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Ti: Measurement of Depression Levels
among Secondary School Students
in Selected Yemeni Cities

Au: Dr :Abduh Farhan Mohammed Al-himyari
Ad : Department of Psychology. Faculty of Arts
Thamar University
Email:afa@yahoo.com

Abstract

This research paper represents a field study conducted to measure the
extent to which depression is spread among students in secondary schools
in selected Yemeni cities, namely Sana'a, Taiz, and Thamar. Three levels of
depression have been tested: slight, moderate, and severe in conformity
with Beck’s Second List for Measurement of Depression reproduced in
adopted version by Badr Al-Ansari in Kuwait 2003. This tool is composed
of 21 indicators of depression developed in relation to the Fourth
Diagnostic— Statistical Measurement (DSM-1V), 1994. The measurement
has then been applied for this research with a random sample amounts to
1664 male and female students. Statistical treatment of responses reveals
that 706 students who comprise (42 %) of the total sample do not manifest
depression sensation. This group is composed of 389 males, (55%) and 317
females (45%), and the level of their depression ranges between 0-21 points
in the scale. The remainder of the sample shows different depression levels,
(slight, moderate, and severe). A number of 813 (49%) shows slight level.
This group consists of 389 males (48%) and 428 females (53%) and
depression of both ranges between 22-42 points. Those suffering moderate
depression amount to 137 (8%) from both sexes, 50 males (36%) and 87
females (64%) and their depression ranges between 43-63 points. Only 8
students (005%) shows severe depression divided into 4&4 students (50%b)
for each sex. Accordingly, it evidently appears that slight depression
predominates firstly among the targeted group, followed by moderate
depression; whereas severe depression is almost a non-existing
Phenomenon. The research includes explanatory discussion of these results
based on reviewed literature and framework of the research.
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simulation for the streamflow and peak flow rate. It is expected that
the proposed model will give identical results if it is applied to other
catchments, with climatological and hydrological characteristics similar
to the test catchment.

Incorporating a new developed methods of remote sensing, GIS with
the proposed modeling approach presented in this study could further
improve the quality of simulation possess. With the use of remote
sensing data, significant improvements of the input data are expected.
The model parameters could be estimated with minimum spatial and
temporal variation, which yield the model to simulate more or less close
to real nature. A proper selection of objective function that would better
suit the type of flow produced from the catchment (i.e., high flow or low
flow) could possibly improve the reliability of the streamflow prediction
at arid and semi arid catchments, which are mostly characterized as a
low flow yield catchments.

The modeling approach suggested in this study, is practically simple
and theoretically sound and accurate, fast and efficient for storm runoff
prediction at arid and semi-arid ephemeral catchment, without
demanding sophisticated computer software or hardware, nor detailed
watershed data in field application. The model will be useful in
predicting peak flow rate and effective management of water resources
at arid and semi-arid catchments.
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model to simulate only brief periods during and shortly following
discrete rain events. The primary interest is the peak flow rate or, at
most, the direct runoff hydrograph. The model utilizes two different
methods of catchment hydrologic routing; the first is time area curve,
which provides runoff hydrograph at the outlet of the wetted area
somewhere within the catchment; the other is, Muskingum channel
routing, which is used to route the runoff hydrograph from wetted area
outlet to the catchment outlet (or gauging station).

The model simulates hourly infiltration by employing Holtan’s
infiltration equation, which is relatively easy to use for rainfall
infiltration and the input parameters can be obtained from a rather
general description of the soil type and crop condition.

The model assumed that percolation and interflow are taking place
when gravitational water is greater than available soil moisture storage
capacity and when the soil moisture is greater than field capacity.

The proposed model is calibrated using a newly developed global
optimization technique known as Shuffle Complex Evolution (SCE-UA).
The constraints of the model parameters are selected on the basis of
personal judgment and previous expertise. The goodness of fit is
evaluated by using four different criteria; the Nash-Sutcliff efficiency
criteria R2, the coefficient of determination r2, The Index of volumetric
fit IVF and the relative error of the peak, RE. The model is tested (split
sample test) using data collected from one ephemeral semi-arid
catchment located at the central part of Jordan.

The model is provided with an index, which allows the user to
optimize on subset of model parameters, while the remaining, other
parameters are kept at their optimum respective values.

In conclusions, this study confirm that the realistic reproduction of
the catchment response in places where hydrological data are noisy or
highly variable; the simplified conceptual modeling approach just like
the one adopted in this study is capable of providing satisfactory
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Table 5. some characteristics of observed and simulated hydrographs
for Wala catchment

Observed Simulated
Storm IVE

Event | Timeto | Peak | Runoff | Timeto | Peak | Runoff RE

Peak | flow | Volume | Peak flow | Volume

(hours) | (m?%s) | m3x10° | (hours) | (M%/s) | m3x10°
31\12\1991] 11 2897 | 3.73 11 31.3 | 3.33 |0.893(0.080
7\2\1992 13 348 38. 27 14 337.51| 37.23 |0.973/0.030
25\2\1992 24 120.5| 19.88 24 98.13 | 19.33 |0.972|0.186
4\1\1994 11 176 11.99 10 159.7 | 11.36 |0.947/0.093
24\11\1994 3 286 22.00 5 222.4 | 20.90 |0.950|0.222

Table 6. Effects of Sai and NA on runoff coefficient and peak

flow rate
Storm | Peak flow| Rainfall | Runoff Sa NA Runoff
Event Depth Depth Coefficient
31\12\1991| 31.3 13 1.43 7.7 2 0.11
7\2\1992 337.51 14.2 6.39 0.02 6 0.45
25\2\1992 | 98.13 33 13.2 14 5 0.4
4\1\1994 159.7 33 6.6 27.9 3 0.2
24\11\1994| 222.4 32.6 11.41 11.9 2 0.35
9. Conclusions
A deterministic conceptual rainfall-runoff model has been

developed to simulate the hourly streamflow discharge from the outlet
of gauged arid and semi-arid ephemeral catchments. The model is based

on moisture balance principles in which precipitation;

potential

evaporation and streamflow record are the main inputs requirements
for the model. Other inputs include hypothetical soil physical properties
of the catchment, surface-soil depth, catchment area and data required
to run the optimization program. The model is developed as an event
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outlet of the catchment are closely fitted with the observed streamflow
hydrograph.

Table.5 shows a comparison between some characteristics of
observed and simulated hydrographs for the test catchment. These
characteristics, such as time to peak, peak flow, runoff volume and
runoff coefficients, are all presented along with performance evaluation
indices IVE and RE to provide guidance to understand the quality of
model simulation. The table shows remarkable coincidence between the
characteristics of observed and optimized or simulated hydrographs.
The values of IVE for all storms indicate that volumetric fit between all
observed and simulated storms is satisfactory. RE Values indicates also
that the model simulate peak flow rate equally well.

Table. 6 illustrate the effects of Sai and NA on the runoff
coefficient and peak flow rate. Higher peak flow is resulted with smaller
value of Sai and higher value of NA. The lower Sa; value indicates that
initial losses are minor and most of the storm rainfall depth is directly
converted in to runoff depth. The higher value of NA will further
increase the flow peak because larger area will contribute to the
developed peak flow rate. It is worthy to mention, that the peak flow
rate is affected largely, by the storm characteristics such as storm
intensity and duration as most of flash flood that usually occurred at
arid and semi arid catchments is essentially emerged due to the
occurrence of a massive rain event of high intensity and long or short
duration. This is clearly illustrated in figure.5.e where a higher intensity
rain has resulted in a sharp peak value. The runoff coefficient C for all
storms fall between 0.039 and 0.45 which all fall in the range that is
commonly found in most arid and semi-arid catchment.
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indicates that S is an insensitive parameter. Interflow always occur in
mountain soils where vegetative cover can create a surface layer of
much greater porosity, but in relatively bare soil as the condition in
most of arid and semi arid catchments, the situation is reversed. In
general, the interflow parameter S¢ should be optimized because it is
difficult to predict whether interflow is occurring in a catchment.
However, where only approximate runoff estimates are required,
interflow need not be simulated and S can be set to zero. It is difficult
to relate S to any catchment characteristics, and its value should always
be optimized.

(5) Recession coefficient K, is an important parameter in discrete
event modeling. The sensitivity measure SEN is somewhat high. The
parameter K, depends mainly on storm characteristics (intensity,
duration and frequency) as well as on catchment characteristics (such
as soil type and catchment relief).

(6) Muskingum equation parameter ‘k’ (storage time of the reach)
is an important parameter when hydrological streamflow routing is
required. The sensitivity measures SEN for this parameter is relatively
small as shown in table.4. The optimized value of k is equal to 1.25,
which is close to the time increment At (1 hr).

Muskingum-equation other parameter x has value smaller than 0.1
and close to zero. This low value of SEN for x indicates that the
parameter is insensitive to any change in its optimized value. Due to the
effect of x, the peak discharge is always attenuated and consecutively
released from the river storage. The value of x provides good indication
about the expected size of the flood waves, since the resulting
downstream flood waves are commonly described by the amount of
attenuation or reduction in peak discharge. In this study, the lower
value of parameter ‘x’ (0.002) indicates that the resulting simulated
hydrographs at the outlet of wetted area have sharp peak values and
need to be attenuated so that the resulted simulated hydrographs at the
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is taking value equal to its lower constraint because the dominant soil
texture at the catchment under study is silty clay loam, which is
considered as heavy soil. According to the hydrologic soil groups, this
soil has a lower infiltration rate as compared to other types of soil.

The values of infiltration parameters ‘a’> and ‘n’ are somewhat
apart. This difference can be neglected because any increase or decrease
in the value of parameter ‘n’ is compensated by the same amount in the
value of parameter “a’ and vice versa.

(2) Maximum depression storage capacity Dmax found very
sensitive; this is clearly shown in table.4. The SEN values for an
increase and decrease in the value of Dmax are 20 and 91 respectively.
Generally, the value of Dmax is relatively small and closer to its lower
constraints. This low value of Dmax can be attributed to the catchment
higher relief its prevailing steep slope. Accurate estimation of Dmax
required that a major field works and a complete land survey should be
performed on the catchment under study.

(3) Initial soil moisture storage capacity, Sa; is an important
parameter used in the simulation of many processes (such as
infiltration, interflow and groundwater recharge). The sensitivity
measure, SEN is very high. This is clearly shown in table.4. The value of
SEN takes as much as 94, which is very high value. Therefore, Sai must
be optimized in all modeling applications.

Once over on the values of Sai, one can observe that the majority
of the values are very close to the lower constraint of the parameter. In
other word, the available soil moisture storage capacity is very limited
and that mostly, for all storms the moisture level at the catchments soil
is greater than field capacity. This low value of Sa; is justified by the
fact that the time lag between each consecutive storm event is relatively
short. This is true since in this study many storms are neglected due to
suspicion that they contained errors.

(4) The interflow coefficient S is taking value near to its lower
constraint. The sensitivity measure SEN is equal to zero, which
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Table 4. Sensitivity analysis of the proposed model parameters (storm

event 19\12\1994)
OF Increase o.F decrese o.F
ParameterOptlmum : 10% in : SEN® 10% in T ISEN
value (m?/s) parameter (mé/s) parameter(msls)
value value
a 0.658 | 9053 0.724 142381|36.8| 0.592 [4379038.4
n 0.336 | 9053 0.369 |61417|57.8| 0.302 [5957255.8
fe 1.27 9053 1.397 |14352| 5.9 - - -

Se 0.272 | 9053 0.299 | 9053 | O 0.245 |9053| O
Dmax 11.924 | 9053 | 13.116 [26909| 20 | 10.732 91775 91

Ky 0.91 9053 - - - 0.819 [2222014.5
K 1.255 | 9053 1.381 |12361| 3.7 1.129 10913 2.1
X 0.002 | 9053 . 0022 9053 | 0 0.0018 [9053| O
Sa 141.29 | 9053 - - - 127.16 (94166 94
NA 1.187 | 9053 2 21867 | 14 - - -
*SEN 100 OF(old) — OF(new)

OF(old) x |PCP|

The parameters (a, n and f;) depend on the type of surface soil profile
as well as on antecedent soil moisture condition. These three parameters
influence significantly the value of infiltration capacity. Infiltration
capacity determines the water storage capacity and affects the
resistance of water to flow into deeper layers. Infiltration capacity
depends furthermore on the moisture content prevailing in a soil at the
onset of a rainstorm.

In this study, it is found that the parameter f is taking value equal to
its lower constraint, and that the estimated infiltration rate does not
reach its final steady rate f.. This may be attributed to the prevailing
soil type at the catchment under study (silty clay loam) which usually
has a lower infiltration rate. The other reasons is due to the nature of
the storms rainfall at arid and semi arid catchments which usually
characterized by high intensity and short duration. The parameter, ‘.’

~ VA4 -



The results of the sensitivity analysis on the optimal model
parameters are all presented in table.4 for a selected storm event of
Wadi Wala catchment. The importance of each optimal parameter is
investigated in the light of sensitivity measures SEN.

The diagnosis of the optimal model parameters is thoroughly
discussed and presented as follows for the storm event of 19\12\1 994:

(1) The Holtan’s equation parameters (a, n and f;) are considered
sensitive parameters. This is clearly shown in table.4. The parameter ‘a’
has a value of SEN 36.8 for 1 % increase of optimal parameter value
and 38.4 for 1% decrease of optimal parameter value, which means that
1 % increase in optimized value of ‘a’ will result in 36.8%, increase in
objective function. Similarly, 1% decrease in the optimized value of ‘a’
will result in 38.4% decrease in objective function. Parameter ‘n’ has
SEN value of 57. 8. This could be explained as for 1% increase in the
value of ‘n’ there will be 57.8% increase in objective function. When the
value of ‘n’ decreases by 1% the corresponding decrease in objective
function is 55.8 %. Parameter ‘f;> has SEN values as 5.9, which means
that 1% increase in the value of “f;> will result in 5.9 % increase of the
objective function, while 1% decrease in ‘f;> will decrease the value of
parameter to a value less than its lower constrain. Since the optimal
value of “f¢’ is equal to the parameter lower bound therefore, the SEN
value for 10% decrease in its optimal value is not investigated. The
aforementioned analysis reveals that parameters ‘a’ and ‘n’ are more
sensitive than parameter ‘f;> . This is also supported by the SEN values
for ‘a’> and ‘n’ in table.4. Therefore, these parameters should be
optimized properly in all modeling conditions.
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Table 2. Optimum parameters of the proposed model along with

their upper and lower Bound

PARAMETER | Lower Bound | Upper Bound |Optimum Value
a 0.08 0.9 0.658
n 0.1 15 0.336
fe (mm/hr) 1.27 3.8 1.27
Sc 0.0 0.9 0.272
Dmax (Mm) 0.0 50.0 11. 924
Kr 0.1 0.99 0.91
K (hr) 0.0 T 1.255
X 0.0 0.5 0.002
Sai (mm) 0.0 TP -
NA 1.0 Tc* At -

Table 3. The optimized values of Sai and NA for different storms
used for Calibration and Validation

Storm Event Sai (mm) NA
31\1\1991 7.7 2
7\2\ 1992 0.02 6
25\2\1992 1.4 5
4\1\1994 27. 87 3
24\11\1994 11.9 2
2\12\1994 7.5 1
19\12\1994 140. 8 1
20\11\2000 17.4 2
20\12\2000 47.1 5
24\1\2001 29.2 6
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80% to 92%. Similarly, r? values for the same storms ranges from 87 %

to 95 %o.

The optimized parameters for the proposed model are all provided
in table.2. The parameters Sai and NA are optimized individually for
each storm since they are highly dependent on the storm characteristics,
which are different from one storm to other. The values of Sa; and NA

for each storm are all provided in table.3.
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8. Results Discussions

Generally, simulation results show a good agreement between
observed and simulated hydrographs in all modeling situations. This is
clearly shown in subsequent figures, which are drawn to illustrate the
calibration and validation processes. Coefficient of efficiency R? and
coefficient of determination r? are provided with all figures to assess the
performance of simulation process.

The storms used in calibration are inserted into the model
continuously so that the resulted optimal parameters will represent the
average for all events. Figure.4 shows both observed and optimized
hydrographs along with their rainstorms hyetograph. The values of R?
and r? for each individual storm are also included in the same figure.
The values of R? ranges from 76 % to 98 %, whereas, r? ranges from 77
to 98 %.

250
TgSERE ke -mn
200 | r’=98 %

_ R2= 85 % 24\12\2000
» r’=85%

“’E 150 1 R2 =939 1911211994 R? =76 %
o r°=94 % =77 %
S 211211994
8 100 , R2= 89 % 24\1\2001
3 r*=90 %

0 2011112000
50
0 ]
Time (hours )

Figure 4. Observed and optimized hydrographs of wadi Wala catchment

Similarly, figures.5, a, b, c, d, e illustrate the results of validation
process in which observed and simulated hydrographs are graphically
compared. The R? values for all storms used in validation ranges from
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‘(Qp )sim _(Qp )obs

(Qp )obs (26)
Where (Qp)obs and (Qp)sim are the observed and estimated peak

RE =

7. Parameters Sensitivity Analysis

The relative importance of the model parameters is analyzed by
altering each parameter by (x 10 %) about its optimized value (while all
other parameters are kept at their optimized values) and calculating a
measure of the sensitivity of the objective function to the change in the
parameter value. The sensitivity measure used here is similar to the one
used by Chiew and McMahon (1994). It is defined as the ratio of
proportionate change in the value of the objective function resulting
from the change in the parameter value. This can be expressed as

OF(new)— OF(old)

SEN =100x

Where: SEN is the sensitivity measure of the objective function
resulting from the change in parameter value, OF (new) is the new
objective function resulting from new parameter value, OF (old) is the
original value of the objective function and |PCP| is the absolute
percentage change in parameter value.

A value of SEN=1.0 means that 1 % change in the parameter value
(about the under consideration) would result in 1% change in the value
of the objective function. For the purpose of this study equation.
(27) is sufficient to provide guidance on the relative importance of the
model parameters. For example, a large SEN value would indicate that
small change in the parameter value can affect significantly the value of
the objective function, and the parameter must be optimized
adequately. A very small SEN value indicates that the parameter is of
little importance and can take almost any value without affecting
significantly the streamflow estimates.
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Ten different storms are selected for calibration of the proposed
model. The storms are divided into two parts; the first for calibration
and the second for validation.

6. Performance Evaluation of the Proposed Model

Four performance criteria are used in this study (Kachroo, 1992a;
Legates and McCabe, 1990; Beran,1999)

The coefficient of efficiency (Nash and Sutcliffe, 1970), is defined by
the dimensionless expression

S (f(Qobs, ) — f(Qsim, )Y’
R?2 =100{1 — =L

> (f(Qobs,) — f(Qobs)y 23

Where f (Qobs;) is the observed streamflow, f (Qsim;) is the
simulated streamflow, is the observed streamflow over the calibration
period and N is number of time step.

The coefficient of determination r? indicates the level of agreement
between observed and simulated hydrograph. The coefficient of
determination r?, is given by

N 2
H (Qobsi —Qobs)x(Qsimi —Qsim)ﬂ
-l

g s
(24)

N 2

Arha)2

{2 QobsiJ — N(Qobs)
i=1

The Index of volumetric fit, IVF, the ratio of the total simulated

volume, Vsim; to the total observed volume, Vobsi. IVF is given by

r2 =100x

N -

> Vslmi

_i=1

IVF =152 ——
: E‘:I_Vobsi (25)

The relative error of the peak RE is defined as
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i“(Qobsi —Qsim, )?
OF(LS)= = N (22)

Where Qobs; is the observed flow on any hour i, Qsim; is the
simulated flow on any hour i and N is the number of time steps.

Calibration begins with a first estimate of model parameters. By
using the observed meteorological inputs, the hourly streamflow
predicted by the model are compared to the observed hourly
streamflow. Appropriate parameters are adjusted until the predicted
streamflow are acceptably close to their observed values. In this study,
shuffle complex evolution global optimization method (SCE.UA)
developed by Duan et al (Duan,Q et al., 1992) is used for calibrating the
model parameters. Computer code for this optimization method has
been provided by Dr.Duan.

5. Model Validation

The validity of any model depends mainly on its accurate
representation of the hydrological process in the catchment under
study. To accomplish this task, much hydrological data are needed to
determine the optimal parameters for the applied model. It would be an
easy task if the calibrated parameters obtained through application of
optimization technique can be generalized as optimal parameters. In
hydrological modeling another procedures are required to verify the
acceptability of this calibration. These procedures are called model
evaluation or validation.

In this study, the collected hydrological data are divided into two
parts; each part consists of a number of storm events. The model is
tested by using the optimized parameters obtained from the first part to
evaluate the data of the second part except the two important
parameters, Sai and NA (which are dependent on catchment initial soil
moisture condition and storm event characteristics). Sai and NA are
optimized individually for each storm.
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constructed by joining the points of an equal travel time to the outlet.
The time-area curve equation is established using a general regression
method. The evolved equation with its fitted curve is showned in
figure.3.
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Figure 3. Accumulated time area curve for wadi Wala catchment

4. Model Optimization

The parameters of a watershed model cannot, in general, be
determined directly from physical characteristics of the catchment, and
hence the parameters values must be estimated by calibration against
observed data. Calibration is the determination of a parameter set that
gives a simulated hydrological series that adequately matches the
observed series. The object of calibration is to minimize the difference
between observed and simulated flows. The mathematical
representation of this difference is called objective function.

Many different objective functions have been developed and applied
to rainfall-runoff modeling. The least square objective function is
probably one of the most widely used in model calibration. In this study,
a least square objective function is used for fitting the parameters of the
proposed model. Lest square objective function can be written as
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350 m above sea level and its coordinates with respect to Palestine
grid are 223 east and 107.5 north. All these three gauging stations
contain also standard daily rain gauges from which continuous daily
rainfall data are obtained; the collected data are for a period from 1985
to 2001.

Al Mushager station contains also a climatological station, which is
the only station in Wala catchment providing continuous records for
different important climatical elements. Daily potential evaporation
recorded by A-Pan is also obtained. Evapotranspiration rate is assumed
equal to potential evaporation rate because the vegetative cover is very
limited at Wala catchment.

The collected rainfall and streamflow data are thoroughly revised.
All data are carefully inspected by drawing rainfall data against
streamflow data at a single sheet. Only those events, which are found
reliable and accurate, are selected and adopted for this study. High
correlation is observed between streamflow and rainfall readings
obtained from al-Mushager gauging station. The quality of hourly
rainfall data obtained from wadi Wala and Dhaba gauging stations are
found inaccurate since most of the readings are intermittent and if
available, they are confusing. Therefore, the hourly rainfall readings
obtained from al Mushager gauging station are adopted in this study.
To account for areal variation of hourly rainfall, daily rainfall readings
from Mushager, Dhaba and Wala gauging stations are used to adjust
the reading at al Mushaqger gauging station.

3.4 Catchment Area Parceling Condition

The catchment area is divided into sub-areas by isochrones. This is
done with the help of topographic map of the catchment; a large
number of points uniformly distributed over the catchment are marked
on the contour map so that each point is on a topographic contour.
Then for each point, the distance to the outlet of the catchment is
tabulated and the slope of this distance is determined. The travel time
for each point is calculated with the help of equation. (11). this time is
marked on the map at their respective locations then isochrones are

- Yoo —



Table 1. Soil characteristics for wadi Wala catchment

Soil type Sit)éfr:]ay
\/egetative cover Bare
Field capacity, percentage of soil depth (FC) 36.6
Total Porosity, percentage of soil depth (TP) 47.1
\Wilting point, percentage of soil depth (WP) 20.8
Gravitational water, percentage of soil depth Gravw = TP-FC 10.5
Available water content, percentage of soil depth AWC= FC - 15.8
WP '
Max- soil storage capacity, percentage of soil depth MS= Gravuj 6.3

+ AWC

Final steady state infiltration rate [mm/hr], fc 1.27-3.8
Surface soil depth [mm] 300

*** estimated from Rawls et al., 1982

3.3 Evaluations and Analysis of Available Data

The hydrological and meteorological data for Wala catchment are
collected from unpublished files of the Water Authority of Jordan
(WAJ). These data are considered to some extent sufficient for fitting
the parameters of the model applied to the catchment under study.

Hourly rainfall data are obtained for a period (1990 to 2001). The
data are available for three different recording rainfall stations located
at different sites within Wala catchment. These stations are: Al
Mushager gauging station, located at north west of Wala catchment at
elevation 784 m above sea level; the coordinates of this station with
respect to Palestine grid are 226.2 east and 132.9 north; Dhaba gauging
station located at east of Wala catchment at elevation 750 m above sea
level; the coordinates of this station are 250.5 east and 111.6 north; and
wadi Wala gauging station, located at south west of the catchment near
wadi Wala streamflow gauging station; the elevation of this station is
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Orographic precipitation and convective thunderstorms have been
recorded in the Wala catchment especially at the beginning and or at
the end of winter seasons, causing sharp peaks of flashy floods because
of the high intensity of rainfall. The rainfall is considered irregular in
the spatial and temporal distribution causing several erratic and short-
lived flashy floods through any water year that drains mainly to the
Dead Sea ( JICA, 1987). The average annual rainfall over the
catchrnent is approximately 300 mm and the average temperature is
about 15°.

3.2 Soil Condition

The soil in Wala catchment adjacent to the western hills ranges from
red to yellow Mediterranean soil whereas grey soils are predominant in
the eastern side of the catchment.The runoff characteristics are greatly
influenced by the predominant type of soil due to the variation in
infiltration capacity ( JICA, 1987).

To investigate the dominant soil texture in Wala catchment, a soil
map of Wala Catchment is obtained and carefully inspected. Based on
the information provided by the soil map, it is concluded that the
dominant soil texture at Wala catchment may be considered as Silty
Clay Loam. This texture is assumed uniform in the upper soil layer of
the catchment. The soil may be considered also as isotropic.

The detailed soil characteristics are not investigated at Wala
catchment; therefore, the properties of this soil are estimated from soil
properties classified by Rawls ( Rawls et al., 1982). These properties are
shown in table.1. The upper and lower bounds of the final steady-state
infiltration rate are taken from the hydrologic grouping of soil
(England, 1970).
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1770 km? mainly of plateau land to the east of the Dead Sea.
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Figure 2. Location map of the test catchment

3.1 Topography and Climate

Wala catchment constitutes the northern part of Wadi al Mujib
basin, which is about 6750-km2.The topography of Wala catchment
varies drastically; the highest altitude is about 900 m above sea level at
the extreme north, whereas the lowest altitude is about 350 m above sea
level at Wadi Wala Bridge.

The difference in topography is clearly reflected on climatological
elements represented by rainfall, temperature, evaporation and wind
speed, which varies according to drastic change in elevation. The
change in topography is also reflected on other natural elements such as
soil and vegetative cover (which is directly, linked to the climatological
elements). The rainy season in Jordan in general begins in October and
lasts until May. The rest of the year is practically dry with almost clear
sky. Wadi Wala catchment is classified as semi-arid, because of low
rainfall in most of the catchment in winter and high temperature in
summer (Abanda, 1978).
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Tv=TL- (Tb + Ta) (21)

The wetted area is usually determined from fieldwork. However,
when this is not available as the condition of the catchment under study,
the number of wetted areas NA is considered as a parameter to be
determined by using optimization technique [NA is the tenth model
parameter]. The wetted subareas can then be obtained with the help of
equation.(12). The resulted effective rainfall or surface runoff depth Re
and all wetted subareas are routed using equation. (13&14) to obtain
surface runoff rate at the outlet of the wetted area for each applied
storm. The model utilizes the difference in base time of the observed
and simulated runoff hydrograph, which is called (recession time) to
compute the remainder simulated flow rate. In case if the difference is
smaller than or equal to zero the simulated base time is considered
equal to its measured value.

The time lag from wetted area outlet somewhere inside the
catchment to the catchment outlet (at the gauging station) is computed
using equation (21). This time is called travel time Ty that is divided
equally into a number of cascade reaches; the outflow from the first
reach is considered inflow to the second reach and so on. The flow
through these reaches is routed by applying Muskingum method for
hydrologic flow routing. Equations [(16), (17), (18), and (19)] are all
used in routing procedures. The parameters x and k in these equations
are obtained through optimization technique.

3.Description of the Catchment Used in the Simulation Model

The data for the simulation example in this study are collected from
one ephemeral semi arid catchment located at the central part of
Jordan. This catchment is about 60 km southwest of Amman city; the
name of this catchment is wadi Wala catchment; the location of this
catchment is shown in figure.2.

The coordinates of the study area with reference to the Palestine grid
are (215 to 275) east and (90 to 147) north; its area is approximately
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kx +0.5t,, (18)

C, =
k —kx + 0.5t,

c, — k —kx +0.5t, (19)
k —kx + 0.5t,

Where 11, 12 is the inflow discharge to the reach at the current and
next time increments respectively in cumecs, Qi, Q> is the outflow
discharge from the reach at the current and next time increments
respectively in cumecs and ty is the routing time interval for the
reach in hours.

2.4 Lag Time and Wetted Area Approach

Most hydrologic models require watershed characteristics that
reflect the timing of runoff. In this study a simple definition of lag time
is adopted, that is “the delay time from the start of the rain till the

runoff commences at the outlet of the catchment”.

Generally, lag time is affected by watershed and rainstorm
parameters.

The lag time of large and medium catchments T is the sum of three
lag times; the soil absorbed basin time Ty which is the time from the
start of the storm till the surface runoff occurs on the wetted area ,the
wetted area travel time T, which is the time from the start of runoff in
the wetted area till the outlet of the wetted area and the travel time Ty
which is the time from the wetted area outlet till the outlet of catchment
or gauging station. This can be expressed as

Te=Te+TatTy (20)

Where Tr is the lag time for the storm in hours, Ty is the soil
absorbed basin time in hours, Ty is the travel time in hours and T, is the
wetted area travel time in hours.

The travel time for the catchment main channel, could then be
obtained using Equation (20). Travel time may be expressed as
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equations which can be expressed in matrix form as

Re, O e 0 Aw, | [gq,
Re, Re, ... .. . Aw, g
o RE'Z .............. o . .
L4 ® e e L] . .
L4 ® e e . X . =| e
ReN, ® e e ° . .
o Re,  coeee . . .
o O e . . .
Y O e Ren | [Awy | |9, ] (13)
or [Re]x[Aw]=]q] (14)

where Re is rainfall excess array in mm/hr, Aw is watershed wetted
subarea column vector in Km?, q is wetted area outflow discharge
column vector, Nr is number of ordinates of rainfall excess, M is
number of wetted subarea and J is an index.

The catchment channel flow routing is performed by the model using
Muskingum method, which is mostly used for handling a variable
discharge-storage relationship. The common storage function used in
Muskingum method is given by

S=k (xI +(1-x))Q (15)

Where Kk is the travel time of the flood wave through the channel
reach in hour [k is the eighth model parameter] and x is a weighing
factor ranging from (0 to 0.5) [x is the ninth model parameter]. The
model perform channel routing using Muskingum routing equation
which is expressed by

Q2= Col2 + Cil1 + C2Q: (16)
in which
c, —kx +0.5t, (17)

Kk —kx + 0.5t,
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2.2 Stream Flow Recession

The recession or (receding limb) of the stream flow hydrograph is
that part between time to peak and timebase. The recession is
logarithmic in nature, approaching zero flow in an asymptotic way. The
recession curve represents withdrawal from storage within the basin.
The general equation used to describe the recession curve can be
expressed as follows:

Qt=Qo x Kr (10)

Where Qo is the flow at any time in cumecs, Qq is the flow one time
unit later in cumecs, K is the recession constant [K is the seventh
model parameter].

2.3 Catchment Routing

Catchment routing is performed using two different approaches;
the first is time-area curve routing and the second is catchment channel
flow routing. The time-area method of hydrologic catchment routing
transforms an effective storm hyetograph into a runoff hydrograph.
The method accounts for translation only and does not include storage.
Time-area method is based on the concept of time-area histogram. The
relative delay time or the time of concentration is estimated using
Kirpich equation, which is given as follows

¢ = 0.02 LLO77 §p038 (]_]_)

where T¢ is the time of concentration in hours, L. is the length of
channel reach in m and S, is the average slope of channel reach. The
general nonlinear time-area curve equation for the catchment is given
by A=cTd (12)

Where A is the catchment area, where its boundary is from the
Wadi outlet to the most remote point of surface runoff movement on
this area, in km2, ¢ & d are regression coefficients. Equation.(12) is used
to compute accumulated wetted subareas and its corresponding time of
concentration. Each subarea is then multiplied by rainfall excess array
resulting from catchment water balance. The result will be the surface
runoff at the outlet of the wetted area. This yields a set of linear
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infiltration to the soil moisture storage SMS. Depression storage has a
finite capacity Dmax [Dmax IS the fifth model parameter] and when that
capacity is exceeded direct runoff DRO occurs. DRO is computed in
agreement with the following equations

DRO = Py — (S + f.At + Dg); FOR Pq > (Sqi + f.At + D) (5)
DRO =0 : FOR Py < (S + f.At + D) (6)

Where DRO is direct surface runoff in mm, S; is the capacity depth
of inflow into interception storage in mm for each time increment and
D. is the capacity depth of inflow into surface depression storage for
each time increment.

Soil moisture storage is augmented by infiltration and depleted by
evapotranspiration. When it reaches, its threshold (field capacity, FC)
percolation and subsurface flow commence. The model assumed that
percolation is taking place at a rate smaller than f.. Subsurface flow is
estimated according to the following restriction

IF (SA<Gravy) and SW > fc.At, THEN SSF =S¢.(SW-PER) (7)
IF(Sa <Gravw) and SW < fc.At, THEN SSF =0 (8)

Where Gravy is gravitational water in mm, SSF is sub-surface flow
in mm for each time increment, SW is the water sustained above field
capacity and S¢ is coefficient of subsurface flow [Sc is the sixth model
parameter].

Subsurface flow SSF augments continuously surface depression
storage. If the latter exceeds its threshold, surface runoff occurs. The
recovery of moisture storage capacity between the periods of rain may
be estimated as follow

Sat = Sat.1 — AFag1 + PERt.1 + SSFi.1 + PETr1 At 9)

Where PET is the potential evapotranspiration rate in mm/hr, PER
iIs percolation in mm, SSF is subsurface flow in mm, At is time
increment in hrs, and t is a time index.
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Figure 1. Schematic diagram of the proposed model structure
f=a(Sa)" +f. 4)

Where f is infiltration capacity rate in mm/hr, Sa is the available
storage capacity depth in the surface layer in mm. At the beginning of
infiltration Sa is usually at its initial value Sa; [Sa; is the first model
parameter], a and n are the intercept and slope, respectively, of a
algorithmic plot of the quantity (f-f¢).Vs. Sa [a and n are the second and
third model parameters], fc is the constant infiltration rate in mm/hr [f.
is the forth model parameter). If water reaches the ground surface at a
rate greater than infiltration capacity rate, then the water in excess of
infiltration capacity rate augments surface depression storage Ds. At the
same time, this storage is depleted by evaporation E; and infiltration F..
Depression storage is depleted by evapotranspiration PET and direct
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evapotranspiration depth in mm and Ds is surface depression storage
depth in mm. The general structure for the proposed model is shown in
figure.l.

2.1 Model Components and conceptualization

The proposed model is made up of a sequence of computation
routines for each process in the hydrologic cycle. The main components
for the model are Precipitation, Interception, Surface Depression
Storage, Infiltration, Subsurface Flow, Deep percolation, Stream Flow
Recession and Catchment Routing.

The falling precipitation is partly intercepted by vegetation. The
amount of interception depends on the canopy density and kind of
vegetative cover prevailing in the catchment. The model simulate
interception using an equation suggested by Fleming (1979) which is

expressed by

ASin = ( Pa x Dc) —Ein ( 2)

Where ASin is the change in interception storage per unit area of
canopy, when current interception storage is less than maximum
storage capacity, Pd is the precipitation depth per unit area of
catchment, Dc is the canopy density and Ein is evaporation and
transpiration from interception storage per unit area. Interception
storage Sin is depleted by evapotranspiration PET. When interception
storage is satisfied, the excess water (throughfall) flows to the ground
surface. Throughfall is estimated by the following equation

Tin=Sin(t-1) + ASin(t) — Smax (3)

Where Tin is throughfall in excess of interception storage capacity,
Sin(t-1) is interception storage at time (t-1), and Smax is the maximum
interception storage capacity. When throughfall and other rain reach
the ground surface, it infiltrates into the soil according to Holton
equation (Holtan, 1961) which is given by
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magnitudes of extreme events which are essential for water
management. The traditional approach of fitting distribution functions
to the observed extreme values and extrapolating these functions can be
criticized for different reasons (Linsley, 1986; Klemes, 1986). The main
criticism is that the distribution functions have to be extrapolated far
beyond the probabilities that can be justified from the available
observations. The modeling approach is an alternative to the
distribution fitting. The only reason why we should rely more on the
model than on distribution functions is that we have confidence in the
validity of the model and, thus, assume that extrapolation of the model
calculations is more reliable. Most of conceptual models are able to
provide consistent and reliable results. They seem to be very
appropriate because of their low data requirements, their simplicity and
their ease of use. Moreover, they are compatible with the existing
hydrological tools of the customer.

2. Model Structure

A hydrologic model is nothing more than a collection of quantitative
hydrologic concepts that are given mathematical representation. If each
of these concepts is a well-established physical law that has an exact
mathematical representation, and if every physical component of the
watershed is present in the model, the entire model structure would be
unique and all physical processes in the watershed could be accurately
simulated.

A workable structure for the model presented in this study is
developed from the analysis of published research reports. The model is
based on water balance of the land phase according to the following
continuity equation:

Razpa—Fa—Sin— PET - Ds (1)

where Ra is accumulated surface runoff depth in mm, Pa is
accumulated precipitation depth in mm, Fa is accumulated infiltration
depth in mm, Sin is interception storage depth in mm, PET is potential

-Y\) -



task to design drainage channels in 1842 (Biswas, 1970). Ten years
later, in 1851, Thomas Mulvaney (1822 — 1892) presented a paper,
which can be considered as the origin of the so-called rational method
for flood peak estimation (Dooge, 1957). Pilgrim (1986) stated that,
rational method is the most widely used for drainage design in urban
areas. Sherman (1932) introduced the concept of hydrograph, which
allowed calculation of continuous hydrographs as opposed to merely
delivering a peak flow estimate of the maximum flood event. The
linearity assumption behind the unit hydrograph method was later
subject to criticism, (Minshall, 1960) suggested that the unit hydrograph
itself, not only the share of rainfall becoming effective rainfall, might
vary with the storm intensity.

In search for more conceptual approach for rainfall-runoff relation,
Nash (1957) introduced the concept of linear stores as a delay
mechanism in runoff computation. This paved the way for the
development of conceptual rainfall-runoff models. The conceptual
models or “soil moisture accounting” models have a structure of
interconnected storage. Compared with Black Box models, these models
are less simple even though they may have no straightforward physical
interpretation. Mroczkowski et al., (1997) defined a model as a
conceptual if at least one of its parameters has to be calibrated. These
models do not simulate other hydrological variables (infiltration,
groundwater level, etc.) and most of them produce a single output
(streamflow). Such models include Examples of this type of models
include the Stanford watershed model ( Crawford and Linsely, 1966),
the HBV model (Bergstrom and Forsman, 1973) in Sweden, the
Sacramento model in the United states (Burnash et al., 1973), the TANK
model (see e.g. Franchini and Pacciani,1991) in Japan, the
MODHYDROLOG model (Chiew and McMahon,1994) in Australia,
the XIANJIANG model (Zhao et al., 1980) in China, and ARNO model
in Italy (Todini, 1996).

Conceptual models are used to obtain both short-term (a few days)

and long-term (a number of weeks or months) forecasts of runoff (or
other variables) it can also be used in Predicting the probabilities and
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Keywords: rainfall-runoff relation, hydrologic modeling, Design
flood, catchment modeling

1. Introduction

Streamflow forecasting has been the subject of extreme research in
recent years. In many parts of the world, there has been a wide spreads
use of mathematical models to simulate the dynamics of the runoff
processes, which have largely increase the capability of engineers and
hydrologist to predict flood and flash floods reliably. Along these lines
of research, mathematical conceptual models and flood routing
Hydrological models are developed to improve our understanding of
surface runoff generated from a complex watershed. The origins of
rainfall-runoff modeling in the broad sense can be found in the second
half of the 19th century, arising in response to three types of
engineering problems: Urban sewer design, flood control structures
design and reservoir spillway design. In all these problems, the design
discharge was the major parameter of interest. In the sixties of the last
century, conceptual approaches to rainfall-runoff modeling were
considered in search for a more physical interpretation of the
hydrological processes. In recent decades, the advent of increasingly
efficient computing technology has provides hydrologists with exciting
new tools for the mathematical modeling of hydrological systems
extending far beyond the more traditional river-flow forecasting.

The majority of traditional conceptual rainfall-runoff models are
built for temperate or wet catchments, where modeling is more straight
forward, and all the required hydrological data are mostly available.
Therefore, the need is stressing for building another conceptual rainfall-
runoff models to deal with peculiarities characterizing the condition at
arid and semi-arid ephemeral catchments, which at most suffer from
drastic lack of hydrological information, and in time when these
information are available it is highly variable in time and space. The
chief aim of this study is to investigate the validity of rainfall runoff
modeling in predicting streamflow discharge at a semi arid catchments.

Probably the first serious attempts to estimate flood flow volumes
can be traced back to a group of Irish engineers, who were given the
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Validity of Conceptual Rainfall-Runoff Modeling
Approach to Predict Peak Flow Rate at Ephemeral

Semi-Arid Catchments
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Abstract:

A deterministic conceptual rainfall-runoff model is developed. The
model simulates hourly streamflow hydrograph, as well as the peak flow
rate for any given storm. The major input requirements for this model are
the hourly rainfall, potential evaporation and streamflow record .The
proposed model uses two different hydrologic routing techniques; the time
area curve method applied to the wetted area of the catchment, and
Muskingum method applied to the catchment main channel. The model has
ten parameters all are fitted by employing optimization technique. It is
calibrated and tested using the available data collected from only one semi-
arid ephemeral catchment located at the central part of Jordan. The
performance of the model is evaluated using the goodness of fit measures
.The simulation results obtained show that the proposed model has a good
match between observed and simulated streamflow, as well as between
observed and simulated peak flow rate, and as such, the model can be used
to predict the probable maximum flood for any expected probable

maximum storm.
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