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Abstract

The planning design and decision making of a water resources project demands accurate
hydrological information. Having sufficient and accurate hydrological data not only reduces the chances
of project failure but also the economic risk arising from inadequate finformation. Therefore, it is
imperative that a hydrological network be planned and designed scientifically in such a way so as to yield
a representative picture of hydrological information desired.

In Saudi Arabia, hydrological stations are installed on the basis of accessibility to the site and the
amount of rainfall. However, the criteria for a hydrological network design should be optimum number of
stations where maximum hydrological information is obtained. In this study, two hydrological network
design methods, namely Shannon's and Fisher's Information Theories, were applied to the existing
hydrological network in hydrological Area III, located in the Southwestern region of the Kingdom of
Saudi Arabia, to examine their suitability towards providing maximum hydrological information. The
study shows that the present seventy hydrological stations can be reduced approximately to forty-five
which includes a few stations at new sites.
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The planning, design and decision making ofa water
resources project demands accurate hydrological information.
Having sufficient and accurate hydrological data not only reduces
the chances of project failure but also the economic risk arising
from inadequate information. Therefore, it is imperative that a
hydrological network be planned and designed scientifically in
such a way so as to yield a representatwe picture of hydrological
information desired.

In Saudi Arabia, hydrological stations are installed on the
basis of accessibility to the site and the amount of rainfall. How-
ever, the criteria for a hydrological network design should be
optimum number of stations where maximum hydrological informa-
tion is obtained.

In this study, two hydrologlcal network design methods,
namely Shannon's and Fisher's Information Theories, were apphed
to the existing hydrological network in hydrologlcal Area III,
located in the Southwestern region of the Kingdom of Saudi Ara-
bia, to examine their suitability towards providing maximum
hydrological information. The study shows that the present sev-
enty hydrological stations can be reduced approximately to forty-
five which includes a few stations at new sites.
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STATUS OF HYDROLOGICAL NETWORK IN SOUTH-WESTERN
REGION OF THE KINDGOM OF SAUDI ARABIA



Chapter 1 -

INTRODUCTION

1.1 Network - An Overview

Investment in water-resources projects demands hydrological
data as a basis for the decisions and designs that have to be formu-
lated. Hence, the information collected through the countrywide net-
work is of prime importance for new projects and also for the opera-
tion and management of existing ones. Network is a group of
stations distributed over an area to collect data involving one or more
than one variable. The network consists of not only the gauging
stations on rivers and streams where discharge is measured continu-
ously, but also the rainfall stations, the climatological stations, and
the wells and boreholes where groundwater levels are measured
(Rodda, Downing and Law, 1976). In addition, the quality of water
in rivers, lakes and reservoirs is monitored in terms of the principal
dissolved constituents, and in some cases, suspended sediment load,
biological characteristics and radioactive constituents (Palmer, 1985;

Rodda, et al, 1976).

1.2 Objectives of Hydrological Network

The planning, management and development of water resources

projects are mainly based on the information obtained from



~

hydrological network. Planning usually requires extensive data . with.
a long time base, to determine the natural variability of the phenom-
ena. Management, on the other hand, may require less data, but
what it does require may be real time for daily management or for
future forecasting. Development requires intensive data at far
higher precision than for other uses (Hoffmann, 1974). Based on the
available information, an estimation model for the phenomenon to be
predicted can be developed. The accuracy of these models depend
on the basic data obtained from the network of stations. Without
adequate information, the predicted performance may have serious
deficiencies. With proper network density and station distribution,
and with adequate record lengths, the uncertéinties in models estima-
tion can significantly be reduced (Moss, 1979). Furthermore,
another objective of a network is to maximize the worth of data and
minimize the cost (Hoffmann, 1974). Therefore, for sufficient and
long-term water resources planning, it is necessary to design and
install a network considering the interactions in both space and time
domains and to optimize the number of stations with their locations to

get maximum information with a minimum cost.
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TIPSR Chapter 2-

RESEARCH OBJECTIVE

The Kingdom of Saudi Arabia is known to be an arid area
because deserts occupy most of it. The mean annual precipitation of
it is low compared to the other parts of the world, as shown in Fig-
ure 2.1. Within the Kingdom, the South-Western region receives the
highest amount of rainfall with mean annual precipitation ranging from

16 mm to 492 mm (MAW, 1984).

Saudi Arabia has been divided into several hydrological
regions, based on the sub-basins characteristics. These divisions
are shown in Figure 2.2. Each one of these regions contains a num-
ber of hydrologic network stations. The total number of rainfall sta-
tions throughout the Kingdom is approximately 400 (MAW, 1984).
These stations are installed according to the accessibility to the sites
and the amount of rainfall. When the sites receive high amount of
rain and can be reached easiiy, hydrological stations are installed.
The cost associated with installation, operation, and management of
these stations are quite high. The distribution of these stations in
space has not been tested as yet. Thus it is essential that an opti-
mization model, to test the status of the existing hydrologic network
stations, be developed to optimize or expand the network configura-
tion to maximize the amount of hydrological information with minimum

cost by discarding those stations that give insufficient hydrological
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Table 2.1: Description of the Locations of Rain Gages in Hydrological
Area III in Saudi Arabia (MAW, 1984).

LATITUDE LONGITUDE

ELEVATION *

STATION ID NAME SUB-BASIN (Meter) Degree Min- Degree Min- NO.
utes utes
AQO4,Al119, Serat Abida Bishah 2400 18° 10 43° 06 1
iggZ,AOOS Abha Bishah 2200 18 15 42 36 2
A003,A006 Sir Lasan . Bishah 2100 18 15 42 36 3
Al03 Amir Bishah 2100 18 06 42 47 4
AlO04 Haraja Tathlith 2350 17 56 43 22 5
AlQS5 Jawf Tathlith 2060 18 14 43 11 6
AlO6 Kam Bishah 2200 18 16 42 29 7
Al07 Mowayn Bishah 2150 18 36 42 34 8
Al08,A4202 Tajer Bishah 2300 18 31 42 23 9
All0 Yaara Tathlith 1880 18 41 42 59 10
All2 Bani Malik Bishah 1980 18 22 42 34 11
All3 Bani Thawr Bishah 1700 18 38 42 41 12
All7 Sabah Bishah 2200 18 37 42 16 13
Al18,A203 Sawdah Bishah 2820 18 15 42 22 14
Al20 Tenomah Bishah 2100 18 53 42 10 15
Al21 Tenomah Bishah 2300 18 02 42 45 16
Al23 Tindahah Bishah 1900 18 19 42 52 17
Al24 Zahra Bishah 2400 18 25 42 20 18
Al27 Belesmer Bishah 2250 18 47 42 15 19
Al28 Wadi Bin Bishah 1800 18 28 42 42 20
Hushbel
Al30 Teyhan Bishah 2440 18 20 42 19 21
A201 Hani Bishah 2030 18 25 42 31 22
A206 Ibalah Bishah 2480 18 41 42 15 25
A211 Tenomah Bishah 2100 18 53 42 10 26
A213. Mala Bishah 2030 18 10 42 50 27
A216 Ashran Bishah 2160 18 19 42 29 28
A217 Kharif Bishah 2200 18 50 42 20 29
BOOL Mindak Turabah 2400 20 06 41 17 30
B002 Nimas Bishah 2600 19 06 42 09 31

B0O4 Bishah Bishah 1020 20 01 42 36 32




Table # (Contd.)
Table 2.1 (continued)
STATION ID NAME SUB-BASIN Elzﬁzﬁg’“ DegZ:IT:{).i— De:(:::rrz::- NO. *
utes utes
BOO5 Heifah Bishah 1090 19 52 42 32 33
B006,B113  Tathlith Tathlith 975 19 32 43 31 34
B003,B007  Biljurshi  Ranyah 2400 19 52 41 33 35
B101 Ajaeda Ranyah 2330 19 54 41 35 36
B103,B220  Aqiq Ranyah 1470 20 15 41 39 37
B110 ~ Khaybar Tathlith 1650 18 48 42 53 38
B111 Ranyah Ranyah 810 21 15 42 51 39
B114 Tubalah Bishah 1305 20 01 42 14 41
B208 Abu Jinniyah Bishah 1650 19 01 42 44 42
B212 fEaB2F08%%  Ranyan 2240 19 57 4 31 43
B216 Thuluth- Bishah 2000 19 28 41 59 44
Bani Amer
B217 Ademah Ranyah 1715 19 45 41 56 45
B219 Samakh Bishah 1480 19 20 42 48 46
B221 Alayah Bishah 1850 19 32 41 54 48
B222 Upper Ranyah Ranyah 1450 20 05 41 53 49
B240 Karra Ranyah 2100 20 04 41 30 50
N103 Zahran Habawnah 2020 17 40 43 38 51
Al-Janub
N203 Thawila Habawnah 2000 17 40 43 37 52
Police Post
N210 Homran Tathlith 1800 18 10 43 32 53
N211 Badr Habawnah 1700 17 50 43 40 54
TAOO5 Turabah Turabah 1126 21 11 41 40 55
TA1ll Garith Turabah 1100 21 37 41 53 56
TA112 Khurmah Turabah 1060 21 54 42 02 57
TA121 New Mowayh Shal Rakbah 970 22 27 41 47 58
TA215 Wadi Turabah 1310 20 49 41 22 59

Turabah




Table 2.1 (continued).

LATITUDE LONGITUDE
ELEVATION
STATION ID NAME SUB-BASIN (Meter) Degree Min- Degree Min- NO.
utes utes

TA219 Bani Sar Turabah 2140 20 07 41 26 60

TA228 Tira Thaqif Turabah 1820 20 45 40 50 61

TA229 Qa Bani Turabah 1820 20 23 41 06 62
Malik

TA234 Atawhah Turabah 2070 20 15 41 22 63

TA235 Haddad Bani Turabah 1940 20 35 41 03 64
Malik

TA236 Martad Turabah 1640 20 50 41 02 65

TA237 Mahawiyah Turabah 2040 20 17 41 20 66

TA238 Qiya Bel- Turabah 1390 20 56 41 09 67
Harith

TA239 Znieb Turabah 1650 20 49 40 47 68
Al-Raha

TA247 Wadi Buwah Turabah 1670 20 40 41 58 69
Sayyadah

A218 Wadi Hani Bishah 2200 18 17 42 32 71
of Mujammil

A210 Shaaf Bishah 2670 18 11 42 25 72

B209 Madha Tathlith 1410 18 52 43 16 73

B223 Wadi Tarj Bishah 1500 19 45 42 20 74
near Bahim

B224 Wadi Awja Bishah 1600 19 15 42 20 75

TA221 Sut Turabah 1880 20 23 41 18 76

TAIl3 Turabah Turabah 1130 21 13 41 39 77

* Stations location according to the numbers shown in Fig. # 2.3,
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information.

In this research, a study will be focused on hydrological Area
III in Saudi Arabia to check the distribution and optimize and expand
the existing hydrological stations. The station locations and their
altitudes above mean sea level are listed in Table 2.1. Also, a topo-
graphic map of hydrological Area III indicating the hydrblogical sta-
tions distribution is shown in Figure 2.3. The topographic map was
produced by locating the stations on large scale relief maps using
longitudes and altitudes, then transfering it to intergraph computers
from which the topographic map was generated. Hydrological Area
III is selected because of its heterogeneity, available hydrological
data, and the high number of gauging stations existing compared to

other hydrological areas. This study will cover the following:

1) application of hydrological network design methods, namely,
Fisher's information, and Shanno;l's information to check the
status of the existing stations in Area III using the avail-
able daily rainfall data for the years 1966 to 1984 for each

station; and,

2) evaluation of the limitations of the above hydrological net-

work design methods.



Chapter 3

LITERATURE REVIEW

3.1 Background

Good estimates of areal rainfall are needed as inputs of hydro-
logical models. When based on ground measurements, their accuracy
depends on the spatial variability of the rainfall process and on the
raingage network density. The number of raingage stations relies
upon several factors such as the cost of installation and maintenance
and the accessibility of the gauge site. Thus it is difficult to antici-
pate a station at every point location of interest in the region.
Therefore, a hydrological network should be designed and planned
scientifically to provide observational data from every part of the
country with maximum information and minimum uncertainty of data to
yield a representative picture of the areal distribution of precipita-

tion.

The World Meteorological Organization (WMO) (Kupriianov,1974)
recommended a minimum density of hydrometric networks based on the
type of region as shown in Table 3.1. However, the density of rain
gauges varies greatly from country to country, as shown in Figure
3.1, and even within the same country. This variation depends on
« the topography of the concerned area as well as areas where there is

a great economic significance in local variations of rainfall, i.e.,



12

Table 3.1: Recommended Minimum Density of Hydrometric Network
(Kupriianov,1974) .

Type of Region

Range of Norms for
Minimum Network

Area in km® for
for 1 Station

Range of Provisional
Norms Tolerated in o
Difficult Conditions

Area in krn2 for
1 station

II.

Flat regions of
temperate, medi-
terranean and tropi-
cal zones

Mountaneous regions
of temperate, medi-
terranean and tropi-
cal zones

Small mountaneous
islands, with very
regular precipita-
tions, very dense
stream network

1,000-2,500

300-1,000

140- 300

3,000-10,000

(4)
1,000~ 5,000

III.

Arid %rzl)d polar
zones

(3
5,000-20,000

(1)

Last figure of the range should be tolerated only for exceptionally

difficult conditions.

(2)

Great deserts are not included

(3)

Depending on feasibility.

(4)

Under very difficult conditions this may be extended to 10,000

kma .
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agriculture areas that are closely related to rainfall.

Some approximation methods have been used to estimate hydro-
Jogical parameters such as rainfall of ungauged locations. Three
commonly used methods are: (a) Theissen Method which estimates the
value at any given point as the observed value of the neighboring
station; (b) Arithmetic Mean Method which assumes that the rainfall
depth is theoretically constant over a given region and can be esti-
mated by the average of the observed values within this region; and
(c) Isohyetsl Method by which station locations and amounts are plot-
ted on a map, and contours of equal precipitation are then drawn
(Creutin and Obled, 1982). The computations of areal average pre-
cipitation when using each method are shown in Figure 3.2 (Linsley,
et al, 1975). These three simplest methods cannot substitute the
need of hydrological network because they do not consider the heter-
ogeneity of the area and variability of rainfall. Thus, scientific

methods should be used when designing hydrological networks.

3.2 Network Design Methods

There are usually three basic questions involved in the network

design (Rodda, et al., 1976), they are :

1. How many sites need to be established ?
2. Where are these sites to be located?

3. How long is the network to be operated?



0.65

Arithmetic mean:
282

1.46+1.92+2.69+4.50+2.98 +500

2469 S =3.09 in.
1«54 4450
2.98 5.00
1695
Thiessen method:
Observed Areu* Per cent Weighted
precip. totol precipitction (in.)
{in.) (sq mi} area {col.d x col. 3}
0.65 7 1 0.01
1.46 120 19 0.28
1.92 109 18 0.35
2.69 120 19 0.5
1.54 20 3 0.05
2.98 92 15 0.45
5.00 82 i3 0.65
4.50 76 12 0.54
626 100 2.84

Average = 2.84 in.
(5) *Area of corresponding polygon within basin boundary

Isohyetal method:

isohyet Area™ Net Avg. Precipitation
enclosed areo precip.  volume
{in.) {sqmi} (sqmi) (in.) (col.3 xcol4)
5 13 13 5.3 69
4 80 T7 4.6 354
3 206 116 3.5 406
2 402 196 2.5 490
1 595 193 1.5 290
<1 626 31 08 _25
1634
3" 195
Average = 1634 +626 =261 in.
175 * within basin boundary
(¢)

Fig. 3.2: Areal Average of Precipitation by
(a) Arithmetic Method,
(b) Theissen Method, and
(c) Isohytal Method
(Linsley, 1975).
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The third question can be avoided, because once a network is
installed, its continuation is often assured. The answers to the first
and second questions are difficult, because the selection of sites for
locating the networks depends on several factors such as the physical
features of the sites; altitude, slope, and orientation; and the acces-
sibility to the sites. At this junction, the scientific methods of net-

work design can be applied.

There are a number of scientific methods of network design.
Some of these are simple while others are more sophisticated. One of
the simple methods which is applicable to individual basins rather
than to a whole country is to use the systematic approach, so that
the instruments would be installed at predetermined intervals over an

area. These intervals are fixed in both horizontal and vertical

planes, for example, set up one gauge per 23 KM? (Rodda, et al,
1976).

Several other methods of network design are of considerable
interest; for example, the simulation approach by which a two-level
network incorporating primary and secondary stations will be oper-
ated. Primary stations are those that will be operated continuously
for a long time; secondary stations are only maintained long enough
to establish a relationship with a primary station before the gauge is
moved to another site and the process is repeated (Bras, 1976).
Another and separate approach, which offers a useful way of deter-

mining the number and spacing of gauges in a network, is through
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...=- .- the..use of correlation analysis (Hutchinson, 1969). .Correlation. coef-
ficients are determined between every pair of stations in a network,
using the observations made at the sites, so that the decay in corre-
lation with increasing gauge separation can be determined. In 1972,
Stole assumed the decay function of the coefficient of correlation
between two stations to be exponential. The relative efficiency was

then observed from the following relationship (Stole, 1972):

n_ = [r(x,t/pm)? (3.1)

Where:

=]
"

the relative efficiency;

r(x,t) = the correlation coefficient for intersection distance X

at time t;

p(t) = the correlation coefficient between two point locations

for very dense network at time t.

Stephenson (Rodda, et al., 1976) suggested another approach
to network design by using the monthly totals recorded in a network
of "n" gauges, uniformly distributed, the coefficient of variation of

the mean (CVm) for each month can be employed in determining the
adequacy of the network. Values of CVm are calculated for the net-

work using the monthly amounts expressed as a percentage of aver-

age annual rainfall. Then for 120 months, the cumulative frequency
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<ee~ =--..---curve can be constructed from which-the value- (C') ofACVm«-exceeded

by five percent will be determined. If C' is less than 10, the num-
ber of gauges is considered adequate. When C' is more than 10,

then the number of gauges can be calculated from

N=(CY/10)% * n (3.2)
Where:

N = Calculated number of gauges

C' = Coefficient of variation of the mean exceeded by 5 per-
cent
n = Existing number of stations.

The method of isocorrelation can also be used in hydrologic
network design (Hershfield, 1965). This method will correlate
between one or more key stations and all other stations in the net-
work; then, a line will be plotted connecting the points that have

same correlation.

Yet another rﬁethod, called regionalization approach, divides the
hydrological area into square grids and relates hydrologic variables
to physical parameters of the area. The forecasting of hydrologic

data is made for ungaged locations (Solomon, et al., 1968).

The rational approach is another technique to network design.
This technique develops a multiple linear regression based on the

demographic, economic, meteorologic and basin characteristic factors
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-~ .- .~ (Desi, Czelani and Rackoczi, 1965). -..- e

Decision theory is also introduced in hydrological network
design. The purpose of this theory is to assess the network in
terms of the impact of data on decisions, the more data collected, the

less is the uncertainty in decision making (Hoffmann, 1974).

Another method that is used to select an optimum rain gage
subset in a dense network is based on finding the number of gauges
which yield the smallest standard error. Standard error is repre-

sented as follows (Bradsley, 1985):
8¢ = [A1-Ry IS /(a-M)"* (3.3)

Where:

M
8¢ = Standard error of Y (i.e. Y = kgl Vi X

R.]\zd = Sample multiple correlation coefficient of



n = Total number of-AT's (T = time) containing non-zero of .

the complete network.

N = The number of gauges in the complete network.
M = The number of gauges that yield the smallest standard
error.

Spline-surface fitting is another technique which is used to
produce a contour map by interpolation between scattered point
observations which avoids the drawback of uncontrolled oscillations
arising when polynomial interpolation is used (Creutin, 1982; Lebel,
1987). The interpolation will be done to satisfy an optimal smooth-
ness by finding the surface S(t) through minimizing the function

(Creutin, 1982):

2 2 2
[Los))® at; spy = £5(8 4,8 5(H . 2 S(H)

J x> 5X5y 5y
N i
S(t) =a + Bt + ) v K (t,t)
i=1
i _ i, 2 i 2
K(t,t) = [[ t-t' || log || t—t [] (3.4)

Where
a,B and ¢ = Coefficients obtained by solving the linear system

(Creutin, 1982).

S(t}) = Measured rainfall at ith station among N (i = 1,
... N).



T ti = Station coofdinh’t"e”'(xi,Yi)""" o
Then, finding the optimum smooth line fitting between stations,

a contour map can be plotted.

Another technique called Krigging has been used in the design
of hydrological network. Krigging is a regionalization method which
characterizes phenomena having variability with autocorrelated struc-
ture, such as rainfall which varies with time and space (Clark,
1984). The key to the mathematical algorithms of the Kriging system
is the estimation of the variogram or semi-variogram, vy, which
describes the expected difference in value between pairs of samples
with a given relative orientation. Mathematically, the variogram is

defined as (Clark, 1984; Creutin, 1982; Dingman, et al, 1988).

-1 3 _ 2 |
0 = g ) B R - 26 (3.5)
Where:
n = Number of data points a distance "h" apart
h = Distance between sites

Z = Variable (i.e. rainfall) value at measured site.

Once a variogram is chosen, a minimization of the wvariance of
the estimates subject to the constraint that the estimates be unbi-
« ased, i.e. E [ Z* (t°) — Z(t)] =0, defines the kriging system as fol-

Iows (Creutin, 1982; Lebel, 1987):
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3 > f = g inl
Aoy, + p £ = v i=1, n
1 j i) 51 i io
n
L, £¥ = g2 s =1,....,K (3.6)
L j o 2
j=1
Where:
Ti =y (h) where h is the distance between Xi and Xj
¥ = Kriging coefficients
it . = Lagrangian coefficients
ff‘ = Monomials used in drift estimation
L = Index on monomial number
i,j = Index on data point
n = Number of data points
K = Number of monomials used in the drift estimation.

Gandian's technique is another method that can be applied to
the design of hydrological network. This method relies on the same
basic principle as Kriging's. For a given area, the value at the
ungaged point t° is estimated as a linear combination of n surround-

ing observed values (Creutin, 1982):



~
w

n .
Z+t) = Y A Z () (3.7)
i=1
Where:
Z*(toi) = values at ungaged location
Z(ti) = values at surrounding gaged locations
n = surroundings number of stations
li = weighing coefficient

The weighing coefficients are determined by minimizing the

estimation variance:

E [(Z(t") —Z* (t)?] (3.8)

which leads to Gandian's system:
3 id j
Y A Ct,t) =C (t,t°) j=1,..... ,n . (3.9)
i=1

where C (t, t) = E [Z(t)Z(t)] is a covariance.

Most of the network design methods presented above can be
applied for special cases. Some of them assume linear wvariation of
rainfall between stations, others assume homogenous areas. However,

<

for large areas where heterogeneity dominates, they will not be pow-
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erful, so other methods can be applied such as Shannon's information
- method which will be presented later. Also, the Fisher information
technique which relies upon normality will be introduced ‘and com-

pared with Shannon's method through a case study.



- -~ .~ Chapter 4

RAINFALL DATA ANALYSIS

4.1 Data Classification

Scientific data can be classified into two categories: experi-
mental data and historical data. Experimental data are those which
are obtained by running an experiment and can be obtained again if
the same experiment is run in the same environment. On the other
hand, historical data are those collected from natural phenomena
which will be observed once and then will not occur again (Chow,

1964) .

Since hydrological data such as rainfalls, floods, runoff, etc.,
are observed from natural hydrological phenomena, it will therefore
be considered as historical data. In order to use these data for
modeling or estimating a specific event based on its past record, sta-
tistics and probability will be applied. Statistics will deal with the
computation of sampled data, and probability will deal with the meas-

ure of chance or likelihood based on the sampled data.

An important part of hydrological work is concerned with anal-
ysis of information. Analysis of hydrological observations should be
done to provide ways to reduce and summarize observed data to
determine the characteristics of the observed phenomena, and to make

predictions concerning future behavior. Here, statistical and
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probability methods will be applied. -They will be used to define the
distribution of the variable or the variables over the range of occur-

rence in terms of frequency and probability.

In this study, rainfall data for selected stations in hydrological
Area III will be used to produce their relative frequency distribution

curves from which a fitted probability function will be selected.

4.2 Frequency Analysis and Distribution Fitting

Using daily rainfall data, the number of occurrences or the
frequency will be plotted against selected intervals of rainfall to
produce a frequency distribution. This distribution can also be pro-
duced in terms of relative frequency or probability, n/N where "n" is
the number of frequencies in the selected interval and "N" is the
total frequencies, against rainfall interval (from which frequency dis-

tribution can be fitted).

Then, theoretical probability distributions can be fitted by
estimating the population moments (mean, variance, etc.) that is cal-
culated from the sample data. Table 4.1 summarizes common distribu-
tions used to describe the behavior of some hydrological phenomena,
but it should be emphasized that the theoretical distribution is not an
exact representation of the natural process but just an approximation

of the phenomena to be observed.

From hydrological Area III, some stations were selected



Table 4.1: Some Common Probability Density

Functions (Husain, 1987).
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randomly to generate their relative frequency histograms, as shown ..

in Figures 4.1 through 4..18. The plotted relative frequency of daily
precipitation will resemble an exponential distirbution when rainfalls
with small amounts of precipitation occur more frequently than larger
raingfalls. However, gamma-distribution will describe the distribution
of precipitation amounts more accurately than the exponential distri-
bution, which is a special case of gamma-distribution; because of the
greater flexibility obtained with the larger number of parameters
(Richardson,1981).

The gamma distribution is described by:

w-1 _-X/8 a-®

_ X e .
fs (x,3,0) T o) ;X,a,v0,> 0
x <0 (4.1)

Where :

x = Hydrological variable

a = Shape parameter

v = Scale parameter

[ (v) = Gamma function = | ! e dx.

0

The two parameters, a and v are obtained by finding the mean
and the variance of the raw data then substituting them in the fol-

lowing :
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