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Abstract: Evaporation is the main process of the water
cycle and it’s considered as major problem reducing the
water reserves over the world, especially in arid countries.
The most important climatic factors affecting the
evaporation process are temperature, wind speed,
humidity, solar radiation and atmospheric pressure.
Several researchers have studied the evaporation and have
given models or approaches to estimate the evaporation
rate based on available meteorological data. These models
are divided to five categories: water budget, energy
budget, mass transfer, combination methods and
evaporation pans. We mention that, the measurement of
evaporation by using pans over the water bodies still a
classical method generating measurement errors. The
objective of our research is to elaborate empirical model
to estimate evaporation from dam-reservoirs  located  in 
semi-arid  and  arid  regions,  for  that  five  dam-
reservoirs  have  been  chosen: Foum El-Gherza dam,
Gazelles Fountain dam, Foum El-Guiess dam, Djorf-
Torba dam and Brezina dam. We mention  that  the 
empirical  developed  model  is  the  result  of  a 
combination  of  two  models  proposed by Blaney-
Criddle and Priestley-Taylor (modified). The obtained
results by the proposed model show very good
performances for the five dam-reservoirs: correlation
coefficient is >0.84, the ratio of the rank sum (RSR) is
#0.54 and the Nash-Sutcliffe criterion (NSE) is $0.83.
Moreover, the proposed model is compared by
measurement evaporation and the following models:
Priestley and Taylor, Boutoutaou, Ivanov, DeBruin,
Hamon, Blaney-Criddle, Ryan-Harleman and Xiao.
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INTRODUCTION

In many semiarid countries in the world, supplying
drinking water and food production is dependent on water
storage in reservoirs[1]. The major problem that infects
water resources is the evaporation of water bodies due to
climate change. The highest temperatures recorded,
especially in the summer period led to the desertification
of large areas that have been in the past rich in water.

The majority of researchers have defined evaporation
as a hydrological phenomenon proceeds more quickly at
higher  temperatures.  It’s  a  primary  process  of  water
and heat loss for most of lakes and therefore, a main
component in both its energy and water budgets. The
accurate estimates of lake evaporation are necessary for
water and energy budget studies, lake level forecasts,
water quality surveys, water management and planning of
hydraulic constructions[2].

Other researchers proposed that evaporation should
be considered in the design of various water resources and
irrigation systems[3] and can represent a significant part of
the water budget for a lake or reservoir and may
contribute significantly to the lowering of water surface
elevation[4].

An accurate quantification of evaporation is
important for water resources management, lake water
balance studies and prediction of the hydrological cycles
in response to climate change [5-7]. Also, it’s necessary for
hydrological research on groundwater modeling and
large-scale hydrological cycle simulation and helps us
gain a better understanding of hydrological responses to
climate change in extreme weather conditions[9, 18].

The evaporation plays a key role in water resources
management  in  arid  and  semi  arid  climatic  regions[10]. 
In  these  regions,  it  implies  a complete  loss  of  water 
resources  at  the  of  basin scale.  For  both  scientific 
and  social  reasons,  a  reliable estimate of loss due to
evaporation is thus needed for  improved management  of 
water  resources[11, 12].

The evaporation conditions have been studied for one
and a half centuries there are still no sufficiently reliable
methods for the measurement evaporation in any
geographical environment[13]. The most common and
important factors affecting evaporation are solar radiation,
daylight, air and water temperature, relative humidity,
atmospheric pressure, wind speed, quality of water and
surface of the water body. In summary, it has been agreed
that solar radiation, wind speed, relative humidity and air
temperature have attained special consideration as the
most influencing factors by most researchers[13].
Therefore, estimating evaporation from lakes  and

reservoirs is not a simple task as there are a number of
factors  affecting  the  evaporation  rate,  notably  the
climate and physiography of the water body and its
surroundings[14]. True estimate of evaporation is difficult
in various regions[15]. Evaporation from water is most
commonly computed indirectly by one or more
techniques. These include pan coefficients measured pan
evaporation, water balance, energy balance, mass transfer
and combination techniques[16].

Although, there are numerous empirical formulas and
approaches, availability of climatic data limits their
application  across  all  locations[17]. We mention that in
situ measurement and model estimation are two main
approaches for quantifying open water evaporation[18].

MATERIALS AND METHODS

In terms of quantity of hydro-technical infrastructure 
Algeria has counted 57 large dams in 2009 with a total
capacity of 6.8 Gm3. However, the quantity of potential
freshwater is reduced by siltation of dams, surface
evaporation and water leakage from foundations. In 2016,
there were 74 dams with a total capacity of  8  billion  m3 
and  an  annual  capacity  of  more  than 50 million m3 is
evaporated.  It  was  the  raison  we  decided  to  study 
the  evaporation  in  dams  located  in  arid  and  semi 
arid area.

The five dam-reservoirs chosen for our research are:
Foum El-Gherza, Fountain of Gazelles, Foum- El-Guiess,
Djorf-Torba and Brezina which are located in semi-arid
and arid regions (Fig. 1).

The Djorf-Torba reservoir-dam is located between
North longitude 31°30’ 38” and West latitude 2°46’16”
from Bechar city. It‘s used for the purposes of irrigation
and  water  supply.  The  capacity  of  water  is  estimated
350  million  m3.  The  Brezina  dam-reservoir  is  located
80   km   South   from   El-Bayadh   city   between   North
longitude 33°9’48” and Est latitude 1°16’12,5”. It’s
intended for irrigation of the palm trees; its reservoir
capacity   is   estimated   122   million   m3.   The   third
dam-reservoir called Foum El-Gherza is located between
North longitude 34°51’50” and Est latitude 5°55’30” from
Biskra  city,  it’s  used  for  irrigation  with  a  capacity  of
47  million  m3.  The  forth  dam-reservoir  is  called
Fontaine des Gazelles, it’s located between North
longitude  35°7’20”  and  Est  latitude  5°35’0”  from
Biskra city. The purpose of this dam-reservoir is
irrigation; its capacity is estimated 55 million m3. The
fifth dam-reservoir is Foum El-Guiess, it’s located
between North longitude 35°9’48” and Est latitude 7°1
12”  from  Khanchela  city,  it’s  used  for  irrigation  too 
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Fig. 1: Distribution of exploited dam-reservoirs in Northern Algeria

Fig. 2(a-d): Existing evaporation pans in the studied dams, (a) Weather station of Foum El-Gherza dam, (b) Weather
station of Fontaine des Gazelles dam, (c) Colorado pan-Foum El-Guiess dam and (d) Class-A-pan-Fontaine
des Gazelles dam
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and its capacity is estimated 03 million m3. The
evaporation measurements are carried out by two types of
evaporation pans: Colorado pan or class “A” pan (Fig. 2c)
and (d). The Colorado pan is much more used in dams. 
It’s  a  pan  of  a  square  cavity  of  dimension
0.92×0.92×0.50 m, almost totally buried in the ground [19].

The evaporation pans are also based on the law of the
water  balance  with  the  total  absence  of  underground
flows and losses due to infiltration which are very
difficult to estimate. The monthly evaporation data series
were recorded by the national agency of dams and
transfers for each studied dam.

The needed climatic data to estimate the monthly
evaporation for each dam are: E: Evaporation (mm); Tair:
air temperature (°C); V: Wind speed at 2 m (m/sec); D:
Daylight (hour); Hr: relative humidity (%); P: at
mospheric   pressure   (kPa);   I:   Insolation
(kWhmG2/day).

We notice that, the insolation and the daylight data
are not available on weather reports, so, these two
unavailable parameters were obtained from NASA
Website while respecting the geographic coordinates of
each dam. We opted for a series of available
climatological data from 2000-2016.

The methods for estimating evaporation rates require
various climatological and physical parameters. Some of
the data are measured directly by weather instruments.
Other parameters are related to commonly measuring data
and  can  be derived with the help of empirical
relationship[20]. There are a large number of methods
available for estimating evaporation from free water
surfaces. Therefore, there is no unique method for
measuring and modeling water evaporation[21].

Several methods are currently used to estimate
evaporation as[22-28] and others. The empirical models
proposed  and  applied  in  the  Algerian  water  bodies
were proposed by Fekih et al.[19] which led to good
results.

The main disadvantage for most of these methods is
that they require several meteorological data such as air
temperature, wind speed,  humidity and solar radiation to
be  measured  or  estimated  at  the  dam[19].

Priestley and Taylor[23] proposed a simplified version
of Penman’s combination equation for use when surface
areas are generally, wet which is a condition for
evaporation. When the aerodynamic component is deleted
and the energy component is multiplied by a coefficient
(β = 1.26) with either wet or under humid conditions in
the surrounding area and for large bodies of water.
Therefore, it is possible to write the Priestley-Taylor
equation as follow (Benzaghta, 2014):

(1)
Rn

E +
+

 
     

Where:
E = The open water-evaporation (mm/day)
β = The Priestley-Taylor coefficient
Δ = The slope of the saturated vapor pressure-

temperature curve (kPa/°C)
γ = The psychometric coefficient (kPa/°C)
λ = The latent heat of vaporization (MJ/kg)
Rn = Net radiation (MJmG2/day)

Boutoutaou proposed a simple  model for estimating
evaporation from dam-reservoirs situated  in  arid and
semi-arid regions (Algeria). The model requires three
available climatic data which are: air temperature, relative
humidity and wind speed. For humid and sub-humid
regions:

(2)0.80
2E = 0.342 n D  (1+0.39 V )

For arid and semi-arid regions:

(3)0.73
2E = 0.403 n D  (1+0.39 V )

Where:
E = The open water-evaporation (mm)
n = No. of days of the month (n = 30 or 31 depending

on the month and for the daily calculation n = 1)
V = Wind speed at 2 m (m/sec) 

V2 = 0.78 V10. V10-speed measured at 10 m from the
ground. In Algeria, at all weather stations, the wind speed
is measured at a level of 10 m from the ground. D is air
saturation deficit (mb), it’s given by the following
formula:

(4)0.0632 (Ta)
hD =  0.0632 (100-R ) e

Where:
Rh =The relative humidity (%)
Ta =Air temperature (°C)

The equation derived by Ivanov[27] estimates the
evaporation (mm/month) based on the mean monthly
temperature Ta(°C) and relative humidity Rh(%):

(5)2
a hE = 0.0018 (25+T ) (100-R )

The relative humidity is the ratio of the absolute
humidity to the saturation humidity for the air
temperature. The saturation humidity is directly
proportional to the air temperature and the evaporation
ceases when the air relative humidity approaches to
100%. The equation derived by De Bruin[30] is written as
follows[31]:
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(6)
  s a2.9 2.1V e -e

E 1.192 ×86.4
-1 +

           

Where:
E = Lake evaporation multiplier to 86.4 to

convert to mm/day
% = 1.26 = Priestley-Taylor empirically derived

constant, dimensionless
Δ = The slope of the saturated vapor pressure-

temperature curve (Pa/°C)
γ = The psychometric coefficient (depends on

temps and atmospheric pressure) (Pa/°C)
λ = The latent heat of vaporization ((MJ/kg)
ρ = Density of water (998 kgmG3 at 20°C)
V = Wind speed at 2 m above the surface (m/sec)
es = Satured vapor at water surface temperature

(mb)
ea = Ambient vapor pressure of the air at dew

point temperature (mb)

The new model proposed by Liu et al.[18] applied in a
hyper-arid environment can estimate daily evaporation
with moderate accuracy, expressed as:

(7)
0.5 1.5

h

a

E = (0.0345+0.002V ) (42.6824-0.0122R )

(2.66+0.08T )

Where:
E = The open water-evaporation (mm/day)
V = Wind speed at 2 m (m/sec)
Rh = The relative humidity (%)
Ta = Air temperature (°C)

Blaney[22] described his method as a rapid mean of
transferring the results of evapo-transpiration
measurements to other areas with similar climate. Briefly,
he correlated monthly measured evaporation data with
monthly mean temperature times the percentage of day
time hours during the year in order to develop a monthly
empirical evaporation coefficient. The Blaney-Criddle
formula  is  written  as[31, 14]:

(8)a a

D
E  (0.0173 T -0.314) T ( )×25.4

DTA


Where:
E = The open water-evaporation (mm/day)
D = Hours of daylight
DTA = Total annual hours of daylight for a specific

latitude
Ta = Air temperature (°C)

Hamon[32] formulated a simplified expression based
on the relation between potential evapo-transpiration,
maximum possible incoming radiant energy and the

moisture-holding capacity of the air at the prevailing air
temperature. It is often used to estimate lake evaporation
or watershed potential evaporation because of its
simplicity[33]. The expression is represented by the
equation [14]:

(9)
a

a

7.5+T

T +273E 0.63D×10

Where:
E = The open water-evaporation (mm/day)
D = Hours of daylight
Ta = Air temperature (°C)

Ryan and Harleman[34] developed an equation based
on Dalton theory to estimate evaporation from heated
water bodies[35]. In that case, both forced (wind driven)
convection and free (buoyancy driven) convection
effectively control evaporation rates while the forced
convection is the dominant factor for natural water
bodies[14]:

(10)-1 1/3
w a s aE = [2, 7(T -T ) +3.1 V)] (e -e )

Where:
E = The open water-evaporation (mm/day)
λ = The latent heat of vaporization (MJ/kg)
V = Wind speed (m/sec)
Tw = Water temperature (°C)
Ta = Air temperature (°C)
ea = The actual vapor pressure (kPa)
es = Saturation vapor pressure (kPa)

Let’s mention that the analysis of the climatic data of
the five dams permitted us to detect the parameters having
a significant influence on the evaporation namely: the air
temperature, the atmospheric pressure, relative humidity,
daylight, wind speed and insolation. The correlation
between the measured evaporation and the meteorological
data is illustrates in Fig. 3.

The correlation analysis is the most widely method in
visualizing relationship between variables of our research
data. Figure 3 illustrates positive correlation of R²>0.7 for
the variables D, I DTA and evaporation. While the
correlation between Δ, Ta, λ and evaporation is strong
(R²>0.8).

So, the new model will be based on the four variables
D,  Δ,  Ta,  λ  and  I.  The  coefficient  of  determination
R²>0.78. This value is generally, considered as a strong
linear relationship and statistically significant. It indicates
that an increase in D, Δ, Ta, λ and I (insolation) would
correspond to an increase in evaporation.

Proposed model: The purpose of the proposed model is
to  estimate  evaporation  in  arid  and  semi-arid  region 

2101



J. Eng. Applied Sci., 15 (9): 2097-2107, 2020

Fig. 3(a-f):Correlation between evaporation and the variables (D, I, Δ, Ta, λ and DTA), (a) Correlation between
evaporation and daylight, (b) Correlation between evaporation and insolation (c) Correlation between
evaporation and slope of the saturated vapor pressure, (d) Correlation between evaporation and air
temperature, (e) Correlation between evaporation and latent heat of vaporization and (f) Correlation between
evaporation and the total annual daylight

located in Algeria. It’s a result of the combination of two
methods: Blaney-Criddle and Priestley-Taylor. After
modification, the final formula is expressed as:

(11)
a a

DTA
E = 27.91+T  [0.47 T  8.18

DTA

I
0.072

+

 
  

 
    
        



Where:
E = Open water-evaporation (mm/month),
I = The monthly averaged insolation (kWmG2/J)

(Eq. 12), (MJmG2/J) (Eq. 11))
Ta = Air temperature (°F) (Eq. 11)
D = The daylight (hours)
Δ = The slope of the saturated vapor

pressure-temperature curve (kPa/°C)
DTA = The total hours of monthly daylight
Σ1

12DTA = The total hours of annual daylight (hours)
λ = The latent heat of vaporization ((MJ/kg)
γ = The psychometric coefficient (kPa/°C)

(12)I 0.7V+1.06D-10.25

(13)DTA D×N

(14)a atmD 0.15T -0.154P +23.1

(15)
 2

a

4098es

237.3+T
 

(16)3
a2.501-T *2.361*10 

(17)
P

0.0016286 


(18)
 
 

a

a

17.27*T
es 0.6108Exp

T *237.3


Where:
I = The monthly averaged insolation (kWhmG2/day)
D = Monthly daylight (hours)
N = Number of the day for each month
V = Wind speed at a height of 2 m (m/sec)
Ta = The air temperature (°C) (Eq. 15, 16 and 18)
Patm = Atmospheric pressure (kPa)
es = Saturation vapor pressure (kPa)

To evaluate the proposed model introduced above for
estimating evaporation from the five dam-reservoirs. We
adopted Nash-Sutcliffe criterion (NSE), the Root Mean

2102

  

15 
 

14 
 

13 
 

12 
 

11 
 

10 
 

9 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

0.35 
 

0.30 
 

0.25 
 

0.20 
 

0.15 
 

0.10 
 

0.05 
 

0.00
0     100     200     300    400     500 0     100     200     300    400     500 0       100    200     300      400   500 

y = 0.010x+9.876 
R2 = 0.784 

D
 (

H
eu

re
s)

 

In
so

la
tio

n 
(k

W
m

-2
)/

J)
 

Δ
(k

P
a/

°C
) 

(a) (b) (c) 

y = 0.012x+ 
2.567 

y = 0.000x+ 
0.031 

E (mm) E (mm) E (mm) 

40 
 

35 
 

30 
 

25 
 
 

20 
 

15 
 
 

10 
 

5 
 

0 

T
a(

°C
) 

y = 0.076x+4.972 
R2 = 0.836 

(d) 2.50 
2.49 
2.48 
2.47 
2.46 
2.45 
2.44 
2.43 
2.42 
2.41 
2.40 

0     100     200     300    400     500 0     100     200     300    400     500 0     100     200     300    400     500 

500 
 

450 
 

400 
 

350 
 

300 
 

250 

D
T

A
(H

eu
re

s)
 

E (mm) E (mm) E (mm) 

y = 0.000x+2.498 
R2 = 0.837 

y = 0.345x+297.1 
R2 = 0.767 

(e) 
(f) 

λ(
kP

a/
°C

) 



J. Eng. Applied Sci., 15 (9): 2097-2107, 2020

Square Error (RMSE), the Mean Bias Error (MBE), the
coefficient of determination (R²) and the Rank Sum Ratio
(RSR), calculated as follows:

(19)
 
 

2n Measured Model
i ii 1

2n Measured Measured
i Meani 1

E -E
NSE 1-

E -E





 
   
  




NSE values between 0.0 and 1.0 are generally,
viewed as acceptable levels of performance whereas
values <0.0 indicates that the mean observed value is a
better predictor than the simulated value which indicates
unacceptable performance[36].

The Root Mean Square Error (RMSE) is one of the
commonly used error index statistics[37, 39, 38]. Although,
it’s commonly accepted that the lower the RMSE the
better the model performance[36].

(20) 2n Measured Model
i ii 1

E -E
RMSE

N




Another statistical index called the Mean Bias Errors
(MBE) is calculated as flows:

(21) n Measured Model
i ii 1

1
MBE E -E

N 
 

Whereas, the coefficient of determination (R²) values was
calculated as:

(22)
  

   

n Measured Measured Model Model
i Mean i Meani 12

2 2n nMeasured Measured Model Model
i Mean i Meani 1 i 1

E -E E -E
R

E -E E -E



 




 

The Rank Sum Ratio (RSR) was calculated as:

(23)
 
 

2n Measured Model
i ii 1

2n Measured Measured
i Meani 1

E -E
PSR

E -E









RSR varies from the optimal value of 0 which
indicates zero RMSE or residual variation and therefore,
perfect model simulation, to a large positive value. The
lower Rank Sum Ratio (RSR), the lower the RMSE and
the  better  the  model  simulation  performance.  The
model performance can be evaluated as “very good” if
NSE>0.75 and RSR<0.50[36].

RESULTS AND DISCUSSION

The water evaporation values calculated by the model
(Eq. 11) were compared with observed evaporation and
calculated evaporation by eight models proposed by other
researchers cited in this study (Table 1). From Table 2,
the numerical results obtained by the proposed model and

the eight selected models showed the following results:
The best estimates of evaporation from Foum El-Gherza
dam-reservoir are given by the proposed model,
Ryan-Harleman, Boutoutaou and Ivanov Models. The
Nash-Sutcliffe (NSE) criterion varies from 0.79-0.92 and
the Rank Sum Ratio (RSR) varies from 0.27-0.46
(RSR<0.5).   These   numerical   results  indicate  that  the
performances of these models are very good. But we
mention that the best estimates were obtained by the
proposed model with NSE = 0.92#1, RSR = 0.27<0.5
with   minimal   RMSE   and   an   excellent   correlation 
(R2 = 0.95).

The evaporation estimates result of dam-reservoir of
Fontaine des Gazelles have very strong correlation
obtained by the proposed model, Boutoutaou, Ivanov and
Ryan-Harleman Models R2 = 0.91. The Nash-Sutcliffe
criterion (NSE) ranges from 0.81-0.95 and the Rank Sum
Ratio (RSR) varies from 0.22-0.44 (RSR<0.5). These
results confirm good performances for these models.

The evaporation estimates results of the Brezina
dam-reservoir have very good correlation (R2 = 0.90)
obtained by the proposed model, the models of Ivanov,
Boutoutaou, DeBruin, Xiao et al.[30] Priestley-Taylor,
Blaney-Criddle and Ryan-Harleman. The Nash-Sutcliffe
(NSE) criterion varies from 0.97-1 and the Rank Sum
Ratio (RSR) ranges from 0.06-0.17 (RSR<0.5) which
means  that  the  performances  of  these  models  are
perfect.

In case of the Foum El-Guiess dam-reservoir, the
evaporation estimates have very good correlation obtained
by Blaney-Cridlle, Ryan-Harleman Models and the
proposed model (R2 = 0.97).

The  Nash-Sutcliffe  criterion  (NSE)  ranges  from
0.71- 0.96 and the Rank Sum Ratio (RSR) varies from
0.18-0.54. The performances of these models can be
considered as good.

The evaporation estimates result of Djorf-Torba
dam-reservoir   show   good   correlation   by   the 
proposed  model  and  the  Xiao‘s  Model  (R2  = 0.8). The 
Nash-Sutcliffe criterion (NSE) varies from 0.81- 0.86#1
and the Rank Sum Ratio (RSR) ranges from 0.38-0.43
(RSR<0.5). Both  models  give  very  good  performances.
Figure 4 illustrates the comparison of the evaporation
observed and estimated by the different models:
Priestley-Taylor,  Boutoutaou, Ivanov, DeBruin, Xiao Liu
Blaney-Criddle, Hamon, Ryan-Harleman and the
proposed model. We notice clearly that Hamon Model
gives insatisfactory results from others models and
measured evaporation.

Table 2 presents the comparison between the values
of the annual evaporation estimates calculated by the
proposed model (Eq. 11), the other models and the
measured evaporation for the five dam-reservoirs. It
shows that:
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Table 1: Estimation of annual evaporation estimated by the models
Models Priestley-Taylor Boutoutaou Proposed model Ivanov
--------- ---------------------------------------------- ------------------ -------------------- ----------------
Dams Emeasured (mm) Eestimated (mm) Eestimated (mm) Eestimated (mm) Eestimated (mm)
Foum El-Gherza 2631.05 3167.79 3171.42 3171.42 3171.42

E(%) = 30 E(%) = -20 E(%) =  6 E(%) = -21
Fontaine des Gazelles 2875.62 3137.39 3161.19 3161.19 3161.19

E(%) = 36 E(%) = -9 E(%) = 14 E(%) = -10
Brezina 2295.10 1826.77 2212.49 2212.49 2212.49

E(%) = 29 E(%) = 20 E(%) = 25 E(%) = 4
Foum El-Guiess 1351.75 1782.27 1785.44 1785.44 1785.44

E(%) = -25 E(%) = -31 E(%) = -27 E(%) = -32
Djorf-Torba 2569.13 3382.62 3449.97 3449.97 3449.97

E(%) = 33 E(%) = -32 E(%) = 7 E(%) = -34
Models Liu et al.[16] Debruin Blaney-Criddle Hamon Ryan-Harleman
--------- ------------------- ------------- ----------------- ---------------- ---------------
Dams Emeasured (mm) Eestimated (mm) Eestimated (mm) Eestimated (mm) Eestimated (mm)
Foum El-Gherza 2701.02 3026.49 1968.75 5124.75 2479.55

E(%) = - 3 E(%) = -15 E(%) = 25 E(%) = -95 E(%) = 6
Fontaine des Gazelles 2699.31 3007.40 1968.04 5122.56 2436.25

E(%) =  6 E(%) = -5 E(%) = 32 E(%) =  -78 E(%) = 15
Brezina 2315.05 1994.60 1279.88 3462.83 1086.34

E(%) =  -1 E(%) = 13 E(%) = 44 E(%) = -51 E(%) = 53
Foum El-Guiess 2348.23 1925.83 1278.26 3456.34 1271.82

E(%) =  -73 E(%) = -42 E(%) =  6 E(%) = -155 E(%) = 6
Djorf-Torba 2653.30 3327.38 1883.08 4892.84 2859.89

E(%) =  -3 E(%) =  -30 E(%) = 27 E(%) = -90 E(%) = -11

Table 2: Statistical results of selected models, proposed model and measured evaporation
Models Priestley-Taylor Boutoutaou Proposed model
------- -------------------------------------------- ------------------------------------------- -------------------------------------
Dams NSE RMSE MBE R² RSR Rank NSE RMSE MBE R² RSR Rank NSE RMSE MBE R² RSR Rank
Foum 0.44 82.58 23.840 0.98 0.75 0.81 48.59 14.03 0.99 0.44 3 0.92 30.30 8.75 0.95 0.27 1
El-Gherza
Fontaine 0.22 102.39 29.56 0.98 0.88 0.95 25.34 7.32 0.99 0.22 1 0.83 47.82 13.80 0.94 0.41 3
des Gazelles
Brezina 0.99 76.83 22.18 0.95 0.12 6 0.99 48.28 13.94 0.93 0.07 2 0.99 60.59 17.49 0.90 0.09 4
Foum 0.64 35.93 10.37 0.87 0.60 0.49 43.14 12.45 0.99 0.72 0.71 32.63 09.42 0.98 0.54 3
El-Guiess
Djorf-Torba 0.40 89.19 25.75 0.57 0.77 -0.13 122.80 35.45 0.68 1.06 0.86 43.53 12.57 0.84 0.38 1
Models Ivanov Debruin Liu et al. (2016)
--------- ------------------------------------------- -------------------------------------------- ---------------------------------------
Dams NSE RMSE MBE R² RSR Rank NSE RMSE MBE R² RSR Rank NSE RMSE MBE R² RSR Rank
Foum 0.79 50.18 14.49 0.99 0.46 4 0.65 65.28 18.84 0.76 0.59 6 0.50 77.61 22.41 0.96 0.70
El-Gherza
Fontaine 0.93 31.06 8.97 0.98 0.27 2 0.73 60.73 17.53 0.77 0.52 5 0.46 84.91 24.51 0.94 0.73
des Gazelles
Brezina 1.00 39.43 11.38 0.90 0.06 1 0.99 50.14 14.47 0.90 0.08 3 0.99 69.52 20.07 0.92 0.10 5
Foum 0.41 46.26 13.36 0.99 0.77 0.33 49.35 14.25 0.95 0.82 -1.14 88.05 25.42 0.95 1.46
El-Guiess
Djorf-Torba 0.04 113.27 32.70 0.74 0.98 0.28 97.86 28.25 0.45 0.85 0.81 50.10 14.46 0.80 0.43 2
Models Blaney-Criddle Hamon Ryan-Harleman
-------- ------------------------------------------- ------------------------------------------- --------------------------------------
Dams NSE RMSE MBE R² RSR Rank NSE RMSE MBE R² RSR Rank NSE RMSE MBE R² RSR Rank
Foum 0.70 60.00 17.32 0.99 0.54 5 -4.59 260.44 75.18 0.98 2.36 0.88 38.92 11.24 0.90 0.35 2
El-Gherza
Fontaine 0.51 81.30 23.47 0.98 0.70 -3.30 240.73 69.49 0.98 2.07 0.81 50.23 14.50 0.91 0.43 4
des Gazelles
Brezina 0.98 92.40 26.67 0.95 0.14 7 0.96 132.21 38.17 0.96 0.20 9 0.97 113.78 32.85 0.94 0.17 8
Foum 0.97 10.89 3.14 0.99 0.18 1 -11.50 212.84 61.44 0.97 3.54 0.93 15.52 4.48 0.97 0.26 2
El-Guiess
Djorf-Torba 0.62 71.43 20.62 0.77 0.62 -4.59 272.72 78.73 0.70 2.36 0.07 111.14 32.08 0.59 0.96
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Fig. 4(a-e): Comparison of eight models, proposed model and measured evaporation, (a) Barrage Foum-El-Gherza
(2000-2016), (b) Fontaine des Gazelles dam (2001-2016), (c) Brezina dam (2001-2014), (d) Foum El-Guiess
dam (2000-2016) and (e) Djorf-Torba dam (2000-2014)

The case of the Foum El-Gherza dam-reservoir, the
proposed model and Ryan-Harleman present minimal
errors equal 6%. While, Fontaines des Gazelles
dam-reservoir, the models of Boutoutaou, Ivanov,
Ryan-Harleman and the proposed model present minimal
errors #14%.

For Brezina dam-reservoir, we note that Ivanov,
Boutoutaou and DeBruin models provide minimal errors
less than or equal 13%. Whilst, Foum-El-Guiess
dam-reservoir, the models of Blaney-Cridlle and
Ryan-Harleman present errors equal 6%. Whereas the
proposed  model  and  Xiao  et  al.  ‘s  Model  give  errors
less or  equal  7%  for  the  case  of  Djorf-Torba
dam-reservoir. We notice that the proposed model
presents minimal error of 6% and maximal error of 27%
followed by Boutoutaou model with minimal error of 9%
and maximal error of 32% for the five dam-reservoirs.

From the statistical indexes and the errors obtained
from the proposed model and Blaney-Criddle and
Boutoutaou models, we can suggest applying the
proposed model to estimate evaporation from
reservoir-dams in arid and semi-arid regions located in
Algeria.

CONCLUSION

Evaporation is an important factor in term of water
balance studies. Its estimation becomes impossible in
absence of measurement climatological data. The

estimation of evaporation from water plan by other
estimating methods was developed in geographical and
climatic contexts that mean depends on the type of
climate where the water plan or dam-reservoir is situated
(humid region, arid region, semi-arid region, hyper-arid,
etc.).

This study presents a new model to estimate
evaporation from five dam-reservoirs located in semi-arid
and arid regions (Algeria). The model involves only three
available climatic parameters, namely: air temperature,
atmospheric pressure and wind speed at a height of 2 m.
Statistical indexes show good correlation of estimated and
measured evaporation are ranging from 0.84-0.98. The
Rank Sum Ratio (RSR) is <0.54 for the five dams. The
Nash criterion (NSE) varies from 0.70-0.99 with minimal
mean squared errors “RMSE” #60.59 and the Mean Bias
Errors (MBE) is #17.49 which allow us to conclude  that 
the  performance  of  the  model  is  very good.

So, the proposed model can be applied to estimate
evaporation from the studied dam-reservoirs in case of
absence or lack of information.
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principal role of ANBT staff (Agence Nationale des
Barrages et Transfèrts) forgiving us the all required
information.

REFERENCES

01. Helfer, F., C. Lemckert and H. Zhang, 2012. Impacts
of climate change on temperature and evaporation
from  a  large  reservoir  in  Australia.  J.  Hydrol.,
475: 365-378.

02. Gianniou, S.K. and V.Z. Antonopoulos, 2007.
Evaporation and energy budget in Lake Vegoritis,
Greece. J. Hydrol., 345: 212-223.

03. Kumar, P., G. Rasul and D. Kumar, 2013.
Evaporation estimation from climatic factors. Pak. J.
Meteorol., 9: 51-57.

04. McCuen, R.H., 1998. Hydrologic Analysis and
Design. 2nd Edn., Prentice Hall Upper Saddle, River,
New Jersey, Pages: 814.

05. Finch, J.W., 2001. A comparison between measured
and modelled open water evaporation from a
reservoir in South-East England. Hydrol. Process.,
15: 2771-2778.

06. Liu, H., P.D. Blanken, T. Weidinger, A. Nordbo and
T. Vesala, 2011. Variability in cold front activities
modulating cool-season evaporation from a Southern
Inland water in the USA. Environ. Res. Lett., Vol. 6,
10.1088/1748-9326/6/2/024022

07. Xu,    C.Y.   and   V.P.   Singh,   2001.  Evaluation
and   generalization   of   temperature   based 
methods  for calculating  evaporation.  Hydrol.  Proc.,
15: 305-319.

08. Winter, T.C., 1981. Uncertainties in estimating the
water balance of lakes. JAWRA. J. Am. Water
Resour. Assoc., 17: 82-115.

09. Zhao, X. and Y. Liu, 2014. Lake fluctuation
effectively regulates wetland evapo-transpiration: A
case study of the largest Freshwater Lake in China.
Water, 6: 2482-2500.

10. Piri,  J.,  S.  Amin,  A.  Moghaddamnia,  A. 
Keshavarz, D. Han and R. Remesan, 2009. Daily pan
evaporation modeling in a hot and dry climate. J.
Hydrol. Eng., 14: 803-811.

11. Martinez-Granados, D., J.F. Maestre-Valero, J.
Calatrava and V. Martinez-Alvarez, 2011. The
economic impact of water evaporation losses from
water reservoirs in the Segura basin, SE Spain. Water
Resour. Manage., 25: 3153-3175.

12. Massuel, S., J. Perrin, C. Mascre, W. Mohamed, A.
Boisson and S. Ahmed, 2014. Managed aquifer
recharge in South India: What to expect from small
percolation tanks in hard rock?. J. Hydrol., 512:
157-167.

13. Shnitnikov, A.V., 1974. Current methods for the
study of evaporation from water surfaces and
evapotranspiration. Hydrol. Sci. J., 19: 85-97.

14. Majidi, M., A. Alizadeh, A. Farid and M.
Vazifedoust, 2015. Estimating evaporation from lakes
and reservoirs under limited data condition in a
semi-arid region. Water Resour. Manage., 29:
3711-3733.

15. Prasad, S., S.M. Lomesh, S.R. Bhagat and S.M. Pore,
2017. Estimation of evaporation. Int. J. Innovative
Res. Sci. Eng. Technol., 6: 685-689.

16. Jensen, M.E., 2010. Estimating evaporation from
water surfaces. Proceedings of the CSU/ARS
Evapotranspiration Workshop, March 15, 2010, Fort
Collins, Municipality, Colorado, pp: 1-27.

17. Patel, J.N. and B.P. Majmundar, 2016. Development
of evaporation estimation methods for a reservoir in
Gujarat,   India.   J.   Am.   Water   Works   Assoc.,
108: E489-E500.

18. Liu, X., J. Yu, P. Wang, Y. Zhang and C. Du, 2016.
Lake evaporation in a hyper-arid environment,
Northwest of China-Measurement and Estimation. J.
Water, Vol. 8, No. 11. 10.3390/w8110527

19. Fekih, M., A. Bourabaa and S. Mohamed, 2013.
Evaluation of two methods for estimation of
evaporation from Dams water in arid and semi arid
areas in Algeria. Int. J. Appl. Innov. Eng. Manage.
(IJAIEM.), 2: 376-381.

20. Rahman,  M.A.,  M.M.  Rahman,  N.A.M.  Lair  and 
C.M. Chu, 2015. Preliminary data of evaporation
characteristics for an open pond in East Malaysia. J.
Applied Sci. Agric., 10: 6-12.

21. Izady,   A.,   H.   Sanikhani,   O.   Abdalla,   M.  
Chen and O. Kisi, 2017. Impurity effect on clear
water evaporation: Toward modelling wastewater
evaporation using ANN, ANFIS-SC and GEP
techniques. Hydrol. Sci. J., 62: 1856-1866.

22. Blaney, H.F., 1959. Monthly consumptive use
requirements for irrigated crops. J. Irrig. Drain. Div.,
85: 1-12.

23. Priestley, C.H.B. and R.J. Taylor, 1972. On the
assessment of surface heat flux and evaporation using
large-scale parameters. Mon. Weather Rev., 100:
81-92.

24. Jensen, M.E. and R.H. Haise, 1963. Estimating
evapotranspiration from solar radiation. J. Irrigation
Drainage Div., 89: 15-41.

25. Sredazgiprovodkhlopok, 1970. Calculated Mean of
Irrigation Norms of Agricultural Crops in the
Syr-Darya and Amu-Darya River Basins. Scientific
Information Center of Interstate Coordination Water
Commission (SIC, ICWC), Tashkent, Uzbekistan,
Pages: 292.

26. Papadakis, J., 1961. Climatic Tables for the World. J.
Papadakis Publisher, Winterbourne, Berkshire, Shire,
Pages: 175.

2106



J. Eng. Applied Sci., 15 (9): 2097-2107, 2020

27. Penman, H.L., 1948. Natural evaporation from open
water, bare soil and grass. Proc. R. Soc. Lond. Ser. A,
193: 120-145.

28. Penman, H.L., 1963. Vegetation and Hydrology.
Commonwealth Agricultural Bureaux, Bucks,
England, Pages: 124.

29. Benzaghta, M.A., 2014. Estimation of evaporation
from a reservoir in semi arid environments using
artificial neural network and climate based models.
Br. J. Applied Sci. Technol., 4: 3501-3518.

30. De Bruin,  H.A.R.,  1978.  A  simple  model  for
shallow  lake  evaporation.  J.  Applied  Meteorol.,
17: 1132-1134.

31. Schertzer, W.M. and B. Taylor, 2008. Report to the
Okanagan water supply and demand study on Lake
evaporation: Assessment of the capability to compute
Lake evaporation from Lake Okanagan and its
Mainstem Lakes using the existing database (Draft
Report). Okanagan basin Water Board, Kelowna,
Canada. https://www.obwb.ca/obwrid/detail.php?
doc=303

32. Hamon, W.R., 1963. Computation of direct runoff
amounts from storm rainfall. Int. Assoc. Sci. Hydrol.
Publ., 63: 52-62.

33. Yao, H. and I.F. Creed, 2005. Determining
spatially-distributed annual water balances for
ungauged locations on Shikoku Island, Japan: A
comparison  of  two  interpolators.  Hydrol.  Sci.  J.,
50: 245-263.

34. Ryan, P.J. and D.R. Harleman, 1973. An analytical
and experimental study of transient cooling pond
behavior. Technical Report No. 161, Ralph M.
Parson Laboratory for Water Rescources and
Hydrodynamics, Deptartment of Civil Engineering,
Massachusetts Institute of Technology, Cambridge,
USA.

35. Rasmussen, A.H., M. Hondzo and H.G. Stefan, 1995.
A test of several evaporation equations for water
temperature simulations in lakes 1. JAWRA. J. Am.
Water Resour. Assoc., 31: 1023-1028.

36. Moriasi,  D.N.,  J.G.  Arnold,  M.W.   van   Liew,
R.L. Bingner, R.D. Harmel and T.L. Veith, 2007.
Model evaluation guidelines for systematic
quantification of accuracy in watershed simulations.
Trans. ASABE, 50: 885-900.

37. Chu, T.W. and A. Shirmohammadi, 2004. Evaluation
of the SWAT model’s hydrology component in the
piedmont physiographic region of Maryland. Trans.
ASAE., 47: 1057-1073.

38. Singh, J., H.V. Knapp and M. Demissie, 2004.
Hydrologic modeling of the Iroquois River watershed
using HSPF and SWAT. ISWS CR 2004-08, Illinois
State Water Survey, Champaign, Illinois, USA.
https://swat.tamu.edu/media/90101/singh.pdf

39. Vazquez-Amabile G.G. and B.A. Engel, 2005. Use of
SWAT to compute groundwater table depth and
stream flow in the Muscatatuck River watershed.
Trans. ASAE., 48: 991-1003.

2107




