SciencePG

Science Publishing Group

2024; \ol. 9, No. 1, pp. 33-45

Journal of Energy, Environmental & Chemical Engineering @
https://doi.org/10.11648/j.jeece.20240901.14

Research Article

Mathematical Prediction of Electrical Solar Energy Based
on Solar Data for Two Main Cities of Chad: Mongo in the
Centre and Pala in the South of Chad

Ali Ramadan Ali', Mahamat Kher Nediguina?, Adoum Kriga®,
Marinette Jeutho Gouajio®, Adoum Danao Adile', Fabien Kenmogne* ™ @,
Abakar Mahamat Tahir?

!Department of Industrial Engineering and Maintenance, Polytechnic University of Mongo, Mongo, Chad

’Department of Physics, Faculty of Exact and Applied Sciences, University of Ndjamena (Scientific Facilitator in
Cecoqda), Ndjamena, Chad

*Department of Fundamental and Transversal Sciences, National Advanced School of Public Works, Yaoundé Cameroon

*Department of Civil Engineering, Advanced Teacher Training College of the Technical Education, University of Douala,
Douala, Cameroon

Abstract

The comparative study of the solar powers between two main cities of Chad is performed in the present work, the city of Mongo
in the Centre and that of Pala in the South, with an aim of knowing which one of the two cities is more adequate for an installation
of the solar power station, taking into account the regional climatic and environmental conditions of both cities. To do this, the
graphical statistical analysis of long-term solar irradiance data and temperature is performed. The data used is that of the decade
(2010-2020), based on solar radiation data handed by the National Aeronautics and Space Administration (NASA) and
Photovoltaic Geographical Information System (PGIS) for Mongo in the centre and Pala in the south of Chad. The shape of the
mean monthly irradiation has been plotted and has been approximated using the sinusoidal function through the mean square
analysis. The temperature data has been also obtained by the same process and plotted versus irradiance in order to find the
adequate mathematical relationship between them. For the statistical analysis, the maximum entropy principle has been used. As
results, it is found that the maximum irradiance is obtained in March, which are 226.26kWh/m? for Pala and 219.355kWh/m? for
Mongo, while the minimum irradiances are obtained in August, which are 151.67kWh/m? for Pala and 158.9kWh/m? for Mongo.
The temperature data is also obtained and the mean monthly data plotted, showing that apart for the months of March and April,
the the shapes of irradiation and temperatures are similar for both sites. Then it is found that the frequency and probability density
distributions reach their maximum at the same dates.

Keywords

Irradiation Solar Data, Temperature Data, Maximum Entropy Principle, Mean Square Analysis, Statistical Analysis

“Corresponding author: cabenset@yahoo.fr (Fabien Kenmogne)
Received: 6 February 2024; Accepted: 26 February 2024; Published: 13 March 2024

@ Copyright: © The Author(s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 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.



http://www.sciencepg.com/journal/jeece
http://www.sciencepg.com/journal/601/archive/6010901
http://www.sciencepg.com/
https://orcid.org/0000-0001-6440-3579
https://orcid.org/0000-0001-6440-3579
https://orcid.org/0000-0001-6440-3579

Journal of Energy, Environmental & Chemical Engineering http://www.sciencepg.com/journal/jeece

1. Introduction

Because of the rampant of desertification in Chad com- The main objective of the present work is to deeply in-
bined with widespread awareness, encourages the population  vestigate the possibility to supply two main cities of Chad
and the government to opt for the development of renewable  with solar energy, Mongo in the Centre and Pala in the South
energies, solar and wind [1]. In 2008, faced with desertifica- by using statistical method, which is usually used for wind
tion which threatens the entire country, the Chadian govern-  energy, but which is new in the context of solar energy.
ment banned the use of firewood and charcoal, the main
energy sources for Chadian households [2]. The majority of .
them have spent difficult months with a National Electricity 2. Materials and Methods
Company which is struggling to regularly supply energy and
faced with the high cost and scarcity of butane gas, imposedas ~ 2.1. Irradiance Solar Data
a substitute fuel [3]. It is under these conditions that the
promotion of renewable energies, particularly the sun and the The Irradiance solar data used in this paper were obtained
wind, find their importance as a source of substitution for ~ from NASA meteorological services (2010-2020) and PGIS
exhaustible and polluting conventional energies [4]. Every for Pala and Mongo. Pala site is the city located in the south of
day, one receives about a thousand times more solar energy Chad, while Mongo is the city located in the center of Chad.
than that needed. The sun is so strong, and this energy source 1 hey are framed by the geographical coordinates presented in
is renewable, clean and safe. For everyday household use, for Table 1, while the irradiance data found are summarized in the
example, using a solar oven saves money compared to bun-  tables of the appendixes.
dles or gas [5].

The actors thus involved in the field of energy the support
of the government intend to popularize the production of
appropriate  and adapted solar electricity, promote
self-employment and reduce the consumption of energy
sources, fossil fuels [6]. For the moment, electrical energy
still remains a big problem for households and businesses in
Chad [7]. Designing a renewable electricity generation system Pala 12.23° 18.82° 495.79 m
requires knowledge of the optimal power generated by ex-
isting resources (sun and wind), and knowledge of the optimal . . ) )
power requested by households (electrical load) [8]. Thisis  2-2. Sinusoidal Curve Approximation by the
why it is necessary to analyze in depth the optimal minimum Mean Square Analysis
powers generated by the sun or the wind, depending on the
cities chosen.

It should be noted that Chad, which is a country in Sahelian
Africa, has significant potential, such as wind, solar and
biomass. From north to south of Chad, the sun shines 2,750 to
3,250 hours per year; which gives on average 4 to 6 kilo-
watts/hour per square meter per day [9]. During the period
from March to May, the temperature can vary from 35<C to
40<C in the shade, or even more, in Mongo in central Chad.
As for wind power, it appears that Chad has a very significant
deposit in the northern regions and moderately in the central
areas, where there are mountain ranges. But all these renew-
able energy resources, although abundant, don’t appear in s s 3
Chad's energy balance sheet mainly due to their low level of ~ as follows —=(AP?) = 0; —(AP?) = 0; and —-(AP?) =0,

Table 1. Geographical coordinates of the studied sites.

Site North Latitude East Longitude Elevation

Mongo  9.36° 14.9° 388.8m

In the present paper, according to the profile of curve that
will be obtained, the irradiance will be approximated using the
following sinusoidal function:

P(t)) = a+ bcos(t;) + csin(t;) 1)
Where t; =[1,2,...,12] is associated to the correspond-
ing month from January to December, and where the param-

eters a, b and ¢ will be determined by minimizing the error

AP? =30 (P — P(t))? )

exploitation: leading to the following equation:AX = B, with
N n=1cos(t;) n=1sin(t;) N_ P, a
1 . =
A=|ZNoicos(t) XNojcosi(t)  sEN_isin(2t) | B =|¥N_ Pos(t)| X = [b] @)
| ZN_, sin(t;) %Zﬁzl sin(2t;) N —YN_; cos?(t) | Yh=1 P sin(t;) ¢

which will be solved as X=B/A in MATLAB software.
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2.3. Statistical Analysis Using the Maximum Entropy Principle

In order to study the maximum entropy principle, the probability density function of speed has been introduced in the fol-

lowing form:

f(P) = exp(Z}\il 8 P) = exp(ap + o, P + a,P? + azP3 + ),

where «; are the Lagrangian multipliers, while M is the
number of the low order moments used, and where P is the
irradiance distribution. This density function is obtained by
minimizing the Shannon’s entropy, following the well-known
Carla et al principles [10-14], suggesting the following con-
straints:

fmax(u)f(P)d(P) _ 1’f0maX(V) Pf(P)d(P) — m; (5)

0

m;;, being the m-low statistical orders, obtained empirically
as [15]

1 _ 1¢nN i
m; ==Y, Pl

(6)

The set of equations 5 and 6 will be solved using the Matrix
Laboratory (MATLLAB) software.

2.4. Estimation of Extraterrestrial Radiation,
HO

The monthly mean of the daily extraterrestrial solar radia-
tion on a horizontal surface is determined according the
following relation [16-20]:

(4)

Hy = %ISC [1 + 0.33 cos (32215)")] X [cosL cos 6 sin wg +
219 Sin L sin 6]. )
360

d and wg being respectively the monthly mean of the daily
solar declination and the sunshine hour angle defined by
[21-23]:

360(284+Dy)

§ = 23.45 sin( o

),ms = cos™!(—tanLtan§). (8)

In Eq. (4) I is the solar constant (I, = 1367 W/m?), L is
the location latitude, D,, is the number of the day in the year.

3. Results and Discussion

3.1. Analysis of Monthly Irradiation of Both
Sites

Figures 1 and 2 (a and b) show plots of the irradiance for
the horizontal plane (2) and inclined plane (b), of Mongo and
Pala, respectively, from 2010 to 2020. As one can see, they
have nearly the same shape close to sinusoidal one, justifying
then the approximation using Eq.(1).
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Figure 1. Yearly Irradiation of Mongo in (kWh/m?), (a): on the horizontal plane. (b): on the inclined plane.
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Figure 2. Yearly Irradiation of Pala in (kWh/m?) (a): on the horizontal plane. (b): on the inclined plane.

36


http://www.sciencepg.com/journal/jeece

Journal of Energy, Environmental & Chemical Engineering

http://www.sciencepg.com/journal/jeece

In order to make the comparative study of the irradiation of
both sites, Mongo and Pala, the mean values of irradiance over
11 years from 20120 to 2020 are calculated and summarized in
Table 2, allowing drawing graphs of Figures 3 (a) for the hor-
izontal plane, and (b) for the inclined plane. In Figure 2a, the
irradiance in the horizontal plane of Pala is greater than that of
Mongo from January to February, and From October to De-
cember. Otherwise the irradiance of Mongo is greater than that
of Pala. While for the inclined plane, as shown in Figure 2b, the

irradiation of Mongo is always greater than that of Pala. The
maximum irradiance is obtained in March, which are
226.26 kWh/m? for Pala and 219.355 kWh/m? for Mongo,
while the minimum irradiance is obtained in August, which are
151.677 kWh/m? for Pala and 158.9 kWh/m?for Mongo.
Which are understandable ’since in August, it is raining in the
entire of Chadian country. This result could help engineers, in
the construction of the photovoltaic cells for electric energy

supply.

Table 2. Mean Monthly irradiation (kWh/m?), (A): on the horizontal plane, (B): on the inclined plane. (A1 and B1): Mongo, (A2 and B2):

Pala.
Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
Al 195.12 192.01 219.355 216 202.40 182.31 169.41 158.9 173.73 188.28 188.08 186.92
B1 230.46 213.71 226.26 207.93 185.55 164.44 155.28 151.677 174.16 201.9 217.02 224.41
A2 200.52 192.08 215.23 199.56 186.41 168.52 166.13 154.83 164.24 188.01 191.68 192.52
B2 228.13 207.86 219.41 192.52 172.76 153.53 153.21 148.04 163.75 198.08 214.55 222.14
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Figure 3. Average Irradiation on the horizontal plane (kWh/m?) of Mongo (blue) and Pala (Red). (a): on horizontal plane. (b) On inclined

plane.
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By using Equation (3), it is obvious that one can approximate the irradiance on the horizontal plane of Mongo, using the

following equation:

P(t) = 188.8788507 —

while that of Pala is given by:

P(t) = 184.5893550 — 6.515675645c0s(t) — 7.571103382sin(t).

8.165273733cos(t) — 11.04633943sin(t), 9)

(10)

These equations are plotted in dashed curve of Figure 5 for Mongo and Pala, respectively.

In figure 5, the solution given by Eq. (7) is plotted as well
the irradiance using Equation (7).

as P given in table 4, justifying that one can approximate fairly
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Figure 4. Mean monthly irradiation on the horizontal plane (kWh/m?) of Mongo (blue) and Pala (Red): Continuum: Using the data given in

Table 2, Dashed: obtained using Eq. (3).

3.2. Analysis of Temperatures for Both Sites

In order to study the relationship between temperatures and
irradiation, the temperature mean monthly data have been
calculated and the results is contained in Table 3, leading by
plotting both the temperature versus time as shown in Figure 5
to the following remarks:

Pala has the temperature greater than that of Mongo from
January to March, and from October to December, while

elsewhere, Mongo has the greater temperature as compared to
that of Pala. The highest temperature is obtained in April,
which is on the contrary of the maximum irradiance which is
found in March. The Minimum temperature is nearly obtained
in August, which is in agreement with results found for irra-
diation on the horizontal plane.

The plot of irradiance depend of temperature as shown in
Figure 6 (a and b) shows the hysteresis form, justifying the
nonlinear dependency of irradiance versus the temperature.

Table 3. Mean Monthly temperature (°C), A: Mongo, B: Pala.

Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
A 24.81 27.82 3151 33.19 32.67 29.53 26.75 2491 25.42 26.19 25.81 24.55
B 26.22 28.897 32.55 32.95 30.23 27.97 25.68 24.70 25.29 26.1 26.91 25.99
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Figure 6. Irradiation versus average temperature, showing the curve in form of hysteresiy.

3.3. Statistical Analysis of Mongo and Pala Sites

The frequency of power distribution is given in the fol-
lowing tables 4 and 5 for Mongo, for horizontal plane and for
the inclined plane, respectively, which allow plotting the
curve of Figure 7. By the same process, the curves of Figure 8
is plotted for Pala, which lead to the fact that: For Mongo, the
maximum frequency on the horizontal plane is found for the

irradiation of 185 kWh/m?, while for Pala, the maximum is
for 190 kWh/m?2. In these figures, the probability density
distribution, calculated following the maximum entropy
principle outlined in Egs. (4, 5, 6) is plotted as appeared in
blue color, from where it is seen that both the frequency and
probability density distribution have the same shape. The
distribution is normal for the horizontal plane, while for the
inclined plane, the distribution is the increasing function of
the irradiation.

Table 4. Frequency of power distribution in the horizontal plane of Mongo.

Power 140 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 Total

eff 1 4 2 7 5 8 6 10 22 20 16 7 2 3 9 6 4 132
Table 5. Frequency of power distribution in the inclined plane of Mongo.

Power 135 140 145 150 155 160 165 170 175 180 185 190 195

eff 1 1 3 5 9 9 6 4 3 8 5 2 3
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Figure 7. Probability distribution over ten years for the city of Mongo and for the (black): the frequency given in Tables 4 and 5. (blue): the
probability given by Eq.(6), with (top): horizontal plane for a = [74.9438,—0.9591,0.00402, —5.1802 x 10~¢]. (bottom) inclined plane
with a = [1.00,194.5833333,38651.70455,7.81997822 x 10°].
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Figure 8. Probability distribution over ten years for the city of Pala and for: (black): the frequency given in Table 5. (blue): the probability
given by Eq.(6), with (left): horizontal plane for « = [-2.4877939,0.31758,—0.00299,7.63417 x 107°]. (right) inclined plane with

a = [40.060264,—0.6089,0.003318,—6.006319 x 107°].

4. Conclusion

The electrical solar energy has been evaluated for two main
cities of Chad, that is Mongo in the centre and Pala in the
south based on solar data obtained from the NASA and PGIS
for the period going to 2010 to 2020. As methodology, the
graphical statistical analysis of long-term solar irradiance data
and temperature is performed. Then the shape of the mean
monthly irradiation has been plotted and has been approxi-
mated using the sinusoidal function by using the mean square
analysis. The temperature data has been also obtained and
plotted versus irradiance in order to find the adequate
mathematical relationship between them. For the statistical
analysis, the maximum entropy principle has been used. As
results, it is found that the maximum irradiance is obtained in
March, which are 226.26 kWh/m? for Pala and
219.355 kWh/m? for Mongo, while the minimum irradi-
ances are obtained in August, which are 151.67 kWh/m? for
Pala and 158.9 kWh/m? for Mongo. These results are un-
derstandable ’since in August, it is raining in the entire of
Chadian country. The dependency of temperature with irra-
diation is the hysteresis form, justifying that their dependency
is a nonlinear function. Apart for the months of March and
April, both the shapes of irradiation and temperatures are

Appendix

similar for both sites. It is also found that the frequency and
probability density distributions reach their maximum at the
same dates, which are 1859 kWh/m? for Mongo and
190 9 kWh/m? for Pala. The present analysis could then help
engineers and designers in evaluating of photovoltaic cell
powers for the supplying in solar energy in both cities.

It is important to note that the curves obtained for the fre-
quencies are not smooth, which are why the probability
doesn’t fit all the points obtained for the frequencies. This
may be due to the fact that the data are monthly, and therefore
very few points obtained. It would be very important to carry
out the work of this paper using hourly or daily data, which
would surely give better results. Work in this direction will
constitute perspectives for future work.

Abbreviations

NASA: National Aeronautics and Space Administration
PGIS: Photovoltaic Geographical Information System
MATLLAB: Matrix Laboratory
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Irradiance and temperature data of the cities of Mongo and Pala

Table 6. Yearly irradiation on the horizontal plane (kWh/m?) for Mongo.

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 195.61 191.12 221.79 213.41 214.77 178.51 162.81 165.13 175.3 188.32 185.59 189.59
2011  196.35 186.02 228.25 216.41 205.75 187.84 168.67 168.19 163.84 193.58 193.39 190.3
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year

2012
2013
2014
2015
2016
2017
2018
2019
2020

year

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

year

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Jan

196.91
190.16
194.1

198.48
196.17
194.68
198.13
191.28
194.43

Jan

231.12
232.27
232.98
223.99
228.99
235.03
232.13
229.75
234.34
225.14
229.36

Jan

199

201.63
202.21
197.83
199.98
203.12
201.05
200.84
202.41
199.01

Feb

196.86
192.19
192.87
188.76
199.44
193.53
190.97
179.74
201.59

Feb

212.63
206.52
218.88
213.98
214.69
209.95
22191
215.56
212.6

199.54
224.52

Feb

192.06
183.85
193.34
194.18
192.49
188.17
198.47
196.15
190.16
181.85

Mar

228.24
218.8

203.74
218.13
209.52
223.29
216.41
22494
219.8

Apr

222.37
210.23
197.57
224.32
215.35
216.19
220.77
220.78
218.6

May

193.08
201.99
198.18
204.76
195.53
194.75
215.18
203.18
199.24

Jun

189.65
173.93
181.74
191.57
169.46
171.99
181.66
185.9

193.14

Jul

153.49
170.76
180.63
177.51
163.2
171.17
168.23
175
172.02

Aug

152.26
156.88
150.81
169.94
162.04
157.33
170.87
152.8

141.62

Sep

160.76
177.29
181.13
179.09
183.61
179.95
167.58
179.4

163.04

Oct

188.57
191.57
190.93
184.59
178.39
202

194.48
162.18
196.46

Table 7. Yearly optimal irradiation on the inclined plane (kWh/m?) for Mongo.

Mar

228.85
235.7

235.68
225.83
209.43
224.93
215.7

230.23
223.5

232.27
226.79

Table 8.

Mar

217.58
224.66
226.22
207.71
206.42
214.15
203.1

224.76
213.34
217.42

Apr

205.75
208.14
213.88
202.87
191.07
215.35
207.25
208.04
212.35
212.45
210.04

Yearly irradiation on the horizontal plane (kWh/m?) for Pala.

Apr

196.81
198.48
196.98
198.08
199.57
212.22
197.74
188.77
199.12
201.74

May

196.26
188.25
177.59
185.08
181.86
187.66
180.13
179.18
196.78
186.33
181.97

May

186.78
179.72
179.16
189.79
194.56
183.33
181.4

182.36
191.38
191.48

Jun

161.88
168.96
171.12
156.87
163.46
172.43
153.76
155.62
164.03

167.54

173.13

Jun

162.76
168.99
168.17
171.36
177.41
172.48
159.49
169.98
162.09
167.09

42

Jul

149.95
154.28
141.87
156.01
165.04
162.45
149.92
156.99
154.17
160.19
157.25

Jul

161.14
179.27
159.73
159.04
174.46
168.38
156.65
171.04
172.01
163.96

Aug

157.31
160.51
145.87
149.75
14411
161.61
154.63
150.34
162.32
146.04
135.96

Aug

153.43
147.51
153.98
146.69
155.55
158.71
164

141.43
156.78
159.04

Sep

175.72
164.45
161.36
177.83
181.43
179.44
184.11
180.41
168.09
179.77
163.11

Sep

165.54
154.36
161.9

174.47
166.15
165.54
179.79
150.66
170.16
163.34

Oct

202.35
208.06
202.07
205.43
204.88
197.24
191.27
217.19
208.66
172.27
211.45

Oct

183.55
192.64
185.69
192.7

195.6

188.53
181.13
203.01
195.01
158.27

Nov

186.69
189.13
189.62
186.71
189.3

188.21
186.2

187.78
186.29

Nov

214.08
223.67
214.85
218.79
218.93
215.55
218.78
217.36
213.99
216.44
214.77

Nov

188.88
197.92
187.47
192.94
190.92
193.72
193.55
191.15
189.24
189.71

Dec

187.66
187.68
180.75
187.83
186.27
187.85
184.56
187.68
185.93

Dec

227.94
228.99
225.15
22541
217.3

225.63
223.32
22541
221.06
225.38
222.88

Dec

196.16
196.5

195.21
191.84
187.7

192.22
190.64
191.58
187.8

193.93
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year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2020 198.66 202.21 21222 20564 19059 17391 161.78 166.03 15474 19194 193.02 194.13

Table 9. Yearly optimal irradiation on the inclined plane (kWh/m?) for Pala.

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2010 226.17 20813 22196 190.21 173.08 14829 149.19 146.17 165.33 193.05 211.11  226.87
2011 229.71 19858 2291 191.61 166.85 15438 164.38 141.19 153.85 202.79 222.09 227.24
2012 230.31 208.86 230.84 190.07 166.48 152.76  147.64 1473 161.4 19559  209.29 225.64

2013  225.07 210.33 21166 19151 17584 15597 146.73 14053 174 20358  216.3 221.2
2014 227.61 208.19 209.99 19281 180 161.29 16043 149.1 165.66 206.49 21353 217.09
2015 23127 203.64 218.06 20413 17033 157.35 155.17 15142 165.02 198.41 21732 221.76
2016 229 21487 206.68 190.69 168.43  145.6 145.3 156.83 179.23 190.87 21691 219.31
2017 228,62  212.77  229.37 182 169.14 15473 15773 13533  150.07 21452 21397 2205

2018 230.33 205.79 217.78 19211 176.6 148.46  158.49 150.01 169.78 20555 211.69 215.84
2019 226.14 196.23 221.64 19452 17734 15213 150.93 15195 162.75 16535 211.76  223.88
2020 22525 219.02 2164 198.04 176.3 15791 14933 158.6 154.2 202.73  216.07 224.16

Table 10. Temperature (°C) at 2m above the ground of Mongo.

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 26.3 28.5 29.8 33 33 30.2 26.1 25.1 25.7 26.8 272 23.6
2011 22.6 28.1 28.7 32.3 32.3 304 27.3 24.8 254 274 25.3 23.3
2012 23.6 28.1 29 325 30.9 29.3 25.7 24.4 255 27.1 27 24.3
2013 26 28.5 30.8 32.2 31.6 29.9 26.4 24.5 26 27.3 27.9 243
2014 24.4 26.3 30.5 314 311 30.8 274 24.9 25.9 27.3 274 24.7
2015 225 28.3 313 313 32.7 31 27.8 25.6 26.7 28.4 27.1 21.6
2016 22 25.7 325 33 31.8 29.2 26.2 253 26.6 28.7 28.5 25.9
2017 26.8 26.1 30.6 325 324 29.3 26.4 255 26.4 28.4 27.1 25.7
2018 22.1 28.9 311 324 32.6 29.2 25.9 24.8 25.8 27.7 27 24.4
2019 25 26.5 31 329 32.2 28.9 26.7 24.7 26 254 26.1 23.7
2020 22.6 25.5 30.3 32.8 324 30.8 26.6 24.6 25.8 27.6 26.6 25.7

Table 11. Temperature of Pala (*C) at 2m above the ground.

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 27.6 30.1 313 33.6 31.1 27.8 25.3 24.8 25.1 26.1 27.2 24.7
2011 24.1 29.5 30.4 324 30.5 28.1 26 24.4 25 26.2 26 24.2
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year Jan Feb Mar Apr May Jun
2012 25.1 29.1 30.5 325 29.5 26.9
2013 26.6 29.1 323 328 29.9 27.9
2014 26.2 28.1 315 31 294 27.8
2015 24.1 29.7 32 323 318 28.7
2016 24.2 28.2 33 32.8 29.8 27.1
2017 27.3 275 31.8 323 30 27.3
2018 24 30.3 321 324 29.8 271.7
2019 26.3 28.2 32.8 334 30.3 26.8
2020 24 26.8 31.6 331 314 28.9
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