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Reference Evapotranspiration (ETo) counted as the main factor for assessing the
amount of water, needed for crops as well as for the planning of water resources
management. Several techniques, methods, and equations have been used for
computing ETo. Thus, required weather data sets are the main challenge for
evaluating this factor. FAO Penman-Monteith is the most popular technique to
determine the ETo. The FAO 56-PM equation requires accurate weather data like
air temperature, humidity, solar radiations, and wind speed. Unfortunately, not all
these data are possible to reach easily on the station's side. Therefore, FAO 56
recommended another equation namely Hargreaves-Samani (HS) equation when
sufficient weather data may not be available to estimate ETo by FAO56-PM. In the
context of this, this study aimed to estimate ETo using the HS equation. For this
purpose, historical annual, seasonal, and monthly temperature and wind data were
collected from 1981 to 2020 using ‘The Prediction of Worldwide Energy Resources
(POWERY) web portal. It is concluded that the HS method in conjunction with the
POWER datasets and spatially mapping with IDW interpolation gave reliable and
accurate results of ETo. This technique gives an idea of water losses in a district
and demonstrates a trend of historical annual, seasonal, and monthly ETo.

1. Introduction

Reference Evapotranspiration (ETo) assists as an essential
parameter for hydrological modeling, hydrological balance studies,
water management, designing and schedu ling of irrigation water,
working in flooded and rainfed conditions, and watershed hydrology

allied with environmental and metrological factors. Surplus knowledge
with ETo is crucial while managing water management problems. Such
as the demand for water for different purposes i.e., irrigation, farming,
and industrial purposes (Thornthwaite. 1948). ETo offers potential
advantages especially irrigation management in different cropping
seasons, patterns, irrigation efficiency, and water productivity. Hence,
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the exact estimation of ETo is playing a key role in improving irrigation
efficiency, water reuse, and seepage control (Shiri. 2019). The
metrologists used direct and indirect different existing methods and
equations to determine ETo. The direct estimation from a reference
crop including perennial grass and indirect methods is figured from
weather data i.e., temperature, radiation, wind speed, and various
models.

According to Allen et al. (1998), the FAO has recommended
Penman-Monteith (FAO 56-PM) equation which is widely used for ETo
estimation and is known as the most accurate method using different
climate data (Yamac. 2018; Rodrigues and Braga. 2021a; Gentilucci et
al. 2021). Though the method has some drawbacks, it needed excess
weather data i.e., temperature, humidity, wind speed, solar radiation,
etc. Unfortunately, these all data cannot be obtained from many of the
regions through metrological stations in developing countries Tabari et
al. (2013). Thus, counter many difficulties to estimate ETo by this
method. If the accessibility of weather data collection in any region is
available then FAO PM-56 equation is advisable (Droogers and Allen.
2002). If the availability is limited, a temperature-based equation should
be employed recommended by FAO, called Hargreaves and Samani
(HS) equation (Hargreaves and Samani. 1985a). HS requires only
temperature for ETo estimation. This equation can be used for remote
areas where the unavailability of data and temperature data are the
most commonly recorded metrological data in every station. This
temperature-based ETo equation is derived from air temperature,
humidity term, day-night length, and some other factors which make the
equation more specific and accurate (Xu and Singh. 2002).

Several online free of charge platforms provide historical datasets
available in different periods of daily, monthly, and annual analyzed
data Kobayashi et al. (2015). Due to the easily operated, and user-
friendly, one that attracts attention is the ‘National Aeronautics and
Space and Administration’, ‘The Prediction of Worldwide Energy
Resources’ (NASA-POWER) Chandler et al. (2013). The POWER
project portal provides historical metrological data. The project was
developed with the support of NASA Earth Sciences. The main purpose
is to provide renewable energy, sustainable buildings, and
agroclimatology data. However, easily operated NASA-POWER, when
compared with other platforms, allows to easily approach data. The
data in three forms since it is existing, i. a single point, (single ‘N’
Longitude and ‘E’ Latitude), it provides historical data based on the
registered coordinate, selected by the operator, ii, it provides a regional
endpoint, historical dataset based on a bounding box of ‘E’ latitude and
‘N’ longitude demarcated by the operators, and iii, the global point that
returns historical climatological average for the whole globe (Rodrigues
& Braga, 2021b). If data evidence is accurate, and easily approached
when compared to other weather data providers, permits any user to
simply have an approach to near real-time and wide-ranging climate
data from any place around the globe.

The spatial interpolation Inverse Distance Weighted (IDW)
performance has the purpose of defining ETo over different types of
land use cover of the study area. The method has been calculated for
different time steps, the monthly, annual, and seasonal level ETo for 39
years. Based on the findings, and with specific attention paid to the
availability of data and reviewing the past literature, the chosen method
HS, and its interpolation by running IDW could be the better choice to
achieve the targets. Based on the above-mentioned literature and
description, the creativity and purpose of the current study aimed to
estimate the historical annual, seasonal, and monthly ETo using the HS
equation and mapping ETo in the Dadu district.

2. Materials and methods
2.1. Study area

The study area Dadu district is located at 26° 06’ 35” to 27° 26’ 20”
north latitude and 67° 07’ to 68° 02’ 17” east longitude. The district is
situated in the west of Sindh. The district has bordered by the North of
Kamber Shadadkot, on the East Larkana district, and Shaheed
Benazeerabad district, on the West Kirthar mountains and Baluchistan
and the South Jamshoro district (Fig. 1). The total geographical area of
Dadu is 8035 km? (4992.096 miles). The district comprises 4 talukas
viz.; Dadu, Mehar, Khairpur Nathan Shah, and Johi. Pakistan Bureau
of Statistics counted the population of the district as about 1550266
PBS, (2017) in which urban population is about 25 % and rural 75 % of
the total population exists. The Indus River flows along the boundary of
Dadu from north to south. Manchar Lake is a second natural reservoir
in the district and is usually used for fish breeding.

The district is divided into three parts namely, i. The Kohistan, and
Kachho area, ii. The barrage zone, and iii. The low land riverine area.
Dadu is intensively hot in summer and cold in winter. The temperature
was recorded between 17°C to 46°C. Annual rainfall has been noted at
about 120mm. Agriculture is the livelihood of the people. Crop patterns,

sowing, and harvesting time are different due to regional variations in
temperature, soil texture, varieties, availability of irrigation water, etc.
Agriculture is categorized as major-minor crops. Wheat, cotton, rice,
and sugarcane are the major crops, and barely, jowar, gram, and
mustard fall as minor crops.
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Fig. 1. Administrative map of Dadu district, Sindh, Pakistan.
2.2. Data collection and processing

To achieve the targets, the shape file of the Dadu was converted
into a KML file. Thirteen points were created by given names as D1, D2
D3 up to D13 (Here D shows Dadu) (Fig. 2). For the accuracy of
metrological data, all the control points covered the whole district. The
recorded metrological data from 1981 to 2020 including monthly and
annual data of temperature (maximum and minimum), wind speed data
(2 m), and elevation data were acquired from an online web portal ‘The
Prediction of Worldwide Energy Resources (POWERY)' project (Fig. 3).
Particularly, it provides solar and metrological datasets from NASA for
support of renewable energy, building energy efficiency, and
agricultural needs. A large amount of data was exported to MS-Excel
for more preparation. Firstly, the data was compiled and then
interpolated each control point data for more accuracy in the analyzed
results. The control point's name, latitude, longitude, annual average,
and seasonal average (winter, summer, spring, and autumn) (Table.1).

2.3. Evaluation of Hargreaves-Samani equation

The ETo was computed by the HS equation (Hargreaves and
Samani. 1985b). The method is frequently applied for computing ETo
(mm/unit time), requires only temperature (minimum and maximum),
and extra-terrestrial radiations that might be found every metrological
stations. To achieve the targets, an MS Excel auto calculator was
developed for computing ETo using the HS equation (Fig. 4). Compiled
average data of (minimum and maximum) temperature and average
(minimum and maximum) wind was exported one by one for accurate
results of ETo.

ETo = 0.0023%\/(Tmax — Tmin)(T +17.8) 1)

where, the coefficient 0.0023 is an empirical coefficient, Ra is the
extraterrestrial radiation (mm/unit time) computed according to Allen et
al., (1998) and A is the latent heat of vaporization (MJ/kg) for the mean
air temperature T (°C).

A=2501—0.002361.T @

Table 1. lllustrate seasonal information.
Season name Months

Winter January, February, and December
Spring March, April, and May
Summer June, July, and August
Autumn September, October, and

November

2.3. Interpolation (IDW)

The historic data of 39 years of annual, seasonal, and monthly
graphs for ETo was prepared in MS Excel. Analyzed data further
exported in ArcGIS 10.8 for accurate visualization. The control points
D1 to D13 were added to ArcGIS 10.8, and from their latitude and
longitude, the rest of the annual, seasonal, and monthly data could then
be interpolated using IDW within the location point’s attribute Table. The
IDW function was utilized to interpolate annual, seasonal, and each
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month, with the result being one map of annual, four maps of seasonal
and twelve maps of average results of ETo throughout the entire district
were developed.
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Fig. 2. Control points D1 to D13.
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Fig. 4. Auto computing calculator of ETo (mm/day) in the MS Excel
sheet.

3. Results and discussion
3.1. Estimation of historical annual and seasonal ETo

The difference in climatic parameters such as surface temperature,
wind, precipitation, wind speed, and shifting of low- and high-pressure
cells from one portion to the ocean and then towards the other portion
of the world causes the variation in the evapotranspiration. The
variation and roughness of the topography of the mountains is also the
major factor to deflect the wind from one direction to another direction,
also producing a difference in the wind speed. It has been noted that
the plain areas of the district have high ETo as compared to hilly areas
in all the seasons. The historical ETo was computed through the
derived equation of HS by using 39 years of temperature and wind data.
The data were carefully screened from the POWER project on 13
different points. The annual and seasonal ETo results are demonstrated
in (Table 2).

3.1.1. Annual reference evapotranspiration

The annual average ETo was computed to range from 8.76 mm/day
in 1981 and 8.35mm/day in 2020. The maximum annual ETo depicted
in 2000 was 9.05mm/day. ETo demonstrated a trend line of ETo
R?=0.132 showing there is a decrease in annual ETo from the previous
39 years (Fig. 6). The visual inspection of maximum ETo in (Fig. 5)
shows 8.72-8.9 mm/day over the vegetative area of the district. The
highest temperature was recorded in 2001 at 43 °C and the lowest
temperature at 15 °C in 1982 (Fig. 7).
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Fig. 5. Annual ETo over the district.
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Fig. 6. Graph showing annual ETo from 1981-2021over the district.
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Fig. 7. The annual maximum average temperature from 1981-to 2020.
3.1.2. Winter reference evapotranspiration

The winter season ETo ranged from 6.64 mm/day in 1981 and 7.15
mm/day in 2020 (Table 2). The highest ETo computed in 2000 was 7.84
mm/day. It was observed that in 2000 there was an increase in
temperature and a drought period. The R?=0.132 was computed in the
winter season (Fig. 9). The trend line showed that ETo was increased
in the winter season. However, in the winter season evapotranspiration
has been low due to seasonal variations such as short days, high
humidity rate, cold wind, decrease in temperature, fogs, and the highest
precipitation rate Khan and Hassan, (2017). Hilly areas show maximum
ETo as 7.02 mm/day to 7.87 mm/day (Fig. 8). The historical average
temperature graph shows that the lowest temperature was recorded at
3.1°Cin 1984, whereas the highest surface temperature was recorded
at 34.21°C in the 2000 year (Fig. 10). The vegetative area in (Fig. 8)
depicted that moderate ETo was recorded between 6.7 mm/day to 6.85
mm/day during the whole winter season.

3.1.3. Spring reference evapotranspiration

The results of ETo in the Spring season ranged from 10.9mm/day
in 1981 and 8.96mm/day in 2020. The highest values of ETo were
calculated over some portions of the vegetation as 10.2 mm/day to 10.5
mm/day (Fig.11). The linear coefficient graph and the line showed
R?=0.0003 and observed a decrease in the ETo (Fig.12). This weak
coefficient is due to continued decreases in the wind as well as low
surface temperature over the district. The less rainfall in the district and
a shortage of surface water in 2010 and 2017. Indeed, 2010 was the
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year of flood in the region. The Spring season months counted are
March, April, and May. In these months, the temperature and wind
fluctuate as normal. The climate of these months adds up as well in the
region because of normal temperature and humidity. Particularly, the
March month surface temperature scale was recorded between 12 °C
to 47 °C (Fig. 13).
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3.1.4. Summer reference evapotranspiration

The Summer season ETo was determined to range from 9.79
mm/day in 1981 and 9 mm/day in 2020. The trend line showed the value
R?=0.24 (Fig.15). The line showed there was a decrease in summer
ETo from the past 39 years. The summer season ETo increased from
southeast to northwest in the district. While agricultural land depicted
the highest ETo calculated as 9.63 mm/day to 10.2 mm/day in the
district (Fig. 14). On the other hand, hilly and mountain areas showed
moderate ETo determined as 9.32-9.62 mm/day. The
evapotranspiration in this season is depicted as high due to very high
temperature and hot wind particularly called loo, which travels south to
north throughout this season, especially in June and July month. The
windiest month of the district is June with an average wind speed of
15.7 mph. However, (Fig. 14) shows the highest ETo recorded over the
agricultural land, and values were determined between 9.95-10.2
mm/day.
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Fig. 14. Summer season ETo over the district.

3.1.5. Autumn reference evapotranspiration

The autumn season ETo calculated 8.53 mm/day in 1981 to 8
mm/day in 2020 (Table. 2). The highest ETo was 8.93 mm/day
computed in 2001 over the vegetation land in the district. The trend line
showed R?=0.24 (Fig. 17). It was observed through the long-term ETo,
that the surface temperature during different seasons was fluctuating.
If the temperature is higher than ETo is observed as increased in the
study area. This season included September, October, and November
months.
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SUMMER

Table 2. The long-term average annual and seasonal ETo (mm/day).
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3.2.2. February reference evapotranspiration

Average ETo in February was computed ranging from 7.17 mm/day
in 1981 and 7.79 mm/day in 2020. The maximum ETo in this month
depicted in 1997 was 8.92 mm/day. Although, the lowest ETo in
February was found at 6.32 mm/day in 2013 (Table. 3). The trend line
of ETo in February with R?=0.010 shows there was a decrease in
annual ETo from the last 39 years (Fig. 21). The graphical
representation of the Dadu district (Fig. 20) showed that the highest
evapotranspiration lies over the mountains and hilly areas with 7.49-
7.79 mm/day in February month. February counted as the cold month
in the region with an average temperature between 28°C highand 11°C
low.
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Fig. 20. February month ETo over the district.
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Fig. 21. Graph showing February ETo from 1981-2021.
3.2.3. March reference evapotranspiration

The average values of ETo in march month computed as 9.13
mm/day in 1981 and 7.97 mm/day in 2020. The highest value of ETo
observed in 1999 was 9.77 mm/day, while the Ilowest
evapotranspiration determined in 1989 was 7.77 mm/day (Fig. 22). The
trend line showed there was an increase in the ETo in March month as
the value was recorded as R?=0.014. (Fig. 23) shows that the highest
ETo is depicted in the vegetative areas. On the other side, less ETo
was seen over the hilly areas. The average temperature in this month
was recorded between 33 °C to 16 °C.

3.2.4. April reference evapotranspiration

The average ETo of April month was calculated ranging from 10.52
mm/day in 1981 and 9.14 mm/day in 2020 (Fig. 24). The linear
coefficient value computed as R?=0.014 showed there was a decrease
in the ETo in 39 years of data (Fig. 25). The maximum
evapotranspiration calculated in 1981 was 10.52 mm/day and the
minimum value was calculated as 8.79 mm/day in 1995. The
interpolated map of April month depicted that barren land and
vegetation cover has moderate ETo with a calculated range between
9.18 mm/day to 10.1 mm/day over the study area. While on the north
side of the district particularly in hilly areas was a very low ETo 8.73
mm/day to 9.17 mm/day.

3.2.5. May reference evapotranspiration

In May, the coefficient value of ETo along the trend line was
determined as R?=0.0025 and pointed out a decreased trend from the
past 39 years. (Table. 2 & Fig. 27) showed that the maximum value of
ETo was 10.90 mm/day in 2010 and the minimum value in 1982 was

9.42 mm/day. Whereas, the maximum ETo in (Fig. 26), a little portion
of vegetation which depicted 10.6 mm/day to 10.8 mm/day.
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Fig. 25. Graph showing April ETo from 1981-2021.

The barren land area showed moderate ETo determined values
between 9.9 mm/day to 10.2 mm/day. However, May month counted as
warm and the average temperature recorded in the study area was 44
°C high and 27 °C low.
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Fig. 29. Graph showing June ETo from 1981-2021.

3.2.7. July reference evapotranspiration

The ETo in July month ranged from 1981 to 2020 computed as 9.74
mm/day to 8.79 mm/day. The R?=0.176 value was observed and
showed a decreasing trendline of ETo from the last 39 years (Fig. 31).
July month is the hottest in Pakistan, particularly in Sindh province
which is plain by topography. The highest temperature in this month
over the study area was recorded as 42°C. and the low average
temperature of 22°C. (Fig. 30) showed that the moderate ETo values
counted as 9.14 mm/day to 9.52 mm/day over the hilly and barren land.
While the vegetative areas showed maximum ETo 9.93 mm/day to 10.3
mm/day.
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Fig. 27. Graph showing May ETo from 1981-2021.

3.2.6. June Reference Evapotranspiration

Historical computation of ETo in June month, the range computed
10.37 mm/day in 1981 and 9.16 mm/day in 2020. The R?=0.186. it was
observed that there was a decrease in evapotranspiration in 39 years
(Fig. 29). The highest value of ETo was calculated in 1991 as 10.86
mm/day and the lowest value was 8.99 mm/day in 2008 (Table 2 and
Fig. 28). The evapotranspiration increases east to the north in the study
area due to the plain area and towards the flood plain. June is the
hottest month with an average temperature of 44 °C high and 29 °C low
in the study area. The maximum ETo recorded over the cropland areas
is 10.4 mm/day to 11.2 mm/day. While the barren land and hilly areas
have low ETo 9.41 mm/day to 9.85 mm/day.
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3.2.8. August reference evapotranspiration

Historical average evapotranspiration values ranged from 1981 to
2020 computed as 9.2 mm/day to 9.03 mm/day in the August month
(Table 2 & Fig. 32). The trend line showed there was a decrease in the
ETo while R?=0.0376 was determined in the study area (Fig. 33). The
maximum ETo was calculated in 1987 as 9.88 mm/day. In the July and
august months, the reference evapotranspiration increased from east
to north and north to west.
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Fig. 28. June month ETo over the district.
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Fig. 33. Graph showing August ETo from 1981-2021.
3.2.9. September reference evapotranspiration

The month of September showed ETo range from 8.95 mm/day to
8.45 mm/day from 1981 to 2020. The maximum evapotranspiration was
calculated using the derived equation as 10.14 mm/day in 1987 (Table.
2). The trend line showed there was a decrease in the ETo and
R?=0.224 was calculated (Fig. 35). The interpolated map (Fig. 34)
depicted that there is less evapotranspiration on the barren land and
hilly areas in the district. On the other hand, vegetative areas have high
evapotranspiration calculated as 9.38 mm/day to 9.64 mm/day.

66.778206 67.154773 67.531340 67.907907 68.284474

27.356916
1
27.356916

1
27.094169

27.094169

26.831422
L
26.831422

SEPTEMBER
ETo (mm/day)
& 831-858
& 859884
& s85-911
»H o2-937
5 938964
h

68.284474

26.568675
26.568675

26.305928
1
26.305928

ol L L 1

66.778206 67.154773

Fig. 34. September month ETo over the district.

67531340 67.907907

SEPTEMBER

105
y =-0.0168x +42.41
10 h R*=0.2249
9.5
° e e
2 Weeees e
o, " e .,.‘L.“.. ,,,,,, cony oe R
E Q [/ Otteesd e.... 8 ®
g SRR R 4 SN TN
285 b § oe ®
o ¥
8
75 . . . s . -
- " w ~ =) - (] w, -~ N - ~m w, ~ (-3 — Ll /) -~ =) -
LI TR - - - R - (S - - N - N — S — S — S — N — S B B B B B }
LT T I )
- — - — — — — — - - ~ o~ ~ ~ ~ o~ o~ o~ o~ o~ sl

Fig. 35. Graph showing September ETo from 1981-2021.

3.2.10. October reference evapotranspiration

ETo in October computed as 8.80 mm/day in 1981 and 8.16
mm/day in 2020 (Table 2 and Fig. 36). R?=0.1601 value was calculated.
It is obvious from the linear regression line the ETo decreased in the
last 39 years (Fig. 37). The maximum ETo calculated in 1983 was 9.44
mm/day. However, in the interpolation shown in (Fig. 36), The ETo
depicted maximum over the vegetation and water surface bodies.
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Fig. 36. October month ETo over the district.
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Fig. 37. Graph showing October ETo from 1981-2021.
3.2.11. November reference evapotranspiration

November month showed ETo range from 7.76 mm/day and 7.37
mm/day from 1981 to 2020 (Table. 2). The R?=0.092 showed there was
a decrease in evapotranspiration in the study area (Fig. 39). The
highest ETo distinguished over the vegetation was 7.85 mm/day to 8.01
mm/day. While the barren land and some portion of the hilly areas have
low evapotranspiration calculated from 7.36 mm/day to 7.51 mm/day in
November. On the lakeside, ETo was determined as very low 7.19
mm/day to 7.35 mm/day due to low surface temperature and high
humidity rate in the district (Fig. 38).

3.2.12. December reference evapotranspiration

Last month December showed ETo calculated range as 6.09
mm/day to 7.39 mm/day from 1981 to 2020. The trendline showed there
was R?=0.0049. Hence, ETo became increased from the previous 39
years (Fig. 41). The maximum value counted as 7.82 mm/day in 2003.
In December, the ETo was determined as low 6.53 mm/day to 6.81
mm/day over the vegetation. December month is cold climatic
parameters surface temperature and wind speed are recorded as low.
While the humidity was noted as high this month. The results clearly
showed the ETo values are less in the district.

The Hargreaves-Samani method was constructed particularly for
the irrigation management, and planning of irrigation applications. The
FAO—PM method was based on the on-site requirement, equipment,
quality of weather data and availability, and calculation simplicity.
Whereas these all requirements for the FAO-PM method were
unavailable and questionable for ETo. Due to unavailability, FAO
recommended this equation called the HS equation. The HS equation
used in conjunction with NASA-POWER datasets and IDW interpolation
with ArcMap 10.8 was all temperature-based, thus, their distribution
patterns are to some extent interrelated to the distribution of the
temperature. The equation formed a smoother and more gradual
spreading of ETo results due to the complex terrain of the study area.
This study exploited the IDW technique of interpolation as it is
commonly the technique used when it comes to manipulating weather-
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related variables. IDW was a good choice due to auto-correlation and
because it is an exact interpolation method, and for this reason, the IDW
interpolation would have derived precise results. Regardless of the
estimation of ETo for different periods in any place of the globe, NASA-
POWER products are accurate, suitable, and reliable where most of the
climate variables may not be easily approachable. The high altitude and
plain area of the district have variations in the ETo. This is due to
fluctuations in the climatic parameters like rainfall, high and low

temperature over hilly and cropland areas, sunshine duration,
atmospheric pressure as well as humidity, and wind speed. In the winter
and summer seasons, along the river Indus, the evapotranspiration was
recorded high as compared to hilly areas of the district. The intensity of
the ETo is a result of natural phenomena but it might increase with the
increase in vegetation cover, expansion in streams, cropping activities
as well as in atmospheric pollution.

Table 3. lllustrate long term average monthly ETo (mm/day) in Dadu district.
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1981 6.33 7.17 9.13 10.52 10.48 10.37 9.74 9.25 8.95 8.80 7.76 6.09
1982 6.02 6.33 8.59 9.02 9.42 10.70 9.98 8.97 9.17 8.95 7.63 6.46
1983 6.01 7.48 8.35 10.25 10.12 10.47 9.12 8.60 8.73 9.44 7.52 6.54
1984 5.84 6.84 9.25 9.76 10.27 9.88 9.46 8.67 8.97 8.73 7.52 7.35
1985 6.73 8.57 9.14 9.89 10.12 9.84 9.80 8.47 9.04 8.90 7.62 6.93
1986 5.58 6.73 8.25 9.71 10.64 9.99 9.49 8.51 8.71 9.44 8.43 6.97
1987 6.53 7.10 8.10 9.90 10.03 9.67 9.83 9.88 10.14 9.38 8.09 6.84
1988 6.43 7.79 8.63 10.05 10.75 9.92 9.02 8.71 9.82 8.74 8.16 6.77
1989 6.30 7.36 7.77 10.02 10.82 9.67 9.28 8.63 9.14 9.27 8.02 6.70
1990 7.06 7.37 8.75 9.67 9.74 9.79 9.55 8.98 8.95 9.08 7.58 6.85
1991 7.01 7.17 9.30 9.78 10.26 10.86 9.95 8.97 9.29 8.71 7.78 7.03
1992 6.53 7.51 8.34 9.30 10.28 10.44 9.24 8.49 8.92 8.60 7.69 6.84
1993 6.36 8.23 8.57 10.01 10.59 9.76 9.40 9.47 8.85 9.23 8.35 6.99
1994 6.69 7.52 8.94 10.25 10.36 9.86 8.27 8.56 8.08 8.15 7.47 7.51
1995 6.13 7.37 8.49 8.79 10.17 10.34 10.39 9.18 8.69 9.10 8.24 6.43
1996 6.20 7.48 9.30 10.30 9.78 9.93 9.29 9.59 8.97 8.80 8.38 6.87
1997 6.05 8.92 8.12 9.18 10.42 9.52 9.46 9.25 8.95 9.11 7.75 6.22
1998 6.32 7.28 9.49 9.79 10.85 10.01 9.28 9.73 8.97 9.32 7.62 7.11
1999 6.25 7.55 9.77 10.46 9.87 10.74 9.69 9.28 8.90 8.33 8.17 7.13
2000 6.93 8.86 8.78 10.35 10.19 9.94 9.18 9.30 9.20 8.90 7.98 7.35
2001 6.33 8.22 8.56 10.42 10.01 10.43 9.14 9.77 9.07 8.73 8.90 7.15
2002 6.96 7.72 9.37 10.34 10.31 9.73 9.49 8.90 9.03 8.81 7.69 6.57
2003 6.30 7.74 8.90 9.88 10.28 10.28 9.09 9.08 9.27 8.93 8.09 7.82
2004 6.54 8.30 9.30 9.74 10.57 9.70 9.00 9.11 8.87 8.43 7.24 7.01
2005 5.76 7.01 8.36 9.57 9.83 9.74 8.66 9.11 9.26 8.36 7.59 6.76
2006 6.50 7.50 8.59 9.61 10.21 9.82 9.54 8.20 8.66 8.95 791 6.03
2007 6.34 7.28 8.81 9.90 9.65 10.31 8.51 8.48 8.58 8.53 8.10 6.87
2008 5.52 8.47 8.82 9.47 9.84 8.99 8.92 8.28 8.71 8.99 8.13 6.78
2009 5.57 8.15 8.69 10.36 10.37 9.94 9.69 8.50 8.84 9.40 8.06 6.03
2010 5.97 8.07 9.37 9.70 10.90 10.04 8.90 8.23 8.53 9.05 7.62 6.38
2011 6.33 6.81 9.21 9.39 10.31 9.88 9.21 8.55 7.68 7.76 7.36 7.23
2012 6.07 7.61 9.43 8.93 10.67 9.45 9.42 8.89 9.06 8.21 7.24 6.87
2013 6.44 6.32 8.37 9.11 10.41 9.49 8.57 8.61 8.58 8.76 7.11 7.31
2014 6.42 6.46 8.23 9.88 10.16 10.13 8.91 8.55 8.55 8.99 7.46 6.97
2015 6.05 8.27 9.27 10.09 10.01 9.53 9.80 8.80 8.94 9.07 7.56 7.22
2016 6.39 7.81 8.48 9.46 10.58 10.19 8.64 9.03 8.84 8.94 7.73 7.15
2017 6.42 7.75 9.58 10.48 10.40 9.35 9.01 8.63 8.47 8.72 7.84 6.52
2018 6.36 7.60 9.25 10.42 10.06 10.00 9.05 9.24 8.43 8.57 7.55 6.70
2019 6.07 6.81 8.49 9.53 9.97 9.59 9.56 8.41 8.57 8.22 7.39 6.20
2020 6.00 7.79 7.97 9.14 9.68 9.16 8.79 9.03 8.45 8.16 7.37 7.39
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Fig. 38. November month ETo over the district.
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Fig. 41. Graph showing December ETo from 1981-2021.

4. Conclusions

The accurate estimation of ETo plays a significant role in decision
support for WMR, design, and scheduling of irrigation systems, crop
efficiency, and water productivity. However, some techniques for the
estimation of ETo require a wide range of data. While, simpler methods,
only data on maximum and minimum air temperature and
extraterrestrial radiation. Based on the results, the HS technique can
be used to estimate annual, seasonal, and monthly ETo in any region.
Due to the simplicity of the equation. The study has evaluated the
accuracy of the temperature-based equation to estimate the ETo in the
Dadu district. On the other hand, the spatial distribution of ETo
displaying, aid in water resource planning and management. It allows a
historical comparison of spatial mapping to estimate if ETo rates are
shifting from one direction to another. It also assists in environmental
hazards planning including drought, and forest fires, and supports risk
management strategies for the policymakers in developing regions.

Thus, GIS and RS have been particularly used as influential tools
in which Spatio-temporal assessment and integration of environmental
along with ecological variables continues to rise. Though, this study
provides a simple and efficient technique to spatially estimate historical
ETo rates annual, seasonal and monthly basis with the support of the
POWER data in ArcGIS 10.8. Therefore, a large number of datasets
must initially be pre-processed in MS Excel format. A temperature-
based equation like HS should be selected for ETo calculation due to
limited data as input. The choice of selecting the interpolation method
is another technique that has the potential for extension. This study not
only relies on the HS equation for ETo but also focuses on the specific

IDW interpolation for the spatial distribution of ETo. However, ArcGIS
10.8 enables us to calculate more accurate ETo efficiently because only
simple input and output maps are needed for annual, seasonal, and
monthly ETo.
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