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FREFACE TO € 1Y

Ther purpose of this proiject is to present a methodology
and to develop a model for estimating flow level data using
data from Lokko river gauging station. 1t is hoped that the
methodology will be applicable to other river basins. In the
development of the mathematical model, efforts were made to
use the fundamentals of deterministic, parametric and sto-
chastic modelling techniques. Attempts were made at the
descriptions of the internal hydrological processes of the
catchment area, the complexity of the exercise is associated
with the scale of the catchment areas as the descriptions of
internal hydrological processes are based on the equations of
fluid mechanics, therefore some generalization were made,
however, a methodology is hereby presented.

At a catchment area scale of the order of a few hundred
square Fkilometres, it is almost impossible to attempt to
maodel the hydrologic response using the internal descriptions
which are based on the equations of fluid mechanics. This is
because of the great spatial variability of wmany of the
variables concerned, for example, topography, soil proper-

ties, vegetation, etc. Therefore, resort is usually had to
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shudy the overall system without reference to the detailed
structure of the components of the processes of hydrology
involved. The nature of the operation aof the system ig
inferred from the input and ouktput observations, and hence it
is referred to as "erxternal description". The
canceptual model so developed are lumped moadels in which only

variations in time are examined.

Hydroclimatelagic processes  are either continuous,
meaning that there are non zero values of that variable at
anytime, or intersittent, meaning that there are zero values
of that variable at some time. Instantangous precipitation,
evaporation, sediment transport in rivers and some run off
(usually on some small rivers with negligible underground or
surface water storage), represent the typical hydrologic
intermittent time series. The river Lokko flows +throughouwt
the vear, meaning that the river flow level series is
continuous, while the rain fall is not continuous, meaning
that the rainfall is intermittent with zero values aon days of
no rainftall or one of insignificant amount.

An intent of this tresearch work is to present a

methodology for developing some mathematical model  which
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would serve as an early warning system as to the occurence
of floods in the project area. And as a secondary objective,
to provide some relevant information for water resources
planning and development in the area.

For purposes of continuity and better understanding, the
work has been presented in a number of chapters:

Chapter 1 - Introduction:
This chapter discusses floods in general and their

relationship to man: it also discusses some historical flood
events and defines floods in general, giving standard for its
measurement in river Lokko. It discusses in detail the
general characteristics of the project area, the scope and
objective of the study, the sources of data and other infor-
mation needed for the study, including the advantages of
modelling flow level data, the approach to the problem which
discuss the various deterministic, parametric and stochastic

methods employed and the results obtained.

Chapter 2 - Literature Review:

The research efforts in hydrological estimation are
discussed in this chapter, in addition to the limitations
posed by data availability, or the approach to the problem,
or computational suffistication.

Chapter 3 — Existing drainage and storage pattern:
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The geomorphology of the catochment area with particular
emphasis on the existing drainage network and storage patté}n
arg examined, redsults obtained suggests impravemasnts  which
could be made to reduce flood wave propagation rate, improve
basin storage rcapacity, encourage infiltration into the
underground reservoir, reduace sediment transport rate and
ameliorate the flood situation. Useful geomorpphologic

results are presented.

Cﬁapter 4 — Basic datar

;hia chapter discusses the relevant bhasic data which
include, colimate, precipitation, temperature, wind,
radiation, air humidity and water budget, as well as the

physiography, geclagy, geomorphology, Land system and 1land

use pf the area.

Chapter & — Time series method for the estimation of stream
flow data based on Box-Jenkins approach.

The methodology employed is discussed in detail  and
appendixes are provided where necessary. Figures and tables
are provided to further slucidate the points being discussed.

Throughout, attempts will bhe made to present the materi-

als in a form which will be useful not only to specialist
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concerned with flood problems, but also to researchers and
administrators in such diverse areas as hydrology, geology,
civil engineering, water engineering, agriculture and
economic planning. The detailed references presented should

provide a sound basis for further studies.

Osayomonre. A. Ologbosere,
Federal Polytechnic Mubi,
Adamawa State,

Nigeria.
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ABTRACT

Mont hl ywat er | evel sfor four yearsinLokkoriver were

studied statistically using the time series theory, and an
ARMA (1.1) nmodel was identified as suitable to describe the
dat a. An estimation nodel was devel oped, t he results
obtained were found to be satisfactory, except in the rainy
season when the error could be as high as 37 percent on the
average, and as high as 50 percent for a single event, due to
random storm rainfall input to the streanflow which the nodel
is wunable to account for fully. A factor of safety of 1.6

is therefore reconmended for the nmultiplication of the esti-

mat ed

levels for early warning and for engineering works a

factor of safety of 2.2 is reconmended.
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ABEREVIATIONSG, SYMBOLS AND DEFINATIONS OF TERMS

The symbols used in this work are the conventionally
simple types and should therefore present minimum problem of
recognision. However, for ease of referencing a full table
with explanation/descriptions of all the symbols uwsed is

presented below:

A Total catchment area

Ag River Sensen catchment area

A River Lokko catchment area

Ay Average area of catchments of streams of

order i-1

Ala) Average catchment area of order u

AR Auto Regressive Process

ARIMA Auvto Regressive Integrated Moving fverage
Process

ARMA Auto Regressive Moving Average Procesas.

b, Average basin width

ayb,a, 8 Cp Modeal parameters

c Coefficient of run off

d Coefficient of basin shape

dg Number of degrees of freedom
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l.sg

Luk
i.GR
L{u)

lLof

Re
mysMmymy iy
x2 - tost

Drainage density

Error in Xt at tims t
Error in model error at time t

Monthly adjustment constant

Skewness coefficient for =«

Highest point in the basin

Lowast point in the basin

Rainfall intensity

Time lag or period

Length of River Sensen

Ltength of River Lokko

Averange basin length

Average length of stream of order i-1
l.Length of River Senguno

Length of wpper River Sensen

Length of upper River Lokko

Length aof river Garwa

Average length of stream of order u
Average length of overland flow

Fower index in Box-Cox transformation.
Model estimate for a

Value of a at time t

Parameters of ARMA or AR and MA process

Chi ~ mguare test



MA

MARMA

Variance

Year mean of monthly adijustment constant
Moving Average Frocess

Multiple Auto Regressive Moving Average
Frocess

Number of data in time series

Frobability of euxceedence in random
sampling

wrii.

Run off or discharge

Bifurcation ratio

Number of streams of order i

Stream length ratio

Stream area ratio

Ratio of stream length ratio to

bifurcation ratio.

Auto correlation function

Auto correlation estimates

Auto correlation coefficient at

k lag time

Auto correlation coefficient of

transformed data at time k

futo correlation coefficient of

transformed - differenced data, xlll,
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at time k
Average basin slope

Average flood plain slope

Time of concentration

Catchment order

Average velocity of flood flow
Transformed observation at time t

Mean of transformed data

First differenced series of transformed
data.

Seasonal series of transformed data

wxidi.
FProduct of first differenced and
and seasonal series.
Transformed series

Forecast series

Mean of original observation
Original observation at time t
Original observation at time t + k

Forecast data at time t



CHAFTER 1: INTRDDUCTION.

1.1 GENERAL

From earliest times floods have been one of the main
causes of interaction between man and his environment,
indicating the natural events of floods and man‘'s inability
to control them. This is due mainly to the fact that the
flood plains generally attract economic development and
settlement, and man in his quest for survival would naturally
look for such a place to settle.

In arid and semi-arid areas, flood plains could be found
a5 extensive agricultural farmlands because they are rich in
mineral nutrients required by plants for their growth. And in
rugged areas they often represent the only extensive tract of
flat land for easy cultivation and cammunication. The
proximity to water usually make them atttactive for
agriculture, and often attract industrial establishment and
trade links. This situation is well noted of Lokko village
which though has no notable industry is an agricultural
settliement and a trade centre, as well as providing a link
between Jimeta-Yola the capital of Adamawa state and little
Gombi in the northern part of the state and, thraugh to
Maiduguri in Borno state. If such a link is distrupted due
to flooding, the trade and communication link between Borno
state, the northern and the southern parts of Adamawa state

would be distrupted resulting in economic bhardship.



Man has been responding to floods since long betfare the
days of Noah {(Genesis 7), they are still not fully understood
by the hydrologists, engineers, agriculturists, planners and
politicians. Worse still is it to the general public who
finds flpod as an unexpected, often inexplicable and always a
traumatic experience. Man has therafore come to see flood as
a natural phenomenon which must occur so  that some other
natural effects, beneficial or destructive can take place.

The purpose of this work therefore is to seek for ways
of reaping the beneficial effects and avoiding the
destructive efferts. This can be done with the present day
scientific knowledge as to predict when flood would occur,
with some reasonable degree of accuracy, and such knowledge
should be transferable.

It is because of the place Tlood has come to occupy in
human existence that in the esarly sixties major attempts were
made in variocus countries to improve on the knowledge of
flood hazards and of the possible responses to it. In the
United states of America (U.5.A) a task force wase set up
which reported in 1966 calling far a more imaginative reponse
to flwmoding than building flood embankments and reservpirsg |
In Leningrad, United Coviet 8ocialist Repubtilic (U.B8.8.R) in
1947 an international symposium on “Floods and their

camputation” was jointly convened by the International



Assaciation of Hydrological sciences, UNESCO and the World
Meteoralogical Organisation, and it attracted over 100 papers
from 23 countries. The need to know the devastating effects
aof floods, and be able to forecast flood will form the

subject of distussion in the following sections.,

1.2 DEVASTATING EFFECT OF FLOODS AND HISTORICAL
PERSPECTIVE

The earliest known devastating effects of floods dates
back to the time of Noah {(Genesis 7} in eastern Turkey, near
Mount Ararat, when God directed Nocah to congtruct a hoat
large enough to take him and his bousehold, as well as epough
food and pairs of every living thing on earth and that within
soven days He (God) was going to send rain that would destroy
all living things that were not in the boat. It is also
reported that the rain fell for fourty days and fourty nights
before it stopped and it took one hundred and fifty days
before the flopod was abated, and a further twenty-one days
before bare ground could be seen. Only Noah and his
househald was saved.

Gimilarly, we are told by lLambert and Millard (1969) of
the BRabylonian flood saga in which King Atra—hasis was only
given seven days by the god Enki to pull down his reed house
and build a boat with the materials. The boat was loaded with

his possessions, animals and birds; As soon as  they were



aboard, the flood came and, apart from Atra-hasis, his
passengers and family, we are told that the entire human +ace
was destroyed. The flood we are further told lasted for seven
days and seven nights. These are examples af the earliest
floads an recards, it could be noted that in both casea seven
days advance warning was given and po need was required for
the construction of dams, levees, etc. It seems therefore
that the early warning system is the most desirable, by
observing the rise of the stage above the maximunm permissible
limit of 1.30m above datum.

Further flood events can be found on account of 1887
flooding af Hwang HO in China which claimed over 900,000
livesy A tropical cyclone struck the shores af Bengal in
November 1970 and devastated the emerging nation of
Bangladesh leaving aver &,000 people dead on just one island
when the protecting levees brokey June 1972, Hurricane agnes
caused the single largest natural digaster, in terms of
damage, in the history of the U.S.4. with estimated Iloss
approaching N30 billiony August 1974, disastrpus fleooding
inundated almost halt of Bangladesh leaving over five million
people homeless. In Migeria it has dealt its deadly blows on
both urban and rural dwellers, the government have not been
left ocut in feeling the impact of flooding. According to

Oranugo (19%0), the peasant farmer’'s half acre plot and the



nations economic nerve centre the oil fields, the slump area
in Maroko village and an army barraacks in Lagos, the down
south town of Fort-Harcourt and the up north town of Daura
have all tasted the devastating effects of floods; In
addition the residents of Uwa street and environs in Benin
City, in 1976 were nearly sacked from their natural habitats;
the Ogunpa flood of 1980 claimed about 100 lives; in Kano,
1988, flood destroyed about 2%,000 houses and claimed about
80 lives; in the same year, nearly 61,000 tonnes of cash
crops were washed away in Kwara, Bauchi and Sokoto states. In
September 1989, flood rendered 20,000 inhabitants of Lokko
village and some neighbouring villages in Adamawa state
homeless, and in 1990 flood devastated farm lands and houses
in Fufore village in Adamawa state, to mention but a few,
which it is hoped is enough to inform the reader that in some

places "Flood" is synonymous to disaster or death.

1.3 DEFINITI FLOODS

Before attempting to define floods, a few words about
what floods are would not be out of place. Floods are
natural occuring range of stream flow conditions. These
natural events are very often mistaken for natural disaster;
floods are not natural disaster, but are man made in that man
has put himself at risk by developing flood plains for

settlement, agriculture and industry, and by building roads,



tiridges and railwaye lines in floodable positions, due to
ignorance or economy.

T state a definitieon for flood iz extremely difficult,
partly because floods are complex phenomena and partly
because they are viewed differently by different people,
however, any meaningful definition of flood must incoporate
the notions of damage and inundation,. Some of such
definitions were proposed by Chow,V.T. (1936), who defined
flood as a relatively high flow which overtawxes the natural
- channel provided for the runoff; and Rostvedt (1968),
proposed that a flood is any high stream flow which overtops
natural and artificial banks of a stream. However, because
the channel geometry of a stream vary throughout its course
therg is no mingle bankfull level everywhere above which the
river is in flood and below which it is not in flood. In a
strictly hydrological sense, therefore, a flood may be any
relatively high water level (or stage) or discharge above a
selaected water level or flood discharge. For the purposes of
this work, therefore, a flood in Lokko basin will be defined
as a selected water surface profile in Lokko river channel to
be defined by a datum of 946.280m (1.300m on gauwge meter), at
the stage measurement station on the Lokko bridge abutement,
which when euceeded will cause the body of water to rise to

overftlow land which is not normally submerged at the datum



level.

1.4 THE PROJECT AREA

The study area (figure 1) which lies between longitude
12915°'E  and 12°36°E and latitude 2°44°FE and 10°0%°'N  is the
catchment area of river Lokko.

It is located to the North-Wast of Lokko village, which
iz situated at about 40 kilometres north of Jimeta Yola, the
capital of Adamawa State, and about 4 kilometres south of
Song, the headquarters of Song Local government. The River
Lokko is one of the tributaries of Kilange river and drains
into the River Benusin the south east.

The study area covers about 86,200 hectares and has &
population of over 105,000 people. The south eastern part of
the catchment area i a flood plain which drain towards the
Lokko villagey one of the largest villages in the area,
Dumne, is located south of the flpod plain. The village is
located at approximately %947°'N 12924°'E. A minor road passes
throuwgh the village linking it with anothe+r village, Laro, to
the west of Dumne, thus making transportation along that
reach to Lokko possible.

FPlantations can be found at Laro and Dumne and, along
the flood plain. In a fairly wide strip north of the
atoresaid road ran also be found scattered vegetation with

some farming at Lokko village. Further North and running in






the Morth-We=st and South-East direction and along the Western
part of the catctment area are scattered hills and peaks,
ocriss—crossed by numerous streams, some of these streams
drain directly into Lokko River, while others drain first
into River Bensen, which alse drain into River Lokko.
However, most of the area drain directly into River iokkno.
The lower portion of River Sensen fram latitute 9953°'N  down
to latitute 9947°N iz bordered by alluvial fan with scattered

cultivation..ls?

None of the rivers has significant perenial flow, but
there is #mall dry season flow in Lokko River which is  too
small to support irrigation farming, without some storage
facility. F.F.F(Nig) et al (1989) estimated the average
annual run—off of River Sensen to be 37 million cubic metres,
from synthetic run—off data for measured rainfall data of the
River Kilange basin, therefore, the average annual run—off of
Lokko River was estimated to be 70 million cubic metres, as
it receives about two times the rainfall effect directly
considering the uwniform rainfall distribution within the
climatic band, Cocheme et al (1267) enclosing the study arsa.
The Lokko River receives most of this flow during the wet
season, while the rest is from baseflow contributions. The
early wet seasan flows are extremely unreliable and flashy

because of the soil moisture deficit resulting from the dry

@



season, such  that the river flow lag hehind the rainfall.
The groundwater resources have not bheen investigated and so
ne  information is available but indications are that the
water table is fairly shallow in the flood plain hence the
dry season flow in River Lokko,

Most householdz own two "wet" fadama plots and two "dry"
upland plots and nearly 90 percent own some "wet land"
reflecting the importance placed upon farming. The major
crops cultivated in the area presently is sorghum which is
also the staple diet of the inhabitants., Maize and rice are
Crops of next importance. Other crops are groundnutis,
vegetables, cowpeas, millet and cassava.

The main highway from ¥ola to Maiduguri passes through
Lokko, Song, little Gombi and Michika. Off this highway is
virtually inaccessable except for track rpads which are not
motorable. No town or village in this catchment area has
electricity, pipe borne water or telephone, the nearest town
with electricity is Song, which is supplied by the Rural
Electrification RBoard (RER), which was commissioned in 1981,
Water wells are extremely lacking in the project area except
for temporary excavations in river or stream channels.

Farm produce are sold weekly in local markets in  Lokka,
Song and Dumne. Marketing will improve with the provision of

improved ropad netwoark svestem.
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The catchment area has no single rainfall measurement
station, the eclosest tp it being located at Song, about 4
kilometres Morth of Lokko village where a rain gauge
measurement station is located; No flow measurement is done
herea but at Malabu on River Kilange to which River Lokko is a
tributary, therefore, flows in River Lokko was synthsized
from available records of flows in River Kilange and River

Sensen, P,F.F.{(Nig.) et al.(198qQ)

1.8 QBJECTIVES AND SCOFE OF THE STLDY

The main objective of this study is to develop
appropriate simple and flexible mathematical models for the
flow from River L.okko based on monthly data. The one month
was chosen as the length of the discrete time interval
because it contains more information about the run-—off
processes than the annual time series. Generally,
infaormation on the processzes of hydrplogy are lacking in  the
study area, attempt therefore was made to use available dats
to develop the needed mathematical models.

The parameters of the mathematical models sp  developed
were made of functions of a position within the catchmant
area. The primary objectives of this study therefare,are;
a) to develop mathematical models for estimating the height

of flood-~waters in the study area, and

b) to develop mathematical models that will provide the
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langest possible advance warning time of critical flood
heights.,
The secondary objective is to provide information far other

beneficial uses.

1.6 SOURCES OF DATH AND OTHER ITNEORMATION

The data and other information wused in this study ware
obtained from several sources including personal discussions
with some of the residents of the study area.

The main sources of information includet
a) the hydro-meteoreological unit of the Upper Henue River

Basin Authority, Yola, Adamawa State, Nigeria.

h) l.otal Newspapers.,

c}) Engineering project reports

1.7 ADVANTAGES OF MODELL ING FLOW DATA

Synthetic generation of flow data is not designed to
produce samples that will replace the historical set of data.
However, a mathematical model which is capable of generating
reliable data has several advantages over the historical
data. The amathematical model may be very wWell suited for
agperational procedure. The identified advantages therefore
include the following:

a) The information contained in & historie set of data can

bhe mare ¢logsely examined and more completely extracted
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by examining the time series patternz that are as liki
tao accur in the future az the observed pattern.

b) The mathematical models can be used to gener:
additiaonal data as wmay be reguired far the purpos
of short—term ar long-term forecasting.

c) Generated data are generally in compactible uaable fo
whereas, historical data often have to be labarow
extracted from office files and publications, that
not necessarily data hank,

o) Sets of data and other relsvant information can

available for analysis of water resources projects.
1.8 APFROACH TO THE FPROBLEM

The apptroach to the mathematical modelling was based «
the putcome of the statistical tests which was carried ocut
the data. The correlation coefficient was computed at zer
lag and was found not to be equal to zero, which shows that
there i=s correlation among data, indicating that a time
series model would be most suitable to describe the data.
time series, the observation run across time and the
estimation of the future is based on past values of
variable and/or past errors.

Time seriez are generally studied in two domains, |
time domain and the frequency domain. In the time domain 1
operation consists of measuwring and identifying the elemer

of the series, trend, cyclical movement, seasonal movemer
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and randomness (or resldual) and, in some cazses, of removing
certain elements from the seriesy This process of seasonal
adjustment consists of the identification of the seasonal
element and then the removal (or filtering) of the seasonal
element from the other element of the time series. While in
the frequency domain, the decomposition of the time series
into its component parts which are asseociated with frequency
rather than with time are studied. In this work, the ssries
are studied in time domain rather than frequency domain.

In the development of the time series model for the
water levels in River Lokko in the time domain, the approach
adopted is as listed below:

a) The auto correlation anmalysis of the historical data was
carriegd out in order to determine whether the data
generating the auto correlations are random, that is, if
the auto correlation coeffilcients are not significantly
different from zero, results obtained shows that the
data are non-randam, and this was confirmed with the use
of the Box-~Fierce Q-statistics, indicating that there
im mome pattern in the historical data.

b) The auto correlation coefficients of the historical data
was plotted against time, with the 93 percent confidenca
limitse, in order Yo confirm that there is actually some

pattern in the data, and the nature of the pattern. It

14



c)

d)

was observed that there is some pattern and that the
pattern repeats itself every six months alternately,
with the cccurence of positive - positive, or
negative - negative peaks every twalve months,
suggesting the existence of period to period as well as
seasonal dependence of the data.

Stationmarity was also souwght for by exkamining the
autocorrelation plat arnd it wag observed that the
autocorrelation coefficients somewhat fluctuwate about
the theoretical mean for a random auto correlated series
of zero mean. It does not have a noticeable trend. It
was, therefore concluded that the historical data are
stationary but non—random. This conclusion was also
based on the fact that the auto correlations were not
significantly difference from zero and that it dropped
within the 935 percent confidence limits after the second
month. Since theoretically, the auto correlations of
stationary data drop +to zero, that is, are not
significantly different from zera, after the second oar
third month. However, period to period differencing was
parformed in order to avoid the pccurence of
spurious autocorrelations.

The twelve monthly repetition of positive or negative
auto correlation values suggest the presence of

seasonality, and thie was also filtered out through
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e)

f)

q)

seasonal differencing.

The Box-Cox transformation was performed on the
historical data, and tested for randomness using the
G-statistics, the transformed data were also found to be
nonrandam, the varipus identification stages menticoned
earlier were performed and it was noted that there is
some seasonal pattern which has a strong influence on
the randomness of the data and stationarity was also
observed, however, the fluctuation of the auto-
correlation about the mean is not perfect, suggesting
the passibility of zpurious auto-correlations resulting
in the non—-randomness of the data.

In arder to remove perilod to period and season Lo season
non—stationarity, ane short—differencing and one
long-differencing were performed on the transformed
data, and a new series was formed from the product of
the two series due to one short-differencing and one
long-differencing. The various tests mentioned eatrlier
in sections 1.8{a), (b)), and () were performed on  the
new series, and the new series was found to be
stationary and random.

Partial auto correlation analysis was performed on the
differenced—-transformed data in order to identify an

appropriate ARMA (Auto Regressive Moving Average) model
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h)

iy

i)

for the estimation af the water levels, an ARMA  (1,1)
was identified.
The parameters of the mathematical model were estimated
for the condition which introduces the minimum mean
square error (MSE}, by the method of derompositions
validation aof the model by the substitution of measured
data revealed a general pattern of the estimated data
dependence on  the immediate past residual, a linear
pattern was gxhibited which was found to be unstable.
The peturbations resulting, in the instability of the
system were traced to the index of the power
transformation of the estimated data and the error term
in the linear part of the mathematical model. Mode?l
modifications and necessary adiustments were carried out
through mathematical modelling of the index, the error
term and the estimation model as a whole. (Appendix 1, 2
and Z). The final mathematical model wazs wvalidated and
the results obtained were very satisfactory, except for
the rainy season period when it is not able to account
adequately for contributions due to storm evenis.
The appropriateness of the model to generate future
values of the time series were also tested, through the
testa for randomneszas, and all but one of the
antocaorrelations were found to lie within the 99 percent

confidence limits and the computed chi-square (xz) value
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of 12.65 was also found to be less than the theoretical

chi-square (O-statistics) value of 463.981. These two
tests confirmed the appropriateness of the model to
estimate future values of the time series of water

levels in Lokko River.
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CHAPTER 2: LITERATURE REVIEW

2l GENERAL,

Mathematical modelling is increasingly becoming an
interesting area in hydrology and many rescearch work bhas been
done in this area. However, most of the research efforts
have not addressed the crucial issuwe of estimating future
rainfall amount on a short—-term or long—term basis
gsatisfactoarily, such that the well developed models of
run-off responses to rainfall input have not vielded in most
cases comparable results with observed data. Because of the
difficulties involved in estimating rainfall series most
present day research efforts are directed towsards modelling
the run—off serieg. Hras and Rodrique - Iturbe (1974)
develaped a rain fall generator by assuming that storm has a
basic structure.

The social-economic problems associated with flooding
has made man to seek for ways to control it. In the course
of doaing this mathematicians, statisticians, engineers and
bydrologists have developed mathematical models based on
hydrological theory or Qtatistical theary, or a combination
of both. Nash and Suteliffe (1970} noted that it is extremaly
difficult if not almost impossible to estimate future flood
events, simply by applying the known physical laws to the

measuired railnfall and boundary conditions within a catchment
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area, largely because of the complexity of the boundary
conditions..pm

2.2 THE RATIONAL FORMULA

In wview of the difficulties encountered in estimating
floods, the largely empirical or analytical approach is often
adopted, in which the areal precipitation is computed, the
results ohtained are used in calculating the direct run  off
wsing time distributed hydrograph, and if necessary employing
flond routing procedure to estimate the change in shape of
the hydrograph as it soves to a selected daownstream location.

The first mathematical model for estimating floods was
published by Mulvaney (1850~-51) who developed the rational

formula, and was modified by Darcy (1856) to simply

@a=C1A
where,
@ = Run off, cu.m per day
C = Coefficient of run offt

—
i

Rainfall intensity, m per day
A = Catchment area of the basin, mZ,
Fuller (1914}, developed a similar model with the

parameters also basically measures of flood and drainage

basin area.
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These methods are largely in error in estimating flood
events because they cannot account for the boundary
conditions, and are basically as inadequate in extrapolating

future events..pm

2.3 THE WATER — BALANGCE MODEL

According to the development of rainfall-run off model
by Mayer (1915), his procedure involved water balance
calculations from precipitation, evapotranspiration, and soil
storage to estimate monthly and annual flow volumes; This
procegure is not flexible as it depends on a good knowledge
of the physics of data acquisition and it cvan tell the future

events it only future estimates of the inputs are available.

2.4 HE L I3} ODE
Sherman (1932), developed the unit hydrograph theory and
it was the first expression of the linear approach 1in  flaw

simulation.

In view of its wide acceptance more ressarches were
conducted on the theory of the unit hydrograpbh and Snyder
{1938) developed the synthetic unit hydrograph theory which
cenild  be used when needed filow data were not available, and
thim is the nearest attempt to estimation of future data

during that period.
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2.5 YHE ROUTING MODEL

However, not long after, Clark (194%) demponstrated the
aquuivalence of the linear routing procedure and showed that a
urnit hydrograph could be constructed by the routing of the
time-area diagram of the basin converted to flow units, The
technigque of flood routing as described above was applied for
many vyears therefore, in an attempt to model flood wave
propagation.

The above technique can be modified by a consideration
of the wedge~storage concept, this approach have been well
tested and found to be satisfactorily; Rosso et al (1283)
applied the technique to model the propagation of flood waves
throughout the middle Shaballe River plain in East Africa.
Fesults obtained were good with about 10 percent error at low
flows and % percent error at peak flows. However, the
performance of this model is based pn a good choice of space
and time steps which are usually very difficult to select,
this coupled with the continuous talibration of the Muskingum
parameter makes the wmodel inflexible and unsuitable for
estimating futuwre events.

2.4 YHE INFILTRATION MODEL

Horton (1933), barely a vear after Sharman developed the
unit graph theory developed the infiltration theory of ground
water flow contribution to stream flow. The infiltration

process putlined by Horton proved less  immediately useful
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than the unit hydrograph concept. However, the presentation
offered for the first time a quantitative basmis for
considering the process by which rainfall is converted to
run-off that feed the streams.

Going by present day technology, this method would yvield
very good results, but the development of the relevant data
base would he too expensive in view of the problem=s
associated with data acquisition. Another maior problem with
the consideration of the infiltration process is that when
treated asm a function of time, it did not properly account
for changes in the infiltration capacity of the soil. These
difficulties led Cook {1944) to the simplification of the
infiltration approach by introducing infiltration indices

. which merely expressed an average loss rate.

2.7 THE HYDROLDGIC SIMULATION MODEL

With the coming and availability of digital computers in
mid 19%90s, more daring research efforts were made, that
Rockwood (124%), developed an elaborate simulation pragram
for flood forecasting based on run off response to rainfall
tnput; the results proved the method to be successful. Unit
hydrograph analysis alsoc expanded into "Linear Hydrograph
Analyzis", but this perpetuates the limitations of the linear
assumptions in the unit hydrograph concept and shows little

prospect of developing into a useful technique, for analysis
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in hydrology. Multiple correlation studies of rainfall - run
off process also proved rather fruitless. The rainfall - run
off process is a complex one and is not easily represented by
an equation involving a linear sum of terms or by any
non-linear exprassion.

The approach therefore, was to attempt the hydrologic
. smimulation., This procedure seeks to describe the rainfall
runoff process by a series of mathematical functions, each
describing a particular portion of the process and in
combination @imulating the whole process. The computer
facilities made this possible, in that, the manual
computation which was  the usual approach consumed many
man—houwrs and risk numerous errors, due o approximations,
omissions and computational mistakes due to fatique.

The first published work on hydrologic simulation was by
Linsley and Crawford (1260), and after that a large number of

madels bave been described in literature and they could bLe

classified as linear, routing, event and continuous
water—-balance models. Sugawara (1961), proposed a model
consisting af a complex cascade of linear storages for

simulating the entire run—off process from rainfall to stream
flow, the problem however was that he could not relate the
various storages to features of the natural process, and
Hence his model can only be fitted to a real water shed by a

lengthy trial-and-error process.
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One of the earliest water balance model was the Stanford
Water shed Model, developed by Linsley and Crowford (1960),
this model has been improved upon several times by various
authors, but they all follow the general concept of the
hydrologic cycle as described by Linsley et al (1958). The
model haz been well tested and found to be satisfactory, but
the caelculations involved are enarmous.

Noting the importance of accurate rainfall measurament
to stream flow estimation, Johanson (1971} carried out a
study which indicated that if too few segments of a water
shed are used, the variance of the simulated flow will be too
high, but the mean will be reasonably correct. This means
that the rain gauge will on occasion receive the maximum
rainfall within the catchment area, and since the rain gauge
cateh is assumed to be the catehment average, simulated Tlows
will be too high, and vice versa. Further studies by
Johanson, showed that the errors decreased rapidly as the
number of rain gauwges is increased; but not linearly with

catchment area, due to differences in topography.
2.8 THE STATISTICAL MODEL

Farallel to the development of the infiltration
approach, there were efforts to deal with the run-off prnbfem
on a statistical basis, kKholer and Linsley (1941) developed a
coaxial method bhased primarily on a multi-variahle graphical

relationship. Betson et al (1946%), subsequently demonstrated
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that the <same type of relationship could be daveloped
analytically. The relationship obtained gave an
approxvimation fto the initial spil molsture, and wae far
superior ta the use of infiltration indices, however, it
did not perfectly explain the variability in starm ruan off

nar could it provide information on future events,

Before the published wark of Betzaon et al (196%9), many
works were carvied oaut by various authors to overcaome some of
the abvigus limitatians, the tiret of which ig acquisitian
of accurate and continuous data; The second and controlling
factor was the limitations of manual computations. With the
work of Hoyt (1942), the run off proctess was Tfairly well
understood. Further works were done in this area by Lingley
and Ackermann (1942), and by Linsley =2t al (1958). Krasge and
Mordenson (1955) demonstrated that these procedures could be

used to extend flow data base for freguency analysis.

While research efforts were still on in areas of
experimental and analytical/graphical methods of stream
flow modelling, statistical methods were also being svolved
and in the 19240°'w major achievements were made, and this
was possible with the availability of digital computations.

The critical constraint in stochastic (or statistical}
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methods lies in the fact that stochastically generated flows
a/re only as reliable as the parameters of the distributions
used in their generation. As yet, appropriate specification
for reliability are only imperfectly known. For example,
Burges (1970), studied the receard of Arroyo Seco in
California and found that 3T vears sample gave notably
different parameters than the 49 years record, and 0ttt {(1%71)
found that a record length of nearly 100 years was hocessary
on Dry Creek in California and Fisher river in North Carolina
to obtain stable values of the mean and variances.

By the close of the 194058 there were basically two
approaches to the development of dynamic models for flow
estimation namely the one based on theory of hydrology and
the other based on statistical estimation theory,
Researchers from the 1970s seem to favour the statistical
estimation theory since the results obtained are bighly
reliable and are only depsndent on the data from which the
estimation model was developed. Efforts were therefore made
to replace most of the existing gauges in the network systems
with computerized radar controlled systems that could collect
and process incoming data in fractions of a second and store
the needed information. This provided reliable data base
from which further researches in real-time farecasting

evolved.
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The system based on the theory of hydrology, though is
still wvery much in practice, it iz however, not receiving
much attention these days, in view of the problems involved
in the data collection for its developmert, the complexities
in the development of the model, the complex nature of the
model, and the difficulties in the use of the model, What is
of utmost concern is the generation of artificial sequences
of a single variable for use where precipitation seguences
are to be generated for routing through a rainfall-run off
model, or for use where stream flow at a gauginmg site is o
be generated to estimate the fregquency with which extreme
events occurs or forecast when certain eventis would occour.

In the light of the above and with bias to stream flow
generation which is the purpose of this work, references are
hereby made to the works of accredited auwthors in this area.
The generation of annual stream flow waz perharps first
studied comprehensively by MHurst (1951) and (195&). He was
primarily concerned with the design of storage reaservoirs on
the River Nile. Hurst quantified observed persistence in
terms of a parameter h, the average value of which he found
to be approximately 0,73, for a very large number of time
sgeries. And which he noted to be in distinct disagreement
with the wvalue of h equal to 0.5 synonymous with an

independent ramndom procegs. Early attempts at generating
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stream flows assumed that the observed persistence was
essentially short-termed and could be represented by
Markovian auto correlations, Thomas and Fiering (1962).
However, this amssumption does not appear to agree with the
findings of Matalas and Huzzen (19467).

In a significant contribution toc synthetic hydrolagy,
Mandelbrot and Wallis (1?4%a, b, ¢, d, e) contended that
Hurst's findings could not be explained by Markovian auto
correlation and proposed Fractional Gausslan Noise instead as
a made] with a sititable theoaretical basis. The
auntocorrelation function of Ffractional Gaussian noise,

governed by the parameter h, implies the existence of a long

term memory, giving rise to the phenomenon of long term
persistence, the intensity of which increases as the
parameter h increases from 0.5 to 1.0, Markovian auto

correlation is synonymous with a value of h of 0.5.

Fractional Gaussian noise being a procesas with an
infinite memory, finite memory approximations to the
fractional Gaussian noise are required for generating

synthetic flows on a digital computer. Recent approstimations
to the Tfractional Gausmsian neoise include Tast fractional
Gaussian noise, Mandelbort and Wallis (19271). ARIMA models,
Box and Jenkins (1970) as applied by O'connell (1971, 1974):
filtered fractional Gaussian noise, Matalas and Wallis

(1971); and the broken line process, Mejir et al (1972). Of



these approximations, ARIMA processes are relatively easily

applied in generating synthetic flows, -~

-

2.9 THE TIME SERIES MODEL.

The systematic developmpent of time series analysis

' started with the work atf Yule (1927), who showed that Wolf-

er ‘s sunspot data could bhe represented satisfactorily by a
secontd-order auto regressive (AR) model. Wold (1938) showed
that any non deterministic stationary time series can be
decomposed into a moving average of independent random
variable known as "innovations' or the one-step—ahead
predictor error. The estimation of parameters in AR and
other linear difference sqguation models was considered in
depth by Mann and Wald (194%); and Whittle, in a seriez of
ground-breaking papers (1951, 1925%2, 19%52a, 1954, 19543,
1284b) explored variouws aspects of time series analyeis,
including spectral representation, maximum likelihood
estimation of parameters, hypothesis testing, test of fit,
and random process on a plane.

From 1950 to 1970 several developments took place in the
field of spectral estimation and non-parametric modelling of
time series, they are reported by Bartlett (1944), Hannan
{1960), Rlackman and Tukey (195%9), Parzen (1997), and Jenkins
and Watts (1948). The impartance and usefulness of

parametric modelling was re-emphasized by Box-~Jenkins (1970),
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who also showed that a number of practical non~stationary
time =zeriegs l.e. data when plotted will not lie parallel +to
the time geries could be modelled by using integrated and
seasonal avto regressive moving average (ARMA) models,

With the exception of the work of Quenouille (1949), the
literature of time series analysis until 1970 was largely
confined te stcalar time geries. Bince 1970, however ,
multiple time series analysis has received increasing
attention in both the statistical and control literature,
Hannam (1970), Akaike (1974), Kashyap and Rao (1974). Akaike
(1974) dizcussed developed canonical models for sulti-input,
multi-putput (MIMO) systems, while multiple ARMA models are
discussed by Hannan (1970) and by Kashyap and Raa (19764).
The single-input, single-output ARMA model is identifyable,
but the multiple ARMA moadel requires restrictions on
parameters to be ldentified.

Jamiespn and Wilkinson (1972), suqggested the use of a
firet -~ order aute regressive model as a tool for short-time
data estimation, but found that such a stationary model
explained only 45 percent of the rainfall time series, other
time series such as MA, ARMA, Bor and Jenkins (19270), MARMA
etc., can be used, the main limitation is that they have no
parameters representing real conditions. Their parameters
must be satisfactarily determined from data. Therefaore, they

dao not represent well incidences of convective storms which
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results in high flood level ar flash fleood effects.

Meteorologists have only imperfect and wvery complex
deterministic models based on atmospheric conditions, They
are more an exercise to study atmospheric interactions of
climatic variables than rainfall predictors. Their
parameters and structure would not lend themselves to
efficient on-line modification resulting from observed data.
1t can therefore be seen that rainfall prediction is a very
hard one. In an attempt to resolve the dilema Bras and
Rodriques-Iturbe (1974} suggested a non-stationary,
time-varying, multi~dimensional rainfall generator that
preserves first - and second -~ order statistics in time and
space, and assume that storms bave a basic structure, The
mrde]l wag applied by Wilson (1974) and the reaults were found
to be very satisfactory.

The first woark to be reported on estimation of & time
sariey with adaptive filtering was hy Makridakis and
Wheelwright (1978). Long {(1973%) extended the concept of the
me thod to include mixed ARMA models that led to  the
generaliration aof the method so it could deal with all types
of data and processes. In another paper by Makridakis and
Mheelwright (1978), the concept was erxtended +to sequential

ARIMA models and non—-stationary time series.



2.10 CONCLUDING REMARKS

The importance of modelling in water resources
engineering cannot be over emphasized. McCuen (1975), in
building a case for modelling pointed out that models provide
a means of improving decision — making capabilities and the

basis for improved operations.
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TABLE 1:

tration time derivation.

Average velocities of flow in a basin for concen-

Flat Mildly Hilly Highlands |Mounta—
rolling ins
Average Basin Slope
Basin
Character 0.5 2 = 10 Z0
percent |percent |percent |percent percent
Velocity,m/s
Swampy 0.07 0.08 0.30 - -
Forest 0.12 0.20 0.50 0.80 1.20
Grassy 0.20 0.50 0.80 120 2.00
Pastures
Gently sloping 0.40 0,70 1.00 1.60 2.50
valley
Steep valley - - 1.20 2,20 4.00
Rocky steep - = = 3.00 5.00
cliffs
(Taken from Engineering Hydrology by Nemec,J. (1944))




Balubulla Babha village to Sangare Lokko (or Lokko village) i:

about 27 kilometers. Notable among the tributaries of river
tokkoe are Boshere stream, which runse Eastwards from the
South-Western end, Damare stream, Loma stream and Shahera
stream also run Eastwards from the South-Westerm end of the
catchment areza. Along with numerous other streams, some of
them draining Northwards, drains into River Lokko, River
Dumne drains Northwards and flaow into River Lokko also in the
West-Eact direction.

Other streams which drain into River Lokko include Gbim
stream located North of the catchiment area, it flows South
wardsz and into River Sengunc, which flows in the general
Morth West - South East direction into river Lokko. River
Yamba, Sogura, Nundu, and Borengo in the South-Eastern part
aof the catchment area all flow Southwards in the genral North
West-South East direction. There are no artificial
drainagechannels in the study area as no engineering work had
earlier heen done evcept for the bridge constructiong
therefore the drainage pattern described so far are all
natural, It will be observed that the catchment area drains
generally from the North West to the South EFast ending at
Lokko at the flow outlet from the catchment area, and this
shows the general arientation of the slope of the land,

needed in drainage channel design.
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The natural storage pattern which are the only ones
availahle include, the underground storage, Lake Tarngala,
located some 2.5 kilometers North-East of Dumne village, the
flood plain (shown in dashed lines, Figure I) which runs in
the East-West direction from Badubulla Baba to Watta village
the flood plain running from Swaragunda to Dumne in
the North-West to South-East direction, the flood plain
running in the East-West direction from Dara to Garin  lLamba,
and the adjacent louw lying lands to the flood plains coavering
over 20 squares kilometers, these storages can be developed
to slow down flood wave propagation down the slope, to effect
controlled flow through the channels thereby reducing the
level of inundation and for other beneficial uses.

Results of the analysis of the geomorphologic features

af the basin are precsented helaow:

3.2 AVERAGE WIDTH OF BASIN

The average width of the basin was computed from the
expression

b, = Total catchment Area, A ......ccc000.0.(1)

Average hasin length, L
where,
Total catchment Area, A = 8462km>
Average basin length, L = 62.94km

hence
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8462 km
bw o.94
1Z.70km

COEFFICEINT _OF BASIN SHAFE

The coefficient of basin shape was computed from the

expression
(Average basin length, L)2 .......c.... (2)
d = Total catchment Area, A
4 = 62.92%

which shows that the basin is a fairly narrvow one and

it is prone to flash floods.

AVERAGE SLOPE OF THE BASIN AND FLOOD PLAIN

The average slope of the basin was computed from the

expression

s = hmax = hmin  c.eeveerenncannnns pimieinis n @ niwimil o)
IA
where,
hpax = Highest point in the basin
= 7462m
Pain = Lowest point in the basin
= 253m
hence,
g = 92762 ~ 0,253

347 # 100 percent

1.77 percent
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Similarly the average slope of the flood plain located
in the Southern part of the catchment area was computed from

expression (%) above, where

h

ma i

IZ81m
Bpin = 253m

hence,

gF = 0.381 — 0.253 ¥ 100 percent
- 2
I28.45
= 2.40 percent
The average slope of the flood plain is higher than that
of the entire basin, because of the small total area of the

flood plain relative to that of the entire basin.

The average slope of the basin of 1.72 percent
identifies it as a mildly rolling basing, with rocly steep
cliffe and, having an average velocity of flow of ahout 1.0
meter per second, (Table 1).

The average slope of the flood plain of 2.40 percent
identifies it also as mildly rolling and, having an average
velocity of flow of about 0.76 metre per second.

The basin slope is the combined effect of the steep
slopes in the hilly portion (Figure 22), where the stream flow

iz more straight than in the flood plain, where the slopes
are gentle and the streams (or rivers) flow is generally
sinnous and slower than in the hilly portion where the flow

iz =mwift and is generally of the shooting (super critical)
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variety, and usually of high erosive power, eroding the sides
of the channel! and resulting in the sinuosity ohserved, The

eroded materials are deposited on  the channel floor,
thus re=sulting in the rise of the channel floor while the

river eats its way into the hillside. During intense
rainfall flash flood may ooccur in this hilly region,
resulting in  the transportation of this bedload and other
eroded materials to the flood plain, there by reducing the

natural! reservior capacity of the flood plain.

3.9 TIME OF CONCENTRATION.

Using the average velocity of flow of 1.0m per second
far the entire basin, (Section Z.4), the time of
concentration was computed using the formula suggested by
Sokolovsky (Nemec, 1944), which is widely used. The formula

is given as

PR
‘3-6\’ L B L B B R I I L R I I I L DR B (4}
where,
t = Time of concentration
L = The stream length or average basin length
= 4£2.94km.
Y = Average velocity of flow
hence,
£ = 62.94
.6 1.0
= 17.48 hrs



meaning that it takes about Z/4 of a day for flood to

manifest from a heavy rainfall input.

F.b NATURE OF RIVER LOKKO.

From the discussions so far, it can be concluded that
River Lokko is fully mature, one can discern a sequence of
three tracts, At its head iz the mountain (er hilly or
torrent) tract which is either a gorge or VY-shaped with
angles from 20 to 20 degrees, in the middle of its course is
the wvalley +tract: the gorge has opened up, the slopes are
gentler and the valley ic wider, this opens up to a plain
tract, at the bottom of the valley where there is the flood
plain, which, as its name implies, gets flooded whenever
there i= a high discharge of water. A cross-section of the
flood plain would show fine, horizontally stratified deposits
which provide storage. The rivers are braided, representing

bifurcating flow (or network) with i=landz in between.

3.7 NUMERICAL DESCRIPTION OF THE FEATURES OF THE BASTN.

In order to describe the features of the basin in
numerical terms the following parameters which are
characteristics of the drainage system were used:

a) The stream order
The Gtrahler (1957) stream ordering system was used,

which says that, when twa first order streams meet, thoy

a9



b)

form a second ordor streams, when two cecaond order
streams meet they form a third arder stream etc,
However, when an N-th order stream mecets a link of order
P 2 N, the resulting stream will have arder N, that is,
the lover-order link gets "“Swallowed up", This
statement can be put mathematically as

NF*P=M1 ifN=F

] DR &
NoX P

Sup(M,F) if N # P
where ¥ stands for the meeting of the streams of order M
and P, and "Sup” refers to the one of superior order.
From the stream ordering, both the Lokko River and
Sensen River are of order S, and are also the rivers
with the highest order in the catchment area under
ztudy., The two rivers therefore form the two main and
most important rivers of the catchment, and accoring to
P.F.P. (Nig.) et 31(1980);, are the only rivers that have
some persistent flow in the study area, though not
significant.

Bifuration Ratio

Since Horton (1945} and Strahler (1957) stream= have the
same bifurcation ratio, we have using Horton's law of

stream numbers, that

g = Nj_ -1 for any order i ....c.ceaevuea(8)

N;

where
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c)

Rb = BRifurcation ratio

Ni = Number of streams of order i

from which

Ng = 2

Ny = 4

N> = 8
Hence,

Rb:m:ﬁx:i(org)
Ne Np =2 4

which says that there are two streams of lower order to
every one of the next higher arder.

It was therefore concluded that there are &2 stream=  in
the study area.

The stream length

According to Horton's law of stream length

gl = Li for any order i P8 d e & K Weiarela (7)
ST |

wheres,
R = stream length ratio
Li-1 = Average length of stream of order i-1

Faor a stream of arder 5,

Lﬁ._..L;".-‘*Lk

R :_3 i-E., i = 5

where,
L. = Length of River Sensen = 40.68km

Ly = Length of River Lokko = 62.94km
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Therefare,

d)

Lg

-~

- 80.68 + L£2.94

51.81

Similarly,

b

bm

La = Lsg + Lus + Luk + LGr

= Leng

= Leng

th of

th of

= Length of

= Leng

Therefore,

Lg

21.31

th of

1

river
Upper
upper

river

* IF A&+

Senguno = 21 .%1km
River Sensen = 17.5&6km
river Lokko = 22.81km

Barwa = 17.4%km

22.81 % 17.63

19.84km

a

Hence, the stream length ratio is,

Lg = 51.81 _ 2.61

Ry

Therefare,

La

19.84

3246.26 kilometers.

the total length of streams in the basin

According to Strahler’s law of stream areas

Ra - al  for any order 1 cissvess sansiass s v (B)

where,

i
AR
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Ra = stream area ratio

Ai—i = fiverage arca of catchment of streams of order i-1

Therefore,

rdl-l-

where,

Area of Lokko River sub—catchment

e ]
-
]

-
= S955.5%m"

Area of Sensen River sub-catchment

o
n

= 294 Tikm>

565.469 + 294,31

AS = -

+<i

ATLEm~

Similarly,

n&g POy v Ay Y Ay
Ay -
a
where,
Agg = Area of Senguno River catchment = 128, 50km<
AL,e = Area of upper Sensen River sub-catchment
Lo ]
= 197.2km*
Ay = Area of upper Lokko River sub-catchment
= 322.96km°>
Agy = Area of Garwa River catchment = 171.40km-

128.50 + I22.946 + 197.20 + 171.460
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A4=
205, 065km=

Hence, the stream area ratio is,

Wl - 2530
R, -
205,045
This means that the catchment area of

a stream  in the

study area is about 2.10 times the catchment area of 2 stream

of the next lower order.

For a catchment of aorder u, where u

LGu) & S = LRt e ey
i=1  i=1 FL-1
with,
Re
rl__ = o
Rp
where,
L{a) = L{3) = Leg = 51.Bikm
L1 = ?
Ry, = 2.00
Rl_ = :-61
Then,
R = 261 = 3,308
L,
2,00
Ry 2-
Hence,
(1.705° - 1)

49
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51,81 = Lg.29,
1.708 - 1
1.305 —1
(2.785)
51.81 = L;.1&
= 145,11,

From which we have,
Ly = 0.35Skm
= Average length of stream of order 1
Similarly,
trg" 1)
Alu) = Ay RWT

rL —%
where,

]

Altw) = A(S) Tatal catchment area

= 842k m?
Ay = catchment area of order 1
(2.785%)
862 = Ay.2
0.305
= 146.1 Aq

From which we have,

-
Ay = B.90km”

|

Average catchment area of stream of order 1

@) Drainage Density

The drainage density was computed from the expression

n n
TEL(L) = Llu) ceercencrnnnserenns (10)
D(U) . 1 1 A_(l.i)
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Alu)

Such that,

51.81 km 1
D(u) = 842
= 0.06km 1

The low values of D(u) = 0.06Fm'1 is smaller than
1.50km ! for Sandstons, it follws therefore that the
drainage basin is made up of massive Sandstone.

) Averaqge lenqth of overland flow

The average length of over land flow was computed

from the expression,

1
LDf = e
Diw)

i S
0-06 - 1.6).67"1,"\

This is approximately equal to half the distance between
the stream channels. Since the average width of the bacsin is
1Z.70km (section Z.2), if follows that the flood water drains
directly into the stream channels, creating a network through
which water flows into permanent streams, permanent in  the
sense that they are also fed by sub-surface and probahbly
ground water flow.

.8 CONCLUDING REMARKS

The average length of overland flow of 14.47km  compared



to the basin width of 1%.70km indicates that only a small
proportion of the flood water has enough time to percolate
into the so0il in the lateral flow across the basing, however,
in the longitudinal flow the basin length i= 42.94km, with a
time of concentration, of 17.48hrs, it follows that a lot of
the flood waters get enough time to percelate  through the

massive sandestone formation before they reach the outlet.



CHAFTER 413 BAGIE BATH.

4.1 GEMNERAL
Detailed basic data on the stuwdly area are scarce or are
not  available, however, attempts have been made to extract
information on climate, precipitation, toemperatuwrs, wind,
radiation, air humidity, water budget, physiography, geology,
geamorpholagy, land systesn and land use from sarlier studies
reports  prepared by Dar al Handasah (1980}, SOTESH (1980),
Land Resources Division Commonwealth Overseas Development
Administration {(1972) arnd  oconsullint (1975, that are
relevant to  the project ares, and the data were collected
from Upper Benue River Basin Develoapment Anthoarity, Yola.
e CLIMATE

Generally, the climate of the area is highly dependent
on  the properties and movement 0f the Intertropical
Convergence Zone (ITCI), Tuley (1272). whose characteristic
behaviour is still being studied by researchers,

The Northward progression of the sun during  the dry
spacgon in the Northern hesisphere brings rain bearings  South
Westerly winds to the study area during the month of  April
when the first rain of the vear is usually supsrienced. This
rainfall lagts till October, during which period water for
plant growth becomes available under conditions of increasing
day lengths. Im wnly two months iz there an excess of

raintfall over potential svaportranspiration, these are the

]



months of August and September. According to Cocheme and
Franquin (1967), the rainfall pattern is highly correlated
with latitute. The poor rainfall and its uncertainty in  the
early wet season, June and July, are a severe conctraint te
rainfall agriculture in most parts of the area.

The low-lying plains experience a slightly warmer and
more humid climate and are more suitabhle for irrigation. For
irrigated agriculture, the most iaportant feature of the
climate other than the rainy period is the hot spell cenktred
on  March when the daily mavimum temperature exceesds 40°9C,
Thic is bhelieved Lo be due to orographic effects, as the area
is hilly and of spares vegetation, heat radiation effects
will be high. This temperature of 40°C  can adversely affect
the growth and yield of crop.

Contrary to the movement of the sun during the dry
season, the Southward movement of the sun during the rainy
season, cause the Northernly and the North Easterly dry winds
to blow from the Sahara. Beginning from late Actobher, this
dry wind is referred to as the “Harmaétan"; It brings cold
environment to the entire region which increases in intensity
sometimes forcing the minimum temperature down to 17970 which
however is  lower than the minimum temperature observed in
saome of the more Northern parts of Nigeria, which is partly

because of the area’s low altitute and proximity to the River
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Benue.

4.3 PRECIFITATION.

Analysics of daily rainfall records for 7 vears (19873-8%9)
available at the hydro - meteorological unit of the Upper
Benue River Basin Authority Yola, Nigeria, compared with
reports as recorded by Tuley (1972) are in good agreement.
The recaords shows that the annual rainfall eceries enhibits
cyclicity, with a seasonal length of T vyears, being the
period between two troughs or crests, and there is evidence
of trend as the data does not fluctuate around a constant
mean, either for the annual mean or for the rainy season
average. The mean annual rainfall depth is 782mm, while the
rainy season average in this locality is as high as 124%5mm,
such that high value rainy season records of 1,016 - 1,270mm
is  very probable. Maximum precipitation depth per  annom
could be up to 1550mm and could be down to a minimum of
6500mm, and there is no year without rainfall.

focording ta Cocheme’ and Franquin (1947) , the
precipitation pattern in the study area and environs is not
with the typical longitudinal trend, dips are ohoserved in
isohy=t due to general circulation and =zome local Souvthward
displacement. Cocheme’ and Franguin (1967), further noted
that the study area which lics between longitude 12°15°F  and

12936°E, and latitude 9944°N and 10709N‘ is roughly enclosed
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by a moare general climstic rectangular bound within longitude
1091739 and  latitude 97-119N, in which lies & distinct
isglated belt, af 10Ll%mm mean annual rainfall, ahout  Z0-S0km
wide rURn ARG Fast-West direction., In addition, it iz
beleived that locallzed Oragraphic and Conveotive effects are

responsible for the recorded flocd svents.

Tha maorthly rainfall series evhihit seasonality  with
recotrded mirimum peat of approdimately 160mm re-occuring
about every I8 monthas (that is approvimately 7 years)
boundimg two masioma of about 27%mm, with the peaks increasing
greatly inmitially and then slightly from the minioum Lo the
maximum, indicating the probable occurence of flood events ko
be gvery 3 years, The monthly rainfall mean depth is 45.15mm
and 1t ie 10Z.27mm for the rainy months. The peaks are
agenarally reached in the month of Auguest (70 percent aof the
time), and are occasionally reached in the months of June or
July e an indication that flood svents are most likely to be
aobserved in the month of August and Seldom in the month of
June or July, which might ke attained in times of early rains
and early dry season. In same sonths of intense rainfall,
the total depth could be as low as 2mm in some dry wel season
month. The average of rainfall months 1s 7.4 months, with 8

months being more commaon at 70 percent.



Between June 26, and July 10, in addition to the aore
frequent rainfalle there occur at least two heavy rains which
wets the soil significantly for planting. BRetween July 29,
and August S, at least one intense rainfall do occur
sometimes up to 70mm, it abates again until between August
14, and September 12, when at least two intence rainfall
would occur in quick succession, usually more than 40mm; the
floods usually appears during this period.

The precipitation which was reported hy the Weekly Scape
of September T,1989, which caused devastating flonds in l.okkao
village is insignificant the earlier rains were of September
1, of S52.%mm depth and September 2, of 2.7mm depth, others
are of August 27, of BO.00mm depth and August 29, of 25.4&mm
depth, indicating therefore that the floods lag behind
precipitation by at least 2 days. The actual flooding
occured on September 1, 198% which is earlier than the date

recorded by the weskly scope news papors of September T, 1989,

4.4 RUNOFF WATER LEVEL .

Analy<is of the run off water levels for the period
1984-97, shaows that, the monthly water levels vary from month
to month, reaching its peal during the periods of fthe

heaviest rainfall, which usually falls within the maonths of
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July and August, sometimes high precipitation depth may he
observed in the months of Juns or September (Figure 4). This
figure shows the response function of the water level to
rainfall input on monthly basis. It will be observed that
there is a strong evidence of cyclicity in the peaks, as the
flow is generally low in the months of January and February
when  there are no rainfall, but at  the instance of
precipitation the curve rises steadily, anly dropping when
there are dry spells and to rise as soon as rainfalls. This
rise continues until it reaches its maximum, =ither in July,
August or September., after which it drops steadily to soar
minimm level, as there are no more rainfall input,

At the start of the next rainy season it rises again in
response to the rainfall input, thus indicating the presence
of seasonality, the seasonal length estimated, figure 4, is
about 12 months. Some trend can also he observed in the data
as the curve does not oscillate perfectly about a mean in the
horizontal direction. Tt should be noted however, that the
water level is not zero at any time of the year, which is a
strong indication of ground water contributions.

FP.F.F (Nig).et al (1980) noted that only Rivers Sensen
and Lokka have same flow during the dry seacson indicating the
presence of a fairly high ground water tahle in the basin, as
Rivers Sensen and Lokko are the only major rivers in  the

basin.
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FIGURE 4: HISTOGRAM OF MONTHLY RAINFALL
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Throughout the period under investigation, the minimum
water level chserved in Lokko river at the gauging station
was abtout 17.9cm (0.174m), while the marimum was about ZI00cm
(Z.000m). Figure 4, also shows the plot of the maximum water
level and minimum water level observed for the periods, 1984
to 1987, The mean monthly water level was computed to be
G5.17cm (0.59517m), with a standard deviation of 3I0.17cm
(0.7017m), this gave a 95 percent confidence interval of
55.13 * 8.78cm, that is, 44.35 cm to &=.%20cm to the mean
value, indicating large variations in the mean values of the
monthly run off water level data.

Daily water level i1s generally low from January throogh
March, figure S5, aof the order of 14cm (0.14m) to XZ2cm (0.737m)
and may persist kill Apri)l or May douring years of lakte rains.

The water levels rises after the first rain which may
occur in March aor April, but usually fall back after a day ar
two as the rainfall generally is not persictent at this time.
With another rainfall, the level rises again and draps, this
process repeats itself until there is sufficient rainfall to

recharge the rivers at more regular intervals, this usually
occurs in July and lasts till September, during this period
there is a wide variation in the daily water level, sometimes
reaching pealk values of 200cm (3.000m) as well as dropping
down to values as low as Z0cm (O0.700m); A1l the streams and

tributaries during this period generally have some flow,
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indicating a rise in water table during the rainy season.

Measurement of some water level (at least 14cm  (O.14m))
everyday of the year is a strong indication of the presence
of a high water table, contributing directly +to the flow
during the wet season. However, the flow could be in the
reverse direction (that is, from the river into the aquifer
during the wet season), this depends on the relative water
level in the rivers to that of the ground water table.

During the dry season, the entire flow can be assumed to
be from the underground storage, however, this would need to
be investigated in another study. The daily mean water level
for the period of 1984 to 1987 was computed and found to be

Z.%cm  (0,4T77m) with a standard deviation of 43.Z%7cm
(0.437%m); qgiving a 73 percent confidence limit of
4Z.70 * 0.0b6cm (or 47.8BAcm to AT .26cm). The large value of
the standard deviation obtained is an indication of the
randomness in the observed data.

4.5 TEMPERATURE

Limited data on the temperature regime of the study area
are available; According to Klinkenberg et al (124Z) in their
studies on temperatures from recording stations in Gombi Z0km
North of Lokko, and the Upper Benue River Basin Development
Authority temperature recording station; the broad trend of
the temperature regime shows that remperaturss are highest in

April when it goes up to Z1°% to ZIZ°C and lowest in January
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when it comes down to 14° to 18°C., March to May are
uncomfortably haot, June to Octaober are warm with the raine,
Novemher to February are cold with monthly mean falling tno
within 20° to 22.5°C.

Night temperatures of the order of 10°C are sometimes
recorded in this area during the cold period, and on  high
altitudes such as the Ghaanda hills lower temperatures may be
experienced following the theory of temperature lapse rate or
vertical temperature gradient, which in the troposhere
according to Wie=ner(1970) approximates to a decrease of
2.59F for every 304.8m or &°C per kilometer. In April mean
maximum temperature over the areca are in excers of 799C while
mean temperaturcs are of the order of J1°C. During the rains
an intermediate regime with lower or more uniform
temperatures occur.

4.4 WIMNDS

Strong winds often associated with squalls and storms do
aoccur, Dorrel (1947). The dry scasan winds tend to hlow more
directly from the Narth while the wet secason wind  is more
Wecsterly and even North Westerly oriented and commences
earlier with the Scutherly movement of the Intertropica?
Caonvergence Zone (ITNZ) from Octohor to April, during the
pericd of Doteober to February, the arza is sxposed btn very

dry winds Liowing from the zahara, the harmcttan, often

E\
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carvrying a thick haze of windborn, conspicuocusly diamataraous
dust (Bigelstone, 17%8; Mc¥ewn, 1758).

The rationals of the rainfall and temperature pattern
falls from the above discussions on the origin, direction and
variations in the local wind pattern. Local anticyclone
effecte modify the generali-ed South West direction of the
wet ceason wind in the study area. The more Westerly or
North Wezterly winds creates a pattern in the wet season of
up-wind suposure and down-wind shadow effects, fluctuating
around the critical 9200-1000 isohyets. The high temperatures
in the area are probably due to low altitude and the effects
of the land to the North blocking the Northerly orientated

wind.

I 4 RADIATION

The hours of bright sunshine data available are for
Maiduguri, PBauchi, Ibi, Yola and Potiskum, according to
Cocheme’ and Franguin (19467), the data shows that, radiation
rises to a maximum in the months of November to February and
falls to a minimum in August, when the cloud cover is
highest. Betwsen February and May the radiation amount falls
and recovers caonsiderably, this is probably due to increased
rain cloud and storm conditions as the Intertropical

Convergence Zone (ITCZ) retreats Southward.
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4.8 ITY

Accoring to Cocheme’ and Franquin (19467), the humidity
follows the change of the seasons, with the saturation
deficit reaching a peak value in the pre-rains hot period in
March and April, and falling to a minimum in September in the
mid-rainy season. The humidity follows a simple inverse
daily relationship with temperature reaching minimum values

at night and maximum ones at the height of the day.

4.9 PHYSIOGEAPHY .

The study area is located in the Southern part of the
Chad formation of quaternary rocks and are of the aoalder
origin, a boundary therefore euxist between them. Apart from
the basement plaine which lie North of Mubi, the Mandara
mountains on the extreme Eastern boarder with the Camerouns
to the right of river Yedsaram and MNorth of Mubi, this two
fold geological division roughly coincide with the divide
between the North-FEasterly flowing rivers which drain to Lake
Chad and the South, and South Westerly flowing tributaries of
the Benue.

The South Eastern part of the study area consist almost
entirely of flat and very gently undulating plains descending
gradually from about &00m from the NMorth West through the
Ghaanda hills where it rose over 200m and down to about 240m

in Lokko village on the shores of River Lokko, The Uba
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plains +to the Morth of the study area are drained by  the
Hawal and Yedsaram river system; And in the South some areas
(including the study area) are drained by the Kilange river
which flows throuwgh the fhaandes hills inko the Benue river.
The Ghaanda hills consists of o series of gently
undulating partially dissected hills between F00 and JO0Om
above sea level. Further South of the study area lies the
Benue valley and consists of a series of gently undulating
plains rising from between 90-15%m along the Benue river

itgelf to 150-240m adjacent to the Ghaanda hills.

4.10  BEOLOGY

There are four main rock types within the study area and

its environs, Rawden (1973):

a) Metasedimernts, gneiss and migmatites
b} Granites;
e} Basalt; and
o) Artcient Unviam
a) Metasediments, oneiss and miqmatite

The metasediments of the basement complex are a group of
highly mstamorphosed sedimentary rocks consisting mainly of
gneisses and magmatitesy Areas of schists and quartzite also

occur  and  small occuwrences of  amphibolite gabbro  and
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pegmatite are widely distributed,.

b) Granite.

The oldest rocks of the basement complex have been
subjected to at least two major orogenic cycles, 0Oyewoye
(1964) . Rock of the older granite suite were formed during
the second cycle, which extended from late precambrian to
lower palasezoic, Jacobson et al. (1243).

The older granite shows all stages of granitisation and
magmatic activity. These have a considerable range in
structure, texture and mineralogy, and their contact
relationships with the metasediments type are very reliable,
Carter et al. (19467) and Nigeria, Geological Survey (1944).
The distribution of the older granites form the massive

inselbergs in the Ghaanda hills.

o | Basalts

Volcanic rocks are widely distributed in the study area,
and they occur as volcanic plugs and small complex lava flow
of which the Song volcanic complex is the largest. The age
of this volcanic epoch has not been precisely determined buot
it seems 1likely that it extended from the mid-Tertiary to
recent, Carter et al. (19246%). The volcanic rock type cansist
of olivine basalt flows, with small quantities of pyroclastic

rocks, Nigeria, Geological Survey (1944).
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d) Ancient alluviu

Gealogically, <come areas underlain by these ancient
alluvial deposits are subject to occasional fleoding at  the
present and therefore also contain recent  alluvium, The
areas boardering the present flood plains of the Lokko river
is of the older alluvial deposit. The recent alluvium occurs
along most of the water courses and are of thin and
discontinuous sand overlaying cretaceous cediments of the

Bima sandstone.

4.11 GEOMORFHOLOGY

There is a close relationship between the land forms and
the underlying rocks that are observable, and hence with the

spils derived from these rocks.

a) Igneous and Metamorphic rocks, mainly of the basement

complex:

The wide variety in the lithology of the basement rocks
results in a considerable variation in their resistance to
ernsion, and there are many minor changes in landscape
throughout the basement plains which can be directly related
to this variation in lithology.

The migmatites and gneisses generally underlie more or
less dissected undulating plains. The relief is fairly

uniform with only occasional hills rising above the level of
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the gently sloping interfluves. Upstanding areas which do
occur  in  these plains are generally isolated rocky hills
{inselhergs) or low elongated ranges often with a serrated
outline. The orientation of these low ranges usually follaws
quartzite ridges, dykes or fault lines.

The older granite found in the South, and South West of
the project area are commonly associated with hilly and
highland areas. They form groups aof iselbergs, massive steep
sided hills and mountain ranges. The Ghaanda hills consist
of groups of iselhergs between which are relics of more
gentle terrian at the =zame altitude as parts of the Uba
plains. The hille contain large areas of bare rock and
shallow stony soils and in general the regolith is thin  and

discontinuous.

b)) Basalt

Basalt plugs and cones occur, at Song, the lavas flow
from steepsided cones with well preserved craters. They
followed existing valleys which were partially infilled by
basalt, but have been subsequently exhumed, so that new
basalt flows border many of the stream lines and the

underlying basement rocks form the interflures,
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<) Recent alluvium.

Fecent river alluvium cccurs along the lower part of the
Lakka River for a stretch of about 137km West of Lokko  town.
It wvaries in extent from thin discontinuous sands in  the
smallest streams to thick broad sands on the Lokko River
itself. The sands form levels and point bars, levees
predominate and the streams are generally fast flowing.

Clays within this pattern are also asspciated with backswamps
and abandoned meanders.

The Southern edge of the Ghaanda hills is marked by a
sharp concave break of slope with the pediment which descends
gradually to gently undulating plains. The break of slope
coincides with the boundary between basement complex rocks
and cretaceous rocks. Generally, pediments are formed over
both the basement complex and cretaceous sandstones in the
study area.

This pediment is primarily an area of sediment removal
and is largely free from colluvial deposits. 1Tt is floored
by a thin cover of Rima sandstone over the basement, and as
erosion continues the original surface on which the sandstone
was deposited is being exhumed. FPediments are formed on
basement complex rocks around most of the inselbergs, where
the inselbergs are scattered the pediment forms only a smal)

peripheral apron with only locally developed fans.,

70



4.12 LAND SYSTEM.

The land system is defined as "an area or group of areas
throughout which can be recognised a recurring pattern of
topography, soils and vegetation”. The components of this
pattern are land facets and the svystem is defined on  its
constituent facets and their inter-relationships.

The area around the Ghaanda hills have fairly well
defined complex land system. In the Lokko foot slopes the
land system is well defined, however, in the Song volcanic
complex are found a complex and compound land system. It is
essentially a mapping unit to include local lava flows and
the areas of adjacent basement rocks influenced by the basalt
lavas.

The area contains areas of good agricultural soils,
Bawden et al. (1968), and are also suitable for grazing on
eradication of tsetse fly. Mixed farming could be encouraged
and dry season grazing could take place. The flat areas have
potentials for cotton and other heavy soil crops but care

must be taken in managing the Halomorphic soils,

4.13 LAND USE
There are settled farmlande at Lokko and in all other
settlements along the flood plains in the project area, this

however does not include areas that are excessively drained
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or climatically dry such that water is limiting to crop
growth and/or human habitation. Traditionally the soils are
worked by the hoe cultivator and rainfall should be of
sufficient intensity and duration to permit the regularly
successful growth of the typical rainfall crops of the area.
The shifting cultivation are confined to the more stony
basement plains, the fact that the soils are harder to work ,

make the plains less attractive to the cultivator,

Grazing are done both during the dry season and the wet
season. In the wet season grazings are normally done in
dunefields and sand plains North of the &35mm isohyet where
rainfall is a limiting factor. While in the dry season
grazings are done in the clay plains and the alluvial
complex, the available area here is  largely reduced by
cultivators. However, the Halomorphic areas are largely free

of cultivation.



CHAPTER S: TIME SERIES METHOD FOR THE ESTIMATION OF WATER

LEVELS IN RIVER LOKKO

In consideration of the estimation model which would
best describe the data, the auto correlation at zerec lag time

was computed and found not to be equal to zero, that is,

R
Where,
o = auto correlaation function at zero lag
r. = auto correlation estimate at zero lag

o

Therefore, it was concluded that a time series model would be

most suitable, since if r_ = 0, a stochastic model would

Q
have describe the data best.
In developing the estimation model the following

procedure was adopted:

S.1 AUTO CORRELATION ANALYSIS OF THE HISTORICAL DATA

The historical data used in the analysis were the mean
monthly data for the period January, 1984 to December, 1987
and are tabulated in column 7 of table 2; column 1 of the
same table refer to period. FPeriod 1 refers to the month of
January, 19845 similarly, period 12 refers to December 1984,
period 24 refers to December, 1985, period 7346 refers to

December, 19846, and so on.



TABLE 2: RESILTS USING HISTORICAL DATA

[Pericd] Month l fctial | Forecast, 't | Eror | T |
t N LA A —r— |

Lower | Mean | Upper N ] Errur|

Bound Bound
U | dan. coa | asasy | Lo0000] 660766 | .08 | 39 [0 (8 [ | 11 | 34
2 kb |00 | -3 670105 | bE2 | W8 | W8 | W9 |30 |-t | 34
3 |mer. |02 | -sm%) 6aem | 7.0m | a0 | Mt | M3 [ |17 | 30
¢ [hr.  |-0as05 | .m0 6776t | 765t | S04 | 516 |58 |20 |14 | 28
s My [ |-.3009] 6.%09 | Ba3em | 9.2 |66t |4 87 [ 28 | 40
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5 |wer. [-.oo0% | .70a02] 7,062 | 63578 | 78 |24 |25 |26 |27 | 103
6 [dpr. |45 [ L5301 70742 [ 654t [ W8 (Mo (24 (22 | 7.7 |29
v My |-3em2 | -0 708 | naomt | et | e | |2 |30 | s
® |w |3z | -ss| noms | em | w3 [ |sta |3 | @2 |82
9 |l |-3Ewm |-Lonor| 700 | 887 | ued | 658 |65y |60 | 504 | 0
» (g |07 -tosse| T | 83w | 137 |72 | s | s w2 s




TABLE 2 (Contd)

Sep. L6722 |-1.0N31) -7.12527 | 815658 | 5.0 | 467 | 67,0 | 473 | 6.1 | 10.8
Oct. ST | - 20300( 707300 | -2 30600 | 474 (438 (M0 [ 441 | 38 | T2
Nov. 5037 | J270B[ -7.18008 | -A.BE722 | ALY | WA [ A [ A7 | T [ 10,0

Dec. - 10832 | JN537] -7.18657 | -6.7B120 | WS 1328 1 W0 | Wl | LS | A3
dan. ‘86 | ASALT | 04483 -7.15257 | -8.30TTO [ 1.4 | 25.8 [ 259 | 2.0 [ 5.9 | 175
Feb, -O0TH? | .BI2AB{ -7.19799 | -6.34551 | 31.6 | 26.3 | 264 [ 263 | 5.2 | 145
Mar. - 0209 T 748300 | B A886 1 2.0 |2 |27 |38 | AS | 150

Apr. -.04505 | (5A265( -7.16750 | -5.62495 | T2.7 [30.4 | 305 [ 306 | 2.2 | &7
Kay. -36742 | .03AS) -T.A7182 | -9 | 04 | RS | /T [ 398 | 207 | KD
Jun, ~ 322 | - AG736) -1.ATSRY | -7.0AT29 | &7.B | LD 1 LS |37 ] 163 | D
dul, =.32877 | -.94502] -7.17925 | -0.12427 | 100.7 | &5.7 [ 6.0 [ 66,3 | 347 | WS
Aug. ~AT2 [-1.17671) -7.18251 | -0.39922 | 152.7 | 74,1 | 4.0 | 747 | 783 | 5L3
Sep. J6T2 | -.96985) -7.18052 | 0.15538 | 00,9 | bbb | 608 | 471 | 1AL | 17
Oct, OAT | -.15222 -7.18827 | -7.4049 | 40.B | 43.9 | M0 | M2 |32 | 7.8
6037 | J31027) -7.19080 | -6.88053 | 28.4 | M6 | N8 | W9 | b4 | 225
Dec, -J0832 | JI9MES| 7193 | -6.79BM8 | B4 |2 | WI | WS |19 |
dan.'87 | AA6T | .B6SGB| -7.19527 | 63959 | 194 | 261 | 26.2 | %3 | 6.8 | W61
Feb. -07349 | .B2674| -7.19724 | -6,37050 | 18.7 | 26.6 | 26.7 | 26.8 | -B.0 | 42.8
Mar, -02006 | .733A8) -7.19905 | -6.86557 | 5.4 | WO | B | B2 | 2.7 | 10.6
fpr, -.04505 | .50847| -7.20071 | -6.65224 | 17.4 | 30.8 | 30.9 | 3.0 [-13.3 | 706
May, -J36742 | .00825) -7.20225 | -7.16400 | 30.2 | 40,1 | 0.3 | 0.4 [-10.1 | B34
Jun, =309 | -A7001) 720365 | <7.67366 | 669 | S2.1 | 2.4 | 2.6 | M5 | AT
dul, = 32837 | -.94505| -7.20495 | -8.15000 | 7B.4 | bbb | 66.9 | 67.2 | 115 | 147
fug, ~A7773 |-1.18855| -7.20614 | -8.39469 | T2.7 | 755 | 759 | 762 |32 | AA
Sep. AET2 | -900A 10725 | 8.19067 | 648 | B0 | BB.T | 686 | 3.5 | S
Oct, ALY | -.16586) -7, 20824 | -7.37410 | 55.7 | M7 | 449 | 45,0 | 10.8 | 19.4
Nov, J6057 | J29843] <7.20917 | -6.91074 | 48.7 | 352 | 353 | 354 [ 3.4 | 27.5
Dec. = 10832 | J30A99) -7.21002 | -6.82503 | 466 | TI6 | W8 | |9 | 128 | 715
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The auto correlation coefficient, rp1 at different

periods were computed using the general equation given as

n—k = -
t=1
G
% = 2
z (Yt-Yt) -.-II.l--.-t..-.-.--.-.-.-.--‘(12’
t=1
where,
K = period
Y = Mean of original observation = 55.12%cm
n = Number of data in series
Y¢ = DOriginal observation at time t
Yier = Original observation at time t plus k period.
re = Auto correlation coefficient at K period.

The auto correlation cosfficients obtained for the various

lag times were,

rog = * 1.000 ry = + 0.654 ro = + 0,239
r= = - 0.064 rg = - 0.3%96 rg = - 0.427
rg = — 0.568 re = = 0.301 rg = — 0,333
re = - 0.080 riop = + 0.248 ryg = + 0.473
rys = + 0.572 riz = + 0.473 rig = + 0.267
rig = — 0.009 rie = — 0.264 ryz = - 0.383
rqg = - 2.40% rigp = - 0.342 rog = — 0,204
rnqy = - 0,082 Fom = 4+ 0,164 ras = + Q.318
Fag = + 0.247 rog = + 0,219 Fog = + 0.129
roy = + 0.014 rag = - 0,097 rog = — 0.178
r=g = + 0.203 r=q = — 0.190 Fem = 0.081



rz=z = + 0.023 r=4 = + 0.065 rzs = + 0,077
reg = + 0.075 rey = + 0.062 reg = + 0.040
rag = + 0.020 ran =  0.000 ray = - 0.027
ras = — 0.026 raz = - 0.016 rag = ~ 0.003
rgs = + 0.009 rae = + 0.008 ragy = + 0.004

These auto correlation values are plotted in figure
6y against the corresponding periods (months). As shown by
Anderson  (1942), Bartlett (1944), OQuenoville (1949), and
others, the auto correlation coefficients of a random series
have a sampling distribution that can be approximated by a

normal curve with zerao mean and standard ervor 1/In. This
information was u=sed to determined whether some auto

correlation coefficients comes from a population whose value
is zero at ¥ period, Since n is 48, the standard error is
1/148 = 0.144. This means that 25 percent of all sample
based on the historical data auto correlation coefficients
must lie within a range specified by the mean plus or minus
2.016 standard errorse (fiducial or confidence limits) for the
data to be random.

The value of 2.014 was obtained from the student
t - distribution table 3. Thereffore, the data can be
concluded to be random if the calculated auto correlation

coefficients are within limits.
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AUTOCONRELATION COEFFICIENTS
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TABLE 33

Student

Digtribut i,

o
df Q.50 0,10 Q.03 Q.02 0.01
1 1.000 H. 34 12.71 x1.82 a3 bhb
2 0.816 2.92 4030 &H.96 .92
3 Q.768 2.38 .18 4,04 .84
£ 0. 74% 2.175 2.78 SW75 4. 40
b 0.727 2.02 2.57 T 4,073
6 G.718 1.94 2.45 .14 .71
7 0.711 1.90 2.56 F.00 Z.HO
(2} Q.704 }.g8é 2.1 R ) e 3h
= 0,707 1.83% 2.26 2.82 .25
1o 0700 1.81 2.25 2.74 .17
11 0.497 1.80 2.20 R.72 3.11
12 Q.693 1.78 2.18 2.68 .06
5 0,694 1.77 2.146 2.46% Z.01
14 0692 1.74 2.14 262 2.98
15 0.491 1.75 2.1% 2.460 2.90
14 0670 1.75 2.12 .58 2.92
17 O. 489 1.74 2.11 R.5B7 2.70
18 04688 1.73 2.10 2.55 2.686
19 0.5688 1.73 2.0 2.54 =.884
20 0.687 1.72 2.09 2.83 2.84
21 0.684 1.72 2.08 2,52 2.83
22 0.686 1.72 2.07 2.91 2.82
23 Q.5685 L.71 a. 07 2.80 2.81
24 0.68% 1.71 2.06 .49 2.80
a9 0,684 1.7% 2.04 2.48 2.79
26 0.684 1.71 ey 2.48 2.7
27 0. 684 1.70 2,05 2.47 2.77
2 0,687 1.70 2,06 2.47 2.76
29 0,483 1.70Q 2.04 2,484 2.76
s 0,687 1L.70 2.04 2.44 2.75
39 O, 682 1.49 2,03 2.44 2.72
4 0,681 1.68 P.09 2.42 2.7
45 0.480 1.48 2.02 P 269
=18 O.47T 1.68 2,01 2.40 2.68
&HD 0.678 1.47 2,00 2.39 2.6646
(14 0,474 1.464 1.%4 2.33 2.58

(Taken fTrom forecasting:
and Wheslwrights, 5.C.

datis 5.

(19780
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L3



=2.016(0.144)% rp £ + 2,016 (0.144)
~0.290 £ ryp £ + 0,290
Figure &, shows that the auto correlation

coefficients of the historical data at the various periods.
The two dotted lines perpendicular to the vertical axis are
the upper and lower 25 percent confidence limits for a random
series of the historical data and this correspond to — 0,290
to + 0,290, HNote that, not all the auto correlation
coeficients lie within these limits, which means that the
data are non-random. This was confirmed with the x2 - Test

developed by Box - Pierce (1970), known as the Box - Fierce

O - statistics. The 0 — statistics is computed as
3(2"test=n2 rk.z & B W B B A S E S EE SRS E SN ES W s s e e s (13}
k

where, m is the largest period included.

According to the testy, if the computed value of
the %2 —test is less than that from the table of the value of
we - Statistics, table 4, that is x2 - critical, it follows
that the data generating the auto correlations are random;

2 - Test

otherwise, the data are non-random. The computed »
was 147.570 and was found to be greater than the %2 - criti-
cal of 42.981. 1t was therefore concluded that the data are

non-random.
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TABLE 4: Critical points of the Chi-sguared (x2) statistics
= 1

df 0.050 0.025 0.010 0.005
1 3.84146 | 5.02389 | 6£.634%0 | 7.87944
2 5.99147 | 7.37776 | 9.21034 [10.5966
3 7.81473 | 9.34840 [11.3449 2.8381
4 9.48777 |11.1433 |13.2767 |14.8602
5 11.0705 |12.8325 [15.0863 |16.7496
b 12.5916 [14.4493 [16.8119 |18.5476
7 14.0671 |16.0128 [18.4753 |20.2777
8 15.5073 [17.5346 [20.0902 [21.9550
9 16.9190 |19.0228 |21.6660 |23.5893
10 |18.3070 |20.4831 |23.2093 |25.1882
11 |19.6751 |21.9200 [24.7250 |26.7569
12 |21.0261 |23.3367 |26.2170 |28.2995
1T |22.3621 |24.7356 |27.4883 |29.8194
14 [23.6848 |[26.1190 [29.141% |z1.3193
15 |24.9958 |27.488a4 |z0.5779 |32.801%
16 |26.2962 {28.8454 [31.9999 |34.2672
17 |27.s871 |30.1910 |3Z.4087 |35.718S
18 |28.8693 [31.5264 |34.8053 |37.1564
19 |z0.1435 [32.852% |36.1908 |38.s822
20 |31.4108 |34.1696 |37.5662 |39.9948
21 |32.6705 |[3s.4789 |38.9321 [41.4010
22 |[32.9244 |36.7807 |40.2894 |[42.7956
27 |35.1725 [38.0757 [41.4784 |44.181%
24 |36.4151 |39.3681 |42.9798 |as.5%85
25 |37.6525 |40.6465 |44.3181 |46.9278
26 |=za.e852 [a1.9232 |as.ea17  |ag.2899
27 |40.1133 |43.1944 [46.9630 |49.6449
28 |41.3372 [44.4607 |48.2782 |50.9933
29 |42.58569 |a5.7222 |a9.se79 |s2.37s6
30 [43.7729 |46.9792 |s0.8922 |s53.6720
40 |s55.7985 |59.3417 |63.6907 |66.7659
50 |&7.5048 |71.4202 |76.1539 |79.4900
60 |79.0819 [83.2976 [88.3794 [91.9517
70 |90.5312 |95.0231 |100.425 |[104.215
80 [101.879 [106.629 |112.729 |116.321
90 {117x.1a5 [118.136 [124.116 |128.299
100 |124.342 |129.%61 |135.807 |[140.149

(Taken from forecasting: Methods and Applications by Makri-

dakis,S5. and Wheelwrights,S5.C.

(1978))




5.2 IDENTIFICATION OF PATTERN IN THE HISTORICAL DATH

Owning to chance, the auto correlation values will he

slightly different from those theoretically expected,
necessitating the use of confidence limits as explained
above. It can be seen from figure &6, that the auto correla
tion values rq, g, gy Fgs F7s as Figs Finy Fy=s Ty Uips
rig and rao=
are outside the random limits, indicating that there is zomo
pattern in the historical data. Note also that this pattern
repeats it=elf after about six (6) periods (months), with the
positive — positive, or negative - negative, at 12 perinds
(months) intcrvals, although the auto correlation value
corresponding to period T4 is within the random limits, it
however, suggests a reoccurence of the yearly pattern,
accounting for the non—randomnes of the data.

In order to 2liminate the pattern in the series, the
power transfarmation proposed by Roz and Cox (1944) has been
used because of its high reliability; Details are given in

section 5.5 below.

9.3 IDENTIFICATION OF STATIONARITY IN THE HISTORICAL DATA.

Stationarity means that there is no growth or decline in
the data, that is,;, the data when plotted must lie parallel to
the time axis, the data may however fluctuakte around

a constant mean, independent of time. This characteristics
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of stationarity in the data can be identified by examining
the plot of the auto correlation coefficiente, figure 6.

Theoretically, the auto correlation coefficients of
stationary data drops to zera after the =econd or third time
lag, while for a non-stationary series they are significantly
different from zero for several time periods and generally
show a trend going diagonally from ry at an angle to the
vertical across the auto carrelation avis, as the period
increases.

Figure &, shows that the auto correlations somewhat
fluctuate about the thecoretical wmean for a random
avto correlated series of zero mean, it drops to zero after
the second value, and it does not have a noticeable trend,
therefore, it was concluded that the historical data are
stationary but non-random, hence, there is no need to perfaorm
differencing in order to remove non — stationarity. The
significant auto correlations ry, rp, rg, gs 7 Fg; 11
rios 1% {7s r1gs: 19 and ro= imply the existence of some
pattern other than trend, this pattern would therefore be

sought for from seasonality.

5.4 IDENMTIFICATION OF SEASONALITY IN THE HISTORICAL DATA.

Seasonality can be defined as a pattern that repeats

itself over fived intervals of time, and this can easily be
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identified by examining the auto correlations that are
significantly different from zero, however, the data must be
stationary for such indentification to be possible as
non-stationarity introduce spurious auto correlations. Since
the historical data are stationary it is easy to identify
from figure &, a clear seasonal pattern of about twelve
periods (months) duration as rya and ro= have high positive
values, indicating dry season, and rp, and rygq have high
negative values, indicating wet seasons.

The periodic character of seasonality can be seen by the
fact the ry > rg * rqo *ryg and all four are significantly
different from zero, actually the auto correlation ry- = +
0.57 suffices to indicate seasonality with a length of twelve
periods (months). The additional fact that ra4 iz large
confirmse it. It was noted however, that there are =sesasonal
effects on the peaks, it smoothens them out euponentially and
there tend to be some cantraction to the left.

Before further analyszis of the data could be done it was
necessary to transform them in order to eliminate

non-randomness.

3.8 IEANSFORMATION OF THE HISTORICAL DATA.

The power traneformation proposed by Bor and Cox  (1944)
was adopted because of ites reliability as mentioned earlier

and because aof its better transformation than other



technigues. This iz because this transformation induces
simultaneously, normality, constancy of variance and linearity.
In performing this transformation a family of
transformation fram Y, to Ypy was sought for, where
¥4 = historical data

Yﬂt = transformed data such that,

vg = (=P - 1) for B 20 |
2] | W § soswgune s § @ kgl 208
or Y = Inx far =0 J
where,
8 = power tranformation {(or inde:)
Equivalently,
y =r X® torpzro |

InX for g # 0O |

L ]
and looked for a value of B  that induces simultaneously

naormality, constancy of variance and linearity.

Theoretically, the optimal value of opt = f should have
a coefficient of skewness, G = 0, such that the 2% percent
confidence interval on the skewness af the transformed data.
b=l -
L Z(Y gy = Yui~

n i=1

33/: I I I I R I I (15)

L 1 E(Vﬂi'YB )
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liee in the interval

B =280/ £ 6 2 B % 200/ waesvmeoonnnsoneeannss (18&)

where a° = variance of the transformed data
for g = 0.05 G = 0.192
g = 0.15 G = 0,709
B = 0.25 G = 0.321
B = 0.35 G = 0.513
g = 0,50 G = 0.459

In order to find Bopt (the aoptimal value of B )}, which
carrespond to 6 = 0, we write a relationship for f and G,
Since B and G are generally linearly related, we have

f = a+ b6
where,

a = Intercept on the B - axis

(corresponding to 6 = 0)
b = =slope of the line of best fit
The line could have been drawn using the data above, but

a better approximation was obtained using the simple linear
regression (method of least squares), such that

nt BG - Zp 6

y
nzZG- - (Z6)

and

a = =0 ~bZ6

aa



we o p e 1)

Ly ]
G‘-

2 G G
0.05 0.192 0.00940 0.0346864
0.19 0.299 0.04485 0.08%9401
0.25 0.3%91 0.09775 0.152881
0.3 0.513 0.17955 0.267169
0.50 0,659 0.32950 0.474281
= 1.30 2.054 0.66125 0.9745%96
Therefore,
9 % 0.66123 - 1.30 x 2.054
b= 5y 0.976%96 - (2.054)2
= 0. 62605
0.6640464
b = 0.9578
hence, the slope of the line of bhest fit, b = 0.9578, that

is, it is almaost at an angle of 45 degrees to the horizontal.

Similarly,

a = = 0.13347
hence, the intercept of +the line of best fit, with the

B-auis is, a = — N.13TZ47, and this is the value aof  at



which the skewness coefficient, G, is approuzimately equal to

rero. Figure 7, shows the plot of B against G.

The computed G, corresponding to B = - 0.,173247 is
BB = = 0.019, with a confidence interval of
- 0.307 2 Gg 2 ¥ 0.269

Hence, the original data can be represented by the egpression

o A
Xt-:Yt 0.13“’4‘ R T f:‘o)

It was therefores required to seek for the estimation model
which would fit the btransformed dats, and later perform the

necescary re-transformation.

5.6 AUTO CORRELATION AMALYSIS OF THE TRANSFORMED DATA

The auto correlation coefficients, rik, at different
periods were computed using the general equation, but by

replacing Y3 by X;, such that

n—k =
2 (Xg - X)(Xt+k - X)
t=1
riy = i EOVERG A § PUEATRS 3 5 LA
n -
(X — Xg)*©
t=1
where,
K = Feriod
X = Mean of transformed data
= 0,598
n = Number of data in series
Xy = Transformed data at time t
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Xp4p = Transformed data at time t plus k periode and

the results are as listed below.

ry = + 0,764 ro = + 0.461 r= = - 0,035
ry == 0.299 Fy = = 0.520 g = = 0.658
ry = — 0.443 rg = = '0%418 ro = — 0.208
rip = + 0.212 riyg = + 0.475 Fym = + 0.560
ryz = + 0.511 rig = *+ 0.3308 riyg = + 0.051
F14 = — 0,136 ryz» = — 0,404 rig = — 0.431
rig = — 0:37%9 rog = — 0.261 roy = — 0.068
Foop = + 0,121 raog = + 0.270 rog = + 0.326
rog = + 0.308 rog = + 0.203 Fog = + 0.054
rog = — 0.112 Frog = —~ 0.204 r=o = 0.25%
r=g = — 0.267 res = — 04173 rge = - 0.047
rza = + 0.024 rxeg = + 0,063 rgg = + 0,097
r=7 = + 0,100 rsg = + 0,091 r=g = + 0.071
g = + 0.019 ray = - 0.019 rgp» = — ©.026
rgx = — 0.023 ragq = - 0.015 Faes = — 0.006
Yah T 0 .,0008 rg7 = — 0.0004

It was observed that not all the auto correlation
coefficients lie within the confidence limits which means
that the data are still non—random after the power
transformation, in fact the «? — test value of 197.774 was
found to be greater than the 22 — critical value of &T.981,
which goes to confirm that the data are still non-random.

The value of 197.224 for the transformed data is noted to te

a8



higher than the value of 147.57 for the historical data,
which means that the historical data was claser to randomness
than the transformed data. However, in order to ensure
minimum skewness in the distribution, the transformed data

was used for all future analysis.

5.7 IDENTIFICATION OF PATTERN IN THE TRANSFORMED DATA.

The auvto correlation plot of the tranasformed data was
found to be wvery similar to the aunto correlation plot of the
historical data, with the auto correlation coefficients, r,,
2 Fas s, Far F7s Tgs Fi1s F12s F13e Ti4» Ty7s Figs 1o and
rog outside the random limits, indicating that there is some
pattern in the transformed data. Note that the pattern also
repeats itself after every six periode alternately, and at
every twelve periods we have positive peaks or negative
peaks, which suggests a seasonal pattern of twelve periods

which has a strong influence on the randomnese of the data.

5.8 IDENTIFICATION OF STATIONARITY 1IN THE TRANSFORMED DATA.

The auto correlation dropped to zero after the third
period, with r= =+ 0.035 and ry = - 0.299 which suggest
stationarity in the data; however, the fluctuation of the
avto correlation about the mean is not perfect, it i=

observed to decay enponentially, as with the case aof the

2%



historical data. This may have resulted in spurious auto
carrelations resulting in the rom - randomnsss of the data.
Therefore, it will be necesszary to perform the first
differencing {(one short term) o eemove peciod - to - pariod
non-stationarity from the transforaed datay which introduces

non-randomnness .

a9 IDENTIFICATION OF SEABONMALITY IN_THE TRANSFORMED DATA.

Sewasonal pattern of twelve months periods was oabsarved
which decays exponentially with increasing period and
alternating in sign, from positive o negative, after six
time periods, 4% was the case with the historical data.
Therefore, it will he necessary o perform one 1ong-—-teen
differencing in order to remove seastn - 0 - seasohn
rnor -~ stationarity from  the transformed data, which

introduces non-randomness .,

G.10 REMOVING NON-STATIONARTITY FROM THE TRANSEOSMED DATA,

To remove period —~ to ~ pericod non - stationarity a new
spries was created that consisted of the differences  boetween

SUCCRSS1Ive pericadss

1.

(""1"‘.‘

Xt Xt+1 - Xt = Xt e Kt__i mm o ML e R T AN M oTou oo s

-t

Tha new saries th have n ~ L data.
Aand
TBE tong — term differencing of twelve periods {(months)  was

alaen parformed on the transformsd data, auveh that
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X = Xg — Xg—qo washasen evenenceasnee (20)
The new series X have n - 12 data.
Since performing the short and long - term differencing would
remove both period - to - period trends as well as season -~
to - season trends, the simultaneous differencing was used,
such that, the new geries would be

Xe* = %y - Xg 0 ereess o cnee (P8)
or

Xp' = (g = Xpog ) O = Xpg2) = cevnnncnacenns (25)
having n - 12 data.

5.11  AUTO CORRELATION ANALYSIS OF THE DIFFERENCED -

TRANSFORMED DATA.

The auto correlation coefficients, rk“, at different

L)
periods of the new series X, mentioned above were computed

and the results are as listed below and plotted in figure 2.

ry =+ 0.398 ro = + 0.201 r- = + 00,0595
rg = — 0,139 rg¢ = — 0.204 rg = + 0,024
ry = + 0,042 rg = + 0.102 Ng: = 0.017
riyo = - 0.011 fyy 0.047 rys = = 0.090
riy=z = + 0.096 rqg = + 0.034 Fig = + 0,067
i = + 0.05% rqz = % 0.016 ryg = + 0.1T3F
rig = + 0.157 rag = F 0.245 rog = — 0,058
ros = + 0,017 rax = + 0,007 rag = + 0.016
Fog = 0.008 rog = 0.138 oz = =~ 0.114
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Tmog = 0,151 Fmg = - 0.058 Fe=ng =~ N, 00N

-

reqy = + O, 009 ren = + 0,047 Fg = + 0.024

rzg = + 0.014 reg = + 0.002

It will be ohbserved from the plot of the auto
correlation coefficients of the differenced transzformed

data, figure 2, that all lie withiin the randaom limits ezcont,
{ ~

rys suggesting that the data are now random, the »° Yot

was performed and the value of 22.782 waz obtained which is
A ) -— . 5

less than o= critical of 4T.981, confirming that the dats

are now random. The dats also dropped to roro afior

re(+0.058), which means that they are ales -tationary.

b PR B INDENTIFICATION OF PATTERN TM THE DIFFERENMCED

TRANCFORMED DATA.

Figure B8, of the aunto correlation eplot  of t hi
giflevenced transforaed data shows Lhat the sinuscidal and
ponantial decay patters in the data has been eliminscted,
although bthe cipaonential decay zan still be noted hetweoen ry
rog and raxn, The cnefficionts rag, rag and res are the suto
correlations for the months of August and st peaks during the

yzmarly circle corrvesponding to period of high water levels.

B5.13 INDENTIFICATION OF STATIONARITY IM THE DIFFERENCED

TRANSFORMED DATA.

~f=  earlier observed the data are stationary =ince the
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auto correlation cecsfficients dropped to zero after the third
period, with ry = + 0.0085 and ryp = — 0.149, Therefore, the
ron - stationarity from period to period and from season o
scason have been removed, hence spurious auto correlation are

not eupected.

5.14 IDENTIFICATION OF SEASONAL ITY TN THE DIFFERENCED -

TRANSFORMED DATA.

From the avto correlations plot, figure 8, the ceaasonal
evidence are the peak values rg, rog and rsa, which occurs
after every twelve period, suggesting a twelve months period,
and since all the auto correlation coefficients except ry are
within the random limits of * O0.33%9, and the 0 — statistics
for randomness  is satisfied, it follows that the

difference - transfarmed data are random.

S.15 PARTIAL AUTO CORRELATION ANALYSIS OF THE DIFFERENCE -
TRANSFORMED DATA.

The purpose of the partial auto correlation computation
in time series analyesics was to help identify an appropriate
ARMA (Auto Regres=sive-Moving Average) model for forecasting.
Therefore, it is only necessary to calculate the partial auto

correlations until a wvalue was obtained that i not
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significantly different from zero, the number of partial auto
correlations that are significantly different from zero gives
the order of the AR (Auto Regressive) process, the firet

eight partial auto correlations,

@y = + 0,398 % = + 0,051 By = + 0.152
#g = + 0.107 2g = - 0.040 By, = + 0,320
By = + 0,093 #gq = + 0.09%5

were computed using the Yule-Walker equation given as

Ty By + BTy ¥ BTo + e BaTH
To = ByTy b @o b BTy b oeeeaasnaant BpTo o
Ty = @47 ¥ @oTq + ﬁg B wrada a elEdE b ¢p7p-3
Tp T B1Tp gt BpTpp P FxTpom t .t By - (26)
since the theoretical values of 7, are not known they are
replaced by their estimates r,, where k = 1, 2, T, 000, pPo
It was observed that only #y is outside the 95 percent
confidence limits of * 0,239, the cut off is 1, therefare the
order of the estimation model was AR{1), this was confirmed
from the fact that the auto correlation cnefficients declined
to zero exponentially, Figure B.

Since for MA process, the values of the partial autp
correlations does not have a cut off, rather it trails off

exponentially to zero with time. Figure ?, shows that it is

difficult to determine as the values of the partial auto
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correlations initially fell and rose again, however, a
general exponential decay can be seen to pass through the
points, therefore, it can be assumed that there is also an MA
process, the order of which is 1, since only one auto
correlation wvalue is significantly different from zera. An

MA(1) process was also identified,

5.16 IDENTIFICATION OF A TENTATIVE ARMA MODEL .

In the proceeding section it was observed that present
in the process are both AR (1)  and MA (1), therefore
according to Box and Jenkins (1970), an appropriate model to

describe the process would be ARMA (1.1), where p=1 and q=1.

5.17 CSTIMATION OF THE FARAMETERS OF THE ARMA(1,1) MODEL

The general class of ARMA (p,q) process is represented

by the equation
R ™ ByXpay ¥ PXpsp ¥ owea® Bokeon ¥ 8= B0y
= ezet_z = aas T Qqet_q

since an ARMA (1,1) has been identified as the model that

would fit our data best, the model can be written as

" "X

xt = ﬁl Kt_l + ey - 91 L= | enmervenssssrees (27)
where,

Xpg—g = Kpoq = Xep) Xy = Xpy7)

Xt = (Xg = Xp-g ) (Xg = Xe-g2)
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%y = AR parameter

]
[y
L

MA parameter
=T = error at t period
41 = error at t-1 period
Applying the concept of hackshift operator, B, thern
Xe—1 = Buy
X2 = B2y
Xp-yz = B3y,
Xg-12 = B2y,
€t-1 = Bey
Therefore, eq. 27, can be rewritten as
(Xg = BXe)(Xy - B2y = 4, (BXy ~ B2¥y)(BX, - B35 )

+ E‘t v QIBEt

T %12 Xe Xeam - 8y Xy Xegq - @y i Xi-3
TP Xe Xpog5 * ey - 040y,
The abaove equation was solved for the parameters Bry dym  and
9y which introduces the minimum mean square arror (MSE), by
the method of decomposition, Graphic plots of the results
obtained are shown in figure 10, and the parameter values are
85 given below
#y = - 0.025
Zio = 4+ 0,750

8y = - 0.975

100



obtained through further analysic (at shorter intervals of
Byy #yn and €4), in the region af minimum MSE.

Substituting these parameter values into the cocguation
above,
Xg = Xgp Xg.y — 0.025X; g mp + 0.025Y, Xy = + 0.750Xy Yp_g4n

4 Et - " & s T R I I (?8)

This gives the time — series expression for estimation at
t - period. However, it must be poted that the parameter
values were aobtained through the decomposition of the

original exprescsion, and are therefore very litely to be in
error.

To obtain better parameter values, an  approximate
expression was derived to describe the system by substitution
for Xes Ye—gs Xe-20 Xg=3» Xe-120 Xe-13» Xe-g40 and Xeyy, at
the various time lags of 1 to 48. Initial value of zero was
fived for ey 4 = ey and all other values of ey, were computed.
Results obtained shows that there iz a general ewvpression of
the form

Xp = ag + ag3” epy cmrewrae coesnrseness (29)
where, a, and all are parameters of the equation. Equation
(29), is the equation for a straight line.

ey g are the computed errors at the various time lags

allowing only one - hundredth of the errors computed in

101



LEVELS (em) ™

WATE IR

d . B
| ’ |
_ _
w + .|..... - .Pﬁ.ﬂ.CP_u mmmHmm |
__ N | "
‘_ M p ;_..__ 3! Jm— 1.6X FORECAST SRRIES
. ____- » " i [
\l\ lw ﬂ. ’ \H it ._. -ﬂ ._
€\l g ..\u.. | i ! .
_ i ..,.__. / -‘ . k y d .
4 » W o\ : A Y O
Ly \ a AN ¥, .ﬁ.. ' DAL FORECAST SERIES
_ v ¥ 1\% ' . ...-_ £ \ T4 N .u R
e ) v J . -\- - -,d. y ‘ .. ’. drr. b_ .- r”_ P. o.ﬂ__# __.* 4, L
| .V -y byt Y P J N 5 = 4 “ o ¥ .\1 ' d....ﬁ-b A \h ',_.-
o "y ” Pleesd R f b ”.
m LR ' .&...U\-.f.. et \e
_ - .- mw wm £n mm mqo ..._o n..u
~ w v o o
o = o ® 5 : 2 PERIOD =
. . : . . ol
. < P - & 4 & (Month)
= FIGURE 12 : HYDROGRAPHS OF MONTHLY WATER LEVEL AGAINST PERIOD (Month)




the madel above, we would have ammended Equation (29) to
1 o

Xt = 2 + 131
100 SRR & O e sinds LAy

or
Xg = a5 *+ ag ey saedanes canyennas (SL1)
in which ey 4 is the independent variable and X, the
dependent variable. The expression shows that the wator
levels in the river at any period is dependent only on the
error in the immediate previous obtained estimated value.,

The parameter a, and ay; of this simple regression equation

o

werse obtained using the method of least sguares, and the

values are

1

a 0. 6009

o
~2.92865

e 8

Therefore, the estimation model for the transformed data ig
given by

Xg = 0.6009 — 2.9865e;._4 - (32)
This was plotted for different values of Xy and &, 4, and is

shown in Fig. 11. The mean error in the forecast data was
conputed to be 0,.00044,

The gqgraph iz slightly rotated to the left which shows
some nan  randomness  in the forecast data which must be

removed by transformation.
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5.18 TRANSFOEMATION OF THE ESTIMATED DATA.

The transformation was performed using the BRox-Cox

transformation, and the power transformation was obtained +to

be for
B = 0.86898
That is
Xe! = U F
where,

XeF = X¢ = 0.6009 - 2.9865e; g
That was presented in figure 11. Therefore, the actual
transformed estimation model for the system is
Xg = (0.6009 - 2.9845e, )0 9898

Recall that

where, Y; is the observed data.

Hence,

vy~ 013347 = (0.6009 -~ 2.9865e,_;)?-8678

Raising both sides of the equation to power - 1
0.13347
Yy = (0.6009 ~ 2.9065e,_4) 0.8R78/0.13347
ar
Y = (05009 — 2.90658 4 ) 08667 . vuaesanans (36)

This expression means that to determine the water level in

the river at time t, we must first of all compute the error,



between the measured and the estimated values of water level
(that is, measured minus estimated) at time t-1, and
substitute into the equation to obtain the water level at
time t.
5.19 MODEL. SENSITIVITY ANALYSIS

fin attempt was made to estimate with the model

Yi = (0.6009 - 2,9865e,_,) &-6667
the results obtained were found to be grossly nnot  in
agreement with the observed data, and in the situation where
the expression in the parenthesis becomes negative the
results were simply impossible. It was therefore thought

that model modification would be necescary.

5.20 MODEL MODIFICATION

In order to modify the model the index -~  &6.66567 was
replaced by B4 as it was noted to vary with time, such that
Yo = (056009 - 2.986884 )Py vososvaveinsinmes (395)
In this equation Yy is known for the first 48 time lag, eg
and By are not known. However, using the errors in the
linear regression model at the different period (months),
values were extrapolated for B, for time lags 1 to 48,
Table 2.

The problem now was to model into the future, and then
use the r=ults obtained to obtain actual model errors at the

different periods. and then model the error terms. This
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therefore means that at least three models would need to be

combined to obtain the desired forecast model,

Viz i) madel for @4
ii) model for e4q

iii) model for Yt

9.20.1 MODEL FOR (B4

In oarder to madel @, it was thought that it would be
best to look at the disturbances in the system causing the
observed instability of the model. From the concept of fluid
mechanics, we assumed that there exist some external farces
which is propaortional to the displacement; in accordance with

Newton's 2nd law of motion, such that we have,

42 B, = a By o g auigrasay o gesausyy « ESHD
dt=
where, a = constant

On simplification of equation (assuming a steady state} by
transformation and modelling using the least square wmethod,
we have

inta] B [0 =€, & BIn [Be-g [2Y  svsesmeess (37

where, &

b and T, = constants
This over simplification was underctood would resalt in

errors, which i=s dealt in Appendix 1, page 147.
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Fourty =seven (47) data at various ¢time step were

generated using the earlier extrapolated values of Bes o

obtain values for

tatn] B¢t ond 1n| By 4171
These values were used in ths least square method to abtain
values far the coefficients Cp and b, such that
b = 4.6556%
and CP = 2.584148
Therefore, the linear prediction is
Inlnj 8,1 = - 2.54168 + 4.6569 1n| 8, ,|°!
Model error was ecstimated to be zero.
Rearranging the equation above, we have

Inin| By|?*1 = ~ 2.54168 + 1n| By |71 * #-6567

or

Il‘llﬁl ﬂtlo-l In 0.078734 + lnl nt__llo-“(:ﬁ&q’

or

Inln] By }2 Y = In(0.078738] By 2906 ineel. 3R)

Taking suponential of both sides twice gives,
| 8101 = exp[o.o'fe?zﬂ Beog |0 29557 L. (39)

Raising both sides to the power of 10,

.
| Be| = [exp[0.078734| By 10-46567 1] 10 . (a0)
4.d
since By is negative, we write
r I 11
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ply = - Jexpjo.o78734) BY), )0+ 6BET |10 . (a1)
L L i
The model was tested for accuracy, and the mean error was

found to be - 0.431141 and unstable.
The computed values of B, Table 2, was subtracted

from the extrapolated values, and the results obtained E, are
shaowrn in  table 2. The results abtained termed the errors
were modelled regressively as illustrated in Appendiz 2, and

the model obtained was

.

Eg = Ep + 1.175E,_; ~ 0.19875E, ~
- 0.125375E¢_» + 0.01T45E_4

- 0.00252E. g ———————————em—em—me—— e (42)

-

With E,; being the error in the model at tisme t, the mean of
which after five iterations was found to be - 0.07181, and it
was found to decrease as the number of interations increased,

and at this level was only about S percent, that is

0.,02181

0. A3L1R ¥ 400

of the initial mean error of | - 0.43!14; {or modulu=s of
-0.47114).
The error in the model was pow modelled using Fourier

transform, considering the weasonal length of twelve (12)
months in the analysis and the average for the four years on
monthly bacie therefare used, the following manthly

adjustment constants, k, were obtained, Table S,
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TABLE S:

MONTHLY ADJUSTMENT CONSTANTS K(E.)

January
February
March
April
May

June
July
August
September
Oc tober
November

December

+0.454463
-0.07349
~-0.02096
~0.04505
-0.36742
-0.32292
-0.32837
“0.17273
+0.16722
+0.64139
+0, 16037

-0.10832



Tn equation (42) above the F value replaces @t obtain ey from
the equation, this e; value is added to Bit from equation

(41) to get the ﬂt required for the estimation.

5.20.2 MODEL FOR e, ,

The model for ey 4 in the equation for Yy, Eg. T5, was
obtained by considering the first two terms in egquation  (42)
for €, and seeking for the situation whereby if the data
generated for Ey, esquation (43), below are used in a Fourier

series, the constant term can be approximated to rero.

That is

By = Fp = LTS H 20T Bpoy e peesmens s o e (47)
was found to be a suitable model in which the mean of &, was
found to the equal to 0.0000154, and this was approximated
to zero, such that

oy = ~1.175 % 10 e, 4 e v wmswaa o @ cemmwne R
Since ey and ey, 4 by reason of the above equation  (44) are
both small of the order of 107" or legs, it was decidad to
set

Cpog = = 1179 % 10°® @y 1 ceiiniennneann.  (45)
The erraor introduced by this approvimation and by dropping

the contributions of ey was accounted for in the model for Vig

below.
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S.20.% MODEL FOR Y,

The model for the Y4 given earlier is

Yi = (0.5009 - 2.986%5e,_1)B,
From given values of Y and forecast values of Prs 4 ¢
values were computed and the average was found to be 0,.0078S5,
subtracting this from 0.6009 in the above equation gave

Ye¢ = (0.59705 - 2.9885ey. 4) B secense SRS B § (A&)

Substituting for eq—q, the squation (45) above we obtain

Y¢ = (0.59705 — 2.9845 x ~1.17% » 107 %, ) B,

Yg = (0.5970% + 3.5091 » 10 %, 1) By veverencnns. (47)
This model gives the mean level of water in the river at the
gauging station at the different time steps. The rasults
obhtained are as tabulated in table 2, and plotted in figure
12.

The 95 percent confidence limits for 0.00XB5% was alsno
computed and was found to lie within,

N.00TSIO0R < 2 < 0,.0041492 The results for the lower

bound and upper bound 95 percent confidence limits are also

tabulated in tabhle 2.
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5.21 MODEL VAL IDITY

Once  the estimation model was obtained, it was decided
to test its appropriateness in describing the data by
examining the residuals {or errors), table 2. The first five
avto correlation coefficients for the errors were computed

and the results are as listed below and plotted in figure 17

ry = 0,462 re = 0,171 r«= = 0.187

rag = —0.008 rg = —-0.082
The confidence limits for the auto correlation is

0.290 2 rp £+ 0,290
which shows that only one auto correlation ry, is outside the
limits; And since theoretically auto correlation values decay
exponentially it follows that no other auto correlation value
is likely to fall outside the confidence limits,

The made can therefore be <caid to be able to
appropriately describe the data, the location of ry outside
the confidence limite is expected due to the nature of
occurence of storm rainfall which are highly unpredictable,
hence floods. The fact that rainfall and not floods are
seasonal, the model is not able to estimate the pealk values

of water levels appropriately.
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TABLE &z RESILTS USING GENERATED BATA

1

Perind] Mmth \ Actual | Forecast, Pt JError | 1 |
t B |6 LB | B | Y ——t |

Lower | Mean | Upper le, ] Error |

Sound Bound
9 Lo ! asws | el 7m0 | 6352 ! 360 L% |5 | s | % | 2
% {Feb. |-or9 | o] 7oum | e300 | wa {we [ 7o o s | 2me
s |, |-oom | o7t oiue | eamer| 192 [ B2 (B3 LEa {an {04
2 |nor. [-o005 | sases -7z | -besets | 23 {300 |30 f33 |48 |83
S My, |-z | oows|omme | amm | wa [es |05 {00 {0 |03
o (n -3 (-Amiel T2 | Teon | %0 {224 |56 [529 {-ba |13
g5 {hl |37 | -0 vk | easne | 73 | ena | e | ey }oee |28
% g (- Lol roum | s ] - la fms lme | - | -
7 lsep o2 |- msw | so | - s s jed | - | -
w8 |ot. | .eum |- 7t | e | w25 | 450 [ A5 | 453 | 74 |
5 M. | .100% | 8| 7o | e | 2o {34 [B5 [ e {65 |24
0 e, (-0 | 3w 7263 | -eem | Bo | B8 [ o |t 110 | oe




Furthermore, the xz of the auto correlations were
computed to be 1Z7.465, while the corresponding value from the
table of »= at 95 percent confidence level is &63.98. Since
%2 computed is less than xe - thooretical, one can conclude
that the model given by equation (47) for Y¢ is an approriate
one for estimating future values of the time series of water
levels in Laokko river.

From table 2, it will he obzerved that the orror in
estimating about 2? percent of the data is 1less than Scm
while the error in estimating about 54 percent of the data is
less than 10cm. Similarly, the error in estimating about 77
percent of the data is less  than 15Scm, and the error in
estimating about 81 percent of the data is less than 20cm,

Therefore, depending on the nature of the project to be
executed on the river and the degrees of accuracy requirad, &
zelection can be made from the above listing to help in

deciding on the factor of safety to be applied, that ics

for  Sem error,
factor of safety > 100 = 3.4
29
far 10cm error,
factor of safety > 100 = 1.8
54

far 1Scm ervor,

factor of safety > 100 = 1.4

~
=

far 20cm errvor
3

[
<
(=]
i
-
£

factor of safoty >
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