. Beneficial non-process depletion is the water
that is not used for one of the economic processes that takes place in the re-
gion. However, some economic returns may emerge from these domains.

1.5.4 Wildlife Conservation

Water that is used by wild animals [Table 1-4] is obviously regarded as a
beneficial non-process depletion. Being an indirect manner of capturing foreign
currency does not have any thing to do with being non or even low beneficial wa-
ter use. Tabulated values [Annex PR.2] are used for the estimation of water used
for this domain. A Tropical Livestock Unit (TLU) is a nonphysical representation
of a mature animal weighing 250 kg [FAO & IIASA, 1991]. This TLU is being used for
any further calculations regarding the livestock/wildlife. Water for livestock
is not only for drinking but also for watering. Major farmers claim toc water
animals twice daily. The difficulty of estimating the total wildlife population
in the whole catchment was behind the lack of data necessary to approximate the
water consumption. Instead, data on wildlife population around the lake was the
basis for the rough estimation. A total of 1.96*10° m’/yr is obtained as a water
usage by all the animals in the whole catchment. As we see it is not a sensitive
parameter in our calculation as expected.
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Table 1-4: Wildlife Water Consumption.

Unit Equivalent ”quwmfotal Water Consumption (1t/day) Water Consumption (m3/y:)m
- TLU No. TLU Watering Drinking Lake  Catchment
Zebra 0.85 337 286 0.0 7,151 2,612 ) 52235
Impala 0.10 206 21 0.0 515 188 3758
Elands 0.75 37 28 0.0 690 252 5040
Giraffe 1.10 8 9 c.0 223 81 1627
Water Buck 0.50 37 19 0.0 466 170 3406
Thomson Gazelle 0.20 64 13 0.0 322 117 2349
Cattle 1.00 35,000 35,000 2.0 1,250,000 493,088 1725806
Sheep 0.10 35,000 3,500 0.0 125,000 45,656 159797
Camel 0.50 0 0 2.0 0 ¢} o]
Buffalo 1.50 100 150 0.0 3,750 1,370 56848
Elephant 9.10 0 0 0.0 0 0 0
A TLU consumes 25 lt/day Total 1,960,867

1 Source: Kenya Wild Life Service, Naivasha Agricultural Office.

1.5.5 Economic Forest

The community in the basin is placing beneficial values on trees that con-
sume some of the water. Economic forest is the forest that is being used for any
economical activity [Table 1-5]. One further distinction between the economic
and non-economic forest is the scale of use, few local persons in the upper
catchment cutting some trees once in their lifetime for construction of their
own houses is different than the continuous utilization around the lake.

Table 1-5: Different Uses of Forest.

Usage Operator - % of Use
Power Posts KenyakPower Company 5 o
Telephone Posts Kenya Telephone Company 2

Char Coal Private Farms 40
Domestic Individual 23
Construction Individual 10
Investors Developers 20

Those utilized forests lie within a 3 kilometers offset from the current
(year 1999) lake shore hence account for approximately 6% of the total forest.

Actual evaporation from forest is being calculated by remote sensing means
[Hussein et al, 1998]. Three classes have been selected to represent coniferous
forest amounting to 14.5% of the total area of the catchment. Weighted average
of 4.1 mm/day is obtained as a result [Table 1-9]. The economically used trees
will grow faster than non-economical trees, not for anything except that at the
early stages of a tree, it grows faster than it does in a later stage of its
life. Unfortunately that can not be directly translated to water consumption of
the tree. However, for the same type of tree that grows for economic return and
the one for non-economic return we can say that the overall evapotranspiration
for economic forest is a bit higher than the one of non-economic. A percentage
by which ETecon exceeds ETnop-econ 15 roughly estimated at 20%.

1.5.6 Natural Vegetation

Actual evaporation for rangelands (natural Vegetation) is being calculated
[Table 1-92] and results are shown; 1.4 mm/day.

Evaporation from swamp area is being roughly estimated based on the fact
that evaporation from papyrus swamps or any kind of weeds can never exceed the
evaporation from the lake which is 4.61 mm/day. An arbitrary percentage of the
lake evaporation amounting to 70% is being assigned to the evaporation from
swamps and wetlands leading to a value of 3.2 mm/day.
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1.5.7 Forest

With respect to the species endangered in the area, Acacia is the major
type, a few types experiencing a smaller percentage [Table 1-6] are there as
well. Moreover, these percentages are not very accurate, as it is logistically
expensive and tedious exercise to carry out a study to know the total number of
different species in the whole area.

Table 1-6: Tree Types in the Catchment with their Coverage and Theoretical Water

Consumption.

Type Coverage Theoretical Water Consumption Remarks

(%) {(ram/d )
Acacia 50 6.3 Can go up to 15 m height
Xantho Pholea 15 1.5 Smaller than Acacia
Eurphorbia 10 1.5
Fucalyptus 10 4.0
Non-~Woody 15 1.0

)

(Source: Naivasha Forestry Department & [Calder, 1996].

The verity of having faster growing properties of the acacia trees near
the lake confirms that proposed deficits in the water needs by those trees which
is based on previous investigations [Calder, 1996]. 1In other words, this faster
growing can be attributed to the shallower ground water table from which the
rooting system of that species can find a shorter and easier way of extracting
the water necessary for the plant growth.

Forest is being divided, in the water accounting procedure, into two main
parts, economic and non-economic forests. A great care should be expected for
the economic forest rather than the non-economic, unfortunately, that is not the
case in the study area. Those forests are being left to natural conditions, and
later on they are cut based on broken (either by wild animals or nature), dis-
eased, or dead, if not normal trees are cut. Robust trees are left for habitat.
Different uses of forest are well indicated in [Table 1-7]. Fallen leaves that
can shield the soil surface and act as water collector surface which will, no
question about it, increase the amount of evaporation attributed to forest. That
can be called the secondary interception. Apart from that utilized forestry peo-
ple are just leaving the trees to grow naturally without any disturbance. Con-
sidering water consumption, they take the most of the water incoming to the
catchment. To put the thing in the water accounting terminology, this item is
regarded as a non-beneficial non-process depletion.

The average evaporation rates from wet trees tend to be much higher, say
2-5 times, than those from wet shorter vegetation [Calder, 1996]. Which might
give a range of high evapotranspiration. Finally an evapotranspiration model
[Calder, 1978] was used to estimate the evaporation from the forest. The meto-
erological data [Mekonnen, 1999] [Annex ON.3] revealed an evaporation of 4.0
mm/day which is in a good comparison to various studies done in similar condi-
tions [Calder, 1996], [Chin, 1998].

Table 1-7: Different Uses of Tree Types.

Use Acacia  Xantho Pholea Eurphorbia Eucalyptus Non-Woody
Firewood e («] () O (small scale)
Charcoal ® (o} o

Construction (o] (o} Lo} ® O
Wind Bracing (o] o] o] (] ®
aesthetic (o] 0] (o] ® o
Wildlife Habitat o O o] O °
Timber (0] O O O O
Soil Conservation o] (o] o] o o]
Fencing 0 ] ] () ]

® Highly Utilized, O Utilized, O Poorly Utilized, O Non Utilized.

s
w
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A misleading term of “non-beneficial” points to pure economic non-value
gaining processes. This term has nothing to do with the sustainability or other
environmental valuing. Non-Beneficial includes all the water consumers that r
not part of the intended processes, or the diverted water.

1.5.8 Interception

Although always forgotten or intentionally neglected, interception may
constitute a large part of losses. Raindrops can be intercepted on plants’
leaves and directly evaporated without even reaching the earth’s surface. Inter-
ception losses is governed by many factors:

* Forest-related:
* Density of the canopy
* Leaves type
* Weather-related:
%* Rainfall intensity
% Wind/humidity/temperature

The leaf interception storage capacity varies widely between tree species.
Highest storage capacities have been reported for tropical rain forest trees,
2.2 to 8.3 mm [Calder, 1996]. Eucalyptus are likely to fall into the lower end of
the range of tree storage capacities. Evaporative losses of intercepted water
occur both during the rainfall event itself, and afterwards from water stored on
the leaves, branches and trunks of trees, and are then constrained by the water
storage capacity of the vegetation.

Well it is always better to assume a certain interception taking place
rather than neglecting it all. Should we need to assume a certain percentage of
interception losses, we still need to have a solid background to build our as-
sumption upon. Obviously interception in the highlands is much different than
around the lake, and by forest is different than by Lucerne. Highlands having
higher rainfall, and forest intercepts the great, are our basic rationale to put
along a certain percentage.

Table 1-8: Interception (Percentages) as a Function of SAVI and Rainfall.

SAVI Class (=) . Rain Class (mm/yr) , o
Min ol Interception (%) T Mo Interception (%)
0.00 0.20 ©0.00 o 400 85.0
0.20 0.40 10.0 400 550 72.0
0.40 0.60 19.0 550 700 64.0
0.60 0.70 26.0 700 850 57.0
0.70 0.80 31.0 850 1000 50.0
0.80 0.90 36.0 1000 1150 42.0
0.90 1.00 46.0 1150 1500 30.0

1. Mathematically Speaking, SAVI values can be more than one but it was masked here.

The Soil Adjusted Vegetation Index (SAVI) is being used as an indicator of
the density of the vegetative cover. Regarding rain intensity, we have no suffi-
cient data to get it on a mm/hr basis, so we will assume that for each classi-
fied unit of the SAVI, rainfall intensity is fixed based on the rainfall of the
nearest meteorological station.

Interception is being assumed subjectively twice in an interactive GIS
process. An average rainfall map calculated from the four methods indicated
above is being classified into number of classes assuming that the classes of
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rain represent to a certain degree the classes of intensity. The SAVI map is
also being reclassified into no of classes represents the interception capacity
of each land cover. Subjective percentages are being assigned to each class in
the last two maps (interception as a percentage of rain) taking into considera-
tion that irrigated lands and rain-fed agriculture are practically having no in-
terception. Hence, masking the irrigated and rain-fed areas will give us the fi-
nal interception map [Plate 1-6] in terms of, both, percentages and volumes of
rain. This amount of interception is being evaporated directly as evaporation

from water surfaces, and that is why it is separated from the forest evapotran-
spiration.

Calder has conducted the results of many interception studies carried out
in different parts of the world under different climatic conditions {Calder et
al, 1%%2]. Those values have been taken as a reference for the subjective inter-
ception percentages assigned [Table 1-8]. Once again those values were assumed
on the basis of interception of 100% is of the surface which tend to be so flat
to intercept the all the rain. Linear relationship was also assumed between the
interception and the SAVI irrespective of the rainfall and intensity.

For interception as a function of rain, the following subjective percent-
ages [Table 1-8] were used assuming that this will be the behavior of a flat
surface of leaves regardless any other conditions, and irrespective of the can-
opy species. Linear relationship [Annex QN.3] was also assumed between the in-
terception and the rainfall irrespective of the rainfall, and intensity. Last
hurdle confronted the process was the uncertainties in those subjective assump-
tions and linear relationships and the spatial as well as temporal variations of
land-uses classes. To come over temporal variations, the same procedure could be
done for another TM image of different date(s), but for the sake of simplicity
and data availability we can take this for granted. That was assumed Knowing
that forest and natural vegetation does not vary too much from time to time, and
for irrigation and rain-fed areas, interception was set to zero. Finally the to-
tal intercepted volume on anneal basis was declared to be 231*10° m®, and that is
obviously a very considerable amount not to be neglected especially in this par-
ticular case. For this hydrological year, only four storms had intensities
above 12 mm/hr [Hamududu, 1998] which suggest a stable rainfall. Tabulated wval-
ues of different tree types [Tedd, 1970} has shown that the assumed moderators
were relatively good. Noting that the interception percentages include the stem
flow. Interception varies on a seasonal basis, for instance interception, as a
percentage of rainfall, in wet season is different than interception in dry sea-
son. Todd also manifested that interception could happen for other shorter crops
that exist in the study area, such as alfalfa, and maize. Smaller percentages of

interception are experienced by those crops, a fact that was incorporated in the
analysis.

1.5.9 Lake ]3"2{EKDIH31:1JDII

Annual evaporation from the lake surface [Ashfaque, 1999] is estimated at
1684 mm (4.61 mm/d), knowing the surface area of the lake at the year 19597, we can
calculate the total evaporation which amounts to 227*10° m’/year.

1.5.10 Bare Soil

Bare soil is being defined, as the soil in between trees, bushes, or
shrubs that practically has not any kind of vegetative cover even partially.
Bare soil is not the item to be forgotten here in this catchment, as we see from
the flow chart in [Fig. 1-8], it is the highest water consumer on annual basis.
Having the lowest evapotranspiration in mm/day is not automatically leading to
minimum water consumption in mWyr. As illustrated in [Fig.1-4], the X-axis rep-
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Part One; Current Water Use.

resents the daily evapotranspiration, and Y-axis represents the area of which
this item is covering in the catchment, and the size of the ball represents how
much it consumes of water. We can see that bare soil is having very low ET, but
very high total area, leading to a very big amount of water consumption; i.e.
the largest ball in the chart.
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Figure 1-4: Water Consumers

Bare soil evaporation is being averaged along the whole year based on the
fact that soil in wet conditions evaporate more than under dry conditions. Plot-
ting the average annual rainfall on monthly basis simultaneously with the refer-
ence potential evapotranspiration [Mekeonnen, 19981 is the first step. Then as-
suming that actual evaporation of the soil is a certain percentage of the poten-
tial at different moisture regimes, i.e. actual evaporation nearly equals the
potential in the very wet seascon, and declines abruptly in drier conditions
[Fig. 1-5], [Annex ON.3]. Third step is to multiply this percentage by the po-
tential evaporation for each month to get the actual soil evaporation on monthly
basis, which can be further aggregated to an annual basis. The effect of spatial
variability in soil texture is being neglected especially after the GIS proce-
dure of soil map that revealed that the dominant texture is clay. Hence, no sig-
nificant percolation unless after dry period. For the other parameters control-
ling the water status through the soil surface, could be neglected for the sake
of not complicating matters.

4.0
- 3.5
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- 2.5
- 2.0
- 1.5
- 1.0
- 0.5
0.0

Rainfall [mmimonth)
Evaporation {mmj}
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Month

Fiqure 1-5: Soil Evavoration Vs Monthlv Rainfall. Reference Crovo ET.
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Part One; Current Water Use.

Actual evaporation for bare soil, is being calculated by remote sensing
means [Hussein et al, 199%98] and results [Table 1-9] has shown an ET of 0.67
mm/day, which is comparable to the obtained value of 0.81 mm/day.

Table 1-9°: Actual Evaporation from Bare, Forest, and Natural Vegetation.

Cover Class Area (%) ETzce (mm/d)
: 1 19 ' 1.70
4 3 0.70
. 32 0.50
Bare Soil - 24 0.70
14 22 0.00
Average ' 0.67
6 54 3.80
9 31 5.50
Forest 15 15 2.80
Average 4.1
8 12 1.2
10 20 1.6
Natural 11 36 1.4
Vegetation 12 13 1.6
13 19 1.2
Average 1.4

(* Source [Hussein, 1998])

Having problems relating everything to either beneficial or non-beneficial
has paved the way to consolidate another term called the “Low beneficial Non-
process Depletion”. That includes the forest and natural vegetation as putting
them in the non-beneficial domain will be severely opposed by manifold question
marks from altered aspects like environment, social, and economics. On the other
hand, those two domains are not sufficiently beneficial to be classified as pure
beneficial domains.

1.6 Return Flow

Stressed vegetation is a consequence of a deficit in the water. On the
other hand, if input water is more than what is needed, then a surplus results.
This surplus gets, in away or another, its way back to the system, and gets in-
corporated in a manner best represented by the term Return Flow [Fig. 1-6]. It
finds the way back through the ground water, so in a certain way, gets the con-
tamination diluted. This contamination would be a consequence of any human ac-
tivities as intensive agricultural practices resulting in a high content of
chemicals in the drained water. Return flow is comprised of three different
stages:

1. Diversion Return Flow: is the part that is abstracted and is not de-
livered to the plant.

2. Deliverance Return Flow: is the part that is diverted to the plant
area but not delivered to the plant itself.

3. Application Return Flow: is that part which is diverted and delivered
but not actually transpired or used for the plant growth.
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Actual Abstraction Delivered Actual Transpiration
6 mm/day 4 nom/day 2 mmw/day

Diversion
Conveyance Losses
Deliverance
Conveyance Losses
Extra Water Application

Diversion Deliverance Application
Retum Flow Retum Flow Retum Flow

Total Return Flow
4 mm/day (66.6%)

Figure 1-6: Different Constituents of Return Flow

Part of this return flow is being heavily polluted and referred to as sink
and will be discussed in details in part two. Poor irrigation efficiencies, im-
proper water distribution networks result in relatively high losses. Yet it 1is
nothing compared to the big three; i.e. forest, natural vegetation, and bare
soil. Evaporation from the lake and wetlands amounting to 275*10° m’* for the hy-
drological year 1997 are considered to be losses, and are regarded, in water ac-
counting terminology, as non-beneficial non-process depletion. This amount of
water could have been utilized in another way, that is the idea behind putting
it under the utilizable water concept.

1.7 Performance Indicators

Water accounting performance indicators [Molden, 1997] are presented in
the form of fractions.

Depleted Fraction: is that part of the inflow that is depleted by both process
and non-process uses. It can be identified in terms of net, gross, and available
water.

1. DFjpet = Depletion/Net Inflow
2. DFgross = Depletion/Gross Inflow
3. DFaivailabie = Depletion/Available Water

Process Fraction: relates process depletion to either total depletion or the
amount of available water.

4. PFaepleted Process Depletion/Total Depletion
5. PF.vailable = Process Depletion/Available Water

And the obtained values cof the mentioned indicators are as follows:

1.  DFgross = 91.4%
2. DFpe = 97.2%
3. DFavailable = 98.5%
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19.1%
18.8%

4. P Fdepleted

5. PFavailable

1.8 Sensitivity Analysis & Validation

The sensitivity analysis procedures has been done for most of the calcula-
tions revealing some unexpected behaviors of some of the parameters as well as
some expected ones. To start off, unexpected behaviors.

Q Albedo: Albedo for forest has a wide range of values of which selecting a
single value for calculations is a troublesome. Choosing all the values in
the range will not affect the average forest ET AT ALL.

0 Wildlife Population: Increasing that figure in the whole catchment by 100%
will result in an increase in the water usage from 1.96*10° w’/yr to 2.1%10°
m’/yr. Decreasing the total population in the whole catchment by 90% will re-
sult in a decrease in the wildlife water usage from 1.96*10° m’/yr to 1.89%10°
m’/yr. Difference is yet an inconsiderable difference.

Q@ Livestock Population: Increasing that figure in the whole catchment by 100%
will result in an increase in the water usage from 1.96%10° w’/yr to 3.87*10°
m’/yr. Decreasing the total population in the whole catchment by 50% will re-
sult in a decrease in the wildlife water usage from 1.96*10° n®/yr to 0.85%10°
m’/yr. Difference is yet a very negligible amount.

0 Cultivation Area: Agricultural Sector water usage is being calculated based
on many parameters, one of which is the area under various crops, assuming
that the actual values of areas are slightly (20%) higher, or 30% lower, as
two extremes, resulted in a range of (81*10° - 56+%10° n’/yr). That was based
on a fixed distribution of the different crops.

Finally, as a validation of the results obtained, simple calculations
based on [Eq. 1-3]. Change in storage in the ground water was neglected, hence
three terms only were included in this normal water balance equation; rainfall,
runoff, and evapotranspiration. This validation [Table 1-10] is being done for
the three sub-catchments in the region, Malewa, Gilgil, and Kartati.

Rainfall = Evapotranspiration + Runoff

Eq. 1-3: Validation Equation

Table 1-10: Water balance of the Three main Sub-Catchments as a Validation

Sub-Catchment

Parameter Units - . -

Malewa Gilgil Karati
Area T k) 1579.5 524.2 ' 149.9
Rainfall (*10° m’) 1454.052 464.766 122.131
Evapotranspiration (*10° m’) 1.838 0.642 0.111
Calculated Runoff (*10° m’) 1452.213 464.124 122.020
Measured Runoff (¥10° w’) 2394.323 331.529 251.961
Error in Runoff (%) 39.3 39.9 51.6
Weighted Average Error (%) 40.3
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A large percentage of the error encountered might be attributed to the un-
certainties in land-use classification, errors in measuring discharge, filling
up of missing data. Having the two main sub-catchments’ error near to each other
may suggest that there is a consistent error. On top of all, the measured runoff
was for the hydrological year March 1996-1997, while rainfall is done on average
basis. Although year 1997 is considered as an average year, a difference of 20-
40% added to a normal rainfall measuring error of 10% will make the error in
runoff equal to 21%, 9% respectively. This error is primarily attributed to the
rainfall estimation rather than evapotranspiration as the contribution of evapo-
transpirationis negligible. Rainfall is lower than runoff in two sub-catchments,
Malewa & Karati, while the other way is taking place for Gilgil sub-catchment,
that also suggests that a considerable contribution from the ground had happened

in this year, an item which is not incorporated in the above mentioned equation
[Eq. 1-3].

All the above-calculated values are time independent unless for the change
in storage and lake evaporation as they were based on the data for the hydro-

logical year March 1996 - March 1997, while other data were not based particu-
larly n that year.

Figure 1-7: A Schematic Representation of the Water Status in Naivasha Catchment
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Part Two; Current Water Quality
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Domestic
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Availability of water is not an issue if not escorted with the suitability
to a given utilization. So water quality plays, at no small part, a large role
in determining if the available water is suitable or not. Attention is drawn to
the quality of the available water, is it suitable for various uses or not.

2.1 Agriculture

As a corner stone of concern, we will stress on this sector as a polluting
activity. Most farmers have their own treatment system, by which they treat
their water for both agricultural use, and the domestic use. Existing water
gquality of the lake, or even bore holes, is not very satisfactory for most of
the farmers. Having higher electric conductivity (EC) or inappropriate pH value
is as basic as easily adjustable through adding some chemicals. Furthermore,
other water quality parameters require more sophisticated treatment, and often
not done by small farms. Both will lead to a consecutive pollution of the wa-
ter. Intensive agricultural activities are taking place in the vicinity of the
lake leading to deterioration in the surface and ground water quality. Detailed
leaching study of the different agrochemical and chemical analysis of waste wa-
ter from agriculture is done [Tamng, 19%%8%] revealing that some samples may have
concentrations of some parameters up to 17 times than the allowed by “Kenyan
guidelines for discharge into public water courses/sewers”.

As already divulged in the part one, too much amount of water is being
used for irrigation with a certain percentage of chemicals that are required for
a certain crop. Therefore, a portion of the applied irrigation, containing the
necessary fertilizers and pesticides is only being used by the plant, and the
rest goes to return flow with all the chemicals included. Once more this return
flow is either going straight to the lake or to the ground water. Undoubtedly,
an increase of usage of chemicals is corresponding to the deterioration of water
quality. However, no profound increase in the chemicals used by the farmers in
the last six years [Fig. 2-1]}, or at least declared by them. Meticulous investi-
gation may conclude that those amount declared by the farmers and even by the
dealers are not the exact ones, moreover there is no point in running after
those values because it is already clear enough that chemical use is in substan-
tial increase. The point is how to mitigate those effects.
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Figure 2-1: Fertilizers Usage in the Last Six Years (1992-1997)

One other point regarding the water quality is the productivity by unit

area of the land. Logic reasoning will lead to a declining productivity over
while actual situation is not approving this reasoning [Fig. 2-2]. Some
particular crops are sensitive to water quality deterioration 1like carrots,
strawberries, and grapes [Annex QL.2], while others have no profound
change in productivity per hectare unless even a slight increase.
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Figure 2-2: Change in Production for Cabbages (a) & Tomatoes (b) over the Last
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Six Years (1992-1997).

Stable crop productivity over time; i.e. the last 10 years, was a vague
question mark arising based on the background of the site under study. The an-
swer was very simple:

*

Farmers are cultivating in turns, meaning that if a piece of land is
being cultivated for tomato, after harvesting, another crop will come
over just to rejuvenate some soil minerals that have been exhausted by
the previous crops. Then a continuous refreshing of the soil minerals
is taking place, hence the soil is nearly always rich of minerals.

For instance, experience has shown that seeding tomato after harvest-
ing Potatoes, or one week prior to planting French beans after har-
vesting cabbages 1s a good combination for one particular piece of
land. That will keep the minerals available in the soil for many
plants, and let the overused minerals to replenish during their rest
period.

Farmers are increasing the amount of fertilizers used Fjust for the
sake of increasing productivity, even at the cost of long term
sustainability as discussed earlier.

High soil fertility.
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A more in depth study of the water quality effect on certain crops is be-
ing manifested in [Table 2-1], and [Table 2-2].

Table 2-1: Current Water Quality for Agriculture Vs Comparative International

Standards.
Irrigation Problem, Unit Degree of Restriction in Use® Current situation
& Parameter Slight Moderate Severe Sample 1° Sample 2°
Infiltration®
SAR
0-3 , EC= US/cm 700 200 < 200
3-6 , EC= uS/cm 1200 300 < 300 200
6-12 , EC= pS/cm 1900 500 < 500 430
12-20 , EC= uS/cm 2900 1300 < 1300
20-40 , EcC= US/cm 5000 2900 < 2900
Toxicity?
SAR (==) 3 9 > 9 4.922 8.036
Bicarbonate (HCO;) mg/ 1 91.5 518.7 > 518.7 < 1.2 < 2.2
Boron (B) mg/1 0.7 3 > 3 0.374 0.407
Cadmium (Cd) 0.01 0.027 0.029
Chloride (Cl) mg/1 141.8 354.5 > 354.5 89.29 41.14
Chromium (Cr) mg/ 1 0.10 0.225 0.223
Cobalt (Co) mg/1 0.05 0.027 0.018
Copper {(Cu) mg/1 0.20 0.078 0.059
Lead (Pb) mg/1 5.00 0.090 0.052
Lithium (Li) mg/1l 2.50 0.021 0.000
Manganese (Mn) mg/1 0.20 0.063 0.061
Nickel (Ni) mg/1 0.20 0.161 0.085
Nitrogen (N) mg/ 1 5 30 > 30 5.719 10.09
Titanium (Ti) mg/1l Effectively Excluded by Plants 0.080 0.095
Zinc (Zn) mg/1 2.00 0.292 0.187

Affects infiltration rate of water into soil.

Affects sensitive crops.

Source [FA0,1985].

Sample 1 is from Delamere estates, and sample 2 is from Brixia Farm.

& W N

(Point Samples, October 1999

Table 2-2: Crop Tolerance and Yield Potential of Selected Crops Vs Current
Status.

EC (us/cm) for different Yield Potentials’

Crop 100s 505 JEs 504 Tolerance Rating1 Current Status
Wheat 4,000 4,900 6,300 8,700 M. Tolerant 1100%
Beans 700 1,000 1,500 2,400 M. Sensitive 700*
Squash 2,100 2,600 3,200 4,200 M. Tolerant 700
Tomato 1,700 2,300 3,400 5,000 M. Sensitive 700
Cabbage 1,200 1,900 2,900 4,600 M. Sensitive 700
Potato 1,100 1,700 2,500 3,900 M. Sensitive 650"
Maize 1,100 1,700 2,500 3,900 M. Sensitive 650
Onion 800 1,200 1,800 2,900 Sensitive 700
Grass 5,000 6,000 7,400 9,800 Tolerant 1500%
Barley 4,000 4,900 6,400 8,700 Tolerant 1500
Alfalfa 1,300 2,200 3,600 5,900 M. Sensitive 1500
Peas 3,300 3,800 4,700 6,000 M. Tolerant 700

* Source [FAO, 1985}
# Sample 1: Average irrigated Wheat and Rain-~fed Wheat.
fed Cultivation.

Sample 2: Average Vegetable Farms.
Sample 4: Average Irrigated Fodder Cultivation.

Sample 3: Average Rain-
(Point Samples October 1998 [Morgan, 1998])

As seen, there are few parameters that lie under the restricted use zone,
although the effect is not very profound. The same situation is found regarding
the salinity tolerance table. The mineral content of the soil is being managed
by the farmers themselves either by sophisticated technology or by self experi-
ence of cultivating in turn. As an end, farmers are modifying the gquality them-
selves.
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2.2 Industry

For the diaries, they, at Delamere Estates, have a nice practice of recy-
cling the water under use. They use the diary factory waste water, which is very
fertile, hence can abate the use of fertilizers considerably, for irrigating the
fodder crops, Although high EC and other components might be eminent, most fod-
der crops, if not all, are salinity tolerant. And that is a nice way of minimiz-
ing the water use, reducing electricity bills and reducing the threat of dumping
polluted water into the lake. As shown in [Table 2-3], most of the water quality
parameters lay well below the threshold concentration except the fluoride which
is still in between the threshold and the limiting concentrations [Todd, 1970},

a situation might be interpreted as safe, for the time being, with regard to the
livestock.

Table 2-3: Current Water Quality for Livestock Vs Comparative International
Drinking Water Guidelines.

5 . Concentration Current situation

Parameter Unit T s i - i
Threshold Limiting Sample 1 Sample 2

Aluminum (Al) mg/1 5.00 -- 0.240 0.257
Bicarbonate (HCO; ) mg/1 500.0 500.0 Low Low
Boron (B) mg/1 5.00 - 0.338 0.374
Cadmium (Cd) mg/1 5.000 0.050 0.025 0.027
Calcium ({(Ca) mg/1 500.0 1000 11.80 52.50
Chloride (Cl17) mg/1 1500 3000 11.16 89.29
Chromium (Cr) mg/1 1.00 - 0.231 0.225
Cobalt (Co) ng/1 1.00 - 0.024 0.027
Copper (Cu) mg/1 0.50 -- 0.063 0.078
Fluoride (F7) mg/1 1.000 6.00 1.296 1.173
Lead (Pb) mg/1 0.050 0.10 0.099 0.090
Magnesium (Mg) mg/1 250.0 500.0 1.230 5.910
Nitrates (NO;3") mg/1 200.0 400.0 2.122 5.719
pH (=) 6.0-8.5 5.6-9.0 1.2 6.9
Sodium (Na) mg/1 1000 2000 30.00 26.60
Sulfate (S0,%7) mg/1 500.0 1000 4.984 53.23
Zinc (Zn) mg/1 24.0 - 0.274 0.292

Threshold values represent concentrations at which poultry or sensitive animals might show slight effect from
prolonged use of such water. Lower concentrations are of little or no concern.

Limiting Concentrations are based on interim criteria, South Africa. Animals in lactation or production might
show definite reactions.
Scource [Todd, 1970], [FAO, 1985]

Samples are taken from Delamere estates.

Regarding the electric conductivity (EC) ratings, FAO has also classified
the water used for livestock and poultry [FAO, 1985]. With respect to the water
used for both in around the lake the EC ranges under the 1500 ps/cm limit of an
excellent rating which could declare a water usable for all classes of livestock
and poultry. Even if the EC goes up to 5000 ps/em, it is still categorized as
very satisfactory, although it may cause temporary diarrhea in livestock not ac-
customed to such water. For any organoleptic factors; i.e. odor, taste, they can
be readily detectable by animals and are of little consequence to health or pro-
ductivity unless water consumption is affected dramatically. For Olkaria geo-
thermal plant, effluent |[Table 2-4] and gases may impact on the environment.
Moreover it is not yet known how the drilling affects the underground in and
outflow of the lake water or the interrelationship of the aquifers.

Table 2-4: Water Quality Characteristics of the Effluent from Olkaria Geothermal
Plant. (EC at 20 °C=2000 ps/cm)

Sample Al B ‘Cd Co Cr Cu Fe Mg Mn Pb Ti Zn F Cl SO
1 0.5 1.6 0.07 0.06 0.6 0.2 2.6 0.5 0.2 0.2 0.09 0.8 104 342 37
2 0.6 1.1 0.07 0.05 0.6 0.2 2.6 0.7 0.2 0.2 0.15 0.8 110 367 27
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2.3 Domestic

Inappropriate sewage treatment is the main problem in that site allover
the time. Few years after the establishment of the Naivasha Municipal Sewage
Treatment Plant, it went down and the wastewater is being deliberately directed
towards the lake through a directed channel. Obviously that will form a harsh
point and non-point source at the same time. A point source at the junction it
gets dropped into the lake and non-point source pollution through all the way
from the bypassing junction of the treatment plant until it reaches the lake. To
be discussed in part four. The other side of this coin, water quality, is the
precautions that are taken by the households to safeguard drinking water. Most
of the people are boiling the water before drinking, and very few people are us-
ing those high quality filters to filter out other types of contamination as
well as the biclogical contamination which 1s partially removed by boiling.
Other chemical aspects of the drinking water are dealt with in [Table 2-5].

Table 2-5: Current Domestic Water Quality Status Vs Comparative International
Drinking Water Guidelines.

Current situation

. 1 2
hParameter Unit WHO EEC Sample if Sample 25
Aluminum (Al) mg/1 0.200 0.200 0.204 0.249
Ammonium (NH,") ng/1 1.500 0.500 Low Low
Boron (B) mg/1 0.300 Ns® 0.256 0.356
Cadmium (cd) mg/l - 0.003 0.005 0.026 0.026
Chloride (C17) mg/1 250.0 25.00 39.61 50.225
Copper (Cu) mg/1 1.0-2.0 Ns® 0.011 0.071
Cyanide (CN) ng/1 0.070 0.050 Low Low
Fluoride (F") mg/1 1.500 0.7-1.5 4.083 1.235
Iron (Fe) mg/1 0.300 0.200 0.974 0.980
Lead (Pb) mg/1 0.010 0.050 0.061 0.095
Nitrates (NO;™) mg/1 50.00 50.00 2.095 3.921
Nitrite (NO,) mg/1 3.000 0.100 Low Low
PH () 6.5-8.5 Bi2-8:5 7.2 7.4
Potassium (K) mg/1 12.00 16.10 8.925
Sodium (Na) mg/1 200.0 75-150 39.00 28.30
Ssulfate (80,%7) mg/1 250.0 Ns® 11.10 29.10

World Health Organization.

European Economic Committee, those limits were established by the Buropean Committee for Environmental Legis-
lation.

No Standards.

Sample 1 from Brixia Farm, sample 2 from Delamere estates. Average of the two samples. (9%9point Samples, Octo-
ber, 1999)

As clear enough from the table, there are some values, which lies far be-
hind the certified limits. A situation supports the complains of the local peo-
ple about the quality of the water. Values are 150% and even 600% higher than
the recommended values [Fig. 2-3].
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Figure 2-3: Selected Water Quality Parameters Concentrations Vs Guidelines
for Drinking Water.
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For the tourism sub-sector, most of the touristic firms carry out a regu-
lar water guality check on their sources of water. All of those firms claimed
not to have a substantial change in ground water either in quality or quantity
in the last decade. Yet the quality of the lake water is satisfactory for rec-
reational activities. A comparison between the current state of the lake [Samir,
1998] and a recommendatory values for either water-contact, or boating and aes-
thetic activities [Todd, 1970] has shown that the current state is well below
these standards. For instance, pH it is in the order of 7.2-7.9 and surface tem-
perature has no evidence of exceeding the 50 °c.

2.4 Fisheries

The fish catch at the lake is well below the theoretical maximum sustain-
able yield [Harper, 19%%61, even though there might be unrecorded fish catches,
i.e. illegal fishing, which might equal to the licensed catch. The three commer-
cial species existed in approximately equal proportions in 1996, but there are
substantial annual fluctuations in species’ fortunes due to changes in lake
level, shallow water plant community and temperature as illustrated later on.

The quality of the lake water is a wvital issue for quantity, quality, and
variety of the fish. Some species disappeared [Table 2-6] [Abiya, 1997}, that
was primarily attributed to poorer surviving conditions. Increasing human ac-
tivities around the lake; i.e. tourism, population, agricultural practices, have
led to the deterioration of the lake water quality. Significant changes in the
tourism sector, intensifying farming activities, and very rapid population
growth, i.e. very high growth rates [Annex QN.3], coincided with the disappear-
ance of some of the species in the late sixties and early seventies. [Fig. 2-4]
illustrates the starting time of earliest farms accompanied with the total area.

Table 2-6: Fish Species Introduction and Extinction.

Species Introduced Disappeared
Aplocheilichthys antnorii 2 S 1962
Oreochromis spirulus niger 1925 1971
Micropterus salmoides 1929 Present
Tilapia zillii 1856 Present
Oreochromis leucostictus 1956 Present
Oreochromis niloticus 1967 1971
Lebistes reticulata ? Present
Oncorhyncus mykiss ? Present
Barbus amphigramma ? Present

Fish catch was plotted with the lake water level [Fig. 2-5 (a)] and to a
certain degree the lake level corresponded to the fish catch. That was attrib-
uted to the size of fish breeding area. The wetlands at the moment (1998) is of
a gentle slope in comparison to the lake bed itself, so a slight increase in
lake level will result in a very large area under water, which is apparently
shallow, and that is the conditions for breeding zones. So increase 1in lake
level will be accompanied by a corresponding increase in fish breading zones,
consequently, a healthier environment for fish leading to an increase in fish
population. As a result lower effort is needed to catch the same amount of fish,
or higher amount is caught by the same effort.

Fluctuations in lake level influence fish numbers through effects on food,
breeding grounds, and predator-prey relationships. A study [Muchiri et al, 19901
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has shown that food is not a limiting factor to fish in Lake Naivasha. A more
probable effect of fluctuations in Lake levels is the breeding behavior. Preda-
tion by pscivorous fish and birds and over-fishing are also factors contributing
to declining fish catches. Fish catches are also linked to the availability of
submerged Macrophytes. Macrophytes provide breeding and nursery grounds, foocd
and cover for fish. Same study indicated above has shown that even when the lake
level was low, but there was an increase in submerged and swamp macrophytes,
fish catches increased.

F 10

(]
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No. Of Farms
Total Area (ha

[1No of Famms

Figure 2-4: Starting Time of Farming Activities.

In our particular case any water level will provide the required breeding
depth. The shape of the lakebed has proven to be as flat as to provide this
depth no matter the water level is, unless water level is reaching the very bed
level that is practically an environmental disaster. The issue is how wide is
that part that is largely influenced by the slope of the land. Fixing a certain
water level change of 1.0 m, and checking the corresponding width of the area
covered by this threshold will be an appropriate check upon the fish breeding
zone [Fig. 2-5 (b)]. An evidence of the effect of breeding zone is allover show-
ing place in the historical fish catch, even that can go back as far as the fif-
ties and sixties where some types of fish disappeared on the occasion of con-

tinuously decreasing water level. [Abiya, 1997]
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Figure 2-5: Lake Level Variations Vs Fish Catch (a)

(a)

(b)

and Area of 1.0 Meter Strip

Regarding the lake water quality, detailed study of the lake chemical
status [Samir, 1998] revealed that there is high turbidity, that was mainly at-
tributed to the shallowness of the lake (mean depth=4.0 m), and
the eddies generated by the wind.

suspended algae,

Some of the fish species migrate from the lake to Malewa to breed. As seen
earlier, the low water level adversely affect the breeding areas. Some of the
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species, like Tilapia Zillii, prefer warm conditions; i.e. (23 °C-28 °C), as low
temperatures will affect its appetite and hence humbled quality of the fish. In
this sense temperature variation is another factor affecting production of fish.
An evidence of better quality Tilapia Zillii is found in Lake Victoria where
worm conditions are directly related to the better guality. Overall comparison
on the sizes and/or quality of fish in lake Victoria [Abiya, 1997] has unfurled
the fact of temperature effect on the fish. Other species which were originally
introduced from Canada, Black Bass, has a wide range of temperature tolerance
(14 °C-30 °C). Quantity of fish may change notably after heavy rains, to be
manifested by the dilution effects of the rain and the increase in lake level,
and the breeding area accordingly. At the end, we must say that heavy metals in-
put from agricultural activities around the lake is accumulating in the lake,
and that will further accumulate in the flesh of the fish. As a result, some
heavy metal related diseases are likely to spread allover the fish eaters.

2.5 Sink

Physically speaking there is no sink prominent at that site. However, sink
is being defined non-physically as the water, which has a quality that renders
it unavailable by all means for other uses. Although no clear distinct water
quality values are lying behind this definition, sensible status of the water
can clearly identify its pertinence to sinks. In this sense several sources can
be imputed to sink. Leached water, drainage, industrial effluents, and of course
sewage are the major elements that can be regarded as sources of sink. As seen
in part one the process depletion, or human consumption of water, is the only
blamable section for contributing to this point/non-point source of pollution.

Having no, or better say diminutive, possibility for dilution effects,
these point/non-point sources of pollution is seriously affecting the environ-
ment and threatening biodiversity as well as the sustainable development of the
region. By inference the papyrus swamp that is surrounding the lake has its pu-
rifying effects, so it acts as a natural filter. Surface discharges make the
most out of the purifying effect unlike the ground water that may get diluted
only near the interface to the lake. The fact that water quality of the ground-
water is of poorer than the surface [Morgan, 1998] can be in support of the pre-
vious rational, and also can be easily conceived through the phenomenon of
leaching [Tang, 19%%!. Having no filter, aquifers are highly prone to human in-
duced pollution, which is likely to be in the vicinity of any human activity,
especially for places where ground water levels are shallow, and have its ex-
tended effects further down to the lake. People are soliciting ground water with
better quality as they largely depend on it especially for remote areas.

For agriculture, a percentage of heavily polluted water in the return flow
is approximated at 90% giving a total of 47.5%10° m®/yr contribution to Sink. For
industry, the pollution percentage is estimated to be 703% giving a contribution
of 9.5*10° m’/yr. The return percentage of municipal water is said [Todd, 1970]
to be 75% giving a contribution of 5.2*10° m’/yr. Total amount of water that is
regarded as sink is 62.2%10° m’/yr.

Regarding wastewater from industry, a dquestion arises, what 1if there is
any kind of bacterial infection in the milk. The answer is as simple as biclogi-
cal contamination of water resources. Yet, the contaminated resources can be
naturally alleviated knowing that the mammals, human, cattle, etc., bacteria
take few days to die off at the range of temperature of 15-25 °C, which is the
range of temperature in the study area.

L)
N
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Agriculture
Industry
Domestic
Fisheries
Wildlife

Environment
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The fundamental engineering definition of efficiency is an output divided
by input, both of the same character. Implicit to this definition is that any
difference between the output and input constitutes a “loss” to the process in
both a physical and economic sense. However, use of term efficiency in irriga-
tion evaluations ignores the true disposition of the water, which is, that any
water not consumed by the crop or by a salt sink remains in the hydrologic sys-
tem.

The value of productive users of water like Agriculture, industry, fish-
ery, tourism, wildlife, and others can be calculated based on the following for-
mula (adapted after [Bakker, 1998]):

n m
While; - = ElRi.Oi - JZ:',lcj.Ij
o 4%
(A : Productivity Factor.
Ry : Return of Output. (In US$)
(o} ! Quantity of Output.
o : Cost of Input. (In USS$)
I : Quantity of inputs needed to produce (n) Outputs
n : Number of Outputs.
m ¢ Number of Inputs.
Vi : Volume of Water needed for (n) Outputs. (In n)

All of the productivity calculations are based on US$ to ease the process
of quick comparisons. Exchange rate at the year 1997 was 1.0 US$=61.0 Ksh. This
way of calculating productivity could be used on different scale; farm, na-
tional, global scale. In our particular case a catchment scale is needed to have
completed the picture of the catchment.
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Productivity is being calculated for the whole catchment for an average
condition of water, while the effect of two extreme dry and wet years is dis-
cussed. We will not consider particular year here, for the sake of time delay of
many processes especially for lake level; i.e. volume and surface area, and

ground water recharge. So it is in away a generic representation irrespective of
years.

3.1 Agriculture

All farmers agreed upon one single property of the soil in the vicinity of
the lake, and that it is fertile. Moreover, the soil structure is being replen-
ished all the year round by all ploughing activities or cultivating different
crops in turns. There was a supporting evidence of having increased the agro-
chemical used by the farmers in the vicinity of the lake. For the flowers, stems
will persist for approximately 5-6 years without any significant change in pro-
duction or quality of flowers. After these years a change in there type of
flower is necessary for the reason indicated above. The yield of a certain crop
is not sufficient for measuring the productivity, yet the marketable yield is
the issue.

Inside the greenhouses, farmers can not fully control temperature like
what is done in the developed countries. Up to 50% decrease in yield may arise
because of cold weather. The year 1997 was worse in comparison to the year 1996
in terms of crop production. The yields were very low due to prolonged draught,
the area was also very low. That was attributed to the delayed rainfalls causing
most of the seedling and early-planted crops to die off.

Flowers:

Something should be considered here is that flowers consume a very small
amount of the water in comparison to natural vegetation, but the economic return
out of the flowers is something considerable, on the very far contrary of natu-
ral vegetation. Relevantly, 60% of the Kenya flower export in produced in Nai-
vasha.

Production of flowers was averaged over the different farms to be 200
stems/m’.yr at an average cost of 2.19 uss/m*. A relevant comparison is to be por-
trayed here, should we want to produce the same kinds of flowers in Holland, we
have got to pay 150 us$/m’. The average market price of flowers is 0.16 Us$/stem.
which leaves behind a net return of approximately 60,000 us$/ha.yr. Use of water
is averaged at 6, 4, and 2 mwm/day for diverted, delivered, and actual respec-
tively. Those values are converted to 2.19, 1.46, 0.73 n’/w’.yr.

Vegetables:

Different Vegetables’ prices were commenced during the field trip. Market
prices were used for both getting the total benefit and to be able to compare
between all categories. Most of the vegetables are for local market, hence a
trivial net return is expected out of it. French Beans is being cultivated there
for export, that is why it is given higher concern in the region in addition to
the flower industry. Most of the rain-fed crops are used for local market. Ex-
ported crops are being manipulated in the vicinity of the lake where great care
is concentrated.

Production of Vegetables was averaged over the different farms to be 3.4
ton/ha.crop accompanied with nearly 4 crops per year equal to 13.6 ton/ha.yr. An av-—
erage cost of 820 Us$/ha.crop was revealed. A rough exaggeration coefficient is
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assumed = 1.5, accordingly, the costs turned to be 550 Uus$/ha.crop amounting to
2,186 uss/ha.yr. Average market prices of the vegetables was 1.55 uss/kg, a return
coefficient is assumed to be 0.5 leaving behind a net return of 8,387 us$/ha.yr.
Use of water is averaged at 8, 5, and 3.2 mm/day for diverted, delivered, and ac-
tual respectively. Those values are converted to 2.92, 1.83, 1.17 wo/nf.yr.

Fodder Crops:

During the dry seasons, there is a broad business, taking place in the
whole country, what is known as Hay business. Agricultural residue manipulation
of the wheat straws is taking efficient place in this activity. In addition to
the wheat straws, grass or Lucerne is being used to obtain that Hay bales that
is used later for feeding the cattle. In this sense farmers are recycling the
secondary product and further reaching from it a tertiary product. And that is
following the concept of recycling to minimize the solid waste dilemma.

Production of Fodder was dealt with differently. Costs of fodder were es-
timated at 22 us$/ha. The return out of the fodder is estimated as a percentage
(75%) of the return of meat. That leaves behind a net return of 117 US$/ha.yr. Use
of water is averaged at 3.5, 3.0, and 2.9 mm/day for diverted, delivered, and ac-
tual respectively. Those values are converted to 1.28, 1.10, 1.06 n’/m.yr.

3.2 Industry

Diaries:

Prices of meat and diaries products are listed in [Annex QN.3]. Water use
by cattle for drinking is accounted for in consumptive fraction of the water.
Not forgotten, the water used in the factory has been considered partially in
the consumptive fraction as part of it runs back to the system as a return flow.

Production of Diaries was declared to be 25,000 1t/day (9.1*10° 1t/yr). A net
return of 24,949 uss/yr is expected. Fodder use of water is averaged at 3.5, 3.0,
and 2.9 mm/day for diverted, delivered, and actual respectively. Those values are
converted to 15.4*%10° 13.2*10%, 12.8*10° n’/yr. Factory use of water is approxi-
mated to be 1.2*10° n’/yr for diverted, delivered, and actual. Accordingly, total
use of water is 16.6*10°, 14.4*10°%, 14.0%10° n’/yr.

Non-Diaries Industries:

For other industries taking place in the area, there were no sufficient
data to carry out the same procedure. Hence, this contributor is being neglected
especially after considering it 1is only for local market. Moreover, some of
these small-scale factories are using the water for a non-industrial related
purposes, so, it is not directly related to the production like the telecommuni-
cation factory based near Gilgil town.

3.3 Domestic

Natives:

For some cases, it i1s really harsh to estimate an economic net return out
of it, as they may encounter, directly, non-productive sector. Water that is be-
ing delivered to the local people is not of a straight economic benefit, al-
though it may experience secondary benefits coming out of the social welfare.
Unlike other sectors, no direct benefit could be anticipated. However, a rough
estimate could be established for the sake of completing the picture.
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In this sense water supplied for natives are likely to be spending sector
rather than being an earning sector. An average of 50 1t/day.capita is taken for
the 350,000 population at an average price of water of 0.20 us$/n’. And after
adding the share of electricity bills, or any other energy provider, it might
come to 0.30 uss/’. So the net return is a monetary deficit of 1.257*10° uss/yr
for the whole catchment; i.e. some 5.0 US$/ha.yr (only Five). Use of water is ap-
proximated to be 6.28*10° n’/yr for diverted, delivered, and actual.

Tourism:

Kenya is one of the countries heavily reliant on natural tourism for hard-
currency earnings. Most of the touristic firms depend on their own sources of
water; i.e. boreholes. Few cases that depend partially on the Naivasha municipal
council for water delivery. In that case the price of water is as mentioned 0.20
us$/m’. Seasons are likely to affect the consumption. High season touristic
months; i.e. July and August are months of higher water requirements. Being in-
direct money earning sector, it was difficult to set up a net return value for
that sector. Again a rough estimate is to be set for the picture completion.

The cost of supplying water for tourist is as calculated for natives. How-
ever, an average water use of tourists was approximated to be 250 1t/day.capita for
the 40,000 tourists, spending 2-3 nights, expected to visit the area annually.
More costs are involved like hotel, restaurant, and clubs’ costs. As tourism is
one of the main sectors for foreign currency earning for the country, a return
of 7.56*10° uss/yr. is estimated for the national parks entry, accommodation,
food, and other facilities. So a net return of 6.57*10° uss/yr for the whole
catchment; i.e. some 30.0 US$/ha.yr. Use of water is approximated to be 0.72%10°
n’/yr for diverted, delivered, and actual.

3.4 Fisheries

Fish play a key role in human food supply and aquatic ecosystems. Indica-
tors for fish production can be expressed as amount per capita. Such indicator
can give an insight into quantitative aspects of fish resources. Records avail-
able at the Naivasha fisheries department indicate that lake Naivasha has five
species of fish three of them are commercially exploited. The fishery of the
lake is also quite unstable and a link has been established over time between
fish production and water levels [Annex QON.3]. Since there are no scheduled di-
versions of water into the fisheries sector, which is another productive use of
water, there is no direct way of calculating the productivity factor for fish.
However, a distinction between the production for dry and wet conditions can
still be made based on the different interviews made in the site.

Production of fisheries during 1997 was declared to be 45092 kg, a return
of 53,273 uss was reported. Costs involved include the salary of the fishermen
and the costs for operating the 182 boats an average of 3 men per boat was taken
rounding the costs to 5,000 ksh/boat, that will result in total annual costs of
14,918 uss/yr. The water surface area during the same year was 13,331 ha. At the
end an index is estimated for the fisheries to be 3.32 uUs$/ha.

3.5 wWildlife

Clearly enough, wildlife is closely related to the tourism sector. As a
water consumer, values can be established for the amount of water consumed and
for the net return. The design manual for water supply in Kenya is being used
for the estimation of water used by different animals [Annex QN.2].
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Wildlife was assumed to have a 20% share of the total income from tour-
ists. On the other hand, there are no clear direct running costs involved in
this sector except the very start-up cost of introducing national parks, and
maintaining it, which can be deducted directly from the entrance fees of the
parks themselves. So a net return of 1.315*10° uss/yr; i.e. some 4.0 US$/ha.yr. Use
of water is approximated to be 1.98*10° n’/yr for diverted, delivered, and actual.

3.6 Environment

Having consumed most of the water incoming to the catchment, a suspicious
conclusion could be made regarding natural vegetation, forest, and bare soil
which reveals that they should attain most of the return. However, a direct re-
lationship can not be established between the amount of water consumed and the
economic return. In this context, it is rational to compare those two sectors,
flowers and natural environment in money basis. Flowers consume a trifling
amount of water but puts along a relatively giant net benefit, on the other hand
natural environment consume most of the water 80% giving almost trivial economi-
cal benefits.

There is an interrelationship between the environment and both touristic
and wildlife in the sense that tourists come for the sake of wildlife and envi-
ronment, whilst wildlife sensibly survive in a healthy environment. A 60% of to-
tal income from touristic sub-sector is attributed to the environment; i.e.
3.945*10° uss/yr; i.e. some 12.0 uS$/ha.yr. Use of water is taken from the low
beneficial values (part one), 1056*10° n’/yr for diverted, delivered, and actual.

At the end a summery has to be made to compile all the information ob-
tained from the previous economical analysis, but not a cost benefit analysis,
in the following table [Table 3-1].

Table 3-1: Productivity Factors for Different Sectors. [Annex PR.4]

Productivity Factor for Average Effect of Conditions
Activity Conditions (UsSS/w’) on Productivity Factor
Diverted Delivered Actual Dry Year Wet Year
Flowers 2.74 4.11 8.23 - NE' NE'
Agriculture Vegetables 0.29 0.46 0.72 Slight Moderate
Fodder Crops 0.01 0.01 0.01 NE NE
Diaries 0.15 0.17 0.18 Slight NE
Industry , .
Non-Diaries - - - —_— -

. Natives -0.20 -0.20 -0.20 Severe Slight
Domestic Tourism 9.17 9.17 9.17 slight slight
Fisheries (only US$/ha) 3.32 3.32 3.32 Slight Slight
Wildlife 0.66 0.66 0.66 Moderate Moderate

Environment 0.004 0.004 0.004 Moderate Moderate
1. No effect -

Noting that all values are based on interviews as first estimates and
should be seen as a first indication rather than absolute values. A distinction
is made in the form of three wvalues for both conditions; diverted, delivered,
and actual. That was the net benefit divided by the diverted, delivered, and ac-
tual use of water respectively. Productivity factor for Actual is always bigger
than delivered and the last is always higher than the diverted as always the ac-
tual use of water is less than the delivered, which is in turn less than di-
verted water. The water volume used for wildlife for instance will be returned
to the system as a return flow.
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Here it bears mentioning that the actual productivity factor for the
flower industry, 1is approximately 3 times the diverted one, meaning that we can
produce the same amount with three times less water.

Also, the productivity factor for the wildlife is much higher than for en-
vironment, that is because of the huge water consumed by the environment in com-
parison to the minute amount of water consumed by wildlife.

For the effect of dry/wet years, flowers productivity are assumed to have
no effect as it is one of the indoor industries and it has the very first prior-
ity in the region, on the other hand prices of water is not affected by the type
of the year. For vegetables, farmers can still get water in a dry year but at a
higher cost {pumping costs). On the other hand very wet conditions can affect
the yield dramatically. Diaries are not getting any effect in wet years, al-
though on a dry year it might get some effect. Of course the domestic are the
victims of any water shortage in the region, while tourists are not affected as
severe as natives. However in a wet year, touristic sites for camping might get

affected. Effect of dry/wet years on both environment and wildlife is assumed to
be moderate.
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4.1 Land—-Use Inventory
4.2 System Analysis

Ideality 1s never achieved anywhere in any aspect, and absolute ideal con-
ditions exist nowhere. Having a tendency towards the ideality is the aim of any
sustainability-seeking plan. Hence it is necessary for any decision making proc-
ess to identify the ahead-wanted goals, in other words, ideal conditions. There-
fore, reaching a stage where our ideal conditions are relatively near is, no
doubt, the very ambitious end of the process.

Herein in this part we represent the water requirements under optimum con-
ditions that will satisfy sustainability, as “first of all” objective, in a pru-
dent point of view.

An inventory of the whole area, in terms of water and land-use is neces-

sary for the identification of different steps to be taken towards ideal condi-
tions.

4.1 Land—-Use Inventory

Filling up a table [Table 4-1] with all the values obtained in part one
for every land-use, or sector, and sub-sectors was the main aim of this part.
Optimum conditions were provoked for every sub-sector in case of relevance.

A. Agriculture: Optimum water consumption of the agricultural sector was based
on the actual evapotranspiration rates calculated for the study area for
every crop. [Mekonnen, 1999%]
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B. Industrial: Optimum water consumption of the industrial sector was divided
into two main parts: diary industries and non-diary industries. For diary in-
dustries, water was optimally needed for fodder crops, and that was previ-
ously referred to in the agricultural sector, and water was also needed for
the industry itself. Ideal values were taken from worldwide standards [Todd,
1970] for diaries industries. And was compared with the actual water use.
Similarly, for non-diaries industries, ideal values for the industry were

taken from worldwide standards for each industry taking place in the study
area.

C. Domestic: Optimum water use for domestic sector is being taken from the
“Kenya Design Manual for Water Supply’ [Annex QN.2]. Here it bears mentioning
that the liters per capita per day water share was found to be 21839, 4872,
90, 55 for the rainfall, process depletion, ideal domestic supply and current
domestic supply respectively. From which we can conclude that the water
reaching the consumer is a negligible amount of his proposed share.

D. Fisheries: Another assumption was made here for the ideality. And that was
the amount of water that is contained in the lake at maximum fish catch which
was reported in the year 1970. Volume of the lake at the year 1970 was taken
as a reference of the ideal conditions of the fisheries. Ultimately, the fish
catch gquality, gquantity, and variety largely depend on the water quality,
hence, in a way or another the lake volume/level mainly due to the dilution
effect of various pollutants.

E. Wildlife/Livestock: The actual water consumption per head for each type of
wildlife/livestock was obtained from a survey done by the Kenya Wildlife
Service. The survey conducted also the estimated total number of every spe-
c¢ies in the vicinity of the lake. Assumptions had to be made regarding the
very total number of the wildlife in the whole catchment. Sensitivity analy-
sis done earlier in part one, revealed that wildlife water consumption is not
a sensitive issue in the water budget calculations. Therefore, these rough
assumptions were accepted for the sake of having the calculations in a com-
plete picture. In conditions that are not very harsh, in terms of water,
wildlife can survive as they can find their own ways to watering.

F. Lake & wetlands: evaporation from lake and wetlands is dealt with differently
as ideality in this context is distinctly assessed. As a function of the wa-
ter level, optimum evaporation is something to be simulated through wvarious
models [Mmbui, 1999] to get the best sustainable abstractions on a long-term
basis.

G. Others: groundwater outflow was calculated [Ojiambo, 1996], as referred to
in part one. Optimum and current situations of that constituent are identi-
cal.

A 1993 survey [Goldson, 1993] estimated the agricultural abstractions
solely based on pumps and electricity bills revealing 30.4 *10° m*/year excluding
diesel pump units which supply a significant amount of water. The water bailiff
abstractions are 32.7 *10° m’/year at 1993 which shows a good comparable values.
At the end of the day, taking expansions, which continuously takes place in the
catchment [Annex ON.3], into consideration will result in a comparable wvalue to
the value we got from part one (71.6*10° m’/year). Theoretical calculations mani-
fested the huge surplus indicated in [Table 4-1].

By checking values in this table, we can see that the only sector that is
consuming more water than it actually needs is the agricultural sector, particu-
larly, the flower sub-sector is using water nearly two times more than needed.
Other sub-sectors are not using as much, in terms of percentage. Elsewhere,
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there is always water deficit. That can be described by the fact that floricul-
ture industry is very important to both farmers and the government.

Table 4-1: Ideal Vs. Current Water Use for different Sectors. {*10° n’}
Water Use Status Coverage
Sector Land-Use :
Ideal Current Deficit Surplus Area (ha) %
Flowers 9.0 26.3 - 16.0 (178%) 1,200 0.36
Vegetables 6.7 11.8 - 5.1 (76%) ' 625 0.18
Grass 8.4 10.2 - 1.8 (21%) 800 0.24
Fodder 19.3 23.3 - 4.0 (21%) 1,943 0.59
Agriculture Total 43 .4 71.6 - 28.2 (65%) ' 4568 1.37
Rain-Fed 517.1 517.1 - - 64,559 19.61
Nat. Vegq. 356.1 356.1 - - 69,634 21.15
Bare Soil 380.7 380.7 - - 129,320 39.28
Forest 635.6 635.6 - - 43,799 13.30
Total 1889.5 18B89.5 , = = 307,313 93 .33
Diaries! 2.0 1.5 0.50 (25%) - 0.0 0.00
Industry , .
Non-Diaries 15.0 12.1 2.90 (19%) - 0.0 0.00
Total 11.0 13.6 3.4 (20%) 6.0 0.060
Tourism 0.02 0.02 0.00 (0.0) - 0.0 0.00
, Urban 5.70 4.23 1.47 (26%) - 0.0 0.00
Domestic
Rural 5.70 2.54 3.16 (55%) - 0.0 0.00
Facilities 0.23 0.17 0.06 (26%) - 0.0 0.00
Total 16.45 9.98 4.1 (28.5) - 0.0 0.00
Fisheries* Lake volume [806] [561] [245] - - 0.00
wildlife/Livestock 1.98 1.98 - - - 0.00
Lake & wetlands 274.2 274.2 - - 17,330 5.30
Others? 50 50 - - -— 0.00
Total® 2292.5 2310.9 - 18.4(0.8%) 329,211 100.0

This values are for the factory only. Grass and fodder are included in the agricultural sector.

Groundwater outflow.

Without the lake volume.

Maximum sustainable Yield of fish was approximated [Muchiri et al, 1990] as 418.8 ton/yr, while average ac-
tual i1s 134 ton/yr over the last 10 years. (legal catch)

e N e

One of the irrigation efficiency indices is to divide the theoretical wa-
ter requirements by the actual water use [Menenti, 1990] for the irrigated agri-
culture, it was obtained as 60.6%, to be seen as an over irrigation 1.65 times
more than theoretically needed.

There is no particular rule that is wvalid to identify the water quality
standards applicable regardless the relation to the use; in other words, water
use determines the water quality standards. Water Quality, a complex concept
with many aspects; i.e. physical, chemical, biological, microbial, can be de-
fined in terms of a water body’s suitability for various uses. It is affected by
water abstractions, pollution loads from human activities, and climate.

Regarding the physical criteria of water quality assessment [Mannaerts,
1998], temperature, color, taste, odor are yet satisfactory for the domestic
sector including tourism as discussed in part two. And with respect to transpar-
ency, turbidity [Samir, 1998] there is no problem for agricultural or industrial
sector as the farmers tend to collect the pumped lake water into tanks to let
the sediments settle down before they take it for irrigation or drinking pur-
poses. Fisheries and other habitat may get affected in the lake regions that ex-
perience excessive amounts of algae.

Inorganic chemical criteria in relation to the utilization encountered are
extensively covered in part two. And the pressure from those parameters onto the
environment will be discussed later on in this part. Chemical Oxygen Demand
(COD) is defined as the Oxygen (0.} used in the chemical oxidation of the or-
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ganic carbon [Mannaerts, 1998]. It was selected to represent the organic chemi-
cal criteria. Nutrients are discussed also for their severe impact on the eutro-
phication status of the water sources. No microbial water quality criteria are
discussed in this study.

4 2 System Analysis

The threat of pollution from various activities around the lake is pushing
along a daunting effect of continuously deteriorating quality.

Indirect Pressures Direct Pressures Quality of: Actions
Q Industrial Development. Q Agricultural inputs and ju] Surface Water. ] Sewage treatment.
Q Human settlement. practices. a Ground Water. Q Charges for waste
[m] Water abstraction. Q Discharge of pollutants a Drinking Water water discharge.
] Climate. by major activity.

Figure 4-1: Water Quality System Analysis of Lake Naivasha Basin.

Various human induced outcomes are experienced in the wvicinity of the
lake, and in the whole catchment as well. Unlike the nature induced, human in-
duced outcomes are hard to harmonize or to self mitigate themselves. Accord-
ingly, greater attention must be given to human activities and its adverse ef-
fects on the nature.

4 .2.1 Pressure

Many pressures are encountered, some of them are direct, while others are
indirect. To start off, we start by the indirect pressures, one of which is the
industrial development.

Wastewater from different factories [Samir, 1998] have been analyzed show-
ing a serious water quality deterioration. High concentrations of different
quality parameters [Table 4-2] can be regarded as substantial pressures on the
environment. Mass inputs [Table 4-3] of the different parameters will Show a
huge input to the system; the lake itself, or groundwater, through direct or in-
direct pathways. Any future development without regarding wastewater treatment
is an extra pressure on the environment.

Other indirect pressures include increased population, water abstraction
and climate; i.e. extreme events, etc. The former may impose crucial pressure on
the environment as this area endures the highest growth rate in Kenya, a case
clearly understood as a serious threat to the environment if no proper sewage
treatment takes efficient place. Analysis of a domestic wastewater sample [Table
4-2] is shown to describe the level of pollution. Water abstraction is contrib-
uting to the pressure scheme in the form of concentration, less abstraction
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means giving place and chance for dilution effects to take place. On the other
hand climate is double-~edged sword, it can impose negative effects, positive ef-
fect is expected as well. For instance one of the advantages of high rainfall is
the diluting ability it donates to surface or ground water reservoirs. The nor-

mal direct sources of pollution include the previously mentioned agriculture in-
dustrial, and domestic pollution.

Table 4-2: Concentrations of Selected Quality Parameters in Wastewater.

Contributor & Parameter Observed Value Guidelines Unit
Non-Diaries (Beverages)
Sulfate {S0.%7) 475%* 500 mg/1
Chloride (C17) 250+ 1000 mg/1
Ammonium (NH,"-N) 26* 20 mg/1
Diaries
Sulfate (S0,%) High* 500 mg/1
Chloride (C17) High* 1000 mg/1
Ammonium (NH.*-N) High* 20 mg/1
Nitrate (NO; —-N) High* 20 mg/1
Agriculture
Sulfate (50,%) 26* 500 mg/1
Chloride (C17) 86* 1000 mg/l
Ammonium (NH,"-N) 5% 20 mg/1
Nitrate (NO;™-N) 1-76* 20 mg/1
coD 49* 50 mg/1
Total-P 0.1-53.8* 30 mg/1
Domestic
Sulfate (S0,%7) 135 500 mg/1
Chloride (cl7) 180 1000 mg/1
Nitrate (NO; -N) 160* 20 mg/1
Phosphate (PO,*") 570* 30 mg/1
EC (at 21.3 °C) 2880% (=) us/cm
CoD 520" 50 mg/1

* Average polnt sampling done October 1998 [Samir, 1958].
# Average point sampling done October 1999 [Tang, 1999].

Having the papyrus swamp in place is a great advantage (of their purifying
effect) menaced by those illegal fishermen who burn that papyrus, as they are
afraid of hiding hippos and buffaloes. Some farmers still clear to plough or
graze right down to the water edge which constitutes another pressure to the en-
vironment while some landowners control this by leaving a lakeside buffer strip.

4.2.2 State

Studies of water chemistry confirmed that the two perennial rivers are the
water richest in plant nutrients [Harper, 1996]. Studies offshore from major po-
tential point sources of nutrients, the Naivasha town sewage works and horticul-
ture enterprises did not show conclusively that high levels of nutrients enter
the lake from these sources. High levels were found at the lake edges, but these
can also occur through re-mobilization of nutrients from the mud following dis-
turbance by hippos or cattle. Further details about the state of the quality are
illustrated before in part two. Rainfall is, of course, the purist as it is
nearly man-untouched source of water.

Boreholes in the lake basin contain water with different chemical charac-
teristics from lake water, and probably reflect several different streams of
subterranean water flow. There is reasonable evidence that the borehole waters
in the vicinity of the Malewa river, the main river, are dilute, reflecting the
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river characteristics [Harper, 1996]. After passing through this over exploited
area, ground water flows out in a southerly direction polluted with the agro-
chemical being used in the intensive agricultural area in the wvicinity of the
lake. EC of the groundwater outflow was obtained from water samples from wells
in the south, as reported, that is the direction of ground water outflow. EC of
725 is the average for the ground water outflow.

For most of the domains involved in the non-process depletion, or the
natural water consumption, this section, it is not a crucial issue to consider
the water quality of the input unless for the sake of regarding other inter-
related issues. For example, it is not very important to consider the water in-
put to the soil which is later evaporated from the surface, but what is really
important is the quality of the water that is leached down to the ground water
aquifers. Interception and lake evaporation are the domains that can be consid-
ered of minimum deterioration. Natural vegetation has no evidence of being af-
fected by the water quality. That is manifested by the endurance and durability
of that natural vegetation to pure environmental conditions. And on the other
hand it is not of too much economic importance to the natives, only aesthetic
and/or environmental purposes.

As illustrated in part one, the return flow water is very poor in quality
and is referred to as sink as discussed in part two. Part of this return flow
has better quality, that is obtained from farms in the fallow period where no
application of agro-chemical is taking place, and may be when the amount of wa-
ter is large enough to dilute the pollutants contained. Agricultural non-
polluted return flow is approximated as 10% giving 5.3*10° m’/yr and 30% of in-
dustry giving 4.0*10° m’/yr.

In the agricultural sector, farmers are manipulating the quality of the
water by adding some chemicals to adjust different water quality parameters to
satisfy their particular requirements. For instance flower farming needs a spe-
cific water quality standards for a better crop, quantity and quality. It was
found during the field trip period that no farmer is affected by the water gqual-
ity deterioration. Should any farm found itself confronted with water quality
beyond its desires and/or requirements, they inject a certain amount of chemi-
cals; i.e. acids, to adjust their specific requirements (i.e. EC, pH, etc.).

Considering the different water users as black boxes and tracing the water
quality conditions before and after getting into those boxes [Fig. 4-2] was the
way used to pinpoint the sector that most disturb the environment for different
water quality paramters, in other words that contribute most to the pollution of
the system. Ip; & Opy are the input and output water conditions to and from the
agricultural sector. Similarly, Irn & Om, Ipo & Opo, Irc & Oxc are the equivalent
for industry, domestic and ecology respectively. In a long-term basis, that will
end in a cycle of continuously adding chemicals to mitigate water pollution.

I, is being taken as area weighted average [Table 4-3] from different
farms as the lake water quality is not the same allover. That was for those
farms that use surface water as a major source. For other farms, location, as
well, plays a large role in the quality of the water abstracted from boreholes.
I is being taken from Delamere estates, where they pump up ground water for use
in irrigation and for factory purposes. Ip, 1s being taken from self-
measurements during the field trip period in number of samples from households,
and a ground water chemistry survey [Morgan, 1998]. Rainfall is considered as
the input to the ecology Ig.. No considerable change in the output from ecology
is assumed. Accordingly the contribution of the ecology is set to minimal fig-
ures unless in case of any polluted rain the contribution of the ecology might
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be the highest. This contribution must not be attributed to the ecology, but the
output from any other activity that created this polluted rain.

After passing through these black boxes the quality of the output must
have been deteriorated by the activities involved in these sectors, then the re-
sultant is water of a deteriorated quality. These outputs in a way or another
get incorporated into the environment, which will help to alleviate the mass in-
puts by either space or time. This alleviation ability depends on the saturation
level of the environment, meaning that this will continue to happen until the
environment can no longer support this action. Then we should consider the arti-
ficial treatments done by humans to mitigate the pollution before it gets into
the system.

" Shading degree represents polluttong

Figure 4-2: Schematic Representation of the Pollution Cycle in Naivasha Basin.

Exact segregated values regarding the amounts of effluents discharged from
the different sub-~sectors especially the industrial sector was needed to accu-
rately generate a mass balance of the different quality parameters. As no
fluxes were available, inevitably we would trace the pollutants by the aggre-
gated values of the sectors [Table 4-3]. Now, there is still an issue of how
much is the area being irrigated by surface water versus ground water. 85% of
the agricultural uses around the lake is from surface water and hence a weighted
average of 600 can be a good approximation of the electrical conductivity of the
water being used for agricultural sector.

Although relatively small amount of polluted return flow (effluent) from
industrial sector [Table 4-3], the Sulfate (80,4°) contribution into the mass
balance is the highest among the four sectors. Obviously, that is because the
highest concentration in the output. For Chloride (Cl7), the agricultural sector
is the highest. On the other scale, the highest contribution expected and seen
from the domestic sector is the organic matter represented by the COD. The con-
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cept of Inhabitant Equivalent (I.E.) [Verstraete, 1984] could be included for

domestic sector, one I.E. is equal to 100 g of COD, 10 g of Nitrogen, and 1.5 g
of Phosphorus.

Table 4-3 : Selected Pollutants Input and Output to & from Various Sectors.

Parameter Agriculture’ Industry Domestic Ecgéggy?wwm
Qlty Qnty Qlty Qnty Qlty Qnty Qlty Qnty
pH
Input 6.7 6.8 7.5 7.0
Output 8.0 47.5 NM° 9.5 NM 5.2 7.0 7007
Difference(s) i9 6.0
Electric Conductivity (EC)
Input 600 680 500 Low )
output 1700  47.5 NM 9.5 2880 5.2 Low 700°
Difference (%) .. 183 476 0
Sulfate (50,4)
Input 1.5 20 4.0 Low
Output 26 47.5 475 9.5 135 5.2 Low 700°
Difference(s) 1633 1235° 2275 as512* 3295 1028 0.0
Chloride (C1)
Input 15 10 13 Low
output 86 47.5 250 9.5 180 5.2 Low 700°
Difference(¥) 413 4082® 2a00 237187 1284 936" 0.0
Chemical Oxygen Demand (COD)
Input 43 NM 43 Low )
output 49 47.5 NM 9.5 520 5.2 Low 700°
_Difference(%) 14 2328’ 2704 0.0

G R R R

Average value taken from municipal water supply wells, elsamere.
Input is simply the rainfall.

Return flow excluding the other sectors.

Contribution (Qlty*Qnty).

Detailed output from agriculture is being analyzed [Tang, 1999].

Not Measured.

4.2.3 Response

Proper management of the pollution needs to take efficient place. As the
sources of pollution, sources of alleviating the pollution could be natural or
artificial. For some of the pollutants, they can get alleviated spatially or
temporally, meaning a treatment facility, for the pollution sources, should be
considered if the alleviating power of the environment is not sufficient. On
the other hand charges for the wastewater discharge into public water courses or
sewers should be deployed on the basis of a pollution unit. The concept of In-
habitant Equivalent (I.E) could be used as a unit of pollution. Detailed data is
required to generalize this concept for all the activities in the basin. Water

analysis of the effluents and the I.E. [Table 4-4] should base the charging
scheme.

Table 4-4: A Unit of Inhabitant Equivelant (I.E.). {all values are in Grams}
Total Total Total Suspended Grease Alkalinity Mineral

Parameter COD BODs P Solids  Solids , 0ils  (CaCOs) salts

Value 100 54 10 1.5 200 100 20 25 10

Where; BOD; is the Biological Oxygen Demand over a 5-days period at 20 °C,
and it is defined as the amount of Oxygen used by micro-organisms (bacteria,

etc.) to eliminate (oxidize or metabolize) bio—-degradable organic substances
[Mannaerts, 1998].
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Introduction.
Scenario Development.

Scenarioco Evaluation.

Sensivivity Analysis.
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Discussion.

5.1 Introduction

The increasing role by community groups in a catchment scale decision mak-
ing on sustainable resource use and management requires more comprehensive tools
for managing ecosystems on temporal and spatial scales. Integrated catchment
management is necessary as a strategic framework where individuals, groups, and
government agencies with a vested interest in the catchment outcomes can make

group decisions on regional and strategic development and management strategies
for sustainable resource use [Cairns, 1991].

Many interviews were commenced during the field trip with the farmers, lo-
cal people, and government officials imparting the distinct truth of having se-
vere water shortage. Results shown in the previous parts declared that there is
no water shortage at all. However mismanagement of the catchment has led to in-
appropriate distribution of the water among the different sectors. In short the
major problem encountered in the area is, as usual, the shortage of water for
the various activities taking place around the lake. On the other hand the natu-
ral water consumption, i.e. water consumed by various environmental assets is
approximately 75% of the resources. Thinking of resource allocation for the
stressed 2.6% water use by humans around the lake is not a wise manner of solv-
ing the problem. Instead re-allocation of the water among the various users, es-
pecially the 75% may be a proper way of solving it.

A number of scenarios were proposed for implementation and further evalu-
ated to seize out the best alternative. Scenarios were based on the detailed
study of the area, and the gained field experience. Hereafter, the scenarios are

f
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represented to be evaluated and a final best management practice is proposed in
conclusion.

5.2 Scenaric Development

To develop a scenario is to propose a certain set of management actions to
be implemented. The overall objective of these scenarios is to identify land-
use, which will unchain the water shortage problem in the vicinity of the lake
and to maximize the net return out of the whole catchment, and not on an indi-
vidual farmer basis in a sustainable context. An understanding of the productiv-
ity, equity, and environmental impacts of alternative mechanisms and policies
for intersectoral water allocation was necessary to get a better picture of the
whole process. To effectively create “new” water in a regional context, a con-
servation program must in some way reduce evaporation or ET or improve return
flow quality, and not simply reduce diversions.

5.2.1 Scenario I: No Action (No Go)

Current situation is being left to check on its applicability in a sus-
tainable context. That was regarded as the base scenario.

5.2.2 Scenario II: Deforestation

“If you need water, cut forest!” one of the very major sayings in the wa-
ter resources management. Unfortunately it is not always as easy as that, and
even if it is the case, further complications might occur which were not ac-
counted for in the primal plan, i.e. environmental, and socioeconomic conse-
quences. If done, that should be on a small area based on usage and other envi-
ronmental considerations. As shown earlier, forests consume too much water by
the two major processes, transpiration and interception. One of the first op-
tions that came to my mind was to remove those economically unwanted commodi-
ties. Now the question is how much should we cut? Few further question marks ap-
peared at once: how accessible, how applicable, costs involved, environmental
consequences; i.e. (water logging, soil salinization), subsequent use of the
area, ease of simulation of following situations. Those question marks may par-—
ticipate in constructing our multi-criteria basis for the evaluation. An area of
application is assumed to be 10%, meaning 10% of the current forest are to be
removed.

5.2.3 Scenario III: Mulching

The big guy, Bare Soil, is exhausting the catchment by the intense water
usage, as referred to in the bare soil calculations in part 1. One of the first
bright ideas was to, somehow, attenuate this resource-dissipating scheme. Keep-
ing the soil dry or not evaporating even in the wet seasons will peculiarly re-
duce the bare soil evaporation on annual basis. A first estimation of the amount
of water to be saved if we always keep the soil dry, is 300*10° n’/year. And that
is quite enough for optimum non-stressed domestic use for 20 complete years or
for non-stressed agriculture use for 4 years. Maintaining water tables at or be-
low an optimal depth is required for avoiding water logging and soil saliniza-
tion problems. Covering soil by any type of agricultural residues will reduce
the evaporation from the soil dramatically. An area of application is assumed to
be 30%, meaning 30% of the current bare soil area is to be covered. That could
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be of higher applicability as farmers can cover their adjacent land with the ag-
ricultural residues they got.

5.2.4 Scenario IV: Increasing Rain-Fed Area

At a first glance, Rain-fed agriculture is an economically sensible and
environmentally sustainable solution. Increasing the rain-fed areas was one of
the suggested management options as it satisfies the objectives of best manage-
ment practices in the region. It increases the net return, utilizes the rain-
water, at least partially, has no profound performance losses, creates lots of
job opportunities, and has minimal pollution potential. Unlike the pros, cons of
this scenario are not many but may be very potent, For instance, applicability

of this scenario is very poor. An extra rain-fed agriculture area of 50,000 ha
is assumed.

5.2.5 Scenario V: Night Irrigation

Some farmers are already implementing this scenario on the experience, and
scientific fact, that irrigation during night minimizes the daytime losses. An
extension of this scenario has to be seriously considered to reduce the differ-
ent losses. In this sense, by some time, farmers will realize that they should
not abstract so much water to irrigate their crops, hence a double effect of

saving the water will take place. In this scenario abstracted water by farmers
is reduced by 1.0 mm/day.

5.2.6 Scenario VI: New Reservoir

That scenario is assumed to stretch away some of the concern from being
centralized around the lake, let the dilution effect take place, create more job
opportunities, increase income, reduce rangelands cover, hence reduce the bare
soil evaporation. If we assume that only 5% of the water used by the bare soil
is being collected by a reservoir, a total of 50*%10° m® will be collected annu-
ally for various activities. Sedimentation problems might occur, hence a clear
and well structured monitoring program should be embraced in the plan. A nega-
tive effect on the fertility of the soil near the lake might occur as, a propor-
tion of the sediments is redirected into another coarse. A hasty, but detailed-
enough study of the new reservoir is done [Annex PR.1] revealing that the new
reservoir would not reduce the available amount of water in the lake itself, al-
though it will result in a lower lake level. Lower lake level is not necessarily
seen as a reduction in the available water. Lower lake level means less evapora-
tion losses. So, let us consider the saved water from evaporation is being redi-
rected towards that new reservoir, and in case of any serious water shortage
downstream in the lake, gates of the dam could be opened to release some water
to feed the ailing lake.

5.3 Scenaric Evaluation

All of the scenarios need long term monitoring schemes to keep up with the
changes taking place after implementation. For instance in the soil replacement
scheme, we should monitor the ground water table for any considerable changes
over time to that water table. Regarding any of the sub-criteria, they are given
the equal internal weight, meaning that all sub-criteria involved in any crite-
ria they are equally weighted.

1

r}roductive and Sustainable Use of Water among Competing Sectors; MSc Thesis.} 55




Part Five; Basin-Wide Planning

5.3.1 Criteria

Different criterions have to be considered while testing each of the pre-
viously developed alternatives. All the criterions and their sub-criterions
score generations and standardization are listed in the annex. [Annex PR.3]

Environmental Considerations

A score representing the effect of each Scenario is chosen based on sev-
eral environmental considerations. Scores have been assigned based on three sub-
criterions; (1) The Agro-chemical input, (2) Erosion, and {3) Natural vegetation

loss. Agro-chemical score is being calculated based on the average input for
each area.

Agro - Chemical Score = Z Crop _ Area; * Crop _Chem

Any change in land-use will result in a corresponding sediment increase or
decrease. Average sediment yield was considered [Hamududu, 1998], on the other
hand, the sediment yield of different uses was assumed. Erosion index is being
calculated based on the following equation:

Erosion Score = Z Area * Sediment Yield

In addition, for some scenarios further calculations are involved, for in-
stance in deforestation, the deforested area is assumed to yleld the same amount
of sediments as averagly assumed earlier. And in mulching or soil replacement
the reduction in total sediments is expressed in terms of average sediment yield
multiplied by area under mulching or replacement.

Regarding natural vegetation, any areal change in land-use is assumed to
inversely affect the natural vegetation. Hence, a corresponding natural vegeta-
tion loss is expected with an additional percentage that accompany the land-use
changes. At the end of the day a weighted average of the three last indices is
taken for each scenario.

Social Aspects

Social aspects are divided into three main sub criterions: (1) Per Capita
Water Share; which was generated from running the water accounting framework
with the different settings of each scenario, {(2) Land Control; which was based
on the control over the areas generated by different scenarios, and (3) Relative
preferences, which was based solely on subjective weights. To come over any daze
from the subjectivity, different opinions were chosen.

Costs

Costs are divided into three main parts: (1) Set-Up costs, (2) Management
costs, and (3) Maintenance costs. Based on some values obtained from the field,
costs involved in the different scenarios are being calculated. Set-up costs are
the costs involved in setting up the whole project. Scenario six set-up costs
are excluded. Management costs are the ones needed to run the project effi-
ciently. Maintenance costs are speaking for themselves. We had this distinction
between management and maintenance, as for this particular area there might be
some process which can be categorized as management and not maintenance.
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Applicability

Applicability of a certain scenario is being assessed according to the lo-
cal economical and ecological conditions. Breaking it down, it came to three in-
terrelated sub-criterions: (1) Accessibility, (2) Feasibility, (3)
Sustainability. The first one represents the effect of accessibility on differ-
ent scenarios. Feasibility reflects the overall possibility of the project,
could it be applied, aside from the opinion of the farmers and any other deci-
sion-makers. Sustainability takes the role of reflecting the applicability of
the scenarios on the time dimension, and how effective each one behaves after a
certain period of time.

Ground Water Recharge

Ease of simulation of what will happen and subsequent use of the area af-
ter implementing that particular scenario is subjectively assigned. All of the
scenarios will affect the ground water tables, either by rise or decline. That
was, of course, of primer importance to the basin in the sense that an extreme
rise of the ground water level may cause some problems (salinization, water log-
ging, etc.) while an extreme decline will make the ground water pumping costs
rise dramatically.

Employment

Two sub-criterions were splitted out of this criterion. (1) Start-Up La-
bor; which is the labor needed for the start-up of the project, (2) Running la-
bor; which is the labor needed for the running itself of the project. Additional
labor-requiring fields may arise parallel to the project itself even temporar-—
ily.

Income

Income criterion reflects what could be obtained as a net economic return.
Based on the productivity obtained earlier, an index of each sector could be at-
tained in terms of US$ per hectare. A multiplication of that index times the
area of every sector, we can get easily the score of each scenario. Effect of
soil erosion on the crop yield is being considered previously in the environ-
mental criterion. Production of each scenario is being assessed through combined
production expected from agriculture, fisheries, tourism, and whatever involved.
Also include fish production in the new reservoir scenario. Include tourism in-
come when applicable. The new reservoir (scenario VI) will definitely increase
the production and may have higher productivities leading to a market competi-
tion, hence, prices will go down for crops.

Management

This criterion was broken down to another two sub-criterions: (1) On-Site
Management; which includes any managerial aspect that takes care of on-site ef-
fects of the project, (2) Off-Site management; which is on the contrary of the
previous one. Ease of management is represented here, hence the higher the
score, the better it is.

On a priority matrix, ([Table 5-1] different weights have to be assigned
for every criterion based on diversified interests of various groups. Equal
weights will not be considered in the priority matrix as this will be a kind of
blending the different diversified opinions together, and that ends in a very
close final weighted average of the different criterions which is not represent-
ing the case.

]
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Table 5-1: Priority Matrix; different opinions of the involved groups.

Involved Groups

Criteria I - 5 oy - - - . .
Farmer Government Public Scientist Foreign Scientists
Environment’ 2 8 3 7 7
Social 3 9 10 1 7
Costs 7 6 2 3 5
Applicability 9 5 4 9 7
Simulation 2 2 1 1 5
Employment 3 8 10 8 6
Income 8 4 10 8 6
Management 6 7 6 9 5
1. Different farmers’ cpinion was taken during the field trip and generalized to one opinion. High weight is as-
signed for this group, as they are likely to affect decisions taken in the area.
2. Government officials were interviewed as well. Low weight is assigned to government, as the main controlling
party in this region is the white skinned non-Kenyans.
3. Public were met as well, and one opinion was averaged out of all. Medium weight is assigned there.
4. Weights are assigned on the scale of 1 to 10, 10 being highest priority.

Finally an evaluation matrix, [Table 5-2] known as effect table in
DEFINITE package, has to be set up to indicate how does each scenario behave in
different perspectives. All the criteria and sub-criteria scores are listed in
the evaluation matrix. Unlike others, scores for environment and cost criterions
are based on the higher are less preferable.

Table 5-2: The Evaluation Matrix; different scores of scenarios among various
criterions.

Scenario
Criteria 1 2 3 4 5 6
" No Go Defor. Mulch. Rain-Fed Night Irr. N. Reserv.
Agro—-Chem 76,806 76,806 76,806 132,668 76,806 83,808
Environment Erosion 31807 32323 27,151 27,807 31807 31,064
Nat.Veg. ) 0 0 55,000 0 6,900
Water Share 55 797 939 55 103 256
Social Land Cntrl. 6913 11,015 10773 47,651 6,913 37,714
Rel. Pref. 10 20 40 70 20 90
Set-up 0 21,515 19,301 100,000 9137 0
Costs Mngmnt 0 0 3,860 5,000 83,432 500, 000
Maint. o] 0 1930 2,500 83432 1000000
Total 0 21,515 25,091 107,500 176,001 1500 000
Access. 100 80 60 70 100 60
Applicability Feasib. 70 60 50 70 30 40
Sustain. 60 40 20 10 70 90
GW Recharge GW Recharge 70 80 75 60 90 40
Employment Start-up 0 33,659 303,466 391103 0 66469
Running 607,63 607637 607,637 998,740 607,637 666,284
Income Income* 98,153 98,156 98183 98192 98153 107969
On-Site. 90 100 60 20 40 30
Management

Off-Site. 90 20 40 30 90 70

* Values in theusands

5.3.2 Standardization

For every scenario scores of every sub-criterion is put in a score matrix.
Standardization is made [Annex PR.3] to all of the sub-criterion individually.
Then a final score i1s being generated for every scenario as an average of the
different sub-criterions and that is taken to be the representative of the sce-
nario in the effect table. Two standardization techniques were used. Maximum
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standardization and the internal scale transformation [Voogd, 1983]. The former
was used when the difference between minimum and maximum scores of a certain
criterion is vast. The later is used when difference between minimum and maximum
is relatively too small because of its” ability of exaggerating differences when
scores are comparable.

5.3.3 Results

Three evaluation techniques were used to get the final ranking of all the
alternatives in different points of view. The weighted summation, ELECTRE II,
and the expected value [Voogd, 1983].

DEFINITE Package [Janssen, 1994] was used for the flexibility it gives to
evaluate the whole process by different evaluation techniques. Final assessment
was done four times changing the weights of the criterions:

1- Using farmers-based priorities.

2- Using government-based priorities.
3- Using scientific-based priorities.
4- Using the public-based priorities.

Ranking of the alternatives was obtained from running DEFINITE for this
evaluation matrix and for the previous different sets of priorities by the
weighted summation method [Table 5-3], ELECTRE II [Table 5-4], and expected
value method [Table 5-5] is shown.

Table 5-3: Ranked Alternatives for Different Groups by Weighted Summation.

Group Farmers Government Scientists Public
1°t No GO Mulching No GO Reservoir
2nd Reservoir Reservoir Reservoir Rain-fed
rd : . s . . .
Priorities Bth Night Irrig. Rain-fed Night Irrig. Mulching
4 Deforest. Deforest. Deforest. Deforest.
5tk Rain-fed No Go Mulching No Go
6" Mulching Night Irrig. Rain-fed Night Irrig.

Table 5-4: Ranked Alternatives for Different Groups by ELECTRE II.

Group Farmers Government Scientists Public
1°* No GO "~ 'Mulching " No GO o Mulching
2rd Night Irrig. Rain-fed Night Irrig. Rain-fed
Priorities 3:: Deforest. Deforest. Deforest. Deforest. .
4 Rain-fed No Go Rain-fed Night Irrig.
5t Mulching Night Irrig. Mulching No Go
6" Reservoir Reservoir Reservoir Reservoir

Table 5-5: Ranked Alternatives for Different Groups by Expected Value.

Group . Farmers Government Scientists Public
o 1°t No GO Mulching No GO Reservoir B
2rd Reservoir Reservoir Reservoir Rain-fed
Priorities zi: Il;light Irrig. Rain-fed Night Irrig. Mulching
eforest. Deforest. Deforest. Deforest.
5 Rain-fed No Go Mulching No Go
6" Mulching Night Irrig. Rain-fed Night Irrig.
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5.4 Sensitivity

nalvsis

Uncertainty is always an element in planning process. It arises because
the values of many factors that affect the performance of water resource systems
can not be known with certainty when a system is planned and constructed. The
success and performance of a project depend on future aspects and conditions,
which influence and determine future costs, benefits environmental impacts and
social acceptability.

Criteria Weights

Four sets of priorities were used for different involved group points of
view, farmers, government, scientists, and the public. Estimating the same per-
centage as an error for the entire criterion will result in a ranking same as
the current. As DEFINTE does not take all the probabilities inside this region.
Two ways were used here to overcome the uncertainties. First a 100% error is es-
timated separately for every criterion. The other way is to assume a simultane-
ous 25% error [Voogd, 1983] for the three most important criterions involved
[Table 5-6]. We will choose the farmers ranking and the weighted summation to do
our analysis at, as the farmers are likely to affect the decisions taken in the
region, and the weighted summation represents in a way the final ranking as seen
from tables [5-3], [5-4], [5-5]. The three most important criterions in this
case are applicability, income, and costs.

Table 5-6: Simultaneous 25% and Separate 100% Error in Selected Priorities of

the Farmers Opinion and Their Effect on the Ranking; weights sensi-
tivity analysis.

Scenario
= e 5 i : g
"'No Go Deforestation Mulching Rain-Fed Night Irrig. Reservoir
Current 1 4 6 5 3 2
25 % 1 4 6 5 3 2
Environment 1 4 ) 5 3 2
Social 1 4 6 5 3 2
Costs 1 4 6 5 3 2
Applicability 1 4 6 5 3 2
GW Recharge 1 4 6 5 3 2
Employment 1 4 6 5 3 2
Income 1 4 6 5 3 2
Management 1 4 9] 5 3 2

Unexpected effect of changing the weights even up to 100 % was obtained.
Instead of having a sensible effect on the last ranking, sensitivity analysis of
criteria weights has revealed that no change occurs except for the governmental
ranking of the 2™ and 3 alternatives were interchanged. That could be inter-
preted as insensitive weights as well as clear choice ranking.

Scenarios Scores

The same technique was used in assessing the sensitivity of scores ob-
tained for the different scenarios. Uncertainty in approximating the scores is a
great issue in some scorings and that is why it was given a large importance in
the analysis. The same simultaneous 25% 1is assumed. But for the separate error
percentage, trial and error has revealed that 100% error in one of the criteri-
ons and 50% in all others will give sensible changes in the final ranking. But
as seen [Table 5-7] those changes are quite supporting to the current final
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ranking obtained before. Meaning that scores even having a severe error, that
will not affect the final ranking.

Table 5-7: Simultaneous 25% and Separate 100% Error in Selected Priorities of
the Farmers Opinion and Their Effect on the Ranking; scores Sensitiv-
ity analysis.

Scenario
1 2 3 4 5 6
No Go Deforestation Mulchingm Rain-Fed Night Irrig. Reservoir

Current 1 4 6 5 " 3 2
25 % 1 2 6 5 2 2
Environment 1 2 6 5 2 2
Social 1 2 6 5 2 2
Costs 1 2 6 5 2 2
Applicability 1 2 6 5 2 2
GW Recharge 1 2 6 5 2 2
Employment 1 3 6 5 2 3
Income 1 2 ) 5 2 2
Management 1 2 6 5 2 4

Evaluation Technique

Three evaluation methods were used, the weighted summation, ELECTRE-II,
and expected value. Results can be seen in tables [5-3], [5-4], [5-5] and eas-
ily seen in [Fig. 5-1]. Again farmers point of view is selected to get a repre-
sentation. For the same reason indicated above.
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Figure 5-1: Effect of Evaluation Technique on the Final Ranking for Farmers.

Both weighted summation and expected value evaluation techniques gave, as
seen , the same ranking, and the trend is even the same for the ELECTRE II but
the new reservoir scenario is changed.

Weighting Method

Different weighting methods were used to check upon the consistency for
the ranking using them. The three methods used are expected wvalue, direct as-
sessment, and random. No changes happened, meaning that the weighting method is
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insensitive parameter in the evaluation process.

methods have trivial effect on the final ranking obtained.

Table 5-8: Effect of Changing the Weighting Method on the Ranking.

Part Five; Basin-Wide Planning

As seen [Table 5-8] weighting

Scenarios

No Go Deforest Mulching Rain-fed N.Irrig Reservoir

Farmers

E.V. Direct Ass.

EL.

Ex. Value
Direct Ass.
Random

Ex. Value
Direct Ass.
Random

Ex. Value

Random

2
2
2

Government

EL.

E.V. Ex. Value

Ex. Value
Direct Ass.
Random

Ex. Value
Direct Ass.
Random

Direct Ass.
Random

NN

Scientist

E.V. Direct Ass.

EL.

Ex. Value
Direct Ass.
Random

Ex. Value
Direct Ass.
Random

Ex. Value

Random

N NN DD OG-

Public

E.V. Ex. Value

EL.

Ex. Value
Direct Ass.
Random

Ex. Value
Direct Ass.
Random

Direct Ass.
Random
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Weight Interval

ers,

62

Changing the weights of the criteria for every point of view; i.e.

farm-

government, public and scientist, on a scale from one to ten, and observing
the changes that will happen to the final ranking is a way of checking the sen-
sitivity of the weights [Fig. 5-2].
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Figure 5-2: Weight Interval Sensitivity for Farmers (a), Government (b), Public (c},

and Scientists (d). (numbers are scenarios)

5.5 Discussicon

Achievement of every scenario in terms of water share, liters per capita
per day and scores of income and cost are plotted [Fig. 5-1]. Scenario 3, the
mulching, gives the highest water share while the lowest is attributed to the
current situation and the rain-fed scenario, which suggests that the current
situation has to be changed in case of a willingness to improve the domestic wa-
ter conditions. On the other hand increasing the rain-fed area will utilize the
rainwater, accordingly less water is available for the uses. The income score
obtained for the new reservoir is the highest, however, the costs involved are
the highest as well, so a difference is noticed instead of looking at one of
them separately. Cost benefit analysis is needed for the complete analysis of
the new scenario but it is beyond this study.
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Figure 5-3: Achievments of Scenarios in Terms of Water Share and Income.

From the previous obtained tables, [Table 5-3], [Table 5-4], [Table 5-5]
we can see clearly that the three alternatives “No Go”, “Reservoir”, and “Mulch-
ing” are taking higher positions in the ranking. Alternative “No Go” is the
first option for farmers and that is clearly understandable as they tend not to
modify the current situation and keep up with the situation that satisfies their
monetary will irrespective of what will happen to the land. The second ranking
of the new reservoir gives it a higher possibility of consideration. On the
other hand we can clearly see that all the alternatives fluctuate in intermedi-
ate position in an interactive way that best suggests that a combination set of
all of them; i.e. increasing rain-fed, deforestation, mulching, and night irri-
gation might be the best management practice (BMP) to be implemented, as one
particular alternative may not fully satisfy the objectives.

Finally, the role of the Decision Support System is only to SUPPORT the
decision-makers in taking critical decision in a regional basis and not to de-
cide. Hence, a recommendatory outline is the best obtained from this chapter.
Decisions are left to the personnel in charge.
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Conclusions and Recommendations

C.1l Conclusions

C.2 Recommendations

C.1l Conclusions

Results shown in this research declared that there is no water shortage at
all. However mismanagement of the catchment has led to inappropriate distribu-
tion of the water among the different sectors.

Far behind the expectations of anybody, the amount of water consumed by
the presumed large guy, agriculture, is a peanut of the gross inflow. Pilfering
only 2% of the gross inflow is inconsiderable amount in comparison to the gigan-
tic ubiquitous bare soil, natural vegetation, and forest use of water. As seen
earlier in part one, the natural water consumption (Non-Process Depletion) is
74.4% of the available resources, while humans consume only 17% including all
the activities even rain-fed (14.4%).

Abstraction can not be always higher than replenishment, otherwise lake
will disappear in few years.

Initially the main objective of this study was to reallocate the water in
the vicinity of the lake. Field gained experience has shown that any kind of re-
source allocation is entirely impossible. Resource allocation by means of linear
programming has shown minimal applicability in the area for two reasons (a) In
such a colonized environment we can not reallocate water as white skinned owners
will take their sufficient water no matter the consegquences. (b) Most of the wa-
ter is being unintentionally reserved by natural consumers (i.e. forest, natural
vegetation, and bare soil).

Non-consumed non-evaporated water is not dissipated to a non-recoverable
or non-usable form by irrigation. Therefore the non-consumed component of ap-
plied irrigation water is not a “loss” to the total resource, but may, to a
varying degree, be reusable. As far as the water is concerned, the actual evapo-
transpiration is much less than the amount of water abstracted. Accordingly a
giant, poor quality, return flow is taking the way back to the system deterio-
rating the water quality of either ground water aquifers or surface water.
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Sustainable exploitation of living aquatic resources adds to the value of
water resources and inland fisheries. Extensive aqua-culture is non-consumptive
sector of water. Inland fisheries and aqua-culture needs good quality water in
good gquantity. The announced legal fish catch is 32% of the maximum sustainable
catch.

The pollution Cycle, done in part four, has to be done on a series of con-
secutive years with monthly chemical analysis of the inputs and outputs to and
from the sectors indicated. The reason is to be able to simulate the concentra-

tions in the raw water after a period of time knowing the capacities of the
various activities.

As importing water into the basin is practically impossible, development
of the basin water status could be accomplished by reallocation among uses, not
users, decrease the non-process depletion, and decrease the non-beneficial de-
pletion. Naivasha basin could be considered as a fully committed water basin as
the amount of outflow is negligible.

At the end the three overlaid pictures, i.e. Quantity, Quality, and Pro-
ductivity, of the study area have introduced the final conclusions:

1- The environmental assets, such as forest, natural vegetation is the
largest consumer of water.

2- Both agricultural and industrial sectors are pushing on a serious
pressure onto the environment. Although clear segregated values about
the sub-sectors and their contribution are not involved in this study,
the aggregation is in favor of slightly overweighing the agricultural
pressure over the industrial one in some parameters and the vice cersa
in others. Domestic pressures will partly disapear if a proper sewage
treatment facility is in place.

3- The most money earning sector is the tourism sector and then the
flower industry which in a way or another launches a double swarded
effect, most economic, but most polluting. On the other hand, the
largest water consumer is not contributing to the economic return di-
rectly. In fact, they are economically contributing by their existence

so they support a certain wildlife for which the tourists visit the
area.

C.2 Recommendations

A comprehensive water allocation policy should be settled based on the
long-term balance of the lake. To husband sustainability with economic develop-
ment should be the first priority on which water permits are granted. And farm-
ers should be one of the involved parties to set up that water allocation
scheme. The water accounting framework needs to be done on a long time period

basis, one year, and preferably to be carried out on a serious of consecutive
years.

A better land-use classification would be achieved in case precise infor-
mation about the land-use is ready for use. A comprehensive coordinate-~based
land-use, will facilitate the process of selecting sample set necessary for the
classification. Hence minimizing the uncertainities in proportions of different
land-uses.

More attention must be paid to the measurement and verification of rain-
fall as it is the only, until clear ground water inflow research appears, incom-
ing water source to the catchment. As discussed earlier in part 1, Uncertainties
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in rainfall measurements is a vital issue for the water budget calculations. So,

as a conclusion we must say that every endeavor should be made to accurately
measure rainfall.

Because of the size and longevity of many investments in the water sector,
it is essential to take a long view of trends in the sector. Forecasting future
requirements would normally mean taking 25 to 50 years scenarios of supply and
demand. Extrapolating current and recent trends in demand is pointless if these
are unsustainable. Hence demand projects need to be iterative: if the first few
demand and supply scenarios are clearly unworkable, scenarios including demand
management should be introduced.

Water and chemicals uses for agriculture should be reduced gradually until
it reaches approximately the theoretical water needs of the plants, hence reduce
the surplus. That will not affect the production if not increasing it. Agricul-
ture activities must be banned or at least controlled for minimum polluting ef-
fects. Some Non-Governmental Organization (NGO’s); i.e. LNRA, should be involved
in the process of analysis and decision-making. That will help in environmental
protection and to stretch some of the governmental responsibilities. Exact vol-
umes of effluents from different pollutant sources are necessary in husbanding
the water quality analysis to come up with an extensive mass balance of differ-
ent pollutants. Moreover, the industrial effluents must be treated properly be-
fore getting dumped into the system.

A detailed study about the water use of the trees is highly recommended to
accurately attain the actual transpiration and interception losses from those
trees as this constitutes a considerable volume of the water balance. In the ab-
sence of results from specific site studies, the hydrological impact of differ-

ent tree species can only be made using generalizations obtained from studies
already carried out elsewhere.

As some of the chemical constituents are found at a higher concentration
than allowable, a monitoring scheme should be deployed to trace these concentra-
tions in row water and check if it is human induced through the various human
interventions or through any natural process. Also a detailed scheme of water
quality analysis of different human activities is needed. Ground water sub-
terranean pathways are recommended to check the flow of the pollution.

In view of the economic and environmental importance of the Lake Naivasha,
a body or authority should be established to manage and co-ordinate the lake ba-
sin water resources including water allocations, resource monitoring and re-
search programs. This body has to have the great virtue of being flexible, and
to take great care of the ecological, environmental, and the aesthetic aspects
as well as the economic values. The supply schedule should be directed towards
minimizing water deficits during the most sensitive periods.

Best management practices for the whole catchment could be thought of,
ONLY, if the involved personnel are imposing a sustainable development of the
area. A mixture of deforestation, mulching, increasing rain-fed area and even
night irrigation is to be implemented for the sake of capturing water in effec-
tive uses and minimizing the diversified loss schemes. In parallel, a new reser-
voir should be constructed to stretch out the concern from the surroundings of
the lake and weaken the different adverse effects on the environment. Certain

percentages of deforestation, mulching and increasing rain-fed are left for the
decision-makers.
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Plate 1-1: Land-Use Classification Map.
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Plate 1-2: Three-dimensional View of the

Catchmnet overlaid by the Land-Use.
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Plate 1-3: Three-dimensional View of the Catchmnet overlaid by Drainage Map.
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Plate 1-4: Rainfall Average Map.
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Plate 1-5:

Ground Water Depth Map
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Plate 1-6: Interception Map
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Plate 5-1: New Reservoir and Dam Location and Suitability Maps
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Annex ON.1

A11 WBlumd figures ave 34 o

Wetlands/Water Area Land Area Under Study (km®) _ 3,119
Land-Use Used BHere Water Area Under Study (km’) 133
47% 30% Wetlands Area Under Study (km’) 40

Total Area Under Study (km’)

Rainfall (mm/yesr) - 4

River Inflow is 0.0

Malewa Gilgil Karati Rain Fall Ground Water Inflow
No river Discharge for the whole catchment 2,791,844,307 0
a ’l‘mtal,g . T TE Ry Ay
2,781 H44 307

Runoff
Minimal Surface runoff
SCS_Curve number others

Surface Water Ground Water
Lake Volumes Saturated Zone
Previous Yr Current Yr Increase Decrease
434,439,523 164,834,726 2,000, 000 0

Unsaturated Zone

Increase Decrease Increase Decrease
30,395,203 0 180,996,183 *®
/385,203 Tonale W
213,391,386 [Closing Term of the Process |

Totals of the last level Gross Inflow & change in storage
G.W.Inflow Rainfall Runoff Return Flow Surface Ground Net Inflow
Q 2,791,844,307 [ 785,517,202 30,395,203 182,996,183 ¢ 578 482 a5
2,791,844,307 Ternie 2,578,452,921
3,577 361 500 3,363,970 123
File Name: accounting Page:1/8 Date: 4/15/99%
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Annex QN.1

All volume figuves are inw’

Nakurua Ol Kalau Kipipiri
Abstraction 19,000 16,400 6,100 m’/day
Abstraction to Nakuru Other Committed outflows
Value e Ol Kalau Kipipiri Olkaria
6,939,750 5,990,100 2,228,025 30,000,000
€ 839, 750 Yot ate 38,2%5,153
45,157 818
Uncommikted
Ground Water Outflow /‘g,a; Other Uncommitted outflows
Value P uncom'td 1 uncom'td 2 wuncom'td 3
50,000,000 .
80,000,000 L maiats 0
50,000,000
o .
Hon-Peocess @apeebwn
&eneﬂc&xf
Economic Forest Other Beneficial Depletion
Value Wildlife NPD-B2 NPD-B3
16,911,140 1,981,413
36,911 140 lelaly 7,961 %13
18,892 553
mm-ggemefwiaf
Lake Evaporation {(mm/year) 4.7 (mm/day)

Interception Lossaes
Value
230,966,033

Bare Soil
Value
1,126,380,109

Lake Evaporation
Value
226,627,128

230,966,033 Totals 1,383 007 234
1,582 993 090
Evaporation figure is on

Low- me@ﬁc&af

Natural Vegetation Swamp 4 Non-aconomic Forest
Value Value Value
606,512, 366 47,591,697 402,872,405
606 512 366 Gonmis 4590 464 101

1,056,976,468

File Name: accounting Page:2/8 Date: éﬁl%{993
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Annex QN.1

‘yea@: 1997

Bi1 velume Sigisie e il W

Losses

Irrigation Efficiency 40%
Industrial Efficiency 30%
Domestic Delivery Efficiency 30%
Losses Other Losses
Irrigation Industry Domestic Interception Losses 2 Losses 3
34,838,960 18,766,641 4,864,676 ~ 230,966,033
490 .27 ' Torane -
288,456 310

Willife Conseroation

Tropical Livestock Unit Water Use «at/4) 25
WildLife: Around lake/catchment (%) 5%
Livestock: Around lake/catchment (%) 20%

Unit Equivalent Total Water Consumption (it/day) Water Consumption '/yzn

TLU No. TLU Watering Drinking Lake Catchment

Zebra 0.85 337 286 0.0 7,151 2,612 52,235
Impala 0.10 206 21 0.0 515 188 3,758
Elands 0.75 37 28 0.0 690 252 5,040
Giraffe 1.10 8 9 0.0 223 81 1,627
Water Buck 0.50 37 19 0.0 466 170 3,406
Thomson Gaelle 0.20 64 13 0.0 322 117 2,349
Cattle 1.00 35,000 35,000 2.0 875,000 345,161 1,725,806
Sheep 0.10 35,000 3,500 8.0 87,500 31,959 159,797
Camel 0.50 0 ¢] 2.0 0 0 0
Buffalo 1.50 100 150 0.0 3,750 1,370 27,394
Elephant 9.10 0 0 0.0 0 0 0

Totais
1,981 413

é?ioceaa(]?epﬁdiom

Industrial

Fodder Acreage for diaries t(ha)
Grass acreage left for grazing (ha)
Milk consumption (lt/capita/day)
Factory Water consumption (lte /1ty

Total Factory Water Consumption (m’/year) 1,227,240
Delamere Estate Other Factories
Fodder Grass Factory Gilgil Others Others2
==%,392,897 5,113,500 1,227,240 5,000,000 7,085,850 .
313723‘37 Tutals - o85S
26 809 487

\
13,313,890 Water for factcr}\es only

File Name: accounting Page:3/8 Date: 4/15/9%
ON.1- 4 :

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis



File Name:

(%
2)6“@:

E11 volume Pigured are 4o w

Annex QON.1

RPomestic
Tourists Average nights 2
Population 350,000 [Urban/Low 30%
Urban/Med. 68%
e . Urban 50% Urban/High 2%
Classification IRural 50% Rural/low 25%
Rural/Med. 50%
Rural/High 25%
Tourist 95%
Requirement Satisfaction JUrban 75%
Rural 45%
Residents Consumption Tourist Consumption
n®/day n’/year uﬁ/day o’ /year
30,975 11,313,619 Tdnul 55 20,000
18,585 6,788,171 Current 52 1¢,000
Public Services Count No of Persons/ Facility Yater C°“s“¥?“i°n
m’/day m’/year
Boarding Schools 5 500 125 45,656
Day Schools 10 500 125 45,656
Hospitals 3 100 120 43,830
Dispensaries 8 .. 40 14,610
Clinics 26 10 104 37,986
Mortuaries 2 4000 body/year 40 14,610
Slaughter Houses 5 .. 50 18,263
Bars & Clubs 20 10 3,653
Clinics 100 .. 10 3,653
gfﬁq’?g}il Totais 196 937 227,916 Tdaal
6,978 108 170,937
a.gucu@uw
FAO Wate &qaiwmem
Scurce FAO 33
cr Growing period (days) Water requirements (mm) ETav
°P min max min max min max avg
Bean 60 120 300 500 2.50 8.33 e
Cabbages 80 120 380 590 3.17 6.25 :lt?
Maize 90 150 500 800 3.33 8.89 63
Onion 100 150 35 550 2.33 5.50 359
Pea 90 130 350 500 2.69 5.56 4.1
Potato 120 150 500 700 3.33 5.83 %4,£
Sunflower 116 140 600 - 1000 4.29 3.09 6.7
Tomato 90 120 400 600 3.33 6.67 5.0
Wheat 120 155 450 650 2.90 5.42 4.2
Rainfed Percentage of avg ET 70% 3.5 avg 5.0
Rainfed Agricubluce
Ccr Area Rainfall Rainfall Consumption; (Rainfall)
°p (ha) % {me/yx) (mn/ day) (w*/yx)
Wheat 16,000 3.04% 801 2.2 80,100,000
Maize 25,000 7.59% 801 2.2 200,250,000
Potatoes 20,000 6.08% 801 2.2 160,200,000
Other Horticulture 9,559 2.90% §01 2.2 76,567,430
Area ] atale 17,117
517,117,430
accounting Page:4/8 Date: 4/15/99
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Annex ON.1

yewb: 1997
=
2)) volume figures ave in m’
Fovesh [From G1s; around the laket |
Forest Area (ha) 43,031 o
Economic Forest (% of total Forest) 6
Non-Economic Forest 94 N
N,
Crop Area Rainfall Rainfall Consumption; (Rainfall)
(ha) % (men/y) (mw/day) (m/yx)
Economic Forest 2,582 0.8% 655 1.8 16,911,140
Non-Economic Forest 40,449 12.3% 996 2.7 402,872,405
Area T i T TmEaE . Emmmi R
419,783 544
C R P i
Range Lands Area (ha) 198,954
Nat. Veg./Range Lands (%) 35%
Bare Soil/Range Lands (%) 65%
Crop Area Rainfall Rainfall Consumption; (Rainfall)
{ha) % o/ ) (mmn/ day) (m’/yx)
Natural Veg. 69,634 21.2% 871 2.4 606,512,366
Bare 129,320 39.3% 871 2.4 1,126,380,109
Area 1 % e Totale T . Tae, 892 L6
1,132,490 47¢ '
Non-Econ. Forest & Natural Veg. * Bare 2,138 76l BBo
. 1
@g&wwﬁme ( conk b)
Total Catchment Area (ha} 329,211
Land Area (ha) 311,881
Fallow Period (Wheat) 90 | days
Fallow Period (Flowers) Og days
Fallow Period (Other Crops) 30% days
Fallow Period (Rainfed) 12 days
Irrigated Land (ha} 4,562;
Rainfed Area (ha) 64,559
Forest Area t(ha) 43,031
Range Lands Area {(ha) 198,954
Nat. Veg./Range Lands (%) 35%
Bare Soil/Range Lands (%) 65%
Area Current Water Consumption /
Crop 3 3 /
(ha) % mm/day m’/day m/z?ar
Flowers 1,200 0.36% 6.0 72,000 26,298,000 Z
Wheat 25 0.01% 5.0 1,250 344,063
French Beans 125 0.04% 6.0 7,500 2,544,602
Baby Corn 100 0.03% 5.5 5,500 1,868,057
Cabbages 75 0.02% 5.5 4,125 1,401,043
Squash 7 0.02% 5.5 4,125 1,401,043 71,561,330
Onion 75 0.02% 5.5 4,125 1,401,043
Tomatoes 75 0.02% 5.5 4,125 1,401,043
Pea 75 0.02% 5.5 4,125 1,401,043
Grass 800 0.24% 3.5 28,000 10,227,000
Fodder 1,9§3x/“" 0.59% 3.5 68,022 23,274,396
Rainfed Aqriculture _.-647559 19.61% 2.2 1,415,790 517,117,430  BIT,117,430
Natural Vegetation T 69,634 21.15% 1.4 974,876 356,073,592 —
Bare P 129,320 39.28% 0.8 1,042,398 380,735,957 |j1,364,900,890
Forest T 43,031 13.07% 4.0 1,719,620 628,091,341
P Area - ctals 1,983, .
s Ag.Area 4,568 1,953,579 650
94.50% The rest -of areal!- is lake and wetlands!!
File Name: accounting Page:5/8 Date: 4/15/9%
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Annex QON.1

‘ye(w: 1997

YL vtk figures are dinm

fjtugwteb agawﬁme

Crop Area Currently Applied Water
(ha) % mm/day m’/day n’/year
Flowers 1,200 0.36% 6.0 72,000 26,298,000
Wheat 25 0.01% 5.0 1,250 344,063
French Beans 125 0.04% 6.0 7,500 2,544,602
Baby Corn 100 0.03% 5.5 5,500 1,868,057
Cabbages 75 0.02 5.5 4,125 1,401,043
Squash 75 0.02% 5.5 4,125 1,401,043
Onion 75 0.02% 5.5 4,125 1,401,043
Tomatoes 75 ©.02% 5.5 4,125 1,401,043
Pea 75 0.02% 5.5 4,125 1,401,043
Grass 800 0.24% 3.5 28,000 10,227,000
Fodder 1,943 0.59% 3.5 68,022 23,274,396
ey e o e
%eowﬁcaf @mwmptm»
Crop Area Theoretical Water Consumption
(ha) % mm/day m’/day m’/year
Flowers 1,200 0.36% 2.1 24,660 9,007,065
Wheat 25 0.01% 3.2 794 218,442
French Beans 125 0.04% 3.2 3,968 1,360,523
Baby Corn 100 0.03% 3.2 3,174 1,088,418
Cabbages | 75 0.02% 3.2 2,381 816,314
Squash 75 0.02% 3.2 2,381 816,314
Onion 75 0.02% 3.2 2,381 816,314
Tomatoes 75 0.02% 3.2 2,381 816,314
Pea 75 0.02% 3.2 2,381 816,314
Grass 800 0.24% 2.9 23,087 8,432,512
Fodder 1,943 0.59% 2.9 56,087 19,273,000
Area 5,768 Taraie 43,481,889
43,481 509
Retuen %w
Indoor Flowers (% of total Flower) 85
Outdoor Flowers 15
Applied Applied Rainfall ETocc Surplus
Crop Area (ha) Irr. (mo/day) Irr. (mn/yr) s/ yx) {zen/day) ETact i (m’/yx)
Indcor flowers 1,020 5.0 1826 [4] 1.8 657 11,921,760
Outdoor Flower 180 8.0 2922 658 3.5 1,278 4,142,925
Wheat 25 5.0 1826 655 3.2 874 401,870
French Beans 125 6.0 2192 655 3.2 1,064 2,227,829
Baby Corn 100 5.5 2009 655 3.2 1,064 1,599,638
Cabbages 75 5.5 2009 655 3.2 1,064 1,199,729
Sguash 75 5.5 2009 655 3.2 1,064 1,199,729
Onion 75 5.5 2009 655 3.2 1,064 1,199,729
Tomatoes 75 5.5 2009 655 3.2 1,064 1,199,729
Pea 75 5.5 2009 655 3.2 1,064 1,199,729
Grass 800 3.5 1278 655 2.9 967 7,727,097
Fodder 1,943 3.5 1278 655 2.9 967 18,771,920
Total 7 BeE 57 791 Bed
Hom-heavily Polluted Retuwen Flow 5,279,168
File Name: accounting Page:6/8 Date: 4/15/3%
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Annex QN.1

Applied Applied Rainfall ETact Surplus
Czop Area (ha) Irr. (mm/day) Irr. (ma/yr) (man/yz) (men/day) Elae  (m/yo) o /yx)
Wheat 10,000 0.0 0 801 2.9 FEE] 188,710
Maize 25,000 0.0 0 801 3.3 818 -4,125,000
Potatoes 20,000 0.0 ¢ 801 3.3 818 -3,300,000
Others 3,559 0.0 0 801 3.5 853 -4,952,587
Area (ha) g nE Totears
12,188 878
Fovest
% Increase of Economic Forest ET over Non-economic 20%
Applied Applied Rainfall ETace Surplus
Ccrop Area (ha) 1rr. (mm/day) Irr. (mm/yr) (mm/yT) (mm/ day) Elae  (mm/yn) (m®/yx)
Econ. Forest 2,58 655 4.8 1,752 -28,311,437
Forest 40,449 996 4.0 1,460 -187,533,456
Total .82 ~218. 844
ghmge£hn%
Applied Applied Rainfall ETp0e Surplus
Czop Area (ha) Irzr. (mm/day) Irr. (mm/yx) (mm/yx) {mn/ day) ETooe  (m/yo) (n®/yr)
Natural Veg. 69,634 871 1.4 511 250,438,775
Bare 128,320 871 0.8 294 745,644,152
Total . 906, 0Bz 926
&%&f&hﬂumu@
Total Catchment Area (ha) 329,211 Rainfal vacies spabiatly
Land Area (ha) 311,881 .
Applied Applied Rainfall ET0e =" Surplus
Crop Area (ha) Irr. (mm/day) Irr. (zm/yr) {mm/yx) {m/day) ‘311,53/41:1%/1::) (m*/yx)
Flowers 1,200 6.0 2192 [o] 2.1 751 16,064,685
Wheat 25 5.0 1826 655 3.2 874 401,870
French Beans 125 6.0 2192 655 3.2 1,064 2,227,829
Baby Corn 100 5.5 2003 655 3.2 1,064 1,599,638
Cabbages 75 5.5 2009 655 3.2 1,064 1,199,729
Squash 75 5.5 2009 655 3.2 1,064 1,199,729
Onion 75 5.5 2008 555 3.2 1,064 1,199,729
Tomatoes 75 5.5 2009 655 3.2 1,064 1,199,729
pea 75 5.5 2009 655 3.2 1,064 1,199,729
Grass 800 3.5 1278 655 2.9 367 7,727,097
Fodder 1,943 3.5 1278 655 2.9 967 18,771,920
Rainfed 64,559 801 3.3 820 -12,188,878
Natural Veg. 69,634 871 1.4 511 250,438,775
Bare 129,320 871 0.8 2934 745,644,152
Forest 43,031 4.0 1,477 -215,844,892

|include the sink water |
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Annex ON.1

~~~~~~~ ALY voludel figtires dre dn o

Percentage of Heavily polluted Water in Agriculture
Percentage of Heavily polluted Water in Industry
Municipal Waste Water Return out of domestic input

Polluted Irrigation Water Municipal Waste Water
Value Value
47,512,515 5,233,581
Industrial Wast Water
Value
9,319,163
47,8132 515 T 8 24% Bgy

42 068 760

IMatbematical Batance

Qutflow Beneficial Low Beneficial

95,157,875 18,502,553 1,056,076, 468
Irrigated Agriculture Industry

71,561, 330 13,513,000

Rain-Fed Domestic
517,117,430 6,978,100

Lake Evaporation Interception Soil Evaporation

206,627,128 230, 966, 033 1,126,380,100

Per &pm Waker SBate

Domestic (lt/day.capita)

Rainfall (it/day.capita) Pr. Depletion (lt/day.capita) Current Ideal
21,839 4,869 55 90
Soil Evaporation Rain Index (1t/da¥.cagita)
1,616,562,610 : 55

g)etf)otmmce Indicatots

Net Inflow Gross Inflow Available Depletion Process Depletion Productivity
3,363,970,123 3,577,361, 509 3,318,612,248 3,208,812,248 622,466, 35 N
Depleted Fraction (DF) Process Fraction (PF)
Gross (Drﬂﬂi) Net (DF,..) Available (DF,,) Depleted (PF""E:}“) Available (PF.yailunie)
91.4% 97.2% 98.5% 19.0% 18.8%

File Name: accounting Page:8/8 Date: 4/15/99
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Annex ON.1

Input Pseameices

Jei moet enter:

Entry Description
Year

Water area under study

Wetlands/water arsa (%)

Total Area under Study

Average rainfall for the whole catchment
Rainfall in volume for the whole catchment (GIS based)
Ground water inflow

Surface runoff from outside the catchment
Previous year surface water volume

current year surface water volume

increase or decrease in ground water storage
Abstraction to committed outflow

Fisheries commitment

Dther Committed outflow "2"

Other Committed outflow "3"

ground water outflow

Qther uncommitted outflow "1"

Other uncommitted outfiow ™27

Other uncommitted outflow "3"

evaporation from surface water/wetlands
Interception Losses

Irrigation Efficiency

Industrial Efficiency

Domestic Delivery Efficiency

Total no. of tourists per year

Average nights per tourist

Population in the whole catchment
classification of population

Regquirement Satisfaction for tourists
Requirement Satisfaction for urban
Requirement Satisfaction for rural

different domestic amenities

Fodder acreage for diaries (ha)

Grass acreage left for Grazing (ha)

Milk Consumption (lt/day.Capita)

Factory Water Consumption (ltwater/ltmilk)
Other Factory water Consumption "1"

Other Factory water Consumption "2"

Other Factory water Consumption "3"

Fallow period for Wheat (days)

Fallow period for flowers (days)

Fallow period for other crops (days)

Fallow period for rain-fed (days)

Irrigated Land (ha)

Rain-fed Area {(ha)

Forest Area (ha)

Range lands area (ha)

Natural Vegetation/ Range lands in percentage
acreage (ha) of =sach crop

applied irrigation water for =ach crop

actual Evapotranspiration from natural vegetation {mm)
actual Evaporation from bare soil (mm)

Actual Evapotranspiration from Forest (mm)
Acreage of =ach crop in the rain-fed area (ha)
% of economic forest out of total forest area
Rainfall for range lands (mm)

rainfall relevant to each crop

actual Evapotranspiration of each crop

% of indoor flowers out of total flowers area
Growing period of each crop

water reguirements of each crop

Percentage increase in Economic ferest ET over non-sconomic
Percentage of heavily polluted water after agriculture
Municipal waste water return out of domestic input

File Name:accounting Paga: 1/1 Date: 4/15/99
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Annex QN.2

Site No.

SUPPLY MEASUREMENT No.  971010/1

___Sulmac Flowers Farm near/at South Lake Road

X: y: Alt.:

Map reference : Date : _10™ oct
Party : __ __ Zhen Xu

Person : _ Jack Juma Tel. :

Field Data:

Abstracted by: _ Pump = Tank, 4 of 700 r® =2800 m® No:

Year The first 2 years gives high yields as the soil structure always drops in the yield.

Yield [ Crop rotation/6 yr otherwise, accumilation of toxic matters.

Water Quality Needs: Crops/Cattle/Domestic Lake water pH goes up to 8.0

PH: 6.0-7.5

On average water consumption 5 mm/day

Measurement began
Crop Area ha | Water supply | Fertil. Yield i
Carnation 27 4-6 mm/day 200 stem/m’/yr e . SAR—[th
Roses 29 4-6 mm/day ////1Ch“]+ﬂwg“]
Gipsofill 4 4-6 mm/day
;"r.Bea.ns 10 4-8 mm/day .

Every week, they cultivate 2 ha to reach 200 ha of
irrigated lands, then 600 ha.

Chilis -
50%
Peas frensh
beans, 3 months
Baby corn 25%Peas cerops
Carrot ,25%
others
Squash
% flower: 80%
only Agr. All Uses All expanded
Mean/Total 2000 7E6 1/day 10E6 1l/day | 1286 1/day
Remarks: _ 1300 ha of the farm is in the riparian area. 80% of 2000 personnel; i.e. 10,000 (5000 b4 CDC)_
Remove crops of non-profit making. Reduce employees from 5000 to 2000 then 3000 af. expansion
Drip irrigation, overhead irrigation after seeding for vegetab. Only.
1.0-1.3E6 stems/week (from Oct. Till May) and 0.6-0.8E6 stems/week (from Jun. Till Sep.)
Roses: 0.8E6, Carnation: 0.3E6, Gipsofilla: 0.3E6
G L e

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis




Annex QN.2
Site No.

SupPPLY MEASUREMENT No. _ 971012/1

Delamere, Manera Farm near/at North lake road

X: 212520 y: 9923670 Utm: 37TM

Map reference: Date : 12% oct.
Party : Alone

Person : Daniel/Hassan Ali Tel. : _(0311)20675/6_

Field Data:

Flat area, no erosion problem, INRA precautions. They recycle waste water from factory
(very fertile water) to irrigate vegetab. In addition to the borehole water

Abstracted by: __bore Holes Amount abstracted: 1,000,000 1/day No: 7*70 hp

Year They buy additional 3000 1/day to be added to their daily production of 5000 1/day

Yield | 8000 1/day of milk of which 70% goes to fresh milk, and 30% for butter and yogurt

Cows for : = /MIIR/ +; specify_ 1500 cows, only 250 r for milk

Water Quality Needs: Crops/Cattle/Domestic Actual Water Quality

7, EC: 0.49-0.87__ ps/cm, pH: _6.5-7.5 i/Clear
Computed Data:
Discharge m’/sec
Ht. Ch : i
Product Prices Stage ange: nil/ "
Product Price (XSe) Unit Fertilizers Net Return SAR:
Fresh Milk 10 Lt SaR=Ve"]
: [Ca™]+[Mg™]
Whole Milk 44 Lt. Fertilizer 2
Skimmed Milk 43 Lt. information Irrigated A .
S = " are in the rrigate rea:
ream Lt.
hazd copy
Butter 260 Kg
Yogurt 90 it. Max. Depth:
Max. Surface Velocity: m/sec
Crop Area Crop Area Mean Velocity: m/sec
Potatoes Fodder 500 ha .
14 ha Wetted perimeter:
Cabbages . ! Nat.Veget. 700 ha
in turns , .
Hydraulic Radius:
Brocley That's left 4 grazing,
in riparian zone. Slope:
) Measurement ended Manning:
Total Area 1200 ha | [
Remarks: ___Fluorine is very high, the nearer u go to the lake the more saline u get

The extra milk they get from small farms around the lake

The water is for cattle and domestic use, and its quality is satisfying

They house 70% of their employees, 350 employees with their families (6persons/family)

When there’s rain, less water for irrigation & Cattle

ON.Z- 3
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Annex QON.Z2

Site No.
SUPPLY MEASUREMENT NoO. __971014/1__
Sher Agency Farm anc/at South lake road
X: y: Alt.:
Map reference: Date : _14™ oct_
Party : __Zhen Xu
Person : __Marco Van Dijk__  Tel. : _30544/21058 _

Field Data:

Indoor 3000-5000 m’/week | 450 stems/m’/yr | Quality of flowers in Kenya | Outdoor flowers
outdoor | 1 ha/week 100 stems/m’/yr | is better than Holland is nicer

Water Quality Needs: Crops/Cattle/Domestic Lake EC is 300 get it up to 1700

Water temperature: °c, EC: pus/cm, pH: 6.5 by H,PO; it reaches 6.3-6.8
Turbidity: NTU, DO: mg/l, Na: mg/l, Ca: mg/1l, Mg: mg/1

Crop Area (ha) | Water supply Net Return

Roses (out) | 120 7 1/4/m’ [pp— sar=Na']

Roses (in) 30 10 1/4/m? ////}Ca“]+pu§’j
Summer Flo. | 40 10 1/4/m? 80 stem/m’/yr

Overhead irrigation 80%

1 |

7 m’/d/ha irrigation, without rain

7/1.5=net area

l I Drip for flowers — sprinkler for Vegetab
Fertilizer’'s data is in the hard copy. Outdoors are known for color distinction
Outdoor is difficult in decease control
Costs in Kenya: 200 Ksh/m®
Costs in Holland: __ 9000 Ksh/m?
Mean/Total 230 1400m’/d
Remarks: Took over another dutch person; new chairman is dutch.

Equador gives good quality flowers to sell it in east europe, but now, they’'ve gone to west

500-600 stems/m2. when weather is bad, they spend more money.

Recyeling of drained water. 60% of kenyva flower export is from Naivasha

Soil is good up to 11 years without any effect on yield, then u’re having old fashion roses

ON.2- 4
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Annex ON.3

elev jan feb mar apr may jun jul aug sep oct nov dec totyr no_yrs
1900.4 25.4 35.7 57.8 112.9 83.8 81.7 34.4 44.6 43  48.7 60.7 39.8 669 77
2630.4 43.1 50.9  86.9 174 154.4 107.1 75 94.3 102.6 98.9 98.4 59.1 1145 72
2347  29.8  30.1 61 148.9 124.9 88 98.4 116.8 74.6 77.4 88.2  46.8 985 68
2316.5 ©1.6 38.3 1265 59
2005.9 1800 o e e 60.3  42.3 646 51
2367.1 T 1600 L st el L A 53.3  20.3 768 50
2011.7 § Loy = 0.6118x - 409.81F 54.2  57.6 676 23
1950.7 B 1400 pedies R = 0.4659 53.3  38.2 598 57
1920.2 % 1200 ki m— 71.2  36.7 927 66
1828.8 B . 68.2  45.5 711 54
2042.2 9 1000 4= 62.3  44.2 655 50
2377.4 & 800 4 66.7 57.6 993 44
2377.4 o e T 77.3 49.3 1041 39
1848.9 8 600 e e 61.5 14 712 54
2133.6 | § 40p kot ‘ ISA A Sk koA aiiiii] b9l 39.3 701 59
2133.6 90.8 57.4 1186 32
2590. 8 1700 1900 2100 2300 2500 2700 2900 [, ¢ 106 1279 38
2202.8 Elevation (m ame.:.) 62.2 63.7 818 34
2590.8 2 o) TITE I TG TETZ Io7 YL o6 TY oq CUTZ 35u—160.4 84.5 1454 35
2481.1  179.2  81.2 149 309.8 266.9 97.4 66.2 69.1 66.4 139.8 179.1 94.1 1598 40
1798.3  29.8 34.4 53,2 144.9 102.3 66.3 69.3 97.8 61.2 52.6 105.3 865 33
1889.8  30.3  36.9 53.4 116.1 102.2 71.6 73.1 91.9 75.3 86.2 93  4l1.4 871 29
2590.8  41.1 45.2  75.1 168.2 168.5 109.9 106.4 116.6 125.2 105.5 91.3 54.9 1208 32
2255.5 29.1 28.7 64.8 164.9 160.9 120.7 122.4 131.8 106.3 104.7 104.7 39.1 1178 30
2590.8 70.6 66.6 112.8 302.5 234.5 70.1 49.5 46.6 56.7 125.2 171.6 92.6 1399 32
2154.9  40.2  37.4 65.2 148.3 129.6 81.7 90.5 111.4 98.5 83.3  96.7 37 1020 29
2350 27.5 50.5 44 169.6 111.8 67.9 54.8 85.8 52.8 63.5 118.2 82.6 929 22
2590.8 54.4 59.5 88.6 201.3 136.9 42.1 32.5 29.1 35.5 66.9 109.8 61.5 918 25
1871.8 28.2 43.1 66.7 140.9 127.8 75.7 91.6 112.4  39.1 67 72 38.4 903 27
1981.2 30.8 46.5 57.4 124.3 79.8 51.4 44.7 59.7 98.3 60.6 71.1  45.1 770 26
1935.5 39  43.8 60.3 116.3 79.2 51.3 36.8 44.9 43.5 56.4 61.9 47.6 681 21
2468.9 35.6 31.6 47 122.7 119.4 93.6  94.2 129.8 91.4  77.5 78 39.5 960 19
2316.5  30.2 26 49.8 110.6 107.4 77  64.3 86.1 63.3 53.4 48.4 16.1 732 14
2834.6 35.2 33.5 62.6 145.2 123.1 104.2 111.5 164.6 84.8 69.1 97.9 82.5 1114 11
File Name: elev_rain Page:1/1 Date: 4/6/99
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File Name: Soil

Jan Feb Max Apr Hay Jun Jul Aug Sep Oct
109.8 108.6 22.7 56.0 106.4 105.2 63.6 50.2 44.2 39.9
11.5 4.3 28.4 154.6 85.1 102.6 89.5 94¢.4 75.8 85.9
43.8 5.8 72.4 i32.6 73.7 103.7 110.8 i47.2 76.5 64.7
64.1 71.2 189.0 161.1 97.7 52.6 69.6 75.4 47.9 94.3
41.7 84.0 66.3 164.4 77.9 36.3 101.7 7.8 92.8 PE.8
58.7 10.2 50.2 248.1 164.9 104.4 117.4 145.2 92.7 83.6
i1.6 22.1 36.9 98.3 124.8 153.2 32.7 8.4 37.2 31.3
2.6 4.4 31.0 158.5 86.9 119.0 121.6 95.4 33.8 42.0
i5.8 44.0 85.9 207.9 103.6 112.2 88.0 79.1 40.0 27.8
14.1 9.3 24.1 103.4 23.0 35.9 74.2 72.1 49.3 71.1
14.1 42.1 9.7 120.2 86.8 28.7 73.3 147.4 113.5 104.2
11.0 15.7 4.8 250.4 170.9 42.7 ¢8.6 174.0 48.7 119.4
1.6 23.8 131.2 158.6 124.8 62.0 142.7 131.3 89.6 55.7
36.1 7.9 51.0 128.1 218.4 23.4 28.3 55.7 26.2 41.5
97.9 161.90 806.7 181.8 96.6 86.1 83.4 83.1 39.5 26.5
89.1 121.9% 200.0 189.9 70.2 63.7 123.6 l42.1 113.6 95.9
55.9 28.7 30.8 283.2 165.5 63.7 140.9 85.3 54.5 66,7
3.1 25.1 158.6 89.7 7.1 62.8 165.3 159.4 81.7 24.8
7.6 13.2 20.2 131.5 135.0 113.1 122.1 193.5 102.7 127.4
7.5 12.9 110.3 185.2 62.5 70.0 134.3 180.0 104.5 59.9
51.8 42.8§ 2.7 61T 111.8 43.2 85.2 138.2 134.5 49.6
35.7 41.4 60.8 153.1 108.3 81.8 96.3 114.6 74.5 66.7
2.50 2.76 3.42 3.06 2.29 2.38 2.35 2.39 3.66 3.43
09.07 0.08 0.15 0.92 0.44 0.24 0.31 0.51 0.21 0.18
.08 ©.03 0.13 0.92 0.43 0.22 0.32 0.50 0.18 0.15
0.07 0.08 0.15 .92 0.44 0.24 0.31 0.51 0.21 9.18
0.17 0.22 0.51 2.82 1.01 0.57 0.73 1.22 0.77 0.62
773 Rainfall ——ETsoit
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Total
816.0
909.2
820.3
1033.0
1079.5
1182.4
761.1
853.3
894.1
628.6
970.4
1107.1
1001.1
803.8
1022.2
1348.4
1224.2
823.0
1026.9
963.8
777.6
959.3
2.89

Annex QN.3

Sheet: Summary
Date: 4/12/99
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Coordinstes of the point

Albedo of Forest

5 Ry Maximum Valug

Annex QON.3

l B 203940 {Lotituds in radians g 014 Air Smecific Heat BN Prakan S tinddnet
b4 2912516} Longitude in radianz §.634
oy { tneemin enp | Humidi | set | act | solac | solar fsolar rexrost p:::::: 2ovual | et h::h .
Date | T o g solar] L To x:y0 at | vap. Prj vap. Prideclinst| distan| hour | risl e LA houz, longuav| oo R Delta Lands Gamma Pa Rho Ty ETgee
your | %3¢ 2m  |e. e;mfo. Cax| ion ce jangle sho’nwa zu:s:: o cad. (O

-1 -1 m/a’1] °c) % | (mbar}] (mbarl| txad) -} |trad)} /e’y | (howrsy| (-1 § [hourl | mze®) | mvs?l | txpasSc) 13/%q] [®pa/ici| IRPal | [kg/m%] Is/ml | imm/dayl
05/14/268) 134 | 98.37 15.62| 90.30 § 27.75] 16.03| 0.324 } 0.278| 1.58) 412.63 )| 13.036| ©.00) -p.03 | 12.67 | se.11 | O.11 2.5E+06 0.05 |78.52] 0.96 325.3}§ 3.33
08/15/90) 125 | 169.8% |17.26| 85.29 | 19.71) 17.01| 0.328 } 0.977|1.58]) 412.86 | 12,037 | ©0.05| 0.55 | 25.27 | 57.2¢ | .12 2.5E+06 0.05 §79.63] 0.98 600 2.85
D5/16/28] 3136 | 145.84 17.86) 63.90 | 20.47]17.16] ©.332 ) 0.977 ) 1.58] ex1.13 ]| 12.037 | o0.19] 2.34 | 40.96 | s8.42 | 0.13 2.5E+06 0.05 179.67] 0.95 600 3.47
B5/17/88] 137 | 1bD.42 §17.22) B6.31 | 19.66) 16.97| 0.337 § 0.977|1.58] 430.40 ]| 12.636| o0.01| o0.10 | 21.27 | 54,04 | 0.12 2.5E+06 0.05 179.63] 0.95 600 2.84
D5/18/98] 138 | 155.D5 [17.64| 83.89 j 20.36] 16.93f 0.340 | 0.976] 1.58] 409.67 | 12. 038 9.23) 2.83 ) 44.99 | 71.50 { 0,13 2.5E+06 0.05 ]79.66] 0.95 600 3.43
05/19/98| 139 | 181.63 |17.56) 81.127 | 20. 46} 16.611 9.24¢ | 0.976) 1.50} 408.96] 12.039) n.35) 4.27 | ss.68 | 79.54 | 0.13 2.5E+06 0.05 {79.67] 0.95 600 4.05
95/20/96| 148 } 186.33 |18.20} 79.08 | 20.50] 16.53| 0.348 § 0.975] 1.58) 408.26 } 12.039 ] 0.37§ s.¢2 | 53.21 | 8n.63 | O0.13 2.5E+06 0.05 179.69] 0.95 600 4.59
0s/21/98] 141 | 180.62 |17.37 82,30 | 19.84] 256,35 0.352 } 0.875) 1.56) 407.57 ) 1z.0a0] 0.24f 4.35 | 55.06 | 79.30 | 0.13 2.5E+06 0.05 §79.64] 0.96 600 3.71
ps/zz/98] 142 | 181.54 [17.71) 82.97 [ 20.27] 16.682| 0.355 ] 0.575|1.58] 406.80 | 12.940| 9.35) 4.18 | 56.75 | 79.03 | 0.13 2.5E+06 0.05 ]73.66]§ ©.95 600 3.64
95/23/96[ 147 } 144.17 |17.53] 86,89 | 20.04] 17.42| 0.355 | 0.274]1.58] 406,2¢ | 12.04n | 0.17] =2.3¢4 | 40.83 | ev.2p | O.13 2.5E+06 0.05 j72.65] 0.36 600 2.78
Ds/24/98} 144 | 166.16 §18.41] 83.53 } 21.18] 17.69| 0.362 | 0.974 | 1.50] ¢05.60 | 12.041| b.29) 3.46 | 51.15 | 73.46 ] 0.13 2.5E+06 0.05 ]79.71] ©.95 600 3.67
05/25/98} 145 1 146.33 |17.62] 84.93 | 20.26) 17.12| 09.365 | 0.974| 1.58] 404.97 | 12.041| o0.21] 2.45 | e1.98 | 67.76 | 0.13 2.5E+06 0.05 179.65] 0.95 600 3.20
05/26/98) 146 | 124.16127.74| B85.92 | 20.31] 17.47] 0.368 | 0.973] 1.58] ¢n4.35 | 12.042 u.21] 1.37 } 323.42 | 60.52 | 0.13 2.5E+06 0.05 179.66] 0.95 600 3.00
0527/82) 347 | 100.561 §26.902) 20,67 | 39.28] 27.20{ 6.271 { 0,972} 1.581 463. 76| 12.042) o.08%f 2.3 | z1.99 { 55.46 ] 0.12 2.58+06 0.05 |79.61] ©0.96 1661.8] 1.92
05/28/98| 148 | 91.44 |17.54) 67.98 | 20.06} 27.65] ©0.374 | 0.973]1.561 40318 12.042] 0.00} .00 | z0.52 | 47.92 | O0.13 2.5E+06 0.05 {79.65] 0.9¢6 €00 2.54
os/2e/vu| 149 |} 102.34 [17.73) 97.74 1 20.30] 17.82| 0.377 {0.972| 1.58] e02.62 | 12.043| o0.o2f 0.28 | 23.16 | s3.58 | 0.13 2.5E4+06 0.05 |79.66] 0.95 600 2,52
05/30/98} 150 | 165.27 §17.39| 82.92 ] 19.86} 16.47| 0.360 | 0.972}1.58| 402.07 | 12.043| ©0.25| 2.98 | 46.22 | 70.33 | 0.13 2.5E+06 | 0.05 |79.64] 0.96 600 3.58
D5/31/98{ 151 | 1p1.54 16.55] 53.62 § 18.63| 15.37| 0.382 | 0.972} 1.56| 401.55 | 22,045} ©0.36| 4.33 | se.80 | 79.35 | 0.12 2.5E+06 0.05 |79.58| 0.9¢6 600 3.66
06/01/98| 152 | 162.01 §16.80] B2.96 | 10.14} 15.86] 0.385 | 0.971)1.58| ¢01.04) 12,044} 0.28] 3.35 | 48.74 | 72.77 | 0.12 2.5E+06 0.05 {73.60f 0.96 600 3.47
86/08/98) 153 | 330,22 {17.73] 83.36 | 20.29} 16.92f ©.387 [ 0.971}1.56) 4g0.558 13.044] 0.24] 1.74 | 35.62 { e2.05 | 0.13 2.5E+06 | 0.05% }79.66] 0.9% 600 3.58
86/03/98] 154 | 156.75 |17.75) 82.78 | 28.32] 16.83] 0.36% ] 0.971)1.584 400.09 | 12.044| 0.26} 3.10 | 47.40 | 70.16 | 0.13 2.5E+06 0.05 |79.66] 0.95 600 3.68
86/04/96| 155 | 156.56 |17.72{ 83.32 | 20.28] 16.90] 0.391 { 0,971] 1.58} 399.64 ] 12.D44 0.27§ 3.20 | 48.25 | 78.65 | 0.13 2.5E+06 0.05 179.66] 0.95 600 3.56
06/03/35) 156 § 160.48 |17.17] 84.55 } 19.60| 16.56| 0.393 | 0.970| 1.58) 399.21) 12.045 | p.27| 3.31 | 48,77 | 7152 § 0.12 2.5E+06 0,05 179.62| 0.96 600 3.20
05/96/98] 157 | 83.50 [16.85} 36.01 | 12.23) 16.54| 0.395 | 0.970| 1.58] 398,81 | 12.045| o.c0] c.on | 20.33 | 42.30 § 0.12 2.5E+06 0.05 179.60] 0.96 500 2.84
96/07/96] 158 | 154.42 | 16,57} 83.63 | 18.87 79| 0.397 }0.970]|1.56] 398.43] 12.045| o6.25{ 3,01 | 45.74 | 70.08 | 0.12 2.5E+06 0.05 [79.58] 0.96 600 3.26
£6/03/58] 159 | 111.38 [14.58] 89 0313 ER0 .05 §79.451 0.96 §279.1] 3.8%
86/09/98| 160 | 94.45 |15.68] 88 12 - D.05 179.52} 0.96 719 1.80
ne/20/98] 361 | 77.35 [15.54| 87 P.05 [79.51; ©.96 4089 0.35
06/33/98} 162 { 1¢8.07 {16.15] &S ; P.05 |79.55] 0.96 600 2.78
oc/12/98] 183 | s1.58 {14.97] 01 10 4 D.05 |79.47] 0.96 |201.1| 4.70
66/13/93| 164 | 160.31 }17.36] 81 P.05 179.64| 0.96 600 3.78
06/14/98| 165 | 157.05 |16. 48| 83 P.05 179.58] 0.96 600 3.29
06/15/96] 166 | 131.8% |15.77} 85) o 8 P.05 {79.53] 0.96 600 2.75
06/16/98] 167 | 118.98 [14.90} 86, i P.05 179.47| ©0.3%6 600 2.38
os/17/98| 168 | 187.13 |17.65) 77] B P.05 179.661 0.95 600 4.83
06/18/98| 163 | 185.33 |15.63} 8§ : & B.05 179.521 0.96 600 2.51
06/19/98} 170 | 157.33 15,16} a5 5 P.05 |79.56] 0.96 600 2.82
06/20/96] 171 | 237.34 |15.74] 81 E-? 4 D.05 [79.53] 0.56 600 3.62
0s/21/981 172 | 2e3.54 [14.63] 81} B D.O5 | 79.45] 0.96 600 3.33
06/22/968 173 | 284.41 115.01| 7% P.05 179.48} 0.96 600 3.87
06/23/98] 174 | 235.4¢ [16.12| 82 2 ] P.05 {79.55] 0.96 600 3.32
ocr24/98| 175 | 230.82 |15.14] 82 p.0S 179.49] 0.96 600 3.14
06/25/98| 176 | 228.58 |17.01f 82 p.05 [79.61] 0.96 6030 3.63
06/26/28) 177 | 103.6% }14.76] 8B ) g o i b By §‘ 38: ;z:g 2‘;2 32?,64 ;;}Z
06/27/98| 178 | 207.71 {15.21] B4 . - . . .
oe/28/98| 179 | 197.80 [15.81] 82 0 500 od0 1500 2000 2500 3000 3500 4000 4500 P.05 179.49] 0.96 600 3.24
06/29/98| 180 | 120.69 |14.97] 85 ¥z 5,05 75.41] 0.9¢ 600 2.52
os/3n/e8l 151 | 96.38 112.64] 87.76 ] 1463 12.6 §.%05 [ G. 957 L5 95, 03] 12.046] _0.0L ©.057 | 19,42 [ 52.57 | U. 1O EFUS 0.05 179.31} 0.97 1296.8] 3.83
a7/p1/98] 182 | 181.45 }14.56| 84.26 | 16.58 | 13.97| 0.403 | 0.967|1.58] 596.22 ) 12.046| ©0.37] 4.45 | 55.92 | @s.156 | Q.11 2.5E+06 0.05 179.45] 0.96 600 2.79
a7/02/98| 163 | 156.69 116.01) 62,25 | 10.20) 14,961 0.402 J0.967 ] 1.5¢} 396.42 | 32.046 | 0.37] 3.27 | 47.42 | 73.60 } O.1Z 2.58+06 0.05 179.56] 0,96 600 3.45
07/03/98| 184 | 190.10 |16.27| 82.06 | 318.527 15.19] 0.481 ] 6.967 | 1.68] 396.65 [ 12.046 | 0.41| 4.88 | 1.2z { 81.35 | 0.12 2.5E+06 0.05 |179.5¢| 0.96 600 3.52
97/04/28| 185 | 78.76 [14.45] 50.29 | 16.46] 14.86| 9.399 | 0.967 | 1.55] 396.90 | 12.045 ! 0.80} 9.00 | 32,55 | 39.54 | O0.311 2.5E+06 0.05 |179.44] 0.96 1201.5| 4.91
07/95/98] 186 | 128.61 |15.62f 85.31 | 17.75] 15.14| 0.397 | 0.967|1.58| 397.27 | 12,045 o0.14] 2.71 { 34.26 | s2.30 | O.11 2.5E+06 0.05 [79.52] 0.96 600 2.77
a7/06/98] 107 | £1.29 l14.68| 86.13 | 16.71} 14.401 0.3%6 ] 6.967 | i.561 397.47 | 12.045 | ©0.00] c.00 | 39.56 | 41.34 | O.11 2.5E+06 0.05 j79.45| 0.96 600 2.46
57/07/98| 168 | 152.42 |15.85| $2.79 | 16,02} 14,91} ©.324 ) 6.967)1.56} 397.7e | 12.045| o©.24] 2.92 | s4.38 | 69.34 | 0.12 2.5E+06 0.05 179.53| 9.96 600 3.29
e7/08/99| 189 | 198.23 Ji6.36| 62.43 | 16.401 15,17} 5.292 § 0.967 | 1.56] 396,22 | 12.094| o.44| 5.27 | 64.34 | 84.33 | 0.12 2.5E+086 0.05 |792.56]| 0.9¢ $00 3.43
67/09/98| 190 | 202.49 {14.40] 82.66 | 16.421 13.57§ 0.32¢ | 6.967 | 1.55] 398.48 | 12.044 | 0.45| s5.47 | 64.05 | g7.82 | O.11 2.5E+06 0.05 |79.43| 0.9%6 £00 3.04
@7/19/98| 191 | 182.89 J24.45} 80.55 | 16.47] 15.26] 0.368 }0.967 ] 1.55) 395.96| 12.044| 0.37] 4.46 | 55.75 | 83.41 | O.11 2.5E+06 0.05 |79.44| ©.9¢ 600 3.42
©7/11/96| 192 | z14.49 116, 42| 76.2¢ | 168.69% 24.25] 0.385 | 0.267 ] i.56¢ 399.26 | 12,044 o0.50] 6.07 | 71.07 | 89.80 | O0.12 2.5E+06 0.05 |79.57] 0.96 600 4.70
07/12/98| 195 | 174.70 16.11) 61.89 | 18.31] 15,001 9.383 | 0.968 | 1.561 399.66 | 12.043 | o0.33] 4.02 { ss.e8 { 77.22 | 0.12 2.5E+06 0.05 179.55]| 0.96 600 3.52
07/13/98| 194 | 166.43 {15.63] 84.97 | 18.061 15.29] 0.386 | 0.968) 1.56% 400.12 | 12,043} 0.30] 3.59 | s6.0¢ ) 74.75 | 0.12 2.5E+06 0.05 173.53] 0.96 600 2.88
87/14/98| 195 | 94.45 {15.26| 65.65 | 17.37} 14.23] 0.37¢ § c.966 | 1.56) 405.56 | 12,043} ©.00] ©0.00 | 15,75 | 51.89 | O.11 2.5E+06 0.05 179.50] 0.96 600 2.61
07/15/25) 196 | 100.82 115.48] 85.09 | 17.66] 214.97] 0.375 | 0.268| 1.58] 401.06| 12,042} o.0z| 9.23 | 21.76 { s3.85 | O.11 2.5E+06 0.05 179.51 0.96 600 2.79
07/16/98] 157 | 115,33 |14.93} 68.23 } i6.98| 14.99| 0.372 | 0.960} 1.50| 401.55] 12.042 | .06l 0.96 | 27.64 | 58.66 | O.11 2.5E+06 0.05 |79.47]| 0.96 |538.2| 2.37
67/17/96{ 198 | 82.24 |14.94) §57.06 1 16.99| 14.79| ©.559 | 0.969f 1.58| 402.07 ) 12.042| o0.o0) ©.00 | 19.66 | 4202 { O.11 2.5E+06 0.05 |79.47] 0.986 4335 0.33
07/18/98} 193 | 7.42 [15.23) 8713} 317.31|15.09| 0.366 | o.968} 1.56| g0z. 60} 12,041 | ©.00] 0.08 | 39.76 | 4588 | O, 11 2.5E+06 0.05 |79.49| 0.96 S00 2.37
07/19/98] 260 | 125.91 |15.71} 85.57 | 17.65) 15.27| 0.355 | 5.968] 1.58| 403.24{ 12,041 | o.22! 1.48 | 32.26 | ez.18 | O.11 2.5E+06 0.05 179.52] 0.96 600 2.74
97/20/98] 231 | 165.65 |16.09] 84.561 18.22) 35.47| 0.360 | 0.959}1.58| 405.78} 12,041 | ©0.29] .40 | 45.28 | 74.95 § 0.12 2.5E+06 0.05 ]79.55] 0.96 600 3.00
07/21/95] 202 | 172.99 |15.26] 85.71{ 17.34| 14.96| 0.356 | 0.952} 1.56| 404.28 ] 12,040} o0.32] 3.63 | 51.58 | 78.26 { O.11 2.5E+06 Q.05 179.49] 0.96 600 2.65
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1

Sulmac

it Con

Loldia Ltd: 7

¢ Name: Watex

ON.3- 6

Page 1/3

Pest Spray and envirommental
Flowers 2538 : protection
Vegetab, n.
Samuel Vegetab
32 11974:1875; 605 2.5 40 30 & 2 - e
Mbugua Henes 70 40 cattle and 30 sheep
Cutuni [ -—1 - 27 —— —— —— ' Vegetab., —— ——
Gillka Beans
07! =-- - - - -
Brothers 11 454 4.54 Fiowers 100
HansRudolf 4 —— —— 605 1.4 4 -- | Vegetab. 15 4
Ruth Mumbi
Muira 4.8 43 ® 2 T OUTERIYTS - 20
Fodder -
Beans )
Joka
2F i oo — _— —_— 3 - -
Kanguru 21.4 450 Onions
Cabbages
African 8.1 St s 36 —= - -~ | Vegetab,
Homeqgrown : 80 -~ —=: 3800 - —-= —= Flowers - -
Barton 220 . — 167 . . s Grass __ __
Bernard Qranges
; Beans
David
Nji;"ma 5.4 ——, --} 145 5.6 - —- {‘Cabbages | 20 40 20 cows, and 20 sheeps
Potatoes
Elivd ? = — 18,2 45.5 1060 4.5 Vegetab. —= 1000 4.5 for cleaning tools,
Minigtry ofi __ . . __ o . o o J
Energy 2600 i Geothermal Drilling
Francis 3.4 20 i —— = T egetal . —— ——
. Beans
Joice
4.4 Rl Bt 36 -- - -- | Vegetab. - e
Nganga
Jang Maize
Jan Mielsen! 8 -~ --1 lel 0.9 -- - e 10 --
; Flowers
Cabbages
Joseph I . . __ Maize - .
Kanani e 90 ‘Potatoes |
. i i Beans .
W.S8. Calder: 8 198111998 20 — - — . - - -
Campell 8.1 119761936 130 1.5 - - Fodder 3 - - .
Junita 4,5 119671998 25 -= —— —— Lucerne 3.6 - —
i . uce
Kidabe Bl 10 198911998 227 | 3.2 25 - 6 25
y Potatoes 3.2
PiusHgugi 124,37 =-- - 540 - - - Various 24 - —-—
Sundance 20 :1989/1992: 363 —= - —= Vines 16,2 - —=
Mmema Ltd. ST LT - TT | Flowers | 81 B I ,
Wefam Grass 2.4 500 chicken. Poultry were agreed
- . e Ao 30
Investment 11 . R 56 30« 500 Vegetab. .8 46 o _to consume at the rate of
Kl‘fé’;“gi 121.3:1993 4.5 2000 500 __ N 35 2500 2000 cows, and 500 sheeps
Kiboko Ltd.. 9.3° --| —--| 182 12 70 - . GAETUE 112 70
Longonot _ __ o o - —
Horticultur; 121 273 207
Maua Vegetab.
_— = 727 —_— — —— e BT TR —_ —-—
Horticultur: 93 2 Flowers
Vegetab
Mwai Thogo:38.6. --i --. 3248 - -- - . -- -
‘Potatces
Moses Kioi |, o . 44 1.6 30 20 .taize — 50 26 sheeps
Muturi Lucerne
| Hai
Mbugua Kugui 38 -—i == 8¢ - -
‘Mania Wanjai 4 - - 45 - -
- - — 200 350 200 Sh
Transpoted i Sheews .
Ngati P . — — 1000
F.C.S. Ltd. 1401 38 1000 h . __
Nguru 4 Cabbages |
. — - . - 23
Matiru 7.5 30 1.35 8 15 A,,,,,Q?,’fion 15 sheeps
Potatoes
Safariland; 4.5 - —— 17 — —_ —_— Vegetab. - —_
Harison 5.6 et 18 - == -— i Vegetab, —= -
Peter Edward' 10 - 2.7 6 - - - 24 6 o
Sam Erasto:! 8 iz e -= —- | Vegetab. 0.8 ~ - .
Starley 4 18 —= - -~ ¢ Vegetab. 0.8 == -
T.P.K. 8.1 = - 90 - -= - Fodder Z == -=
Horclam ~12.1: =-=; =-— 272 — -= e Flowers i2 - -=
Kws, TI 70 Ftott I - - - 2400 | -= - == -= Fish Farming
Grass
Updown Ltd, 20.8: -- - 15.1 2.3 30 - 0.8 26 30
J.M.Kangari: 8069 :1974:1978 677 = —= - Lucerne 30.4 e —=
E.A.P.L.C. 1975:1998 4.5 - == Power Generatjon
198611990 2727 — - -

ON.3

Sheet: Unique Data
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Foem lavenioey

Korongo Ltd 70 [1974;1998! €81.5 — T Gerranium 10.5 by b
b . Grass - —
== - - Maize - ==
Loldia Ltd 227811974 1963 133 . lD b 5. Rucerne
o nted . Borghum
; == - Cagicum
Edward John 148 [1978/1998) 1086 | 20.8 jewownls so.Yegetab. | 20.2 gz oI
e -= -= Flowers 364 -
Reymond . __ N Minor irrigation, lLess than 2
Mareenward 35.6:1978:1998 2.1 1.36 : — - 15 ) - {two) acres
Gold smith’ 13 11975 1898 800 4.5 3 1l 0.5*people & 0.5*Cattle
o R e horses . )
1 Njoro 30 £1979:1998 [3:3 4.6 50 45 only cattle
‘‘‘‘‘ Nderit o = == e ) N
Estat Lea | 1-6 11979 1999’7 F?, - - T
Stephan 1.6 38 —_— p— i
_ Henry e o oo i .
Eraskine | oz pbg p—
Enterprises: 326 (1188071898; 7415 [TTZI i i
Ltd.
; ] —_ _— — Flower 40.5 o -
Graylag = ; . . . . o - o
Famm 93 1975 1993 ELE ) Ve?e?ab. 50 I ]
Loldia Ltd 2278 1996/1998; 115 ) - 8.1 . i
. S . B SOt ~o. 1 Vegetab. ndiS Pt RO
Strawberr
- -- - 14.6 -~ -
: == == —-= Meions 1.5 - - ;
Homegrown . Asparagus is a fooder crop for
% {Flaminco) 80 (159311998 1800 - vegetab, 3 o oz selling as they don’t have cattle
: == ~= i -— | Asparagus 7 - —=
Agrofores
. - . e T EEY 15 o o .
Tirisha ) T
Muthoni 4 £1987:1998; 45.4 -- | Vegetab. 2 )
;A.K.Karenju 4 1978:139%8 w54.5 . - . Vegetab. 2.4 : _ .
T — o 5y = = P S
} 2 7 L Tt
‘Estates Ltd 39 19§ 1998 200 2.1 = : S5 - -
Gienbag Ltd 92 i1980/1998 1481 ' 18.7 15 [ - - 71 400
HOMeGIOWn | )13 1998:2000) 2592 | 37.8 - 32 - 520 o
{Pelican} S e =
Mundui 458 ;1983 1998 11.35 - == —— | Cabbages 0.6 e
Michael 159071380:19938: 45.5 -— -- —-- | Vegetab. z - ——
. == ' Vegetab, : 12.1 120
Nini Ltd. 40 ;1989:1998 818 31 45.5 : -— . DLucerne 8.1 20 COWsS &
. - Fodder :i6.2 o i1000
Otterhead : 24 '1567:193§ 10 4.5 —-= -— | Vegetab. 0.4 -— - :
Kamuta Ltd:23,2:1983/19871 2454 7.2 2.7 -~ ' Lucerne 56 128 60
Akberali 6 11986,1998 91 - - -- | Vegetab, 4 —= -
Samuel 1
Mwaura 8.9 1987;1938 91 : Vegetab. | — - "
i Tomato 15
i Aikchako cows &
»ﬁﬁfﬁés 7.7 1967 "I Asparagus 10 10
N Vegetab. sheep
I RS fruits . &35 . e e —
Major N . — -
Erelya Wood ?J 197?4 _
Walter
2 a J— .
Kitchener 2o 1198 ~
Oserian 2023:1974
H 150 other area is hilly area. People
Brixia Ltd.: 405 :1972:1998: 510 22 - -- | Vegetab. 20 8 CowWs & get 50 % of the water, and the
. 300 rest goes to cattle
Geotfrey & . locaiiges: 105 | -- - - iYegetab. - -
partners Lucerne
{ Flower
L j
Longonot | o915:1968/1998) 180 - - - - -
Farm i !
““Others .
: : Lucerne 2
Richard ~ H __ R _ _—
Donald 16.611977:1393 271 !
g
Richard 16.6:1993:1998 271 1 15 — —— Flowers 300 -
Safariland’ [ - _- i.Vegetab, - -
i 42.411980.1983; 10 | Shetat: - “
: : 1
§°h°m?g 8.5 1980i1998° 91 | 9 - - 30 cows &
usse Flowers " 600
Korongo 138 11957:1998: 1810 @  --— ~= - Lucerne 80 o -
Charles 9 ©1966;1998 450 - = N Potatoes 20 -= —
- 4 coé)g s 80% of the domestic water use goes
M?;i::t 8 11966:1998 115 4.5 -— - 5 40 500 to people,, and the rest goes to
ol le.
; | “others | Chicke. cattlie
; | Peas 2
John Burch 20 [1867:1238 180 -- - 27 - -
. DLSCEOX o105 1156111985. 1130 | —— - == ! iucerne : 20 -
4 Vertenery ‘ ;
E i Lucerne
4 Osirua Ltd: 28 :1992/1998 830 | - - H - - -
. j Potatoes 2 Ny
Sheet: Unigue Data
4/6/99
File Name: Water Page 2/3
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Diector | : man .
Vertenery | 210 19611988 30 T - T fmeemme | B T
W.S5. Calder! 8§ 1981i199%¢8 20 % - - - - . -
Junita 4.5 [1967:1998 95 -= - - Luderne o iy
Campell 8,1 .1976:1995: 130 1 1.5 ~= - Fodder —= ==
t ; _Iucerne
Osirua Ltd| 28 [1992:1998! 830 | -~ -— - j.Elowers — -
: : aize
< H Potatoes
Mundai ¢ 463 11975:1978 9 - -~ Vegetab. == —~
Calvilo Ltd 16137:1975:1980: 2.3 2.2 —-- - Vegtab. . —— -
La Pieve '5344:1975/1392 20 163 Cabbages 1
: Harley 0.8 20
i 3
Eric fg 126 1.8 . __ i Vegetab. Q.8 Horses
Stephenson | Grass 4 & 15
: Sheeps
H Flowers 16
M.D.Edwards 800 11990 1992 2270 | 2.7 3 - Beans S - -
Cabbages G
onions 12
8 Lucerne 2
V.B.Jackman; 16 [1930:1991: 40 - —_— -— J— _
d : Vegetab.
A-G.B-V.ROC 11001197212936 900 - — oo i, bucerne i 20 - —
ca : i Vegetab. 20
B.J. Barton 220 13891998, 14 5.6 - SR T 2= e I 34 50 50% of water goes to people.
. : Vegetab.
Kinji ] ! Roses 2
Nurseries ! 105 196311993 430 1.4 1 ; - tab 4 5 -
Ltd. § H Lucerne
Lake __ . H — Lucerne — __
Naivasha 21.211987:1998 40 B Siay 5
Naivasha g
Ushirika - 265 - - - Borehole/ Public Use
Cornexr
Water 40 - - -
Nyakalru
—_ _ — —_— i . _— —_— _ _ _—
Water 70
Cesare
Bellingeri %87, — = - 22.7 - - - - -
PuF = Road Construction, from Malewa
Sarajevo - - - - - — 300 — — — — .
River, only for 5 months
General i )
: ! g
Ithlma - - - - 6.5 6.5 { - - 170 COows & for sheeps only
Water Pr. -
% T : 109 N
Lusels — =-i - - 57 - N - - - - Water for local Communities
Help Water : H
gazvaéha - ——i - - &5 —-- P -— - - - - Borehole for Domestic
Girls Sec.
K.OUH, Sec. - ! —
School : 3@ i - - - Borehole
°°?“ Faltn: - il € o112 - - - —-— - - Borehole
ater
HLTERIRT 1 -- - 19 - - - - - - Borehole, Local Authority
Water | i o R
H j 30
Chepirelwe : : cows & ;
Y [ 53 (19821998 100 | 8.2 - - 60 s & People use 4.6 m'/d
i sheep
“Naivasha LT o ; With LoYs ot flsutride causing
Municipal | -- . --: == - 432 - - - - - - health problems. That amcunt is
Council : . ; considered very much low for
e - n ' a Iot depending on the market. Hig farms don’t change so often.
Catholic ; -—= - N - T )
Naivasha - - i e Borehole
Mixed Sec.: -- N o : N o
Naivasha H
Municipal - - —_ -- | 8eo —— - - - -— - Borehole/ puplic use
LGouncil b e )
4UHAIVasShE § H ;
Municipal - - - - 1520 —— : —_— — - - - another bore hole/ puplic use
Council . o - :
Naivasha ¢
Municipal - - -— - 500 - - - - - - another bore hole/ puplic use
Council : : o
Pan ALYican o H
Vegetable - -- 13800 - - - ; - i —_ - - - Borehole
Produce

Sheet: Unique Data

4/6/99
File Name: Water Page 3/3
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Domestic Water Consumption

Bates ification total no
o g R Tl i
1L b 1/p/day 60 50 4G 1250] 150] 75|
i non 1/p/da 20 15 18:4.0 0 120
sl Iind 1/head/day| 50 - Preparatory Sch 77
i F 1/p/day 50 ¢ dPrimary Sch 37
Sei 1/p/day 25 5 Secondary Sch 8
Har i e 1/bed/day 400 200 100} ov. Hospitals 11
Lispendarias 1/day 5000 / Priv. Hosp. 33
- 1/bed/day 600 300 50 .a 19
fn, BEfige 1/p/da 25 -
s 1/da 560 & restaurant 81
s 1/da 100 Eating Houses 256
1 un 1/head/da 25

* from destgn manual fer water supply in Kemya

HP: High Potential Rainfall>800 mm/yx

MP: Med. Potential Rainfall:§00~800 mm/yr

LP: Low Potential = Rainfall<600 mm/yx

IC: Individual comnection, tap inside the house!

Livestock unit: 1 grade cow=3 indegenous cows=2.5 donkeys=2.08 camels=15 sheep/goat

Wild life unit: 0.11 elefant=0.69 buffaloes= 1.15 zebra= 2.09 waterbuck= 2.2 wild beast=5.63 warthog.
Wild life unit: 0.91 giraffs= 1.38elands=5 orix=5.63 heart beast=11.25 ostrich=15 gazelle=16 impalas.

o

The rates include 20% losses, and in scme areas losses may increase.
Naivasha town: 30% Low potential, 70% medium potential, around 2% high potential
Poultry consume normally 0.51/head/day, but fcor design purposes we take 21/head/day

Naivasha town

one of the highest gross rates in kenya, and the highest in Nakuru district.

Most of the developments don't have a good documentation of their projects, therefore,
certain assumptions have to be made where important information was not available.
Future demands projected for 20 years planning horizon using the past trends.

File Name: nakuru Page: 1/1 Date: 4/6/99
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g § ,,(¥ = 0.3166x - 612.43
E i R® = 0.9971
§ g
3
: ;
1948 1950 1952 1954 1956 1953 1960 1962 7 ' ST Lj
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Year Taar
B - 26 .
17 SR e e 25 - & Lt 8 B
'y = 0.5571x -~ 1086.6 - 24 f; = (,7674x - 1503
" , , - ~ B
¥ 14 R* = 0.9956 i ¢ ! 23_,% R® = 0.9989
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5 15 g 22
d 5 g 21
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3 14 g 20 |
13 L 19 £
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100 e — — e R
* " Change in Growth Rates -
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Maeket Ppices

|Brotein
Fish 140
Meat 180 JA big butchery in Naivasha Silver side beef
Pillet Stealj 280 |A big butchery in Naivasha In rainy season meat prices increase
Multon 170 JA big butchery in Naivasha Goat Meat
Liver 180 JA big butchery in Naivasha
Kidney 180 |A big butchery in Naivasha
Avg 188.333
Chicken 160 |Individual producer in Naivasha
Eggs 180 Individual producer in Naivasha Per Tray
Milk 18 Kenya Corporation Creameries (Kec) |Per Half Litre
lvegetables
Carrots 30
Onions 70
Frensh Beang 70
Tomato 50
Potatoes 39
Ginger (fresh| 300
Cabbages 30 Directly from a farm
Green Maize 10 Per Piece
Green Peas 200
Sukuma z8
Spinach 25
Fresh Garlid 300
Cafsum &0
Avg 94.8462
M Banana 40
Raw Banana 7 Market
Orange 40
Pineapple 25
Paw Paw 58
ji@xecerios
Rice 75~158
Wheat Flower 40
Maize Floweq 25 Naivasha Materesses LTD.
Coffee {Supermarkat)
Tea
Coke
File Name: mrkiprc Pagel of 1 Date: 4/6/3%
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Water Consumers

BAgriculture BEnvironment [OChange in Storage DOInd EGwout HDom

3- 14
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Date: 4/8/9

L6-320
L5-Tn0
L6-1dY
Lo-uer
96-320
96-Tnp
96-ady
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Table 1!: Error Matrix?; Comparison between the Obtained

Land-Use and the Test Set.

Land-use map

wawwmwmmwm >MM%MMMMMM@ Forest Rangelands Lake Wetlands HWMMH

Irrigated Agriculture 150 0 5 268 0 9 432
n¢‘wwwslmma Agriculture 0 1805 0 5 0 0 1810
mu Forest 0 0 3257 41 0 0 3298
m Rangelands 0 172 4 3538 0 0 3714
m Lake 0 0 0 0 2520 0 2520
= Wetlands 0 0 0 0 0 498 498
Column Total 150 1977 3266 3852 2520 507 12272

/6= 88.1

Average Accuracy =

Average Reliability =

Overall Accuracy = AHmo+Hmow+mqu+wmmm+mmwo+»mmv\meqmn 94.3

AAHmO\»me+AHmom\HmHov+AwmwQ\wmwwv+Awmmm\uQH»v+ANmNO\NmNov+A¢mm\»mmvv

AAHmO\Hmov+AHmow\quqv+Ammm4\wwmmv+Awmww\wmmmv+ANmNO\NmNov+Aamm\moqvv\mu 96.8

1. Values are count of pixels.
2. [Lillesand et al, 1894}
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R

S
1- Ubat is the main source of waber suppliy?
SacCame atmr O Groemt Wezee 0 Stmex I s 13 ZEsEh Nl
gt n; -
2~ BAre all the scurees available for mach wserssector?
Y]
Commets:
3- Are 211 the zources svailable foxr earh userf sector switable?
e O i
St x:
- Bhat ir the major wacer ranswer?
Keamatosce O Tatasteast O Dtwex O 15,5 385 SReRILRER]
St %

$- @hav is the effcct of waber (UALITY wpon different enberprises (past,
presence, and future]?

6- Whew have been the recent vrends in the halarwe beteven she supply and demand
of maver?

% ;
General: “wwa

- @hat proportion of iwailable supplies is aiveady comitted?

Gopeamms £

t- Bow do projected txends in population, Food Self-sufficiency mnd tcomomic
growth sfirct the supply- demand balance in fuvure?

$- How feasible is to supplenert the supply from vlrewdere?
Comet v

16- &re existing famers being seriously constrained by WANTITY, QUALITY or
selisbiliby of waber?
nae O -]

et vap O pexFmr mot o ane O

omwA

11- Ehat proportien of the populstion is mot or only incdequately served with sate
arirking wave ¥

—t s mas peaCez mot te xay O

1i- Bhat is the frequercy and intidence of water sbortage?

— s zas O et mo te Ay 0

18- Whav proporvion of the population regularly cbtain kheix water frow privave
wendoxs? I sheze any vvi deree of that they pav?
i ey vae I gexfur wm, ta =y O

14 Bow importaw are wateT-imtensive sector: {i.t. agriculture, industiy,
tisheries, Souriim, ebr.} in the navional economy?

15- X5 mavex scarcity beconing & comstiaint on the espansion of any majox stcvox?
N Yoo O w0
Sommmet nz

et 4 aap O penree mot 4o zay O

"

general: “tnefa

16- 15 there any indirect supporting evidence, surh &5 the incidence of waver~
relaned dseares?
e O BB

et zay O poerme uh o 2y G

17+ Ave the water awehorities obliged by law ¢o provide water of certain standard?
e B oL

o

v xay O e e o w8

18- Are fuvure water supply opvions significantly more diffirolt, costly or
crwizormentally demaging than recedd and currend projects?
ma O Bs O

. may 3 yoafwe b t> my O

19 How wificiemtly is water used by the differerk rectors, accosding to relmvamt
teclknical or internasional yardseicks?

10- Wzt proporticn of wastewater is treated and rucycled dox fureher wre?
Stz

41 In urban pystess, whit PrOPOTCion of Water envering the ryrten is Wnstcounced for?)
RELEAE . .

11- WBMEh water rector, of imMportame paro: of it, gwnerates large and growing
fiscal deficies?
Igcx mitare O

mematean) D Tamcam B atmcane O dmcx @

22- Which water rectos, of iMpostirk Pazcs of it, £sils So cower it: TeEuIrEnt
zests of operatian and maintensnce?

2z ce2tecm O tromrtesns @ Tamramm B Frdascaa O admes O

Semmme:

Genexral: ‘s

24 I: privatisation scheduled for water soctor? What fozm is it likely teo take?
e O -a foms toow D poaluc nat t0 sy O

oo s

£3- Do whe farmeys Jmos whiv vhere i: 2 criviral uiming of giving/ now giving
waber thad best suits plant growtdh, and mexiwise ¥iclds?

= O Y] ot e T

Commmt:

pomCme b ta sy O

26- Ij thexe sy goverrmental limits for water comsmption? Or just they
(2gricul tore- Indastry-danestic) £in tike what you need?

Tax G w0 ooz O pmiur oot to Ty B

Sexawat 5

£?- Bhav 1: the prige of 1 »' of waver for different rmctor:?

Le— v —

CERIGAE

28~ I: there a problem in the wrtex availabilivy? (in sustainzble careext)
== 0 0 Aot ke D oretar ot ta ze O

SEMEELE;

£5- I3 there o problun in the wavey suitabilivy? (in sestsinable commaxt)
e O ra 0 ety kow O ot ma ey
Sammmz:
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Bgriculture Agqriculture: e

1- Searbing when ran you ray that the rrop yield his chunged caonsi derably? 3+ 1f no, why, and chich et eill ratisdy your process?
8 mmarn O W rmce @ ptmee O abtme A enrtom memt O - wocvm O F—
anvsy

39-  Kbat 80 you suggast o imerexst the water supply?

I- The change was to: S

e b povey e xay B menm T - e O

SRS
21 axe you ravistind eieh the waver QUALITY allocatvd to pou?
T wo -ty G e mat ta my O

2- How often dovs that happen? R—

& yoacw D 3 ymes D D @ altmr o @mctam waw B -ty - 0 i

i8-  If ¥ea, is it %00 geod, and why arc you savisfied?

Somemt y:

4- Do you especs chunges in the fwoure?

e 0 "o ke nay B

Smmers:
13- K11 you sgree if wx redore the wmount of weter by 1047 How will it affert?
- o w0 o x kwse O FTac naE A my o

G- If Yo when fafber what) why, and boo emch besder? o——

Sommas:

16 X2 mo, « and unich mount will ratisfy your process?
¥

Conmamtv;

$-  1f Ho wby, and hew werh worsc?

gy
15« Bt do you suggest ko improve the oater QUALITRY
St

- Are you satistied with vhe waver QUARTITR allorabed bo you? -

w0 ~ 0 ant zar O et b ta sy 0 15~  Heo cdten do you irrigste ind bow much do you sbstrart?

13- Es vhere any evidence of sgriculvural xesidue manipulicion?
6= 2f Rug. is i oo much, &nd why are you savisfied? T ) P Soncme et da wy
Stz ot 5

£ Ty
Mricultare: ‘oo

13- I yes, what mnd co whaE exvens?

1- Srareing mhen can you szy chat thr QUALITY of water used for Sifferene
indusbrial stages has descriorsved considerably?

emm—mE 8 smaex O L .} e = s A
39-  Is tdere any rropping pettem inwolued in your fam? Bhav?
- B mu v xay B Do wA o my O
e R 2- Bhwt is the cficct of wabrr on your produrts?
aomct, 0 mgn O dosmcatm. Ot O treamect O
Gy
20- Do you prefer to stick to & rezbain crop(s)/cextadn erex in your faza?
Thih erep?
O wo s wag B et et to may O
N 3- 1f shere’s a direct effect of waver, Jvarving wbeh can pou say v ohe QUBLITY
cm—x of your products has rdanged tansaderably?
. Sz @ MoymecO  afmes mrtamommet O othes 0 o odwsew, 5
i How mach heshicides/ Eerbilisers do you cansume? SR
e ey 0 aestme ok aa aer O
et
§- The change wa: ®o:
men abtme D Betane O ey € v @ v pm—
£2- Do you bave governmantal limits for wster corswmptian? Or jusrt yeu can Sabe —
what you need?
a2 O w5 werezay O oemimr ok ta mr O
§- Do you cxpees changes in dhe fwbure?
Twa O me - ey O
o
23 Wav &5 the main source of your water supply?
Burfam Wtme £} Govurrt Wabar 03 Pttmrs O
o

£ If Pes wlen {afbex shet), by, and bow ooxh beoverd
[

2+ If Bo by, and bow nwch worse?

St

8- Are you satisfizd with the oater JQUANTITE allorated to you?
[} L] axs zar O ncatur vat to ay O

Sommumnr;
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Industzy: -oe'e
3- T4 Pag. i it boo much, and chy ase you sabidiied?
Somant o1

19 B&11 you agree if we rodurz the macwvd of water by 1042 How will it affere?
o B - T} e meb ba my O

Coommtx;

1l If ne. uly, and chich swount will savizfy yous provess?
Somemt 2

16~ Whar do you suggest to imerease the wamer rupply?
SRS

13- Bre you savistied with the esber QUALITE allocaved to you?
~ wa —t & nag B e mt ey 8
S

L&~ I Wes, ir it tos good, snd @by are you satistied?
Seres;

15~ B Mg, which pexausves do you think hs most crivical for your Lndustay?
ot £

4~ If no; wiw, and which ewount will sevisty yeur proress?
Gt s

15 @hak do you suggest to improwe the water QUALITYY
e

Figh Farming

2- Jrarving olvn can you szy vhet she QUANTITY of #4ch bur changed considezabiy?
Semuz 0 WemesO  atmroa oectass mms O bomes © ne gl

G s

2~ Stasbing when can you say What vhe GUALTIZ of 4ish has changed considerably?
& smacz O 0 rmrcz O AT A cHrEAGA wwar O Lo T - =0 gsacn.. B
Sommmtin;

2+ Starting wben tan you say Shat thx WARAEIY of fish bas changed cansiderably?
5 seacx O 20 ymrz @ aftmc a awcteze weat 1 tesmez O o G B
Commmt

4 The change wis to:
. L. netar O con . zar O a6 oot acam

Copmpy:

6+ Do you expece chunges in the fwbure?
e 1 wa s way O

Comepas;

6- If Per when (after whet), wiy, and how ok bevser?
Sanmpet. v

9~ If %o why, =d hovw mch worse?

Sosvmbx;

- Aze you sathsfiad wieh the wiver QWANTITY allocsted %o you?
Yz O mo pp—l e vt te nax O
ST

EFish Farming: -ee
S- If Yeg. 15 it voo mich, and wby ave pou sivhsEied?
presiey

6~ Will yeu agres & we xedure the mowns of watay by 1042 Mow will ic affece?
™o =0 oo g e @ oomres waz, 5wy ]

oA E!

1l 1€ no, ohy, and ehich mownt will sibisty your procass?
Conmds:

3= @y 4o you Juggtst %0 inczease the water sopply?
Sonmna

12+ Are you savirfied cath the vater QUALITY sllocated to you?
s 0 wB s sy O ptur not ts =7 O
WK

- 3£ Vep, ds i% boo good, and why aTE you Javisficd?
Sapuets:

15 @E1) you agree if we reduce the amount of witer by 16i? How will iv afiece?

meb -n mav e e O rmr ot to WY 0
oty N

16« If e, by, and whizh asewnt will rivirfy your process?
Commt 3

17-  But do you :uggest to improve vhe waver QUALITEY
Samots;
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Fish Farming: “tm='e
18- Instibwiconal tocpuraion hesween wmater dovelopaert agencics and fishery

23nind reratden Tuds to be rerengthened to addrers rosmon Interwsts. Is that
already taking place?

15-  What de you suggest o improw the waver QULITIY
Compmh 61
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W i
Domestic & recreational:
1~ Sbarting oben can you say that She (RALITY of waer has thanged conviderably?

Domestic & recreational: “twmw

spases 0 Mymrs0  afteca certam wvest D b O vo gt 3- @av proportion of the population rogularly cbrain their maver from private
wendorst Is there any v derwe of what oy peyt
Comema oe ree O prate: mak ta sap &
o
£- 1+ che QWLITY of waber provided adeguate? 15-  Is there any indivert supparting evidente, serh ar the incidence of witer-
e B w0 mk zay 0 S pad, ts tny B Telabed diseases?
Ten B %] ey O prmine b te cay O

3~ @wo 2 thr pvidence on the incidence of waver-releved illness?
f=
S5t

11~ Axe the water auwthorities obliged by 2aw ¢o provide water of testain

soaniard?
4 Do houswholds (you) vake whrix own precsutions vo wnsure the rafvey of their sme O o ot zax B poutms wot ta sas O
drinking waber?
- B ot xay B ponur oot te my O mmm
Sowwenz
$- J& there any govesnmantal limibs for wates censwmption? Or just you tan take
whzt you need?
™D WO kasr B prwtur ot 40 ay O
Sz

5~ @at 15 the price of 1 ' of water Eor differerm secvors?
Nt kmes O poafer mat 4 1y 0

S e:

7- What proportim of tBe populitien L3 not oz anly inaduquitely served with safy
drinding oater?
— ey wag O prufue not ta my O

3- What is the freguency and incidence of wabyr shortagn?

o s way ponter wt 4o my 0
SomenE;
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33 Flowers

Specific Gravity 1.3 Kg/lt Fertilizerz/chemicals 100 Fodder

66 Average

i Amount
Farm Irrigated Area Activity wrotal® Area Per Hectare per m’ Total (ton/Year)
ha ° 1t/day Kg/day 1t/day Kg/day 1lt/day Kg/day Per ha Per m*
Sher 200 2.0E+06 Flower 18 600 0.09 3 921 30000 1.14 11395
Sulmac 450 4.5E+06 Flower 52 1694 0.12 4 1156 37644 1.43 14298
Kijabe 40 4,0E+05 Flower 8 250 0.19 6 1919 62500 2.37 23739
Aberdare 24 2.4E+05 Vegetables 1 72 0.05 3 453 30000 1.12 11172
Three point 500 5.0E+06 Vegetables 23 1500 0.05 3 453 30000 1.12 11172
Delamere 1200 1.2E+Q7 Fodder 24 2400 0.02 2 200 20000 0.74 7400
Flowers 1.68
Aversge ‘hemicals Used WBegetabies 1.12
tonihe vear Fodder Q.74
File Name: agrochem Page: 1/1

Date: 4/6/99
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Crop ~ Yield (tonne) Arga (ha) Productivity Index (tosme/na) Total Normalized Yield (¢/%..) Max Normalized Yield /v
_ 1997 1996 1995 1994 1993 1992 1997 1996 1995 1994 1993 1952 | 1957 1996 1595 1854 1893 1892 1987 1996 1998 1994 1993 1992 1997 1996 1995 1594 1983 1892
Maize 748 . 1386 608 . 4103 § 2430 . 2771 3040 . 2735| 0.3 . 0.5 .2 . 1.5 2.8
Wheat 4450 . 1270 919 . 3765 | 4450 . 3176 4594 . 2689 | 1.0 . 0.4 0.2 . 1.4 3.0
Sorghum 1 . 9 12 . . 4 . 31 30 . . 0.3 . 0.3 0.4 . . 1.0
Millet 2 . 1 . . . 5 N 3 . . . 0.4 . 0.3 . . . 0.7
Barley . . . . . 288 . . . . . 96 . . . . . N 0.0
Beans 660 . 482 358 . . 1100 . 1070 1778 . . 6.6 . G.5 0.2 . . 1.3
Garden Peas 120 . 2 . . . 40 . 11 . . . 3.0 . 0.2 . . . 3.2
Grains . . . B . . . . . . . . . . . . . 0.0
Lab Lab io . . . . . 5 . . . . . 2.0 . . . . . 2.0
Potatoes 1314 . 514 32 . 4797 | 659 . 411 €30 . 1588 | 2.0 . 1.3 0.1 . 6.3
Cassava . . . . . . . . . . . . . . . . . . 0.0
Sunflower . . . . . . . . . . . . . . B . . . .0
Soya Beana . . . . . . . . . . . . . . . . . . 8.0
G.Nuts . . . . . . . . . . . . . . B B . . 8.0
Rapeseed . . . . . . . . . . . . . . . . - 0.0
Fyrethum &40 . . 163 327 465 | 3300 . . 3266 3266 3107{ 0.2 . . 0.1 g.1 9.2 0.5
Tea . . . . . . . . . . . . . . . . . . 0.0
Castorx 23 . . . . . 45 . . . . . 0.5 . . . . . 6.5
Tobacoo . . . . . . . . . B . . B . . . B . 0.0
Sugercane . . . . . . . . . . . . . . . . - . 0.0
3isal . . . . . . . . . - . . . . . . . . 0.¢
Cabbage 960 613 440 324 217 561 661 4240 293 281 217 854 1.5 1.5 1.5 1.2 1.0 1.1 7.8 0.2 0.2 0.2 0.2 0.1 6.1 1.5 1.0 1.0 1.0 0.8 0.7 0.8
Kales 372 406 606 1500 1450 1050 93 110 101 100 55 85 4.0 3.6 6.0 15.0 15.3 1l.1 55.0 0.1 0.1 0.1 0.3 0.3 0.2 15.3 0.3 8.2 0.4 1.0 1.0 0.7
Tomatoes 46 60 20 81 140 63 23 45 22 81 76 56 2.0 1.3 8.9 1.0 1.8 1.1 8.2 0.2 0.2 0.1 0,1 0.2 0.1 2.0 1.0 0.7 0.5 0.5 0.9 0.6
Carrots 208 340 425 638 765 443 104 178 174 171 255 184 2.0 1.9 2.5 3.7 3.0 2,7 15.% 0.1 0.1 0.2 0.2 0.2 a.2 5.7 0.5 0.5 0.7 1.0 6.8 0.7
Leaks 96 188 340 450 . . 32 47 76 80 . . 3.0 4.0 4.9 5.0 . . 16.9 0.2 0.2 0.3 0.3 . . 5.0 0.8 0.8 1.0 1.0 . .
Onion 501 710 1008 185 1600 284 143 170 168 135 230 300 3.5 4.2 6.0 1.4 7.0 0.9 22.9% 6.2 0.2 0.3 0.1 0.3 0.0 7.0 0.5 0.8 0.9 0.2 1.0 0.1
Frensh Beans 1144 780 700 864 818 1400 | 28% 288 280 288 272 300 4,0 2.7 2.5 3.0 3.0 4.7 19.5 0.2 0.1 0.1 0.2 0.2 0.2 4.7 0.9 0.6 0.5 0.6 0.6 1.0
Peas 120 371 640 78 1040 213 40 106 160 158 164 194 3.0 3.5 4.0 0.5 6.3 1.1 18.4 0.2 0.2 0.2 0.0 0.3 G.1 §.3 0.5 0.6 6.6 0.1 1.0 0.2
Flowers ialtie eu 24030 . 240630 50894 . . 534 . 534 356 . . 45.0 . 45.0 42.0 . . 132.0 0.3 . 0.3 0.3 . . 45.0 1.0 . 1.0 0.9 . .
Strawberries 45 . 54 1716 54 600 3 . 3 10 3 75 15.0 . 18,0 18.0 18.0 8.0 77.0 0.2 . 0.2 0.2 0.2 0.1 18.0 0.8 . 1.0 1.3 1.0 0.4
Passion Fruits 88 100 . 140 . 22 22 . . 20 . 4.0 4.5 . . 7.0 . 15.5 0.3 0.3 . . 0.5 . 7.0 0.6 0.8 . . 1.0 B
Citrus 4530 2276 3216 860 2540 17 302 293 19 14 254 247 | 15.0 7.8 16.0¢ 6€1.4 10.0 O0.1 104.3 0.1 9.1 6.1 6.6 0.1 0.0 61.4 0.2 0.1 0.2 1.0 0.2 G.0
Grapas 1245 1440 1200 825 110G 1373 83 83 70 27 55 55 15.0 17.3 17.1 30.6 20.0 25.0]| 125.0 0.1 0.1 0.1 0.2 0.2 G.2 30.6 9.5 0.8 0.6 1.0 0.7 0.8
2.9 3.6 0.18 0,16 0.19 0.23 0.23 0.13 0.64 8.57 0.83 0.7 0.80 0.53
20
=
WG
g
£10
2 . &
I s
M 5 mmkwwf i
0
1997 1996 1995 1994 1993 1992
Time (Year)
<
1
o
=
File Name: Productivity ot

Sheet: Summary Page: 1/1 Date: 4/13/99

Thesis

MSc

’

productive and Sustainable Use of Water Among Competing Sectors



i

140033

;
3
i

B[8[B

-
[k
%

i
i

[ 634055

143584

eayatitis

n

8ap | #VALUEI| 1808 | 59, Y
68, 315, 75 2041
73 ¢ | s 3180
80 1208 | 80, 249,
B1. 274 64, 381,
68 %, X 357 4
X 58, 3 234,
55 79. 66. 2458
Y 57, 3. 247,
59 [ 61, 507
&7 70 58, 155,
74 1188 {67, 2383
g.! 1304 £6.4 [
18!
Yo ot 12| ienetintis T . . T
Boots
s 13555 1 i1 | 124863 | 987 £ 1880 | 216 | 10475 1675 | 145725 | 46725 | 843 | 28A7
o 10| 13606 | 17491 112813 | 077 | 324 | 2457 | 1 27| 1 ) c 6as2 | 2280 | 148058
: 15 | ieses | 2160 | 130888 | G255 | 480 | 82851 | 7448 | 633 | 37468 F065_| 360350 | ooses | 706 | 5ooAeS
20 | 1 15 127 7477 _| 1802 | 179270 | 45087 | 1789 | 73738 3580 | 346060 | 35831 | 9583 | 726728
22 7688 1288 74802 7061 1884 138888 16483 2141 BR568 31233 5283 301028
e p7] 7731 | 1186 | 73244 | 6790 | 1845 | 137015 | 13818 | 1818 | 732 26136 | 4896 | 283479
" % 4510|705 | 45189 | Sr17 | 1wa | 76 18526 | 2147 | 167440 23813 | 3955 | 230635
2 2813 | _46b_| osees | 02 | 1om | 7io12 | 17848 | oase | 1an7te 23741 | 3929 | 236588
- 25 233 33 22968 5840 1518 317814 8763 1273 70224 37328 3124 211097
o 23 3798 | 663 | 30505 | 4248 | 1oB4 | 103476 | 2741 | o5 | 20027 16785 | 219t | 163037
2 2363 | 385 | 23000 14 122135 | 949 1331 7554 8966 | to76 | 163558
2 1890 | 257 | 21486 | sove | % 1318225 | 734 87 5717 3701 | 340860 | 7708 | 6670 | 480288
=1 60612 | 12617 | BYTOT | 537157 | 14506 | 1136410 104017 | 1 13466 | 1185105 | 246366 i il
0 ! ; 2 15 '/d:*"""m" - SR
i ot s e - e e e
- ) 73 | 2308 | 688 31 11.5 70, 88 28 | 488 | 2004 | 810
- 76 | 1745 | 644 33 R4 5 B 37 T & ' co 1 o
D 77 | 1440 | 634 | 105 | 32 68, 5.9 557 1 44 3708 | 870
20 2 85, a7 . 95, 54, B4 59.4 41 1980 | 870
2 58, 68.1 8. 7 o7, 404 1 FDIVIS!
5 7] 1 51, 545 Y 58, 7 1 0. SDIVIDE
% 2. 8.2 4 245 1 7 85 %o DN
27 17 62. Y 374 | 784 XY DIV
26 13 65, ¥ 887 | 774 508 | 552 #DIVID!
o 23 24 71 85. 88 15.4 884 | #DIVIO
o T > X 15 & y 57 @ 60 568 ] OV
= T 4 14 72, r 74 78 4 44 657 ] 7651 | 921
20 B | 726 1 66 o1 673 | 764 ¥ 523 | 604 | 72| el )
L B : i T o
4 o o Rma s
; SiX
1 5105 | 62 | o o [ 1512 | 08851
1181 | 365 | Jeas | sea1 | 41g | 20884 2260 | 45000 4150 | _183008
2225 | Gr2_ | 4poee | 4o | ses | o50id 3844 Esaz | 16720
387t | 1009 | 77174 | b3e2 | 753 1 30127 7536 | bor120 7514 | 368880
13524 987 F2548 10272 1368 41823 3188 83389 9771 3578580
5000 1462 87737 12065 1706 45615 2022 58440 33208 453126
5366 | 1713 | 162818 | 13782 | 2059 | 41236 o G 14559 | 487815
2364|806 | 48438 | 14318 | 2183 ] 5066 ] [ 8711 | 44382
877 342 20213 9401 1178 38748 1380 27800 5320 293988
020 328 | ptesc | 477s | esa | 32028 950 | 1 3083 | 133187
236 ) Ses1 | 1807 | oes | feort 2507 | 56140, 4016 _| 123843
58 53 4163 | 207 | 286 1 146 2100 142000 3540 | 137861
37054 8250 560178 BTTSA 12084 388331 28457 372280 g BEFIS | IBTFIS4
e - - - e
g Bhaamia o gn W amonies ! ] . .
o i ] il TR ETTE s T % T % e
6.7 317 [ 78 28, 78 3 48, 424 |#varlEl] oo 200
, 17 47 8.3 80 20, 75 4 24, 60.0 PVALUE! 132.4 200
) ; 778 | 73 3 3, 73 3. 27 | #IALUE 142, 0.0
i 2 3531 | 65, Y 45, 7e. Y 400 WAUE ] 15, 56
7] E 1931 | 42 137 1 44 73, 2. 304 [SVALUE!| 144, 20,
4 238 | 05 Y 50 B 7 267 | SVALUEH] 121 5.4
) 4872 | 36 74 85 &, 226 | #VA 0 304
2 ? 2685 | 35, 32 69, a7, 21 _{evAl 8 20,
2 2 1053 | 48, 14, 58, 511 | 338 | #VAl 80.0_| 20,
Tht 18 58.8 56. 17 5. 35, 45, MALUE] S8 20
T 15 496 | 56 G 0. 77| 802 | #VALUE ] 183, 20,
s 748 |63, 7.4 80, 5. 553 | #VALUE!| 300, 304
L 553 #VALUEIL 3000 1 20
4 15 ¥ 628 L 55 34 325 1 692 z @7 1 395 | #IALUEI] 107, is.
Flie Newe: fish Page: 1/4

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis

Annex QL.2

Date: 4/8/59

QL.2- 5



Annex QL.Z2

= -
= E -
17881 4205 2431 1044 188 37 860, 6246
17074 3787 1409 824 283 55 1753 6219
25409 5143 810 505 707 17 3014 8779
18708 3381 498 240 0 12 1588 5201
14578 2871 542 248 256 51 30 3200
10794 2422 307 150 279 80 23 2655
8318 579 135 85 1528 229 51 1924
10316 | 1728 191 81 1607, 181 76 2077

3
Moot 2t L Lo 5 Toau)
Hans g e 4 .
20 21400 | 6471 607 429 85 11 1200 8110
Cen 21 10840 | 3437 1445 841 28 § 2405 6680
29 10044 | 3004 2562 1571 191 a4 3700 8318
23 4454 1917 2301 1208 389 77 4504 7707
19 8309 2503 3759 1825 844 153 3731 8212
30 11935 | 3409 5701 2607 1966 373 2626 9107
31 11476 | 3422 7707 3462 2492 831 701 6
29 10627 | 2898 5824 4118 3515 680 750 10447
25 13011 | 3624 8671 | 3616 2868 696 107 11042
26 8455 2484 6504 2773 2430 441 350 7047
20 21501 5350 575 2434 2610 430 050, 9294
25 25320 | 53561 3867 1578 1452 240 3640 10808
WA o TR L S o7 S8 Real
— 158003 T 42897 59525 | 26580 20842 | 4042 31766
Lo, B L D e i kol e
20 . 3235 4 214 0.0 5.0 06 ZUALUEY] 600 X 101.4
Feb 21 . 1632 X 7 40, 0.0 35 0.4 AVALUE!] 114 X 795
29 ¥ 103.6 X . 54 4.4 VALUE! | 127.6 X 71.7
23 X 833 Y E 52 BALUET| 195 83,8
19 X 31.7 X X 6. X ; X eVALUE!| 196 108.0
30 X 1136 X X (X X % 12.4 WALUE!] 876 X 75,
3 Y 104 X ¥ 12, X y 26, SAALUE! | 548 X 76.
29 ) X . 43 X ¥ 234 FVALUE!| 048 90.
28 1249 X X 24, X 4. 24, PALUET] 107.1 95
26 955 06 6. AJALUEIT 571 7.
26 183.4 83, 16 B/ALUE!] 36 80,
25 2 214, 63. S, FVALUE!| 1455 X 108.1
= 2 i
26 3 145.6 82.2 12.0 VALUE!| 108.0 = . 0
2 L LE= =T

20 | a0eaB | 16087 | 342297 | 1208 | 727 1123 71 2 193
37| 45731 | 17224 1802 | 1214 | 24280 | 848 131 282

2 11308 | 250745 | 2 1236 | 27798 2 84 694

35666 | o844 | 236760 | 1177 | 756 | 10184 | 257 93 884

1657 | 6736 | 166000 | 1000 | 630 | 19838 | 197 53 519

26 | 20000 | “6esp | 254307 | 960 665 | 16886 | 426 120 1008
23| 15629 | 5222 | 166162 | 523 416 | 12938 | 167 54 387

22 | 21635 | 7013 | 215000 1739 487 | 15576 1 128 34 300
1 450704 | 192382 | 366634 | 13471 | €31 | 770498 | 1oe8 | 503 5475

2
AL X
FVALL 124! 15, 9346
FVALUE!]  146. 15. 790.8
fVALUE!} 100 15, 11134
FVALUE!| 112 15. 6823
FALUE! 27.8 15. 5287
PVALUE! | #VALUEL 15 #VALUE!
SVALUE! | #VALUE! 14. #VALUE!
SVALUE! | #VALUE! 15. #VALUE!
ALUE} 31 15. 393 4
¥FVALUE] 43.5 15. 290.9
fVALUE! | 195.! 15.. 5377
Lo st S L
FVALUE!]  103. 15.4 []
S Lo
File Name: fish Page: 2/4 Date: 4/6/99

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis



Annex QL.Z

54198
90577
77321
58245

371743

| Islsjeislsielels(aislals
g

? | 14574 | 810288

31 88
e 32 80 14976} 262341
35 39 15582 | 278014
32 49 12193 | 230042
34 25 14198 | 272754
38 5 12312 | 257340
37 9 15268 | 336801
30 20 4187 269429
= 33 8 4043 | 262100
G 31 5 4035 | 250386
s 33 19 4080 | 273449
28 15 4922 | 258272
- 389 3262204

] 3 ALUE! | 370 20 WALUET] 964 27 FUAL 2 92 | #VALUEIT #VALI 470.
32| #VALUE!| 352 16, ALUE!] 1124 | 20 VAL 7.4 | #VALDET| #VAL 468,
g 35 VALUET| 324 17, $VALUE'| 1094 | 20 VAL 8.0 | #VALUE! | #VALUE! . 445.
[ TWALUET] 288, 18] WVALUE!] 931 20, VAL 10 | #VALUEH SVALUETT 12, 3814
|7 o4 T#ALDEI] 2484 18 FVALUE! | 168, 19, FVAL 10.8 | #VALUEI ] #VALUEY] 12, 4
3% VALUETT 156 FAVALUE!| 1851 [ 23 A/AL 8.1 | #VALUEI| #VALUEI] 12, 34
57 |#VALUE![ 1854 eVALUEI| 2280 | 22 VAL T EVALUE! | #VALUE| 12.4 4
30__|#VALUE] 209 PVALUE(| 2494 | 20, AVAL 1. FVALUE! | #VALUE! 4
33 [#VALUET] 539! 18, FALUET| 185, 18, FVAL 10, ALUE! | #VALOET 3
a1 |#vAiUE] ors 17 ALUETT 175 18 VAL 10 AVALUEN | #VATUEY 2
- F 33 #VALUET] 275 19 FYALUET[ 150 18, FYALL 93 | #VALUET] #VALUE!
28 | #VALUE'] 3653 | 160 | #VALUEI] 147, 15, WAL X 12.0__| #VALUE! | #VALUE] X
Al s e AL Rk o AT Rl a2 R
— | #VALUE(] Zr74 186 | #VALUET] 159 204 | WALUEI] 1 100 | #VALUEI| SVALUEI| 12, []

13 #VALUELE 107.7 20. WALUE! .2 23, FVALUE! X 10. BVALUET]  300.0 11, 453.1
16 VALUE! 6.3 10 VALUE!| 1125 22.2 SVALUE! X 11.! ALUE!] 188.8 1t 287..
18 #VALUE! 18. 20. FVALUE! 87! 0.8 FVALUE! . 10. BVALUE!| 2000 12. 308.
18 VAL UET 61. 20. AALUE! 94.4 22.4 FVALUE! X 11. SVALUE!| 1444 10, 300.
15 FVALUE! 33. 24, A/ALUE! 53 28. FALUE! X 10, $VALUE! 933 10. 180.
i8 WVALUE! 38. 25. FVALUE! 55, 27. VALUE! X 1. EVALUE! 222 12 118.
a7 FVALUE! | 105 244 VALUE! 47 27 FVALUE! 1 10. FVALUE! X 11 158,
17 fVALUE!| 158.8 | 20. EVALUE! 58. 28, A/ALUE! . 10. FVALUE! X 10. 223!
15 VALUE! | 146, 21, SVALUE! 73 28, FVALUE! 33 10. FVALUE! . 11. 233.
14 FVALUE!] 2143 | 20. FVAIL UE! 85, 25, FVALUE! 214 8.7 FVALUE! X 10. 321.
12 PVALUEL | 325, 18. FVALUEH] 1250 24 FWALUE! 16.7 10.0 FVALUE! X 11 486 7
o 11 FVALUE!| 400, 19. FVALUET] 1809 20. FVALUE! 9.1 10.0 FVALUE! X 10. 600.0
File Name: fish Page: 3/4 Date: 4/6/99

QL.2- 7

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis



Annex QL.Z2

TRALUEIL 6 1 100 | #VALUE 77 1 118 1§ G
== =
o No. of Fish per Kilogram (1997) Lo Erice of Fish por mogxm (1997
‘ 1006 Ko
8.0 »E
 ©.0 S
£ g
40 3 -
800
2.0
P : o 40.0
e s 0w ou o om g oA o os w2 ow
2 & £ 2 £ 5 & & & & 8 4 =
Month . i L des
= = O Leucostictur | e, Salmoides  ——W—T.Zillii ] 11 —e- Crayriso
e Ro. of Fish per Rilogram (1396) 1200 Price of Fish per Kilogram {1988) '
PRE -%quwmﬂ»%
A e g el e, e
Momh’
1 |
=
2 800
£
8 800
&
40.0
20.0
B >
§ & &
Month Month
- = O.Leucostistng — i S Lo LS -‘.—T.Eﬂ.llﬂl—l - rictnsg el vamatt, G ) e dcdes —r— 11110
80 No. of Fish per Kilogram (1992) 400 Price of Fish per leogram (1992)
8o a ) >
c o [ e = H & = [~ =1 =3 k+
§ 8 5 % 5§ 8 8 2253 2383838
et
T 5. Loncort it el SALIOL AR [~ = 0.Lencostiotun  emllmei. Saluoides  ——eT.2i11i1 |
| 1 i
File Name: fish Page: 4/4 Date: 4/6/96
QL.2- 8

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis



For Tilapia ZAllii

.4 36.5 | 212 271 FEN RN AL
33 180 1145 1.0l

) [ [ 1.8 Lo fiE | les.s
0l )

g g
M
H &
8 8
P B
g
a g
&
H
%
H
S s i
Ey i
.0 5.0 oo e 1.0 s
Temperature ("0)
!
For Salmoides
= 5.6 7.0 & 26.5 27.2 25,0 25.2
57.35 S8.01 15!
B = . 14.¢ 5.0 & 3¢.4 21.1 he .0
i 5.0 B
160 T o SPREIR
o , -
F # 7 R = 0.024]
; o Lo
H s - s
p
] N
& o A
5 i i el
H § g
8 e EY 40
26,0 270 215
Tesparature (*C)
i
j
H
%
H
.
2500 s soen 255 1 1.5

Pish Catoh em

359 o - e 1 E
08 : e é ron i
w50
o 1 : z » i 1‘; B o
. ¥ i i o«
100 E 4. | g #
a0 i é 20 s s
pes . . § :
25.% 26.0 26,5 @i 1.5 4.0 25, 26.0 27.0 7.5
Tosparatuora (°C)

Fich Catch o

6.0 my

Temperature (°C)

Fite Name: Anrex_Fish

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis

Page: 11

Annex QL.2

Dute: 415158

QL.2- 9



1977
1985
1988
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

tish Summary

Year Fish Catchin®Kg Fish CatchinKsh Ksh/Kg kg/boat
200000 1800000 9.0 ?
238007 2142059 9.0 ?
585200 5187000 8.9 ?
500000 6000000 12.0 ?

52300 992000 18.0 304
263298 4330179 16.4 ?

170359 3262204 19.1 437
299324 5046254 16.8 719
235137 4685732 19.9 697
106215 2655363 25.0 86
42873 1286190 30.0 53
82773 3077734 37.2 351
54275 3786677 69.8 254
45092 3249654 721 247
205346 3392932 26.0 350

Avg.

Notes:

1- The fish catch has dropped considerably by the year 1988 as there was a very low lake levels.

Annex QL.Z2

2- The fish catch was very high in the year 1986 as it includes barbus. This species is usually found in rivers (reverine fish) as it likes cooler water and
Malewa river is usually cooler than the lake.

3- Fish breeding zone is up to 100 m far from the lake shore, where fishing is not aliowed.

4- In the fish breeding zone, there is shallow water where you can go on foot whithout a boat. Nad that's where the illeagal fishing takes place.

5- Farm guards sometimes allow some homeless people to go inside their ffarms to fish without a fishing license.
6~ Seining is not allowed in Naivasha as it's a RAMSAR site. (for details of Seining look at the original paper by Joyce)

7- Wrong timing, methods, like undersized nets, are the ways of illeagal fishing.
8- The percentage of illeagal fishing has increased considerabie over the last 5 years as the unemployment rate has increased, and even the employed
people are under employed or low earning. The cost of living is increasingly high without a relevant increase in the income levels.

8- Tilapia Zilii and Oreochromis leucostictus better grow in 25°C-28°C, and a pH of 6.8-7.0
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Water Quality Guidelines

GUIDELINES FOR DISCHARGE INTO PUBLIC WATERCOURSE.

PH..ooviviennnn. Gt et 6.0-9.0

BOD (5 days at 20°C) not to exceed.. 20 mg/1

COD not to exceed...vvevreeetvnennns 50 mg/1

Total Suspended Solids not to exceed 30 mg/1

n-Hexane extrcat not to exceed...... 30 mg/1

Oils (Mineral Animal & Vegetable)... 5.0 mg/1

Total Phenol not to exceed.......... 2.0 mg/l

Copper {(Cu) not to exceed........... 0.05 mg/1

Zinc (Zn) not to exceed..... e 0.5 mg/1

Lead (Pb) not to exceed............. 0.1 mg/1

Arsenic (As) not to exceed.......... 0.002 mg/1

Total Mercury (Hg) not to exceed.... 0.005 mg/1

Alkyl Mercury not to exceed......... 0.001 mg/1

PCB (Polchlorinated Biphenyl) not to

EXCEEA. t vt vttt e 0.003 mg/1

Pesticides residues not to exceed... 0.05 mg/1

Sulphates not to exceed............. 500 mg/1

Dissolved Manganese {(Mn) ........... 1.0 mg/1

Chromium (total)...eeereeeeeeeennenn 0.1 mg/l

Chloride not to exceed.......vovvueen 1000 mg/1

Fluoride not to exceed......ccvvu.ns 2.0 mg/l

Coliform bacteria.....ocivveensnnnns 1000/100ml

Free Ammonia not to exceed.......... 0.2 mg/1

Sulphides (S7) not to exceed........ 0.1 mg/1

Cadmium (Cd) not to exceed.......... 0.05 mg/1

Cyanide (CNT) total not to exceed... 0.1 mg/l

Organic Phosphorous not to exceed... 1.0 mg/1

Chromium (six) ( Cr®¥) not to exceed 0.005 mg/1

Total Dissolved Solids not to exceed 1200 mg/1

Selenium (Se) not to exceed......... 0.05 mg/1

Nickel (Ni) not to exceed........... 1.0 mg/1

Barium (Ba) not to exceed....... e 2.0 mg/l

Temperature not to exceed........... +/-2°C of ambient

temperature of the water body.

01l/Qgrease. o s s cerennnnnnnenns . Nil (no trace)

Toxic Substances.........oiieenennnn Nil

OAOUT .« t vt vttt senonsntnnoecesanaanss Not objectionable to the

nose.

ColoUur...eeeeennnnnn et . Not objectionable to the
eyes OR not to exceed
5 mgPt/1

NB. No person shall discharge into any watercourse any of the

following substances;
- Calcium Carbide
- Chloroform
- Condensing water
- Degreasing solvents
- Inflamable solvents

QL.2- 12
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Annex QL.Z2

GUIDELINES FOR DISCHARGE INTO PUBLIC SEWERS.

2 6.0-9.0
BOD (5days at 20°C) not to exceed... 500 mg0,/1
COD not to exceed. i rnnnnnnnnn. 1000 mg 0,/1
Temperature not to exceed........... 27°9C +/- 2°c
Total Suspended Solids not to exceed 500 mg/1
Total non-volatile Dissolved Solids

not to exceed........ .., 2000 mg/1
Detergents not to exceed............ 15 mg/1
Phenols not to exceed.......ovvvu... 10 mg/1
Oils/grease not to exceed........... 10 mg/1
Scaping Oils and Fats not to exceed. 50 mg/1
Hydrocarbons not to exceed.......... 20 mg/1
Hydrocarbons (cyclic)....ovevvuinnn.. 5 mg/l
Silver (Cyclic Ag) not to exceed.... 2 mg/1
Arsenic (As)....... b et et eean 0.2 mg/1
Barium (Ba) not to exceed........... 10 mg/1
Cadmium (Cd) not to exceed.......... 0.5 mg/1l
Chlorite not to exceed........c..... 2 mg/l
Cyanide (CN”) not to exceed......... 0.5 mg/l
Total Cyanide not to exceed......... 2.0 mg/1
Cobalt (Co) not to exceed........... 1.0 mg/1
Chromium six (Cr®*) not to exceed... 0.05 mg/1
Total Chromium (Cr) not to exceed... 1.0 mg/1
Copper (Cu) not to exceed........... 1.0 mg/1
Mercury (Hg) not to exceed.......... 0.01 mg/1
Ammoniacal Nitrogen (N—N4/NH3)not to

5oL T T 20 mg/1
Nikel (Ni) not to exceed............ 1.0 mg/1
Nitrates (NO3) not to exceed........ 20 mg/1
Lead (Pb) not to exceed............. 1.0 mg/1
Total Phosphorous not to exceed..... 30 mg/1
Sulphur (8) not to exceed........... 2.0 mg/1
Sulphide (S2) not to exceed......... 2.0 mg/l
Selenium (Se) not to exceed......... 0.2 mg/l
Tin (Sn) not to exceed.......c...... 5.0 mg/1
Sulphite (50327) not to exceed...... 50 mg/1
Sulphate (5042') not to exceed...... 1000 mg/1
Zinc (Zn) not to exceed............. 5.0 mg/1l
Total non Ferous metals not to exceed 10 mg/1
Chlorides (C117) not to exceed...... 1000 mg/1
NB. No person shall discharge into the sewers any of the following

substances;
- Calcium Carbide
- Chloroform
- Condensing water
- Degreasing solvents
- Radiocactive residues
- Inflamable solvents
- Substances likely to interfere with the sewers.

QL.2- 13
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Selection of the Location:

The selection of the location of the new reservoir was done at the aid of
the GIS techniques. Different criterions were satisfied in the new location. Us-
ing the index overlay method [Carter, 1994] with multi-class maps, we were able
to examine all the involved criteria in a GIS context. The first three maps,
i.e. Slope, DEM and soil have been reclassified to few classes, which were as-
signed internal weights of preferences. Moreover, every single map was assigned
a weight which represents its’ importance in the process of selection. The other
two maps were helping in a binary selection scheme, meaning wherever is true, a
reservoir can not be established. Those criterions accompanied by their weights
are:

Criterion Description Weight
Slope Lowest slopes available Low (3)
DEM Elevation classes, high is preferred Medium (7)
Soil Permeability classes, clay is preferred Medium(6)
Roads Binary selection, no roads (Binary)
Cities Binary selection, outside cities (Binary)

High elevation is preferred to get high rainfall to capture it and to
minimize losses. Clay is also preferred to increase the residence time be-
fore reaching the groundwater. That will alleviate any chance of having a
rising ground water level. Moreover, giving place and time for the filtering
effect to take place. (From the agrochemicals).

Finally, a suitability, for the establishment of the reservoir, map
[Plate 5-1] is obtained, and later on overlaid by the drainage map to have a
sensible compromise of the location of the dam. The location of the new dam
was selected to be at the coordinates of UTM (37, 211050, 9951270), which is
near both Gilgil and Oleoclondo towns, at the Malewa river at an approximate
elevation of 2020 m a.m.s.1., lying in a zone of moderately suitable at a
score of 6.63 (maximum is 9.25).

Water Budget:

* Assumptions:

* The reservoir will reduce Lake Levels by 1.0 meter.

* In case of any serious water shortage gates could be opened to
release water needed downstream.

* No water supply schemes to any other city is expected to run
on this reservoir.

* Volume of water entrapped in the new reservoir is 100%10° m’.

* A corresponding surface area depends, of course, on the loca-
tion and the topography. An average of 10.0 km? is being esti-
mated after going through various GIS processes for the par-
ticular sites on the tributaries of Malewa.

* Evaporation rate is assumed to be less than around the lake,
as temperature is highly correlated to the elevation meaning
higher elevation result in a lower temperature. Knowing that
the reservoir location is in higher elevation than the lake.

PR.1- 2
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#  Amount of annual inputs to the new reservoir should be assumed
to equal the abstraction and/or losses from it (either for
small evaporation due to the small surface area or for any
small scale farming activities that might take place in the
region) .

* Trapping sediments is a kind of conserving the lake from fur-
ther contamination as sediments are the indirect contamination
agents for their ability to hold nutrients. Moreover, that
will alleviate the silting up of the lake.

* Further development of the project is being put under severe
control of the decision-makers in the area. Future expansion
should be put in the agenda in case of economic development

needs.

Consequences:

* Evaporation is reduced by a wvalue can be quickly estimated as
(area*1.70); while surface area reduction (in meters) of the 1lake,
or directly get from the figure shown here.

35
o 30 ~ ' o
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5 \ /
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¢ 3 \_/
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da 15
Y
28 \_/
4 8 10
% g o/
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0 : 7 T T T "
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Lake Level = (a.m.8.1.)
Figure 1: Reduction in Lake Evaporation for 1.0
Meter Strip.

* No threats could be expected downstream.

* No further inter-catchmental abstraction.

* This volume is taken from lake Naivasha only once.

* Evaporation rate in the reservoir is much less than the evapora-
tion rate in the lake. On top of that the surface area of the res-
ervoir is less than the surface area of the lake. Accordingly, the
total evaporation from reservoir will be much less than from the
lake for the same surface area.

* Less pollution into the lake, hence better quality of the lake wa-
ters.

Figures:

* Evaporation reduction is assumed on average to be (15%10°%)*1.70 =
25.5%10° nﬁ/year. An average of the previous graph is 27*10°
m’/year.

% Volume of water in the new reservoir is 100%*10° m’.

* surface area of the new reservoir is 10.0 km®.

* Evaporation rate from the reservoir is assumed to be 80% of the

lake evaporation rate (1700 mm/year) which equals to 1360 mm/year,
based on the elevation temperature equation, and the calculation

PR.1- 3

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis



Design:

Annex PR.1

of energy balance equation. Then total evaporation equals to
10*10° m’/year.

% Abstraction and/or_losses from the new reservoir is estimated to
be less than 40*10° m’/year.

% Total abstraction and/or losses from the new reservoir is esti-
mated to be 50*10° m®/year.

Conclusion:

* Reduction in Evaporation from the lake surface area is a huge num-
ber equals one third of the amount needed for unstressed irriga-
tion for the lake area.

* Flexible settings of the project.

#* No reduction in water availability on the catchment scale.

* No profound effect on the lake levels downstream.

* Better control on the water quality of the lake downstream. (in
sediments)

* Last thing to say here is that the new reservoir could be utilized
in hydropower generation. In that case another criterion should be
involved in the location selection. Which is the future expansion
of the surface area itself.

* Location : UT™ (37,211050,9951270)

%  River/Tributary : Malewa

* Estimated Area : 10.0 Km®

% Annual Flow : 50.0%10° m®

%  Sediment Yield : 0.12 ton/ha.yr

* Dam Depth : 30.0m

*  Average Depth : 10.0 m

* Total Volume : 100.0*10° m®

Table 1: Comparison between the Current Situation and the New Suggested

Scenario.
Parameter Current .. New Scenario
N Lake Reservoir Total Better by
Area (xn?) 133 116 10 126 7
Evaporation (mm/d} 4.61 4.61 3.7 4.5 (—-)
Total Evaporation (*10° m’/yr) 227 195 13 208 19
Water share (lt/capita.day) 55 (=) {-) 256 201

PR.1- 4
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Tropical Livestock Unit:

Source [FAO & IIASA,

It is the nonphysical representation of a mature animal weighing 250 kg.

Conversion table for selected livestock:

Annex PR.2

1993}

Camel Cow Donkey Sheep Goat

1.25 (TLU) 1.00 (TLU) 0.50 (TLU) 0.10 (TLU) 0.08 (TLU)
Conversion table for selected wildlife:

Buffalo Giraffe Zebra Waterbuck Impala

1.50 (TLU) 1.10 (TLU) 0.85 (TLU) 0.50 (TLD) 0.10 (TLU)
Some selected characteristics of the TLU:
Aspect Unit Value Remarks
Water Consumption (lt/head.day) 25
Milk Production (1t/day) 3-5 When applicablel!
Milk Production {(Total) (1t) 400 During Rearing period
Beef Production (kg/TLU) 20-30
Dry Matter Intake (DMI) (kg/TLU) 3700-7200 For life time
Water Consumption of Wildlife/Livestock:

Adult Juveniles| Total LY Water Consumption
Male Female Watering | 1t/day | m’/yr catchment

Zebra 83 255 48 337 0.85 0.00 7151 2612 52235
Impala 66 137 33 206 0.10 0.00 515 188 3758
Elands 4 27 17 37 0.75 0.00 690 252 5040
Giraffe 3 4 3 8 1.10 0.00 223 81 1627
Water Buck 13 22 9 37 0.50 0.00 466 170 3406
IThomson Gazelle 11 52 13 64 0.20 0.00 322 117 2349
Cattle —- -— - 35000 1.00 2.00 875000 | 345161 1725806
Sheep -= -= -= 35000 0.10 0.00 87500 31859 1597897
Ccamel 0 0.50 2.00 0 0 0
Buffalo 100 1.50 0.00 3750 1370 6848
Elephant 0 9.10 0.00 ]

Output of livestock products per herd TLU

0 0
[Total |  1seoser |

Livestock . Technology Used
System Product Unit Low Intermediate High
Cattl Milk (1t/TLU) 264.8 567.8 901.5
arte Meat (kg/TLU) 24.6 27.9 19.8
Milk (1t/TLU) - 263.7 2166.7
Goat
Meat (kg/TLU) 92.6 114.6 132.7
Milk (1t/TLU) 70.5 123.0 145.0
Sheep
Meat (kg/TLU) 11.9 20.8 25.0
Milk (1t/TLV) 96.2 120.6 144.3
Camel
Meat (kg/TLU) 1.9 2.9

Values in this table may seem strange,

as meat production out of the cattle is

expected to be higher than from goat and sheep. But those values are normalized
to the real production in the sense that cattle are majorly targeted for milk

production rather than meat production.
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File Name:

Scenario
Criteria 1 2 3 4 5 6
No Go Deforestation Mulching Rain-Fed Night Irrigation New Reservoir

Environment 0.30 0.33 0.00 0.71 0.30 0.34
Social 0.10 0.43 0.56 0.61 0.16 0.69
Costs 0.00 0.07 0.07 0.34 0.11 0.67
Bpplicability 0.88 0.68 0.48 0.57 0.73 0.72
GW Recharge 0.52 0.63 0.57 0.40 0.74 0.18
Enployment 0.00 0.04 0.39 1.00 0.00 0.16
Income 0.91 0.91 0.91 0.91 0.91 1.00
Management 0.95 0.61 0.52 0.27 0.70 0.54

Sheet: Evaluation Matrix

Multicriteria Page: 1/14

MSc Thesis.
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Annex PR.3
- . L]
Qeiteris: Eavicoameat
Summary:
Original Scores Standardized Scores Final
Ag-Chem Exosion Nat.Veg. Ag-Chem Erosion Nat.Veg. Score
T 76,806 51,807 0 0.00 0.90 3.00 0.30
3 2 76,806 32,323 0 0.00 1.00 0.90 0.33
a 3 76,806 27,1581 0 0.00 0.00 0.00 0.00
] 4 132,668 27,807 55,000 1.00 0.13 1.00 0.71
@ 5 76,506 31,807 0 0.00 0.90 0.00 0.30
6 83,808 31,064 6,900 0.13 0.76 0.13 0.34
min 76,806 27,151 0 R : it Han
max 132,668 32,323 55,000
Agro-Chemicals:
Scenario 1
Area (ha) Agro-Chemicals Input (ton/ka.yr)
Flower Fodder Vegetable Flower Fodder Vegetable
Current 1,200 2,743 65,159 1.65 0.74 1.12
Increase 0 0 0
Total 1,200 2,743 55,159 Agro-Chemical Score
Scenario 2
Area (ha) Agro-Chemicals Input (ton/ha.yr}
Percentage of Flower Fodder Vegetable Flower Fodder Vegetable
Deforestation Current 1,200 2,743 65,159 1.65 0.74 1.12
T Increase 0 0 0
Total 1,200 2,743 65,159 Agro-Chemical Score
‘w
Scenario 3
Area (ha) Agro-Chemicals Input (ton/ba.yr)
Percentage of Flower Fodder Vegetable Flower Fodder Vegetable
Mulching Current 1,200 2,743 65,159 1.65 0.74 1.12
5 Increase 0 0 0
Total 1,200 2,743 65,159 Agro-Chemical Score
i ¥ i
Al
Scenario 4
Area (ha) Agro-Chemicals Input (ton/ha.yr)
Flowar Fodder Vegetable Flower Fodder Vegetable
Cuzrent 1,200 2,743 65,159 1.65 0.74 1.12
Increase 0 0 50,000
Total 1,200 2,743 115,158 Agro—Chemical Score
.
L
Scenario 5
Area (ha) Agro-Chemicals Input (ton/ha.yz)
Flower Fodder Vegetable Flower Fodder Vegetable
Current 1,200 2,743 65,159 1.65 0,74 1.12
Increase 0 0 0
Total 1,200 2,743 65,159 Agro-Chemical Score ]
- , e
Scenario [
Area (ba) Agro~Chemicals Input (ton/ba.yr)
Flower Fodder Vegetable Flower Fodder Vegetable
Current 1,200 2,743 65,159 1.65 0.74 1.12
Increase 500 800 5,000
Total 1,700 3,543 70,159 Agro-Chemical Score
———— u!-n——
Sheet: Environment
File Name: Multicriteria Page:2/14 Date: 4/16/99
PR.3~ 3

Productive and Sustainable Use of Water Among Competing Sectors; MSc Thesis.




Scenario

Scenario

Percentage of
Deforestation

Scenario
Percentage of
Mulching
Scenario
Scenario
Scenario

File Name: Multicriteria

PR.3~ 4

Total Catchment Area (ha)

Increase
Total

Current
Increase
Total

Current
Increase
Total

Current
Increase
Total

Current
Increase
Total

Current
Increase
Total

Annex PR.3

329,211
Average Sediment Yield (ton/ha/v: 0.12
Area (ba) Sediment Yield (ton/ha.yz)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 0.01 0.02 0.04 .00
] 0 0 4]
1,200 2,743 65,159 17,330 Erosion Score
iw
Area (ha) Sediment Yield (ton/ha.yr)
Flower Fodder  Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 0.01 .02 0.04 0.00
Q 0 0 9 Additional Ercsion Prone Area 4303
1,200 2,743 65,159 17,330 Erosion Score
1O A A
Area (ha) Sediment Yield (ton/ha.yr)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 0.01 0.02 0.04 0.00
0 0 0 0 Reduction 1in Erosion Prone Area "3879%
1,200 2,743 65,159 17,330 Erosion Score
T . g omaasr
SR
Area (ha) Sediment Yield (ton/ha.yr)
Flower Fodder  Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 0.01 0.02 0.04 0.00
0 0 50,000 ¢} Additional Erosion Prone Area 0
1,200 2,743 115,158 17,330 Erosion Score
»
St S
Area (ha) Sediment Yield (ton/ha.yz)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 0.01 0.02 0.04 0.00
0 0 0 0 Additional Erosion Prone Area 0
1,200 2,743 65,159 17,330 Erosion Score
¥
, -
Area (ha) Sediment Yield (ton/ha.yr)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 0.01 0.02 0.04 0.00
500 800 5,000 1,733 Additional Erosion Prone Area g
1,700 3,543 70,159 19,063 Erosjon Score

Sheet: Environment
Page:3/14

:
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Gritcria: Eaviroament

Natural Vegetation Loss:
Scenario 1
Area (ha) Extra Accompanied Loss (%)
Flower Fodder Vegetable Flower Fodder Vegetable
Current 1,200 2,743 65,159 20% 0% 10%
Increase g 0 0
Total 1,200 2,743 65,159 Natural Vegetation Loss Score

i

Scenarxio 2

Area (ha) Extra Accompanied Loss (%)
Percentage of Flower Fodder Vegetable Flower Fodder Vegetable
Deforestation Current 1,200 2,743 65,159 20% 0% 10%
T0% Increase 0 0 0
- Total 1,200 2,743 65,159 Natural Vegetation Loss Score

Scenario 3

Area (ha) Extra Accompanied Loss (%)
Percentage of Flower Fodder Vegetable Flower Fodder Vegetable
Mulching Current 1,200 2,743 65,159 20% 0% 10%
Increase 0 0 0
Total 1,200 2,743 65,159 Natural Vegetation Loss Score

e O ———

Scenario 4

Area (ha) Extra Accompanied Loss (%)
Flower Fodder Vegetable Flower Fodder Vegetable
Current 1,200 2,743 65,159 20% 0% 10%
Increase 0 0 50,000
Total 1,290 2,743 115,159 Natural Vegetation Loss Score

&
——————— A — i ——————

Scenario 5

Area (ha) Extra Accompanied Loss (%)
Flower Fodder Vegetable Flower Fodder Vegetable
Current 1,200 2,743 65,159 20% 0% 10%
Increase 0 0 9
Total 1,200 2,743 65,159 Natural Vegetation Loss Score

Scenario 6

Area (ha) Bxtra Accompanied Loss (%)
Flower Fodder Vegetable Flower Fodder Vegetable
Current 1,200 2,743 65,159 20% 0% 10%
Increase 500 800 5,000
Total 1,700 3,543 70,159 Natural Vegetation Loss Score

- 1818

Sheet: Environment
File Name: Multicriteria Page:4/14 Date: 4/16/99
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&
Summary:
Original Scores Standardized § Final
W-Share L.Ctrl. R.Pref., Ag-Chem Erosion Nat.Veqg. Score
1 55 6,913 10 0.06 0.15 0.11 0.10
9 2 797 11,015 20 0.85 0.23 0.22 0.43
E 3 239 10,773 40 1.00 0.23 0.44 0.56
@ 4 55 47,651 70 0.06 1.00 0.78 0.61
8 6 103 6,913 20 0.11 0.15 g.22 0.16
7 256 37,714 90 .27 0.79 1.00 0.69
min 55 6,913 10 Max My Has .
max 939 47,651 90
Per Capita Water Share:
Water Share (lt/capita.day)
Scenario 1 35
Scenario 2 737
Scenario 3 939
Scenario 4 55
Scenario 5 103
Scenaric 6 256
Land Control:
Percent of Controlled Area
Controlable Area Total Area (na) [score]
Scenario 1 10% 69,127 6,913
Scenario 2 15% 73,431 11,015
Scenario 3 10% 107,729 10,773
Scenario 4 408 119,127 47,651
Scenario 5 10% 69,127 6,913
Scenario 6 50% 75,427 37,714
Relative Preference:
Relative Preference
Scenario 1 10
Scenario 2 20
Scenario 3 40
Scenario 4 70
Scenarxio 5 20
Scenario 6 90
Sheet: Social
File Name: Multicriteria Page:5/14 Date: 4/16/9%
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L3 .
»
Summary:
Original Scores s dized Final
Set-Up M t Mai Set-Up Mn t Maint
1 0 [i} 0 6.000 9.000 0.000 0.000
9 2 21,515 0 0 9.215 0.000 2.000 2.072
H 3 19,301 3,860 1,930 0.193 0.008 0.002 0.068
g 4 100,000 5,000 2,500 1.000 0.010 0.003 0.338
2 € 9,137 83,432 83,432 0.091 0.167 0.083 0.114
7 3 500,000 1,000,000 0.000 1.000 1.000 0.667
e e e e e B e
min 0 i} 0 Man Mag ! Han
max 100,000 500,000 1,000,000
Scenario 1
Area (ha) Costs (Us$/na)
No Go No Go
0 0.00
Score
Scenario 2
Area (ha) Costs (Us$/ha)
Deforestation Deforestation
4,303 >.00
Score 211515
e S
Scenario 3
Area (ha) Costs (Us$/ha)
Mulching Mulching
35,001 0.540
Score 18,300
Scenario 4
Area (ha) Costs (Us$/ha)
Rain-Fed Rain-Fed
S0, 000 <.0d
Score
Scenario §
Area (ha) Costs (Us$/ha)
Irrigation Lights
4,208 2.0l
Score 5
Scenario 6
Volume Costs (Us$/m3)
Wew Reservoir Volume (m") Construction
100,000, 000 0,50
Score v i
Sheet: Costs
File Name: Multicriteria Page:6/14 Date: 4/16/99
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. o
e
Mapagement Costs:
Scenario 1
Area (ha) Costs (us$/ha)
No Go No Go
0 0.00
Score
Scenario 2
Area (ha) Costs (us$/nz)
Deforestation Deforestation
4,303 U.00U
Score : Lo
Scenario 3
Area (ha) Costs (uss/ha)
Mulching Mulching
3%, 601 0. 10
chre —-nn—-—————-ﬁnu—“—-——-n-
Scenario 4
Area (ha) Costs (Us$/ba)
Rain-Fed Rain-Fed
50U, 000 0.10
Score : -
Scenario 5
Area (ha) Costs (us$/ha.day)
Irrigation Lights
4,208 0.10
Score .68,
Scenario 6
Volume Costs (Us$/m’.year)
New Reservoir Volume (mY) Management
107, 000, 000 0,005
Score i

Sheet: Costs
File Name: Multicriteria page:7/14 Date: 4/16/93%
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—

Scenario 1
Area (ha) Cogts (Us$/ha)
No Go No Go
0 0.00

Score 0

o A -

Scenaric 2

Area (ha) Costs (us$/ha)
Deforestation Deforestation
4,303 0.00

Score

e i —

Scenario 3

Area (ha) Cogts (Us§/ha)
Mulching Mulching
38,001 0.0
Score
Scenarxio 4
Area  (ha) Costs (us$/ba)
Rain-Fed Rain-Fed
>0, 000 0.05
Score o
Scenario 6
Area (ha) Costs (Us$/ha.day)
Irrigation Lights
4,008 0.05

Score ﬁi,iﬁ

————— e —————

Scenario 7

Volume Costs (Usf/m’.year)
New Reservoir Volume (m) Management
100,000,000 0.010
Score o +

Sheet: Costs
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Annex PR.3

Geiteris: Applicability

Summary:
Original Scores Standardized Scores Final
Access. Feasib. Sustain. Access. Feasib. Sustain. Score
1 100 70 60 1.00 1.00 0.63 0.88
] 2 80 60 40 0.80 0.86 0.38 0.68
¥ 3 60 50 20 0.60 0.71 0.13 0.48
] 4 70 70 10 0.70 1.00 0.00 0.57
L 5 100 30 70 1.00 0.43 0.75 0.73
6 60 40 90 0.60 0.57 1.00 0.72
min 60 30 10 Max Max B .
max 100 70 90
z ibilit
Accessibility (subjective)
Scenario 1 100
Scenario 2 80
Scenario 3 60
Scenario 4 70
Scenario 5 100
Scenario 6 60
E ibili .
Feasibility (subjective)
Scenario 1 10
Scenario 2 60
Scenario 3 50
Scenario 4 70
Scenario 5 30
Scenario 6 40
Sustainability (subjective)
Scenario 1 00
Scenario 2 40
Scenario 3 20
Scenario 4 10
Scenario S5 70
Scenario 6 90
Sheet: Applicability
File Name: Multicriteria Page:9/14 Date: 4/16/99
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Gritgpia: BW Recharge

Summary:
Original Scores Standardized Scores Final
Simulation None None Diff. Max. Sum. Score
1 70 . . 0.60 0.78 0.17 0.52
9 2 80 . . 0.80 0.89 0.19 0.63
- 3 75 . . 0.70 0.83 0.18 0.57
,‘,? 4 60 . . 0.40 0.67 0.14 0.40
) 6 90 . . 1.00 1.00 0.22 C.74
7 40 . . 0.00 0.44 0.10 0.18
min 40
max 90
Ground Water Recharge:
Simulation (subjective)
Scenario 1 70
Scenario 2 80
Scenario 3 75
Scenario 4 60
Scenario 5 90
Scenario 6 40
Sheet: GW Recharge
File Name: Multicriteria Page:10/14 Date: 4/16/99
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Summary:
Original Scores Standardized Scores Final
Tuta!  Start-Up Running None Labour Running None Score
1 0 607,637 . 0.00 0.00 . 0.00
9 2 g4l 33,659 607,637 . 0.0% .00 . 0.04
] 3 303,466 607,637 . 0.78 0.00 . 0.39
5 4 391,103 998,740 . 1.00 1.00 . 1.00
2 6 807,63 0 607,637 . 0.00 0.00 . 0.00
7030053 66,469 666,284 . 0.17 0.15 . 0.16
—_— 50T, 637 I v
max 391,103 998,740 0
Scenario 1
Area (ba) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current "3BT T Tt
Increase 0 0 0 0 Extra Labour Requirement (are 0
Total 1,200 2,743 65,159 17,330 Start-Up Labour Score
e O ———
Scenario 2
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
Increase 0 0 0 0 Extra Labour Requirement (are 4303
Total 1,200 2,743 65,159 17,330 Start-Up Labour Score
*W
Scenario 3
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 55,159 17,330 18.72 5.00 7.82 3.56E+00
Increase 0 0 0 0 Extra Labour Requirement (are 38796
Total 1,200 2,743 65,159 17,330 Start-Up Labour Score
mﬁ—_—m
Scenario 4
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
Increase 0 o] 50,000 0 Extra Labour Regulrement (are 0
Total 1,200 2,743 115,159 17,330 Start-Up Labour Score
9 %
Scenario 5
Area (ha) Labour Intensity (iabour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
Increase 0 0 0 0 Extra Labour Regquirement (are 4]
Total 1,200 2,743 65,159 17,330 _Start-Up Labour Score
5
T O ——
Scenario 6
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
Increase 500 800 5,000 1,733 Extra Labour Requirement (are 1000
Total 1,700 3,543 70,159 19,063 Start-Up Labour Score
Sheet: Employment
File Name: Multicriteria Page:11/14 Date: 4/16/99
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File Name:

Scenario

Scenario

Scenario

Scenario

Scenario

Multicriteria

Current
Increase
Total

Current
Increase
Total

Current
Increase
Total

Current
Increase
Total

Current
Increase
Total

Current
Increase
Total

is: Empl

Annex PR.3

Area (ha) Labour Intensity (isbour/na)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 18.72 5.380 7.82 3.56E+00
0 0 0 0
1,200 2,743 65,159 17,330 Running Labour Score
. BOY e300
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
0 Q 0 0
1,200 2,743 65,159 17,330 Labre o
4040000044040t S
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
0 0 0 0
1,200 2,743 65,158 17,330 Running Labour Score
000t
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
Q 0 50,000 0
1,200 2,743 115,159 17,330 Running Labour Score
NN
Area (ha) Labour Intensity (labour/ha)
Ilower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 18.7 5.00 7.82 3.56E+00
0 0 0 9
1,200 2,743 65,159 17,330 Running Labour Score
" ]
oottt
Area (ha) Labour Intensity (labour/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
1,200 2,743 65,159 17,330 18.72 5.00 7.82 3.56E+00
500 800 5,000 1,733
1,700 3,543 79,159 19,063 Running Labour Score
&*
S0 st —
Sheet: Employment
Page:12/14 Date: 4/16/99
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Annex PR.3

pileris: lacome

Summary:
Original Scores Standardized Scores Final
Product. None None Diff. Max. None Score
1 98,153 . . 0.90 0.91 . 0.91
] 2 98,156 . . 0.00 0.91 . 0.91
4 3 98,183 . . 0.09 0.91 . 0.91
5 4 98,192 . . 0.00 0.91 . 0.91
3 6 98,153 . . 0.00 0.91 . 0.91
7 107,369 . . 1.00 1.60 . 1.00
min 98,153 .
max 107,969 .
Pr ivity:
Scenario 1
Area (ha) Productivity (us$/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Watey
Current 1,200 2,743 65,159 17,330 0.04 2.32 0.78 5,660
Increase 0 0 0 0 Extra Productive Area (ha) 0
Total 1,200 2,743 65,159 17,330 Productivity Score
L
Scenario 2
Area (ha) Productivity (us$/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 0.04 2.32 0.78 5,660
Increase 0 9 0 0 Extra Labour Requirement (area 4303
Total 1,200 2,743 65,159 17,330 Productivity Score
Scenario 3
Area (ha) Productivity (us$/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 0.04 2.32 0.78 5,660
Increase 0 0 0 0 Extra Labour Requirement (area 38796
Total 1,200 2,743 65,159 17,330 Productivity Score
_m—*
Scenaric 4
Area (ha) Productivity (uUs$/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 0.04 2.32 0.78 5,660
Increase 0 0 50,000 0 Extra Labour Requirement (area 0
Total 1,200 2,743 115,159 17,330 Productivity Score
Scenaric 5
Area (ha) Productivity (Us$/ha)
Flower Fodder Vegetable Water Flower Fodder Vegetable Water
Current 1,200 2,743 65,159 17,330 0.04 2.32 0.78 5,660
Increase 0 0 0 0 Extra Labour Requirement (area 0
Total 1,200 2,743 65,159 17,330 Productivity Score
Scenario 6
Area (na) Productivity (us$/ha)
Flower Fodder Vegetable Water Flower Podder Vegetable Water
Current 1,200 2,743 65,159 17,330 0.04 2.32 0.78 5,660
Increase 500 300 5,000 1,733 Extra Labour Requirement (area 1000
Total 1,700 3,543 70,159 19,063 Productivity Score
i ,
Sheet: Income
File Name: Multicriteria Page:13/14 Date: 4/16/99
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Summary:
Original Scores Standardized Scores Final
On-8ite Off-Site . On-Site Off-Site . Score
1 90 90 . 0.90 1.00 . 0.95
° 2 100 20 . 1.00 0.22 . 0.61
ﬁ 3 60 40 . 0.60 0.44 . 0.52
g 4 20 30 ; 0.20 0.33 . 0.27
g 6 40 90 . 0.40 1.00 . 0.70
7 30 70 . 0.30 0.78 . 0.54
min 20 20 . Maz, Max,
max 100 90
On-Site Management (subjective’)
Scenario 1 90
Scenario 2 100
8cenario 3 60
Scenario 4 20
Scenario 5 40
Scenario 6 30
£f-Si :
YEf-Site Management (subjective”
Scenario 1 a0
Scenario 2 20
Scenario 3 40
Scenario 4 30
Scenario 5 90
Scenario 6 70
Sheet: Management
File Name: Multicriteria Page:14/14 Date: 4/16/99
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Exchange Rate (US$/KSH 61
Flowers Vegetables Fodder Diaries Natives Tourists Figheries Wildlife Environment
{Stems) (kg) {kg) (1it) (Capita) (Capita) {kg} P {==~) (~=)
|Pxoduction
Crops/year 1 4.0 1.0 365.3 BnLn 250.0
(kg) /ha.crop 2,000,000 3,400 10,000 25,000 250,000 a0 000 ] 20% 0%
(kg) /ha.yr 2,000,000 13,600 10,000 9,131,250 6,391,875 w?ooo bm:qmlwm |
Conts ﬁ
ksh/ha.crop 2,000,000 50,000 2,000 500, 000 12 2,000 g
Exaggeration Coefficig 1.5 1.5 1.5 1.5 1 1 B 1 [
ksh/ha.crop 1,333,333 33,333 1,333 333,333 12 2,000 3.000
ksh/ha.yr 1,333,333 133,333 1,333 121,750,000 76,702,500 60,000, 000 546,000
US $/ha.yr $21,858 $2,186 $22 $1,995,902 $1,257,418 $983,607 $8,951
Retucn v
avg. Market Price ksh/ = % 95 . | 188 18 0 | 180
Return coefficient 0.25 0.5 b 0.75 0.5 7
Return ksh/ (kg) 3 47 141 14 0 11529 |
Return US $/({kg) 0.04 0.78 2.32 0.22 0.00 189.00 3,249,654
Return US $/ha.yr $81,967 $10,573 $139 $2,020,850 $0 87,560,000 $53,273
Net Return
ksh/ha.yr 3,666,667 511,621 7,142 1,521,875 ~76,70G2,500 ;| 401,160,000 2,703,654 80,232,000 240,696,000
US $/ha.yx $60,109 $8,387 $117 $24,949 =81 287 418 $6,576,393 544,322 | $1,315,279 | 83,945,836
“ ,m
For Fodder: one TLU produces 30 kg meat, and its Dry Matter Intake (DMI) is assumed to be 5,000 kg of fodder [FAO & IIASA,193].
6 8 3.5 3.5 - - - - - Diverted
4 5 3 3 - - - - - Delivered Water Use mavdsy)
2 3.2 2.9 2,9 - - - - - Actual
2.19 2.92 1.28 1.66E+07 6.28E+06 7.17E+05 1.33E+04 1.98E+08 1.06E+09 Diverted
1.46 1.83 1.10 1.44E+07 6.28E+06 7.17E+05 1.338+04 1.98E+06 1.06E+09 Delivered Water Use (w'wiyn
0.73 1.17 1.06 1.39E+07 6.28E+06 7.17E+05 1.33E+04 1.98E+06 1.06E+09 Actual
294 .28 s o aas “bizo0 . Eaw e 068 0004 Diverted o
i .48 0.01 817 -0.20 5.17 3,32 0.66 ©.004  Delivered m“ﬁ«whw
“““ e . _0.38 =g .20 9.17 232 2 .66 . p.ota Acmal N ame N
i
<
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