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SUMMARY

North of the Maghreb, the flow of the wadis is generated by the rains. The hydro-climatic
network is not dense enough to reasonably estimate the flow in any watershed where the
wadis are not gauged. There is a need to develop methods for the acceptable estimation of
river flow. The average flow of wadis is conditioned by a combination of climatic factors and
local physicogeographic and hydrogeological factors. The influence of these local factors is
dominant on the small and medium watersheds through the subterranean supply, where the
climatic factors determine the superficial flow. The mean interannual flow (MIF) is composed
of a regional climatic flow and a potential local flow. Regional climate flow differs from the
actual climate flow in a watershed. The objective of this research is the genetic determination
of the main components of the average interannual flow of wadis in the semi-arid climate of
the Maghreb.
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1. TOPICALITY OF THE PROBLEM

In semi-arid areas, the flow of wadis is generated mainly by liquid precipitation. The latter
undergo different quantitative and qualitative transformations on the slopes. The different
losses of rainwater are observed on the slopes, such as: infiltration, retention in micro-
depression, retention in the soil, vegetation cover and evaporation. Only a part of this
rainwater can flow and reach the wadi bed, by both the superficial and underground channels.
The estimation of the mean interannual flow (MIF) remains dependent on the quantity and the
quality of hydrometric data. Meteorological data are relatively abundant and of better quality.
It is a question of developing the genetically verified relationship between river flow and
rainfall. In countries with humid climates, further north, hydrologists have focused only on
large and medium rivers where climate contrast is slow and for which the application of the

hydro-climatic equation P, =E,+ETR, is appropriately used for estimating fluvial flow

[7,10]. At the level of small catchment areas, this equation requires a particular interpretation
that must guarantee genetic plausibility to determine the mean interannual flow.

In the current climate situation, these researches must also take into account the expected
climate change that influences the genesis of river flow in semi-arid regions. Recent
researches confirm the reality of global warming [1]. At the same time, a probable increase in
precipitation is expected [2]. In the regions of the Maghreb, the temperature trend is in line
with the global situation [3,4]. After the long drought observed (1975-2002), the beginning of
a much rainier period is observed in Algeria. The different climate models predict a probable
increase in precipitation and temperatures in the Maghreb [5]. In principle, the hydrological

flow model should maintain the same structure in view of the invariability of local factors.

2. RESEARCH OBJECTIVE

Sometimes, in hydrological practice, inadequate applications of the water-climate balance
equation can be encountered. Therefore, we propose our interpretation, based on the
verification and genetic identification of the main elements of this equation and which are

based on the hydro-climatic database, in the semi-arid climate of North Africa.
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Consider a territory receiving a quantity of rain P,, where the hydrogeological conditions are

uniform. In small watersheds, this rain P, breaks down into surface runoff E, , infiltration

sup !
inf, and evapotranspiration ETR . In average watersheds, rainfall P, is decomposed into

shallow flow E, , subsurface flow E ,, infiltration, inf, and evapotranspiration ETR,.

sup !

While in large catchment areas, rainfall P

0

is broken down into river flow (climatic)
E, =E,, +E4 and reference evapotranspiration ETR, [12]. The surface flow component

E., is identical in all watersheds and depends directly on the amount of precipitation and

sup

surface properties of the slopes. The groundwater component E, arises from a given area
Se1 and continues to increase with increasing watershed area, ie with the attainment of

horizons draining groundwater.

Evapotranspiration ETR is of course proportional to the amount of rainfall and increases

with the increase in the surface area of the catchment areas. It depends on soil characteristics
and vegetation cover. For the different areas of the watersheds, we have the following

inequality ETR, >ETR, >ETR. For given climatic conditions, the interannual mean
reference evapotranspiration ETR represents a maximum value of the region that can be

estimated by one of the formulas, known in climatology. On the other hand, by comparing the

equations of the water balance of a small catchment area P, =E,, + ETR +inf, and a large
catchment area P, =E,, +E, +ETR, we obtain ETR, =ETR +(inf,—E,). This actually

shows that ETR, > ETR..

For any watershed, the expression of hydrological balance is given by the water balance
equation [6, 7]. For a large watershed, the water balance equation is written as follows

P, =E.., +ETR , where the three terms of the equation are genetically climatic, that is the

clim

amount of rain P, is entirely spent on boundary potential climatic flow E_;, and reference

clim
evapotranspiration ETR . Hydrometric measurements have shown that under semi-arid
climatic conditions and in a watershed of any size, river flow E, is always greater than

climatic flow E_;,. The difference AE=E —E,,, is potentially generated by some of the
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rain that has infiltrated the basement, when it should theoretically be evaporated. This is

called a potential local flow addition E,_.. Then, the evapotranspiration that corresponds to

loc*

this flow E,, is called local evapotranspiration ETR .. This evapotranspiration is caused,

loc

under semi-arid climatic conditions, by the difference P, —E, .. Hence the climatic flow at the

loc *

level of a watershed E_,,, 5, Which is expressed by:

clim,B

Eclim,BV = I:)o - ETRIoc (2)

Obviously, evapotranspiration ETR . is lower than the value of the regional reference

evapotranspiration ETR,.

3. STATUS OF THE QUESTION

River flow reflects the ability of the watershed surface to transform rainfall, due to the process

of water runoff. The surface runoff process is determined by the amount of water falling on

the surface, by evapotranspiration from the earth's surface and by the underlying local factors

that cause water runoff. In general, flow is a universal characteristic and depends on the

climate, which varies with the latitude of the locality [6,7,12].

The use of the water balance method is fundamental in the study of hydrological regimes. In

the case of a watershed, this method shows the relationship between water inflow and

outflow, taking into account the variation in reserves over a given time interval or for each

phase of the water regime. This method allows direct hydrological estimation of a water

element, even in the absence of appropriate observations [6].

For a watershed, the water balance equation, for a given time interval At, is written in general

terms and includes the main components of the balance, expressed as a water slide [7]:
E=P-E,£AU (3)

where: E - river flow blade at the river outlet, in mm; P - precipitation over the catchment

area, in mm; - E, evaporation of the surface of the catchment area, in mm; =AU - variation in

moisture reserves in the catchment area, in mm.
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This equation is applicable to watersheds without natural or artificial flow regulation and for
rivers that have a complete groundwater supply and are generally medium and large rivers [7].
For small rivers, there is a constant lack of groundwater supply in the river system.
Hence, the water balance equation can be represented by:

Ewp =P—-Eq4 —Egn —E, £AU 4)

where: E,, - surface runoff; Eg ,- groundwater flow, drained by the river; Eg - undrained

groundwater flow, exiting beyond the limits of a small watershed.

In very small watersheds, the first draining horizon is so deep that the component Eg ; tends

to zero. In equations (4), (5), the value AU is not constant because the moisture reserves in
the basin decrease during the low water years and increase in the wet years. As a result, the
average interannual value AU tends to zero. In this case, the equation of the water balance (4)
of a medium and large river basin, with a natural regime, is of form:

E, =R -E., ()
where: E_, P, E,, - interannual mean values of the components of flow, precipitation and

evaporation of the surface of the catchment area.
For a small catchment area, the water balance equation (5), over a long period of time, takes
the form:

E, =R —Esnio—Eo (6)
Mean interannual river flow (MIF) is a stable hydro-climatic feature that determines the
potential water resources of a given watershed or of a given region. Some hydrologists
consider the IME of medium-sized rivers to be a climatic characteristic [10]. Indeed, the
equation of the water balance of the river basin of an average river, for a long interannual
period, is written in the form [7]:

E,=P —-ETR, ()

where: E;, P, and ETR are the interannual averages, respectively the values of flow, rain and

evapotranspiration.

The supply of groundwater to rivers begins from an area S; and continues to grow to an area

S,. In addition, the values of S, and S,, in mountain areas and in the plain, depend on the



M. Ladjel J Fundam Appl Sci. 2020, 12(2), 875-894 880

relief and hydrogeological conditions of the region. Above the limit S,, the influence of the

relief gradually diminishes, the watershed drains all the groundwater and the river flow is

equal to the sum of the surface and groundwater components, i.e.. E, =E,,, +E.

The theoretical concept of climatic flow is established for the first time by Mezentsev V. B.,
hydro-climatologist from Omsk in 1957 [8]. It is a flow generated solely by climatic factors:

average precipitation P, and average evapotranspiration ETR , in a given geographical

landscape. It is expressed by the following hydro-climatic balance equation:
Eim =F —ETR, (8)

clim
with P, —mean interannual rainfall, in mm and ETR —mean interannual reference

evapotranspiration, in mm.

The disciples of Mezentsev V. B. applied this design to determine the mean interannual flow
over a large part of Western Siberia [8, 9, 10]. The latter confirm that the results are identical
with the flows measured at the river outlet. While the climatic flow is conditioned by the
total absence of rainwater losses by infiltration. It should be known that this is only for large
watersheds, whose draining substratum coincides with the level of the outlet of the
watercourse.

Later, in his work on the influence of underlying surface factors on the formation of mean
flow in Ukraine, Loboda N. S. developed methodical approaches for its quantitative
estimation, based on maps of isolines of climate flow, determined by the hydro-climatic

equation. She considered climatic flow E_. as an integral characteristic of water resources

clim
that reflects the zonal specificities of the distribution of annual flow, conditioned by climatic
factors. But she found that for the majority of small and medium-sized rivers in the semi-arid

zone of Ukraine, the climatic flow E_,  was different from the values of the mean river flow

clim

E,. The relative deviations of the calculated E_,,, and actual values E, reach, in some

clim
distinct cases, 30% and more [11].

As a rule, these differences are conditioned by the influence of underlying surface factors,
which occur, particularly in small and medium-sized watersheds, with limited and unstable

groundwater supply. For the first time, on the basis of the genetic concept of annual flow
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formation, developed by Befani A. N. and his disciples [13,14], the principles for determining
the components of the water-heat balance on the territory of the Republic of Moldova are
implemented [15].

For the physicogeographical conditions of Ukraine, Loboda N. S. noted the inequality of the

two types of flows: real E, and climatic E_,, and proposed a conversion coefficient

clim

k = E, of the climatic flow E

clim

into real flow E,. This coefficient can be less than one or

clim

greater than one. Loboda N. S. proposes expressions for this coefficient, for the plain
landscape, the coefficient depends on the surface area of the catchment area and for the
mountainous landscape, the coefficient depends on the average altitude of the catchment
area[11].

In Moldova, the assessment of the influence of anthropogenic factors on the water-heat

balance has been reduced to the use of the anthropogenic influence coefficient k,, which is
the relationship between the characteristics of the water-heat balance E, and the value of

climate flow E [15]. Consequently, this made it possible to evaluate the modified

clim
characteristics of the components of the water-heat balance using the product of the
coefficient of anthropogenic influence k, by the climatic flow E_,, i.e. E, =k, E,,. The
model adopted allowed to evaluate, separately, the impact of each factor (regulation of the
flow, agricultural activities, urbanization, irrigation and water consumption) and their total
impact, mainly on the water resources. However, the mean interannual flow (MIF) estimated

by the hydro-thermal balance equation E, =P, —ETR,, in terms of heat and moisture ratios,

reflects only the influence of climatic factors, excluding the influence of factors. underlying

surface.

4. STUDY AREA AND BASELINE DATA

The North of Algeria represents less than one fifth of the total surface area of the country and
includes the different river basins, the subject of this study.

The relief of this part of the country, characterized by two mountain ranges: the Tellian Atlas

in the northern part and the Saharan Atlas in the southern part. At the foot of the Tellian Atlas
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are the coastal plains. Between the Tellian Atlas and the Saharan Atlas are the high plains
with a semi-arid character and a continental climate. Given this natural diversity, the country's
climate is highly contrasted from one region to another. Thus, in the North the climate is
Mediterranean, mild and not very windy. In the center of the country, the reliefs are
characterized by a mild climate where it is not uncommon to see in winter snow in the
mountains of Kabylia and Aures. The study region is therefore jointly subjected to a
Mediterranean climate in the North and a predominantly Saharan climate in the South. In the
Tell, annual rainfall amounts vary from 100 mm to 1200 mm; average temperatures are
around 30°C in summer and around 10°C in winter. In summer the Chehili, a dry and very hot
wind blows from the Sahara.

The climatic and hydrological data, used in the present research, are collected in the database
of the National Hydric Resources Agency of Algeria. These data are collected for 104
watersheds in northern Algeria, with an area ranging from 16 km? to 4060 km?. The series of
hydro-climatic observations are not always of the statistically recommended size and are
flawed [21,22]. It should be noted that the average data for potential rains and
evapotranspiration are taken directly from maps drawn up by the National Agency for Hydric
Resources of Algeria. While the data on average river flows for watersheds are the average
values of annual flows, collected in the directories of the same agencies. For series of
observations ranging from 20 to 40 years and over.

The data which are at our disposal, are only those provided by the specialized organizations:
meteorological and hydrological. The only effective, quantitatively verifiable tool is the water
balance equation, at the level of a watershed. It is precisely the absence of certain specific

data that prompted us to carry out this research.

5. RESEARCH METHOD
Generally speaking, for the annual time interval, the annual water balance equation for a
watershed of any size is written as:
P, =E,+ETR, +inf 7, 9)
with: P, —annual rainfall, in mm; E, —annual flow, in mm; ETR, —evapotranspiration from

the surface of the catchment area, in mm; inf —water slide infiltrated into the subsoil, in mm
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and *¢, —variation in the volume of water stored in the catchment area. For a sufficiently
long time interval, including an integer number of hydrological cycles, this equation takes the
following form:

P, =E,+ETR +inf, (10)
Obviously, for large watersheds or for a large territory, the mean interannual flow E, is equal

to the regional climatic flow E iI.e. infiltration is almost nil.

clim?
The hydro-climatic balance equation is then written as follows:

R) = Eclim + ETR) (11)
The analysis of hydrological data from the northern Algerian catchment basins showed that

the measured river flow E, is always higher than the regional climatic flow E The

clim *

differences between these two components of flow AE=E  —E,, constitute the local

potential groundwater supply of the region, which is conditioned by the amount of rainfall
and the surface and hydrogeological conditions of the watersheds [23]. Analysis of data from
a number of watersheds, located in climatic regions at more latitudinal latitudes, has shown

that deviations AE =E_, —E_;;, can be negative [17-19].

From the graph below (fig. 1), it can be seen that the differences in the flow
AE =E, — E_;;,, actually decrease with the increase in the area of the watershed S, since the
increase in the areas of the watersheds, the value of the actual river flow E, tends towards the

value of the regional climatic flow E

clim*
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Fig.1. The dependence of E, —E,,,, = f(S)

Moreover, the equation of the water balance of a watershed of any size, is written:
FR=E+FR (12)
with: P. —flow losses, in mm.

And since we have E, = E_,, + AE . Hence, the balance equation (12) takes the form:

P=E, +AE+P (13)

clim
with: AE —positive flow difference, which is now called local flow and is designated by the

symbol E

loc*

Comparing the two equations (12) and (13) allows us to see the equality ETR, =AE+P,, and

to deduce the contribution added to the flow AE is a part of rain infiltrated deep into the

subsoil and which has not had time to evaporate. On the other hand, the flow losses P. are
always lower than the reference evapotranspiration ETR, for small and medium watersheds.
Equality P. =ETR, is verified only for large watersheds. Ultimately, the actual river flow E,

consists of a regional climatic component E_, . and a potential local component E, ., namely:

clim loc ?

E, =E.;, + E... For all the watersheds examined, local flow E,_. is always higher than

clim loc* loc

regional climatic flow E,,, [21]. The dependence between these components E, . = f(E,;,,)

clim

is narrow (Fig.4).
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This relationship can be expressed as follows E,. =k E_;,, with k— a proportionality

coefficient. In a previous work [23], we carried out the analysis of the dependence between

the coefficient k with the area S, with the average altitude of the watersheds H, and the

We obtained a relationship k(S,H,,E.;n)

0! =clim

climatic component of the flow E

clim*
characterized by a coefficient C, , which depends on the latitudinal zonality and which has
been mapped. But the analysis of the dependence between the coefficient k and the different
factors showed that the best correlations are obtained with the surfaces S of the catchment

basins and also with the climatic flows E_,  (fig. 5 and fig. 6). By logarithmic anamorphosis,

clim

we obtained a dependence In(k/S) = f[In(S)], with a high correlation coefficient r =0.977.
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Fig.5. Dependency In(k/S)= f[In(S)]
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Similarly, we obtained a dependency In(k/E,,,)= f[In(E,, )], with a high correlation

coefficient r =0.997.
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Fig.6. Dependency In(k/E,,,)= f[In(E.;, )]

Finally, the grapho-analytical analysis and multiple regression allowed the same relationship
to be obtained, expressing the proportionality coefficient k as a function of the watershed

in the following form:

kmax (14)

i S %0 Eclim%

area S and climatic flow E

clim?

k

The value Kk, is the maximum regional value of the coefficient k, i. e. k., =5.80. Finally,
river flow can be estimated directly by the following expression:

kmax
E, = (1+ ST J Ecim (15)

clim
The evaluation of the flow, by this relationship, using the same hydro-climatic observation
data, is characterized by an average relative error of 0.30%. The relative error of estimating

the river flow of an ungauged wadi depends on the relative errors of rainfall P, and potential

evapotranspiration ETP,.
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6. SURFACE FLOW AND UNDERGROUND FLOW
Thus, one can express equations of the water balance, for the different sizes of watersheds:
a- small catchment area, we have P, = E,, +inf +ETR,, with:

E, =Ey, (16)
b- medium sized watershed, we have P, = E , +k E, +(1—k)inf + ETR,, with:

E, =Eg, +KEg (18)
c- large catchment area, we have R, = E,, + E, + ETR,, with:

Eo = Esup + Est (19)
Fluvial flow E_, at the outlet of a river, is composed of superficial flow E, and subsurface
flow E, .
The superficial component of the flow is formed mainly by runoff, generated by the net part
of the rains, during the floods. While the other homeland of the flow, which is drained to the
outlet, is called a groundwater flow. At the level of a watershed, part of the rainfall, infiltrated
into the subsoil, does not contribute to the formation of evapotranspiration in the latter, either
an effective rainfall P, —E,._, or:

ETRIoc = f (Po - Eloc) (20)
Consequently, the climatic flow of this watershed is expressed by:
Eclim,BV = I:)o - ETRIoc (21)
The surface flow is equal to the climatic flow of this watershed E, = E_;, sy, that is to say:
Esup = Po - ETRIoc (22)
The groundwater component of the flow is directly calculated by the expression:
Est = Eo - Esup (23)

7. ESTIMATE OF FLOW LOSSES

River flow losses P, consist of losses by evapotranspiration from the surface of the watershed

ETRg, and losses by infiltration inf , i.e. P, =ETR,, +inf . We know that infiltration losses
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are proportional to rainfall amounts and decrease with increasing surface area S and average

watershed elevation H_. These losses are proportional to the quantities of losses P,, ie

inf = f(P.,S,H, ). The losses by infiltration are expressed by a monome of the form:

inf = 1- b P (24)
ETR,
Evaporation losses in a watershed are determined by the following expression:
P,—-E,\
ET =—( oo 25
R = E1R (25)

The evapotranspiration values ETR;,, in the watersheds, estimated by formula (25), show the

decrease with the increase in the area of the watersheds. The dependency graph

ETR,, /ETR, = f(S) shows that ETR,, represents 45% the reference evapotranspiration
ETR, for small catchment areas and represents 90% the reference evapotranspiration ETR,

for large catchment areas (fig.6).
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Fig.6. Dependency ETR,, /ETR, = f(S)

Losses of flow by infiltration and evapotranspiration are proportional to rainfall amounts and

increase with increasing rainfall (Fig. 7).
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When the amount of rain is minimal, evapotranspiration takes up all the rain. In the case of

northern Algeria, rains in the order of 100 mm are entirely expended by evapotranspiration

and losses by infiltration are almost nil. Losses by infiltration range from 2.2% to 14.5% of

total losses.
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0

= f(P,) shows that the average minimum

value of the rain below which losses consist solely of evaporation is of the order of 100 mm

(fig.8).
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8. DISCUSSION OF THE RESULTS

The decomposition of river flow into potential climatic flow and potential local flow and the
analysis of the dependence between them made it possible to identify the influence of local
factors, which is limited to the surface area of the watersheds and the potential climatic flow.
We have shown that evapotranspiration in small and medium-sized watersheds is always
lower than the reference evapotranspiration. The surface component of the flow is genetically
equal to the estimated climatic flow for the watershed and the groundwater component is
equal to the difference between the river flow and the surface component of the flow. Losses
by infiltration, estimated by the proposed relationship, verify their reduction with the increase
in the area and altitude of the watershed.

They become minimal and stable beyond 2000 km? and above 1000 m altitude and they tend
to reach zero when the rains are of the order of 100 mm and are entirely expended by

evapotranspiration.

9. CONCLUSION

The flow of Maghreb wadis is generated by liquid precipitation, it is conditioned by climatic
factors and physico-geographical and hydrogeological factors. We propose an interpretation
of the hydro-climatic equation, by genetic identification of the main elements of this equation,
based on hydro-climatic observations, in a semi-arid climate. In small and medium-sized
watersheds, rainfall is broken down into surface runoff, infiltration and evapotranspiration.
So, in large watersheds, it breaks down into potential climatic flow and reference
evapotranspiration. For the same amount of rain, evapotranspiration is inversely proportional
to the catchment area. In large catchment areas, the amount of rainfall is entirely spent on
potential climatic flow and reference evapotranspiration, with zero infiltration losses. In a
semi-arid climate, river flow is always greater than climatic flow. The difference between
fluvial flow and climatic flow is generated by some of the rain that has infiltrated into the
subsoil, whereas it should be evaporated. This difference is called local potential flow. Flow is
the potential groundwater supply of the region, proportional to the amount of rainfall and
conditioned by local surface and hydrogeological factors. It is inversely proportional to the

area of the watershed, since as the area of the watersheds increases, the actual river flow and
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the regional climate flow become equal. The evapotranspiration corresponding to the local
flow is called local evapotranspiration. Thus, the climatic flow, at the level of a catchment

area, is expressed by E ;s =P, —ETR,.. On the other hand, the flow losses are always

lower than the reference evapotranspiration for small and medium watersheds. Their equality
is verified only for large watersheds. Thus, fluvial flow is represented by regional climatic
flow and potential local flow. There is a close relationship between these two flows that can
=k E

be expressed by the relationship E .im 1 ne coefficient k has been strongly related to

loc

catchment areas and climatic flows E River flow can be estimated directly by the

clim*
. . Kiax : .
following expression E, =| 1+——"%— |E_;,, with an average relative error of less than

1%. The superficial component of the flow is equal to the climatic flow in the watershed, ie

E., = Ecimsv - The groundwater component of the flow is calculated by the expression:

sup

E, =E, —E,,. River flow losses consist of losses by evapotranspiration from the surface of

the watershed and losses by infiltration. The average minimum value of rain below which
losses are constituted solely by evapotranspiration is about 100 mm and losses by infiltration
are almost nil.

In the context of global warming, recent climatological studies have predicted a simultaneous
increase in temperatures and precipitation for the northern Maghreb region. The factors which
are likely to be affected by this warming are the plant cover and the surface layer. from the
ground, through the influence of actual evapotranspiration. Consequently, our methodical
approach remains valid for determining the relationship between the climatic component and
the local component of the flow, not only for the mean values but also for expressing their

dynamic variability over time.

10. REFERENCES

[1] CHRISTENSEN JH. and al (2007) - Chapter 11: Regional climate projections. In: Climate
change 2007: the physical sciences basis, contribution of working group | to the fourth
assessment report of the intergovernmental panel on climate change, S. SOLOMON, D. QIN,
M. MANNING, Z.CHEN, M. MARQUIS, K.B. AVERYT, TIGNOR M et H.L. MILLER



M. Ladjel J Fundam Appl Sci. 2020, 12(2), 875-894 892

édit., Edit. Cambridge University ~Press, Cambridge/New York, p. 847-940.
URL : https://www.ipcc-wgl.unibe.ch/publications/wgl-ar4/ar4-wg1l-chapter1l.pdf.
[2] TRENBERTH K.E. and al (2007) - Chapter 3: Regional climate projections. In: Climate

change 2007: the physical sciences basis, contribution of working group | to the fourth

assessment report of the intergovernmental panel on climate change, S. SOLOMON, D. QIN,
M. MANNING, Z. CHEN, M. MARQUIS, K.B. AVERYT, TIGNOR M et H.L. MILLER
édit., Edit. Cambridge University Press, Cambridge/New York, p. 235-336.
URL : https://www.ipcc-wgl.unibe.ch/publications/wg1-ar4/ar4-wg1l-chapter3.pdf.

[3] SEBBAR A.etal., - FEtude des variations climatiques de la région centre du
Maroc. In : Les climats régionaux : observation et modélisation, Actes du XXV®™ Colloque
de I'Association Internationale de Climatologie (Grenoble), S. BIGOT et S. ROME édit.,
p. 709-714. 2012.

[4] AMRAOUI L. etal., 2011 Analyse rétrospective de I'évolution climatique récente en
Afrique du Nord-Ouest. Physio-Géo. Géographie, physique, et environnement Volume 5 |
2011 Vari.

[5] Zeineddine NOUACEUR, Benoit LAIGNEL et Imen TURKI Changements climatiques au
Maghreb : vers des conditions plus humides et plus chaudes sur le littoral algérien ? Physico-
Géo, Géographie Physique et Environnement, VVolume 7/2013, p. 307-323.

[6 1 A. M. JoranoBckuii, B. I'. OpnoB COOpHHK MPaKTHUECKHUK 3a1a4 MO OHPEICICHHUIO
OCHBHUX XapaKTEpPUCTUK BOAHBIX OOBEKTOB CyIIM (MPaKTUKyM 1o rujposioruu). PITMY,
Canxkr-IlerepOypr. 2011.

[7] Orlov V. G., Sikan F. V. Fundamentals of Engineering hydrology. A manual.Direction
“Ecology and Nature Management”. Specoalization “Geoecology”. St. Petersburg: RSHU
Publishers 2003.- 187 pp.

[8] MesennieB, B.C. Meron ruiposoro-KIMMaTHUYECKUX PACUETOB M OIBIT €ro MPUMEHEHHS
uist  pailoHupoBaHus 3anagHo-CUOMPCKOM paBHMHBI MO TPU3HAKAM YBIAXHEHHUS U
termoobecnedeHHoctH. //Tp.OMCXHU. — Omck: U3a-so OMCXU, 1957. — T.27. — 121 c.

[9] MesenneBa O.B. Pecypchl cyMMapHOTo KIMMAaTHYKOIO MECTOTO CTOKA Ha OTe 3alaHou
cubupu. Hayka o 3emie, Becuuk Tomckoro ['ocynapctBennor YHuusepcurera, Ne 318 SIuBapb

2009.


https://www.ipcc-wg1.unibe.ch/publications/wg1-ar4/ar4-wg1-chapter11.pdf
https://www.ipcc-wg1.unibe.ch/publications/wg1-ar4/ar4-wg1-chapter3.pdf

M. Ladjel J Fundam Appl Sci. 2020, 12(2), 875-894 893

[10] Kapnanesuu U.B., Axumoa B.C. T'maposorumueckre pacyeTbl HEU3YUEHHBIX PEK
Cubupu 1o 1oHHBIM MeTeoHabmoneHuit. Monorpadus. CudbA 11, Omck, 2014.

[11] JIo6oma H. C. Pacuersl u 00001IcHHE XapaKTEPUCTUK T'OJTOBOIO CTOKA PEK YKpPaWHbI B
YCJIOBUSIX aHTPOIIOT€HHOI0 BiIMsiHUS. JKoJorusi. Onecca, 2005.

[12] Bockpecenckuit K. I1. Hopma um u3amenumBocth romoBoro croka pek CCCP.- JI. :
I'mppomereousnar, 1967. -546 c

[13] Behanu A. H. OCHOBHBIE MOIOKEHUS TEOPHUH CTOKA MOA3eMHBIX Boa. COOpHHK paboT 1o
ruaposorud. Ne 1. Jlennnrpan, ['mapomereounsnar, 1959. c. 18-26.

[14] Bedanu A. H., Menbunuyk O. H. Pacuer HOpMBI CTOKa BPEMEHHBIX BOJOTOKOB H
ropHbix pek YkpauHckux Kapnat. Tp. YkpHUI'MU. Jlenunrpaa: I'mapomereounsnat, 1967.
Brim. 69, c. 105-137.

[15] I'epman bexenapy OrieHKa THAPOJIOTHYECKOrO TMOTEHIMANa pecnyonuku MonaoBa B
YCIIOBUSIX WM3MEHEHMsI OKpYXalollel cpelbl U pallOHAJIbHOE HCIOIb30BAaHUE IPHUPOIHBIX
pecypcoB. ABropedepat nokropckoit auccepranuu KUIIIMHEB, 2017.]

[16] Bedanu A. H., Menapauuyk O. H. Pacuer HOpMBI CTOKa BPEMEHHBIX BOJOTOKOB B
ropHslx pek YkpaunHckux Kapmnar. - Tpyaer YkpHUI' MU , eI, 69, 1967.

[17] Ludovic Oudin. Recherche d’un modéle d’évapotranspiration potentielle pertinent
comme entrée d’un modéle pluie-débit global. These de doctorat. Soutenue le 29 octobre 2004
a I’Ecole Nationale du Génie Rural, des Eaux et Foréts, Paris.

[18] Wangiu Xing and al. Projection of Future Runoff Change using Climate Elasticity
Method Derived from Budyko Framework in Major Basins across China. Accepted
Manuscript: 08 January 2018. GLOBAL and PLANETARY CHANGE (2715).

https:// doi.org/10.1016/j.gloplacha.2018.01.006.

[19] Yingin Zhang and al. Impacts of Climate Change on Mean Annual Water Balance for

Watersheds in Michigan, USA. 2015, Water. www.mdpi.com/journal/water.

[20] Ladjel, M. Cartographie de I’écoulement moyen interannuel (Les ressources hydriques
superficielles). Algérie-EQUIPEMENT. Revue technique de I’Ecole Nationale des Travaux
Publics. n° 36, décembre 2002.


http://www.mdpi.com/journal/water

M. Ladjel J Fundam Appl Sci. 2020, 12(2), 875-894 894

[21] Ladjel, M. Application des modeles climatiques globaux pour I’estimation de
I’écoulement moyen interannuel du bassin de la Seybouse. SNHCO08, Université Hassiba
Benbouali de Chlef. 2008.

[20] Ladjel, M. Ecoulement des oueds des régions arides et semi-arides. lier Séminaire
National sur I’Eau et ’Environnement dans les Zones Arides (SNEEZA 2015), 19-20 avril
2015, Ouargla.

[21] Ladjel M., Madani Mariia Mokhailovna, M, Adjissi O, Mimeche O. Methodical
approach for the estimate of flow wadis from the north of Algeria. J. Fundam. Appl. Sci.,
2019, 11(3), 1086- 1098.

How to cite this article:
Ladjel M. Genetic determination of the main components of the mean interannual flow wadis
in the semi-arid climate of the Maghreb. J. Fundam. Appl. Sci., 2020, 12(2), 875-894.




