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ABSTRACT

Precise computation of global solar energy is crucial for many fields of investigation such as
renewable energy, meteorology, and agriculture especially crop water requirement and irrigation
requirement. This paper presents the quantification of solar radiation using weather data during the
years from 2020-21. The results obtained were validated with the solar radiation estimated with the
help of CROPWAT during the year. Statistical and visual approaches were adopted to validate the
guantified results. Analysis revealed the high degree of similarity between simulated and
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CROPWAT determined daily solar radiation during the year 2020-21 over the study area. Very high
values of Willmot index of agreement (1.0), Nash-Sutcliffe efficiency (0.999), and Pearson
correlation coefficient (0.998), and low values of mean absolute error (0.138), mean bias error (-
0.024), and root mean square error (0.182) between them was observed during the year 2020-21 in
the area. The minimum solar radiation reaching over the region were observed to be around 5.71
MJ/m?/day during winter season (January) with a normal value of 13.50 MJ/m?/day, while the
maximum value of 24.5 MJ/m?/day was observed during the summer season (June) with a normal
value of 24.13 MJ/m?/day over the region. The use of these data for further study is recommended

as it is worthful quantification over the region.

Keywords: Global solar radiation; food and agriculture organisation; statistical analysis irrigation

requirement.
1. INTRODUCTION

On Earth, global solar radiation is a most
common renewable and uniformly distributed
energy source [1]. It is the total amount of solar
energy received by the Earth's surface. This
energy is essential for various natural processes,
including photosynthesis, climate regulation, and
the hydrological cycle. Understanding global
solar radiation is crucial for many fields such as
agriculture, meteorology, and renewable energy.
Solar power not only offers a clean alternative to
fossil fuels but also enhances efficiency,
productivity, and sustainability in agricultural
operations. In agriculture, it is increasingly being
integrated through several innovative
applications that are transforming traditional
farming practices. Irrigation is a critical aspect of
agriculture, particularly in a region which is prone
to water scarcity. Solar-powered irrigation
systems use photovoltaic panels to generate
electricity that pumps water from underground
sources, rivers, or reservoirs to irrigate crops.
These systems are highly effective in off-grid and
remote areas, where access to electricity is
limited or non-existent. Solar irrigation reduces
reliance on diesel-powered pumps, cutting down
on fuel costs and greenhouse gas emissions.
Solar drip irrigation systems are particularly
beneficial in arid regions, allowing for efficient
water usage and reducing losses [2, 3, 4].

The future of solar energy in agriculture is
promising, driven by technological
advancements,  supportive  policies, and
increasing awareness of sustainable practices
[5]. Several innovations and trends are shaping
the integration of solar energy into agricultural
practices. The integration of solar energy with
smart farming technologies, such as Internet of
Things (loT) devices, sensors, and automated
systems, can enhance precision agriculture.
Solar-powered sensors can monitor  soil

moisture, weather conditions, and crop health,
enabling data-driven  decision-making and
resource optimization. By harnessing the power
of the sun, the agricultural sector can transit
towards more resilient and sustainable practices,
addressing the pressing demands of food
security and environmental stewardship in the
face of a growing global population and climate
change.

There are several empirical models such as
Hargreaves and Samani [6] model, Davies and
Mckay [7] model which determines solar
radiation in cloud condition, Angstrom-Prescott
model for determination of monthly average daily
total solar radiation [8] and Food and Agriculture
Organization developed model which is primarily
designed for estimating reference
evapotranspiration but also computing solar
radiation. Empirical quantification also involves
satellte data to estimate solar radiation.
Satellites measure reflected solar radiation and
cloud cover, which can then be used to estimate
the solar radiation reaching the Earth's surface.
This method is useful for quantification of solar
radiation on large-scale and remote areas. These
methods, when direct measurements are not
available, are useful to quantify solar radiation
that provide valuable estimates. They vary in
complexity and data requirements, with the
choice of model often depending on the available
meteorological data and the specific application.
Applying these empirical methods for solar
radiation  quantification allows researcher,
planners, and policymakers for better planning
and optimization in fields such as agriculture,
renewable energy, and environmental
management.

The current study presents the quantification of
daily solar radiation over Prayagraj district of
Uttar Pradesh, India. It also validates the
computed solar radiation with that estimated by
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CROPWAT using ground observations recorded
at weather station located in the campus of Sam
Higginbottom University of Agriculture,
Technology and Sciences, Prayagraj for the
duration 3 years from 2020 to 2022.

2. METHODOLOGY

2.1 Study Area and Weather Data Used

The study area, the research farm of Sam
Higginbottom University of Agriculture,
Technology, and Science (SHUATS), Prayagraj
district of Uttar Pradesh, is located at a latitude of
25° 34' 12" N, a longitude of 87° 11' 24" E, and

an altitude of 98.0 m above mean sea level (Fig.
1). The region has a hot and dry summer, a chilly
and severing winter, and a warm, humid rainy
seasons. It receives an annual normal rainfall of
1207.0 mm. The maximum temperature in the
region varies from 40 °C to 45 °C during the
summer. The weather data, such as daily
maximum and minimum temperature, daily
maximum and minimum relative humidity, daily
wind speed, and bright sunshine of duration
three years from 2020 to 2022, were collected
from the meteorological observatory located in
the campus of SHUATS, Prayagraj, Uttar
Pradesh, and used for the computation and
validation of solar radiation.

76°0'0"E 80°0'0"E 84°0'0"E 75°0'0"E 90°0'0"E
z . z
= Uttar Pradesh = g India N
8 7 \N‘-¢E 9’ - A =z
Jﬁ{“‘”‘t;; . =c’ :g
;;;5‘ i 2T : = 3
SO e e @
e g 3
U e T
N, _\"1,:4‘)\ a L\V{
€ o b4 M"?/ﬁz‘ ,A
[TyAT {1 B eairdae
= 5 ‘3\ \$' »1 P 3 i. I = =
o SN L A o £ s
;o - _;hé:\""» . P \ 3'» q‘L ;o g >
) g “ QB b
ﬁﬂ\,g} A
0 85 170 340 0 4875 975 1,950
Km Km
76°0'0"E 80°0'0"E 84°0'0"E 75°0'0"E 90°0'0"E
81°30'0"E 82°0'0"E 82°30'0"E 83°0'0"E
N
: =
= o
o 0O 5 10 20 30 o
Q HEE— &
2 Km o
[Ye) I3V
N
Prayagraj
<
% o
S o
=] Legend o
Yo} ~N
- B osha
|:] Prayagraj
81°30'0"E 82°0'0"E 82°30'0"E 83°0'0"E

Fig. 1. Location map of study area located in Prayagraj district of Uttar Pradesh
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2.2 FAO-56 Model of Solar Radiation Estimation

The Food and Agriculture Organisation developed equation to estimate solar radiation was used and

is written as [9]:

180
RS =

Where, w; is the angle of sunset hour (radian), ¢
is the latitude of the location (radian), 6 is the
solar declination (radian), Gy is a solar constant
(0.082 MJ/m2Z/min), d, is the inverse relative
distance between the sun and the earth, n is the
actual duration of bright sunshine (hr), and N is
the maximum possible duration of bright
sunshine (hr) over the area.

2.3 Statistical Approach of Validation

Statistical analysis based on error quantification
and association between the simulated and
CROPWAT estimated solar radiation was used to
test the goodness-of-fit. Mean absolute error
(MAE), mean bias error (MBE), root mean
square error (RMSE), Willmot index of
agreement (d), Pearson correlation coefficient
(PCC), and Nash-Sutcliffe efficiency (NSE), were
used to quantify the error between them.
Moreover, following the suggestions of [10], the
slope (m) and the intercept (c) of the straight line
fitted to the observed and the simulated series of
reference evapotranspiration were used as
evidence of closeness between them.

3. RESULTS AND DISCUSSION

The daily estimates of solar radiation (Rs) were
simulated using weather observations over the
study area, and the performance of the
simulation was evaluated by comparing the
simulated solar radiation with that determined by
CROPWAT version 8.0, a decision-support tool
developed by the Food and Agriculture
Organization. It assists to agricultural planners,
engineers, and water managers in the calculation
of crop water requirements and the planning of
irrigation schemes. CROPWAT helps to optimize
the use of water resources in agriculture by
integrating various climatic, crop, and soil data.

The solar radiation reaching over the region was
computed using eg. No. (1) using weather data
for a period of three years from 2020 to 2022.
The same parameters were estimated using
CROPWAT for the same period of three years
from 2020 to 2022 over the region. The general
characteristics of the simulated and CROPWAT

T[(us Sin(6) Sin(e) + Sin(ws) Cos(6) Cos(p)] Gs¢ d, (1 + %n) (N

determined solar radiation over the study area
were computed to compare and presented in
Table 1.

Table 1. General statistics of simulated and
CROPWAT determined solar radiation over
the study area during the year 2020-22

General Statistics Simulated CROPWAT

Rs Rs
Minimum (MJ/m?/day) 5.59 5.60
Maximum (MJ/m?/day)  24.94 24.50
Mean (MJ/m?/day) 17.56 17.53
Std. (MJ/m?day) 471 4.67
CVv 0.27 0.27

The daily simulated minimum and maximum
amount of solar radiation of 5.59 to 24.94
MJ/m2/day, respectively were observed over the
region during the years while that estimated by
using CROPWAT were 5.60 to 24.50 MJ/m2/day,
respectively over the region. The average daily
solar radiation reaching over the region was
simulated 17.56 MJ/m2/day against the
CROPWAT determined value of 17.53 MJ/m2/day
during the year. The minimum variability in daily
solar radiation amounting to 0.27 which was
same in both the series i.e. simulated and
CROPWAT estimated daily solar radiation were
noticed over the region (Table 1).

The high agreement between these two series
determined during the year was clearly depicted
by visualising the plotting the values of simulated
and CROPWAT estimated solar radiation on daily
time scale which was shown in Fig. 2. During the
winter season in which January is the coldest,
the minimum solar radiation reaching over the
region were observed to be simulated as 5.59
MJ/m2/day while that of CROPWAT determined
was noted to be 5.83 MJ/m?/day during the year.
The normal simulated value of solar radiation
during winter season was found to be 13.52
MJ/m?/day while that of CROPWAT simulated
was 13.48 MJ/m?/day. Whereas, the highest
values of solar radiation were found to be 19.87
MJ/m?/day during simulation and that of
CROPWAT determined was 19.70 MJ/m2/day
was estimated during the winter season of the
years of study (Fig. 2).
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Fig. 2. Daily time series of simulated and CROPWAT estimated solar radiation during the years
from 2020 to 2022 over the study area
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Fig. 3. Scatter plot between simulated and CROPWAT determined daily solar radiation during

the years from 2020 to

However, the value of solar radiation reaching
over the region attains a peak value of 24.48
MJ/m?/day and 24.20 MJ/m?/day which are
simulated and CROPWAT estimated values,
respectively during the summer season and
generally fall on mid of June, after which it is
observed fluctuating due to the presence of cloud

(Fig. 2).

2022 over the study area

The scatter plot between simulated and
CROPWAT determined daily solar radiation was
plotted and shown in Fig. 3. The extremely high
value of correlation (R? of 0.9999 ~ 1.0) between
them was observed during the analysis of the
results. The slope of linear trend line fitted
between simulated and CROPWAT determined
daily solar radiation was noted to be 0.998 which
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Table 2. Error statistics between simulated and CROPWAT estimated solar radiation during the
years from 2020 to 2022 over the region

MAE MBE RMSE d NSC PCC
(MJ/m?3/day) (MJ/m?/day) (MJ/m?/day)

0.138 -0.024 0.182 1.000 0.999 0.998

is near 1.0 show that it is in very close season with a normal value of 13.50 MJ/m?/day,

agreement of line of best fit drawn on slope of
1:1 (Fig. 3).

The errors between simulated and CROPWAT
determined daily solar radiation was quantified in
terms of MAE, MBE, and RMSE, and linear
association between them was determined in
terms of d, NSC, and PCC during the year 2020-
21 over the study area and plotted in Table 2.
The lesser values of MAE, MBE, and RMSE
were found to be 0.138 MJ/m2/day, -0.024
MJ/m2/day, and 0.182 MJ/mZ2/day, respectively,
whereas very high values of d, NSC, and PCC of
1.0, 0.999, 0.998, respectively were seen during
the error analysis (Table 2).

4. DISCUSSION

Results and thereby its analysis reveals the high
degree of similarity between simulated and
CROPWAT determined daily solar radiation
computed during the year 2020-21 over the study
area. Very high values of Willmot index of
agreement (1.0), Nash-Sutcliffe  efficiency
(0.999), and Pearson correlation coefficient
(0.998) between simulated and CROPWAT
determined daily solar radiation ensured the
perfect agreement between them. Low values of
mean absolute error (0.138), mean bias error (-
0.024), and root mean square error (0.182)
between them showed the very good agreement
between simulated and CROPWAT determined
daily solar radiation during the year 2020-21 in
the region.

5. CONCLUSION

Results revealed the very good simulation of
daily solar radiation during the year 2020-21 over
the study area. Low values of mean absolute
error, mean bias error, and root mean square
error along with very high values of Willmot index
of agreement, Nash-Sutcliffe efficiency, and
Pearson  correlation  coefficient  between
simulated and CROPWAT determined daily solar
radiation ensured the perfect agreement between
them over the region. The minimum (January)
solar radiation reaching over the region were
observed around 5.71 MJ/m?/day during winter

while the maximum (June) value of 24.5
MJ/m?/day was observed during the summer
season with a normal value of 24.13 MJ/m?/day
over the region.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declares that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

ACKNOWLEDGEMENT

The data used is provided from the College of
Forestry SHUATS, Prayagraj, India and hereby
acknowledged.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Jemaa AB, Rafab S, Essounbouli N,
Hamzaoul A, Hnaien F, Yalaoui F.
Estimation of global solar radiation using
three simple methods. Energy Procedia.
2013;42:406 — 415.

2. Nikolaou G, Neocleous D, Christou A, Kitta
E, Katsoulas N. Implementing sustainable
irrigation in water-scarce regions under the
impact of climate change. Agronomy.
2020;10(8):1120.
Available:https://doi.org/10.3390/agronomy
10081120

3. Tamoor M, ZakaUllah P, Mobeen M, Zaka
MA. Solar powered automated irrigation
system in rural area and their socio
economic and environmental impact.
International Journal of Sustainable
Energy and Environmental Research.
2021;10 (1):17 — 28.
Available:https://doi.org/10.18488/journal.1
3.2021.101.17.28

4. Jahan N, Alam M, Hossain A, Mojid A.
Evaluation of solar irrigation system under

521



Prasad et al.; Int. J. Environ. Clim. Change, vol. 14, no. 10, pp. 516-522, 2024; Article no.lIJECC.124010

multipurpose use in the coastal region of 8. Ahmad MS, Guo H, Tanino K.
Bangladesh. Farming System. 2024, Cloud cover-based models for
2(3):100097.Available:https://doi.org/10.10 estimation of global solar radiation: A
16/j.farsys.2024.100097 review and case study. International
Ukoba K, Yoro KO, Eterigho-lkelegbe Journal of Green Energy. 2021;19(2):2 —
O, Ibeghulam C, Jen TC. Adaptation of 15.

solar energy in the Global South: Available:https://doi.org/10.1080/15435075
Prospects, challenges and opportunities. .2021.1941043

Heliyon. 2024;10:e280009. 9. Allen RG, Pereira LS, Raes D, Smith M.
Available:https://doi.org/10.1016/j.heliyon.2 Crop. Evapotranspiration: FAO lIrrigation
024.e28009 and Drainage Paper 56, FAO: Rome, Italy;
Hargreaves GH, Samani ZA. Reference 1998.

crop evapotranspiration from temperature. 10. Krause P, Boyle DP, Base F. Comparison

Transaction of ASAE. 1985;1(2):96—99.
Davies JA, McKay DC. Solar Energy.
1982;29:55.

of different efficiency criteria  for
hydrological model assessment. Advances
in Geosciences. 2005;5:89 — 97.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/124010

522


https://doi.org/10.1016/j.farsys.2024.100097
https://doi.org/10.1016/j.farsys.2024.100097
https://www.sdiarticle5.com/review-history/124010

