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Abstract

The possibility of utilizing radiant solar energy as a renewable energy resource in Tajikistan was
investigated by assessing solar irradiance using XGBoost algorithm. Through training, validation, and
testing, the seasonality of solar irradiance was clear in both actual and predicted values. Calculation of
hourly values of solar irradiance on 1 July 2016, 2017, 2018, and 2019 indicated maximum actual and
predicted values of 1,005 and 1,009 W/m?, 939 and 997 W/m2, 1,022 and 1,012 W/m?, 1,055 and 1,019
W/m?, respectively, with actual and predicted values being within 0.4~5.8%. XGBoost is thus a useful
tool in predicting solar irradiance in Tajikistan and evaluating the possibility of utilizing radiant solar

energy.
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E}A]7] ~8H0] 2030 7P 414‘—*01]/\1 of42] 7id==ael ofshd, =7+e] o] g A s dxt = A4t = o]
a1 TS 98 a2 A5t ItkJoint Ministries, 2022). 0142 A2 8 B0 2 Q1I9H 47| & ARt
7t oF 2749 g o] o x| &4 O AIE sidst] fiste] AAYoll|A] S4 o] e g4t A o] vhstel of
of 2] 2Hp10] G874 &g 5 ofluf x| P F51al Q). T1A19] 43O & 2018~202137FA] KOICA(Korea Inter-
national Cooperation Agency) EFA]|7| A A2 A4 Q2] ) 13 AFQY, 2021 ZHE]Z| A8 =571 3 312 L HEE}
SAF AT "I A W ESS 715 A 5 Rb-BEA) 7| A8 Tl /] ARQlo] 4-3iE| Ik, BFA] 7| A8 Tajikistan) ©]
ol Z] & =2 E  Ministry of Energy and Water Resources) 2] A}z of| wh2H A7 o 2] AAeE2 2015 17.389F
kWhoflA 2020 8= 19.6 W kWhE 9F 13% 57, ol #] 407220151 15.6H% kWholl A4 20201 ofk= 17.997E
KWhE 2F15% Z7 et A © & LERdth(Kudusov et al., 2021, Table 1). @A EFA]7| A ol A of 2] AjAte] g io 4
2 Y4 (hydro-electric power plants, HPPs)¥F &gt 274 (combined heat and power plants, CHPs)©] XFX|5tal Q.0
22 ¥FH0] 91.6%, GHgH 0] 8.4% HI-E-S AFA|5H= 7l 0 2 H T E|QJTHIEA, 2022). SHATF EFR| 7| AEHe] 422 bt
o] ofgt A ik vifd Azt IR0 715 it Al 2] EAdof| mhE 7o) 55, At 4= I 5 A 59
1oz ERR|7| A8 AR HE =05 FEA717] ofethe A=elrh webA A9 ol2iet A= g £AIE slids)]
floto] gfR)7| 28 ol A= A8 AAke] 22 theho = Aol 2] AFedS A= aestar it 8ol A] 2k 5 EfA|
7|8t 7 Agtet A0 2= A7 4 A7) 2,100~3,635A1710]| 0| 2= EAL Effol L R 24 EFR] 7| ARR] 2]9 &
AT 2 A2 (Kudusov etal., 2021). 2 A7-0] =242 A1) 7]5-& o]-8-5te] BfA| 7| Agtoll A Aol 2] 21¢
O 2O EAL YR 0] B8 71 de 715k feteltt. o5 fistod i) = At 2= BiR7| A%t 91 & A=
2} Renewables.ninja A Eo] 71 At2E ARESIA. 0, i) DARF A& A= MA12d(machine learning) 2]
e 2l 5 ShR] XGBootE ©1-85k3irh

&,

Table 1. Electricity generation and consumption in Tajikistan during 2014~2020 (Kudusov et al., 2021)

Year 2014 2015 2016 2017 2018 2019 2020

Generation (kWh) 16.4 17.1 17.3 18.1 19.7 20.7 19.6

Consumption (kWh) 15.0 15.6 15.7 16.6 17.1 17.6 17.9
17 2

ERR]7| 28 0] A2 ot Bl Fol=r A 27119 FH(FTLE 5, SFEE ), 1P AL 1] ARSH( A2 e H TS AF
A 2 Wtk Fig. 1). 5= 54| (Dushanbe), = 1=(Sughd) 52| F&+= S%=(Khujand), SHE=(Khatlon) 5
T = H S EFE(Bokhtar), 112 HITFS A Gorno-Badakhshan) AFA|E9] k= © & 1(Khorog) Ot} - 2 53
215, =15 F SMER FE5 AR ERR|7|AE A HO] F£Q T A]2 = Karakum, Kanibadam, Leninabad, Khujand,
Isfara, Ura-Tyube, Penjakent, Jirgatol, Garm, Dushanbe, Tursunzade, Dzhauz, Pakhtaboy, Yovon, Nurek, Dangara,
Kulob, Bokhtar, Kamsomolobod, Shartuz, 5-5-2] 712 1 HITFSAF 5= £ Q T A 2= Fedchenko Glacier, Karakul, Kha-
burabad, Nau, Murgab, Khorog 5-°]th(Na et al., 2023). o5 2|9 2] LAkl tifet ¢4 = AH= 2} Renewables.ninja
Kjo|=0] B0 2H2.8 AHsto] e |5 QA ST ok Etslaict
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Fig. 1. Map showing administrative divisions of Tajikistan, including the Dushanbe: districts of republican suboidination,
Sugd and khatlon provinces, and Gorno-Badakhshan autonomous region.
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ERA] 7] A8 AR of| =2 915t e 3 Z}F = Pfenninger and Staffell(2016)] BjoFE 2 28] vh4-S AJEo] A
517] Yoto] AR YA TSR R AR Il (global reanalysis models) 2 #4511 Renewables.ninja A}O]Eﬂ
SN A= 5 o] 851 tHRenewables.ninja, 2023). ©] AR E=1980 149 195E] 2019 12€ 31472 9] 712,
T8, 7385 5 87HA] ol it AP 74 A= S FaE AlEskal lth(Fig. 2). oIS RE-s 9152 Hp EH?
A 24 Ah= Fig. 37 Atk B4 AaellA & 4 qlo] A= ti7] Dot 712, A JARL o] dA
0] 0.97= 7 = Uetilch BRR]7] ARe] ARG oS 220192000 1E-~2019' 1249) B9k 71V A= &
AR86EY o i, of| & Ele XGBoostE ©-851] 4251t 0|5 AH= % 2000~2010 2F=-= =& |o]E, 2011~2015
| 2= A5 HONE], 2016~2019'd A== Al HO B = ARG E QUL 871 W45 A1 W FARES &8 ¥, Um2] 7
7 AR 712, 35, 7] AAKE 52 U = ARSSIGITh

=

XGBoost

ERR|7| 2B AR o & Ele 37 et B ofl=o] 3-89 XGBoost(eXtreme Gradient Boosting) & 28510 A A5}
ATt XGBoost= 7 ]}——J GBM(Gradient Boost Machine)-2 7HA1¢HHFA] © 2 W= A 2|7} 7551 74}7(]—— ol nelS
Sh5olal S WAl | flste] 2 719 QIbEe] 71 darelEo|th thE Ed(tree) 7181 S WA= HE
CART(Classification and regression tree) L 2-2 7|HFO 2 Sk5S1H 2] (1)2 ARESITE o714, glo]E7T Y24 x 2}
sy TS O, & dlole] x2] Sk K= AR CART] 7, fi= CARTS] e-S 77 Lpehlith Chen
and Guestrin, 2016; Yoon, 2020; An, 2021).
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Fig. 2. Temperal trends in meteorological data for Tajikistan: (a) precipitation; (b) temperature; (c) ground solar irradiance;
(d) atmosphere solar irradiance; (e) snowfall; (f) snow mass; (g) cloud cover fraction; and (h) air density (from Renewables.
ninja, 2023).
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Fig. 3. Correlation coefficients among meteorological values for the prediction model based on the XGBoost algorithm.

CART 222 ZA7)7] 13t B 2] (2)2 201, ((y,5,) = AAIZE 53k 2, o= w292 A5
215t &l o] 13} < (regularization) S WERHATE XGBoost] 37 Hadditive) HA17} H| L 2] &%(Taylor expansion)
= ARSto] t A FA QR A& IS A 3)2F Atk o714, £, (x;) = tHIA] BEE E]of ifiA] AEo] ozt o5
o (/) e AT RS 9k gk, D87 g9 p p, o]l ek 121 W 2} HEE FEO A, gl g, = =08x00
'),k l(yng )2 AOIE S 9l 4] (3)2 o) 8olo] Rl E T} o) Abgsla, mEe)
A5} 9 22 o] el 21742 217 5l greedy El2]E0|H approximate €125 5-2 AFESHH Chen and Guestrin,
2016; Yoon, 2020; An, 2021).
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Fig. 4. Examples of the relationship between input and output variables in the prediction model for (a) the general model
and (b) the time series model.
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ERX]7| AEH] AAFES 5517 flote] oS RElo] Zufj7ias X435l Hlo[e] 45 dleste] Shgoll Eagt 47
O] Zul7fAE A7sElth(Table 2). Zui7HH 2| Z3}E a4et Ao, 2|tiZlo)(max depth)i= 9, SH5-E(learning
rate)= 0.05, 557| 7H<=(n_estimators)+= 3,000, A7 gamma)+ 025 UERHTE E}R]7| A8 AARES: o531 A&
LFERNH Fig. 67+ 2Tt Fig. 6a+ < 29 (train model), Fig. 6b+ 5@ (validation model), 12|11 Fig. 6¢c+= A&
(test model) 2] A1} ZH2t Hojert, Tlof| A oA M2 AAE 84 -2 XGBoost 2 PAFS G537t 7k U
ERfict. 7 ol & B o] AutaRE] & 4= Qlol, AR} Al w2 dARFS] A1 (seasonality)©] Ak} A=t
ol A] FElohA| Rl 24 SRIsHITE Tt 11 gho] ul - -f AR Al LrEh b 2 SIS itk th-E BFA)7]
AEFFQ TAIES] X dARRo] 6~79el Uehd 348 areloto] Al test model)] 2016, 2017, 2018, 121
20199 5 7+ Ak 0] 79 1 Y AR AAfEe] AAIGI oS4k Fig. 7= EAISHIT 201618 79 19 GARES] 2o 4
AZEe oF 1,005 W/m?, ] =72 1,009 W/m?, 20179 7Y 1€0ll= 2o AAgke] 939 Wim?, )] ofl=3ko] 997
W/m* 02 Ve 20189 79 19 GAFFS] Fof oS54k 1,022 Wi, o] G542 1,012 W/m?, 20199 79 19
o= Zoh AAgke] 1,055 Wi, 2o dllE4ke] 1,019 Wim® .2 yrepgth. ol & 4= Qlzol, ARt dl&4k
AJo]] ZH= 458 W/m 2] M, © A= oF 0.4~5.8% 2 tll>- G-AeH AxkE LT Table 3).

Table 2. Results of hyperparameter optimization for predicting solar irradiance in Tajikistan

Maximum depth Learning rate n_estimators Gamma
9 0.05 3,000 0

(@)

1000

- Actual value
- Predicted value &3

Ground level soral irradiance (W/m?2)
=1
[=]
o

2000 2002 2004 2006 2008 2010

(b)

1000

00 GRS
= Actual value
of 4

. Predicted value &%)
2011 2012 2013 2014 2015 2016
Years

Ground level soral irradiance (W/m?2)

Fig. 6. Results of the prediction model for ground-level solar irradiance in Tajikistan for the (a) training model, (b) validation
model, and (c) test model.
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Fig. 7. Observed and predicted solar irradiance values for 1 July in (a) 2016, (b) 2017, (c) 2018, and (d) 2019.
Table 3. Observed and predicted solar irradiance values, and associated errors
2016 2017 2018 2019
Actual Predicted  Error Actual Predicted  Error Actual Predicted  Error Actual Predicted  Error
(Wm?)  (Wm?) (%) (Wm?)  (Wm®) (%) (Wm)  (Wm®) (%) (Wm?)  (Wm®) (%)
1,005 1,009 0.40 939 997 5.81 1,022 1,012 0.98 1,055 1,019 341
Z2=

ER7]stoll 4] AU A 1o 2 BaL ehefeld Ale] 28 7K e B Slstel Blaleide] o ne

o= =
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