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Required Interval of Weather Data for Proper Irrigation Scheduling
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LIMATE variability is very common in Egypt recently, therefore studying its effects on

irrigation scheduling for crops is important. The objective of this study was to define a
number of years of former weather data prerequisite to estimate evapotranspiration (ETo) to
schedule irrigation in three sites in Egypt (El-Gharbia, Beni Swief and Sohag). Daily values of
weather data were collected for 10 years (2008-2017).

Monthly ETo values were calculated by The BISm model. Descriptive statistics (mean,
range, R?, CV and SD) were done to determine the temporal and spatial variability between
monthly values of weather elements, as well as ETo. Furthermore, assessment of ETo values
trend (decreasing or increasing) was done.

The results showed that there were increasing temporal and spatial trends in the 10-year
weather data, as well as ETo values in the 3 sites. However, it was more pronounced from
2015 to 2017. Furthermore, the results indicated that the range, CV% and SD were lower in
the 3-year interval (2015-2017), compared to 10-year interval for all sites. There were stronger
relationships between weather elements and ETo values in the 3-year interval, compared to 10-

year interval, as represented by R? values.

Thus, it can be concluded that the recent 3-year interval is the most suitable interval for
ETo calculation for proper irrigation scheduling to improve water management on field level

in Egypt.

Keywords: Temporal variability, Spatial variability, BISm model, 10-year weather data, 3-year

weather data.

Introduction

Weather data is the base for calculating
evapotranspiration, irrigation scheduling and
allocation of water between other sectors. Change
in weather elements is caused by the expected
climate change, which consequently will
affect reference evapotranspiration (ETo) and
irrigation water requirements for crops. Gardner
et al. (1985) stated that ETo is a combination
of two processes water evaporation from soil
surface and transpiration from the growing
plants. The latest research in Egypt by Ouda &
Noreldin (2017) reported that ETo values in the
former 30 years exhibit an increasing trend. Many
researchers reported the same increasing trends
of ETo globally. ETo values were increasing in
Taiwan as stated by Yu et al. (2002), when 48
years of weather data was used in the analysis. In

Northeast Brazil, Da Silva (2004) found that ETo
values were increasing when 30-year weather
data were used. Burn & Hesch (2007) reported an
increasing trend of ETo in the northern regions of
Canada. Similarly, Dinpashoh et al. (2011) stated
that annual ETo values were increased by 28% in
Iran during the period of 1965-2005.

The weather variables, which influence
ETo are: Air temperature, sunshine duration (or
solar radiation), relative humidity (or dew point
temperature) and wind speed. Previous researches
in Egypt dealt with the relation between weather
elements and ETo. An analysis was conducted by
Khailetal. (2011) between ETo and its components
using 10-year averages of weather data from
1997-2006 in 20 sites in Egypt. They found that
the values of correlation coefficient between ETo
values and mean temperature was 0.63, between
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ETo and sunshine duration, as well as relative
humidity and wind speed were 0.72, 0.76 and
0.27, respectively. Coefficient of determination
(R?) between ETo and temperature (maximum,
minimum, mean and dew point) were 0.91, 0.01,
0.86 and 0.60, respectively when 30-year weather
data from 1985-2014 (Noreldin et al., 2016) was
used. Furthermore, they also stated that R? values
between solar radiation, and wind speed and ETo
were 0.52 and 0.23, respectively. Whereas, R?
values between dew point temperature and ETo
was 0.60. A 10-year weather data was used by
Ouda & Noreldin (2017) to calculate ETo in the
Nile Delta and Valley. They also reported that R?
values between ETo and mean temperature were
0.79 and between ETo and dew point temperature
were and 0.21. Moreover, the value of R? between
ETo and solar radiation was 0.58. It was 0.37
between ETo and wind speed. Although these
investigations gave valuable findings, temporal
and spatial variability analyses on weather
elements and ETo data were not done before in

Egypt.

The FAO Penman-Monteith method has
been regarded as a worldwide standard method
to estimate ETo (Allen et al., 1989; 1994 and
1998). Many researches, internationally and
nationally, analyzed ETo values calculate by FAO
Penman-Monteith method from the viewpoint of
its spatial or temporal dispersal (McVicar et al.,
2007; Buttafuoco et al., 2010; Song et al., 2010;
Khail et al., 2011; Noreldin et al., 2016 and Ouda
& Noreldin, 2017). Furthermore, comparison
between FAO Penman-Monteith and other
equations calculating ETo was done (Maulé et al.,
2006; Paltineanu et al., 1999; Sumner & Jacobs,
2005 and Ouda et al., 2016). It was reported by
Shahidian et al. (2012) that Penman-Monteith
equation is the most consistent method calculating
ETo in a widespread locations characterized
by different climates as a result of its physical
base and its consideration of the main climatic
elements affecting evapotranspiration.

Irrigation is using most of water resources
in Egypt. Because we are facing the problem
of water scarcity, it is imperative to maximize
the efficient use of irrigation water through
controlling the application depths, thus, improving
its management. In order to attain water needs
of the cultivated crops, the calculation of ETo
is an important tool (Shahidian et al., 2012),
however availability of weather elements to
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calculate it stand as an impediment to attain it.
To help agricultural extension workers to instruct
farmers on the time and the amount of irrigation
water application, information is needed on the
number of years of weather data should they use
to calculate ETo. Ouda & Noreldin (2017) stated
that ETo values became higher in the former
10-years interval from 2005 to 2014, compared
to the average of former 20-year interval, as well
as 30-year interval. Recently, there is a noticeable
variability in weather elements, especially
temperature as a result of the effect of climate
change. Therefore, there is a need to determine
how many years of past weather data that contains
less variability and can be safely used to calculate
ETo, and schedule irrigation. Thus, it could
improve water management on farm level and
could reduce irrigation water losses to ground
water in Egypt.

The objective of this study was to define
a number of years of former weather data
prerequisite to estimate evapotranspiration (ETo)
to schedule irrigation in three sites in Egypt.

Materials and Methods

Description of the studied sites

Three sites located in the Nile Delta and Valley
were studied. These sites are: El-Gharbia to
represent Nile Delta (latitude= 30.47°, longitude=
32.14° and elevation above the sea level=14.80m),
Beni Swief to represent Middle Egypt (latitude=
29.04°, longitude= 31.06° and elevation above the
sea level= 30.40m) and Sohag to represent Upper
Egypt (latitude= 26.36°, longitude= 31.38° and
elevation above the sea level= 68.70m). These
three sites are characterized by clay soil type and
it is under surface irrigation. Figure 1 shows a map
of the selected sites in the Nile Delta and Valley.

Daily weather elements for these sites were
collected for 10 years (2008-2017) from the
following website: https://power.larc.nasa.gov/
data-access-viewer. The recent 10-year interval
was selected because it reflected the recent
variability existed in the weather pattern in
Egypt as indicated by Ouda & Noreldin (2017).
The selected weather elements were maximum,
minimum, and mean temperature (Tmean), dew
point temperature (Td), as well as solar radiation
(SRAD) and wind speed (WS). Monthly averages
of each weather elements, as well as annual
averages were calculated.
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Fig. 1. Map of the selected sites in Egypt.

Calculation of ETo

The BISm model (Snyder et al., 2004) was
used to calculate monthly ETo values in the three
studied sites. The model was written using MS
Excel to help people plan irrigation management
of crops. The BISm model calculates ETo using
the FAO Penman-Monteith equation (Monteith,
1965) as presented in the United Nations FAO
Irrigation and Drainage Paper (FAO, 56) by Allen
et al. (1998). Monthly averages of ETo values
for the studied 10-year interval for the three sites
were calculated.

Statistical analysis

The calculated annual weather elements
and ETo values (2008-2017) were individually
analyzed to study its temporal and spatial
variability, as well as to check whether ETo
values taking an decreasing or increasing trend.
The temporal variability of ETo was determined
using ETo averaged over 10-year intervals and the
spatial variability of ETo was determined using
ETo averaged over the three stations. Descriptive
statistical analysis for the weather elements
and ETo in these three sites were performed to
calculate maximum and minimum values, the
range between them and the mean (Sendicor,
& Cochran, 1980). Furthermore, coefficient of
determination (R?) between each weather element
and ETo was calculated for the studied 10-year
periods to test the strength of the relationship
between them (Draper & Smith, 1987). Standard
deviation (SD) was calculated to quantify the
amount of variation or dispersion within the

values of each weather elements, as well as
ETo values. Coefficient of variation (CV%) was
also calculated, which is defined as the ratio of
the standard deviation to the mean (Sendicor &
Cochran, 1980).

The descriptive statistical analysis was used
to determine how many years of past weather
data that had less variability and can be used
to calculate ETo and consequently schedule
irrigation in three sites in Egypt.

Results

Temporal and spatial variability of weather
elements

Figure 2 indicated that there was low temporal
variability in each site and high spatial variability
between the three sites in solar radiation values.
The highest values of solar radiation existed
in Sohag and the lowest value existed in El-
Gharbia. The graph also showed that there was an
increasing trend in El-Gharbia and Sohag in 2016
and 2017.

Regarding mean temperature, Fig. 3 indicated
that there was high temporal variability in existed
in each site, whereas there was low spatial
variability in mean temperature existed between
sites. Furthermore, in the three sites the highest
value of mean temperature occurred in 2011,
with highest value in Sohag site. It also showed
from the figure that mean temperature is taking
an increasing trend in 2016 and 2017. Dew point
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temperature followed the same trend as mean
temperature in the three sites and within the
studied years (Fig. 4), where there was high
temporal variability in dew point temperature
existed in each site. Whereas, there was low
spatial variability in dew point temperature
existed between sites. Furthermore, in the three
sites the highest value of dew point temperature
occurred in 2011, with highest value in Sohag
site. It can also noticed from the figure that
starting from 2015, the dew point temperature
was taking an increasing trend.

Figure 5 indicted that there was high
temporal variability in the wind speed existed
in each site, whereas there was medium spatial
variability in the wind speed existed between
sites. Furthermore, in the three sites, the highest
value of wind speed occurred in 2015 to 2017
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and took an increasing trend.

Figure 6 indicated that the ETo values were
fluctuating between 2008 and 2012, where the
highest occurred in 2011 in all of the three sites.
However, it took an increasing trend from 2015
to 2017. Furthermore, low temporal variability
for ETo values existed between the three sites.

Based on the above results in the studied
interval between 2008-2017, the highest values
of each weather elements and ETo occurred in
the year of 2011. Furthermore, an increasing
trend was found starting from 2015 to 2017. For
that reason, another time interval was studied,
namely a 3-year interval from 2015 to 2017 and
it was statistically compared with the 10-year
time interval.
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Fig. 2. Solar radiation spatial and temporal variability in 2008-2017.
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Fig. 3. Mean temperature spatial and temporal variability in 2008-2017.
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Fig. 4. Dew point temperature spatial and temporal variability in 2008-2017.
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Fig. 5. Wind speed spatial and temporal variability in 2008-2017.
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Fig. 6. ETo spatial and temporal variability in 2008-2017.
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Comparison between 10-year and 3-year intervals

Table 1 indicated that, in El-Gharbia site,
the mean and maximum values of the 3-year
interval were higher than its counterpart of 10-
year intervals for all weather elements, as well as
ETo values. Furthermore, minimum values of 10-
year interval were lower than the values of 3-year
interval. The results in Table 1 also revealed that
the range, CV%, and SD values were lower in
3-year interval, compared to 10-year interval.
R? values were high, which implied stronger
relationships between weather elements and ETo
values in the 3-year interval, compared to 10-year
interval.

Regarding to Beni Sweif site, Table 2 showed
that the mean value of the 3-year interval was
higher than its counterpart of 10-year intervals
for solar radiation, wind speed and ETo values.
Moreover, minimum values of 3-year interval
were higher for all weather, as well as ETo values,
compared to 10-year intervals values. Minimum
values of 10-year interval were lower than the

values of 3-year interval for mean temperature
and wind speed. Similar to El-Gharbia site,
the range, CV% and SD values were lower in
3-year interval, compared to 10-year interval.
Furthermore, there were stronger relationships
between weather elements and ETo values in the
3-year interval, compared to 10-year interval,
as represented by R? values (Table 2). In Sohag
site, the mean and minimum values of the 3-year
interval was lower than its counterpart of 10-year
intervals for all weather elements. Moreover,
maximum values of 3-year interval were higher
in all weather elements, as well as ETo, compared
to 10-year interval for the rest of the elements.
The same trend found in El-Gharbia and Beni
Sweif sites was found for the range, CV% and
SD values, where it were lower in 3-year interval,
compared to 10-year interval. Additionally, there
were stronger relationships between weather
elements and ETo values in the 3-year interval,
compared to 10-year interval, as represented by
R? values (Table 3).

TABLE 1. Comparison between 10-year and 3-year intervals of weather elements and ETo values in EI-Gharbia

site.
SRAD TMEAN Td WS ETo

El-Gharbia (MJ/m/day) (°C) (°C) (m/s) (mm/day)

10-year 3-year 10-year 3-year 10-year 3-year 10-year 3-year 10-year 3-year
Mean 20.4 20.5 232 22.7 12.8 12.4 2.8 2.8 5.9 6.2
Max value 21.1 20.6 253 232 14.4 12.6 3.0 2.9 6.3 6.3
Min value 19.5 20.4 21.4 22.4 11.6 12.2 2.4 2.7 4.9 6.1
Range 1.6 0.2 4.0 0.80 2.8 0.40 0.6 0.2 1.4 0.18
CV% 2.8 0.5 4.8 2.0 6.6 1.6 6.1 33 6.8 1.4
SD 0.6 0.1 1.1 0.4 0.8 0.2 0.2 0.1 0.4 0.1
R? 0.39 0.99** 0.34 0.75% 0.26 0.99%*  0.69* 0.83* 1.00 1.00

*and ** indicate significant at 0.01 and 0.05 level of significance.

TABLE 2. Comparison between 10-year and 3-year intervals of weather elements and ETo values in Beni Sweif

site.
SRAD TMEAN Td WS ETo
Beni Swief (MJ/m/day) O (9] (m/s) (mm/day)
10-year 3-year 10-year 3-year 10-year 3-year 10-year 3-year 10-year 3-year

Mean 21.4 21.5 23.5 23.1 13.0 12.6 3.0 32 6.1 6.3
Max value 21.7 21.5 25.6 23.5 14.9 12.8 33 33 6.5 6.4
Min value 20.4 21.4 21.7 22.8 11.7 12.5 2.3 3.1 5.0 6.3
Range 1.3 0.08 3.9 0.7 3.1 0.3 1.0 0.2 1.5 0.1
CV% 1.7 0.2 4.5 1.7 7.0 1.2 9.2 3.8 6.9 0.9
SD 0.4 0.05 1.1 0.4 0.9 0.2 0.3 0.1 0.4 0.1
R? 0.84* 0.90* 0.43 0.99%* 0.29 0.90%* 0.63 0.70* -- --

*and ** indicate significant at 0.01 and 0.05 level of significance.
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TABLE 3. Comparison between 10-year and 3-year intervals of weather elements and ETo values in Sohag site.

SRAD TMEAN Td WS ETo

Sohag (MJ/m/day) (°O) (°O) (m/s) (mm/day)

10-year 3-year 10-year 3-year 10-year 3-year 10-year 3-year 10-year 3-year
Mean 23.0 22.7 24.6 242 13.7 13.4 3.9 3.6 6.3 6.3
Max value 223 23.0 23.6 24.6 12.9 13.7 32 3.9 6.2 6.3
Min value 22.7 223 242 23.6 13.4 12.9 3.6 32 6.3 6.2
Range 1.4 0.70 4.0 1.02 3.7 0.84 1.4 0.69 1.6 0.16
CV% 1.8 1.7 4.4 23 7.7 33 13.1 9.8 6.5 1.4
SD 0.4 0.38 1.1 0.56 1.0 0.44 0.4 0.35 0.4 0.09
R? 0.64 0.98** 0.54 0.97** 0.27 0.98** 0.79 0.96%* -- --

*and ** indicate significant at 0.01 and 0.05 level of significance.

Discussion

Weather elements that have important
influence in reference evapotranspiration are
air temperature solar radiation, wind speed,
and dew point temperature. Our results showed
increasing temporal and spatial trends in the
studied solar radiation, mean temperature, dew
point temperature and wind speed values in the
10-year interval and 3 sites. The highest values
of these were found in 2011 in the three sites.
Furthermore, the lowest values were found in
El-Gharbia and the highest values were found
in Sohag sites. These results are supported with
the findings of Khailet al. (2011), Noreldin et al.
(2016) and Ouda & Noreldin (2017).

Furthermore, Sohag site is located on higher
latitude, i.e., 26.36°, whereas El-Gharbia is located
on lower latitude, i.e., 30.47°, which explained
the highest values of solar radiation and air
temperature in Sohag site. Trenberth et al. (2009)
indicated that latitude is the main factor affecting
the received total energy. In Egypt, the apparent
position of sun affecting solar radiation, where
solar radiation is gradually decreases from south
(maximum value) to north (lower value) (Morsy
et al., 2016). They also added that the maximum
core of wind speed is found over south of Egypt,
where Sohag is located. In addition, they stated
that minimum core of wind is found over Middle
Egypt in all seasons, where Beni Sweif site is
located.

Allenetal. (1998)stated that “ETo expresses the
evaporating power of the atmosphere at a specific
location and time of the year.” Furthermore,
Labedzki et al. (2011) reported that “ETo values
measured or calculated at different locations or in
different seasons are comparable as they refer to

the evapotranspiration from the same reference
surface.” Our results indicated that, as result of
increasing temporal and spatial variability in the
studied weather elements, ETo values was the
lowest in El-Gharbia site and the highest in Sohag
site. Furthermore, the highest value was found
in 2011 in the three sites. Labedzki et al. (2011)
reported that fluctuations in solar radiation and
temperature were found to have large magnitudes
on ETo and that can explain the high value of
ETo in Sohag, compared to the other two sites.
Our results implied that climate is getting warmer
and it is more noticeable in small temporal scale,
namely 3-year interval than large scale, namely
10-year interval. Soltani & Soltani (2008) related
the increasing trends in air temperature to the
observed global warming, as a result of increased
concentrations of anthropogenic greenhouse
gases.

Our analysis indicated that most of weather
elements and ETo value exhibit low temporal
variability in the recent 3-year interval from 2015-
2017. This result is supported with the findings of
Ouda et al. (2018). Furthermore, the comparison
between the values of 10-year interval weather
data, as well as ETo values (2008-2017) and its
counterpart values of 3-year interval (2015-2017)
in the three sites showed different spatial trends.
The range, CV% and SD values were lower in
3-year interval in the three sites, which implied
that the temporal variation between the two
intervals was low. Our results also indicated higher
R? value between weather elements and ETo in
3-year interval, compared to its counterpart value
in 10- year interval. This result reflects stronger
relationship between weather elements and ETo
in 3-year interval. Similar results were obtained in
Egypt by Khail et al. (2011) and Ouda & Noreldin
(2017) using the 10-year interval of weather data
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and for 17 sites. Similarly, Labedzki et al. (2011)
stated that, in Poland, ETo is highly sensitive to
temperature, followed by solar radiation, followed
by vapor pressure deficit, as well as wind speed.

Conclusion

The simple methodology applied in this paper
could be used by extension workers in developing
countries to better manage irrigation water on farm
level. The above analysis showed that the temporal
variability of weather elements in the 3-year interval
(2015-2017) is lower than its counterpart in the
10-year interval (2008-2017) in the three selected
sites. Thus, it can be concluded that the recent
3-year interval is the most suitable interval for ETo
calculation in the selected sites and for irrigation
scheduling to improve water management on
field level in Egypt. In addition, this methodology
could be applied in the near future under expected
weather variability and a new time-interval could
be developed.
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