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ABSTRACT
Evaporation from Lake Nasser, which is the main source of fresh water in Egypt, is an important
factor which affects Lake Nasser water budget. Reliable evaporation data are necessary for better
planning and development of the lake. The evaporation losses are one of the lake heat balance
components. According to this concept, a physical numerical model Delft3D will be applied to simulate
Lake Nasser heat balance and estimate the monthly evaporation rates for year 2014 using the available
recorded data of meteorological stations. The model of the monthly evaporation rate has been compared
with High Aswan Dam Authority (HADA) and Water Master Plan (WMP, 1979) values. Besides,
several years are also simulated using Delft3d (2006, 2010, and 2012) and were compared with rates
for year 2014. A statistical analysis is conducted between Delft3D, HADA and WMP monthly
evaporation rates values at year 2014. The tests showed a strong correlation (R2=0.989 and P<0.01)
between Delft3D and HADA values.
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Introduction
Evaporation is an exchange operation that is happened through the interface between water and
air. It depends on the conditions of the water at the surface and the air in contact with it in addition to
the meteorological factors. Due to the interaction between many factors controlling the amount of water
lost by evaporation, no universally recognized method is known for exact computation of this amount
of water lost. Egyptian Ministry of Water Resources and Irrigation, for many years, adopted the figure
of 7.54 mm/day as the annual mean of evaporation rate with a minimum value in December of 3.95
mm/day and a maximum value in June of 10.8 mm/day (Whittington et al., 1983).
Evaporation estimation has been investigated by many researchers using different methods, some
of them used remote sensing data combined with metrological data as: (Jin et al., 2005) , (Wang et al.,
2008) , (Chinyepe, 2010) and ( Sharma et al., 2016) ; who applied SEBS algorithm combined with
remote sensing data to estimate surface energy balance component as well as daily evaporation. Also,
( Ramoelo et al., 2014) evaluated the quality of global evapotranspiration product through (MOD16)
using two eddy covariance flux towers data in the African Savanna, South Africa. (Shafik, 2016)
updated the surface area and volume equations of High Aswan Dam Reservoir using satellite images
data combined with limited in situ records.
Other scientists estimated evaporation losses using common models which depended on
metrological stations measured parameters as input data. For example : (Coulomb et al., 2001) utilized
three approaches [the energy balance, the Penman formulation and the Complementary Relationship
Lake Evaporation model (CRLE)] to estimate evaporation from Ziway-Shala basin in Ethiopian using
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monthly meteorological data that were available for the past three decades, (Ayala, 2013) investigated
the effect of evaporation and the ability of reducing it on the water supply capabilities of reservoirs in
Texas by using the Texas Water Availability Modeling (WAM) System, ( Kalifa et al., 2012) Applied
Artificial Neural Network ANN based modeling to accurately estimate the evaporation from Lake
Nasser using the collected data from instrumented hydrometeorological stations at seven locations on
the lake, (Benzaghta et al., 2012) predicted monthly evaporation rate for Algardabiya Reservoir (SirteLibya) using three common models: Penman, Priestley-Taylor and Linacre.
The main objective of this research is to give more accurate estimation of the monthly evaporation
rate for Lake Nasser by simulating the Lake using Delft3D-FLOW module.
STUDY AREA
High Aswan Dam Reservoir lies between 23°58’N at the High Aswan Dam and 20°27’N
at the Dal Cataract in Sudan and between longitudes 30°07’E and 33°15’E. It has been designed
to keep a maximum water level at 182 m above (MSL). At this level, the reservoir has a length
close to 500 km (about 335 km within the Egyptian borders and 165 km inside the Sudanese
borders), average width about 13 km surface area and total capacity is about 6500 km2 and 162
BCM respectively. Seven meteorological stations operated by High Aswan Dam Authority
(HADA) covering Lake Nasser in Egypt, as shown in figure (1), to monitor the lake
meteorologically.

2km US HAD

40 km US HAD

75 km US HAD

240 km US HAD

185 km US HAD

235 km US HAD
280 km US HAD

Fig. 1: Lake Nasser and the locations of HADA metrological stations
The atmospheric parameters which were measured at these stations are:
 Air Temperature (AT) at 2m and 4 m height (Co),
 Relative Humidity (RH) at 2m and 4 m height (%)
 Water Temperature profile (WT) at depths: 0, 2, 5, 10, 15, and 20 m (Co).
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Wind Speed (WS) at 2m and 4 m height (m/s).
Wind Direction {clockwise} (WD) at 2m and 4 m height (Degree)
Barometric Pressure (BP) with unit (mb) at some stations.
Net Radiation (NR) with unit (W/m2) at some stations.

HADA applies Harbeck equation to calculate evaporation rate using their meteorological stations
measured data, the equation is as follow:
Eh = N *U* (esw- es) …………. (1)
Where: (Eh) is the evaporation rate using Harbeck (mm/ hr) , (N) is Lake Nasser Coefficient (0.0525),
(U) is the wind speed at 2m above the water (m/s), (esw) is the saturated vapor pressure of air at water
surface temp (kpa) , (es ) is the actual vapor pressure of air at 2m above the water surface.
Data source:
A. Meteorological data:
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The required input metrological data for lake simulation are: Air Temperature (Co), Water Surface
Temperature at the start of the model running (Co), Relative Humidity (%), Wind Speed (m/s) and Wind
Direction (Degree). Solar radiation is calculated inside the model by knowing the latitude and longitude
of the study area.
These monthly records were obtained from the above mentioned metrological stations for the simulation
years. The monthly time-series which used in the model was resulted from the average monthly records
of all stations for the same parameter. A sample of average monthly input meteorological data (air
temperature, relative humidity and wind speed)for year 2014 is presented in figure (2-a, 2-b and 2-c)
respectively.
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Fig. 5 a,b,c : A sample of input average monthly metrological data for year 2014
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B. Depth file:
The data were collected from several NRI regular field campaigns to High Aswan Dam Reservoir
and were merged together, as presented in figure (3), to generate the depth file.

Fig. 6: the collected data for generating the depth file
Delft3D-FLOW MODEL:
Integrated computer software suite for multi-disciplinary approach and 3D computations was
developed by Deltares, comprise of several modules (as Delft3D-FLOW) capable to simulate flows,
sediment transports, waves, water quality, morphological developments and ecology. Delft3D-FLOW
is a multi-dimensional hydrodynamic simulation program able to simulate several phenomena as: river
flow, thermal stratification in lakes and reservoirs, online sediment transport and morphology. It
consists of horizontal equations of motion, continuity equation and transport equations for conservative
constituents.
Heat balance components (included Evaporation) are computed by Delft3D-FLOW module using
heat flux model 5 (Ocean model), the heat balance (total heat flux) through the free surface is written
as follow:
Q
Where:

+Q

−Q

−Q

− Q …………. (2)

Net incident solar radiation (short wave)
Net incident atmospheric radiation (long wave)
Back radiation (long wave)
Evaporative heat flux (latent heat)
Convective heat flux (sensible heat)

The evaporative heat flux Q
Where:

=Q

is defined as follow:
=
∙ …………. (3)

(L ) is the latent heat of vaporization (J/kg) and is calculated as presented:
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= . ×

− . ×

…………. (4)

(E) is the evaporation rate [the mass of water evaporated per unit area per unit time (kg/
(m2/s))] and computed using some form of Dalton’s law of mass transfer as shown:
)( − )…………. (5)
= (
Where: (e ) and (e ) are respectively the actual and saturated vapour pressures calculated according
to ocean model as follow:
.

=

.
.

.

…………. (6)

.

=
Where: (r

×

.
.

.

…………. (7)

) is the relative humidity in [-], Ta and Ts are the air and water surface temperature

MODEL SET UP:
The curvilinear grid of the lake is created through RGFGRID module in Delft 3D using the land
boundary files; The Grid size is 1000*1000 m, the number of grids points in X-direction is 786 [from
west to east] and in Y-direction are 139 [from south to north]. The generated bathymetry map which
represented the depth value for each grid cell was prepared using QUICKIN module, the output grid
and bathymetry files are presented in Figure 4 and 5.

Fig. 4: The Generated grids

Fig. 5: The bathymetry map

Delft3D-FLOW module is utilized to run the simulation model of Lake Nasser for one year to
cover the different seasonal variations, water level (m) and temperature (oC) at start time of the
simulation (January) were entered as initial condition, Temperature (as constituent process) and wind
(as physical process) was activated to be used in evaporation calculation, The physical parameters
consist of: hydrodynamic constant, Roughness, viscosity, Heat flux model and Wind. The selected
Ocean heat flux model and the wind physical parameters are mainly depended on the average monthly
recorded data of all metrological stations: the monthly average relative humidity (%), air temperature
(oC), cloud coverage (%), wind speed (m/s) and wind direction (degree). The model was run for the
steady state condition and the metrological stations positions are selected as observation points.
The data used for the calibration is the measured surface water temperature at the observation points
for year 2014 which compared with the modeled one. Figure 6 presents the calibration results. From

406

Curr. Sci. Int., 6(2): 402-411, 2017
ISSN: 2077-4435
the figures and the results of the correlation analysis applied using SPSS 22.0 software (R2=0.983 and
P<0.01), the model is calibrated and can be used properly to estimate the evaporation losses from the
lake.
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Fig. 6: The daily temperature calibration at raft station (2014)
Results and Discussion

After running the model for the data collected at year 2014, the output of the simulation is
displayed using Delft3D-QUICKPLOT, the average monthly evaporation rate and volume are
computed form a script created using Matlab and the output presented in figure 7, 8. The distributed
average monthly evaporation rate (mm/d) along the lake at March, June, September and December,
respectively, are shown in figures from 9 to 12. Besides the output water surface temperature for all
metrological station is shown in figure 13.

Fig. 7: Average monthly evaporation rate (mm/hr)(2014)

Fig. 8: Average monthly evaporation volume ((bcm/month) (2014))
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Fig. 9: Average monthly evaporation rate at March(2014)

Fig. 10: Average monthly evaporation rate at June(2014)

Fig. 11: Average monthly evaporation rate at September(2014)

Fig. 12: Average monthly evaporation rate at December(2014)
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Fig. 13: The output of daily water surface temperature (Co) at all stations for year 2014
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The evaporation rate in summer (July) is higher in the shallow area (ranged from 0.45 to 0.55
mm/h) than in the deeper one. In contrast, in winter (December) the deeper points have higher
evaporation rate as presented in figures 14 and 15.

Fig. 14: Evaporation rate at 15 July 2014

Fig. 15: Evaporation rate at 15 December 2014

A comparison is conducted between the resulted average monthly evaporation rate from the
model and both the HADA and WMP calculated values, the comparison reflected a closed correlation
between Delft3D and HADA computed values as shown in figure 16. This result was confirmed by
applied a bivariate correlation analysis using SPSS 22.0 software package, which shows a strong
correlation between HADA and Delft3d values (R2=0.989 and P<0.01).
14.00

HADA

Delft3D

WMP

12.00

Evaporation Rate (mm/d)

10.00
8.00
6.00
4.00
2.00
0.00

Jan

Feb

Mar

Apr

May

Jun
Jul
Aug
Time (month)

Sep

Oct

Nov

Dec

Fig. 16: Comparison between the resulted evaporation rates for year 2014
Years 2006, 2010, 2012 are also simulated using Delft3D. The comparison between these years and
2014 is illustrated in figure 17. It could be notice that the maximum evaporation rate is accrued at
August 2014 (9.10 mm/d).
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Fig. 17: Comparison of monthly evaporation rate for years 2006, 2010, 2012, 2014

Conclusion and recommendation
The average monthly evaporation rate for year 2014 is estimated using Delft3D-FLOW, and
the resulted annual evaporation rate is 6.589 mm/d with volume equal 12.88 BCM. Maximum and
minimum evaporation rate is 3.47(at January) and 9.10 mm/d (at August) respectively. The comparison
between Delft3D and both HADA and WMP values using statistical analysis refers to a strong
correlation between Delft3D and HADA calculations. The calibration result indicated that it can be used
to estimate evaporation losses from Lake Nasser. This model simulates the lake with more details and
provides spatial and temporal quick reliable distribution of evaporation losses taking into account the
effects of main driving forces on it, also it gives an opportunity to test different scenarios to reduce the
evaporation losses and improve water resource management.
It is recommended to insert the data of each meteorological station for each area covered by it
instead of entering the average recorded data of all stations. Besides, adding more metrological stations
to compensate for missing data and cover the gap between recorded measurements.
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