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ABSTRACT

In arid and semiarid climatic conditions of Northeflgeria surface water resources are
limited and irregular in time and space. The wagsources of the ephemeral streams (Wadi)
are associated with the precipitation and depenth@matitude and altitudinal zonation. Large
catchments drained the whole total runoff, whichegual to the difference between
precipitation and evaporation. Groundwater rundéfroall and medium rivers is proportional
to the catchment area; evaporation is influencetbbgl factors. This paper proposes a new
approach to the analysis of the geographical digtion of runoff specifying the vertical and
latitudinal zonation of flow and the influence dietbasin morphology. The transition from
the climatic runoff estimates to the river runo$timates was made using the Climatic factor
of module local runoff, which can be mapped.
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1. INTRODUCTION

Northern Algeria is characterized by contrastingography of the Atlas Mountains and
Mediterranean climate, which determine the modihefrenewable water resources of surface
waters. Precipitation mostly as rain, with hightsgdand temporal variability, their number in
the West is a layer of about 350 mm in averagesyaad may exceed 1000 mm per year

average in the North-East. Annual precipitation rdases from North to South, and

Journal of Fundamental and Applied Saésris licensed underGreative Commons Attribution-NonCommercial 4.0
International LicenseLibraries Resource DirectoryVe are listed unddesearch Associatiomsitegory.




M. Ladjel et al. J Fundam Appl Sci. 2016, 8(2), 313-326 314

precipitation usually occur within a few monthstioé year, mainly from September to April.
Climatic conditions significantly affect the landges of Algeria, especially in mountainous
and steppe areas, which cover about 60% of thenBiortpart of the country where the main
population and are concentrated the most fertild.la

Hydrometric measurements of flow of the rivers aried out by the National Agency for
water resources (ANRH), with more than 160 hydreimetations, most of which are located
at the mouths of large and medium sized catchm&htsnumber of river basins with an area
less than 100 kfnrepresenting 12% of all basins of Algeria. Curerthe duration
hydrometrics observations on the rivers are onameer25 years. The river flow depends
entirely on the regime of precipitation and itstidlsition in space.

Integrated water resources management in the goigndrserious problem; it is due to spatial
and temporal variations of own characteristicsf& runoff accounts for a large portion of
the total river flow, ensuring the existence ofrsalakes or flows into the Mediterranean Sea.
Its quantative estimates for small catchments ragrtant for the design of small reservoirs
and local water supply. In the absence of hydralaigilata for estimating runoff of small and
medium catchments we used a water-balance calmulathethod and the territorial
generalization of the hydro-climatic characterstigroposed by V. S. Mezentsev.

Using in work cartographic mapping method of théejpendent climatic characteristics of the
flow we recieve plausible expression its spatidtgras, as well as evaluations of the annual

runoff.

2.ON THE STATUS OF THE ISSUE

Assessment of river runoff in semi-arid climates)agns a major issue in applied hydrology,
especially for unreached hydrological observati@matchments. At the same time, the
economic and social development of the countryelgrglepends on the capacity of water
resources. The main source of meeting the eveeasanrg demand for freshwater in most
cases is surface water resources estimated asomigetdrm average annual river runoff
(AARR). Theoretically AARR is the arithmetic meawr a sufficiently long series of values
of annual runoff that contains an integer hydratagicycles. In this case, it is considered as
climatically stable and determines the water paeof the region.

On large catchments, long-term average annual nveoff (AARR) depends on major
climatic factors: mean precipitation and evaporatibhe underlying surface factors make an
impact on runoff using precipitation and evapomaim the surface of the catchment.
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Long-term average annual river runoff (AARR) witmal and medium catchments is under
the predominant influence of local physiographictdas, and to a lesser extent under the
influence of zonal climatic factors. As a rule, @patation increases with height, while with
increasing height the evaporation is reduced duéower temperatures and decrease in
radiation balance. The exposition of the slopethéodirection of humid and warm winds has
a great impact on the territorial distribution a&gipitation and evaporation. Therefore, the
relationship between AARR and the average heiglth@ttatchment areas are local in nature.
The increase in the slope of the catchment arezcesdevaporation losses and increases the
AARR. Permeable soils and rocks quickly absorb scem#all. In this case, the atmospheric
moisture are less susceptible to evaporation. \padef breed contribute to the retention of
precipitation on the surface and increase the ea#ipa. The increase in the slope of the
catchment area reduces evaporation losses ancsesédARR. Permeable soils and rocks
quickly absorb some rainfall. In this case, the adpieric moisture is less susceptible to
evaporation. Waterproof breed contribute to thengbn of precipitation on the surface and
increase the evaporation. Thus, the influence detging surface on the runoff is evident
through evaporation.

For most small and medium-sized rivers, especiallyemi-arid zone, climatic zonal flow is
determined by a map of isolines of the module gedaf a drain. It may differ significantly
from the values of the river runoff, actually measglin the closing range of the watershed [9,
10]. Deviations of calculated and actual discharglees for small mountain rivers may reach
in some cases more than 100 %. The local charatterecipitation on rugged terrain, and
lithology of rocks affecting the replenishment ofjuders, manifested mainly on the
catchments of small and medium rivers.

Currently in Algeria for estimates of runoff arangssimplified empirical formula, not taking
into account the influence of local factors on rfinbhese formulas are expressed in terms of
dependencies between the drain and the amounéopfiation, sometimes between the drain
and a catchment area or temperature.

In practice of hydrological calculations there iseeed to develop a method that corresponds
to various aspects of the Genesis of runoff in samai climatic conditions with the influence

of local factors that are not measurable.

3. THE HISTORY OF RIVER RUNOFF CALCULATIONSDEVELOPMENT
Assesment of long-term average annual river ru(®%RR) on the basis of meteorological

data using the water balance equation is the difilee of the long term average precipitation
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and average annual evaporation. This approachlis fea closed river basins draining the

total flow, which depends on climatic factors —nfall and evaporation. The equation of
water balance to estimate runoff from large cataftsyevas used in the end of XIX century by
A. I. Voeikov [1] A. Penk [17]. In the early tweeth century A. Penk [17] and G. Keller [4]

expressed AARR in the form of a linear functiomwan precipitation.

Then in 1904, P. Schreiber [19] and in 1911 E.MleRbp [15] suggested a universal model

of total runoff Y, and evaporatiod,, depending on rainfallX, and evapotranspiration

adopted as the characteristic of thermal resouofedimate, determined by the radiation
balance. So the Genesis of river flow has acquare@nergy basis. In the middle of the XX
century M.l. Budyko [2] generalized the formulas¢hreiber and Oldekop in the form of
geometric mean of expression.

Currently, among the methods for calculating evapon from the surface most commonly
used methods, based on the relationship with maximpossible evaporation and
precipitation.

In 1955-1957 V.S. Mezentsev proposed equationatieal evapotranspiration [12,13 ] in

the following form: Z, = Zmaxll+(z ° j ] , wheren — is a parameter characterizing the

max

hydraulic conditions of flow and evaporation formatin the catchment (depends on the type

of relief and is an empirical). The maximum possil{potential) evaporatiorZ,  is

considered as the aquatic equivalent of heat anetpresources of climate and clarified them
is part of the equation of heat balance of theh&agurface. That formula is valid for large
catchments with climatic runoff which is affectbyg precipitation and evaporation and
does not depend on azonic factors.

The development of methods for the estimation ofR&RAIN Algeria repeats the situation of
European countries. Some empirical formulas hawn likeveloped for Wadi of Algeria by
hydrologist Samie [18], who proposed the expressionwhich runoff increases with
precipitation and decreases with increasing catoh@esa. The runoff equation proposed by
Turk [20] and Coutagne [3] include only precipitetiand temperature. Padoune E.N. [16]
believed that the rainfall, topography and distaincen the sea play a fundamental role in the
formation of runoff. On this basis he determined ttependence between the module of

average runoff I(/skm?), average basin altitude and precipitation. Ladjel [5,6,7,8,9],

expressed a total losses of rund¥ =X, -Y, in the form of a monomialX ™ with
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Ny, +1

N
exponentsm, =C_, |_1| ®, ~ , N -factor ando,-conversion. In this case the climatic factor
1=

C,, can be mapped.

4, BASELINE HYDRO-CLIMATIC DATA

In the present work for calculations used hydroaeliic data of National Agency of hydraulic
resources of Algeria. Hydrological and morphomeinformation relates to 77 the catchment
area of 19 krhito 2085 knf in the Northern part of Algeria: hydrometric désverage daily
flow) and morphometric data (drainage area, riemgth and average gradient of the river).
The average length of the row of hydrometric obagowns in the Algeria is approximately 26
years. The long term average precipitation durilmgdalculation period (60 years) taken for
the hydrological gravity centre of the catchmergaawith contour map. Maximum posible
(potential) evaporation is also defined on the r&gontour lines developed by the same

Agency.

5. THE RESULTS OF THE ANALYSIS OF THE RELATIONSHIP BETWEEN
RUNOFF AND CLIMATIC CHARACTERISTICSIN NORTHERN ALGERIA
In semi-arid climatic conditions, especially in darons with difficult relief, the runoff
formation factors are determined by physical-geplgigal conditions and depend on
latitudinal and altitudinal climatic zonality. Facs of the underlying surface, such as
vegetation and soil cover, also depend on climi@otors and altitude, especially from the
location of the slope in relation to the moist oy Hot winds and to the sun exposure.
Thus, the Genesis river flow is the result of comebi effects of climatic factors
(precipitation, evaporation) and local factors I($gpe, vegetation, depth of groundwater, the
mechanical composition of the soil, slope and rowegs of the catchment). Local factors
determine the amount of losses of river flow.
The equation of water balance for a catchment eagxpressed as:

Yo =X~ R (1)
where:Y,— river runoff, mm;X_— precipitation, mmjP, — loss of flow, mm.

To determine river flow for ungauged catchmentsyonformation about precipitation is not
enough. We should also know the losses of rivew flzvater losses) in the catchment. This
issue must be addressed with the use of geogrdefritorial generalizations that, in our

opinion, will allow us to estimate long-term avesaginoff for all watersheds regardless of
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size. Mean the search of the independent charstitsriof the average flow, which can be
mapped and represented in the form of the conteldr. f

The dependenc¥, = f(XO) in the North of Algeria reflects the increase umoff following

a precipitation increase (Fig. 1). There is a mummvalue X below which the flow tends

to zero. Analysis of the dependen¥e= f(Xo)shows two regions of precipitation changes
on the chart. For valueX_ )600mm, the dependenc¥, = f(XO) is practically linear, and
for values X, (600mm the dependence’, = f(XO) becomes curvilinear. Many of the

watersheds of semi-arid areas of Algeria belonghis curved area that highlights the
complexity of the runoff genesis.
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Fig.1. Graph of the dependence of the river runoff fraecpitation Y, = f(Xo)

The dependence of river runoff from latitudg = f(Y) shows the presence of some
latitudinal climatic zonality of the flow, but witbonsiderable dispersion of the points within
the same latitude. On the chart (Fig. 2) shows thatatitudesY = 365° the flow varies
from 100 mm to 500 mm per year. That is not possiblthe Northern part of Algeria, use
latitude as the sole factor for map display rivewt

Consider the following two equations of water bakafl1]:

X, =Y, +P, (2)
Xo :Yclim + Zo (3)

where: Y

clim —

long-term average climatic runoff (depends omatic conditions), mmZ_—

evaporation from the catchment area, mm.
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Fig.2. Graph of the dependency of river runoff from thgtudey, = f(Y)

In the climatic conditions of the North of Algewnalue of runoff is always greater or equal to

the magnitude of the climatic runoff, thatYs>Y,,, . At the same time graphical analysis of

lim

the dependencie¥, = f(S) and Y,

clim

= f(S) shows that with increase in catchment gea
the values of the river floW, increase and approach to climate floyy., , but for small and

medium catchments, the differenc¥

C

i, —Y,) are significant, especially for areas of the

watershed less than 500 kitFig. 3). Figure 4 shows that the reduction of difference
values of river runoff and climatic runoff (Fig. & directly connected with the decrease of
precipitation depending on the increase of catchrasras.
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Fig.3. Graph of the dependency of river flovy = f (S) and climatic runoffy,,, = f(S)
from the catchment area
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Fig.4. Graph of module of precipitation
from the catchment are¥, /S = f(S)

From equations (2) and (3), for the centers of ityaof river basins can be obtained:
Yoim Yo =R —Z, (4)

In the same climatic and physiographic conditighs,increase of the catchment area causes a
decrease in the difference between the two typeffowf that tends to the minimum value,
close to zero. The larger the catchment, the clibsedrainage of groundwater by the river to

the maximum, this means that the equa¥y=Y,,, . At the same time, the share of the total
losses of precipitation to evaporation and infilra into the groundwater maximum in small

areas of watersheds. This leads to a significaiferdnce Y,

clim

at the hydrological center of
the catchment and, in the closing range.

As noted above, climatic runoff

clim

is a function solely of the climatic factors: prgtation
X, and evaporationZ . In this work the assessment of climatic runoffsw@nducted
according to the formula V.S. Mezentsev [12, 14].

Y., =X, - Z, (5)

clim

1

X Y|
Z =7 |1+ 20 6
(o] max! (Zmaxj ] ( )

where: Z . — the maximum possible (potential) evaporation,ewaquivalent of heat and

power resources of climate, mmn— the indicator (parameter) characterizing the aytic
conditions of flow formation and evaporation in tleatchment (takes into account the
catchment relief, varies in Northern Algeria withire limits of 1,5-3,0 from the mountains to

the plains).
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The relationship of climatic runoff for 77 waterslsein Northern Algeria with latitude is
shown in Fig. 5.
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Fig.5. Graph of climatic runoff from the latitudé . = f(Y)

The difference of climatic runoffy,,, and river flow Y, can be expressed in the form
Yo. =Y, ~ Ym and marked asocal runoff, which is generated by precipitation under the

influence of factors of the underlying surfacewiould seem that theoefficient of local

Y, :
runoff a,.., = >'<°° represents the perfect response to solve thegmmliut since the values

o]

of precipitation depend on the area of the catchn{&ny. 4), it is necessary in the

denominator to take into account not the absoluttues of rainfall and the module
(precipitation on a unit area%%".

The result is apecific coefficient of local runoff

Y|OC (7)

X%’

which should be relatively independent from anyghthat can include a river-drained area

aloc,Z =

(intra-zonal effect). But the view and analysistieé dependence, , = f(S) show that this

coefficient still depends on the area size (Fig. 6)
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Fig.6. Graph ofspecific coefficient of local runoff
from the catchment area, ,(S)
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While the hilly topography of the catchment, shafpehe catchment affects the seeking of
surface runoff and underground runoff, and runoffses from evaporation. You should also
consider the average slope of the watershed. Dendhiese effects as morphometrically
factor @ which distinguishes catchments on their shapeaasd, we express it in the form

[10, 11]:

o=

|E ®)

H o = H o .
where: | :M— average slope of the watercourd¢; and H, . , respectively,

p

marks of the headwaters and river moutfys- the length of the watercours® =S/l ,—

average width of catchment.
Transforming the expression (7), substitute it iorpmometric factor® and obtained the
following expression:

Yoc
Cclim = Cyloc,3 = (S))

X,/ Y®

s}

Now converted specific coefficient of local runofr,,. , will be called aclimatic factor of
module local runoff and denoteC_,,, . Graphical analysis of the dependeri@g, (S) shows

that C_,,, does not depend on the size of the catchment(gigar).



M. Ladjel et al. J Fundam Appl Sci. 2016, 8(2), 313-326 323

250 °
[ ]
200
150 o. o °
e o ° °
o °
1001 o o Fr oo
o o L] °

507_#:& ¢ o I

0 500 1000 1500 2000 2500
S, km2

Fig.7. Graph ofC_,, (S)

Climatic factor of module local runoff C_.. should vary proportionally with the climatic

clim
water balance elements. Graphical analysis of thepeddence with precipitation
Com = f(Xo) confirms the presence of correlation (Fig. 8).itualinal distribution of this
coefficient is consistent with the climatic disuitibn of presipitation (Fig. 9). Thuslimatic
factor of module local runoff depends on climatic (zonal) factors, therefore, naymapped
and displayed in the form of the contour field (Fig).

Now an estimate of AARR for any hydrologically unged watershed area becomes
possible. You need to have information about thihraent area, to know the average

multiyear annual precipitation and the maximum paes(potential) evaporatiorZ, . To
obtain runoff estimates should be calculated ewatpor Z, according to the formula (6) and
also the value oflimatic factor of module local runoff C_,, should be determined by linear

interpolation on the map.
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Fig.8. Graph of theclimatic factor of module local runoff
from precipitationC,,, (X, )
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Fig.10. The isolines of thelimatic factor of module local runoff C,,
for the Northern part of Algeria

Losses of flow are determined by the following eegsion:

L)%’

3 (10)

I:)0 = Zo _Cclim (

The value of river runoff is calculated by the etipra of water balance (1). The accuracy of
the runoff calculation depends mainly on the accyiiat the average values of characteristics:

precipitation X, maximum possible (potential) evaporati@j,, and climatic coefficient

0!

C.; for hydrological catchment gravity centres.

clim

6. CONCLUSION

Analysis of the dependency between the river ruaoff its genetic factors in conditions of
Algeria confirmed the duality of the river flow, @éhpresence of its climatic and local
components. The climatic component of the runoffashels solely on zonal climatic factors.

The second component of the river flow also depardthe climate, but locally (relative to
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the unit area in this point). The territorial gesleration of this regularity in the form of a map
of the climatic factor of module local runoff allows to estimate the value of losses of runoff
for any drainage basin. A zero value of this ceeffit on the map shows the boundary
between semi-arid and arid zones of North AlgeFiais approach can be recommended for
estimates of river flow regulations other semi-agdions where gauging information flow is
insufficient. The same approach we recommend floutaions of the average annual river

runoff by months.
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