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Abstract

Climate, weather, insolation (solar radiation), and solar energy in major cities of Tajikistan were
investigated prior to construction of infrastructure for the Dushanbe Solar Station. In Dushanbe city
there was a 70% probability of sunny days from May 16 to October 23, a period of 5.2 months. August
had the most sunny days of in the year, with 99% probability of a sunny, the cloudiest month was
February with a 41% chance of being sunny. In major cities of the Sughd and Gorno-Badakhshan
states, the average number of cloudy days per month was ~3.3, with Dzhauz having 53 day and Fed-
chnko Glacier 79 days. For the 18 major cities of Tajikistan, the average annual total solar radiation
was 2,429 W/m?, and the average monthly solar radiation was 202 W/m®. The city with the lowest
annual total and monthly average solar radiation was Shartuz in Sughd state, with values ~2.7% less
than the national average. The cities with the highest annual total and monthly average solar radiation
were Khorog and Jirgatol in Gorno-Badakhshan state, with values ~10% above the national average.
The daily average incident shortwave solar energy in the cities Dushanbe, Karakul, and Jirgatol was
~7.8 kWh per 2.4 m* during summer (May-August), and 2.7 kWh during winter (November-February),
or ~35% that of summer.
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ERX]7| 28RS TA| B4 w27} 2] (Fergana basin) {3l = 415 2} 1hi] 2 319)(Pamir plateau)©] $i= 17
ELHITESARF R |2 RS 4= Qi R 7| ABRe] 9 T A] 2= Kairakum, Penjakent, Dushanbe, Bokhtar, Karakul,
Fedchenko Glacier, Khorog 5°] JtHFig. 1). EFX]|7| AERS =& 0] 2F 9397 AFRIZ| T 2 o] FofA] Q] o o, S|e=fopit
i AR 2)70fjof] Eoto] B2 o] 2| Xlo] HIFISHA| dofdt). Bix]7| A 7| 9= 23}t thF/g 7|90, Aj
ot 7120 Az} o9 2 HolthKang, 2023; Kang et al., 2023). 915 715 42 E}X|7| A& A& 9]%]3F Dushanbe
£ o2 51t ERR|7| AR L7t R Ut 53 o] Y] B2 4=T1 T 29| Kajrakum, Leninabad, Penjakent,
Dzhauz, Dushanbe, Pakhtaboy, Bokhtar -5 87l TLA| 9} 112 L HITHS AF 212 5=9] Karakul, Fedchenko Glacier, Khabu-
rabad, Khorog 5 47l A S tAC 2 S THFig. 1). BFA|Z| A8 AALEF 2492 4= Q1 Dushanbe= E 3ot =15
0} 31 2 FHPFAF Z0]] £54= Khujand, Bokhtar,, Kulob, Tursunzade, Yovon, Shartuz, Nurek, Kanibadam, Ura-Tyube,
Penjakent, Khorog, Dangara, Jirgatol, Kamsomolobod, Garm, Nau, Isfara 5 1871} 'IEA|S tA} 0.2 5} tKFig. 1). 12
11 ERR] 7| AE joFofu 2] 492 4= 9] Dushanbe 2} Karakul, Jirgatol S T4 0.2 5t

-
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Fig. 1. Major cities of Tajikistan; red: capital of Tajikistan, blue: Sugd province, green: Gorno-Badakhshan province (modi-
fied from IEA, 2022).
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TR EAO] A7t AR, BRA]7| AR FARHIR 9 TAO] HFo | 2] G2 241517] 9151e] Weather SparkelA] Al
g+ 1980~2016'371A] 5% Abi(Weather Spark, 2022)2} BFA]7| 8 2| Bjofolu 2] Ah¢d A1 H7F HAlA]
(Unpublished Report, 2022)E ©-85131t}. 2 G55 28617 914 718 B 25 22 BRx)7] A% 2} 2] Hof| Higt 715,
A, DAL, Bl Aol tigh A7HE Az olet. SERRH ERR] 7| At A H oA Algshe 371 Abae 719 3171 wlzell
I EEO] Ztm= 7HA 0 2 915% 2z 5(Kudusov et al., 2021; GSA Report, 2022; IEA, 2022; Unpublished Report,
2022)2 22 (Tables 1~5)2 A|755H ARE5HATt
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E}R]7| 28O I Q1 AR = HE O] A&l f1R]obH ot s 1% 769 m, X[t 1% 2H= 86 m= BFA]7| AR
o AR 2] 942 el )bt FARH O] 719 = o 52 FHIL HAZ6HH, A2 Fil o] Wol WigH, &
712-2-35°C ©[5}~-1°C oV IS HRITKTable 1). FARHO] o152 69 4499 16 4714] 2F3. 47L& A B
230°C oV o2 7P o E2 7HoIH, A Wt 11-2-235°C, A Wt A2 20°CO|th A2 119 26¥~34 10
7IA] oF 3570 E= 4 B2 13°C loLE’a TP e Ee 1900, d B 1122 8°C, ¥ Pt A2 -1°Coth
(Fig. 2a). AR 9] gk, 744 BHE, 74432 Table 291 elstirt. FAHoA 70% oVd SE2 H2 E25¢€ 16
U~109 23Y7HA = oF 5.27l1) ol %% o] 7P 2 g2 8 go|H, S8 Jo] 7P 2 E2 2 Yo |th(Fig. 2b).

Table 1. Average, maximum, and minimum temperatures by month in Dushanbe

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

Avg. 3°C 5°C 10°C 16°C 21°C 26°C 28°C 27°C 22°C 15°C 10°C 5°C
Max. 8°C 10°C 15°C 22°C 27°C 33°C 35°C 35°C 30°C 23°C 16°C 10°C

Min. -1°C 1°C 5°C 10°C 14°C 19°C 20°C 19°C 14°C 9°C 4°C 1°C
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Fig. 2. Climate conditions in Dushanbe: (a) average temperature; (b) probability of average sunny days; (c) probability of
average precipitation; and (d) average rainfall with month (modified from I[EA, 2022).



EfRIZ|AEH 2 ZAQ| 7|2, M, LA R EHIO|LAR| 24 - 393

Table 2. Climate conditions in Dushanbe: probability of sunny days; precipitation; number of rainy days by month

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
'Sunny  43% 41% 42% 53% 71% 92% 98% 99% 94% 75% 55% 47%
%Prec. 18.1mm 29.5mm 433 mm 392mm 21.7mm 6Imm I3mm 08mm 25mm 95mm 157mm 19.4 mm
*Rainy 3.5 47 7.4 6.2 4.1 1.1 0.4 0.2 0.4 1.9 3.0 3.6

e T2 125900 AYsHH, 4 ot Eofl 1 mm o] A7 EAYSHE E2 Bt 3ol Aol wIZE 71
2 3ER 2 43.4 mm 2 FHUigS UErdT, Bl7H RS A7) vzl 22 8 E R 0.8 mm R X4
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EfR|7| 28RS GA| BARO] 11 & =0} F RO A S HITEOAF AR 8 L 4 QT 2 T1E 70| 39 TA|==
Kairakum, Leninabad, Penjakent, Dzhauz, Dushanbe, Pakhtaboy, Bokhtar ‘5°|™, 112\ HIT}F S AF Z}R] 0] F2Q T A|
2= Karakul, Fedchenko Glacier, Khaburabad, Khorog 5-°]tHFig. 1). 05 ZF =A|9] 7[AlEf oA A4 L 53
o] AutE d 2|5 Table 337} 2. Aol A o = Q0] o5 TR0 TAR=4~10E0] 2 & 7o H, 11-3
Yol =2t Bt 57 Fo] 49U A& Fi= A 0 2 FA RG] o5 WAIE & Bl AlUstA E4517] Slof € H+t &
o, A7t 9 Bt g Gt 59 EE T s e QITKFigs. 3~5). Fig. 304 B Hiep do] 715 FO] 9 &
AlE9] Dt 53 -2 Kairakum 2.7%, Leninabad 3%, Penjakent 3.2, Dzhauz 4.4%, Dushanbe 3.4, Dushanbe
GMO 3.3%, Pakhtaboy 3.4%, Bokhtar 3.1 42 HF-= EAJA D 3.3 o] 57l E& Hol=Z o0& FA ]
ot Y2 LHTES AR 2] F0] =9 TAIEC] Yyt 57 Y2 Karakul 0.6, Fedchenko Glacier 6.6, Khaburabad

Table 3. Number of cloudy days per month in major cities in Sughd and Gorno-Badakhshan provinces: 1. Kairakum; 2.
Lenninabad; 3. Penjakent; 4. Dzhauz; 5. Dushanbe; 6. Dushanbe GMO; 7. Pakhtaboy; 8. Bokhtar; 9. Karakul; 10. Fedchenko
Glacier; 11. Khaburabad; 12. Khorog

City Jan. Feb. Mar. Apr. May Jun Ju.  Aug.  Sep. Oct. Nov. Dec. Total Average
1 6 4 4 1 0 0 0 0 0 1 5 11 32 2.7
2 8 5 5 0 0 0 0 0 0 2 4 12 36 3.0
3 8 6 5 2 1 0 0 0 0 2 4 10 38 3.2
4 10 9 8 3 1 0 0 0 0 3 7 12 53 4.4
5 8 6 8 2 2 0 0 0 0 2 5 8 41 34
6 9 7 6 2 1 0 0 0 0 2 4 8 39 33
7 7 7 7 3 1 0 0 0 0 2 5 9 41 3.4
8 8 6 6 2 1 0 0 0 0 2 4 8 37 3.1
9 1 2 2 0 0 0 0 0 0 0 1 1 7 0.6

10 13 13 12 7 3 1 1 0 0 5 10 14 79 6.6
11 6 7 7 3 2 0 0 0 0 1 10 42 3.5
12 8 1 0 1 0 0 0 1 7 29 2.4
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Fig. 4. Monthly average number of cloudy days in major cities of Gorno-Badakshan province: (a) Karakul, (b) Fedchenko

Glacier, (c) Khaburabad, and (d) Khorog.
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Fig. 5. Number of sunny and cloudy days in Sughd and Gorno-Badakhshan provinces: (a) major cities: 1. Kairakum; 2.
Lenninabad; 3. Penjakent; 4. Dzhauz; 5. Dushanbe; 6. Dushanbe GMO; 7. Pakhtaboy; 8. Bokhtar; 9. Karakul; 10. Fedchenko
Glacier; 11. Khaburabad; 12. Khorog; and (b) monthly average.
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ER7| 28 71 27 H Aol ofshd BRA)7| Ak ARKEIYE SAEE)-2 2F 1,000 W/m?o]#] AZF 2,000 kWh/m?
S 2I5H= 7 0 8 BARQI) E3] 6~79oll= 10 kWh/m?, 12~19= 5.9 kWh/m*& Hol= 71 0 2 Uelgit) el
7128 72 T A] 182]9(Fig. 1)2 PR 2A41510] 71 ATHS Table 401 H2|sH3ATt. o= 2| <ol tieh &8 LA}
et 2] 4, 2o Pt DARES Tl 22 YERNH Figs. 6 and 71+ At} o)A Hi= vl o] Dushanbe 0] 75 &
AL 2,401 W/m?olH, FBa DARES 2F 200 W/m? 0.2 UEldt] Khujand2] 97 & A} Y8 ARES
2,428 W/m*} 2F 202 W/m?, Bokhtarof| 4= 2,403 W/m*¥} 2F 200 W/m?, KulobollA= 2,401 W/m*T} 2F 200 W/m?,
Tursunzade®A1+= 2,401 W/m*T} 2F 200 W/m?, YovonOll A= 2,400 W/m*T}200 W/m?®, Shartuzol A= 2,363 W/m* =}
2F 197 W/m?, Nurekl| 4= 2,401 W/m?Z} 2F 200 W/m?, Kanibadam©ll41+= 2,398 W/m*¥} 2F 200 W/m?, Ura-Tyube®]|
A=2,391 W/m?TF 2F 199 W/m?, Penjakentoll A= 2,401 W/m?Z} 2F 200 W/m?, Khorog®ll A= 2,669 W/m*Z} 2F 222
W/m?, Dangara®l|A+= 2,401 W/m?X} 2F200 W/m?, Jirgatal o4& 2,669 W/m*} 2F 222 W/m?, Kamsomolobod ol A=
2,401 W/m?*2} 2F200 W/m?, Garm A= 2,401 W/m*T}2F200 W/m?, Nau®lA+= 2,398 W/m*T}2F200 W/m?, Isfara®]]
A=2,401 W/mH} €F200 W/m* .2 2z Lreptt. o5 .8 A 1871 A9 2] Bt ATt YAREFS 952,429 W/m®
o, B YW YARFS 2F202 Wim’Q AL =2 ZAE|Q)c ATt F AN Y AARFRS 7 AA| Kol =
Al F7LE 9] Shartuz= Bt H T 0F2.7% 230 ™, 7P A Hols EA|l= A2 BTt S 4F 2k2] 0] Khorog @t
Jirgatol & FH-ETH Ok 10% =& Ao 2 BAL ) nE FQ TAE0] 4-99(671Y) 2] D+ AAtko] B Yt

e
nE

Table 4. Solar radiation (W/m?)in major cities of Tajikistan by month: 1. Dushanbe; 2. Khujand: 3. Bokhtar; 4. Kulob; 5.
Tursunzade; 6. Yovon; 7. Shartuz; 8. Nurek; 9. Kanibadam; 10. Ura-Tyube; 11. Penjakent; 12. Khorog; 13. Dangara; 14.
Jirgatol; 15. Kamsomolobod; 16. Garm; 17. Nau; and 18. Isfara

City Jan. Feb. Mar. Apr. May Jun Jul. Aug.  Sep. Oct. Nov. Dec. Total Average
1 87 122 156 209 275 327 330 294 244 168 112 77 2401 200

2 87 144 164 229 290 330 322 290 243 164 100 65 2,428 202
3 80 155 153 213 2717 333 322 290 232 165 110 73 2,403 200
4 87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
5 87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
6 87 122 156 209 275 326 330 294 244 168 112 77 2,400 200
7 80 115 153 213 277 333 322 290 232 165 110 73 2,363 197
8 87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
9 87 114 164 229 290 330 322 290 243 164 100 65 2,398 200
10 87 112 156 209 275 327 330 294 244 168 112 77 2,391 199
11 87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
12 96 137 187 320 304 350 340 305 258 172 114 8 2,669 222
13 87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
14 96 137 187 320 304 350 340 305 258 172 114 8 2,669 222
15 87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
16 87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
17 87 114 164 229 290 330 322 290 243 164 100 65 2,398 200

[
(e ]

87 122 156 209 275 327 330 294 244 168 112 77 2,401 200
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Fig. 6. Monthly solar radiation in major cities of Tajikistan: (a) Dushanbe, (b) Khujand, (c) Bokhtar, (d) Kulob, (e) Tursun-
zade, (f) Yovon, (g) Shartuz, (h) Nurek, (i) Kanibadam, (j) Ura-Tyube, (k) Penjakent, (I) Khorog, (m) Dangara, (n) Jirgatal,
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Fig. 7. Minimum, maximum, and average solar radiation in major cities of Tajikistan.
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Aol AA 2] EH| o= LA YAt ef o Z(solar energy) S AP}, Tt AR shortwave radiation) =
7HA A (visible light)} 2Fe} H(ultraviolet)2 2o, U B+t Thit ol 2]= Al 2] ¥stof 1igtsh] wfze] A
ZX(seasonality)2 H It Table 5= Dushanbe, Karakul, Jirgatol A9} 2] 2.4 m* & & Bt AL That efoFoy 2] ghS
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Table 5. Average monthly incident shortwave solar energy (kWh per 2.4 m?) in (1) Dushanbe, (2) Karakul, and (3) Jirgatol

City Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1 24 3.2 44 5.9 7.2 8.2 8.2 7.6 6.3 4.4 2.9 22
2 2.6 3.5 4.7 5.9 6.9 7.9 8.3 7.7 6.4 4.4 2.9 2.3

24 34 4.7 6.1 7.4 82 8.1 7.4 6.0 42 2.8 22
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Fig. 8. Average incident shortwave solar energy (kWh per 2.4 m?) in Dushanbe, Karakul, and Jirgatol by month.
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