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ABSTRACT

APPRAISAL OF HYDROLOGICAL FORECASTING METHODS
APPLIED ON DATA IN TURKIYE

AYTEK, Ali
M.S. in Civil Engineering
Supervisor: Asst. Prof. Dr. Mazen KAVVAS
January, 1997 127 pages

The purpose of this study is to examine the hydrological forecasting
methods which are commonly used in other countries and apply it on data
obtained from regions within Turkiye. These methods were applied on
Ceyhan River Basin in this study. 30 years of the river fiow data of five
stations were taken into consideration in the calculations. Then, the same
methods were applied on Seyhan River Basin for accuracy of calculations.
The estimation of river discharge from the relevant basin by using runoff
data is required for planning of water resources projects. If the existing data

is not sufficient, then, regional relationship methods are used.

Data application was made in two different ways, long-term forecasting,
and short-term forecasting. The development of the technique involves the
processing of hydrological and meteorological observation data according to
definite systems and the determination of the relationship between the

various factors by means of graphs and formulas.

Finally, the goodness-of-fit was investigated by comparing the
calculated variables with the observed ones. Forecast error was estimated

and river flow for future years were found for the basins in concern.

Key Words: Hydrological Forecasting Methods, River flow forecasting,
Basin, River Flow, Runoff, Prediction



OzET

HIDROLOJIK TAHMIN METOTLARININ
TURKIYEDEKI VERILERE UYGULANMASI

AYTEK, Ali
Yiiksek Lisans Tezi, ing. Miih. Bélimii
Tez Yoneticisi :Yrd.Do¢.Dr. Mazen KAVVAS

Ocak 1997, 127 Sayfa

Bu caligmanin amaci, diger llkelerde bulunan en yaygin hidrolojik
tahmin metotlari kullanilarak Ceyhan Nehri Havzasi igin Su akimi tahmini
yapmaktir. Toplam yadis alani 8608.8 km® olan 5 istasyonun 30 yillik su
akim degerleri iizerinde bir ¢caligma yapilmig, Sonuglarin tam dogru olmasi
icin ayni metotlar Seyhan Nehri verilerine de uygulanmistir. Su yapilarinin
planlanmasinda akimlarin mevcut verilerinin 6nemi kadar, gelecek yillann
verileride o6nemlidir.  Gelecek yillann verilerini bulmak igin gézlenmis
degerlerden gidilmesi sartir. Gozlenmis de@erlerin bulunmadi§i veya eksik
oldugu bir havzada ise, bolgesel iligkilerden gidilerek gelecek igin akim

degerlerini bulmak mimkindiir.

Bu verilerin uygulanmas: sirasinda, uzun sureli ve kisa sireli tahminler
olmak tzere iki ana yol izlenmigtir. Hidrolojik tahmin metotlarinin
gelistirilmesi, hidrolojik ve meteorolojik gbzlem verileri kullanilarak grafikier

ve formiiller yardimiyla yapimistir.

Caligmalann sonunda gézlenen dederler ile hesaplanan degerler karsilas-
tirtip bir tahmin hatasi bulunarak, bu havzalann gelecekte olugabilecek su

akim miktarlan hesaplanmistir.

Anahtar Kelimeler: Hidrolojik Tahmin Metotlari, Su akim tahminleri, Havza
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1. INTRODUCTION
1.1. Scope and Objective

River flow models are used as components in actual flood forecasting
schemes, where stream flow forecasts for a particular location are required
in order to issue warnings, and to permit the evaluation of poputations
threatened by rising water levels. Also, they are used, although less
spectacularly, in providing efficient operation of storage reservoirs for hydro-
electric or other purposes. Such stream flow forecasts are invariably based
on observations or forecasts of rainfall on the upper catchment, or of river
flows at upstream points on the main river or ftributaries. Discharge
forecasts are obtained in real time, by using a model to transform the input
functions into a corresponding discharge function of time. These forecasts
may be subsequently be modified, or updated, in accordance with the errors

| observed in previous forecasts up to the time of making the new forecasts.

The aim of this research is to investigate the most common hydrological
forecasting methods that were previously established in other countries, and
apply it on available hydrological data obtained for Ceyhan River Basin,
then, to observe and comment on the goodness of fit by comparing the
calculated variables with the real ones.

A thirty years collection of water flow data has been obtained for
Ceyhan River flow for five stations.

Another objective of the study is to predict the flow of Ceyhan River for
following years. This forecast of discharge was evaluated in different ways,
such as, short range forecasting, long range forecasting, seasonal
forecasting etc.

At the end of the study the goodness of fit was calculated for different
range of forecasts. These calculations were shown on tables and figures.

And so, the best method can be seen clearly on figures and tables.



1.2. Outline of the Study

Forecasts of flow volumes and water elevations are essential to making
use of rivers and in minimizing damage due to floods. All potential uses of
rivers can benefit from reliable river forecasts. Besides efficient operation
multi-purpose reservoirs and issuance of flood warnings, navigation and
pollution control benefits can accrue. Ceyhan River is a one of the multi-
purpose river in Turkiye. There are many irrigation projects on it, and some
dams. there fore it is quite important to evaluate the flow rate of this river in
future years.

30 years water discharge of five stations were observed for this river.
First of all, this data were taken from State Water Works (DSI), then
Discharge-Time curves was drawn by computer application.

The forecasting is classified such as short range forecasting, iong range
forecasting, seasonal forecasting. There are different methods for these

forecasts, there fore this data was applied to methods differently.

Actual values are compared with real ones and some optimum formulas

were found for these forecasts ranges, [2].

The best-fit curve is chosen from the following alternatives :
-Linear
-Logarithmic
-Exponential
-Power
-Polynomial
-Cubic Spline

Clearly, the predicted extent and time of occurrence of a forecast differ
to some degree from the actual values observed. In other words, almost

every forecast has a definite error. The difference between the predicted



and actual values is defined as the forecast error. This error is calculated

and discussed in this research.

The relationship of forecast and the basin requirement for a method of
estimating this relationship are important. Such a method should be

objective.

The accuracy and the possible forewarning period of forecasting

depend on:

- the extent to which the predicted hydrological phenomenon has been

investigated.
- the effect of hydrometeorological conditions (primarily weather) on the

phenomenon during a given forewarning period.



2. HYDROLOGICAL FORECASTING

2.1. The Content and Purpose of Hydrological Forecasting

Hydrological forecasting implies the application of laws which govern
hydrological phenomena to the prediction of the state of a certain type of
a body of water, (river, lake, reservoir etc.). Therefore, forecasting should
contain data on quantitative characteristics of the phenomenon and its
predicted occurrence.

The first attempts to predict the regime of water bodies go back to
ancient history. However, Scientific hydrological forecasting only began in
the middle of the 19 th century particularly for the purpose of flood warnings.
Subsequently, the development of navigation, irrigation, and hydroelectric
power structures, exerted an increasing demand on hydrological forecasting
which resulted in their expansion and widened scope. Thus, the need arose
to predict summer river stages, the time of freezing and thawing of rivers,
maximum discharges and runoff volumes, as well as other hydrological
phenomena.

Hydrological forecasting facilitates first of all the most economical use
of water bodies in their natural condition and secondly, the most economical
control of runoff by means of hydraulic structures. Thus, the prediction of
the summer stages on a navigable river and of the time of its freezing
enables better planning both of cargo transport and harboring of the river
fleet during the winter; knowing the expected water inflow into a storage

reservoir permits optimum discharges during subsequent periods.
2.2. The General Basis of Hydrological Forecasting

Water Currents move considerably slower than air currents. The
relatively slow motion of water allows forecasting a series of phenomena in
a river and the variation of the amount of water flowing in it comparatively
easily. Initial data for the preparation of the forecast consist of hydrological
observation from stations situated upstream from the site for which the

forecast is being prepared.



Data on precipitation or snow melt permit the calculation of the amount
of natural replenishment over a drainage basin. In order to know which part
of this runs off into a river, it is necessary to know how much of it evaporates
and how much of it is retained in the ground.

Hydrological forecasting is based on the study of the physical
characteristics of the processes which cause the occurrence and
development of these phenomena. These include first of all the inflow to
a basin, flow of rainfall and snow melt, their movement on and below the
ground surface, the flow of water in river channels, evaporation, heat
exchange between bodies of water and surrounding media, freezing and
thawing of open water bodies, etc. Physiographical differences between
various basins frequently affect the development of hydrological phenomena
in different rivers. The study of some of these phenomena, namely that of
flow of water in a basins that of flow of water in a basin that of heat
exchange between water and other media, has been aided by
thermodynamic laws of heat balance.

As yet, however, all the above listed subjects have not been sufficiently
examined. In some cases theories have been developed enabling

calculations of certain phenomena.
2.3. Methods of Application

Hydrological forecasts are prepared by using approximate relationships
between the various factors of the phenomenon to be predicted. Thus, flood
flows are predicted from the water equivalent of the snow pack of a basin
and of a percolation losses during the autumn. Infiltration capacities of soils
in the spring depend on the degree of saturation during preceding autumn.

River runoff during dry periods and depletion of reservoirs from basins
are also calculated from these data and from the discharge at a given point
on a river. All these relationships are rather less empirical. It is only natural
that in their derivation mathematical statistiés, particularly linear correlation,

have been employed.



Sometimes forecasts are prepared with the aid of several relationships.
These relationships are applied according to the duration and aerial
distribution of the investigated phenomenon.

Finally, as mentioned earlier, a hydrological forecast is sometimes the
prediction of a phenomenon based on the theory of its formation. The
development of additional theories of various hydrological phenomena will
result in an increasing number of forecasting methods. The main obstacle in
the application of these methods, however will be insufficient accuracy of
initial hydrometeorological data, particularly of those pertaining to the
forewarning periods of the forecasts.

Forecasting methods should be used for predicting hydrological
phenomena in advance with their occurrence using specific
hydrometeorological data. The technique of forecasting of some phenomena
requires the application of specific relationships derived from a definite
method of forecasting prepared with the aid of these relationships. The
phenomena are based on hydrological data.

The derivation of a forecasting method is closely related with
a theoretical physical analysis of the predicted hydrological phenomenon. If
such an analysis does not exist in the scientific literature, it becomes
necessary to use available results of investigations of stream patterns, snow
melt, runoff processes, heating and cooling of reservoirs, as well as freezing
and thawing of rivers, all or any of which may have a bearing on the
phenomenon involved. Frequently, basic investigations are required to
develop forecasting methods which, however, are beyond the scope of usual
forecasts.

it is important to have several such methods of forecasting of
a hydrological phenomenon, which enables its prediction with different
forewarning periods on the basis of various data. Obviously, the accuracy of
the forecast should increase as the forewarning period decreases. Thus
forecasting floods according to the water equivalent of the snow pack in the
second half of the winter will be less accurate than a forecast based on the
amount of snow in the basin before the beginning of snow melt. Similarly,

a flood forecast based on channel storage will be even more accurate. This



forecast, however, can only be prepared after most of the snow has already
melted and runoff into the rivers. A method refining an early forecast based
on scientific principles, should be supplied in practice.

The technique of forecasting a given phenomenon for a particular river
is established on the basis of a particular method of forecasting suitable for
this phenomenon. The development of the technique involves processing of
hydrological and meteorological observation data according to a definite
system, and the determination of the relationships between various factors
by means of graphs or formulas.

Also, it is necessary to prepare a brief report about the estimation of
the accuracy of the established relationships and the forecasting technique.
This report should describe the essence of the technique, the relationships
according to which the forecast is to be prepared, an estimate of its accuracy
and the basic hydrological and meteorological observation data used.

Forecasting by means of techniques starts with the careful processing
and analysis of pertinent observation data gathered from the stations, which
characterize hydrometeorological  conditions developed in a basin.
Sometimes, data from adjoining areas and time of occurrence of the
phenomena should also be investigated. Then, the expected magnitudes
are determined by means of techniques which have been developed. After
issuing the forecast, observations of the variations in hydrometeorological
conditions in the basin are continued, and if necessary an improved forecast
should be prepared.

As a result in experience in forecasting, the techniques used may be

refined and their accusacy improved, [1].
2.4, Determination of Forewarning Periods

The forewarning period of a forecast is defined as the time elapsed
between the forecast of the event and its actual occurrence. If the event
lasts for some time, the calculation of the forewarning period should
consider the beginning of this phenomenon. Depending on the requirements

of the agencies which use the forecasts and the laws governing the



development of the phenomena, forewarning periods of hydrological

forecasts usually vary from 1 or 2 days to several months.
2.5. Classification of Hydrological Forecasts:

In order to develop methods for early forecasts, it is necessary to
consider the various factors that affect the occurrence of the predicted
hydrological phenomenon. Two basic types of classification are described.
In the first group, forecasts are classified according to the predicted
phenomena, and in the second group forecasts are classified in accordance

with the processes which lead to the occurrence of the phenomena.

According to the first classification, forecasts are divided into two main

groups :

1- forecasts of phenomena associated with water (runoff, discharges, stages
etc.).

2- forecasts of phenomena associated with ice formation on reservoirs,
freezing and thawing of rivers and lakes, and variations in the thickness of

ice covers.

According to the second classification, forecasts are divided as follows:

1- forecasts based on phenomena which occur in streams or channels, such
as stages, channel storage, etc. for which hydrometric observation constitute
the raw data.

2- forecasts based on the phenomena which take place in a basin (such as
spring runoff resulting from the water release of the snow or summer and fall
runoff of land rivers, resulting from ground water storage, etc.).
Meteorological and hydrological observations constitute the basic raw data.
3- forecasts based on laws of atmospheric circulation over a vast territory,
which determine the time of fall (or rise) of the air temperature, leading to
freezing (or thawing) of one or many rivers in a given region, or give rise to

variations in seasonal or annual precipitation over a given basin. The basic



data for the precipitation of these forecasts are observations from

meteorological stations and weather charts. Forecasts are therefore often

termed hydrosynoptical.

It should be added that there exist a number of methods in which
forecasting is based on phenomena occurring both in channels and in
basins. ]

In presenting the material, it was not feasible to adopt the first or the
second classification only, since different problems, such as forecast based
on channel storage or ground water storage, forecasts based on total water
inflow to the rivers within a drainage basin, or on precipitation and snow
melt, etc. , are solved basically in the same way. Certain hydrological
forecasting methods are applicable both to long range forecasting of the
phenomena associated with ice and to river runoff forecasts. Thus it was

possible to avoid repetitions, [1].
2.6. Accuracy and Reliability of Forecasting Techniques

Clearly, the predicted extent and time of occurrence of a given
hydrological phenomenon will frequently differ to some degree from the
actual values observed. In other words, almost every forecast has a definite
error. The difference between the predicted and actual values is defined as
the forecast error.

The probability that a forecasting error will not exceed some given
value will not be the same in all cases; it will increase with the increase in
the given limit of the error. For a large limit of data, the data will be more
scattered, therefore, the probability of forecasting error increases and it does
not give an accurate result

The reliability of a forecast and the basic requirements for a method of
estimating this reliability are important. Such a method should be objective;
it should permit a comparison of the accuracy of forecasts of various

hydrological phenomena, or of forecasts of the same phenomenon, predicted



by different techniques. These requirements can be satisfied if the estimate
of the reliability is based on statistical methods.

The magnitude of the permissible error of a forecast should be
determined according to the degree of the natural variation of the predicted
quantity during the forewarning period. Thus, if discharge is predicted five
days in advance during a continues high-water recession, the observed
variation in discharge rates during periods of five days within the given high
water period should be taken into consideration. If, on the other hand,
spring break up of a river was found to occur earlier than any date on record,
past observations of many years should be used to evaluate the natural

variation of this phenomenon in turn to determine the forecast error.

The basic statistical measure of variation of random variable is the
standard deviation from the mean. Therefore, it is statistically completely
justified to use in the determination of the permissible forecast error some
fraction of the standard deviation from the mean norm of the predicted
quantity or of the standard deviation ¢ from the mean variation of the
predicted quantity during forewarning period of the forecast. Long
experience in preparing forecasts, and the development of techniques in this
field has made it possible to estimate the accuracy of prediction of
hydrological phenomena. It has been established that it is advisable to use
(Aper) the probable deviation from the mean of the predicted quantity or its
variation during the warning period as the permissible error for each

forecast, i.e.,

Aver = 0.674 G4 2.1)

or Aper = 0.674 G, (2.2)

Frequently, the variation of a given phenomenon should be calculated
for separate seasons since the variation differs with each season. For

example, the variation of the water stages over five days is different in

periods of high water, recession and low-water, etc. To calculate G,, it is

usually sufficient to choose from observation data over three years about
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one hundred values characteristic of the variation of the predicted
parameter, such as water stages.
In calculating the permissible forecasts errors one often meets special

cases which should be considered briefly.

As mentioned earlier, forecasts of mean runoff for periods of ten days
or a month are sometimes prepared on the basis of empirical relations
between subsequent and preceding volumes of water flowing in the river.

For a considerable decrease in the flow from one ten-day period to another

or from one month to another 6,> 64 . In this case, ¢ and not ¢, is used in

the calculation of the permissible errors.

Long range forecasts in certain cases, such as break up on a given
river, indicate a later time than the earliest time on record. Standard
deviation should then be calculated from break up dates previously
recorded, excluding those in which this phenomenon occurred earlier than
the data indicated in the present forecast.

A forecast is considered reliable if its error is equal to smaller than the
permissible one. Such an estimate of the reliability of forecasts is, of course,
not free from certain shortcomings. Thus, different reliable forecast having a
given permissible error may frequently have different occurrences. In the
case of a small value of the predicted event, the permissible forecast error
may approach, or even exceed, this value. Forecasts of high water runoff,
given with errors of 9 or 11 mm, are considered accurate or inaccurate
respectively, if the permissible error equals +10 mm. However, these short
comings are offset by the fact that the estimate is arrived at on a statistical
basis, and that it results in comparable values of the accuracy of forecasts
for various hydrological phenomena prepared by different techniques and
with different warning periods.

When a forecasting technique worked out, it is always necessary to
estimate its effectiveness and degree of accuracy. The degree of accuracy
of a technique is estimated from the distribution of the forecast errors or from
the confidence limits, i.e., from the probability that the forecast error will not

exceed (or be below) some limiting values. It is important to know the

11



permissible confidence limits of the error. Such an estimate of the accuracy
of the technique is based on the assumption that the distribution of future
forecasting errors according to a given developed technique will be the
same as that of control forecasts prepared by the same technique from

observation data of past years.
Calculations show that control-forecast errors are usually

approximately normally distributed. Considering both these distributions
normal, a functional relationship exists between the value of the confidence
limits of the forecast errors and the correlation of the predicted phenomenon

to the factors on which the forecast is based.
By the increase in the correlation ratio the confidence for a given value

of forecast error also increases, and vice versa, therefore, it is possible to
estimate the degree of accuracy of a technique according to the correlation
ratio n of the above indicated relationship or the ratio ¢'/c. Recalling that the
correlation ratio which characterizes the degree of accuracy of the

relationship between the predicted phenomenon and its factors is

n = V1- (oy/c)? 2.3)
where 6’ is the standard deviation of the empirical points from the established

relationship (i.e., the standard error of the control forecast) and o is the

standard deviation from the mean of the predicted quantity. For linear

relationships, the correlation ratio is equal to the coefficient of the correlation.

The standard error of forecasts is equal to :

o'y= V Z(y,ya)/n (2.4)
where; y, and y, are the predicted and actually observed values respectively. n

is the number of forecasts.

For o'lo < 0.4, the permissible forecasting error, equal to 0.674c or 0.674c,

,has confidence limits of 90%.

For 0.4< ¢'lo < 0.6, the permissible forecasting error, equal to 90 to 75 %.
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For 0.6 < ¢'/c < 0.8, the permissible forecasting error, equal to 75 to 60 %.

For o'lc > 0.8, the permissible forecasting error, equal to 60%.

Table 2.1 Estimate of accuracy of forecasting techniques

o'lo n ACCURACY
<04 209 Good
<06 20.8 Satisfactory
0.8 20.6 Low
>0.8 <06 Unsatisfactory

As the number of terms in the series n is reduced, the error in the
calculation of the correlation ratio increases. According to the values of this
error, in the case of an insufficiently developed technique, if n> 15 it is
advisable to use the limiting value of ¢’'/o= 0.7, and not 0.8; and if
16 < n < 24 use ¢'lo= 0.75.

The accuracy and the possible forewarning period of forecasts depend
on:

a- the extent to which the predicted hydrological phenomenon has been
investigated.

b- the effect of hydrometeorological conditions (primarily the weather) on the
phenomenon during a given forewarning period.

c- on hydrometeorological conditions considered in the preparation of the
forecast affect the occurrence of the predicted phenomenon only very

slightly, it is virtually impossible to prepare a forecast, [1, 15].
2.7. The Form of Issuing Hydrological Forecasts

The form in which a hydrological forecast is issued is important, since
the actual values of the predicted phenomenon may differ from the
forecasted values with various degrees of probability.

At present, a forecast includes the average value and a range of values
of the predicted quantity. The probability that the actual value of the
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phenomenon will not fall outside this range should be determined and
communicated to the persons using the forecast. An account of the methods
for issuing a forecast in this form follows.

Let the number of forecasts be sufficiently large. Further, suppose that
the distribution of future forecast errors not only remains normal but is
characterized by o'y, calculated from data errors in the control forecasts.
With the aid of Gauss’ probability integral it is then easy to determine the
probability of the actual value of the predicted phenomenon y_not falling

outside the limits

y'-ko'1 <y, < y'+ko' (2.5)
where y’ is the mean value of the predicted quantity, 'y is the standard error
of the forecasts, and k is the deviation of the predicted value from the actual
value, expressed as a fraction of ¢'y.

The range of the values of the predicted phenomenon in the issued
forecast should be wide enough to ensure a sufficiently of finding the actual
value of the phenomenon within this limits. On the other hand, this range
should not be so wide as to make the use of the forecast difficult in practice.
The experience in forecasts shows that a range equal to twice the
permissible forecasting error, i.e. from (y' - 0.67¢'y ) to (y' + 0.67c') is
acceptable. The probability that the actual value of a hydrological
phenomenon predicted by the given technique will not fall outside these
limits is 50%, and the confidence limits of the extreme value of the range are
25 and 75%. Accordingly, a long-range forecast of the high water stage at
some point on a given river, for example, will have the following form:

A high water stage of 700 cm is expected and the probable forecast
error is 60 cm or a high water stage between 640 and 760 cm is expected
the mean value of which is 700 cm with a probability of 50%

After calculating the mean value of the predicted quantity for a given
case, knowing the value of o', and assuming different values of k, we can
easily determine any values within the range and calculate the probabilities
of their occurrence in this range. It is also possible to determine the
confidence limits of extreme values for each range, and to present the

forecast of any quantity in the form of a probability curve. As a result of the

14



above made assumptions for the distribution of errors in the control
forecasts, the reliability of the confidence limits for very small and very large -
values of the predicted quantity is appreciably reduced. A large number of
forecasts make it possible to plot the curve of errors of confidence limits, and
to compare this curve with the theoretical curve obtained from Gauss’ curve
for a given value of error, expressed in percent, is calculated by the well-

known formula

p= (m-0.3)/(m+0.4) X 100 (2.6)
where m s the index number of the term in the series, arranged in
a decreasing order of magnitude, and n is the total number of terms in that
series.

A small number of forecasts and short series of observations
(n < 25-30) complicate the determination of the distribution of forecast errors
by the given technique.

A further complication is encountered in the solution of the problem if
the error depends on the magnitude of the predicted phenomenon. One
approximate solution of a similar problem ( where n is larger) reduces to the
following.

From series of errors in forecasts (A;) and the expected mean values
of the predicted quantity (y,,) corresponding to these forecasts, the empirical

relationship
|Al= (y,) @2.7)
has been derived. Next, y,, is calculated from this relationship for each value

of |A| and the values of A= Al/|A|

which do not depend on y,,. are calculated.

From the series A, Ay, As,........... , An

we calculate A'=2Alln and

2
on =VE(AI-A') In (2.8)
The standard error of forecast will be
oy’ = |Al. on (2.9)
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where; | Al| is taken from the relationship
|A1= oy, (2.10)
Knowing oy’, we can also find the distribution of forecast errors for each

predicted value of y,, [1, 15].

The solution of the problem may also be reduced to the calculation of
the values of from a series of values of errors in forecasts at individual
intervals of the values of the predicted quantity. However, the number of
forecasts required for this purpose is usually larger than that available.

Sometimes, forecast errors are not due to the approximate nature of
the relationship used in forecasts, but largely result from the effects of the
unknown weather conditions during the forewarning period. In this case it is
possible to calculate from long time observations the confidence limits of
such quantitative weather characteristics that are associated with the
predicted phenomenon. For example, in the predicted value of river runoff,
such a characteristic may be the amount of the prediction. Further, in
a forecast, all the wvalues of the factors influencing the predicted
phenomenon are taken into account according to available observation data.
Precipitation is estimated according to the confidence limits described to the
values of the predicted event. These confidence limits correspond to those
of the amount of precipitation adopted for the period for which the forecast is

given, [1].
2.8. Basic Requirements of Hydrological Forecasts

Hydrological forecasts are mainly used for the solution of the following
two basic problems :
1- planning economic utilization of water resources
2- issuing forewarning to the population and concerned agencies regarding

sudden variations in the rivers and of other water bodies.

In accordance with the needs of the various branches of the national

economy, forecast of the hydrological phenomena with different forewarning
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periods have to be prepared. The operation of hydroelectric power plants or
irrigation systems requires forecasts of river runoff with long forewarning
periods and subsequent refinement of these forecasts; navigation requires
forecasting of the beginning of the autumn ice drift with warning periods
sufficient for safe harboring of vessels.

The development of modern forecasting techniques is still not
advanced enough to yield forewarning periods required by various agencies.
A careful study of their requirements, however, allows preparation of
programs geared for maximum benefits to the natural economy.

Despite the great diversity of forecasts, the following should be
possible:

1- to prepare forecasts of phenomena which are of interest to the various
agencies, |

2- to issue forecasts at proper dates required by the agencies concerned,

3- to give sufficiently long forewarning periods as accurately as possible
corresponding to existing methods,

4- to prepare forecasts concisely and accurately,

5- to base forecasts on appropriate data.

2.9. The Use of Hydrological Forecasts in the Design of
Hydraulic Structures

Successful construction of large hydraulic structures depends a great
deal on hydrological forecasts. Until recently it was often considered that
hydrological forecasts and hydrological -calculations have restricted
applications. It was assumed that these calculations were the basis for the
design of hydraulic structures, while hydrological forecasts were assumed to
be the basis of the planning protective measures during cc;nstruction and
operation of these structures. This led, on one hand, the separation of
investigation carried out in two adjacent fields of hydrology, on the other
hand to less accurate designs of hydraulic structures. The separation of
investigations also greatly affected the development of other branches of

hydrology. In fact, formal statistical methods of determination of the
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characteristic values of hydrological elements sometimes began to dominate
hydrological cailculations. Analysis of probable ranges of values of
hydrological phenomena, based on cause and effect relations, were
sometimes replaced by determinations made on the basis of a series of short
observations of statistical characteristics.

The methods of hydrological forecasting were often developed without
sufficient consideration of the engineering economics involved in the design
and operation of hydraulic structures. this made it difficult to estimate the
practical effectiveness of various forecasting methods, and to evaluate the
length of warning periods and assurances of forecasts.

The most efficient use of hydrological data in design, construction and
operation of hydro structures can only be achieved by systemization of the
investigation results obtained both by hydrological forecasts and by
hydrological calculations.

This principle has been verified beyond any doubt by the experience in
the design and construction of large hydroelectric power plants.

As a result it was found possible to :

a- determine the possible maximum discharges for various combinations of
amounts of water equivalents of snow packs and snow-melt duration (taking
into account the errors in this relationship).

b- determine the proper combination of conditions which would lead to
maximum discharge specified by the designs.

c- to plot probability curves for maximum discharge on the basis of
confidence limit data of the various factors which affect the maximum runoff.

This was done by means of the “composite method”.

The insufficiently accurate prediction of runoff and discharges values
requires as a'precautionary measure the draw down of the storage reservoir
prior to the arrival of the flood wave.

Sufficiently sustained hydrological forecasts should also be utilized as

runoff control measures. In this respect, forecasts make it possible to:
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a- draw down reservoirs in due time prior to the beginning of floods, thus
reducing waste wages.
b- reduce and occasionally stop power plant operation during low

discharges.

The design of hydraulic structures may often overlook operational
details and hence the forecasts-must be corrected and revised during the

operation of hydraulic structures.
The most common types of forecasting at present are the following :

1- forecasting daily stages and rivers discharges.

2- forecasting elements of spring floods and rain floods.

3- forecasting monthly and seasonal river runoff.

4- forecasting minimum discharged and stages.

5- forecasting time and distribution of the spring runoff volume of mountain
rivers.

6- forecasting dates of initial freezing and thawing.

7- forecasting ice-cover thickness.

8- forecasting break-up, thawing of rivers and storage reservoirs, and stages

during ice blockages.
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3. RIVER FLOW FORECASTING
3.1. Measurement Of Flow

Water resources of an area are dependent upon several factors, some
are variable and others are relatively permanent. The variable factors are
rainfall, temperature, humidity, soil moisture, and the state and nature of
vegetation in the basin. The permanent factors are the geology and
topography of the area in concern. Except to a small degree the permanent
factors are outside the control of the man. In order to manage water
resources, the means of exercising control over the runoff by storage or
otherwise must be provided. Thus, the measurement of flow is necessary
both for assessing water potential and managing water resources. In what
follows it is proposed to look briefly at the principal methods of flow

measurement and the problems associated with them.

3.1.1. Velocity-Area Method
The greatest number of flow-measurement stations in the world are

based upon the velocity-area method. The reason for this is not that the
method gives the best accuracy, but that it does not necessitate the building
of a structure which, in the case of the large rivers, is prohibitive in cost. In
theory the velocity-area is simple. It consists of measuring the velocity of
water flowing in units of length per second, and multiplying it by the cross-
sectional area of the body of water, in square measure, the product being in
cubic units per second. In practice, the matter is not as simple as it sounds
because at each step in the process there are some uncertainties to
overcome and some degree of error is unavoidable.

The velocity of water in the cross-section of the river is not the same at
all points. Even if a straight and regular stretch of the river is chosen with a
smooth bed and sides in order to avoid turbulence, the velocity in a cross
section varies considerably both with the depth and with the distance from
the fluid boundaries. Therefore, it is impossible to measure the velocity of -

water in a cross-section. The best we can do is to sample the velocity at a
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number of points and to compute the average velocity for the cross-section.
To do this, the cross-section is divided into a number of imaginary segments,
and the velocity is measured at a number of points along the vertical
between each segment. The choice of the number of points on each vertical
has a bearing upon the accuracy of the determination of the velocity. But
this is not all, for when the measuring device is exposed at any point, it will
be found that the velocity fluctuates.in time, and therefore the length of
exposure of the instrument at each point also has a bearing upon the
accuracy of the determination. If a large number of points were taken in
each vertical, and a long exposure were given to the instrument at each
point it would be impossible to get across the river before the rate of flow
changed.

The device most generally used throughout the world for measurement
of velocity is the current meter. Floats may give a rough approximation, but
they are clearly not sufficiently accurate. Current meters in use are broadly
of two types, the cup type having a vertical spindle, and the propeller or
impeller type having a horizontal spindle.

3.1.2. Measurement Structures

Measurement structures possess three advantages. Firstly, they give
immediate measurement of discharge, whereas a velocity-area station
cannot produce records until nature has provided the various rates of
discharge and observations have been made of them. In the case of
extreme values, it may be some time before the stage-discharge relationship
can be established. In the second case, structures can give accurate
measurements of low discharges if the design follows a standard on which
laboratory tests have been carried out. Low discharges cannot be measured
by Current Meter if velocities are low. Thirdly, structures should not be
subject to changes in geometry and therefore the calibration should stand
provided that they are well maintained, and the bed conditions upstream and
downstream are not allowed to alter significantly.

The disadvantages of structures is that they are costly, particularly in

a large river. There are other disadvantages of structures which sometimes
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cause difficulties in subsidence; such as the afflux in separable from any
obstruction in the bed of a river, and the obstruction which they offer to the
movement of migratory fish or to navigation. For smaller rivers, the cost of
a structure may be less than the cost of repeated calibration required by the
velocity-area method. The most common used structures are; flumes, weirs
and notches.

Notches, generally flat plate weirs cut to one of several standard
shapes, are useful for the measurement of very small discharges. Flumes
are useful for the measurement of relatively larger discharges, and weirs are

useful in rivers of moderate size.

3.1.3. Dilution Methods
The dilution methods depend upon the principle of introducing a known

quantity of substance into the river, and of measuring the concentration of
that substance after it has become dissipated uniformly in the water. An
analysis of the water then gives the degree of dilution, and hence a measure
of the quantity of the diluent, in this case the river.

in order to obtain good results from this method, it is essential for there
to be good mixing of the injected substance with the river water. For this
reason, the method may be useful in rocky streams where other methods of
measurement have not been found possible, because the nature of rocky
mountainous streams ensures good mixing. The application of the method
to large rivers has the disadvantage that it is not easy to secure good mixing,
and if the injected substance remains in the river for too long a period before
samples are taken for the analysis, changes may take place due to various
causes( i.e., the diluent material decreases by the time and some other
material due to erosion may mixing within the water) which can upset the
results. The injection of the tracer substance may either be over a period of
time, usually measured in minutes, or in one sudden injection. The
withdrawal of water at the sampling base involves taking samples at regular
intervals of time, usually in minutes, and carefully arranging these in
sequence. The period of sampling must cover the whole of the range from

the natural river water to maximum concentration of injected substance back
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to natural river water. When the results have been analyzed and plotted, the

passage of the “cloud” of the substance can be seen, [5].

3.1.4. Flow-Measurement Stations
A flow measurement station may consist of a combination of the above

methods. For instance, a structure will give a high degree of accuracy at low
discharges. For high to flood discharges velocity-area methods may be
employed, in which case the same structure may be used as a control up to
the point of drowning, and the natural characteristics of the river above that
stage as a control for higher discharges. It is essential if a station is based
upon this method, that the geometry of the river downstream of the point of
the measurement should remain substantially the same. If changes take

place recalibration of the upper portion of the stage-discharge curve must be

carried out.

3.1.5. Flow Meters
in what has been written above, the main concern was about the

measurement of discharge at a single point of time. For water-resources
purposes, the requirement is not only a knowledge of discharge at a given
moment, but a continuous and accurate record of discharge and time. The
principle commonly employed to secure this, is that of relating stage (level)
to discharge. This means that flow-measurement stations should be sited
where the whole flow of the river is contained in a single channel at ali
stages.

A few flow-measurement stations were equipped with so-called “flow
meters” which in effect converted stage to discharge by some mechanism,
usually a cam or spiral, specially cut to the calculated stage discharge
relationship for the individual station. The advantage of such an instrument
was that it saved the labor of computing the discharge. the stage should be
read from the chart at intervals corresponding to one hour. Each stage
reading must be converted to discharge, and the daily mean discharge

calculated.
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The first generation of fully automatic instruments is represented by
the punched tape recorder. This type of recorder, which is operated by a
small dry battery, punches the stage (level) of the water at present intervals
of time.

3.1.6 Chemical materials

The flow is evaluated by some chemical materials. To do that, the
chemical material, Na0; , is mixing with the surface of the river. Samples are
taken from the river, and concentration of the water is calculated by
correlation methods. This method, specially, is used in small and turbulent
rivers, [4].

in Ceyhan river basin, the flow is measured by the flow-measurement
stations. To do that, there are nearly 12 stations on the river. In recent
years, the flow have been measured by the flow-meters. A detail of this
instrument is in the appendix B, [3].

3.2 Processing of Hydrological Data

3.2.1. Forms of Original Data
Data may be obtained in the following form:

1. A written note of the visual reading of a meter or gauge, e.g. the card
containing daily readings rainfall.

2. An autograph chart.

3. A paper tape punched in a binary or decimal-binary form with readings at
fixed intervals.

4. A magnetic tape of commercial variety which is marked by electrical
means, which give either a simple on-off record needing a pulse count, or a
record of varying intensity needing magnitude measurement.

5. By telephone, land line, or radio feeding to a device which produces a
punched paper tape, a set of punched cards, or via teletalk or even a note on
a scrap of paper.
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Data in categories (3) and (4) must be converted to a form usable by
man or computer

Ceyhan River flow data is prepared by report papers by technicians
everyday. The results of these data are published in water year books in
Turkiye every year. ‘

3.2.2. Preparation of Data for Computer
The data will be the readings of a staff gauge, and probably around 9

am each day, and noted for further action. This method of data collection will
be adequate for many parameters, for many years. A second form of data is
the autograph chart which was the ultimate sophistication of some years ago,
and is probably the most valuable record in most cases today.

There are two principal form methods of analyzing charts to get data
into a usable form. The first is the hand method, where readings are
abstracted by simple measurement of ordinates at intervals dictated
forecasting methods, or by experience relating to the particular form of the
graph. The values are written down, translated if necessary, e.g. from river
stage to river flow, by reference to a table or by computation, and the mean
value of the parameter over the required period determined. The mean may
be a simple arithmetic mean, or perhaps a value obtained by approximate-
area methods.

The second method, of quite recent origin, is the chart tracer or pencil
follower. In this method, the chart is placed on a special table and the chart
trace is re-traced by hand using a magnetic follower or pencil device. The
machine reads the coordinates of the pencil relative to the axis of the table at
predetermined intervals.

The data are now evaluated through computers. Computer is a useful
instrument in performing calculations precisely, and in many cases it would be
a waste of time if the data is not carefully checked. It should be ensure that :

1- the data are clean, or, in other words, do not contain characters which the
computer will not recognize.

2- the values of the data are correct or reasonably as far as can be
ascertained.
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3- the data are in the form which the programmer expects, e.g. have cormrect
indications for changes of tables, altemative routines, etc.

3.3. Analysis of Hydrological Data

Generally, the data received will be of considerable amount which
requires a routine tidying-up for subsequent complex analysis. The analysis
of river flow is the mean, maximum and minimum values of flow for each day
are printed out together with a monthly summary. Then, taking these data to
evaluate some parameters of river basin, e.g. forecasting discharge amount
etc. Generally, an analysis of any kind of hydrological data includes following

1- frequency distribution of daily mean values (or other intervals) of any
hydrological parameter.

2- Gumbel estimates of flood frequencies

3- sliding average values of flow for various periods, one month, two months,
etc.

4- number of consecutive days on which a value is greater, or less, than a
given value.

5- unit-Hydrography coordinates, or plotting of the hydrography by means of a
graph plotter operated by the computer.

6- computing storage yield of a catchment using the data collected or possibly
synthetic data.

7- river-regulation studies, and correlation of simultaneous data on soil
moisture, river stage and rainfall for regulation and flood-warning purposes.

8- ground-water models to simulate effects of recharge into, and abstractions
from, wells and applying the results to existing data.

9- surface-water network analysis of pipe and river flow to determine optimum
arrangement for distribution of water resources. etc., [11].



3.4. Principles Of River Flow Forecasting

River flow forecasts for a particular location are required in order to
issue wamnings and to permit the evacuation of populations threatened by
rising water levels. Also, they are required, although less spectacularly, in
providing for the efficient operation of storage reservoirs for the hydro-electric
or other purposes. Such stream flow forecasts are invariably based on
observation or forecasts of rainfall on the upper catchment, or of river flows at
upstream points on the main river or tributaries, often supplemented by
rainfall measurements on the intervenity catchment. Discharge forecasts are
obtained in real time, by using a model! to transform the input functions into a
corresponding discharge function of time. These forecasts may subsequently
be modified, or up-dated in accordance with the errors observed in previous
forecasts up to the time of making the new forecasts.

At the design stage of many hydrological works, simulations of
possible discharge series may be required. These are not “real” in the sense
of being actual or even expected, but they are examples of what could occur
and are treated by the designers. as being typical of the conditions under
which their structures must operate. Such simulations are usually obtained
from time series analyses of the observed historical records of discharge, but
alternatively they may be obtained by similar storage of the input functions,
which may then be simulated and subsequently transformed into the
corresponding output function discharges.

The “system analyses” or “black-box approach” depends on the prior
assumption of a general and flexible relationship, (e.g., linear and time
invariant), the expression of which may be obtained by the application of
systems analysis methods to the records. Examples in the hydrological
context include the unit hydrography method, the simple linear model, linear
difference equation models, the constrained linear system models and the
linear perturbation model, [ 7,8,9,10,11].
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3.5. Short Term Forecasts

3.5.1. Coaxial Graphic Method

This method is also known as “runoff-precipitation mode!” In order to
estimate the direct runoff a correlation a significant factors affecting runoff
such as antecedent precipitation index, API, duration of rainfall, amount of
rainfall, and time of year. Complexity of such a comrelation makes use of a
graphical approach to the problem, this method is called coaxial graphical
technique. In this method, the discharge is evaluated from previous day
precipitation. Coaxial graphic method should be applied to basins differently,
for each basin, a graphic must be drawn. An application of this method to
Ceyhan River Basin is shown on figure 3.1.

Antecedent precipitation index, AP, can be calculated from :

APl = kP4 + KPo+ ....... +k'P; (3.1)
where, k=085-0.95
i = 30 days
AP|

-
Duration / Rainfall
(hour) . (mm)

Figure 3.1 A typical application of coaxial graphical method

* Discharge, Q
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3.5.2. Regional Relationship Meth
In the absence of runoff observation data of a basin, the use of

regional relationships method is made for hydrologic planning.
The necessary data for applying this method are as follows;

- Average Annual Precipitation (mm), Pp,
- Average Flow (mm), Rn,
- Average Temperature ( °C), Tn

and the required basin Characteristics :

-Discharge area (KM?), A

-Land Siope, S

-Main channel length (km), L
-Discharge density (1/km), Dy
-Plant Cover coefficient, F,

-The Shape of the basin, Rs
-Relief ratio (m/Km), R,

-Total length of the basin (Km), Pe
-Average Basin elevation (m), B,

There are two common method for the examination of this data, the
turc method, and coutagne method.

Turc Method:
This model contains Annually average discharge, Annual average
Precipitation and Annual average temperature.

D = P/(N(0.9+PN)? (3.2)
h=P-D (3.3)
where, D: Basin losses, P: Annual average Precipitation (mm), and h: Flow
height.



Coutagne Method
U= P- (nPy) (3.4)
n= 0.001/(0.8+ (0.14t)

h=P-U (3.5)
where, U: Basin losses, n: Coutagne coefficient depends on temperature, [4].

3.6. Long Term Forecasting

in hydrological and water-management calculations, the relationship
between two series of values (e.g., between discharge and water levels in a
river cross-section, between runoff and years) is widely used. This kind of
relationships is usually established graphically from the pertinent points,
which do not always lie on a smooth curve or a straight line but are more or
less “scattered” about them. This means that there is no exact relationship
between the quantities concemed. Graphic techniques of plotting these
relationships with the least deviation from the cluster of points usually yield
acceptable solutions, [13].

3.6.1. Multiple linear Correlation ,
Possibly the most common model used in hydrology is based on the

assumption of a linear relationship between two variables. Generally the
objective of such a model is to provide a mean of predicting or estimating one
variable, the dependent variable, from the knowledge of a second variable,
the independent variable. This case will be discussed in later chapters.

Before proceeding with a correlation analysis it is often useful to make
a graphical examination of data and to sketch in the apparent relation. A plot
of the measurements of one variable against the comesponding
measurements of the second variable will result in a scatter diagram. The
shape of the pattern indicates the nature of the relation. If this shape is a
straight line, the relation is said to be linear; if curved, the relation is said to
be curvilinear, [2].
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In a simple correlation, the regression equation is :
Y= A+BX (3.6)

one intuitive criteria would be to estimate A and B by a and b so as to
minimize the deviation e; between the observed values of Y, Y; and the
predicted values of Y, Yj'. In this way values for a and b would be accepted

that minimize sum

Z(Y; Y{) = £ & =  (Yi-A-BXi) =  (Y; -a-bX) 3.7)

3.6.2. Logarithmic Correlation Method
Sometimes it is not possible to find the best fitting and correlation

factor when using linear correlation method, therefore logarithmic correlation
give more accurate results.
The coordinates X = log(x), and Y= log(y) are convenient for plotting

curve of the form yf = ax. By taking the logarithms of both sides, the
following equation results :

r.log(y)=n.log(x)+log(a) (3.8)

The graph on paper using the coordinate axes X, Y is the straight line
Y = nX + log(a). Casting this equation into usual form Y = mX+b, it is
observed that the slope of this straight line is n/r and the intercept on the
vertical axis is log(a)/'r.

it is more useful to consider a curve of the form y= AXY, Here the
resulting straight line Y = N.x+log(A) permits a direct measurement of A, N.

Take two points on the straight line (which are not necessarily data points),
{X1,X2),(Y1,Y2). The resulting slope is :

N= (Y1-Y2) - (logY1-log Y2) (3.9)
x1-x2)  (logX1-logX2)
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and the intercept on the vertical axis is :

Y1=log(A)=log(Y1)
Thus, A=Y1

Here, it does not matter to what base the logarithms are taken. There
are only two bases that are important for our purposes: logarithms to the
base 10 denoted by “logx”; Napierian or natural logarithms to the base
e =271828183.... denoted by “Inx”, [4].

3.6.3. Periodical Regression And Harmonically Analysis Methods:
Generally, multiple linear correlation methods have been used for long

term forecasts. Sometimes, due to lack of data, it is not possible to find the
correlation coefficients. In this situation, periodical regression and
harmonically analysis method is used. For seasonal forecasting, this method
is more useful than the others. It is possible to find the discharge of a
particular season by using data of another season.

The regression function of this model is as follows:
Yy = ag + 2a; Cos.(2TTit/k) + b;Sin((2ITit/k) (3.10)
where @ is a constant, and a; is a variable.

This model can be applied for any basin. The number of samples are
. changeable. Another use of this model is that; it is possible to see observed

values and calculated values on the same graph, and so it is easy to see the
forecast error differences, [4].
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4. DESCRIPTION OF THE BASIN

The study area is located within a continental climatic zone. Maximum
temperature in the summer is over 30 °C and minimum temperature in the
winter is below freezing. Annual mean precipitation is 400 mm, and is
concentrated within the period from November to May. Almost no
precipitation occurs within July to September.

As precipitation is small and concentrated in winter, most of the farmers
in the area are engaged in dry and low productive agriculture. Chronic
water shortages occur particularly in summer. Hence, the expansion of
irrigation facilities and securing of a stable irrigation water supply is a basic
condition to the development of highly productive farming in the area.

Although some limited irrigation by groundwater and canals
constructed by farmers is practiced in the area. It is concluded that the
construction of a large scale and economically viable irrigation system is

essential for any significant improvement of farm productivity in this area.

4.1. Location

The study area is located in the south east of Turkiye. A general

appearance of the basin is shown on Fig. 4.1, [3].

4.2. Topography

In terms of geology, the study area is located in the southern part to the
Anatolia plate on which most of the Republic of Turkiye is included.
Mountain and hydrologic systems are controlled by the distribution of
formations of various geological age. Broadly speaking, an overall
hydrologic system and mountain system arcing to the north is recognized.
The smaller hydrologic system of each sedimentation basin converges into
one flow upon existing the basin. The flow then enters the next basin, where

it is further fed by additional tributary flows, and so on.
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Figure 4.1 A general appearance of the Ceyhan River Basin



4.3. Meteorology

Weather observation in the study area started in 1938 in Elbistan, and
in Goksun and Afgin in 1953. Later, 8 precipitation stations were added.
Currently, a total of 11 stations exist in the area.

The Study area elevation ranges between 1,150 and 1,300m. The
plain is surrounded by mountains which are more than 2,000 m in elevation.
Extreme daily and annual changes in climatic occur.

Area precipitation is 400 mm per year. Rainy and dry seasons are
clearly defined. Precipitation in the dry season is extremely small, at only
around 30 mm for the 4 month period from June to September.

Annual mean temperature is 10 °C. Maximum temperature in the
summer surpasses 30 °C, and minimum temperature in winter is below
freezing. Consequently, precipitation in the winter is largely snow.

Annual mean humidity is 60%. Climate is particularly dry in the
summer where humidity drops below 50%.

Annual mean evaporation is 1,000 mm

Prevailing winds are from the northwest. Higher wind velocities occur
during the summer. .

As can be concluded from the above, the climate of the area is semi-
arid, characterized by dry summers, and sub-freezing winters with snow

accumulation.

Table 4.1 General Climate of Basin

Annual Precip. 390mm Direction: North west
Wind
Daily Max. 17.8°C Velocity: 1.6 m/s
Average Temp | Daily Mean 10.3°C | Sunshine hours: 7.0 hours/day
Daity min. 3.0°C || Evaporation: 1.273 mmlyear
Humidity: 61.7%
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4.4, Hydrology

4.4.1. Precipitation

The rainfall pattern for the upper Ceyhan basin, including the study
area, is indicated in Fig. 4.1. Rainfall ranges from slight to none during July
to September. Duration of this dry period 13 generally 1-2 months, and at
most 4 months. Rainfall exhibits one peak from the end of the dry season to
December, and 1-2 peaks from January to the: start of the dry season.

Rainfall is greatest in the western part of the basin of the Ceyhan River,
with annual mean at 640 mm and daily maximum rainfall at 85.4 mm. In

eastern parts, the annual mean rainfall is 400 mm.

4.4.2. Discharge

Daily, monthly and annual discharges are available since 1940.
Discharge values of 1961 to 1990 are taken for evaluations. Daily and
annual discharge data of the basin are shown through table 4.2 in appendix

A, [2).

4.4.3. Groundwater

DSi has carried out continuous survey to determine groundwater
reserves throughout Turkiye. In addition to this, land and water use
cooperatives have carried out independent surveys. On the basis of survey
results as of 1985, irrigation of 600,000 ha is judged to be irrigable using
groundwater. At present, about 350,000 ha are irrigated throughout Turkiye

by groundwater sources.
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4.5. Geology

The basement rocks forming mountain in the study area can be divided

into the following four major units :

- Paleozoic sedimentary rock series.
- Mesozoic sedimentary series.
-Mesozoic ophiolite series.

-Mesozoic granitoids.

The flatland is mainly composed of quaternary sediments which can be

grouped into following three units :

- Lake sediments.
- Fan and terrace sediments.

- Alluvial sediments.

In 1975, the General Directorate of Village Service of The Ministry of
Agriculture, Forestry & Rural Affairs conducted a nationwide survey of land
use. Data for the study area was revised in 1985.

According to the survey, land use in the area is classified in to the

following 10 categories :

- Mainly irrigated farm land with sufficient water.

- Mainly irrigated farm land without sufficient water.

- Pasture ( mainly natural vegetation as opposed to cultivated pasturage).

- Non-irrigated farm land with rotational cropping including fallow.

- Non-irrigated farm land with rotational cropping not including fallow.

- Grape vineyard.

- Forestry product area (cultivation of large scale trees for lumber
production).

- Scrub brush (natural vegetation utilizable for fuel food).

- Swamp and Exposed rock(no vegetation), [6].
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4.6. Current Water Use

Base industries in the study area are crop cultivation and animal
husbandry. A secondary industry is lignite mining in adjacent area to supply
the thermal generating plant in the north of the area. Also, there is a sugar
plant at the south of the area which processes sugar beet cultivated in the
area. Production of other various goods on a minor cottage industry scale is
also seen in the area.

Accordingly, the bulk of water use in the area is for agriculture.
Diversion is by extremely simple intake facilities along the Ceyhan and its
tributaries. Small scale use is also made of spring discharge and
groundwater.

Domestic water is obtained primarily from springs. Most towns and
villages are located near springs. Shallows in rivers and wet areas caused
by spring discharge are used for laundry and livestock watering.
Accordingly, it will be necessary in the future to maintain river discharge.

in addition, discharge in the area is also utilized for furnace cooling at
the generating plant, and for washing sugar beets at the sugar plant.

With future population increase, improvement in living standards and
introduction of other industries into the area, a change in the current water

use pattern is possible, [6].
4.7. Population

According to the 1990 census, the total Turkish population is around 60
million. Annual mean population growth rate is 2.49% (1981-1990).
Population density is 62 persons/ km’. Birth rate is 3.1%.

Population is distributed 53% in urban areas, and 47% in rural areas.
Population growth rate is 6.26% in urban areas, and 1.06% in rural areas. In

Kahramanmaras province: total population is 840 000; population density is

124 personslkmz; population is distributed 40.7% in urban areas, and 59.3%

in rural areas; and population growth rate is 3.93% in urban areas, and
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1.47% in rural areas. Total population of the study area is shown on Table

4.3, and economical position of the population is shown on Table 4.4, [3].

Table 4.3 Population in Kahramanmarag Districts

Towns and Total Urban Rural Area Population
Districts Population Area Area km? Density

person/km?

K.marasg 360 481 228129 132352 2913 124

Afsin 99 321 28524 70797 1387 72

Andinn 44337 7506 36831 1178 38

Cagliyancik | 26914 10435 16479 685 39

Ekinézii 21633 8184 13449 642 34

Elbistan 112024 54741 57283 2554 44

Goksun 70616 22847 47769 1920 37

Nurhak 14990 7087 7903 832 18

Pazarcik 81644 25154 56490 1528 53

Tirkoglu 60922 7523 46384 688 89

4.8. Agriculture

4.8.1. Present Cropping Pattern

There are five major crops being grown in the study area. They are

wheat, barley, sugar beet, dry bean and chick pea, accounting for over 80%

of the total area.

Although limited cultivation of fruit, mainly grape, is

observed in some part, most of it is on the hilly sides and very little is

included in the area.
Two pieces of information are available about the current cropping

patterns in the study area: one has been obtained from the survey resuits
conducted by DSI, and the other by Agricultural Engineering office (AEO).
The study of DSI contains the results he survey conducted for the Project

area. Present Cropping pattern of the area is shown on the Table 4.5.
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Table 4.4 Economically Active Population

Type of Economy Economically Active Rate

Population %
Agriculture and Forestry 257 577 76
Mining 2938 0.9
Manufacture 156 937 47
Electricity, Water 499 0.1
Construction 12 422 3.7
Commerce 13 511 3.9
Communication 5 862 1.8
Finance 2077 0.6
Public Administration 27 217 8.0
Others 1026 0.3
Total 338 726 100
Unemployed 17 668

4 8.2. Cropping

Although there is approximately 400 mm of annual precipitation in the
study area, about 30% of it comes in the form of snow during December,
January and February. Therefore, only less than 300 mm of precipitation
from March through November can be directly used for irrigating farm-land.
However, it rains very little during June, July and August where the
temperature is the highest. Under such. conditions, it is not possible to
supply water to crops to be grown in the land without adequate irrigation
facilities. Under such environmental conditions, each farming unit in the
study area decides on what crops to be grown based on such factors as the
climatic conditions of the year, price of the crops and demand supply
conditions. The farming in the area is basically one-crop-per-year rotation,

but several variations exist. Table 4.6 shows the standard patterns.
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Table 4.5 Present Cropping Pattern

Crop Gravity Area Pump Area . Whole Area
ha (%) ha (%) ha (%)
Wheat 1657 4.6 413 5.0 2.070 47
Barley 323 0.9 -~ -—- 323 0.7
Sugar beet | 2583 72 |165 20 |2748 6.2
Dry bean 2274 6.4 248 3.0 2522 57
Haricot 402 1.1 165 2.0 567 1.3
Potato 220 0.6 66 0.8 286 0.6
Vegetable | 123 0.3 - - 123 0.3
Sunflower || 563 1.6 -~ - 563 1.3
Fruit 418 1.2 41 0.5 459 1.0
Poplar 225 1.2 66 0.8 491 1.1
Fallow 2737 1.7 66 8.0 3399 7.7
Table 4.6 Typical Rotation Pattern (Present)
Area First Year Second Year Third Year
irrigated Area Sugar beet Wheat
(Mar.-Nov.) (Oct.-July) Dry bean
Barley (Apr.-Sept.)
(Oct.-July) Wheat
Dry bean (Oct.-July)
(Apr.-Sept.)
Dry Area Wheat Chick Pea Wheat
(Oct.-July) (Apr.-Aug.) (Oct.-July)
Barley
(Oct.-July)
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As to farming of major crops in the area, information was gathered from
agricultural Engineering Office and interview survey of farmers. Although
the level of cropping technology in the study area is generally slightly lower
than the nation as a whole, farm machinery is widely used. The results of
survey centered on the farmers point out that some differences exist from
one farmer to another in such matters as the amount of seeds to be sown,
that of fertilizer to be used, the timing of the seeding and the period of
harvesting. Vegetables and fruit, except grapes, are raised only in very

limited areas and most of the production is for self-consumption.

4.9. lrrigation

Water is most frequently drawn from rivers, followed by the springs and
underground sources. Most of the intake facilities at rivers, large and small,
adopt the longitudinal separation works, i.e. water is obtained by piling up
gravel on the riverbed or construction of coarse frameworks with wood in
order to dam up the river water flow. The water available from natural
springs is often utilized by constructing a small pool with stones and
concrete materials. Ground water is pumped up with small diameter, deep
well pumping facilities. The headrace canal from water source is partly
walled with concrete, but it is basically of earth canal.

However, the above described. irrigated area is subject to severe
effects of climate due to unstable water supply and lack of diversion
facilities. Furthermore, the large expense of non-irrigated area in the study
area is restricted to either cultivation during the rainy season or cultivation of
crops with low water consumption. Cultivation during dry season is
extremely constrained.

Field irrigation is almost completely performed by the border and furrow
methods. In the case of the extremely few large scale farms in the area,
irrigation by pumps driven, transportable sprinkler is also performed. In all

cases, the crops irrigated are sugar beet and dry bean.



4.10. Drainage

No particular attention has been given to the drainage facilities of the
study area. Excessive water due to rainfalls in and around the area flows
into the tributaries and rivers through ditches and streams. The tributaries
are extremely meandering and have no artificial banking.

The lowland area along these streams is often.inundated with flooding.
During the rainy season, the function of the roads connecting the villages
and farm roads is often obstructed due mainly to the inadequate drainage.

Poor drainage areas are estimated at approximately 11,000 ha in the
study area. Such poor drainage areas can be divided into the following

three areas:

1- lowland areas which inundate at the time of flood, because river flow
obstructs due to the extreme meandering of the river.

2- artificial marsh areas that store excessive water in the rainy season to
supplement irrigation water in the dry season.

3- area recommended to be drained by subsurface drains due to the soil

conditions, [6].



5. FORECASTING METHODS
5.1 Analysis of Ceyhan River Data

5.1.1 Daily and Monthly River Fiows
The graph of daily river fiow and monthly river flow for 30 years is

shown through figure 5.1 to 5.30 and 5.31 respectively. The trend line its
equation give possible average fiow for future months. The first step in the
design of a hydraulic project is the collection of all possible sources of
hydrologic data. Therefore, it is too important to have the accurate data. The
second step is the determination of a model to analyze these data. The
hydrologic data is collected and published by the DSI in Turkiye.

Daily, monthly and annual Ceyhan river discharges, first of all, are
plotted on figures before proceeding on a correlation analysis. A plot
of the measurements of one variable, time, against the corresponding
measurements of the second variable, discharge. The result is shown in
a scatter diagram. The shape of the pattem indicates the nature of the
relation. The water year is started from October and ended in September in
Turkiye. Therefore, the values on the diagrams are from October to
September. Generally the flow is peak in spring seasons and minimum in
Summer.

The determination of a good model is highly hard because, the
distribution of data on figures are rather scatter. During these study a good
model was investigated from many alternatives and the results was taken as
the implementation of the problem.
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Figure 5.11 1971 Ceyhan River Flow
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Figure 5.13 1973 Ceyhan River Flow
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Figure 5.14 1974 Ceyhan River Flow
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Figure 5.19 1979 Ceyhan River Flow
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Figure 5.24 1984 Ceyhan River Flow
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Figure 5.29 1989 Ceyhan River Fiow
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5.1.2 Annual Ceyhan River Flow

5.1.2.1 Kilavuzlu Station
The observed and predicted values of this basin is given on the
following figure :
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Time, day

y = -0,5882x + 97,1

Figure 5.32 Annual flows of Ceyhan River Basin-Kilavuzlu Station
(1961-1990)
Table 5.1 Statistical Results of Ceyhan River Basin-Kilavuziu

Station
Statistical Actually Observed Values
Parameters

Mean 88.0149
Standard Deviaton 34.3826
Standard Error 6.2774
95 % Cofidence Interval 12.8389
99% Confidence Interval 17.3042
Total 2640.446
Min. 35.799
Max. 172.592
Skewness 0.5531
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5.1.2.2 Ceyhan Basin-Karaahmet Station

The observed and predicted values of this basin is given on the
following figure :

50 - H
45
40

i
30 1 l

25 +
—o— Observed Values

20 4 — - - Predicted Values

Discharge, m3/s

15 4 A

10 Sl Gl R A
7 e wiav

o...‘.gkl. O SRS SN S U S S I

0 5 10 15 20 25 30 35
Time, Year

y = -00386x + 10,049

Figure 5.33 Annual flows of Ceyhan River Basin-Karaahmet Station
(1961-1990)

Table 5.2 Statistical Results of Ceyhan River Basin-Karaahmet

Station
Statistical Actually Observed Values
Parameters

Mean 9.4510
Standard Deviaton 3.5366
Standard Error 0.6457
95 % Cofidence Interval 1.3206
99% Confidence Interval 1.7799
Total 283.531
Min. 4.488
Max. 17.073
Skewness 0.1642
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5.1.2.3 Ceyhan Basin-Kurtleravsan Station
The observed and predicted values of this basin is given on the

following figure :

90E ;
80 4+ ¢
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y = -03524x + 36,96

Figure 5.34 Annual flows of Ceyhan River Basin-Kirtleravsar Station

(1961-1990)

Table 5.3 Statistical Results of Ceyhan River Basin-Kirtleravsar

Station
Statistical Actually Observed Values
Parameters
Mean 31.5733
Standard Deviaton 15.3630
Standard Error 2.8049
95 % Cofidence Interval 5.7368
99% Confidence Interval 7.7319
Total 947.1988
Min. 8.9970
Max. 80.123
Skewness 1.069
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5.1.24 han Basin-Tanir Station

The observed and predicted values of this basin is given on the

following figure :

18
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Figure 5.35 Annual flows of Ceyhan River Basin-Tanir Station
(1961-1990)
Table 5.4 Statistical Results of Ceyhan River Basin-Tanir Station
Statistical Actually Observed Values
Parameters

Mean 8.6587
Standard Deviaton 2.9947
Standard Error 0.5468
95 % Cofidence Interval 1.1183
99% Confidence Interval 1.507
Total 259.76
Min. 4.224
Max. 16.740
Skewness .5526
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5.2. Seyhan Basin
5.2.1 _Seyhan Basin- Himmetli Station

The observed and predicted values of this basin is given on the

following figure :
50 7 i
45+ :
40 A A
g I RIYA PN AN
e I W/ N VAN I A R
A7 " —— -
§ 20 y Observed Values
a 15 ’/ v A/ — - - Predicted Values
0 5 10 154“ 20 25 30 35
Time, Year
y = 0,0675x + 28,314

Figure 5.36 Annual! flows of Seyhan River Basin-Himmetli Station

(1961-1990)

Table 5.5 Statistical Results of Seyhan Basin-Himmetli Station'

Statistical Actually Observed
Parameters Values
Mean 29.3508
Standard Deviaton 9.4598
Standard Error 1.7271
95 % Cofidence Interval 3.5324
99% Confidence Interval 47610
Total 880.533
Min. 14.492
Max. 96.579
Skewness 0.0672
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5.2.2 Seyhan Basin-Gdkdere Station

The observed and predicted values of this basin is given on the

following figure :
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Figure 5.37 Annual flows of Seyhan River Basin-Gokdere Station

(1961-1990)

Table 5.6 Statistical Resuits of Seyhan Basin-Gokdere Station

Statistical Actually Observed
Parameters Values
Mean 61.781
Standard Deviaton 21.7215
Standard Error 3.9618
95 % Cofidence Interval 8.1111
99% Confidence Interval 10.932
Total 1853.43
Min. 28.8696
Max. 98.714
Skewness 0.0991
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6. SUMMARY AND CONCLUSION

1. The graphs on Figure 5.1 through 5.31 shows that, the Ceyhan River
flows decreases by the time. The possible reasons for that are :

a- the development in irrigation systems, i.e., recently the farmers consume
more water than before.

b- training and education of farmers in the basin area. As a result, more
frequent crops, and the different types of plants(sometimes, with relatively
high water consumption) are grown up in this area.

c- Ceyhan River is controlled by DSI, primarily, by dams and conveyance
structures.

d. DS has constructed some hydraulic structures on the river, such as weirs,
flumes, and benches which change the natural distribution of stream flow in
time, and of water in space.

2. Ceyhan River discharges is generally, in its peak during April, and shows
minimum values in August. Figure 5.32.b shows the distribution of monthly
discharge from 1961 to 1990.

3. Possible river discharge values for future years may be obtained from
Figures 5.32, 5.33, 5.34, 5.35, 5.36, and 5.37.

4. The best fit curve for the available discharge vs. time data appears to be a
simple linear regression. However all other possible degrees of polynomial (
up to 6 th degree) were attempted, along with logarithmic, exponential, and
power fittings as possible alternatives, (Figure 6.2 to 6.10). All curve fitting
results, other than linear fitting, appear to give misleading trend. Linear fitting
show a clear, but gentle, decrease in the discharge value by the progress of
time. This conclusion coincide with paragraph (1) which is discussed
previously.
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5. The best forecast period for the available discharge data for long range
forecasting is 3 years. Through calculations, it was estimated that other
selected periods give rather wrong results. Among the other selected
periods that were experimented upon is § years period which is shown in
Figures 6.11 to 6.19. This figure presentation may enable for a better
comparison regarding both period and curve fitting selection as discussed in
paragraph 5.

6. The maximum, minimum and average flow of Ceyhan River for 30 years,
between 1961 to 1990, is given on the Figure 6.20. The maximum flow is
1338 m’/s in 1971, and the minimum flow is 1 m%/s in 1990.
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7. SUGGESTIONS FOR FUTURE WORK

There are not adequate research for Ceyhan River Basin. Following
items should be carried out by researchers:

a- the feasibility of single-purpose and multi-purpose storage projects to
reduce flood risk, to generate hydroelectric power, to store water for irrigation
and, municipal and industrial purposes, to improve navigation channels, to
improve water quality, to provide recreation opportunities, and to enhance fish
and wildlife.

b- methods of improving the management of upstream iand in order to reduce
soil erosion and sediment deposition in streams, such as reforestation and

control of grazing cropping.

¢- management of groundwater resources to control the quality, quantity,
distribution, utilization, and availability of water throughout the basin.

d- drainage systems to reclaim more lands for agriculture.

e. optimal use of runoff concentration points to increase water resources in
the area.
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APPENDIX - A

DAILY AND ANNUAL DATA OF
CEYHAN RIVER
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
8608 8 km?2

‘Maximum Discharge
‘Minimum Discharge

‘March 11,1940 - September 30,1962

300 m"{s
17.0m’/s

Table 4.2.2 1962 River Flows ( m3/sn)

Davs | Oct. | Nov. | Dec. | Jan. [ Feb. | Mar. | Apr. | May | Junc | July | Aug. | Sept.

1 2131242 (2565271706803 |176.1110.1792]134023.6]20.1

2 2031256{2561634({759|7921188.|107.{78.1{348(23.01{207
3 213131.8{262(1565]|7811836(179.1104.[770(356(|224]20.1

4 213363262508 {893([905]1190.{117.1759|348|224}207
5 21313101249 (546 107.{968[200.1121.]759]340]21.8]20.1

0 2131290256527 19.8|9.8|121.|133.1738}340{21.3}20.1

7 213126212069 (S51.81101.[107.|130.{137.1695]|340|21.3]20.7
8 21312561453 (4801105 (164 (1741137 1706340213207
9 2131262(4891499 | 114. | 300. | 181.1141. 1674 |33.31207|213
10 20312621508 1499 1943 (2511174 | 131. /653 131.8[201 (213
11 213(256(52.7{4891993|197.|159.|126.1624|303|20.1}20.7
12 2131256 |5751489 1905212 1153|135 (594296195 20.1

13 213125615751470/[803 | 1191147 1137 [575[129.0] 1891 20.1

14 21312561968 453|803 | 113.| 143|135 (5651283 |195]20.7
15 213242153, (453124 1147 [ 155 |133.|565{283|195|224
16 213|236 188 [453|139. 1161 {157 1130.[556{283]195]224
17 213(2421174. 1436192 1230.|151.|128. |S081283]195]213
18 2131242145 1420 153. [ 210. | 153.[126.147.0{29.0] 189207
19 208 (23611414201 133|222 1149.1126. {462 |283{18.3{218
20 21312561980 1420 1 1131248, |1143. (114 {462{276(179|224
21 207 1303[955]141.1]|93.0]183.1139.|1104.1462[269]183]|242
22 20713561749 ]1420 (905 186. [ 135.1102.14451262(195}12306
23 21313401674 14031930(190. {131 {101.{428]|262{20.1{230
24 2131290 17271403 (0181 188 11281993 (41.126.2[20.1[242
25 20312091624 1403 (84712121124 1980 (403 (26221312306
26 213(20215941394 858217 121 1836394 |262121.3]23.0
27 2131236(15561394 1847220 1121 (84.7(394|262121.3](23.0
28 22412361527 14201792 (225 | 117. (8143781262 (2182306
29 31.0]269 | 575518 - 2101114 | 8143031256 21.31230
30 24212561499 | S85 | - 197 1113 1825134812491 218}1242
31 262 ] - 5271905 — 183. | -- 814~ 2306|2134 -
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L.ocation
Precipitation Area

Observation Duration
Max and M. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZIL.U

‘Under the Kilavuzlu Bridge on the K Marag- Goksu Highway
8608 8 km?2

‘March 11,1940 - September 30,1963

:Maximum Discharge : 346 m3/s
‘Minimum Discharge: 21.8 m?/s

Table 4.2.3 1963 River Flows ( m3/sn)

Divs | Oct. | Nov. [ Dec. | Jan. | Feb. | Mar. | Apr. | May | Junc | Julv | Aug. | Sept.
| 2421249 12306107 1124 | 181 | 179 | 251.1205. | 898|452 | 376
2 242112181236 114, | 1161 159, 192. 1 251. | 215. 18821429365
3 249121823061 113} 110. | 155 | 186.1243.1190.183.6|44.0]36.5
4 242 (23012308361 119.1159 1197 §232. 1183.|8511475136.5
5 249126212301 943 1108 } 155 (2051232 1176.176.6]429] 365
o 2621249230 101} 102, | 1431222 | 230. 1 172. 17531419365
7 262125612301 968 102 1128 | 215 ]238.|174. (8201499344
8 27612491 2361905(98.0 1 120 1220. | 238. | 168. 16724521333
9 2621249242 1803|943] 108 |220.|238.1176.167.2144.0]333
10 256{25612491706 (918} 119 {220 | 272 | 179. 16721440344
11 2561249012491 792193.0|124. (243|245 1172. 1685475344
12 2562491269869 | 102 | 137 1232 {238.j151. 160914521333
13 2421249013806 102|104 1124 | 230 | 238 | 137.157.11429]333
14 249 (2491394 | 141 [ 105 [ 108. | 222 {303.] 128.148.7 | 408|344
15 25612491403 159 [ 107 ] 126. | 212 |1346. | 129 1487|408 | 333
16 25612564451 176. 122711451207 | 289. | 122. 1464|387 | 344
17 249 (249|537 181.1243. [ 143.1230.|248.{117. 1464397354
18 249124901104 | 161. 1240 | 133.1240. [ 238 | 113.]146.4|3871354
19 3361242 ) 1131149, 1245 |1 145 [ 230 227 | 115. 158313763706
20 24212421130 {143 1238 | 133. {205 {259.1120.1609|37.6]39.7
21 249 (1242120011391 186. | 122.1190. [ 238. | 113. 1583|387 387
22 250 1236 172 [ 1211262 1 12212121 230.{106. | 55813971408
23 25612301205 {104:[300. [ 1221217 [222.1106. 1523387429
24 256 (224869128 1314 122 (235 (220.1101. 14751376475
25 24912301141 | 143. 1328 | 120 {238 [ 227.197614191365|51.1
26 242 1236225 [ 188 | 286. [ 137.1240. | 207. 1945{419|376]|534
27 2362361116145 |220. [ 135.|227.{217. 1929487376475
28 2421236905133 1190 [ 133|232 (227 ({914{546(365]487
29 2491236738135 |- 1291 2351 207. 1914 523]1305}|45?2
30 2491236738133 | — 41,1235 1200 [ 8825111354 (1429
31 249 | -- 8691|124 | - 164, | - 200 | -- 49091 305 -

96




L.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K. Maras- Goksu Highway
:8608.8 km2

:March 11,1940 - September 30,1964

:Maximum Discharge:276 m3/s
:Minimum Discharge :16.0 m3/s

Table 4.2.4 1964 River Flows ( m3/sn)

Davs | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Junc | Julv | Aug. | Scpt.
1 45214291452 13761333660 |171.1757(59.71295]1202(179
2 42914291419(1365(13651929(160.|71.8{563(295;202{19.1
3 45214641408 1354|354 |101.}162. 718574342202 19.1
4 45214641408 (387365820160 |71.8]5521355§202/202
5 45214401408 3441354712177 1680|541 ]335(202]19.7
6 44014521397 |3541376[660|173.1693 (530288197192
7 44014521408 135414291660 157. | 680 |51 1[251[197] 185
8 44014521419 )344[1397[672}1148 {693 4921245214191
9 42915231546 |354(397[836|139.|140.1482|214|208] 185
10 41916091464 ]365(39.7[139.]1125.190.1[463[263|197|192
11 408 3761397 (344;397{153.1119.]77.0|453|251]202/(202
12 408 (440408 344397157 |113.1799{4342321202(197
13 387[440)365|344(397(190.[108.|770{41.8226]202]|19.7
14 3871440 (3651333397155 [107.181.4(395([226(202]19.1
15 376 145214291333 (387|116 {101 |814{402(226|191]19.7
16 376 1440|452 1333 (387(113.(977[757{387|21.4|19.1]|19.7
17 387{41914161333{397({105.190.1(744}387({21.4[185]185
18 3971419408 333397102 (7991731444 220(179[167
19 376 |419139.7(33339.7{977[73.1]718[463|226(179]214
20 38714191397 1333[397[102.[718[71.8{453|226(173]19.7
21 55814191408 13331429({992(654(680|418[226|17.3]19.7
22 5831408[397 3251487 |101.|667|73.1[379|226}{173|20.2
23 62213971387 1333[523({931(757({693]363(202[197]19.7
2 622139071387 13441672(104.{73.1[693}41.0]/202(19.1]19.7
25 62213971397 1333[64.7[246.1744[693]379({214]|179(214
26 609387 |387|333[596(273.[843|680|355{220179/19.1
27 60913971397 325558276 {828{62.0]363(220(167]202
28 58313907(397(3251609|215 [843[620(328]220}19.1|204
29 609 [397139713331634(173.1799(586/(30.1[208]197]|204
30 4751408 1397333 - 164 17901608 | 2882081179225
31 408 | -- 376 {333 | - 183 | -- 5861 - 2081191} -
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Location _
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
:8608.8 km2

:‘March 11,1940 - September 30,1965

:Maximum Discharge : 470 m3/s

:Minimum Discharge :18 m3/s

Table 4.2.5 1965 River Flows ( m3/sn)

Davs { Oct. | Nov. § Dec. | Jan. | Fcb. | Mar. | Apr. | May | Junc | Julv | Aug. [ Scpt.
1 1801219 [212141.5({5341149 [{364.1219.|113. 1684315293
2 18512191246 {41.5|1468| 147 |640. (224 [ 113.|63.2{31.0]30.]
3 196 12121232141.5|1424151.[367.1189.|110.[592]|31.0]30.1
4 212(212]2321406|468 | 138.|1326.|169. 1108 1602(310]284
5 21212190261 137.1[432]130.|287.|147 {121. | S82]305]276
6 21912381276 137.1 415|142 |271. | 137. 1123, 15821305276
7 2251232284397 |61.2|193.1242 | 1551119 |553[305(268
8 23212321253 (37116221284 |226.|184 108 [553]305]2406
9 2321225[276(353[642279.1198.|186.]|100.|48.7|31.0{253
10 23812321534 13531553(287.{189.{191.1909|478}318}293
11 206(2321739(344161.2|381.1191.|173. [ 883 (468327276
12 23812251774 (37.1161.21326.|255|1159.18341450/33.6(276
13 238 (2251717362674 |220.|1268. |157. 1786450301268
14 2191232612362 ]1695|190. 1234 |159.|181.0(450]30.1(284
15 22512251592 371 |71.7{170.{234. {157 1774424284284
16 23212251534 (362]706]180.1252.1155.178.6]43.2}13271276
17 2322325291362 ]|663|165 1290|142 |786|415[31.8(284
18 2062464871362 750153 {335 ]130.{786([415]293]240
19 21912461478 362 |834|153.1320.1123.{974|415]30.1{206.1
20 23212681397 (362 1822|165 {279.1130.{93.5[39.7]284]33.6
21 225(406140.6 |37.1 181.0]163.1245.|128.1922|388 276388
22 23214321415 (1388|96.1 191 1245 1119.|187.0(380]|26.1(371
23 22514681432 148.7 858|239 {237 1142 1762(370{268]353
24 1901310424 )|0602|774|224 12321140 {858 |360}293]|318
25 190[225]148.7[60.2 810|219 |258 | 147 [{810[350}j284{318
26 201 12321459563 810232 1276.1137.]1750[350}1293{327
27 2062251459543 (8341375 |282 1130 }1663}|340]|276/(371
28 23212251432(160.2{948)396.|284. | 125 1663 |335[253}362
29 209(219141.5}1592 | - 41912901123 (6633302531371
30 20012121397 582 - 464 273 1 121 6841325276371
31 225 -- 3801563 |- 470 | -- 118 | -- 3201293 | --
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Loocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuziu Bridge on the K.Marag- Goksu Highway
:8608 .8 km2

‘March 11,1940 - September 30,1966

‘Maximum Discharge : 675 m3/s

‘Minimum Discharge - 30.1 m3/s
Table 4.2.6 1966 River Flows ( m3/sn)

Davs | Oct. | Nov. | Dec. [ Jan. | Feb. | Mar. | Apr. | Mav | Junc | July Aug. | Scpt.
| 3711353 (388896193 | 161. 155|247 | 111. 750415362
2 362344 (380|118 |219. | 157 | 163.1245 | 108 [0695(406]306.2
3 353133.6(139.7| 135 1193, | 155. | 155.]242 | 110.[62.2 406|362
4 3441353459 | 175.1178. | 153. | 144. {226. | 110. | 64.2 1397362
5 37.1131.8]48.7 446 {167 | 157 | 135. {191 | 111.1653]39.7]36.2
6 3531344505524 | 157. | 159.149.{175.]108. 1622|406 |37.1
7 33.6139.7{505]667.|1149.1165. 1282 |167.]100. {592 (39.7]36.2
8 336 | 38.0[572(675.1140. [ 161. | 276. | 167. | 948 [ 582 | 388 | 36.2
9 33.6135.3]505407.|142. 11671252 {167. {948 |57.2|39.7|353
10 37.11344 478 {303.1137. [ 178|245 | 167 [922[553 3883062
11 3441336468 |226.1135. 1178 {232.[165.1922|534 388|371
12 32713271487 (180.|138. (234 |232.1163.1909|524|388]38.0
13 344 | 31.8 5821711137 [242 1242|163 | 896([51.5(38.8]38.0
14 362 130.1 883|159 ]153.{234. {245 [ 165 |896(48.7|388|388
15 3711301846155 {163. (205 |247 |159 |84.6({450]406 388
16 38.0132.7(140.1153.1191.|184.|282 | 147 1822(45.0(38.01406
17 36213621 119.1142.1191. {184 | 292. [ 149. [ 81.0 {459 (380|397
18 36.2[459]96.1 | 138.1178. {224 |301.|137. 1798468371388
19 36214151987 133.]1178. [ 221.|1340.|135.{822[459|37.1|39.7
20 36214151695 123 1155 1193.|303.[142 [834[450353]39.7
21 3621371684 | 118 149|175 | 282. | 138.|79.8|459(37.1|38.0
22 37.1 13806121 131.1147.[169 {273 1135 [822(44.1137.1]406
23 3803971684 (226.|144. [ 159. [265.(133.]774(44.1 353|432
24 3441388632346 | 147. | 153. | 268. [ 130. 750 [415]353|468
25 3271380632585 |147. (149 [271.[125.1750[40.6|353]|478
26 3621406728592 | 142 | 151. ) 268. | 123. [ 695 [43.2]| 344592
27 3881563200 4131165 1165 {268 |121.(71.7144.1(344|478
28 [38.0(524163.1320.[167.|189.[2060.1119.1674|44.1|344 478
29 3531432114, | 387. | -- 178. 1 226. | 118 | 6844413444738
30 35314241909 | 378. | - 163. 1242 1114 [ 7741424 1353|459
31 3801 - 9351340 |- 185 | - 114 | - 4151344 | --
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZ1L.U

:Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
:8608.8 km?2

:March 11,1940 - September 30,1967

‘Maximum Discharge :344 m3/s

‘Minimum Discharge :35.5 m3/s
Table 4.2.7 1967 River Flows ( m3/sn)

Days | Oct. | Nov. | Dec. | Jan. | Fcb. | Mar. | Apr. | Mav | Junc | Julv | Aug. | Scpt.
1 459142217721 107 | 883 | 883|162 |211.|137.{84.5|475]38.1
2 4591409965 103. | 845|920 | 185. 1228 | 133.|775]465|37.2
3 4881344 (845995858980 219.1359.|133.174.8]|46.5|355
4 4511403 |73.71950|87.8 | 121.|271.1357.1130. (725146514109
5 4441416668 950|858 | 132 (262 [313.|123.|772146.5]|43.7
6 45914291649 98.0 (858 126.|228 [276.|118.|77.2|456|409
7 4591429649965 878 | 1181223 (271.1117.177.2|44.6|39.1
8 4511429649965 | 858117 | 217 |271. | 115. 1748 |44.6 | 38.1
9 46.6 | 437 {883 [ 98.0184.5| 110.{211. 1267 {115.|170.1]|45.6]38.1
10 4591795(920]101. [ 87.8]106. 219 {269 |113.|678{43.7|37.2
11 459|128 [ 118.]149.193.5]|107.|236. 1258 | 112.|656]428|37.2
12 4441143, [ 121. 1 203. | 104. | 112. | 256. [ 247. 1 107.163.4| 428 (372
13 4291571 107. [ 181. ] 110. [ 121. | 265. | 247. | 106. | 61.1 | 42.8 | 38.1
14 422 (128.1104. | 166. | 106. | 132. [ 262. 1 249. | 104. | 589|428 | 39.1
15 4291878 { 137. [ 197. ] 101. | 143. [ 265. [ 258. {1 103. [ 589419 | 37.2
16 70.1195.01276.1240. [ 96.5 | 211.[273.]258.198.0|54.7|409]39.1
17 4221965 {344. | 236. (9201232 1273.1254.19501{54.7|42839.1
18 41.6 | 84.5[236. 1199 1908|193 ({278 1245 1935(54.7{428140.0
19 409 (713 {173.1170. | 89.5]170.|276. {232 [{89.5|53.6(43.7(428
20 378 ({69.0 164. { 250. | 88.3 | 164 | 276.{219. | 878|578 (428|446
21 39.6|70.1|154. | 137.|89.5| 164. | 269. | 207. | 87.8]66.7 | 41.9|43.7
22 39.0170.1 [ 142, | 128. [ 89.5 [ 191. | 258. | 203. [ 88.3 | 66.7 | 40.0 | 44.6
23 390(69.0| 130. | 123. { 98.0 | 189. ] 243. | 201. {90.8 | 61.1 |39.1[43.7
24 3061619133, | 117.{950| 1851232 1199. | 89.5(56.7|39.1428
25 4591609 1140. 1 113.1920| 185|228 1193.|88.3[54.7(38.1]428
26 4221600 140. | 109. 1 89.5|203. | 228 [ 183. | 85.8|53.6(39.1(409
27 40915801 145. [ 109. [ 88311911223 {175.1920|51.6[39.1]409
28 41.6 (5721471107 | 883|175 |223.|164.|89.5(49638.1(409
29 4221563 (1381103 |- 168. | 223, [ 157. | 87.849.6 ] 37.2 {40.0
30 4221563 [ 1251965 - 159.1219.1147. | 83.3 | 485137.21409
31 403 | -- 1151920 | - 154 | -- 142 | -- 4851372 |-

100




l.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuziu Bridge on the K Marag- Goksu Highway
:8608.8 km2

:March 11,1940 - september 30,1968

‘Maximum Discharge :726 m3/s

‘Minimum Discharge :39.1 m3/s
Table 4.2.8 1968 River Flows ( m3/sn)

Days | Oct. | Nov. [ Dec. | Jan. | Feb. | Mar. | Apr. | My | June | Julv | Aug. | Scpl.
1 400 123.165.6|96.5|88.3385. |271.1262.|168. |70.1 495459
2 409 147. 16561920 89.5{416.|289.|260.|157.{69.0|49.5]459
3 40.01159.160.0198.0| 895|328 {294 (258 | 150.[67.8 488|459
4 30.1 { 138. ] 623 | 109. [ 8831285 /298 |256. | 152. 1678488451
5 39.1 [ 101.{61.1 1175|883 }267 |30l |256 [161 [668]48.0]459
6 400 ] 110. | 62.3 | 298. | 88.3 { 292 | 323.|1243. | 157|658 |51.2{473
7 400 103. {634 |203. 883294 341 |234.|1149.163.9|504|459
8 400 (9201667170 | 883|267 |333. 1249 [ 138 {629 5211459
9 4191833 |67.8|203.|883}271.[370.1247 |126.|161.9]521]45.1
10 4857951678 267 | 883|273 1390 {243 [123.]61.9}504]45.1
11 4967371678 | 189. | 88.3|276.1409.1243.|120.{6291504]459
12 4851645667166 | 895|422 |1406.1249.(113.1609 (488|480
13 4651589 ]1656]207 908|726 |401.|240. | 109. { 60.0 | 48.0 504
14 46.5160.0 1667 166.|92.0| 645.|406.|230. | 106. {580 |48.0|504
15 43716341690 155 |193.5]452 {422 {230 (101.]572]|48.0]480
16 446 | 61.1 | 858 | 140. 1 99.5|354. | 406. | 230. [ 96.5 | 56.3 [ 47.3 | 46.6
17 446 160.01199. [ 132.|1107. | 316.1416. 1223 [ 9805634731459
18 446 {589 | 157 | 123. ] 117.1296.|398. | 211. | 98.0} 5551459459
19 446 {5781 123. | 118. | 271. | 289. | 364. | 215. { 98.0 55514591451
20 51.6[589[109.1110.|344. | 282 |370.|207 {98.0|538|459(45.]
21 43711751121, ] 107. | 251. 1 273. 1411 | 195.195.0]53.8|459]45.1
22 419(149.1419.[103.|195.1249.1414. | 183. {908 5291459451
23 409 (110. | 197. 1 96.5 | 168. [ 243. | 383. | 181. | 8835294591459
24 4001895 143. ({980 | 157.|245.1338.1179.{858[529(459(48.0
25 419833126 1965|150, {240 1 311.| 175 |83.3]53.8|45.1|473
26 5891690117 1920149 [234. 1289 | 173. 7955211444488
27 9801690110 {93.5]152.1236.1278.1189. (783504444495
28 72.5{63.4[104. | 965|187 {240 |271. [ 175 [76.0]49.51444 495
29 678 (645]98.0950[240. |251.12067. {189 173714951451 ]495
30 5891656(10]1.|878 |- 249 12621 179. 1 71.3[495(147.3(495
31 547 - 9051908 | - 258 | -- 181. | -- 495|466 | -
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Marag- Goksu Highway
‘8608 .8 km2

‘March 11,1940 - September 30,1969

‘Maximum Discharge :803 m3/s

‘Minimum Discharge :45.5 m3/s
Table 4.2.9 1969 River Flows ( m3/sn)

Davs | Oct. [ Nov. | Dec. |Jan. | Fcb. | Mar. | Apr. { Mayv | Junc | July | Aug. | Scpt.
] 4951495 1209 | 171. {1241 2951 500. [ 422 | 215. 1 109. [ 67.6 543
2 48.7 1487 | 179. | 156. | 121. |1 243. [ 454. | 388. [ 190. | 108. | 65.7 | 543
3 4951487 | 156. | 146. | 115.} 221. 1 365.[409. | 209. | 106. | 65.7 | 54.3
4 40514791140 | 136. | 111.]226. | 331. [ 409. | 205.|1103.{68.5|543
5 4871479 | 128 | 136. { 109 | 230. { 316. | 380. 1200 |99.5|70.8 | 54.3
6 4951479 1122 1 134. | 109. { 249. 1 307. [ 383. 1 192. 1 96.2 | 67.6 | 543
7 4051479 | 113. ] 126. | 113.]1286. 1291.[380. | 186. [ 93.1 [ 65.7 {533
8 52415141108 1 119.1130.1340. {279.1360.|179. 1902 |64.7 {533
9 4951543 {101 | 117. [ 128. | 358. | 277. | 343. [ 169. | 88.7 | 63.8 | 57.1
10 4951524 1 113 | 111|124 | 373.{270. | 348 | 158. { 858|619 (590
11 4871487 1150 | 111 [ 121. [ 333. [ 265. [ 358. | 152. |1 8291609 57.1
12 4871479 | 150. | 140. [ 124. | 277. {272.{417. | 152. { 81.5{609 | 56.2
13 4871479 [ 130. 1 175 [ 138. | 252 {254 | 803.]150.|789|60.0]56.2
14 49051619 | 128 {171 | 122.{243.|232.1786.|148.|77.7{60.0]56.2
15 48.7167.6 | 124 | 142 [ 117 [ 236. (234 | 587.|144.|77.7}{59.0|552
16 4791628 | 121. | 130. [ 115. [ 228. [ 258. | 463. | 140. | 77.7 | 60.0 | 57.1
17 463 [ 57.1 [ 128 126. | 113. | 215 (302.[419. 1140 | 77.7|59.0] 58.1
18 46.3 1 543 | 121, [ 126. | 132. | 545. | 288. | 560. | 136. | 76.6 | 59.0 | 59.0
19 463 {533 | 111. [ 156.{134.[6064. {274, | 548. | 136. | 76.6 | 58.1 | 59.0
20 4551524 {106 | 175 [ 122 | 539 [274.[489.1152.176.6|58.1]628
21 463 | 5141 103. |256. [ 117.1447.[277.1438. 11521754 (581|609
22 46314951978 | 378 | 113|474 |274.{401.|146.1743]57.1]60.0
23 463 153319781245 [ 109. (443 (279 368|142 |73.157.1]600
24 524 (209 1169 11941 117.|1391. 1297 1348. | 134. [ 72.0(57.1 | 59.0
25 505284 [ 228 1167 1 111.|353.1401.|338.|134.]720]562(590
26 4951460 1451 | 161 | 109 | 336. | 51S. | 316|126 [ 708 | 56.2 1 59.0
27 4791401 {3501 150. [ 314. | 355. {489 | 288 | 121. | 70.8 | 56.2|58.1
28 4711360 | 274 | 142 [ 378. {424 [441. {268 [ 115 {697 {552]57.1
29 463 | 274. | 256 | 136. | -- 427 1471, 1254, | 113. | 68.5]552157.1
30 48.7 1245 217 | 128. | -- 446 1454 1245. 1 111. 1676|552 581
31 5051 - 190 | 126, | -- 495 | - 234 | -- 697 ({543 -
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Location
Precipitation Area

Observation Duration :March 11,1940 - September 30,1970
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K. Marag- Goksu Highway
:8608.8 km2

‘Maximum Discharge :297 m?/s

‘Minimum Discharge 261 m3/s
Table 4.2.10 1970 River Flows ( m3/sn)

Davs | Oct. | Nov. | Dec. [Jan. | Feb. | Mar | Apr. | May | Junc | Julv | Aug. | Sept.
] 58.1[58.1|647|743|{685]256 |234 | 148 | 76.6 | 46.3 | 36.4 | 30.7
2 5815901590 |720(73.1[297 {234 | 146 | 766|447 335|314
3 S81 15905711697 17661247 | 230 | 146 [ 789447 |342|328
4 S81|S7115711697(146 [ 219 {234 | 142 {766[447 335|328
5 58.1 15811581 |685|150 | 196 [245 [ 152 | 754(439}342]328
6 58115711562 (685{117 {186 [263 {144 | 73.1]423 342|328
7 60.0 5715521676104 (177 {258 {134 (7204231349 |328
8 600 |571}1552]167.61995]169 [236 {128 [69.71415|335]|328
9 5905711543 16851128 [ 167 [213 | 121 [68.5(408 300|335
10 S8.1 (5711543 {685{138 | 173 {207 [ 115 |67.6[400 321|335
11 581562543 (708 | 128 [ 184 {209 {111 | 657393321328
12 58115621543 (1697|154 | 184 | 217 | 108 | 6471415321328
13 57115521600 (685)184 | 177 | 232 | 109 | 628|447 ]30.0|280
14 571 (5525816851163 {171 {249 {115 | 619|447 )30.7|33.5
15 S7T.1 55215521708 138 | 167 [ 243 | 122 | 609|423 ]30.7}33.5
16 59.0 5525521708126 | 175 | 228 | 119 | 60.0[408 2551349
17 59015431685{697]119 {192 [213 1109 {59.0]400|293]36.6
18 581 (5431215 {685 (150 [ 238 {200 {103 |{58.1 (3851287349
19 5715431132 {77.7(140 | 279 | 188 | 101 [57.1 364|280 {349
20 57.1 1533887117 {126 {252 | 173 {995}552[37.1{28.0] 349
21 58.1 {543 |887|104 [ 119 226 | 163 |902|524[364287]356
22 6005431101 {93.1 121 |219 | 152 |945|524}356(293349
23 6095331132 (945121 {200 [148 | 9621543342261 ]378
24 6475331119 [93. 11119 | 180 | 148 9315521349293 ]40.0
25 63815241978 858|154 | 175 | 148 | 9025431304 |293|378
206 600533119 [800]184 | 175 | 148 | 887|524 |463 (300 385
27 6005241126 766|179 | 179 | 150 | 855]50.5]5621300]|304
28 60015331978 73.1 167 {186 |150 |829(487(47.1(30.0/{393
29 590106191844 708 192 | 148 | 81.51479141.5]30.7]408
30 58.11676}80.0]708 205 [ 150 [80.0147.11393]12931(400
31 58.1 780|708 221 78.9 37.1130.7-
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CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

l.ocation :Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
Precipitation Area :8608.8 km2
Observation Duration : March 11,1940 - September 30, 1971

Max.and Min. Flows :Maximum Discharge :1338 m3/s
:Minimum Discharge :42.4 m3/s

Table 4.2.11 1971 River Flows ( m3/sn)

Davs- | Oct. | Nov. | Dec. | Jan. | Fcb. | Mar. | Apr. Mav | Junc | Juh Aug. | Scpt

1 760928185 [ 119 | 110 {274 | 750 |502 | 188 | 904 {472 |544
2 76.0 {952 185 [ 119 [ 105 [ 335 | 719 |[S08 {202 [88.0 [448 | 592
3 7121904 (164 | 119 | 107 | 321 | S98 [496 | 207 [83.2 | 424 |592
4 712(904 | 161 | 119 | 107 | 288 | 632 | 505 | 223 [ 76.0 [ 424 |568
S 712192841212 | 119 {110 {269 | 914 |483 | 237 [ 784 [61.6 | 568

6 7121904415 [ 119 | 117 | 261 | 793 |474 | 220 {736 {712 | 544
7 784|952 (592 | 117 | 129 [ 237 | 660 | 459 | 196 | 73.6 |85.6 | 544
8 8321976403 [ 117 | 129 | 223 | S86 [455 | 185 [71.2 | 712 1592
9 832(952[264 {117 {129 | 215 | 545 |459 [204 | 664 [664 | 712
10 80.8 {119 {220 [ 114 | 122 |2]0 |S508 [424 |218 |71.2 | 8506 [6064

11 808 122 | 196 [ 117 | 122 (280 {477 421 |226 | 68.8 |88.0 {592
12 7841119 | 185 [ 124 | 122 | 527 | 474 |370 | 193 | 688 {952 |592
13 80.8 1141 [ 177 | 139 | 117 [ 502 [ 660 |335 | 180 |64.0 | 832 |06106
14 107 {102 [ 169 {134 {119 | 517 | 1044 {313 | 169 | 59.2 | 784 [ 616
15 129 {100 | 161 {131 [117 | 502 {1120]296 | 159 [64.0 |76.0 |061.6

16 112 | 105 | 156 126 | 117 {316 | 1223 ] 285 | 159 | 59.2 [68.8 | 59.2
17 97.6 | 105 | 151 [ 122 | 114 [ 341 {1293 | 277 [ 151 | 544 [61.6 | 59.2
18 028|105 [ 154 [ 117 | 112 [ 388 [ 1338|272 | 146 | 544 [59.2 | 592
19 904105 {144 | 114 | 114 | 483 | 1310 {280 | 141 | 52.0 | 50.8 {610
20 8321105 [ 134 {110 | 122 [ 598 | 1181 {272 | 136 | 568 |59.2 |64.0

21 88.01904 126 | 105 | 126 | 527 | 1021 | 258 | 129 [ 64.0 | 520 |61.6
22 928|880 126 [ 107 | 141 {452 | 914 {247 | 126 | 568 | 544 | 64.0
23 90.4 | 88.0| 129 | 110 | 193 [382 {930 |250 [ 124 | 61.6 | 568 | 664
24 90.4 1107 | 129 | 112 | 220 | 355 [ 1092|247 {122 {688 [064.0 | 60.4
25 9281166 | 131 | 112 1202 | 341 [951 [226 [ 119 | 50.8 [59.2 [64.0

26 9281215 | 131 | 112 | 185 | 361 [ 660 [234 [114 | 520 [568 | 688
27 146 1299 [ 1290 | 112 {191 {468 | 598 |237 {110 {544 568 | 088
28 146 {274 [ 129 | 112 [ 234 | 511 | 579 [220 | 10S [061.6 | 544 |0688

29 120 1250 1 129 | 110 |-~ | 4406 | S01 210 | 100 | 56.8 | 52.0 | 0688
30 107 1202 | 122 } 110 [ - | 382 | 542 [204 |95 |520 |520 712
31 102 | —- 122 1 110 [~ [ 452 ] - 193 496 | 520 |--
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L.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

‘Under the Kilavuzlu Bridge on the K. Maras- Goksu Highway
:8608.8 km”

- March 11,1940 - September 30,1972

‘Maximum Discharge :340 m3/s

‘Minimum Discharge :19.5 m3/s
Table 4.2.12 1972 River Flows ( m3/sn)

Davs | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Junc | July | Aug | Scpt.
] 329(324({379|343(28.1]{408|70.6|340 |933[53.1(249|217
2 336(324]1408|333(289|408|744(290 |862|48.8|24.1|24.1
3 3361324388 |324{315|418{7831234 7704581241202
4 336(1333137913243151428(744]197 693|448 233202
5 336 1333{3431343[324|418[706]179 [669}41.8]|24.1]195
6 3801324370343 1306|468{693 1064 [644(408 2331202
7 155 1289379324297 520718137 {848|388225}202
8 499 (3241370315297 ]542]|73.1({119 [669]37.9|225[195
9 3431324 1370(31.5]306|574(809(127 {161 |37.021.7[19.5
10 370 13151 36.1 {324{306|595(110 | 130 | 130 | 36.1 | 21.7]19.5
11 3791324361 [ 3151306620139 | 121 {110 {333 |2L7|19.5
12 37.0(32.41509]306]30.6]657]|134 | 118 |96.2{324]|21.7]|20.2
13 37913331509 1306|333[73.1[119 {114 1976(306(217|300
14 36113241458 (32413431669} 118 | 110 |947(29.7]21.7{324
15 36113241408 2971352101 [132 {102 | 835|289 (241|281
16 36.1 13241379 281(1398|134 | 163 |99.0|809(25724.1}273
17 3431333388289 (458 | 113 [163 1962]796|273 273|249
18 343 (3333792891438 104 {137 |919(796|273]265|24.1
19 3433331370265/ 448 835|121 |876}173.1{265]249|233
20 343 133313611265]408[770{ 118 |835]|71.8[205}24.1]24.1
2] 3241324361 12893791681 139 |809]770|249}|249|233
22 3341458 136.1 1315379644143 [757]757]1257|233(233
23 3341478361 1324388620127 | 718 757257225233
24 3521408 36,1 [306]|379]657|123 [068.18062(241{202(24]1
25 3521398 36.11297|3701706(123 |757]1757[|249[202[249
26 3331388 36.1120713611693/118 1101 620249202249
27 333 (3791352 131.5|388]669|114 | 83555212331 195}257
28 34313791352 131.51398(0644[110 |73.114481241|1951249
29 343 137913521315 - 632|191 [ 69314781233 1195)24.1
30 333 (37013521306 - J0620]315 |848[5741281]1202(249
31 306 | —- 343|289 05.7 | -~ 7701 —- 2571287 | -
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L.ocation
Precipitation Area

Observation Duration : March 11,1940 - September 30,1973

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K. Maras- Goksu Highway
:8608.8 km”

Max.and Min. Flows :Maximum Discharge :166 m3/s
‘Minimum Discharge :11.8 m3/s
Table 4.2.13 1973 River Flows ( m3/sn)

Davs { Oct. | Nov. { Dec. | Jan. | Fcb. | Mar. | Apr. | May | Junc | Julv | Aug. | Scpt
1 265343398 {265(333]119 | 862101 |478 257 13.7{137
2 2651552 (3792651297 ]105 |90.5(102 |488|249|13.7(144
3 281 {4481379|2065|289 (8911976104 {448|249|144| 137
4 2071408 (379265281 718|116 {990]468|249|159]137
5 207136113791 205({281}641]111 1962[468[24.1]| 1881137
6 306{3701370(257|273[595| 114 {933|43.81233|159}{137
7 289136.1{370|273|281]|620|166 [{919]428233(151144
8 273(379(36.1 (273297644} 141 |933[408|202]13.7]15.1
9 2811361361 (2651297681111 |919/398 188144124
10 281 [36.11361{281]297[669(102 |87.6{379]188]13.7]159
11 281135213521 249|1306|6691107 |8621379(173 137 18.]
12 2891352343 (28.1(306[693 116 [809]3908|18.1|13.7| 181
13 2891361 134312731306[706|137 744408 18.1|13.1}181
14 280[706[333{289(36.1 8221161 |706|398 181 13.7(173
15 281[499333({273|408([102 |170 |70.6|{398{188]13.7] 166
16 281438333 (257(398|100 |164 |693{379|188|13.1] 1606
17 289418 3151265370111 | 137 {681 (3701951311159
18 315398 315{205(379(976]119 | 706|388 | 1811371159
19 6321388 (315]|265)|398876{107 6693791159124 ]166
20 84813791324 }2811468{90.5]110 |595[370[166]13.7]159
21 7571379 31512891428 {110 | 114 [ 60.7 352159137159
22 478 (370(281)1265(428(104 | 114 [60.7(333]159[13.7]|15.1
23 418[370(281]1257({398]905|123 {574 |315}151113.1[159
24 3081361 (207 1265({388|835[ 125 (520(306(159(124}166
25 3793701289 12051770({79.6] 125 |53.1[28.1[166]13.1]159
20 37.0 (370281 }1265(143 | 833 [ 125 |520[265]166|137(173
27 3791584 12701273] 111 | 809|119 [499[265|159]13.7{166
28 3611428273 127319191848|116 |499({265|151}13.7]|166
29 36.1 142812051273 |- 848|105 147824911441 13.1(159
30 3521408265281 - 822101 488|257 | 15901118202
31 352 (-~ |273}343| - [822]|-— |488|-— {13.7]|13.7|--
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L.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Marag- Goksu Highway
:8608.8 km”

: March 11,1940 - September 30,1974

‘Maximum Discharge :610 m3/s

‘Minimum Discharge :17.3 m3/s
Table 4.2.14 1974 River Flows ( m3/sn)
Days | Oct. | Nov. | Dec. [Jan. | Feb. | Mar. | Apr. [ Mav [ Junc | Julv | Aug. | Scpt.
1 166 |21.7(488 1343|333 (653|111 {9741524|272]19.7|280
2 173 1233]162.0]31.5(32416421109 {106 |505]|272]|19.7]34.0
3 166 12251552 13061324 632|112 [105 |486[264(190|317
4 17312101478 1297{324 632|111 |989|477|256(1901]272
5 17312171438 [2971324{63.2[109 [920[458{256{19.0|2438
6 25712171388 |289(333|62.1{106 {89.5{458|248|190233
7 36.1121.7)458(29.7(343161.1|103 |87.0{448 (248182233
8 26512101448 1297[343160.0{147 {8581439|248(190/218
9 2491210448 3331343 |61.1|166 [83.3]439]248(190/204
10 25712251408 13061343]60.0(161 {797[429]|240{182|218
11 2412171398289 (379|663|143 {820{41.0|240(182]19.7
12 289 122514081289 (1398728135 |774{41.0]|233{19.0|289
13 2491458 1379(265398]| 744|161 |751{40.1{233[190{314
14 241352 131.5;281]408| 118 {168 {71.7[393|248|182(233
15 2251361 1379|281143.8|610 {171 |674[381]233[182]24.0
16 22513701408 289438550 | 181 |653}358(240(182|218
17 22513431644 1306]41.8|368 [ 183 [ 642]367)|226(19.0|218
18 22513151499 12891428 1233 [ 168 | 642{367(233([190{218
19 20213431408 /3331438170 | 149 [63.2]367(226(204|2138
20 2101265]379[408 1438|129 | 143 1642]340(218({204]218
21 1731257 |388[379]448 154 [ 129 |642(332}121.1{204]218
22 2021265370361 ]438145 | 106 |63.2323(|218[19.7(218
23 21012491343 361438145 [ 115 [60.0|314{21.1]240(218
24 19512491343 |338(458 150 {112 {562 (314204264 ]2I.1
25 18812571324 |31.5]563 150|115 ]562]306{204]256]218
26 19512571324 1324(68.1[149 |989|543(289]1204(|226/(2206
27 1951265(32413241744|149 |974[543]280/204|21.1{233
28 19512731324 (343674147 [96.0(543{28.0|204 (240250
29 202 12811343333 — 135 1945553 (28.0(197(1240|289
30 2021213343324 124 [{933(524|280[204[248254
31 210 - 13431324 |-— 124 [-— |505]-— |-— |240]|2438
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CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

L.ocation :Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
Precipitation Area :8608.8 km2
Observation Duration : March 11,1940 - September 30,1975

Max.and Min. Flows :Maximum Discharge 497 m3/s
:Mimnimum Discharge :21.8 m3/s

Table 4.2.15 1975 River Flows ( m3/sn)

Oct. | Nov. [ Dec. | Jan. | Feb. | Mar. | Apr. | May | Junc | Julv | Aug. | Scpt.

2481280289632 |552(101 [187 {417 [118 [553]340 204
256289393 163.21595190.5|234 [34]1 {114 | 543384204
248|384 (34.0]|64.2]60.7|83.5[2064 {320 | 109 | 534367264
248 (306131.4]6531574|809(290 |308 | 105 {524}358]25.6
248[289134.0[642]552179.6[295 | 294 [ 102 |S1.5]349][256

21812801323 }162.1|53.1{79.61276 |282 [96.0149.6|340]|25.6
2261280306 (61.1|520]822]271 |246 |92.0|48.6 332|272
2332641429 [600]5521862[266 | 222 |895|48.6|3321264
2401264 |375]674|552{848[264 [215 8584673322064
10 256[2641653 (164 | 5311862204 |207 [833[467|31.4[264

\Dw\JO\’vale-—'Q
1]
-
/2]

11 256256562150 {448 128 | 262 [207 {809 |41.0[323]|2064
12 248 [ 256458 130 | 428155 [259 {205 |82.0|41.0|31.4|2064
13 256 1272141.0] 101 | 438|154 [266 {205 [|820(41.0]306]|27.2
14 2721272140.1 | 848|542|161 |257 | 198 {79.7{41.0]3006 204
15 2721264384 [770]488] 185 [241 192 [79.71393]29.7{27.2

16 2641264|384[6931499193 {222 | 190 | 774384289272
17 2561264429 163.21488|179 | 218 [ 190 [ 763384297272
18 248 (264|543 [60.7]499]159 [497 | 170 | 74.0{384]28.928.0
19 2481264 |51.5159515201155 {611 | 154 [ 728375289289
20 24812641109 [595]168.1]1064 [530 | 157 [70.5]375]289]289

21 24012641209 |5841947[179 [395 | 162 | 684375289289
22 240 (2561945(509]1933|195 | 355 | 162 [63.2]375]|28.0(289
23 2401264695448 1933[214 [338 [ 157 |64.2(367 280306
24 2331272621448 189.1]308 [323 | 152 |62.1)358]289]29.7
25 226[1264 581438848372 [328 | 152 1621358289297

i

26 233 125615621438 114 {281 1428 [ 143 | 62.1 |358|280]29.7
27 2561256553 1438|132 {245 (440 [ 140 [ 0621 (34912721297
28 420 (256562438116 [211 {335 | 142 {61.1}349|272(297

20 1349256581438 |-— | 199 | 389 | 137 |58.1]349|204|323
30 [349256]| 600|438 -— {185 [473 | 132 {502 |340(272(314
31 [289]— |621]458] — [183 | | 124 | — [340]204 |-

108



L.ocation
Precipitation Area

Observation Duration

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Marag- Goksu Highway
:8608.8 km?2

: March 11,1940 - September 30,1976

Max.and Min. Flows :Maximum Discharge :276 m3/s
‘Minimum Discharge :35.5 m3/s
Table 4.2.16 1976 River Flows ( m3/sn)
Davs | Oct. | Nov. | Dec. § Jan. | Feb. | Mar. | Apr. | May | Junc | Julv_ | Aug. | Sept.
1 31413061332 |389|728(524259 |310 | 178 [669 398289
2 306 129713233401 653|51.5]261 {298 {178 | 657388289
3 306306323 (340621534271 {290 | 168 [63.2]379}289
4 31141306 1306349621 (534|303 [288 | 159 {60.7|37.0|289
S 32313061314 908]59.1[534[268 {286 179 [59.5]|37.0]28.1
6 3321306306883 |58.1([553]233 276 {145 [552)37.0/28.1
7 33.2129.7(13061600|62.1159.1|224 |269 | 141 |542(370]|273
8 3231306314534 |740(674 213 {247 {137 | 531379273
9 3231306314496 |740]703|200 (172 | 134 {509 |36.1]273
10 323(30613141477|674|774]|213 {207 | 134 [509|36.1{273
11 3231306]306]429|600 (774|226 (207 | 123 [53.1]36.1]273
12 3231297(297]141.0|572|786(S515 |207 {118 |563|352(273
13 311412971306 141.0| 553|786 556 | 207 | 110 [63.2}343|273
14 3141 306[306|41.0|543 1797398 {225 | 105 | 584332273
15 323 (323{297140.1(53.1]{87.0|341 | 185 | 105 [ 563 (333|273
16 323 133213061439 |543 (102|189 [185 | 104 [542 324281
17 3141340306477 15721106 | 476 [ 185 | 102 [S2.0(324]289
18 32313431306{78.6 572|132 1480 | 198 | 101 {509 324|281
19 306 (333306763 |5621142 |368 | 159 | 101 [499(324|289
20 2073231332621 |553(152 {349 | 188 {97.6|478 (324|398
21 30613231420)59.1 543|166 | 350 {276 |94.7]488 3241370
22 30613231420(59.1 543170 {323 |330 {90.5(478|324136.1
23 2073231367674 (543 (211 [310 [348 [90.5|458]324]36.1
24 207 1332134018451 543 ({217 [ 295 {398 19471458 {324]36.1
25 306[1420§314 7561543213 [305 [254 1933|438 (31.5](30.1
20 207142013201 71.71532[205 1308 [234 |87.6[438(31.5]36.1
27 314 (4101342 [695|532]1205 |313 216 |796|438(315]|379
28 30,6 13401349663 |534{222 (330 {197 |77.0({428 306370
29 306 1332358 | 7806 |53.2(226 [355 191 73.1 42830061361
30 3061332137589 7-— 12351343 [ 189 | 706|418 (29.7]|30.1
31 306~ (367833 -— [2406 |--- 172 | — 408|280 | -
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K.Maras- Goksu Highway
:8608.8 km2

: March 11,1940 - September 30,1977

:Maximum Discharge :550 m3/s

:Minimum Discharge :30.6 m3/s
Table 4.2.17 1977 River Flows ( m3/sn)

Days | Oct. | Nov. | Dec. { Jan. | Feb. | Mar. | Apr. | Mav | June | Julv | Aug. | Sept.
1 35216571933 1105 [657]199 1243 {360 {142 {689]419]312
2 35216071862 (975669440 {259 323 {137 |662]408|32.0
3 3521584123 |919(68.1]330 |274 |303 | 129 (624408320
4 3335631305 |8.2|8221254 | 283 {298 | 124 {6241408]|320
5 333 (5421225 | 822110 [211 [286 |289 | 121 (624408320
6 333 (531166 | 783 119 | 197 [ 290 (287 | 121 [63.7]39.7]33.1
7 324{499 1146 | 77.0( 114 {187 | 293 | 271 | 120 {61.1]38.6(320
8 32414881130 {744 113 1176 | 286 {261 | 115 | 585|38.6]320
9 31.51488 1137 [ 7311105 1170 | 271 | 252 | 112 | 57313861320
10 324478159 [ 7181976 189 {247 [ 244 | 109 {56.0|37.5]33.1
11 306 (468 | 145 | 706 1962 | 187 | 234 | 233 [ 105 [S4.7|37.5]33.1
12 31514681139 706|102 | 193 | 236 [ 237 | 989547364342
13 306 4581141 693|111 | 185 | 238 {235 | 989535353342
14 3151448 155 | 669|114 | 185 (236 [228 {974 |53.5(342(342
15 343 {448 152 {669 (125 | 195 {220 (2190 | 989 |535(33.1]33.1
16 448 1 43.8 128 | 657|143 | 209 | 209 | 207 | 100 | 51.2]33.1{353
17 36.1 14281113 | 620168 [207 | 199 | 196 | 100 | 524 | 33.1]353
18 3431428107 | 63.2 (308 {252 |201 {192 |989]500(33.1]|342
19 36.1 {418 101 | 632|315 (281 | 195 | 194 { 989|489 ]33.1}353
20 448 14181962 (620238 [ 269 | 185 | 186 | 9891477 |33.1|342
21 468 | 41.8 19051620187 | 243 | 178 | 179 | 100 | 465342342}
22 428|418 (876|607 (170 | 231 | 187 | 173 196.01453]33.1]353
23 3981428 1835595161 [229 1550 [164 1932453 ]33.1]34.2
24 8221607 8221595159 {231 [443 {170 9181453312342
25 187 {108 [ B7.6 584|166 |234 {335 (170 [89.1(442(312| 342
26 18 {107 [ 862 [595] 166 | 234 [26] | 170 [ 837442320375
27 96.2 1113 | 104 | 60.7 [ 168 | 225 {1248 {164 |81.0{43.0]|32.0]397
28 783 [ 127 (183 |60.7 172 | 222 [305 [ 157 [ 864419312397
29 96.2 1 102 | 155 } 60.7 [ --— | 220 420 {154 | 8371419312397
30 809|105 [ 130 | 620 -— [218 {420 | 150 [ 8241419320375
31 718 ) 1114 [632—— 220 | cece {149 | —— [ 408|320 -
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K. Marag- Goksu Highway
:8608 8 km2

: March 11,1940 - September 30,1978

:Maximum Discharge :285 m3/s

‘Minimum Discharge :28.2 m3/s
Table 4.2.18 1978 River Flows ( m3/sn)

Davs ] Oct. | Nov. | Dec. [ Jan. | Feb. | Mar. [ Apr. | May | Junc | July Aug. | Scpt.
1 3751408 3531489844 {134 | 170 | 211 (134 | 579370282
2 386{408{364(824{9701139 {163 {209 {122 |{570}362]282
3 3864081500162 | 134 | 142 {165 | 219 | 118 |56.0]362|282
4 3861408 | 743|156 | 136 | 148 | 175 | 231 [ 111 [ 551362296
5 3751397716118 | 122 1 I5]1 | 225 [227 [ 111l [ 54.1]362(29.6
6 3751397 15471997122 | 156 {285 | 211 {108 {532362]296
7 386[386|4651(1942 (147 | 158 |248 [ 190 | 105 [ 513354296
8 364 (3861430102 [ 147 [ 160 [231 (174 | 102 | 503346303
9 3751375453 1970213 | 165 | 266|170 [99.7{495|{34.6|31.0
10 364 {375(43.0[893| 183 | 192 {306 | 174 983|486 338310
11 3751375408 | 856|147 | 209 (289 [ 18] | 956469338310
12 36413751408 831136 {203 {250 {183 | 917452338303
13 364 1386(39.7|796| 125 [ 188 [22] [ 188 |91.7]444 331303
14 3753751397 1773 {112 | 174 {213 [ 184 [905]444 (324|303
15 3753754191749 112 | 163 | 213 {174 |88.1|444|324{303
16 41913751442 17261145 | 153 {217 | 168 | 8441435331296
17 4193751489 715|170 | 150 | 219 | 167 {83.143.5(33.1[{296
18 41913865121 71.51148 | 143 | 221 [ 165 [ 807427324310
19 41913971489 71.5| 153 | 140 | 221 | 160 | 784 (418|324 338
20 4301386477118 | 156 | 140 | 211 | 153 [76.1|41.831.7(324
21 430386 (477125 1248 | 140 {192 {143 [76.1 418 |31.7|324
22 430 (3861477108 | 225 [ 142 | 196 | 137 | 73.8(41.0| 303 33.1
23 4193751465111 | 174 [ 165 | 211 [ 130 [ 72.6 {402 (303 {31.7
24 4191375430104 | 148 | 165 | 238 [ 124 | 7151394 |31.0|33.1
25 4191364 [4191997 | 1306 | 1583 | 227 | 125 693394310324
26 41913641408 956 130 [ 150 {207 {124 {661 |{378(303)328
27 419(364{408 1942|128 [ 172 | 196 | 122 | 64.0|37.0(30.3|33.1
28 4191364408942 1130 [ 167 | 196 | 122 (6193782906 33.1
29 4191353 (4081942 | — [ 168 1205 1124 [609]37.8|289]338
30 41913531397 1905 | —— 184 [ 213 | 130 [ 589[37.0[289]340
31 408 |-~ 14191881 [ -— | 179 [~ [ 140 | — [ 370|289 -
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CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

L.ocation Under the Kilavuzlu Bridge on the K Maras- Goksu Highway

Precipitation Area :8608.8 km2
Observation Duration : March 11,1940 - September 30,1979

Max.and Min. Flows :Maximum Discharge 804 m3/s
‘Minimum Discharge :26.4 m3/s

Table 4.2.19 1979 River Flows ( m3/sn)

Oct. | Nov. | Dec. {Jan. | Fcb. | Mar. | Apr. | Mav | Junc | Julv | Aug. | Sept

Davs

1 338738 7154819117 | 130 | 153 {113 | 102 (554321271
2 338{5891{693 253 {146 | 125 | 153 {113 {102 5024321271
3 33.1 [ 54115411792 [ 143 | 122 [ 168 {114 | 9755231321264
4 3311513486804 | 130 | 119 {192 {114 {96.0]|574 314271
5 31.71486[46.9 392 [ 122 {116 {192 {114 960 [533] 306|271
6 3461469 (5221246 [ 119 | 116 {176 {110 |990[493 1299|264
7 32414611893 |1200 {117 | 119 {162 [ 107 1924|1484 1299|264
8 34614521119 {176 | 117 | 119 {156 | 105 | 8764741299264
9 3311435150 [ 157 {121 | 117 {154 {107 | 8404651314271
10 33814441997 145 [ 137 {114 | 149 [ 107 8001456321271
11 33.1{42.7180.7 133 | 130 | 113 | 140 | 105 {792 (438 (33.6|278
12 3311427407381 127 1133 | 113 | 132 | 102 | 7684283281278
13 33814181682 121 | 138 113 {129 |10] |7681410)31.2]278
14 3381418{640}1116 | 141 | 111 {135 | 101 {7921402 314|285
15 338(410(956 113 {178 111 [ 121 |10l | 756|394 |3006| 285
16 35414021242 | 110 {300 | 113 [ 113 [ 101 | 720385292285
17 35414021127 1108 | 226 | 121 | 119 {101 1709 13851299299
18 3541402101 | Y13 ) 187 } 130 (119 [ 102 1732]14021292}1299
19 3621394 (893|154 {171 } 143 | 117 [ 102 | 62.8 385299 30.0
20 3541394 (819187 | 164 {149 | 124 | 108 [ 628 ]369}292]30.6
21 3541394784156 | 161 | 154 | 127 [ 113 [595]136.11278]1299
22 3621394 (7491137 | 148 | 164 | 120 { 101 | 584 136.1 | 2871299
23 410139041 71.5(129 | 141 | 178 {125 | 102 | 584356271299
24 46.1 13941693 | 121 | 181 [ 181 [ 121 | 102 | 564|344 (271|299
25 427139416821 114 | 181 176 | 116 | 101 [ 543|344 2781306
26 410138617031 111 | 161 164 | 113 19901523 |344|12781299
27 660138616721 114 | 148 | 151 | 111 {975]15021336]292]299
28 640139416721 117 | 137 [ 141 [ 113 {975i5121336}{285]2909
29 S1.313806166.1) 114 [ —- 140 | 113 19751523 133612783006
30 S7T9141.010651 (113 | — (141 [ 113 {948(504|328|2781299
31 942 e—— {693} 1] |- | 148 | —— (990} -— [328 264 |-~

112



lL.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuziu Bridge on the K Marag- Goksu Highway
8608 .8 km2

: March 11,1940 - September 30,1980

‘Maximum Discharge 1329 m3/s

:Minimum Discharge :29.9 m3/s
Table 4.2.20 1980 River Flows ( m3/sn)

Davs | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. Apr. | Man | June July Aug. | Scpt.
] 2091385720651 7441 107 537 | 455 | 357 840 | 52.8 [ 387
2 306 | 438|686 (663|720 104 499 | 470 | 343 825 | 515|387
3 3141447(1697]1663]697[948 |528 {499 | 332 84.0 | 503 | 387
4 3141402 (7321709674912 |603 |508 {318 |795 490 |387
5 314[394 1756|157 16631975 |586 |486 | 304 78.0 149.0 | 38.7
6 314385756129 |68.6( 107 569 | 452 | 287 76.5 1479 | 38.7
7 3141936744117 | 697975 {544 | 446 | 273 75.0 1479 | 38.7
8 314198 {697 1105 [ 709936 |518 [434 | 258 75.0 1479 | 387
9 314 (130 [ 6631975(720{91.2 |528 [437 | 243 73.7 1467 | 387
10 314840628990 732]1948 |534 | 458 | 220 723 | 4506 | 387
11 344 1663]605]9.6|7561 113 589 1443 | 210 | 723 {444 | 398
12 3281605|605]900] 7561} 156 512 1443 | 195 71.0 {444 | 398
13 321 1595(104 | 852|768 164 534 1446 | 180 [ 696 (456 | 38.7
14 3211617282 | 780|948 148 499 | 505 | 166 | 669 | 54.0 | 387
15 3211651173 744966 | 141 492 | 499 | 152 642 (46.7 | 387
16 3281628 (127 {73.2{102 | 146 483 1483 {136 629 |444 | 398
17 3281605(117 16971168 | 145 486 {473 | 123 615 (444 | 398
18 3211595116 1697153 | 174 489 1455 | 113 603 [433 | 398
19 328 (5741108 | 697|133 | 171 486 | 440 | 108 590 1433 |398
20 3285649751686 113 | 157 486 | 437 [ 104 590 [42.1 | 398
21 328 155419121674 107 | 151 489 | 446 | 104 578 1410 | 410
22 336{523]87.6|663[102 |154 492 1452 | 103 578 1410 | 421
23 3945121840 ]651{99.0/ 171 563 | 443 | 101 578 141.0 | 421
24 4021502 ]81.6[6281936] 190 486 | 449 | 996 | 56.5 1410 {42.]
25 428 1484|804 60.5191.2(518 470 [ 446 | 948 | 553 {1410 |42
26 686484 | 780 |061.7| 889|576 473 1440 (932 | 553 ]398 {410
27 4741474 756640889 6506 473 (428 190.0 [ 553 (398 |41.0
28 4195041709852 (8891320 {470 {417 | 885 |[553 [387 |42.1
29 402 178016748064 |93.06]|908 467 | 402 | 87.0 [ 540 1398 {421
30 3041768651 ]816]|-—-— |084 464 1391 | 84.0 [ 528 |38.7 |42
31 385 - [65.1]768] - | 583 — | 374 | —-- 528 | 387 | —-
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lL.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZL.U

:Under the Kilavuzlu Bridge on the K Marasg- Goksu Highway
:8608.8 km2

- March 11,1940 - September 30,1981

:Maximum Discharge :1105 m3/s

:Minimum Discharge :43.5 m3/s
Table 4.2.21 1981 River Flows ( m3/sn)

Davs { Oct. ] Nov. | Dee. | Jan. | Feb. | Mar. Apr. | Min | Junc | July Aug. | Scpl.
| 8261730858103 | 301 496 [475 [413 |259 | 127 [ 606 |549
2 826730185889 235 {556 [456 380 {252 121 [63.5 |52.1
3 117 173,01 858|858 184 | 4906 448 | 361 [ 252 [ 118 | 663 | 549
4 135 | 698|858 890|163 |434 436 | 357 {249 {116 | 606 |52.1
5 117 1698 [ 85.8 [ 89.0 156 | 371 444 372 {242 | 130 | 57.8 | 521
6 107 [ 698 | 121 | 280 | 163 | 350 413 | 409 {236 | 121 | 521 |52.1
7 103 {73.0({220 | 213 {184 | 385 394 | 398 {220 | 113 {492 {521
8 9821698 135 | 413 {371 | 434 391 | 383 1219 1110 {464 {521
9 936103 | 112 | 184 | 357 | 441 372 1376 | 213 | 107 [ 464 | 521
10 890 (7621198 | 163 | 322 {502 361 1409 {219 [ 110 | 43.5 |52.1
11 8900 |73.0]308 | 177 | 280 | 670 357 1368 | 216 | 110 ] 43.5 |52.1
12 890 (730170 | 117 | 250 | 750 350 | 368 [ 204 | 107 | 435 | 549
13 85817621126 | 826|250 |92] 357 {357 [ 204 | 98.1 | 464 {0692
14 826[73.0|117 [63.4]243 [ 1001 |361 | 350 [204 923 [492 [69.2
15 8261730107 | 548|350 | 1105 {361 |357 [216 {894 [52.1 [66.3
16 7941698 19821730616 | 1089 |365 |346 | 226 [ 83.6 [521 [72.0
17 76.2 1698|830} 177 | 658 | 973 365 {324 [ 239 {80.7 | 52.1 [ 749
18 7621698 (826|177 | 514 | 816 372|302 1229 1778 1492 | 778
19 76.2166.6(794]107 | 562 | 776 387 {294 | 213 | 72.0 | 492 {778
20 76.2 | 66.6 | 7621163 | 690 | 803 387 (291 1200 § 720 | 492 | 778
21 735|982 762|496 | 705 | 865 304 [287 | 191 | 692 {464 | 778
22 698 | 156 | 76.2 | 308 | 556 | 753 402 | 309 | 185 | 635 [ 549 |778
23 66.6 | 121 | 76.2 { 170 | 490 | 695 413 1331 174 | 635 |60.6 | 778
24 7621112 [ 794 | 135 | 455 | 695 432 | 313 [ 171 | 63.5 | 60.6 | 80.7
25 8581103 [ 76.2 | 98.2 {406 | 663 463 {302 {168 | 635 [ 06006 | 778
26 826|982]794|982)378 | 632 475 | 287 {159 | 606 | 57.8 {778
27 7941936156 [ 121 [ 371 [600 {463 1294 | 150 {606 {578 [80.7
28 76.2 | 89 350 | 213 1357 | 569 448 1201 1142 | 578 [ 635 | 778
29 794 | 89 243 1336 | - | 543 440 1280 1133 } 578 1720 | 83.6
30 762|858 | 163 | 205 | - [ 519 444 1273 1130 | 878 | 63.5 | 86.5
31 730 [ - 1126 329 | —— | 503 - | 266 | ~—- | 578 [ 578 [ -—-
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l.ocation
Precipitation Area

Observation Duration

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K. Maras- Géksu Highway
:8608.8 km2

: March 11,1940 - September 30,1982

Max.and Min. Flows :Maximum Discharge :540 m3/s

‘Minimum Discharge :30.0 m3/s
Table 4.2.22 1982 River Flows ( m3/sn)

Days [ Oct. | Nov. | Dcc. | Jan. | Feb. | Mar. | Apr. | Mav | Junc | July | Aug. | Scpt.
] 350({384 (422|157 {860 176 {101 [ 233 | 109 [43.2]36.7|30.7
2 3411393 (432|138 (109 {149 | 107 | 222 [ 107 {45.1[36.7|31.6
3 341 [ 376412132 [ 122 {132 | 121 [ 206 [ 106 {47.1 376|316
4 3501393 (432132 [ 107 | 122 | 142 {194 | 104 | 4421367 |30.0
5 35013761461 {119 [98.0| 118 [226 | 184 [995|442|359 ]300
6 3501384 (501115 |935| 115|247 {176 {95.0{42.213501300
7 3591384545115 [90S5] 113 | 217 {170 {920(41.21350(292
8 3411384 (5451149 [890 (110 |200 [ 162 {905|393 333|292
9 359 (3845121540 [875| 112 | 186 [ 159 {86.0{393 333316
10 3591376589328 [ 860|121 [ 178 {153 {840{393 (333|307
11 3501422150119 |[86.0} 112 {200 153 [73.4}41.2|333|30.7
12 393 (51215231170 {875(107 | 186 | 161 [ 720(41.2]30.7|30.7
13 422 18325121157 1860104 [215 {180 684|442 ]324|300
14 4121636512142 | 695]101 238 [172 |66.0{422(324307
15 53415121115 j126 (67519501254 | 174 {63.6]422{324(316
16 4901471305 | 122 [696905|25 | 172 {63.6|41.2131.6]30.7
17 3671432 (320 {118 {708 | 127 {258 [ 172 [ 6241422307307
18 4321451266 | 115 1696|122 [ 268 | 210 |58.9(403]30.7{30.7
19 42215121188 [ 110 {69.6| 110 | 254 | 184 |56.7|403|31.6|30.7
20 41214901136 {106 | 69.6]106 [ 233 | 168 | 54.5(39.3|30.7{30.7
21 403 [47.1 1112 1104 [ 6841101 [ 224 | 145 |523(1393 (316307
22 403 (4511118 | 101 | 584|101 {224 | 138 | 124 {384(30.7|324
23 3031442107 {995({720[ 101 | 226 | 134 |49.0[403]30.7|34.1
24 30314321110 (950720 121 | 208 {138 {48.0(393]30034.1
25 39314221143 (9207662 [ 118 [206 | 136 |47.1|384 300|341
26 3031422140 [890 (1624|107 | 198 | 127 {451 367307350
27 30314221206 [875(1624]101 245 (124 [442136.7|333{333
28 38414221482 [860| 103 [ 965226 | 121 4323671324333
29 384 (4121315 |875|-— |950224 {115 {442(384]31.6/(333
30 384141.2(1206 |80} --—— 1950240 [ 116 [4221384 300324
31 384 (-— [ 161 |80 f-— 950 - | 101 [— 1367|300 -
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K. Marag- Goksu Highway
:8608.8 km?2

: March 11,1940 - September 30,1983

‘Maximum Discharge :108 m3/s

‘Minimum Discharge :11.8 m3/s
Table 4.2.23 1983 River Flows ( m3/sn)

Days | Oct. | Nov. [ Dec. | Jan. | Feb. | Mar. | Apr. | May | Junc | Julv | Aug. | Sepl.
1 1981228 2331263218208 |668|528|4451208|178]139
2 19312331228 }258|21.3[208|653(538141.9{203{178|139
3 188 1238]2281253|208|21.3|632|538(384]|198!178139
4 1832382231253 |213(213163.7|544[368[198]178]|135
5 1832382231253 213[213[648{538{348|193([178]135
6 18312381223 1253|208|208|668{533[328{193|178(135
7 18312381223{248|208(208|728|523(328|188|173|135
8 178 1238228248208 |213]108 |51.8({338|188|173]131
9 178 (243 1233]243|203|21.3{958|518(338|183}|168]13.1
10 1781243 12381243203 [218{809[50.7|343]183/[16813.1
11 1731243 123812431198 |218|782|497{338178]163113.1
12 1731243238 |238(|19322317651492(338|178|163] 127
13 1731243 [238 (2381198228 [749[48.1|333|178|163]127
14 17312431238 |233[203|238|738|476|328|178158{122
15 173{243 (238233208248 [727(466|318|178|158(118
16 1681243 (23812331213 |268(72.1147.1{308|178]158|118
17 1681243 (2431233213293 754]/466{2981178|163|118
18 1681243243 1233|213]308(793[460{288|178]163]118
19 16812431243 {233|213|318|658|51.8(278|178}163|118
20 1681243 (243 {228(213(343[622|512({278|178]|163{114
21 17312531248 |228|208)450]60.1|502(273]1178|163|114
22 1781253 12481228[203|450|575(616[273(178|163}114
23 1831248248 |228]208{435[5591596(268 (178163114
2 1881243248 12231213(409|538(554(263|178]158{118
25 1931243248223 |213[435(528[528{258|178]158|1138
26 1981243 ({2531223(213/[492(528|507[248|183(148(122
27 20312431253 12231213(538|528([492({238(183144]122
28 208(248({248(223[208|596(533 (4806|228 183144127
29 20312381253 ]223 | ——- 716533481 (218183144127
30 I2181238 258|223 | 7275284762131 183}144]127
31 223~ 12631223 -— [700]|-- 466 —-—— | 183 139[ —-
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K. Marag- Goksu Highway
:8608.8 km2

: March 11,1940 - September 30,1984

‘Maximum Discharge :198 m3/s

‘Minimum Discharge :21.6 m3/s
Table 4.2.24 1984 River Flows ( m3/sn)

Days | Oct. | Nov. { Dee. [ Jan. | Feb. | Mar. | Apr. | Mav [ Junc { Julv | Aug. | Scpt.
1 3091361 | 86.0{ 5811782730161 {198 | 888 |41.5(288|242
2 309361 {888 5711769808157 | 184 (874140.7|21.6|242
3 316|353 {860 [ 56.1 | 756|888 | 153 | 188 {888|40.7|255]|248
4 3001353 (834 |551(73.0|110 | 151 {194 |902376|275|248
S 31.61353[795(5411{706] 125 | 155 [ 192 [888|368|275[248
6 31613531769 (541730130 | 159 | 182 860368261242
7 3161392930 (522769162 | 168 | 172 | 82.1{36.1 268|248
8 316 14151944 | S51 756|172 [ 180 | 168 | 756 ]36.1 261|248
9 36.1 | 502 1888 5511133 | 155 | 188 | 164 |73.0|346]268|242
10 3091442100 | 502|170 | 144 | 186 {161 [70.6|33.8| 268242
1B 3091415(186 {491 ({174 | 144 | 174 | 157 [ 682|338 |26.1 242
12 3241424 1157 | 4811110 {140 {159 [ 155 | 64.6295(26.1 (242
13 3241451 [ 125 [49.1 | 155 | 131 | 153 | 153 | 6221309 |268 (242
14 3241451 {105 | 5021140 [ 123 | 149 | 155 |61.0|33.31248242
15 3611424 (944 (590121 | 121 | 155 [ 155 {59.0(33.1 (255235
16 38414401888 5711103 | 116 [212 | 147 |58.1[324|26.1]248
17 346 | 571 (84716701100 | 113 [ 219 {142 | 571|324 (255248
18 33115711808 91.6[944/[116 | 204 | 133 | 5611331275248
19 3531769 (7698741902119 [194 {133 | 541222275248
20 353 (986 [73.01795(86.0] 114 | 210 [ 131 [522]1309)275|248
21 36.1 162 [ 71.8 | 71.8 847|110 | 198 [ 125 |522136.1[26.1{255
22 3531164 (6945511808106 [206 | 119 |522]324(255]268
23 353 (161 [ 67052217951 126 [ 198 [116 [502]309[255(268
24 346164 | 65816341769 182 (186 | 105 [48.1 309255268
25 346|149 (646706756 | 182 | 176 {113 | 460|302 (255|268
26 3531119 [ 634121 16941178 (168 | 111 [451{295[248|275
27 361 ] 103 16221164 | 706|168 [208 | 108 | 442|288 [248 275
28 353(93.0(610f 116 {73.0159 {215 (102 [433{288 (248|275
29 353(86.0[60.01100 [71.8[184 |200 972424288248 275
30 353 (84715901916 [155 [217 [84.7|41.5([295([242|282
31 36.1 |~ | 5811800 ] - [ 157 |- ]902 ]| — |288]|242] -
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[.ocation
Precipitation Area

Observation Duration

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
:8608.8 km2
1985

Max.and Min. Flows :Maximum Discharge :202 m3/s
‘Minimum Discharge :11.8 m3/s

Table 4.2.25 1985 River Flows ( m3/sn)
Days | Oct. I Nov. | Dec. | Jan. | Fcb. | Mar. { Apr. | May | Junc | Julv | Aug. | Scpt.
] 2821288 {302{302(670(502]180 | 100 {41.5]23.5] 1060 14.1
2 2751288302 (31.6773.0(48.11202 (9721415229160 141

| 3 26.113021302(1324]1646[470|188 |93.0({399229]| 160 14.1
4 27513241295(361[61.0|460|164 | 883992221160/ 14.1
5 288 127512881451 (57.1]145.1]149 [80.8[399[216] 155} 141
6 28813241282149.1 (5221460144 |{808|392|2291155] 14.1
7 2881324 (2821451 1{51.2]|460{146 [769|424 216|171 14.1
8 288|309 (2824155121451 ]151 7563992221160/ 14.1
9 28813161288 |392[502[451]|164 [67.0{424|222 1155136
10 288316288 (3761502460159 {73.0[36.1|21.6]155] 141
11 288316288 1442]502 (470162 |71.8|355(176] 155|136
12 288(30912951694|502 (512|176 {71.8(33.8|203]150]14.1
13 27513091346 |610|512]551]180 743338198150/ 14.1
14 12881309{346|541|782 581174 [73.0{33.1(19.2]|150} 141
15 2881302{324{600{153 [634]16]1 [646|33.6]187 150} 14.1
16 [[28.8 302324581146 |71.8]144 |68.2|302]18.7 (145141
17 295]13021338{522]108 |706|131 |{682(295/(18.7|14.5] 14.1
18 3021309(324 (5021874730130 |63.4|288|18.1 (145|141
19 30213091309 (481|944 874|130 |67.0{275[18.1|150]13.0
20 30213021302 [470(123 {113 [128 | 6821302181 |145] 118
21 3021302 1316|551 {103 [ 123 | 125 |634 316|181 (145|150
22 30213241316 |541(834)113 {118 [61.0}309]|17.6|150]155
23 302399 (31.6]522(718[106 {111 (561205171 |145]155
24 30213681338 [49.167.0|123 {111 532|288 17.1|14.1]1060
25 2421346133.1147016461125 {108 [512]275]|17.1114.1]160
26 12683311331 [460[59.0(125 | 105 |49.1(268]|16.0]145!160
27 (288 (3311331451541 (119 1102 |491{255]166]|145]10.06
28 2881324324442 522121 | 100 [46.0({248] 166|150} 166
29 288 (316(31.61384 | -—— | 146 | 105 [442[{2481 160145155
30 2881309(309 ({481 - | 159 | 102 [433 (2481606141170
31 282 [ [205 |55 - [159 |-— [415]— ]160]|145]
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L.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZIL.U

:Under the Kilavuzlu Bridge on the K Marag- Goksu Highway
:8608.8 km2

- March 11,1940 - September 30,1986

‘Maximum Discharge :110 m3/s

‘Minimum Discharge :16.4 m3/s
Table 4.2.26 1986 River Flows ( m3/sn)

Davs | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Junc | Julv | Aug. | Scpl
1 18901338|73.0{368 789112 |102 [513]627|305]169]169
2 189(33.1[658(368(765[9651110 [493{06161300|173|173
3 189 133.1|55.148.1 7771899114 1493]|606]|286( 173173
4 1891331491491 826|850 110 |503}595|279|173|173
5 19.41302|46.0]45.1[595[850}106 {473}5951272[173[173
6 1941302(442|1424(522{850]103 | 447|584 251173173
7 1893024241424 |573|8261{103 {438|573|237|173(179
8 1893021407 | 502595838103 | 5225621219173 179
9 1891302(40.7|649|672|8791103 | 695|551 |219]|173]179
10 1943921407 [551]695|88.7[103 [719][551{207}169]179
11 [200{40.7|399(532]|638|91.2{99.1]765|541]202|173]173
12 1205(384(39215411638|951|965|77.7(54111901173]169
13 2213763841573 /695|978[938|77.7|5321190179}1069
14 2271361376595 |73.0{102 |925|765|551]184 173173
15 12211338368 [683[1695(99.1[102 {719{532{179}169/[173
16 [227133.1|368]649|67.21965[{104 |70.7|5221179|164|174
17 227 133.11368]131 |660[938[965|695|562]|1791176/104
18 [[376)33.1136.1[407 |649|912!875]730[606]|179|173]169
19 | 87.1{33.1{353{294 |{638|899{814|719|562{179(173]1064
20 (888324331187 [627{899(77.7[660[522|184(169}104
21 156.1324]133.1)|147 |649]862[754]|695|484|190(164|106.0
22 1407 12751353126 | 7298507421683 455{184 164155
23 399316353133 | 7898267191707 4311181164} I155
24 1324131613461 104 |875{80.1{660]|707|399|179(164] 155
25 §#309(316{3461978(965|80.1[627[695{383(173(164}|173
26 (491 |43.3{353|93.8[951|789[59S5|683(353[190(164]169
27 [48.1144213611999[951}17421573[672|3531179[1069(164
28 14511460392 1862 {113 {838 (551({672]338{173]173}164
20 139914511407 1839 |- [875([S32]66013231169]169|1069
30 (3611541392826 -—— 1925]1532]0649 (3151169169109
31 [[353]--— |384|8l14| - |978]|-—- |0638|-— [169][169]-—--
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Location
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

‘Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
:8608.8 km?2

:March 11,1940~ 30 September, 1987

‘Maximum Discharge :344 m3/s

‘Minimum Discharge :16.9 m3/s
Table 4.2.27 1987 River Flows ( m3/sn)

Davs | Oct. | Nov. { Dec. [ Jan. | Feb. | Mar. | Apr. | Mav [ Junc | July | Aug. | Scpt
1 1691265315925 161 (114 [ 221 {257 | 161 {595(345]1293
2 1791293 130818751145 1109 [255 | 252 | 169 | 6051345293
3 244 (33813007421 152 | 103 204 {239 {177 | 5843451293
4 26513831203 |826[189 199.11284 | 227 | 157 | 5621338279
5 2653451203 875(169 | 150 {262 | 232 | 145 |54.1]33.0{293
6 24413381293 1107 | 167 232 {252 | 241 (135 | 532330315
7 2241493286102 (140 {197 | 252 {248 | 128 [ 54.1]345(308
8 2301493286 | 163 [ 138 | 212 [ 271 | 260 [ 126 {54.1]31.5]300
9 22419251286 327 | 148 {191 {296 | 269 (120 [ 54.1{31.5]30.0
10 230(801 286|416 | 133 | 187 |327 {260 {119 447293293
11 237162712861 223 (143 | 173 | 333 | 237 | 116 | 513286293
12 2585221286 165 {147 | 156 [ 357 {219 [ 112 [493|279|286
13 2371474279135 {142 | 147 {401 | 212 {112 | 503|279 |286
14 27914391265 117 | 143 | 138 | 383 | 212 {109 | 484|279 |286
15 308 {42.31272{106 | 143 | 128 | 335 | 219 | 103 [ 455272286
16 279140.71272199.1 138 {122 | 319 (219 | 107 [44.7]272]|293
17 272 (391 27219251126 {123 (344 {214 | 109 {447 | 28.6|2806
18 265375272 (887|133 {131 |327 {212 | 103 {439 323|280
19 25113751279 862|147 {142 {309 | 212 |99.1 (423300293
20 24413681293 1838|133 | 128 [29] {210 {99.1(40.7]|3001300
21 23713601484 | 81.4 1122 | 120 [264 {214 [ 978407293315
22 2441308423 1730|116 {123 1257 |214 9253912932065
23 286132314551 707 113 [ 128 (267 | 210 {8909 1383 (293293
24 258 (338169516831 112 128 {281 {201 |862(375(293]293
25 2583385951695 126 143 |294 {193 [82.61360|28.6]30.0
26 258 132356216951 154 | 165 [274 {183 | 77.7137.5]|286}300
27 25112651135 1649|142 {171 [ 252 | 175 [73.0(36.0]265|31.5
28 251 (3151104 | 6381125 [ 173 {243 | 185 [695(360]30.0]308
29 2441323191 | 777 —— | 173 [ 250 | 181 [66.0|345]30.0]308
30 2441300¢160 | 117 |- | 183 1255 {179 [595(3531293]308
31 244 [ 1107 | 167 |- | 199 | o= [ 167 | -~ [ 345|203} -

120




CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

Location :Under the Kilavuzlu Bridge on the K. Marag- Goksu Highway
Precipitation Area :8608.8 km2
Observation Duration : March 11,1940 - September 30,1988

Max.and Min. Flows :Maximum Discharge :398 m3/s
‘Minimum Discharge :29.3 m3/s

Table 4.2.28 1988 River Flows ( m3/sn)

Dayvs | Oct. | Nov. | Dec. [ Jan. | Fcb. | Mar. | Apr. | Mav | Junc | July | Aug. | Secpt.
] 300139914651 899 165 | 179 {291 | 366 [ 136 | 71.8]36.8}293
2 308161.61423 | 8751147 | 163 {264 | 352 | 131 | 7193681300
3 3085841415 |835[116 | 225 (255 {309 {126 |7191383(293
4 30015031439 (80.1[99.1210 {260 |279 {125 | 707375300
5 31514841493 178919121169 |24] {269 {122 | 683368308
o) 3251850484 777862148 (223 {260 {117 | 660360308
7 325197814551 77.7 826|135 | 248 | 255 {112 | 63.8]353{308
8 325175414391 754180.1 1128 | 289 |269 | 110 | 60.6|345|308
9 325163814391 74217771129 {309 [ 269 | 109 | 595|345 |315
10 32515621484 1730765159 {317 {255 {112 | 562345338
11 315153217191 73.0(754 274 (319 | 243 | 110 | 54.1]338]330
12 27915131114 17301742241 {338 | 243 | 109 | 5323231330
13 30014931103. 170717421199 | 389 {241 {109 |54.1 323|345
14 3081493 8751695742181 | 380 [ 252 | 109 | 522315323
15 31514931789 16721754175 {368 | 262 | 109 {503 ]323(323
16 330(474177.71660)799|173 (392 {255 [ 104 493 |315(31.5
17 323465838 638765177 | 435 {243 {978 (474315315
I8 3304651826627 |7421199 | 468 | 239 {100 | 465323315
19 3431465180.11606|742|239 (389 | 227 | 100 [44.7|31.5{279
20 33814651777 |584{80.1 {257 {352 214 {9651455131.5]293
2] 330(54.11951595([9251234 [416 |201 {100 {43.0]31.5{300
22 33815031299 | 73.0]|140 | 199 {398 | 191 | 113 | 455|308 300
23 3501484309 19121161 | 185 {352 | 189 1104 |513|308(293
24 34514741234 {9251 133 | 179 [ 312 | 179 | 978 1455]293 300
25 34514741185 {978 113 | 183 299 | 157 [91.2]1474 293|308
206 3381474143 1951103 | 246 |299 | 159 | 8751439293330
27 345(4651122 9381978286 {301 | 154 18381423 1300}338
28 3909014551109 9381965260 |312 [ 152 {826(40.7|30.0(345
29 42314471102 19251152 [ 317 {327 {150 | 7773831203338
30 39114391991 1925 - 468 | 333 1140 | 742 (391300338
31 383 { -~ 1925]1103 | —- 3606 [ - [ 135 | ——— [383]300 (-
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L.ocation
Precipitation Area

Observation Duration
Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
:8608.8 km2
- March 11,1940 - September 30, 1989

‘Maximum Discharge :110 m3/s

‘Minimum Discharge :1.53 m3/s
Table 4.2.29 1989 River Flows ( m3/sn)
Davs | Oct. | Nov. | Dec. [ Jan. | Feb. | Mar. | Apr. | May | Junc | Julv | Aug. | Sept.
1 403161.11640}1700|51.7[740[800}5731307]|195]14.7]11.1
2 403 1592163.01690|508|868|800(535({307117.7}14.7]3.47
3 3521660]483]660|500]79.0]820|51.7|30.7|185]| 143267
4 40316201601 15921500[820{844[49.1{294|185]14.7{251
5 41.81582]700]1601]1500|820({832(474|2871185|147}11.73
6 41815541740 5825081780|844{491|287|17.71143]1.53
7 4251740780563 )508|820(880{660{275]177(114]1.53
8 42519791 7701563 14741124 {916|573[275}17.7[139]153
9 425|880 (750582508 |127.1940{535]262117.7] 151153
10 474750720 582525110 {804 (5352621172147 {153
11 60.11690(71.0|573[544({102 |868}{51.7]300}17.7}151[1.53
12 5731500(7201582151.71979(|856149.1{326|168(139/|1.53
13 535483 {730 |573[508[966|844[466|326(168{147]|1.53
14 51.715541730}1554(51.7]101.{820|440(300(172]15.111.53
15 508 (554 (760544517110 [80.0}42512751172]|15.1[1.53
16 5005541720544 |535{106.|1780|410([275(164]16.0}1.53
17 466 162019281544 1457}1101. 178014102691 160]18.1]1.53
18 52517001141 | 53.5(457196.61750}403|2811160]|168]1.53
19 56317501139 | 545(457}195317201373{275{16.0]18.1[1.53
20 554{700| 114 {544 |474[953]|68.0(352({256{156(156]1.53
21 5351660102 {535(5441979|1640}1339123.71160]14.7(1.53
22 51716501979 1535(535(992161.6|326(|2321156] 1471153
23 508 ]66.0[940]535(535[{979160.1365(2211160{14.7|1.53
24 50016501892 |544([544 905315823261 22711511147]153
25 4011640928 1535{5541966|573{333(21.11156]143]1.53
26 491 1630|880 1535]5631107 (5823262111156} 143/(1.53
27 491 [640]790152515921102.[660]326120.11160]|143]1.53
28 5081690770 ]525(61.19.6|640}313]195{156/ 1561} 1.53
29 BOO] 6807501535 ——- [804]616|320[195]156/[15.1]1.53
30 8441660 (740|525 — [856|060.11320(185[151[151]1.53
31 690 ——— [730(51.7) - 80| [320]-- IS1]136(153
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Location
Precipitation Area
Observation Duration : March 11,1940 - September 30,1990

‘Maximum Discharge :197 m3/s

Max.and Min. Flows

CEYHAN BASIN
2001-CEYHAN RIVER - KILAVUZLU

:Under the Kilavuzlu Bridge on the K Maras- Goksu Highway
8608 .8 km?2

‘Minimum Discharge :1.44 m3/s
Table 4.2.30 1990 River Flows ( m3/sn)
Days | Oct. | Nov. [ Dec. [ Jan. | Fcb. | Mar. | Apr. | Mayv | Junc | Julv | Aug | Scpt.
] 1.63 11941695488 267|488 331|103 |63.0|6801}23.7]832
2 2141 1941562(506{2671504|331[256]620|67.0]331{688
3 215[194}1505}1469|267388]3.79|862[525[66.0/|283]868
4 215(1941469{46912067{488|347|136[4.69|680}|283|868
5 21511941412{451[267[469(3.11 121 [3.79|68.0|267]|868
6 2511941414 145112511469 |626111 [3.63!1650|283|8068
7 215181 13941451{2511461(764|474[363169.0/|2067]868
8 2251 18113191451 (21571430]575(4391363]760(2067]868
9 21411.7313791451123514.14[136[680{3.63]720[2067]868
10 2141173341 (395{215{4.14[21.1{856[3.63|720(7.18/868
11 204)1851221({414[225(395{127|916(3.63|740(904 868
12 1941171 1195(414|1235013.79{20.1188.0(3.79|700|91.6]|525
13 19411941121 1411)235/379[195[820/3.63]600]91.6]064.0
14 33111681940({4.11{232|361[957(820}741{630{916]844
15 14218201741 [414{541{361]20.1[81.0/269]61.1|{868|644
16 144 1940|787 1395]543|363[33.7/81.0[{474|573|820]844
17 1.43178.0]1764[3951810[347(256|81.0[4741544[820]{844
18 1931904)695]345]13.6/347/294/820]508]51.5]820/832
19 13219041649 |3.79|940|347365|81.0[620(500(820]|832
20 13218541681 1361 741[347[300(81.0(61.1{457(820{832
21 1421808 (60336369 |347|508|81.0|640[425]|820]832
22 1.51 175058036358 |347[502{81.0|720({403|820/832
23 173 1750560347 |541379}227]101 |760|483|820] 832
24 1841690]543[341]506]361 (121132 1750]650]|820]844
25 194171.01525[115]469[347|880}165 |740]|571]820/844
26 2031115 |5041315(1469{347(107 [197 |720[508|820/(844
27 1941209 {488 |315]451 (347115 161 [71.0(457|820(|844
28 174 1888 | 488 (2221451 (347539117 |700]41.0{810/844
29 194106201469 |383 (- 347 (5441111 1690(1373|81.0|844
30 1941095469267 300113 1107 168013391810 808
31 194 - 469267 ]-— {331 ] |102 | — |31.3]81.0] -
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APPENDIX-B

THE DETAIL OF THE INSTRUMENT
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