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Abstract: This paper presents a convection-decay model for simulating the transmission of flood waves in
ephemeral channels in arid zones. The model is formulated and solved numerically by finite difference method
on spreadsheet. The model has been applied on Yiba represented catchment in Saudi Arabia. The results are
fairly good. Based on the proposed model, the average flood wave speed for the short reach is 10 km/hr and
the average decay factor is 0.78 (hr™"). For the long reach is the average speed is 7.4 km/hr and the average
decay factor is 0.26 (hr™"). The results are fairly good. The model is capable of simulating flood wave movement

in ephemeral streams.
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INTRODUCTION

Flood wave propagation in ephemeral streams is
an important issue in the design of flood protection
schemes. Several studies have focused on this issue, e.g.
[1-8]. There are mainly two approaches to study
flood wave propagation. The first approach is the flood
routing technique that is based on hydrological aspects.
The flood routing methods deals with the change of the
shape of the hydrograph and its travel time down the
channel. Among the many models used for flood routing,
Kundzewics and Strupczewski [9] noted that the
Muskingum method of flood routing has been extensively
applied in river engineering practices since its
introduction in the 1930s. Muskingum method is
developed for perennial streams where the flow is
continuous over the year round. However, in arid
environment, most streams are ephemeral and catchments
are often un-gauged. When performing flood routing in
arid environment, the Muskingum parameters can be
estimated using synthetic hydrograph methods [10]
without using observed hydrograph because it is often
unavailable. The inflow hydrograph could be estimated
based on these synthetic methods and the outflow

hydrographs at the end of the reach are generated with
traditional Muskingum technique without incorporating
transmission losses. O'Donnell [11, 12] developed the
three-parameter Muskingum method to incorporate lateral
inflows to a channel reach in the routing procedure of
river channels. The approach is used to estimate the rate
of lateral inflows and reconstruct hydrographs in
temperate region catchments. Elfeki, et al. [13] have
applied the three parameter Muskingum method with
success. The other technique is the hydraulic routing
where the hydraulic equations are involved. In this paper
we proposes a kind of hydraulic routing approach with
two parameters to describe the flood propagation in the
ephemeral stream based on convection-decay type of
model.

Fig. 1 illustrates the observed transmission of
hydrographs over certain reaches in Yiba representative
catchment in Saudi Arabia. The observed hydrograph
transmission between two stations: Fig. la shows the
flood wave transmission between station 422 and station
401 that are far apart about 10.5 km on 21 July 1985, while,
Fig. 1b shows the translation of the flood wave between
station 423 and 424 that are far apart about 33.2 km on 11
April 1985. The observed transmission losses during the
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Fig. 1: Observed hydrograph transmission between two stations: (a) station 422 and 401 for 10.5 km channel length (21

July 1985), (b) station 423 and 424 for 33.2 km channel length (event 1
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Fig. 2: WadiYibacatchement and its sub-basins projected on the satellite image of the region and the stations
considered for the analysis (Red circles are rainfall stations and white circles with black dots are runoff stations).

1 Apr 1985).
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Table 1: Some characteristics of the Runoff Stations at Yiba Catchment (Elfeki, et al., 2014)

Station Easting Northing Area (km?) Length of the main stream (km) Basin Slope (m/m) Channel reach length (km)
422 41°52°41.98” 19°19°4.26” 306.01 233 0.3322 10.5

401 41°48°42.35” 19°17°2.15” 764.96 35.07 0.2833

423 41°47°53.73” 19°5°10.44” 612.83 36.2 0.2657 322

424 41°37°58.89” 19°0°45.53” 2346.27 51.8 0.1969

translation of a flood waves are clear from these events.
The shape of the hydrograph did not change dramatically
when it moves downstream, yet both volume and peak are
reduced.

Study Area: Yiba basin is located in Makkah
Al-Mukaramah region in the Arabian Shield region of the
country. It is in the southeastern part of Saudi Arabia.
The boundaries of the basin area are bounded between
19°00" and 19°30" N latitude and 41°30" and 42°00" E
longitudes. WadiYiba has an area of 2346 km® and drains
its water towards the Red Sea (Fig. 2). The catchment of
Yiba drains its water to the main channel and then to the
Tehama coastal plain near the city of Habil. The alluvial
fan of the wadi forms a suitable aquifer system for future
development. Rainfall is very irregular and it increases
from the coastal plain towards the mountains. It varies
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between 100 mm and 300 mm annually [14] where the
climate is classified as arid. Stream channel network within
the watershed are ephemeral. Most runoff events occur as
a result of high intensity, short duration storms. Fig. 3
shows WadiYiba catchment and its sub-basins projected
on the satellite image of the region and the stations
considered for the analysis (Red circles are rainfall
stations and white circles with black dots are runoff
stations). Table 1 shows some characteristics of wadiYiba
sub-basins.

Model Formulation: The mathematical model that
describes the advection decay processes is expressed
as,

aQ _
=

9Q
dx

v —0<xX <0, t>0 6]

_..aQ
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Fig. 3: The conceptual model of the flood wave transmission in ephemeral stream.
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Fig. 4: The numerical scheme used in Excel.

where,

v is the flood wave velocity,

Q is the discharge hydrograph,

« is the decay coefficient and

x and ¢ are the space and time variables respectively.

The analytical solution of such a model can be
expressed by defining the initial condition of the model
which is given by,

O, 0)=fix)att=0 2)
where f{x) is the inflow hydrograph,
The solution in this case is given by,
Ox, 1) =flx —vi)e™ 3)
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Since in the current case the inflow and outflow
hydrographs are defined as numerical values and not
functions, therefore a numerical model has been
formulated using forward in time and backward in space
finite difference scheme as follows,

Qer.t + 8- Q1) _
At

IQ(\ - Q( - Ax, r)!
Ax

aQ(x — Ax,t)
“4)
For some mathematical manipulations and to fulfill the
accurate solution of the system by satisfying the Courant

condition, ! : _, , one may obtain,

Qlr.t +A) =0 -C Q0. )+ (1 — aA)Q(x — Ax. 1) (5)
In numerical notation, the equation reads (Fig.4),

QI =0 -CAQT + (- al)Q], (6)

The model has been programmed on spreadsheet as
shown in Fig. 5.

Estimation of the Model Parameters: Estimation of the
model parameters from the data is made by the following
equations:

The flood wave velocity is used estimated by

v = (6)

L
K
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Fig. 5: Spreadsheet model for performing the calculations.
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Fig. 6: Estimation of the decay coefficient of the reach.

where L is the length of the reach between two stations
and K is the travel time of the flood wave which is
estimated by time lag between the starting points of the
inflow and outflow hydrographs or the time between the
two peaks of the hydrographs. For estimation of the
decay coefficient, &, the following procedure is used,

P
‘_Q e _Q +a =0
ol
ve £.5625 /e [ 1 PSS S— —— ————————
ds (LTS km IQN +1 - o E}" +(1- pu
& 01333 b defor G 0233 1= (I C' i) ( 1-aAr 41
o 1 3 3 4 5 & 7 % 9 10 U 1
0 075 LTS 2615 35 435 S5 615 7 TATS ATS 9615 W5
time  dncharge

o] [l o o o o o o o o o o wsscondiion 2 0m
[TE) 0 o 0O o o o 8 & ©o 0 o @ 201 261
30.23| s1.18578 © © ¢ ¢ o © 6 © 6 0 0 202 497
MITHASHTE 4M%4 ¢ o0 © © o6 @ 0 06 o 0 203 1673
H00B4 1054483 26931 4561 0 0 0 0 0 0 O 0o 0 204 21
BRSE 95.15M40 595431 Bal 806 0 o (] a ] o o a 205 3%
0.0 Be52GE9 298617 5397 24 L0548 o o (-] 0 o o a 206 3184
G044) TUGRORY BOIBO BABY BATI 22656 3AF 0 0 0 0 0 @ 07 MM
s7.0 3 0 0 o 0 @ 208 5735
(I Y T 209 434
iy o 1o T - —

T Qz,mcx
J' i J' dQ
Ts Q1.mazx Q

where
Q,max is the peak discharge at station 1 at ¢, and

®)

QO,max is the peak discharge at station 2 at ¢, and

consequently,
—a(t; - 5)=1nQz2 max — 0 Q1 max

With some manipulations, one obtains,

e [lﬂ Qimax—In Q:.max]
1 K

whereK =t,- ¢,

©)

(10)

Once, the parameters have been evaluated, the
simulation can be performed and the comparison between
the model results and the observed outflow can be

dQ _ «Q @) achieved. Table 2 shows the estimated parameters of the
dt model. The table shows that the average flood wave
. . . speed for the reach 422-401 is 10 km/hr and the average
By integrating both sides one gets,
Table 2: Model parameters estimation from the flood events
Decay
Reach Date L Tiag bl Qpin LN Qpy, Qpour LN QPout factor
(km) (hr) (km/hr)| (nflow) (Inflow) (Outflow) (Outflow) [hr"}
1May 1985 10.49 18 5.55625 111.70 472 5T7.35 4.05 0. 416673
Inflow 422 12Jul1985 10.49 1 10.49 26.67 328 17.35 285 0.429652
Outflow 401  16Apr1986 10.49 13 B8.069231 150.50 51.75 3.95 0.821259
22Apr1986 10.49 o7 1498571 14476 52.768 397
Avearge 10.49 1.1€ 10.03 108.41 1 44 80 370
D .00 0.39 368 18 46 057
Upper Limit 10.49 1.54 13.71 : 63.26 4.27 26
Lower Limit 10 49 )76 368 26 34 314 0.30
1948091984 33.20 53 4.89 13.35 259 0434121
Inflowr 423 205ep1984 3320 3.0 521 66 29 419 0337228
Outflow 424 S5Apr1985 33.20 7.7 567 127.20 4.85 0.106671
11Apr1985 33.20 4.2 4 60 51.94 3.95 0.153849
Avearge 33.20 5.0f 509 £ 69 3 90 026
sSD 1] 2.00 0.46 a8 ).95 .15
Upper Lirmit 7.05 5.55 111.98 84 0.41
Lower Limit 3.05 4.63 17 .41 2 05 010
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Fig. 7: Comparison between simulated and observed outflow hydrographs between station 422 and station 401 for

different time events.
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Fig. 8: Comparison between simulated and observed outflow hydrographs between station 423 and station 424 for

different time events.

decay factor is 0.78 (hr™'). For the reach 423-424 the
average speed is 7.4 km/hr and the average decay factor
is 0.26 (hr™").

RESULTS AND DISCUSSIONS

The proposed model has been applied on Yiba
catchment. The results are presented in Fig. 7 and Fig. 8.
Fig. 7 shows a comparison between the simulated and the
observed outflow hydrographs between station 422 and
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station 401 for different time events. The figure shows
fairly good agreement between the observed and
simulated hydrographs. Fig. 8 shows a comparison
between simulated and observed outflow hydrographs
between station 423 and station 424 for different time
events. The results are fairly good in terms of the peak
flow and the shape of the hydrograph. However, in terms
of the lag, there is an underestimation this is may be
due to the length of the reach which is relatively long
(three times longer) in comparison with the other reach.
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CONCLUSIONS

This paper presents a convection-decay model for
simulating the transmission of flood waves in ephemeral
channels in arid zones. The model is formulated and
solved numerically by finite difference method on
spreadsheet. The model has been applied on Yiba
represented catchment in Saudi Arabia. Based on the
proposed model, the average flood wave speed for the
reach 422-401 is 10 km/hr and the average decay factor
is 0.78 (hr™"). For the reach 423-424 the average speed
is 7.4 km/hr and the average decay factor is 0.26 (hr™").
The results are fairly good. The model is capable of
simulating flood wave movement in ephemeral streams.
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