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ABSTRACT

The objective of the study is to establish the hydrological characteristics, the hydrological behavior of river basins in
arid and semi-arid south-eastern Algeria (establish of methodologies and necessary working tools for planning the de-
velopment and management of water resources). The study on floods in Algeria is established by the National Agency
of Water Resources (ANRH shows that the country is confronted with the phenomenon of very destructive floods and
floods especially in arid and semi-arid regions). Flooding of rivers in these areas is less known. They are characterized
by their sudden duration (rain showers, thunderstorm). The duration of the flood is in the order of minutes to hours. The
human and material damages caused by these floods are still high. The study area encompasses three watersheds in
semi-arid, arid south and Algeria. There are pools of Chott-Melghir (68,751 km?), highland Constantine-07 (9578 km?)
and El Hodna-05 basin (25,843 km?). The total area of this zone is about 104,500km?. Studies of protection against
floods and design studies of hydraulic structures (spillway, storm basin, etc.) require the raw data which are often un-
known in several places particularly at ungauged wadis of these areas.
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1. Introduction practices diminish.

The man has aggravated flooding in degrading the
natural environment around some rivers (waterproofing
watershed).

It is well known that soil sealing by buildings and in-
frastructures has the effect of increasing runoff coeffi-
cients and thus accelerating the flow of water and aggra-

vating downstream flows received. For these conditions,

Flooding is a submersion (fast or slow) which may affect
large natural and urban areas; it corresponds to the over-
flow of water during a flood. By definition, a flood is a
rapid and temporary flow of a river. It is described by
three parameters: height, speed and velocity.

The floods happen when soil and vegetation cannot
absorb any water runoff and cause elevation of the bed of

the river. Most often, it does not overflow, but the water
runs sometimes in quantities which cannot be transported
in the beds of rivers to the basins or retained in natural or
artificial. The river overflows and then produces a flood.
Flash floods, which can occur in autumn in the Medi-
terranean region, are generally due to intense precipita-
tion over a relatively confined area, intensive agricultural
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failure of sewerage is considered one of the causes of this
phenomenon.

The impact of these floods is relatively local, and the
number of victims is generally limited, but very variable
due to the density of housing, location and type of con-
struction adopted.

Recurring event anywhere in the world, this phenome-
non has affected most of the countries. These countries
have climatic conditions, geological risk as well as poor
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infrastructure in terms of protection of man and the en-
vironment. For example, Indian Ocean to Bangladesh,
sometimes as in 1970, this phenomenon leads the death
of several people.

Correct dimensioning of spillways (spillway channels,
pipes ditches, etc.), is based on good values assessment
of flood flows necessary for the determination of struc-
tures template. It is therefore to study the link flood
streams for the design of spillways. The objective of the
study is to propose a methodology for these areas of
flood calculation for ungauged rivers.

The great watershed Chott Melghir about a surface
area of 68.751 km’, including thirty (30) sub-watersheds,
located in arid steppic, is representative of the Mediter-
ranean region, particularly because of the diversity of

habitats it contains: chott and sebkha. We meet halipedes,
ever green around the Chott steppe zones and in the cen-
ter, saturated salt sebkhas completely devoid of vegeta-
tion. The vegetation formations of wetlands are added to
these which meet a lake and paludicole purely aquatic
vegetation.

Geographic Coordinates: Longitude: 34°00'00" and
34°30'01" North Latitude: 6°07'30" and 6°30'02"East [1].

Chott El Hodna is a representative type of humid zone
in the Mediterranean by the extent of its size and its wa-
tershed (Figure 1). Its location in the arid zone is another
advantage to justify the degree of rarity of natural envi-
ronments in one piece with little or no significant changes
by human.

Finally, Chott is a model representative of the presence
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of many types of soil, bioclimatic and organic varieties.

Chott El Hodna covers two wilaya M’Sila of 1000 km?,
and Batna 100 km?” located south-east of Algeria and
isolated from the Mediterranean Sea by 100 to 150 km
mountain ranges. This ecosystem that occupies the center
of the basin of Hodna is located 40 km from the City of
M’sila, 20 km south-west of the city of Boussadda and 80
km south-east of the city of Biskra.

Geographic Coordinates: Latitude: 35°18'/35°32' Lon-
gitude: 4°15'/5°06' [2].

Highland Constantine is located in the bioclimatic semi-
arid to arid (200 to 400 mm/yr precipitation) and con-
tains large inland salt depressions called saline lakes and
sebkhas.

Geographic Coordinates: Latitude: 35°44 '69"North Lon-
gitude: 06°47'43"East [3].

This area contains the main sources of surface water
and hydraulic infrastructure.

For small watersheds in western Switzerland, Niggli
proposed a method of calculating flood frequency adapted
to the following rational method:

QT =u .Cr .ﬂ;Z(T) .pfa‘SZ(T) '81 (T)' A1+a4£2(T) (1)

Where:

£(T) and &, (T): parameters intensity-duration-fre-
quency curves Montana law.

Q, : Flow max frequency return period 7' (m’/s).

u : Constant change of units.

A and p: respectively the surface and the slope of the
watershed.

¢, : runoff coefficient of the watershed.

B+ Watershed dependent parameter. [4]

2. Materials and Methods

Data flow rates maximum instantaneous floods from the
files of the National Water Resources Agency (ANRH).
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These flows rates are recorded at 15 hydrometrics sta-
tions distributed uniformly over the entire surface of the
three watersheds. The observation period ranged from 15
to 39 years (Table 1) [5].

A file was created identifying all flows max (date of
the flood and its value in m*/s). After forming rows max
flow statistics instantaneous adjustment to theoretical laws
was conducted to determine the quantile of these flows.

The best adjustment is given by the lognormal law [6].
For illustration we present in Figure 2 is an example of
the law of adjustment lognormal flow rates max wadi
K’Sob Station Madjez.

Table 2 shows the values of flow rates max adjust-
ment, the statistical parameters adjustment namely the
flow rates max average annual snapshot (Q) and the
coefficient of variation (Cy).

2.1. Introduction a Model to Estimate Flood

2.1.1. Example of Multivariate Analysis Frequency
The objective of this Model is to provide a trivariate flood
frequency analysis (Tip, volume and duration) using a
copula (meta-elleptique). So a class of so-called meta-
elliptical copula was used to perform a trivariate model-
ing Tip, volume and duration of flooding. A suitability
test type Cramer-von Mises recently developed by Genest
et al. (2006) has also been implemented in order to find
the best fit. This methodology has been applied on three
watersheds in semi-arid areas in Algeria.

A copula is a multivariate uniform distribution. This is
a relatively old statistical tool introduced by Sklar (1959)
revived today by Genest and Mackay (1986). “Copulas
are functions that join or couple multivariate functions to
their one dimensional margins” [7].

“Copulas are distribution functions whose one dimen-
sional margins are uniform” [7].

But the last two sentences are not an appropriate defi-

Table 1. Hydrometric stations and observation period.

Station Code Name of Station Wadis Watershed area (S, Km?) Observation period (Years) Number of years
051101 Sidi Ouadah Soubella 176 1972-2005 33
0503 01 Ain El Hadjel El Ham 2661 1964-1994 29
0509 01 Medjez K’sob 1331 1972-1993 21
050501 Rocad Sud El Ham 5600 1951-1993 35
0508 01 Ced Fegues Lougmane 334 1954-1995 35
06 12 01 El Kantra El Hai 1170 1967-1995 28
0623 08 Ain Babouche Chéria 785 1974-1999 24
06 13 01 Djemorah Djemorah 595 1975-1995 18
06 18 11 Mellego Ktefessouda 2098 1975-1997 15
06 1502 M'Chounech El Abiod 1050 1970-1994 24
07 04 04 Morri Morri 24,5 1970-2005 34
07 0501 Chemorah Chemorah 765 1968-1994 26
07 04 03 Reboa Reboa 296 1969-2005 35
07 04 01 Timgad Gue Soultez 194 1968-2005 35
07 07 02 Foum El Gueiss Gueiss 144 1968-2004 35
Open Access 13G
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Figure 2. Adjustment of flow rates max of wadi K’Sob station Medjez.
Table 2. Result of adjusting flow rates max frequency (m%s)
Station Area (km?) 0 C,(ms) Period of return (Years)
10 20 50 100 500 1000
051101 298.88 6535  1.192 170.7 276.78 476.75 685.02 1426.1 1891.1
0503 01 196.29 79.04  1.042 262 417 701.95 993.28 2004.9 2627.1
050901 225.58 19126  0.900 479.34 700.2 1072.5 1425 2532.6 3159.5
050501 161.8 118.18 0.873 385.08 635.77 1117.7 1627.9 3483.1 4668.2
0508 01 171.38 12043 0.980 348.1 553.34 932.14 1319.6 2666 3494.5
061201 229 110.84  0.884 283.91 415.93 639.18 851.13 1519.4 1898.7
0623 08 184.21 88.33 0.669 248.48 369.06 575.98 77491 736.79 1779.3
06 13 01 136.71 89.19 0.699 207.56 287.27 414.09 528.37 865.27 1045.9
0618 11 430 82.26  0.670 173.41 231.08 319.2 395.9 612.14 723.77
061502 416 103.46  0.657 229.05 308.53 431.37 539.35 847.64 1008.5
07 04 04 271.78 63.3 1.206 155.62 238.18 384.94 529.07 1009.3 1293.9
070501 367 121.285 0475 250.72 323.54 431.05 521.88 768.52 891.78
07 04 03 359.37 137.83 0.440 306.19 430.33 631.1 814.6 1365.4 1665.3
07 04 01 279.32 99.71 0.746 268.14 390.48 596.03 790.12 1397.7 1740.5
0707 02 201.01 30.55 0.970 83.27 125.78 200.19 272.87 510.66 649.86

nition In the following text, with reference to the work of
Nelsen (1998), Genest & MacKay (1986), Denuit &
Charpentier (2004), we will try to give a precise defini-
tion of the copula, as well as some basic methods for
parameter estimation of copula properties will be re-
viewed and fit testing to select the copula we describe
each of the margins which is uniform on the interval
(0,1). Given such a copula, we can easily construct a
multivariate law of margins F,-, F), arbitrary asking [8].

F(xl’...’xp):C{F] (%), F, (x,,)},xp“',xp eER.(2)

If for example xy, x ,, x ; represent the Tip, volume and
duration of a flood, it is possible, using this approach to
construct a law having margins [9].

2.1.2. The Multivariate Statistical Analysis
The correlation between the Tip, volume and duration, it

Open Access

is clear that an analysis of each of these variables taken
separately is inadequate. A natural way to overcome this
problem is to use multidimensional laws, such as the
normal distribution or gamma Multivariate. However, con-
ventional three-dimensional laws impose virtually all use
of marginal distributions of the same type for the three
variables. However, this requirement is unrealistic in our
case, since the laws of the univariate Tip, volume and
duration of the flood of the same watershed are very dif-
ferent. The copula approach, which has gained much
popularity in recent years, offers a promising approach
that we have chosen to explore.

2.1.3. Dependency Analysis

The dependency analysis can start two different ways,
either by examining statistical properties or by graphics.
Statistically, three classical measurements were used,
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namely the Pearson correlation coefficient, the Spear-
man’s rho and Kendall’s tau. Their definitions recalled
below are from Capéraa and Van Cutsem [9] (e.g. wadi
case Soubella) (Table 3).

2.2. Simulation Algorithm of Meta-Elliptical
Copula

Applications using the copula are more and more com-
mon in different areas of scientific literature. The Archi-
medean copula are used, but we also see more and more
articles using the meta-elliptical copulas [8]. In our case,
the parameter m (degree of freedom) of the function g
laws Student and Pearson Type II Multivariate been se-
lected using a graphical tool (Programm R). To do this,
we have been using bivariate scatter diagrams represent-
ing a simulation size of 10,000 family law chosen with
the parameter “g” given function, juxtaposed with the
values observed for this particular case. For example,
consider the case of Soubella for the Student trivariate.
As a result for example, the results show that flooding for
m = 2, Will not exceed 900 (m*/s) for T'= 100 years, as
we will see and verify in our model

2.3. Modeling of Flood Flow Frequency

The model for calculating flow rates max for the pro-
posed frequency streams of the study area is based on the
following proposals:

1) The good adequacy empirical data (observational
data) to the law of distribution (lognormal) for all sam-
ples (15 samples) max flow to suppose that this law is
valid at all points of the of watersheds area of the study
area.

2) According to Dubreuil [10], the best adjustment is
given by the log normal law recommended dissymmetry
Diet desert and sub-desert

The density of the Galton law is presented as follows:

0 for x<0

f(x)= 1 exp{—l(ln—xj }forx>—0
x2no 2\ o

So the Log normal distribution law (Galton) max flow
and return period T is chosen as a model and is presented
by the following formula:

Table 3. Measures the dependence between the Tip, the
volume and duration of Wadi Soubella.

Tip-Volume Tip-Durée Volume-Duration
Pearson 0.5040 0.0243 0.5768
correlation
Spearman’s rho 0.4320 0.0347 0.5768
Kendall’s tau 0.3567 0.0143 0.3456

Open Access

0, =%exp{u.m} G)
With:

O : flow max frequency return period 7' (m’/s)

O . Average annual maximum flow rates (m’/s)

Cy: coefficient of variation

u: reduced variable of Gauss, with values are tabulated
and selected according to the frequency (return period)

The flow ( Q) average annual instantaneous maximum
flow rates will be replaced by (g,.,. S )

G | Average annual maximum instantaneous flow
specific (m’/s-km?)

S: Watershed area (Km?)

2.4. Determination of Parameters (T, ) and (C,)
of the Model

Several authors connect the maximum specific rate, a
single argument which is often the watershed area. Ex-
perience indicates that the water takes longer to concen-
trate on it as their emissary the basin is more extensive
and rain and snow usually peak over the entire watershed
at a time. Specific flood flow is primarily a function of
the extent the watershed and inversely proportional. This
means that the maximum flood believes slower than the
watershed area.

Numerous studies conducted in several countries [11,
12] to analyze the maximum flow rates depending on the
watershed area led to formulas whose prototype is that
of:

Myer: O =CS“; (with: en m’/s'S en Km?) (4)

C: coefficient of Myer, according to the physical
characteristics the watershed
a: Exponent varies between 0.4 - 0.8

1-0.1%
Franco and Rodier: 2 =[ s j

o°  \10°
[(nﬁ/s), S(km?) and & =2 +6} )
Pagliaro: ¢ = % = i;LOgOO [O (m*/s) and

[$(km?)] 6)

2.5. Determination of Instantaneous Maximum
Specific Flow Rate (Annual Average) .,

The extrapolation of these models to the arid and semi-
arid regions of Algeria confirms the decrease of maxi-
mum specific flow rate with the decrease of air the wa-
tershed (Figure 3).

The correlation between these two hydrological char-
acteristics is very strong and is reflected by a correlation
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coefficient R = 0.91 La relation giving the maximum
value of the specific flow rate based on the surface wa-
tershed for arid and semi-arid regions of the Algeria is:
39.38

(S + 1)0806

Q)

max

2.6. Determination the Coefficient of VVariation
(C)

Experience shows that the hydrological territorial or spa-
tial variation of several parameters of the flow (flood,
drought, etc.).Is the result of the interaction of several
factors physical geography and climate of a particular
geographical area. It is possible to interpolate the values
measured in the hydrometric sites. Early methods of de-
termining the coefficient of variation in the absence of
measurement data are formulas and empirical relations
[13]. The majority of these formulas relate the coefficient
of variation in principal factors, hydrometeorological and
physical factors of watersheds. The analysis of the rela-
tion between the coefficient of variation C,, flow maxi-
mum specific and watershed area (Figure 4) shows that
the points align well around the line of adjustment this
correlation resulted in a simple following exponential

F. BELAGOUNE, D. BOUTOUTAOU

relation of:
C

— =0.1224exp1.381710g(S+1) )
qmax
Consequently: C, = 0.12qmaxexpl.38]og(5+l) )

3. Results and Discussions

Analyzes and results obtained above can offer a formula
maximum instantaneous flood discharges frequency do-
main ungauged water in semi-arid and arid regions of
Algeria. This formula is based on the log-normal distri-
bution, generalized distribution for all regions and in-
cluding the main parameters (watershed area and maxi-
mum specific flow rate) is involved in the genesis of
flooding.

VOV +1

Table 4 is summary of the comparison between the
calculated and measured flood. This comparison shows
that the flood values are close to those modeled measured
average calculation error does not exceed 16%.

We wish to specify that the change to high peak flows

q S n cvz
= TSl )
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3.000

2.500

2.000

1.500

(9).[m3/s]

1.000

0.500

0.000 T T
1000 2000

Specific maximum flow rate

3000 4000 5000 6000

Watershed area,(S+1).[km?]

Figure 3. Relation between maximum specific flow and Watershed surface in Regions arid and semi-arid of Algeria.
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and log (S + 1).

max
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(from tens to thousands of m’/s) also characterizes the
rivers of the arid and semi-arid regions of Algeria, hy-
drology, the difference in average 15% - 20% of a sam-
ple of flood discharge is admissible [14]. The relation
established can be used to determine flood of ungauged
wadis in arid and semi-arid Algeria.

4. Conclusion

The value of flood is indispensable as analysis and de-
sign of hydraulic structures are still often unknown in
arid and semi-arid regions of Algeria and the lack of
measurement data and/or lack of methodology for ap-
propriately calculating these areas. The analysis of some
parameters (average annual maximum flow rates specific
(4. )» the watershed area S and the coefficient of varia-
tion C,) involved in the genesis of flooding streams is
associated with some theoretical considerations (theo-
retical lognormal distribution law in general, all the space
in the arid and semi-arid, allowed development of a cal-
culation model of flood flow rates for ungauged streams in
these areas). Operation requires only knowledge of the
watershed area S. The value of the latter is determined by
planimetry of the contour of the basin on a topographic
map. The established method provided satisfactory re-
sults and considered reliable for hydrological study in the
absence of measurement data.
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