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Model for Estimating the Cloud Cover from Global Solar Radiation

in Puket Province, Thailand

Suwit Phethuayluk!

Abstract

In this research, the monthly average daily cloud amount estimation model is developed
from the monthly average daily global solar radiation data in Puketi province between 2006 -
2016, and test the model with data from 2017-2019. In this study, nine empirical models were
derived from the Angstrém-Prescott linear regression model and its derivatives such as quadratic,
cubic, logarithmic, exponential and power. The result found that the best performance model
was correlated between the ratio of monthly average daily cloud amount to maximum cloud
volume of measurement (C/Cy), and the monthly average daily global solar radiation per daily
extraterrestrial radiation ( H/Hy) as C = Cy[0.9525exp(1 — H/Hy) —0.9193] . That provides
statistical analysis results are the correlation coefficient (R), the Nash-Sutcliffe coefficient (NS),
root mean square error (RMSE), mean bias error (MBE), mean absolute bias error (MABE), mean
percentage error (MPE), mean absolute percentage error (MAPE) and t-statistic (t-stat) equal to
.884 0.781 0.468 0.310 0.340 5.086 % 5.561 % and 2.929, respectively. This received a global
performance indicator (GPI) assignment of 0.619. According to the results, the exponential model
predicted and the measurements are consistent and can be applied to other a similar climate

area.
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5. NAADULUUIIABIANNTN LA UTDAMALIATIEUHNANITNAADUAIYAIMIADH UTeNaumaie AN
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a

duUsyansanaunius (correlation coefficient, R) (Slavica Brki¢ and Blanka Tuka, 2018) AduUsEaNs
Nash-Sutcliffe (Nash-Sutcliffe coefficient, NS) (Qingwen Zhang, et al.,, 2018) mmﬂmmﬂﬁaﬂugﬂ
AMULBULBYLLRGRY (mean bias error, MBE) Av1daatatadoulusuauaudesauysaiiade (mean
absolute bias error, MABE)

A151497 1 Adedonfindusnusseinialan wazaAssdenindsietundesiaiounesdminguinildlu
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Monthly Mean Daily of Extraterestrial / Global Solar Radiation (M.T/mz-day)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Year

Ho 3262 3483 3680 3732 366l 3594 3615 3683 3671 3512 3293 3179

2005 2094 2362 2401 2356 1785 1664 1748 1904 1751 1476 1583 14.30
2006 1956 2225 2224 2098 17.68 1649 1595 16.87 1939 1834 2048 19.03
2007 1908 2372 2306 2114 1682 1773 16.49 1409 1777 1844
2008 2043 2113 2263 2127 1774 1807 1850 1677 1788 1846

2009 2081 2213 2054 2131 1702 1965 17.05 18.03 1627 1784 1829 1959
2010 2028 2325 2362 229 1916 1633 16.43 1662 1774 1449 1495 14.10
2011 1812 2222 1691 2283 2024 1667 1749 1725 1755 19.48 17.53
2012 18.04 2242 2243 19.98 1660 1795 18.05 1905 1595 2017 1815

2013 1975 1923 2411 18.53 1766 1643 1536 1790 1714 1696 1668 18.30
2014 21,13 2397 2424 2051 15910 1624 1734 17388 1750 1617 1781 16.40
2015 2083 2289 2413 2231 2120 1630 1676 1538 1654 1843 1750 2016
2016 2113 2397 2424 2051 1910 1624 1754 1788 1750 1617 1781 16.40
2017 1691 2245 2292 1999 1515 1837 1860 1773 1630 1955 16.21 17.72
2018 18.08 2354 2398 2148 19.15 1590 1745 18.31 1832 1816 1842  13.00
2019 1987 2406 2386 2152 1895 1779 1872 1721 19.05 1981 1923 2042
2020 2146 2268 2461 23.98 1742 1599 1684 1895 1543 1438 18.16 1714
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Monthly Average Daily of Cloud Amount (deca)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2005 3 2 3 4 6 6 6 7 7 8 7 7
2006 5 4 5 5 6 7 7 6 7 6 5 5
2007 5 3 5 6 6 6 7 7 7 7 6 5
2008 5 5 5 6 6 7 6 6 7 6 6 5
2009 4 4 6 6 7 6 7 7 7 6 5 5
2010 5 3 5 6 6 7 7 7 7 7 7 7
2011 6 4 6 6 6 7 7 7 7 7 6 6
2012 6 5 6 6 7 6 7 6 7 6 6 6
2013 5 5 4 6 7 7 7 6 7 7 6 5
2014 5 3 3 6 6 7 7 7 7 7 6 6
2015 5 4 5 6 6 7 7 7 8 7 6 5
2016 4 5 5 5 7 7 7 8 3 8 6 7
2017 7 5 5 7 7 7 7 7 7 6 7 6
2018 6 4 5 6 7 7 7 7 7 7 7 6
2019 6 4 5 6 7 7 6 7 7 7 6 4
2020 4 4 4 5 7 7 7 6 7 7 7 6

AINABIALARDUYANISIADILAAEIINTI@DY (root mean square error, RMSE) $0882A213
AAALARBULAAY (mean percentage error, MPE) Sogazaiunaniafauauysaiiade (mean absolute

percentage error, MAPE) Way AN@DRALUUY (t-statistic, t-stat) (Can Ekici, 2019) Aawauns

R = i=1[(Cic=Cc)(Cin—Cm)]

- Comta) S
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A15199 3 ANS9ED1TINgUBNUTIENNFALAN A1SIFRNNRETINENSURSINANNISHALNAADUANNIT WaTAI

USnanueidmsuasnsaunisuagvnaeuaunisvesdayae iundenaiieuresdmingiin

Ho H Hm C Cm
Month 2. - 2 - 2, A

(MJm “day)  (MJm day )  (MJm day ) (deca) (deca)
January 32.62 19.77 19.80 5.03 533
February 34.83 22.56 2343 403 4.00
March 36.80 2273 24.15 4.85 4.67
April 37.32 2122 2233 578 567
May 36.61 18.10 18.51 6.38 7.00
June 35.94 17.20 16.56 6.69 7.00
July 36.15 17.19 17.67 6.88 6.67
August 36.83 17.55 18.16 6.76 6.67
September 36.71 17.31 17.60 7.15 7.00
October 35.12 17.15 17.45 6.76 7.00
November 32.93 17.58 18.60 6.08 6.67
December 31.79 17.45 18.52 577 533

n —\2
NS — 1 _ i=1(Ci,m_Cl,c)2 (5)
Z?=1(Ci.m_m)
1 2

RMSE = \/; ¥ (Cim — Cic) (6)

MBE = =37, (Cim — Cic) @)

MABE = =3 |(Cim — Cic)| ®

MPE ==~¥" . Cf'm‘ci"’) x 100 (9)

n Ci,m
MPE =2ym . C“”‘C“) x 100 (10)
n Ci,m
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(n—1)MBE?

t —stat = |——m—
RMSE2—-MBE?
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6. vnmsienimaunsfivsnzaufigadmivaUiinamese fuedeneieuresimiagin
NAERRILTT 5 deAUseuR AL ST (global performance indicator, GPI) GRGh

GPI fiflAmannfignazduiuuinassiiiaussausinian seaun1s (Qingwen Zhang, et al., 2018)

— \'7
GPI = X]_4[a;(y; — viy)] (12)
d‘ a1 I U o U U aa 1 U aa v dl a A a ! U
We a; HAwiv -1 dmTuAmneadia R uag NS duAmeaindidug e ; IAnviiy +1
dauan y; WuAdsegiuvesdimaifuiasiveswuuinaewionun uazan y; iuamneaifvesusas

AUUD18D9

NAN15IY

Ifmsassaumaduiiddari o sUuuu (ansed 6) AiduaunsitugrumeadaemaniUsznoude
AUNTONBTNAY AUNSANAERY dUNSANEIENY aans7iy Wnlnuulea (2 @ums) enfnas aunnsHas
NDRUTUEULAYABNTSTIY LarauNSHANanneedLduLazE Nl TnaAduUseansidunsAanaly
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Model
No. Model type Regression equation modified Source
1 Linear C = Cola+b(1 — H/H,y)] Md. Nazmul
2 Quadratic C = Cola+b(1 —H/Hy) + c(1 — H/Hy)?] Islam Sarkar
3 Cubic C = Cyla + b(1 — H/Hy) + c(1 — H/H,)? + d(1 — H/H,)?] and
4 Logarithmic C = Cyla + bin(1 — H/H,)] Anwarul Islam
5 Exponential C = Cy(aexp[b(1 — H/H,)]) Sifat (2016)
6 Power C = Cola(1 — H/H,)?]
7 Exponential C = Cyla + bexp(1 — H/H,)] A.M. Muzathik,
8 Linear et al. (2011)
logarithmic C = Cyla+ b(1—H/Hy) + cln(1 — H/Hy)]
9 Linear

C =Cola+b(1 —H/Hy) + cexp(1 — H/H,)]
exponential

Sonaaeuaumsiils wud1 AuTinameseTuedsnoieuresdmiaginlildunnssty Tng
wiazaunslidmsadfilndifeaiu Gerndulsyandanduius (R) Saeglua 0864 - 0.924 1 NS
fiAnogluraa 0.659 - 0.788 A1 RMSE deneeflugis 0.460 — 0.585 Tagfirn MBE flr1eglutas 0.307 -
0.396 A1 MABE dinagluyig 0.339 - 0.467 dmifue1 MPE fnagsendng 4.996 — 7.411 % &#IUMAPE

J d

A1BY3EIINe 5.561 — 8.535 % Wagen t-stat HA1egIENING 2.660 — 3.685 MuAIRU Fam3adt 5 Taedi

jmd)}

A R wazen NS iandfigauilofiaindu 1 dauen RMSE MBE MPE MAPE uag t-stat aglvidranianiile

9

wilndmue
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M19197 5 wansrdulsyansonnoguaAmainnlinageuaunIsng 9 sukuy

Model Regression Coefficient RMSE MBE MABE MPE MAPE
t-state GPI Rank
No. a b c d (deca) (deca) (deca) (%) (%)
1 0.09% 1497 0895 078 0463 0316 0339 5270 5.593 3104 0435 2
2 0675 4.128 -2932 0923 0787 0462 0342 0353 5981 6.169 3660 -0681 7
3 773 53.02 -114.69 8428 0903 0659 0585 0.396 0467 7411 8535 3056 -2.829 9
4 1.116  0.666 0914 0788 0461 0.334 0347 5753 5949 3485 -028 5
5 0171 2.677 0864 0760 0490 0.307 0365 499% 6.013 2660 0348 3
6 149 1.197 0890 0776 0474 0320 0350 5364 5803 3.030 0260 4
7 -0919 0933 0881 0781 0468 0310 0340 5086 5561 2929 0619 1
8 2.098 -1215 1205 0924 0781 0468 0.348 0360 6.138 6356 3685 -0913 8
9 3.107 7.30 -3.70 0922 0788 0460 0341 0351 5949 6.132 36351 -0632 6
Median 0903 0.781 0468 0.334 0351 5.753 6.013 3.104
2AUTIINAN1ITIVY

Indvfsariuunn tneuuudiaed 7 wuudnlmuwdes Tien GPI gegawiniu 0.619 Fallanumanzauiign

dMSUNANITIATITINIMUUTIADITINUIZAaNTAANLAAINAINT 1 WU NakuuTIaaslinad

PYAUNTANUFUNUS

TaeTsiAn R NS RMSE MBE MABE MPE MAPE wag t-stat LU 0.884 0.781 0.468 0.310 0.340

C = (Cy(0.9525exp(1 — H/H,) — 0.9193)

5.086 % 5.561 % way 2.929 m1ua1snu
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== Model 7

Model 8

Model 9

(13)

= =#= = Measurement

Nov  Dec

AN 1 LERINANTNAFBULUUTIERIE 9 JURUY WisuWguiuAlaanmsin
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C = Cy(0.9525exp(1 — H/H,) — 0.9193)

1agliiAn R NS RMSE MBE MABE MPE MAPE wag t-stat 1w 0.884 0.781 0.468 0.310 0.340
5086 % 5.561 % wag 2.929 muaeu Ingldaussitiufivsianssaugyiavaun (GPI) Wi 0.619 1
LaneInAfildannuuusiassuuus nlnuudeanarainnisinilnudenndesiu uazaiuisalulatu

1%

& A A a a [N v vy
Wungue nlanmglennalndifesiule
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