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Project Title  : Development of a Model for Estimating Solar Radiation from
Satellite Data for Mountainous Area

Investigator  : Mr. Sungseng Liengjindathaworn Ubonratchathani University
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Project Period : 2 years

ABSTRACT

The purpose of this work is to test and develop the satellite-based solar
radiation model for mountainous areas. Doi Intanon National Park was selected to
install three levels of ground stations because the height of the settle area was not
considered in the previous model. The measured data from the station between 2006
and 2009 and data processing show that, in the case of clear sky day, the total solar
radiation is not likely to be proportional to the height of the areas. The highest level has
the highest of the hourly radiation (I), daily radiation (H), and monthly average daily
radiation (17), but the middle level has the lowest the solar radiation.  For rainy
season with cloudy day, the daily solar radiation and monthly average daily radiation
are likely to inversely vary to the height of the areas. The correlation between the
hourly radiation and the height was not significant. However, satellite-based digital data
corresponding to the same areas yielded insignificant values because vicinity pixels are
nearly the same value. In short, the satellite-based solar radiation model may be not

suitable to evaluate the solar radiation of close areas and in the case of short duration.

Keywords : model, total solar radiation, mountainous areas, satellite-based data
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I \
m, Uu air mass

& o [ a £ & & ) {
IMNBUBISATUD mauﬂizawﬁmig@ﬂﬁum E]\‘ivl,ﬂ%’] LL&Zﬂ’]%l%“ﬁ’Nﬂ’ﬂ&l B1IAR

ey LL@zﬂ’J’]ﬂJUTﬂﬂﬁ%ﬂi’]dI@ PRUNIT
T (2.13)

a,= 1-T,.7T, (2.14)

w

!

a & e a £ A A a 6 :’ &V 1
F\]3) a, Lﬂ%ﬁuﬂizﬁ'ﬂ'ﬁﬂﬁi(ﬂ(ﬂﬂ@%ix‘]ﬁ@n\‘iﬂ'ﬁ’l@]El"ll@ﬂﬂ%’]LLﬂzﬂ']‘D’l%"ﬁ'J\‘i
ANULNINRBULAL
& [ a £ A oA a 6 :/ &V 1
a, Lﬂuﬁuﬂizﬁ‘ﬂﬁﬂ’ﬁ@@ﬂﬂuidﬁ@]'N@'W]@I waa"lam LLaszﬂuma

ANLNIARUNT

!

| e Aa n§ 1 1 e a 3’ [}
T, dusudsedndnsssiiuisiarsaniaduaslasihluzisenusn
a
ANTLLAD
& o a £ ' ' s a & 1
T Lﬂua&lﬂsxaﬂﬁmsmmmaﬁmam‘n@szaamsﬂwmammLm
di
AN
| a a £ J ' =) a 6 3’ 1
Lﬂuauﬂszawﬁmmammaamamwmwaﬂamlumammﬂ'n
a v
ANUNIN
& o a £ J ' [ a &V )
Tg Lﬂuauﬂsza‘ﬂﬁmsaammaﬁmamwmﬁmaamﬂumammm’s

44' Y
ANWUNIN

° o £ o a ¢
2.25 ﬂ’]iﬂﬁ%’amauﬂizaﬂﬁﬂ’]‘i@ﬂﬂﬁ%i\‘lﬁﬂw a’]ﬂ@lﬂﬂaﬁrﬂr’ﬁ%

ﬁ"ﬁmiaiénulumsmmﬂmaﬂaﬂﬁ]zg}@ﬂﬁu%ﬁmamﬁm SlUT9ANNE1IARY

2
=

%'oﬁqamﬁ"l,ﬂam@ LRZUNIEIWIUTIILEIRTNS  (visible) WA HIUITAIUI T

u

o a £ o A @ ° .
auﬂszaﬂﬁmi@@ﬂﬁmaﬁmdawmﬁmaﬂaisﬁﬂ@ﬂlmummaa Lacis and Hansen [12]

Taglut19au810 WA T 8% LA AIRNNTT

0.02118U, L Los2u; 0.0658U

= 2 4 0805 3 (2.15)
140.042U; +323U2(107%)  (1+138.6U5)™% 14 (103.6Us)

®o



11

LLﬂzl‘Hﬂi’Nﬂ’J’]&JElTJﬂa%LLﬂ'UGTG FUNIT

, 0.02118U,
® 140.042U; +3.23U2(10 *)

(2.16)

A ' & s a n§ A v A a 6 [} A
L8 a, Lﬂuauﬂszaﬂﬁmsg@ﬂamaamamﬂ@mmaﬂaimﬂwﬁ’mmmm’maul,mu
| [ a a( A o A a 6 [} d' v
a, Lﬂuﬁ&lﬂizﬁﬂ‘ﬁﬂ’]iﬂ@ﬂﬂuidﬁ@’]d@’i“ﬂ@lEl‘lla&IaI‘ﬁulu’H’Nﬂ’]’]&lEl’]’]ﬂﬂ%ﬂ’)’“ld
. . o v
U, 1w ozone relative optical path length FIW LNFUNNT

U, = Im, (2.17)

a1 Hudsunalalaw

& .
m, LU air mass

° [ =3 o =3 a o
226 newmImdndszdniniaananuazdnysz@nsniInizdeTaade
afinduasduazaas
H1az0a4 (aerosol) luﬁﬁfu:v&maﬁwamﬁ?wm@Lﬁﬂﬁumﬂé’aag’iumimmﬁ
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Mean Square Error (RMSE) , Mean Bias Error (MBE)
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mﬁ@maﬁagaﬁmmﬁw [7,8]

N —
i=l (H mod el H meas )

RMSE = (2.22)
N




fd)

T

model

T

meas

z

13

.N_ —H
2 ) (2.23)
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Error Mean Bias Error
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d mﬁﬁ El ﬂ‘ﬂa anit day Percent(%) day Percent(%)
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2 Si{iNpat] 2.54 15.9 2.13 13.3
3 uddosmon | 2.11 12.8 1.49 9
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Root Mean Square Error (RMSE) , Mean Bias Error (MBE) wadfuiian
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Error Mean Bias Error
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6 | Usaws 17 9.2 -0.5 -2.7
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3.4 miﬂizmaﬂ’a;&amnamﬁﬁ'ﬂmﬂﬁuﬁuu‘%nmwaﬂﬁumuﬂ‘ 3 92aU luta9l 2006-

2009

Lﬁm‘lﬁﬁuLﬁmﬁ’aga"l,@ﬂajw%'auﬁ'uﬁe 3 36U fe ﬁagamnanwﬁ"ﬁ’@ﬁguﬁu‘%nﬁ
ﬁnﬁaatﬁmlnﬁﬁmnuﬂnma (Maeklang) Lm:ﬁmﬁ'?ﬂﬁﬁ'm'riqﬂmmm\rmﬁﬂaﬂ%u
NUUN (Office) anm‘mL’%NLﬁﬂﬁaga'Lﬂ“Luﬂmqﬂzoos ganamiliafiamilisasvaanasdu
nuwtl (Radar) va9nadrineIn ey iudayaldlulaieil2005 u,eiffmda'lwﬁm"‘%uﬁuﬂ:
ﬁmw'lﬂ@iaLﬁml.ﬁmmnqﬂnmﬁm:"lﬂfﬂﬂf%’rmo‘ﬂ'ﬂﬁ'aa IUNTL9512006 ‘%aﬁ'mﬁuﬁaga
edatiios

3.4.1 Nanﬁﬂﬁ:maﬂ’aga%ﬁmuﬁﬂ‘i’utﬂ.ﬁﬂ@ialﬁau(ﬁ)mnamﬁi‘ﬂmﬂﬁuau
U3maasdunuun 3 32au lugil 2006-2009

: ﬁaga‘%’oﬁsauﬂﬂ’i’uméﬂﬁaﬁau'LﬁLLﬁ@m'Lu@rmoﬁ 3.3 Ll.a:'lugﬂﬁ 3.7

:I i o ni 1 = b=y = ar A? = =3 =
13191 3.3 ‘idﬂ?’llli’]ﬂ'l%LﬂﬂﬂﬂﬂL@lﬂu(H )’i!"lﬂﬁﬂ"l%']@lﬂﬂﬂﬁ%@l%ﬂ'ﬁﬂm@lﬂﬂﬂuﬂu%ﬁ
3 vz waq9t) 2006-2009

Radar Office Maeklang
month Hbar | stdev Hbar | stdev Hbar | stdev
(MJ/mA”2- (MJ/mA2- (MJ/mA2-
day) Y%stdev day) %stdev day) %stdev

Jan 20.75 | 4.39 21.1 16.74 | 4.07 | 243 |17.99| 2.82 16.7
Feb 20.82 | 5.39 259 1821 3.98 | 21.8 |[18.71| 3.12 16.7
Mar 22.30 | 5.83 262 |19.58| 4.08 | 20.8 |18.24| 3.86 211
Apr 16.96 | 6.57 388 |[17.17| 5.04 | 293 |18.95| 3.92 | 20.67
May 13.16 | 5.99 455 |1368| 6.42 | 469 |16.33 | 5.54 33.9
Jun 11.37 | 4.89 43.0 |1399| 472 | 338 |15.50| 3.83 24.7
Jul 10.06 | 440 | 438 |[1299| 4.88 | 37.6 |13.56| 4.02 29.6
Aug 11.44 | 4.93 43.1 14.11 | 534 | 378 |15.08 | 443 294
Sep 11.95 | 4.55 38.1 13.76 | 5.07 | 36.9 |16.52 | 4.59 27.8
Oct 12.11 | 5.35 44 .1 11.88 | 634 | 449 |16.50| 5.03 30.5
Nov 16.93 | 6.17 36.5 |[15.74| 465 | 29.6 .| 16.87 | 4.07 24 .1
Dec 18.82 | 3.96 21.0 |[13.76 | 425 | 309 |17.29| 2.1 121
average> | 15.55 | 5.20 | 35.59 |15.13 | 4.82 | 32.88 | 16.80 | 3.94 | 23.86
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1 el P B —_— o o oo X
@13197 3.4 SETIMEIwalLAeRaw(H ) lquuaamnammﬂmawuw
Bmaagdunuuy 3 32eu Tusa9tl 2006-2009

dry season

Radar Office Maeklang
month Hbar Hbar Hbar

(MJ/mA2- (MJ/mA2- (MJ/mA2-

day) %stdev | day) %stdev | day) Yostdev
Nov 16.93 36.5 15.74 29.6 16.87 241
Dec 18.82 21.0 13.76 30.9 17.29 1251
Jan 20.75 211 16.74 24.3 17.99 15.7
Feb 20.82 25.9 18.21 21.8 18.71 16.7
Mar 22.30 26.2 19.58 20.8 18.24 21.1
Apr 16.96 38.8 | 17.17 203 | 1895 = |2067
average> | 19.43 28.25 | 16.87 2612 | 18.01 18.40

mnmﬁmﬂ:ﬁﬁagaﬁanﬁnﬁqLLam'l.umﬁaﬁ 3.4 wuhlungudaiasihuduls
lugratfian woaniou UL ANTIAN Qumﬁuf JU1AY URZLUMIEY A1SIFETIN
'smi'um‘é‘a@iaLﬁauﬁﬂmﬁmm%awauﬁumuﬁ%wgunﬁuﬁi:ﬁugaqﬂa:ﬁﬁﬂganiﬂ
ifiresronive Lm:@im?mmﬁﬁﬂmiqwmuuﬁwﬂﬁﬂaﬁﬁuﬂwﬁ@‘hﬂ'j’i@immﬁ?ﬂﬁ
ﬂ‘uﬁu%ﬂﬂiﬁﬂﬁa\‘ll?’élEl'ﬂnﬁli”]@]ﬂﬁﬂﬂﬂﬂﬂ%éaguuﬁuﬁi:ﬁﬂﬁﬂﬁ;ﬂ fdasiduany
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@A13191 3.5 NENULINRRLABLau(H ) lqudumnamm@lmﬂwu@m
USnmaasdunuun 3 1eau lugaell 2006-2009

rainy season

Radar ‘Office Maeklang
month Hbar Hbar Hbar

(MJ/mA2- (MJ/mA2- (MJ/mh2-

day) %stdev | day) | %stdev | day) %stdev
May 13.16 45.5 13.68 46.9 16.33 33.9
Jun 11.37 43.0 13.99 33.8 15.50 247
Jul 10.05 43.8 12.99 37.6 13.56 29.6
Aug 11.44 43.1 14.11 37.8 15.08 29.4
Sep 11.95 38.1 13.76 36.9 16.52 27.8
Oct 1241|441 |1188 |449 |1650 |305
average> | 11.68 42.93 13.40 39.65 15.58 29.32

mn'ﬂ'agamumﬁaﬁ 35 e lungruazdvSunamasmusnainniiosiliudala
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3 yeeu Tuziae) 2006-2009
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nuntt 3 see Tuznad) 2006-2009 wuiiimanszaislu Anwe Ao
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3 | as @ A | A a6
@15191 3.6 Lﬂ%‘uuL'ﬁﬂum@waamnmagammﬁnma:ﬁw‘lﬂﬂ'szmaLi‘Jumauﬁi:ﬁnﬁ
A b A) - ﬂl [ ] L2 o
ﬂ’iiﬂ:ﬁﬂﬂ“fli}di:UUﬂﬂizﬂaUﬂ’JEIL;J*lIB']ﬂ’IﬁLLEI:WHN'JIﬁﬂ(p'EA) AduniigaaafaIny
o o ..é' Y ar "L s =l O J =1 . 1 o = L7 o A
gofTanaRuan 3 3xau Tnduuazia@enu sliduandanuanios 1897uh 1
un1AY 2006 waziufl 5 unInay 2007

—1-Jan-06
No. | Maeklang Office Radar
1 0.0380000 0.0390000 0.0380000
2 0.0490000 0.0490000 0.0488889
3 0.0490000 0.0490000 0.0490000
4 0.0490000 0.0490000 0.0490000
5 0.0490000 0.0490000 0.0494444
6 0.0381111 0.0430000 0.0405556
7 0.0362222 0.0423333 0.0377778
8 |00300000 |0.0311111 | 0.0300000
9 0.0260000 0.0300000 0.0265556
5-Jan-07
No. | Maeklang Office Radar
1 0.0490000 0.0453333 0.0453333
2 0.0576667 0.0556667 0.0576667
3 0.0590000 0.0590000 0.0590000
4 0.0590000 0.0590000 | 0.0590000
5 0.0488889 0.0534444 0.0512222
6 0.0490000 0.0490000 0.0490000
¥ 0.0488889 0.0467778 0.0490000
_fi___ 0.0380000 0.0380000 0.0380000
L 0.0300000 0.0298889 0.0298889
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a191971 3.7 Lﬂ%ﬂmﬁU}J?hﬁ%fﬂaﬂ'ﬂ’tﬂ’ﬁ'aylam’sL"?'lUuﬁﬂ:ﬂ".v}.ﬁﬂiz&naLﬂ%ﬁhﬁ'&lﬂ‘i:aﬂﬁ
ﬂqiﬁtﬁﬁuﬂlﬂéi:UUﬁﬂ‘i:ﬂﬂﬂﬁ’wLN‘ME)']ﬂ’i?iLLﬂtﬁuﬁ'JIﬂﬂ(_p'EA) fighuniisaaadaariv
sofisameafindu 3 szau lwduuaziiafenin &sfidnuandwmudnitos veaiuil 10
un3aa 2008 waziudl 16 unTAN 2009 '

10-Jan-08
No. | Maeklang Office Radar
1 0.0837778 0.0800000 0.0701111
2 0.1141110 0.1130000 0.1114440
3 ]0.1211110 0.1203330 0.1193330
4 0.1120000 0.1102220 0.1103330
5 | 0.0975556 0.0960000 0.0956667
6 | 0.0796667 0.0804444 0.0814444
7 |0.0652222 0.0641111 0.0654444
8 | 0.0493333 0.0454444 0.0486667
9 | 0.0345556 0.0294444 0.0336667
19-Jan-09
No. | Maeklang Office Radar
1 0.0787778 0.0647778 0.0696667
2 | 0.1092220 0.1064440 0.1062220
3 | 0.1245560 0.1280000 0.1210000
4 |0.1182220 0.1224440 0.1182220
_5___ 0.1016670 0.1048890 0.1067780
_6___ 0.0916667 0.0846667 0.0920000
_7____ 0.0764444 0.0743333 0.0770000
L 0.0643333 0.0616667 0.0632222
L 0.0500000 0.0430000 0.0501111




31

Nov 2006
25 o
i $00%, p9°0
20 +——fjpa 2 ST !
o REAALEO ey H2% 53?@%%
o) PR X
. . | 3 L} - = T
I 15 -—"— :“:L',' D:E,;meéi: © 3 ---o--- Radar
& ; % T ---@--- Office
= 10 +¢ :.- G{’, ---A--- Maeklang B
E : 'é" -eeX---Chiangmai
= 5 " =X -- Sansai
=
U ; ; . i ' 3 - ; T 7 T T 1
0 2 4 6 8 10121{{4151820222426283032
ate

i ~ @ v oA A P o
sin 3.12 ﬂ’]'iLLEﬂ‘lJL“ﬂEIU‘HEI%Jﬂ 3 72AUNY 2 FONUWNWUINUT 8. LUy ez 8. Funing

2. W@ealny ludaniiniey 1 2006

17-1-2007 ---o--- Radar
4 ---@--- O ffice
4 . ---A--- Maeklang
3 <& 'l:l‘ I‘.'l"
; R S0
> ar ‘s
-
= 2 B.
= 2 Al
- 2 i =
= '
= '."g LYY
- ¥, ‘}5‘
0 -Lﬂ"v“n li‘g_l T T T T T T T T B T n‘!
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Time (clock hour)

< = | o : du. A‘ = = = I3
31N 313 ususudFiETuetalas () nnamiiamafuinuImaosBuNUuY
g v Ao ] = g A ar 1 Moy WA & ]
3 wau lwiuwfiasihudula T,ﬂumnmwummugamw:ummﬁm&mmj*ﬂmgamﬁ
a A m o o o
vinmAunszaudaindt lwinn17 unmew 1 2007



32

12'11'2008 -..0.-,Radar
4 - -
---a--- O ffice
prm® “ Maekl
3 .ﬁt, IIH. L :,‘Q A Mae al'lg
8 N
= 7 . B Ri¥Y
1? %’J‘ “%\‘\
= ".\
E 1 4 .“‘f?"
= L e
el A .
0 —Lﬂ"r‘Eﬁ— T T T T T T T T T |m"r1ﬂ—|
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Time (clock hour)

- | A o s & a ey a g
51U 3.14 WisuifipuaTadTueslud () nnsanfitamafindnuiuaasdunuun
u

o as H 1 =) A‘ A s P [} s QIJ 1
3 sy lwindiviaerusula I@]ﬂmnmwum:ﬂugomm:ﬁmid%ﬁmwﬂ'ﬂﬂmgan'a'l
2 i a4 ' o o =
WBmiufiszaudnd wiufi12 woadmew ¥ 2008

18-5-2008
1.8 1
16 41— o Ras'iar -
14 4@ - Office A, -
1.9 4+—---a--Maeklang A
1.0 X
[~ 0.8 = 2 L
E 0.4 iy il
= 0.2 A o i M N
— 00 __E-I_F._35[‘0 T T T T T T T T T T T e_\
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Time (clock hour)

‘I = I =) ﬂ‘d =l s J =3 = =
3N 345 Wisuifisuaiirunemlu () anemiliamatudnuinuassdunuut
33y luggruiuiinesihliwdals Tasdnminiszaumniezdidfafanmlug
o A AW : o o =
gIninaduizaugnd lwiniiis wosniau U 2008



33

16-7-2008 “owe---Radar
3 ---8--- O ffice
G\
A ---a--- Maeklang
2 o4
¢ % (¥
= O 3
> ] A-ca g,
o 1 ﬁ_s:A ‘-n",ﬂ.'_?..g‘.‘;_
E L N oo . %,
= "@::’.-'e,, < Vel 0T © ‘0‘;0--0"“‘%::
?’ 0 “"u-_"jllz T L T T T T L} T T T -I“gi
5 6 7 8 9 10 11 12 13 14 1516 17 18 19
Time (clock hour)

:1 | o s J’ a - =
311 3.16 WinufisudnssEunedalys () nsmiiamafuinuiiimaoudunuur
a v A w o = & 4 w g i ) o
3 J¥au 'l.quplmuwmaﬂﬂmmu'la TasuSimiufiszaudinineziiaSsdusnoslie
T, - & A @ ' a
ganinAnmiiuiszaugeniy lwiun1e ningrau 12008

-..o...Radar 21'?‘200?

)
AR

[
" :
o

0.1 ot 2}
00 ‘e =
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Time (clock hour)

I(MJIm*2-day
=

o
&

i 347 WhguifsusisEnunedlus () snemiiamatuaninnessduniud
E o o e o o o

3;’ zau luggduinfiiasiinliusuls TasanSidnunemludliduivizduanugizes

wuf wiufl 21 nangnaw 112007



34

24-4-2008 “o-o--Radar
4 _|, ---8--- O ffice
---a-- Maeklang
3 = =R
.A. A ‘:
i o8
= E 5 £ B
= 1 ,g:'.'ﬁ NooLetg N
= o e e s g
= 0 "_ﬂ"_l—_.nhl T T T T T T T T T .rfggjg‘ﬁ
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Time (clock hour)

=] = Wl o - o = a a I
sU 3.18 WisupudREnanemlus () nnamiiamanuiunuSoaes S ununs
3 A1 'luqm:lmuﬂﬂaaﬂw‘luuwla LﬂUﬂ']‘idEﬁ'.lll‘i’lU’ﬂliudiuﬁjuﬂﬂhﬂuﬂ'ﬂ&Jﬂd‘llﬂﬂ
Audt lwSuft 24 wwrow 912008 '

3.6 AN Tymuazadsrse lunmsshauasianmnuuuinaasing
3.6.1 gumyIndoyanaiisy
Lﬁaamm{.um"waaaLﬁaJ"L@ﬂﬁ’m"auamnmuLﬁﬂu GMs-5  filfluanafioy
aﬂuumﬂmLmumumammuamzJnn1_|mz.muauuwuianﬂnnmw"lﬂmquJ f.61. 1995
LLaJlmmmamaamwmmaquwmﬂm U a.a. 2003 FadutreBularamitoned
umimaaumamsma@1un;;aumﬂg1J@mmmmkumtmﬁmmmmanamnmqmmJ
fuunuuandsfygimanauiion GMS-5 aunse mumimm'smnuawuamnm
AWl gianudellumomds
362 gUsmamsfanualesfiofiamitinfiinuanafindmafiuan 3 sdulu
u"mmgm
muwdannmaivuaiuiifefesseiosfefismitasidruarsafiad
mMaiuin 3 's..,munmmnL’;J'I'Lumﬂam'mummmmauaumumm law 2 amilaglu
L‘n@aﬂfnm:uNwawmnmawmmmwm FadtuszWuiis fadansznag
NININITI TN GUge s RIuaadou LuaamnLﬂuun:u,rumﬂuﬁwotﬂumﬂamnmwm
Uaz anamuazmammimmamaaauﬂuunmLﬂmwmmmwﬂ"nawmnamwmmﬂ
ammswmimmummuuﬂwaaﬂ?mﬂ ilitidunenuszlfinandantraannnine:
vl,@rmaum'm'lﬁm‘lﬂ@mmtﬂiamamnmma nmnumammﬂwu@uﬁmmm



35

=3

3.6.3 ﬂcuvm?i’aa&aq@luﬁu%ﬂnﬂnﬂﬁuﬁuﬁiﬁﬂi:naum:ﬁwmm
Lﬁaw'\mﬁ'a'{hﬁ'@ﬁwauﬂi”mm mﬂﬁﬂLLamﬂﬂmns%ovlai"lﬁLﬁuﬂ'aua
gafluuing 1w Agmngi mmwauwnﬁ uazdayanausAsy famimanuaun
3 Funikg maa'l,wam’uaoummau LT 1a9ft 8. §WNIY 9. L’Hﬂﬂl‘m] wiofilndidnsdu

187)%

3.7 m'sfnmvwaﬂﬁwamm?ﬂumwummaawuﬂmnmmm
yinuansdszuiadayaluiata 3.4.109 3.4.1 aJLm'JTmeLam'Lﬁmm’mm@u
AR A TnadadNETINnewafiadlunedalus () annnhHiETwne i
U4
(H) uszSiETumsiwedodaiion (F) wnldwiiesawddy lagdfdmnuannas
- oy e & A A v \ 1 P \
afiadazulslasannudzduanugissiuiilunsdinviasihudule faunsilugngg
dufifiwamuanuin @HENuzdniduais) Suwilifufinaasidrisdulunsdid
= A " o 0 " = ol ] L o
Husz H azudsunduiudnszauanugs @ | funviunlaisansaszyld dagf
Ri ;1 =3 =3 1 ) o i ar
3.15 f9 3.18 Myfbhazlianquiainaninazaddnusnuaniiginianinavasdiszay
& A ' o - a e A vo ot A a - a
anugarasiuil adhslsfimuiiasanlassmaddvitldasamiianmafiuduiios 3 szay
o a sV s & A o o LY
v uazlumaljdlisansnazfenszduanugevasiuiianadainsidinazdas
prfamuiamiaia szuuli evansuazyaanslumaiufindays BnvauTnmiud
a o o WV e o o o & 4o =
nunaiainasfidrszduanuge lldissdrduszduanugevestiniiaslugun .19
L] J { { s s s s 1 !
udonaziiiuiiduoeain numiuazinusduiwllundanindaiegii 3.20

= = = @ 1 c: ar #? -ﬂl
38 nmaleneaninazesmiiiasnnfiszauanagireIiui
rL I a o J’vl. = a a o A o &
wlasimaapiliaanninwdninaroan i {esnnzaunugeuesnu
¥ A‘ oA s =Y o A’ =y ﬁ‘.‘t o - g: A
nifmnziiaiiEnunnanafiaduessmiiamanuduni 3 saugndaaanuwage
Uazino 5 - 20 asuazagluiiudendnalas udlagnannisnenagegmainzd
(e ] = : Lo P H : &
NRADTIFATIA9aN A (direct or beam solar radiation ) UazdsRnaziauINw (ground
albedo)  hlidTadTnaassnnnsdlaimadaunludan yue 15" @ag912@87

& 4
1 ']I’J.[ZJG W\THHW%‘H‘%\‘]NUFJ@]L’].I']ﬂﬂluLLu?ﬂﬁWwﬁuaﬂﬂ‘}Naﬂﬂ ﬂ'\‘idﬁ'ﬁ’lﬂjﬂ’lﬂ'ﬂﬂﬂﬂlwﬁ’ld

=l

Sifg muwuﬂmuuamma EdLL"vL’J‘YIﬁ@'Ix’auﬂﬂllﬁﬂf_i’*ﬂ:Mﬂ"lidﬁ'ﬂ&lﬂ@]ﬁl{lﬂ’l’lﬂﬂ@llu‘fﬁ’NLUH

:
Lm:'ﬁﬂ"ﬁﬂa‘uaam‘sﬁm'\ﬂﬂmnﬁ'ﬂﬁw%'udﬁ'\iﬁﬂUi‘mwm:mmmL'ﬁ‘u%'aﬁ'l.wﬁ'aama
nfindGutuuazlndandendmanuiideaaniisndntas ﬁwﬁ%’ﬂﬁuﬁﬁﬁﬂaﬂagum
anilefialddnszduanageresinfifacfinadadioisaian odslsfimuiuivsiom
qma’%aa’i’nq:ﬁszﬁuvl;j‘lﬁﬁmﬁﬁuﬁﬂugﬂﬁ 3.19 LL@iﬁ::gﬁ 96N qﬁalué’s’qaﬂ"w'l.ugﬂﬁ 3.20

s < o 1 ar s L 27~ 1 s s
Lmu'lun IUNIWIUAIIIFTINND E]Qﬂ(ﬂ']".ll,ﬁ ! :13“@ Anfasnm It



|
7
\ \\ \\\ }- E ’,"f ;
X \\ | ,// ;.:‘
\\ r s [ " 4
Y el SRl B 7
'\\\ | f//
\4_““--“—]_-'“‘"/
|
v
South
(@) Top View

(b) Side View

H = ar A’ | = i =
Eﬂﬁ 3.19 Lmugmmmmm:m‘ummgamaawuﬁmnmgm”stmuq@uﬂm

36

- b ! s X, A .a o e o a4
Eﬂ“ 3.20 mwan E}mamiam:@mquw ﬂﬂW%ﬂUiL?MQL’Jﬂ‘ﬁG&IﬂV{aﬂL%f_lﬁﬂ'lﬂu



37

39 MIATAHAMIANARMININAG
ol T Y 2 as &4 &
nranTianazn1 Iz dayaiiEINIney afadananIftian AN uan
NSIFTIY

-

Warmaandunuu 3 seau lugaell 2006-2009 mwiada 3.4 wuddmlngdl
allaing

= 1 s A as Y- =l
gnaarfiaduandany sasiinanslszaiateyafidasasnaniioug
' ar s & a s ' o = o ar g '
Agunasetuamitianmaiuin 3 szdvludisiwasdeanuaiunite 3.5 1wdn
= 7 v A o A Y = . ll Y a l'L ' & el o
milaununialndifssnuitasanndayanied pixel Ind g nudrulngazidudnaginu
nIauanasnNwiantay é’aﬁ'umsﬁwmmeh%’aﬁiw%mﬁa;&a@nuﬁﬂu‘%amﬂajmm:
@ — A ' o ax i as ' s G4m0 g A L% o
E‘hmuummwuﬂaglna 9 nmmﬁizmumwgotmnmanu ﬂ'é'ﬂﬂﬂﬂadl"ﬁmﬂuﬂ neuron
o ar A’ Aw L 1
network 1auRTmammIuAuAS NI aINa
SIS N HIEMINIZANETBIATIRTINAINANaAagvadaa i IamMaNwAY 3 52U
e a o ' A v ' P v o v e 4 4w
Tughaiunandeany nuhlunsdinesihuinlsduw uiuaasiiduindr5aduan
- i a e A A E , oa =
awanfiaderbiulslasassudrszauanugenasiing TaunaFTIfTIunasafiagiu
ﬂll I L | s s ar dl ] =1 — A) dl
0F2lNd (1) NNNINENTIEIU (H) ua:Enuneiwedodaifon (H ) 189fu
u‘%nmuammam:ﬁdwgeqﬂ mmzﬁfi'maau“‘mmﬂfnugw:ﬁunmw‘hnfhdwaw‘%nm
- a ' — =l ; v A I,
TLAUANNGIAGR mun‘sm‘[wﬁ’mqgﬁuﬂﬂmmmanmnﬁLLqummLam'rm'm?rnu
as s L= A I L= L= 1 T A) H
:i'm'aulmz'saﬁ'nmwmumaﬂﬂmﬁau‘[@]ﬂﬁ]zu,ﬂ'mnNuﬂum's:@umwgwaawwﬁ wazlu
nidldfidrvnnanafiadlunstiluslimusnyanufniuiiudszaunnugs
P o
YD INUN L6



UNn 4

nwa*gﬂ

Tuuni azndnﬁawaagﬂmaomuﬁ%’y ADIT0h LR DLFWALLY
4.1 Naa‘gﬂwaamuﬁﬁﬂ
mﬂﬂtymmaamwvl,&ia:mﬂlumﬂﬁwﬁ’ayammLﬁu%'aﬁmomﬁ@ﬂ@ﬂmii’@mﬂ
RONTIANANRAWILUSI MY 391G MIINAIR L NATANITAIWI AN NLTUTIRA
mﬁmﬂ@ﬂ‘*ﬁiagamwmmwuﬁwmaqqﬁw%m LL@iﬁ'&ﬁﬁtymﬁa;&aﬁvlﬁmﬂms
ﬁﬂmtumnLLuuﬁmaaﬁw%'uﬁuﬁu%nmgLmﬁﬂ'\iﬁmmﬂm@mﬁauga NWIBRFINT
o ° ° o A A A A a A ° o ° Aa
maauLLa:wwmLmumaaammuwu‘n‘lumnmmgL°1n iwaayin I lauuudnaadng
U dldg ) Q U v 1 QI &/ 1
mmgﬂmaammummzaummmﬂﬂmﬂiz‘[ﬂ‘mﬂumuma 9unfsuda L
a v gf v A d}/ d' a 1 a a 6 d' a 3; d' A % Ig
mmaUu"l,maaﬂwuﬂmnmqwmmmwm@aﬂauﬂuuwLwammmiawmmﬂu
FodIanaNwawn 3 T2l LﬁaamﬂlmmuﬁmaaLau"l;\ivlﬁﬁ@wami:ﬁuﬂ’nwgwaa
NUN ﬁ]’mwamﬁ@u,a:miﬂs:maiTaHamnamﬁd”@mﬂﬁuaulumd‘ﬂ 2006-2009 WU
dtﬂl % LY ] v A % 4:{' v & ] ' o A a 6 1
lunsmwwawxhLLWI&MQQLLaamLquwLm@\ﬂmmmwmiaasmmﬂmamw@m]z"lu
LLﬂﬂ@:lmaﬁ'ums:é'ummgwaaﬁuﬁ lagndaTsgTinanatianfad lunealag (1)
VINNITIFTINTLIB (H) WasTHIFTINNeIBafadalnan (H ) 1aINwnuimeanaasas
ﬁ@hgoq@ mm:ﬁ@iwaw%nmm’mgas:é’unmw‘i’m’hﬁwaau’%nm‘szé’um’mga@‘hq@
' ~ ' A A = v A VI ) o A
mummlummg}mmLummaﬂmﬂmm'ﬂumu,am'nmsaanm'}mmmmmm
iwﬂi'uLa,ﬁﬂ@iaL@dwam:LLﬂssmﬁuﬁudwszé’ummgwaaﬁuﬁ LA L NIHAITIRIINIINA
mﬁ@lsﬂmﬁUfﬂmvl,&immsm:qmﬂué’uﬁuﬁﬁumi:ﬁumwugwadﬁuﬁvlﬁ YUEANANT
ﬂs:maﬂ‘agaﬁ%mamnmuﬁsmq@;ﬁw%ﬂmﬁ@‘hl,mmi,msaﬁuamﬁj”@mﬂﬁuﬁu 3 QU
lumﬁunmlﬁmﬁ'ﬂﬁmwhﬁ'u%%alﬂﬁl,ﬁmﬁ’mﬁaaﬁnﬂﬁagaﬁag pixel 1na 9 NuaIH
Ingazduduanarsnuwianios asunnIlszduiiianunnaioniadnnuuudiaes
@’Twﬁa;&amaLﬁzmaw"l,m%m:ﬁm%uu%nml,mu 9 uazlunsdlusranmang iwnzazly
@iwﬁﬁmmmm@mﬁauga
Y A ¢
299150k
PNMIGUARMTIVUURZHNE NTORILNAAI
4.2.1 ﬁnﬂwamsﬂs:maifa;&amnamﬁi'@mﬂﬁuauu’%nm@aﬂﬁuwuuﬁ3 AU
Tuzg29d 20062009 (HunsduTnmndmandasuenutu@andinadszauanugida
Jrzn9lULUITEAL)AaUININNN A ANTWIzRIIRINITaNEanilsaSuaanas B

ﬂu%ﬁﬁu&ﬂﬁﬁ%@ﬁﬁﬁﬂﬂiqﬂFJ']%LL‘V\\‘]"E']@@@ﬂa%ﬂu%ﬁﬁﬁ"lﬂitu’]m 1:4 URZAINTH



39

izmﬂaan’]ﬁi'@ﬁgluﬁu%ﬂﬁﬁfﬂﬁaaLﬁUﬂﬂﬁﬁmﬂLL;J'ﬂa’mﬁ'uamﬁi'@ﬁﬁﬂﬂwqﬂmu

] a a €A 1 o % A? dl a dl dld d' s
LAITIR A0 LD UNUBNNA1U Tz 1:8.5 mmuwu‘nmnmgLmaummimawmmmu
GN8N AN B AITNIZINYAINULTUTIRIINAIaNN AL NI LBULA AL AUILAZLG RS

PR MANAINNUILI DA D DUNWIT

cd &

4.2.3 mydszfiudanuiduiinuaieedniuduannuuuiiaedleslideys
A X A a A A A A
anfisuluiuivsiimunn enazlenuaaaniengslu 3 n3d de n) lunadulu
Aa ' v o a A € A &
UTTMANTINBNENNIN MaNuTNTIETINaeiadzilfeuudad U lwaan
o @ v o a A &4 @ A A =« ' A
9 hlddenuduiiganeriadndwinandeyaeiiisnddudrvuclasuznis
ona bl udunulunmsdsafiudrlugasszaziindns 9 wwu derles wie drsnedu
2) TusSaiunndanusuwuanarsnwann(luszasvianugs 9) AaNuTuTIgINaI9
orfiadaTandunlng griuazuandsiuuddranuduiiiaseriadndiuinaindaya
A YR o o ' ' Y d . Aa o o o o [
anufsadalidndnaiuiaaniuwnzarandayanid pixel Ga 9 nusinazlidnlndifoanu
a) luiunuInmwnudulngdnazaneveyaniafiudu 13u gungll ANNTUTFNANS
wazAviawiIsy NlfUsznavlumidwindisunudinesaindeyaaaiion uwne
anwldazainlunaifivuazdufindayadina1n wazdayanialdnainlfidudunuaas
& A v a A o . A a & A
wwnlnataeslddnn drsanlunsdluSnaiunng
1 =3 a 1 ¥ o A a (dldq, a v Y
424 agliianamidfudranuduisdnuesefiedniudulaslddoya
A KA A a A A A . Y o
aufisuluiununmgn evazlianumanzaulu 3 nadl da n) lugrsanintasih
1 v é a I v )
winlawzdeyaaiioulusmzlavamenaneszdszlimdudoyalugisszoziom
v a o A o ' A v o a A €0 o & A '
Inaidedled @) lunsddasnsduadsanuituiignuaefadsamiuiwnawmalng
A lunsdidasnsaafsanutusIgnuasanadluszossn 11 a139rTINa9aiag
> d' 1 A 1 =) 1 A a 6 s d' 1A & U Jw
NeIBARLABLAERANY g WIa ATIETINANNadTNeIwateaall iuan wanNKod

A UANNRZAINLAZTAN TN 8 FINIINNITIA I THIA NN WAL

4.3 DOLABDLUE

nNamM P ulaTImMInwuIdlsziduniiazdnunda luaak

431 lunitﬁﬁaaﬁﬂLLduiammzﬁmiﬁnmmwé’uﬁ'uﬁmaawa"uaﬁ:é’ummgq

A Ao oo A = Ao A o ' o
maawuﬂﬂumiamwmommsﬂmm‘mammﬂluLLuamuafl,@lLLa:LLﬂimi:@umwga
FL [ a &/
RRLDLATUU

432 m‘iﬁﬂmmmé'uﬁuﬁmaawamaai:éﬁ‘umwugomaaﬁuﬁﬁ'ﬂ@iﬁa%ﬁsJ
a9 fiadluuInaninaufsuanuTwilasn IS MABEBUNUUY (AINWRIIL D9

1000-1500 LUATAINNIZAUIINELA) L‘wswxLﬂumﬂmﬂmaa%mﬁ”uu%nmgmﬂuﬂszmﬂvlmm



40

=2 v o ¢ @ A a & A A o o ¢
433 AIIFANBINNUTUNUDIVINRVDIY a;&aq@‘!uﬂmﬂmhwuﬂ(mu ANUDUINNND
A 1 o a v et 1A a A? dl a I s o s
RIDANEAUIRE e’J)ﬂ‘]Jﬂ'Tix‘]ﬁTl&l@TNa’WI@]ﬂuwuﬂﬂimm@uL°1n LWT]ZL?.I%@]'JLL?.I?&']@QJ"I%Q@N%



41
v a
Lland13Iandald

[1] Duffie, J. A., and Beckman, W. A., 1991, Solar Engineering of Thermal Process,
2nd ed., John Wiley & Sons. Inc., New York, 10-141.

[2] Cano, D., Monget, J.M., Albuisson, M., Guillard, H., Regas, N., Wald, L., 1986,
“A method for the determination of the global solar radiation from meteorological satellite
data”, Solar Energy, 37, 31-39.

[3] Cole, R.J., 1976, “Direct solar radiation data as input into mathematical models
describing the thermal performance of buildings —Il. Development of relationships”,
Build. Environ.11, 181-186.

[4] Frulla, L.A., Gallegos, H.G., Gagliardini, D.A., Atienza, G., 1990, “Analysis of satellite
measured insolation in Brazil”, Solar and Wind Technology, 7(5), 501-509.

[5] L3N IUNTANY UATITINED ANBUYTYFI,(W.61. 2542), WHWTFNIATNNRIIN%
LLﬁ\‘]El'lﬁGlgﬂﬁﬂﬁﬂﬁ&ﬂﬂﬂﬁ’lElﬂ’l’)tﬁil&dﬁo’lﬂ%’ﬂﬂizlﬂﬁiﬂﬂ. 3’18\1’1%%’;]/8, NINN@UI
LAZEILETUNAINY, UTENITITTG $170, NTILNWY, 1-96.

[6] Nunez, M., 1987, “A satellite-based solar energy monitoring system for Tasmania,
Australia”, Solar Energy, 39(5), 439-444.

[7] 8AT1& WIRUAUGI, (W.7.2545), NITRNBIUVUINABIEIRIVATWIMANNLDNIIF
avwarfiadlndszinalnalaglddayaniniion,  InofdwusUSygiineamsas
umUia a1 ITNENS Uhainensy arinenasdaling.

[8] findidng 1a9fAsuarIBualSun Faiad, (W.A.2547), MadneudSsufisuans
nsedneiiadidmwimanmwaiganiisanazainnisia, InoinusUsuan
Ineneaasumia s3I T NENS unInensedalng.

[9] Janjai, S. ,Laksanaboonsong, Nunez, M. and A. Thongsathitya, 2005, “Development
of a method for generating operational solar radiation maps from satellite data for a
tropical Environment”, Solar Energy, 2005, 78, 739-751.

[10] Meclatchey, R. A., Fenn, R. W., Selby, J. E. A., Volz, F. E. and Goring, J. S., 1972,
Optical Properties of the Atmosphere, AFCRL-72-0497.

[11] Leckner, B., 1978, “The spectral distribution of solar radiation at the earth’ s
surface-elements of a model”, Solar Energy 20(2), 143-150.

[12] Lacis, A. A., Hansen, J. E., 1974, “Parameterization for the absorption of solar

radiation in the earth’s atmosphere”, J. Atmos. Sci. 19, 118-132.



42

[13] Tanre’ , D., Deroo, C., Duhaut, P., Herman, N., Morcrette, J. J., Perbos, J. and
Deschamps, P. Y., 1988, “Simulation of the Satellite Signal in the Solar Spectrum”,
Technical Report, Laboratoire d’ Optique Atmospherique, Universite’ des Science et

Technique de Lille, 59655 Villeneuve d’ Ascq Cedex, France.



Output ﬁ)ﬂnfﬂsanﬂs‘iﬁ'ﬂmﬁ%’unumn &na. Wag ann.

1. WHAMBANUNWIHINTENTITINIWIWTE

AR swUNANNLNLINY Neuron network

2. myinanwdIae s Taamd

9

VBN e
1
1aid
CAVAI Y
1
1aid
VEIRN DTS
Jiesadnsanuulanuies fUANITuna s uLsaIiag meadan
AFNE Ao ANeNezas YRINLIRARLUINT LAZ NTUNAWINAIING
mLmuLLa:mﬁﬂﬁwﬁamu NTENTHNRINY
VESATINNT
ININAWINIS UM IFa U WA TINEINWLEIaNAAE (1103475)

LRATINRIBNALNK(1103474)

MILRUBNRIN uluﬁﬂs:"guﬁ TINT

mlmmﬁLaualumsﬂszqu‘immiﬁffﬁ5’9';'%1%&iwuLu’ﬁ"iﬁ'mmﬂa

adun 13 aaNAN 2549 7 a. 1eé a. L‘W"Iiilql%

L'%a\‘i Assessment of a Satellite — Based Solar Radiation Model

Using 25 Ground Reference Stations in the Tropics

(uwaanuIn 2.)



AMANKIN N.

L%

o A o A o & a a a 6 o
ﬂ}&&ix‘iﬁi’)&li’]ﬂ’)% (H) IMNMIOTRIANTANUAUUILITUABLUNUUN 3 RN

Tugq91 2006-2009



2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date Radar Office | Maeklang date | Radar Office | Maeklang
1 22.564 19.192 1 18.104
2 20.029 17.970 18.741 2 16.148
3 23.132 18.685 19.298 3 19.348
4 22.374 18.977 19.450 4 19.066
5 21.885 19.109 19.861 5 5.273 18.186
6 20.136 18.435 19.003 6 13.147 15.741

7 16.993 3.456 16.379 7 18.306

8 22.589 16.309 18.466 8 21.525 12.859

9 22.735 12.066 14.027 9 22.175 16.329

10 22.739 17.684 18.696 10 22.490 | 19.124

11 23.223 18.704 18.828 11 21.957 19.372

12 23.441 19.276 19.592 12 21.372 18.327 13.674
13 23.557 19.730 20.010 13 21.835 18.767 17.699
14 23.591 19.939 20.769 14 22.212 19.601 18.724
15 23.474 19.742 20.595 15 22.783 20.058 20.214
16 23.401 18.983 20.683 16 21.591 19.522 19.167
17 23.967 19.738 20.587 17 21.995 19.120 18.770
18 24.136 19.461 20.135 18 22.325 20.160 20.188
19 24.231 19.387 19.854 19 22.577 19.733 19.060
20 24.182 19.837 20.226 20 22.874 20.163 20.325
21 24.430 19.594 20.391 21 22.702 19.971
22 23.816 19.662 19.939 22 23.010 19.655
23 21.745 16.567 18.144 23 22.990 20.230 18.354
24 12.975 12.186 16.997 24 20.841 12.191 15.504
25 11.307 10.686 16.003 25 15934 | 12.898 15.822
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
26 14.617 12.811 16.390 26 21.079 16.197 18.178
27 16.868 15.125 17.668 27 20.415 13.908 16.960
28 24.717 18.679 18.927 28 9.240 6.912
29 25.260 17.478 18.831 29 14.494 16.669 17.836
30 25.132 19.031 18.845 30 17.853 17.814 16.590
31 22910 18.434 18.457 31 14.611 15.509 14.131
32 21.139 19.130 18.050 32 22.142 17.326
33 25.613 8.806 19.874 33 17.312 15.477
34 24.147 19.628 20.210 34 16.117 15.730
35 15.733 14.748 13.392 35 17.480 15.370
36 7.510 11.678 15.740 36 21.233 18.568
37 14.810 9.548 14.330 37 20.864 17.946
38 14.741 8.437 15.130 38 19.530 15.243
39 10.519 11.912 12.141 39 15.345 10.606
40 19.465 15.662 15.669 40 19.494 14.031
41 17.966 10.870 16.262 41 19.715 15.516
42 13.834 13.097 16.003 42 23.661 19.050
43 22.128 19.367 19.758 43 18.909 17.540
44 22.135 18.402 19.996 44 21.657 19.519
45 26.136 | 21.303 21.624 45 17.518 | 20.165
46 26.599 | 21.964 21.654 46 17.470 18.550
47 27.289 | 22.801 22.228 47 16.485 18.000
48 22.795 | 20.907 21.294 48 23.155 19.725
49 26.781 22.281 22.074 49 18.196 18.526
50 26.273 | 21.832 21.673 50 25.626 | 22.145
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
51 19.558 15.828 21.615 51 25911 22.350
52 26.302 22.034 22.497 52 25.733 21.560
53 24.855 | 21.443 20.904 53 26.010 | 22.849
54 12.595 16.989 18.504 54 25318 | 21.931
55 16.895 16.212 18.573 55 24.152 21.544
56 23.354 21.558 22.255 56 22.767 21.429
57 27.784 23.216 22.717 57 19.064 21.372
58 27.462 22.448 21.226 58 21.145 20.036
59 21.771 15.934 19.602 59 26.250 21.836
60 4.771 17.960 60 26.051 21.641 2.790
61 17.900 61 27.797 22.737 20.737
62 18.822 62 27.567 23.768 20.957
63 20.999 22.043 63 26.776 20.743 17.838
64 21.154 20.596 64 23.767 18.652 14.770
65 18.981 19.208 65 25.628 | 20.731 17.094
66 20.646 21.218 66 28.568 | 24.771 22.068
67 17.133 20.896 67 28.148 | 21.904 22.015
68 18.371 18.792 68 28.575 | 23.875 22.536
69 22.225 20.173 69 27.533 | 21.976 18.207
70 23.004 20.833 70 25.555 | 20.106 15.894
71 23.437 22.201 71 26.023 20.816 16.528
72 10.425 22.556 20.315 72 24.385 18.825 13.630
73 26.816 18.924 20.294 73 25.954 21.380 17.609
74 27.131 21.454 19.493 74 27.526 22.963 19.764
75 29.045 23.218 21.247 75 25.219 21.194 17.957
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
76 27.958 22.679 21.205 76 21.376 15.815 12.072
77 27.852 23.243 19.913 77 22.449 20.451 18.445
78 21.420 17.656 15.024 78 16.763 19.062 17.102
79 18.251 13.648 15.744 79 17.006 15.468 17.505
80 25.060 21.414 21.944 80 8.096 13.707 18.333
81 27.543 23.523 22.667 81 15.982 19.923 17.416
82 24.253 19.650 18.412 82 28.505 24.671

83 25.986 19.767 17.315 83 24.335 21.600 18.101
84 29.649 23.973 21.591 84 28.086 22.901 19.649
85 29.508 24.566 22.396 85 23.767 19.650
86 29.457 23.762 23.113 86 25.503 22.052
87 18.216 15.665 17.901 87 27.397 22.110
88 18.792 16.126 13.407 88 20.187 19.291
89 10.970 11.576 10.784 89 19.486 15.879
90 14.362 12.890 12.982 90 24.863 19.912
91 12.318 16.603 18.414 91 27.490 23.271
92 14.763 18.352 22.659 92 30.216 24.788
93 10.396 | 21.830 22.272 93 27.896 20.007
94 15.141 | 24.560 23.907 94 27.664 20.552
95 29417 | 25.626 24.088 95 27.371 20.565
96 24.697 24.829 23.386 96 13.570 16.232
97 17.255 22.287 20.731 97 25.280 17.883
98 14.470 18.244 17.758 98 20.136 18.275
99 21.791 24.686 19.708 99 22.600 21.227
100 22.595 21.972 20.364 100 23.319 20.785
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
101 27.968 19.147 20.902 101 22.590 18.768
102 26.861 24215 20.587 102 21.405 18.284
103 10.295 15.962 16.910 103 | 20.156 22.014
104 | 25219 | 24.005 22.045 104 | 11.495 10.308
105 14.947 15.380 19.282 105 7.727 10.715
106 21.640 9.879 15.378 106 6.990 13.089
107 10.851 17.490 17.587 107 18.621 16.988
108 7.760 11.748 14.151 108 11.646 21.516
109 13.227 14.130 17.859 109 20.903 22.077
110 10.514 15.923 19.859 110 25.593 23.091
111 17.354 21.971 18.780 111 28.895 24.944
112 15.081 15.349 13.198 112 27.767 25.480
113 18.822 19.730 23.874 113 27.930 23.967
114 12.924 15.411 17.415 114 25.511 23.085
115 13.568 14.131 20.018 115 | 20.958 22.194
116 9.303 15.782 14.518 116 | 13.168 18.983
117 18.980 11.743 17.457 117 | 17.096 19.737
118 13.213 11.373 13.587 118 | 16.431 20.830
119 3.857 3.877 4.898 119 | 20.725 17.098
120 7.286 10.327 22.752 120 14.102 20.611
121 18.487 14.643 21.377 121 19.815 21.738 22.947
122 16.099 16.344 22.574 122 9.312 12.055 13.815
123 16.241 20.221 24.195 123 7.231 6.654 12.200
124 18.138 25.266 25.086 124 4.014 3.277 3.940
125 29.297 27.417 24915 125 7.976 3.807 3.486
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
126 17.695 19.825 24.327 126 10.825 6.388 4.989
127 25.173 21.083 22.668 127 12.721 10.726

128 | 21.958 | 22.361 8.424 128 | 16.973 10.134

129 | 20.582 | 21.315 18.864 129 | 17.848 15.533

130 18.343 15.528 21.765 130 9.657 9.311

131 15.560 10.330 15.392 131 3.633 4912

132 20.190 20.919 24.720 132 3.037 5.135

133 22.386 16.752 25.288 133 6.915

134 19.360 14.395 15.248 134 6.455 5.063

135 6.691 3.497 3.804 135 8.044 9.612 9.595
136 12.146 6.352 3.890 136 17.715 14.972 20.343
137 8.244 4.431 7.362 137 13.967 14.420 17.670
138 6.889 2.938 4.245 138 13.031 24.256 18.970
139 5.815 2.448 6.448 139 8.777 12.523 14.663
140 9.394 3.130 5.410 140 2.576 5.533 9.261
141 5.282 3.047 8.242 141 2313 6.989 9.888
142 10.598 4.426 7.621 142 2.940 7.494 12.885
143 15.097 9.757 13.570 143 4.905 17.478 16.187
144 6.888 6.361 10.839 144 | 20.756 | 23.571 22.895
145 4.945 12.198 11.652 145 19.310 24.048 20.439
146 21.470 13.820 19.949 146 18.486 24.744 20.035
147 21.108 15.494 18.713 147 20.677 16.139 20.475
148 23.246 21.638 19.938 148 16.220 15.872 14.931
149 18.780 22.286 21.091 149 17.879 13.954 16.426
150 8.236 9.872 12.720 150 8.110 12.088 10.373
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
151 8.222 9.637 10.865 151 8.916 13.022 18.133
152 15.507 3.553 152 13.811 16.032 15.085
153 19.400 18.105 153 8.679 13.117 17.399
154 13.544 15.329 154 9.528 10.072 15.345
155 8.189 13.943 155 | 21.529 | 20.754 21.876
156 10.053 17.436 156 15.391 17.514 17.421
157 10.113 12.047 157 14.044 14.749 15.748
158 17.694 15.786 158 14.751 17.652 19.104
159 15.579 14.870 159 15.711 17.868 19.418
160 10.697 12.466 160 9.863 14.155 17.241
161 8.840 16.460 161 18.133 18.986 20.654
162 7.761 13.183 162 10.670 17.645 15.827
163 21.941 17.889 163 7.310 11.486 14.986
164 22.505 21.855 164 3.457 7.960 12.160
165 17.605 22.545 165 7.490 16.371 18.037
166 16.941 20.124 166 | 14.095 16.714 15.867
167 13.247 13.999 20.512 167 | 11.356 15.100 16.240
168 8.321 8.310 13.978 168 | 14.932 12.756 16.968
169 11.201 19.056 19.400 169 6.613 12.849 17.701
170 4.954 6.074 12.142 170 9.811 12.187 15.269
171 8.350 6.662 10.116 171 8.089 7.862 18.885
172 8.776 7.234 12.426 172 15.517 13.479 17.295
173 14.385 13.083 19.222 173 21.560 17.833 21.373
174 10.125 16.517 174 15.737 23.662 23.413
175 18.158 12.616 21.300 175 14.052 21.053 21.130
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
176 12.588 11.309 20.652 176 17.585 16.079 16.457
177 12.712 11.424 17.665 177 9.558 8.815 11.311
178 | 22.786 12.334 21.125 178 9.021 10.697 7.640
179 17.679 18.708 16.388 179 3.611 4.000 10.733
180 10.616 13.650 13.227 180 4.611 6.865 11.459
181 9.916 12.844 12.151 181 20.453 16.866
182 182 10.116 10.541 16.815
183 11.589 183 12.494 13.293 15.563
184 14.705 184 9.789 9.450 14.487
185 11.853 13.090 185 7.134 10.957 14.950
186 8.749 12.324 186 7.728 10.458 17.410
187 9.958 10.051 187 6.059 6.388 6.824
188 11.275 12.125 188 8.118 14.672 14.266
189 9.011 7.923 189 14.497 16.523 15.884
190 8.791 11.702 190 | 10.504 17.737 18.038
191 11.142 13.794 191 15.229 21.439 20.094
192 11.525 11.319 192 | 17.585 19.557 18.550
193 5.826 10.719 14.390 193 | 13.569 12.015 17.041
194 8.900 13.258 12.368 194 9.942 14.506 11.675
195 8.818 11.304 16.644 195 9.053 13.371 14.470
196 6.784 9.244 10.322 196 5.596 6.118 12.392
197 12.516 11.685 15.403 197 6.171 9.646 12.426
198 5.613 10.714 11.922 198 11.226 15.585 15.668
199 2.549 4.127 7.643 199 9.339 18.428 15.366
200 5.658 7.399 7.694 200 8.446 14.860 14.331
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
201 9.251 14.715 14.097 201 5.221 7.273 7.044
202 13.997 18.449 16.559 202 4.555 6.507 4.472
203 12.488 16.768 14.619 203 9.640 7.774 11.206
204 18.728 22.437 204 | 14.336 | 20.105 17.920
205 10.145 16.015 23.298 205 9.202 8.620 6.591
206 19.136 20.666 19.528 206 6.250 15.279 16.533
207 8.541 8.582 9.153 207 21.053 22.805 18.226
208 3.492 8.901 7.486 208 12.823 16.775 13.935
209 3.780 6.143 7.873 209 20.551 26.317 22.111
210 9.592 12.961 14.251 210 12.932 15.736 17.061
211 12.085 12.013 211 10.674 16.288 18.580
212 6.483 10.358 11.005 212 7.937 13.224 14.450
213 4.510 10.647 213 13.937 13.172 13.426
214 18.094 15.877 214 7.672 17.963 14.898
215 14.497 12.060 215 6.502 19.496 13.208
216 15.064 17.199 216 | 18.667 | 20.539 14.493
217 13.113 20.333 217 | 19.227 17.383 16.598
218 3.783 19.860 218 | 19.710 | 21.296 14.886
219 15.944 19.784 219 | 13.132 | 20.180 16.828
220 9.446 13.257 220 5.392 12.220 13.662
221 6.685 10.510 221 5.353 11.694 13.073
222 11.653 8.633 12.996 222 7.393 11.217 9.740
223 12.828 11.247 15.773 223 2.903 3.381 9.933
224 12.541 19.179 16.629 224 2.547 3.216 10.165
225 11.420 18.123 12.681 225 5.731 11.972 21.940
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
226 15.521 9.337 19.266 226 8.277 12.288 17.403
227 17.863 25.618 23.935 227 4.403 9.741 12.370
228 8.993 12.317 10.777 228 5.354 7.735 7.682
229 15.001 16.288 14.033 229 | 10.684 13.341 17.650
230 11.239 12.944 15.406 230 | 16.490 | 24.903 17.595
231 5.411 13.033 11.774 231 10.231 16.998 21.555
232 3.559 7.206 232 13.588 16.440 20.282
233 6.642 8.550 233 8.730 15.048 22.062
234 6.533 8.160 9.515 234 12.008 21.097 17.565
235 10.273 11.284 14.858 235 11.763 16.747 12.474
236 9.350 14.697 18.183 236 8.417 9.345 11.180
237 8.079 9.810 16.670 237 6.964 13.034 10.353
238 9.429 11.354 13.259 238 16.047 20.070 14.804
239 13.877 15.994 18.137 239 22.208 13.600 23.581
240 12.294 13.495 10.517 240 8.976 6.620 14.165
241 14.538 18.135 241 13.224 22.146 20.638
242 4951 8.483 7.412 242 10.521 9.413 16.755
243 4.974 4.196 3.593 243 | 11.722 11.076 20.706
244 8.268 244 21.045 13.991

245 18.489 245 13.011 20.233

246 22.921 3.094 246 13.081 12.875

247 17.981 22.441 247 16.484 16.980

248 13.438 19.495 248 16.442 14.849

249 16.615 10.595 15.262 249 7.229 9.131

250 18.044 20.510 22.667 250 14.037 11.745
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
251 17.889 19.495 20.345 251 18.897 23.518
252 9.850 8.699 20.492 252 16.446 16.062
253 9.430 12.108 14.425 253 | 17.239 13.748
254 8.785 8.364 254 6.871 6.552
255 10.076 8.645 14.560 255 | 13.598 16.001
256 11.426 9.641 16.317 256 14.239 8.751
257 15.231 15.605 19.996 257 7.947 9.932
258 10.753 8.500 19.133 258 13.640 10.037
259 6911 8.222 12.158 259 9.170 12.598
260 12.121 10.736 19.050 260 12.732 23.462
261 19.449 12.422 16.832 261 2.322 3.955
262 10.673 12.697 262 5.569 7.557
263 8.717 10.785 12.952 263 3.472 2.189
264 6.220 12.551 16.246 264 7.258 7.344
265 15.745 11.638 14.033 265 | 17.991 14.315
266 14.306 10.539 19.808 266 9.651 14.599
267 15.107 18.811 19.387 267 | 16.503 14.844
268 14.884 18.713 18.042 268 | 20.345 18.170
269 3.329 2.809 6.860 269 | 10.393 11.514
270 2.821 2.546 10.542 270 19.742 18.505
271 4.376 3.548 10.021 271 7.646 14.279
272 10.956 8.470 13.400 272 12.473 10.273
273 18.586 22.053 22.979 273 10.366 8.848
274 23.333 274 15915 18.970
275 8.319 3.846 275 12.358 19.738
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
276 3.601 5.549 276 11.709 15.717 2.985
277 10.343 6.690 277 5.508 8.019 10.133
278 15.546 17.993 278 7.534 4.007 7.872
279 9.634 17.319 279 5.201 8.281
280 11.380 18.336 280 3.054 6.330 5.053
281 14.533 15.201 281 17.118 13.174 18.580
282 8.257 8.073 282 11.460 11.111 16.908
283 13.732 13.259 283 10.580 17.995 14.862
284 13.550 16.028 284 5.939 4312 9.077
285 8.162 17.765 285 5.966 6.116 12.219
286 12.499 16.550 286 1.782 1.845 4.373
287 12.015 21.666 287 3414 4.391 13.232
288 18.145 22.306 288 2.543 3.309 7.372
289 13.703 22.178 289 5.596 4.819

290 14.180 21.882 290 | 12.711 7.597

291 7.930 21.201 291 14.375 11.105

292 | 20.702 21.015 292 | 14.566 15.384

293 18.576 19.322 293 | 13.859 10.135

294 15910 21.973 294 | 18.507 14.578

295 12.455 21.059 295 | 23.768 | 20.514

296 12.942 15.688 296 21.784 21.180

297 15.156 20.268 297 16.383 18.114

298 10.505 19.217 298 16.564 16.207

299 11.590 18.630 299 23.306 17.065

300 14.688 20.362 300 21.087 18.231
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2006 H (MJ/m*-day) 2007 H (MJ/m*-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
301 21.687 19.555 301 19.027 16.708

302 20.794 19.033 302 14.902 13.248

303 | 21.186 18.555 303 9.205 10.299

304 16.732 18.010 304 | 10.901 11.246

305 10.165 17.064 305 4.036 3.325

306 18.638 17.185 306 12.238 7.411

307 23.727 20.301 307 6.803 4.966

308 23.504 18.980 20.288 308 6.627 5.399

309 21.281 19.237 19.890 309 12.124 5.761

310 20.103 19.791 19.907 310 17.240 6.582

311 5.235 10.084 12.429 311 23.105 11.016 17.250
312 21.757 17.867 18.397 312 23.583 20.532 20.754
313 22.792 20.119 18.987 313 23.610 20.347 20.622
314 9.596 17.484 18.282 314 21.362 20.438 20.220
315 6.024 14.755 18.010 315 | 18.826 18.272 18.945
316 11.018 13.613 18.189 316 8.023 10.384 15.753
317 17.043 14.980 18.698 317 4.609 6.087 16.003
318 14.387 18.969 18.736 318 2.531 2.513 6.550
319 18.389 12.987 10.569 319 3.764 8.365
320 15.407 16.308 320 | 14.198 18.443
321 14.220 16.417 321 23.369 20.300
322 17.004 16.967 322 19.238 19.212
323 15.348 323 4.266 11.315
324 13.205 14.642 324 5.696 12.734
325 21.315 18.767 325 5.587 9.480
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2006 H (MJ/m>-day) 2007 H (MJ/m>-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
326 | 22.931 | 19.647 326 | 10.531 11.384
327 | 22.960 | 20.190 327 | 16.551 14.055
328 | 22.772 | 20.045 328 | 11.811 12.021
329 | 20.811 | 19.222 329 | 22.280 17.889
330 | 20.089 | 19.044 330 | 18.265 18.425
331 | 21.825 | 16.169 331 | 20.138 18.119
332 | 21.998 | 18.948 332 | 21.823 17.564
333 | 22.495 | 19.547 333 | 20.561 17.553
334 | 22.433 | 19.485 334 | 17.630 15.526
335 | 21.479 | 18.224 335 | 15.832 17.347
336 | 21.289 | 19.143 336 | 22.549 18.621
337 | 20.046 | 18.299 337 | 7.738 4.240 14.360
338 | 16.034 | 12.994 338 | 13.999 | 9.473 16.898
339 | 15777 | 8.538 339 | 9.131 8.310 16.986
340 | 18.153 | 10.705 340 | 11.356 | 13.022 | 18.540
341 | 13.152 | 9.728 341 | 13.411 | 11.517 | 18350
342 | 9.705 8.486 342 | 21.886 | 11.458 | 17.810
343 | 10.888 | 10.899 343 | 14.723 | 10.094 | 16.855
344 | 7.820 7.423 344 | 11.188 | 11.929 | 17.414
345 | 13200 | 7.973 345 | 21.204 | 15728 | 17.708
346 | 18.204 | 15.956 346 | 18.194 | 15364 | 15917
347 | 20981 | 18.311 347 | 21.488 | 18.866 | 19.533
348 | 19.325 | 14.570 348 | 20.947 | 18.557 | 19.190
349 | 21.664 | 4.451 349 | 20.842 | 17.006 | 18.374
350 | 6.943 | 11.876 350 | 15.413 | 7.943 15.248
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2006 H (MJ/m>-day) 2007 H (MJ/m>-day)
date | Radar Office | Maeklang date | Radar Office | Maeklang
351 | 20.882 | 9.567 351 | 14.045 | 8.242 17.642
352 | 21.329 | 14.229 352 | 16.879 | 14.178 | 17.715
353 | 11.824 | 12.239 353 | 12.905 | 13.955 | 17.695
354 | 17.196 | 14.499 354 | 19.890 | 17.564 | 18.052
355 | 21.765 | 18.486 355 | 21362 | 18.489 | 19.311
356 | 21.433 | 18.267 356 | 22.001 | 19.134 | 19.717
357 | 21.570 | 17.955 357 | 22.589 | 19.119 | 19.503
358 | 22.000 | 17.660 358 | 22.228 | 19.366 | 20.124
359 | 22.001 | 17.877 359 | 21.585 | 18.730 | 19.343
360 | 21.688 | 17.962 360 | 19.727 | 17.579 | 18.231
361 | 21.615 | 17.583 361 | 21.167 | 17.857 | 18218
362 | 20411 | 17.995 362 | 20209 | 17.401 16.304
363 | 16318 | 12.965 363 | 21.090 | 14.998 | 17.917
364 | 11.118 | 14.817 364 | 21.804 | 12.657 | 17.123
365 | 15.074 | 12.481 365 | 21.988 | 15.762 | 18.120

58
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2008 H (MJ/m?-day)
date Radar Office | Maeklang
1 21.851 11.637 12.301
2 22.181 15.912 15.801
3 21.578 18.274 18.351
4 21.058 17.455 17.433
5 21.122 17.757 17.19
6 21.035 17.473 17.453
7 20.605 17.547 17.534
8 21.807 18.05 17.777
9 22.581 18.499 18.338
10 22.869 19.414 19.282
11 22.498 19.486 20.095
12 22.451 19.473 19.935
13 22.512 19.164 19.864
14 22.533 19.026 19.708
15 23.046 19.413 18.757
16 20.579 12.572 17.323
17 22.413 17.089 17.93
18 22.828 18.734 18.84
19 22.939 19.959 20.053
20 22.858 19.638 19.994
21 23.675 20.293 20.589
22 23.621 19.766 19.729
23 23.712 16.885 17.381
24 23.250 17.931 17.678
25 10.928 8.85 14.239

2009 H (MJ/m*-day)
date Radar Office | Maeklang
1 16.706 7.406 19.277
2 7.081 2.365 3.752
3 13.048 12.190 15.929
4 20.785 10.829 18.546
5 22.607 16.143 19.351
6 21.557 11.826 17.442
7 19.223 13.068 18.250
8 22.302 18.832 19.591
9 20.285 17.797 19.272
10 19.632 11.767 12.474
11 16.115 16.068 18.838
12 16.817 18.562 17.594
13 22.648 19.033 19.096
14 22.568 18.784 18.508
15 22.666 18.361 17.967
16 23.101 18.989 18.441
17 22.917 18.649 18.511
18 23.481 18.601 17.942
19 24.131 18.916 18.615
20 24.100 19.324 19.394
21 23.752 19.271 19.443
22 24.026 19.184 18.614
23 23.664 19.582 19.510
24 20.893 15.404 17.227
25 18.927 17.232 17.694
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2008 H (MJ/m*-day)
date Radar Office | Maeklang

26 20.227 9.878 10.493
27 6.998 16208 | 14.811
28 2.025 4.766
29 8.196 12.86 19.856
30 6.547 14.515 | 14.482
31 1.732 8.099 9.12

32 1.768 4721 2219
33 16.031 | 15.114 | 17.806
34 24.008 21.34 21.589
35 25534 | 21.863 | 21.555
36 25207 | 21718 | 21.651
37 24.859 | 21.147 20.74
38 24.779 21.17 21.24
39 24494 | 21226 | 21.024
40 23.831 | 21.022 | 20224
41 24756 | 21.523 | 21.103
42 20.686 | 17.437 | 21.212
43 22284 | 20741 | 21.438
44 17.532 | 15.248 | 17.618
45 17.86 18.487 | 20.175
46 12984 | 17.631 | 17.151
47 26.812 | 23277 | 21.982
48 26.858 | 23.745 | 23.203
49 26.405 22.49 20.055
50 15515 | 11.546 | 16.016

2009 H (MJ/m*-day)
date Radar Office | Maeklang
26 23317 | 19.518 | 19.094
27 23.887 | 19.883 | 19.912
28 24.025 | 20.526 | 20.297
29 24076 | 20.184 | 20.552
30 19.780 | 19.778 | 19.499
31 24421 | 20.622 | 20.430
32 24329 | 19.532 | 18.990
33 18.797 | 15.139 | 17.436
34 10.954 | 17.637 | 16.800
35 24341 | 20.633 | 19.921
36 23.554 | 20.626 | 20.003
37 10221 | 16470 | 18.534
38 13.508 9.039 12.807
39 15327 | 13.865 | 17.031
40 10419 | 15331 | 17.190
41 6.569 9.984 14.075
42 10.693 | 14.883 | 15.466
43 20.175 | 19.771 | 19.584
44 25.818 | 21.127 | 20.166
45 26.754 | 20421 | 19.213
46 25.639 | 20.728 | 19.712
47 22960 | 18.738 | 18.252
48 22.653 | 19.415 | 17.761
49 17423 | 16.604 | 14.010
50 21.526 | 16.006 | 15.628
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2008 H (MJ/m*-day)
date Radar Office | Maeklang

51 11916 | 13.795 | 15512
52 13.927 | 13.011 | 17.831
53 22.078 | 14.004 19.41

54 21.787 | 17.226 | 19.102
55 26.891 | 22.574 | 20.572
56 26983 | 22984 | 22.077
57 27.328 | 23.758 | 22.317
58 20217 | 12.847 15.71

59 14572 | 14.829 | 18.549
60 19.902 | 19.065 | 19.894
61 22,686 | 13.722 | 15.618
62 11.766 18.525
63 17.776 | 13.594 | 16.714
64 19.153 | 16.118 | 17.483
65 13.854 | 16414 | 16.448
66 13.406 | 14.474 | 13.493
67 12.741 | 16795 | 17217
68 18.046 | 15.698 | 16.636
69 19.195 | 18296 | 18.004
70 24398 | 21.156 | 20.958
71 27.716 | 24599 | 22339
72 28.257 | 24901 | 23.646
73 27.59 24948 | 23.026
74 20.538 | 22.152 | 20.024
75 22.882 | 20944 | 18.824

2009 H (MJ/m*-day)
date Radar Office | Maeklang

51 17.285 | 17.194 | 17.732
52 22383 | 19.120 | 17.750
53 25428 | 21.606 | 19.825
54 26332 | 22.444 | 21.000
55 25912 | 21.197 | 18.342
56 25306 | 20375 | 16.965
57 25935 | 20.758 | 16.542
58 26414 | 21.664 | 19.033
59 23971 | 19.555 | 16.910
60 25.845 | 20718 | 17.694
61 26.288 | 20.578 | 18.106
62 27.017 | 21.565 | 20.874
63 26.689 | 22.621 | 20.684
64 28.075 | 23.988 | 22.043
65 26561 | 21.738 | 19.628
66 25.785 | 20.694 | 18.388
67 27.803 | 23.038 | 20.549
68 25286 | 19.766 | 18.022
69 27.778 | 23.609 | 16.543
70 20.694 | 17.868

71 26917 | 23.013 | 20.464
72 17.685 | 16.565 | 14.325
73 17.481 9.075 6.306
74 23205 | 18.562 | 17.083
75 19.373 | 14906 | 15.575
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2008 H (MJ/m*-day)
date Radar Office | Maeklang

76 12,552 | 19.953 17.37

77 26.812 | 23.069 | 20.968
78 18.784 | 18.449 | 15.793
79 17.291 | 14.851 | 18.452
80 26.502 4.75 19.516
81 26.32 24291 | 22.908
82 25278 | 20395 | 18.732
83 20.008 | 17.752 | 17.037
84 21.14 18.931 | 16.081
85 26353 | 22367 | 20.881
86 26.007 22.76 21.308
87 26.383 | 24.151 | 22.163
88 27251 | 22989 | 22.904
89 23.033 | 24922 | 19.044
90 12.288 | 13.612 | 13.988
91 7.505 10.678 9.251

92 7.655 11.74 12.135
93 11.66 18.805 | 19.581
94 22334 | 22355 | 23.083
95 13.628 | 16.402 24.61

96 6.664 10.737 | 18.334
97 13.369 | 14.025 | 16.956
98 11.37 15.052 | 12.989
99 15359 | 15.861 | 14.558
100 | 16.413 15.78 17.924

2009 H (MJ/m*-day)
date Radar Office | Maeklang
76 9.378 10.779 9.556
77 11.943 9.786 11.431
78 15.641 | 15.144 | 16.608
79 15079 | 18.078 | 18.378
80 26.032 | 21344 | 20.527
81 10246 | 13.874 | 17.150
82 9.269 13.580 | 13.314
83 16266 | 15.667 | 15.722
84 12671 | 17.843 | 19.719
85 20256 | 11.963 | 18.432
86 28.155 | 24393 | 23.098
87 23.137 | 20.651 | 19.582
88 23.619 | 20507 | 19.956
89 21.595 | 21.535 | 22.749
90 26974 | 23431 | 21.557
91 25.157 | 17.267 | 23.090
92 19.822 | 16244 | 18.342
93 17.118 | 17.604 | 17.346
94 27.700 | 24281 | 20478
95 18.183 | 21.876 | 19.011
96 18.926 | 21.548 | 19.142
97 15004 | 19272 | 18.670
98 18.964 | 16974 | 21.228
99 15760 | 16.713 | 20.821
100 21.826 | 20276 | 22.551
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2008 H (MJ/m*-day)
date Radar Office | Maeklang
101 14469 | 21.867 | 19.397
102 12991 | 22.546 | 21.871
103 | 20.408 | 24.991 | 23.974
104 | 13.574 | 24.817 | 22.267
105 | 26585 | 21.848 | 23.521
106 27.2 25.119 | 22.883
107 | 23.374 19.35 19.542
108 19.977 | 16.132 | 19.527
109 | 22755 | 17.373 | 18.893
110 | 24308 | 14.573 | 19.095
111 19.148 | 17.757 | 19.248
112 12297 | 14.581 17.44
113 12966 | 10.995 | 16.191
114 9.479 13.379 | 14.656
115 8.931 13.014 | 16.299
116 | 14328 | 14398 | 12.736
117 10.702 | 13.893 | 14.513
118 10.805 | 12.635 | 15.539
119 | 12718 | 15.887 21.17
120 | 10.402 8.808 13.537
121 10.372 8.001 9.405
122 | 20595 | 13211 | 17.187
123 15795 | 13.085 | 16.977
124 2.31 1.816 3.725
125 6.682 10.329 | 10.009

2009 H (MJ/m*-day)
date Radar Office | Maeklang
101 20450 | 21203 | 19.349
102 16.808 | 23.177 | 19.469
103 9.792 15.037 | 15.445
104 16296 | 16.773 | 19.757
105 15128 | 17.761 | 15.602
106 9.256 14.544 | 19.965
107 10.789 | 21.723 | 17.859
108 2.716 7.068 16.156
109 16.893 | 23.952 | 23.528
110 12921 | 19319 | 23.545
111 21.405 | 18.740 | 20.829
112 | 23971 | 23.756 | 19.643
113 23.891 | 25.004 | 22.128
114 11.766 | 17.145 | 18.062
115 10.084 | 13.787 | 21.241
116 3.545 3.328 2.582
117 8.676 11.347 | 17.787
118 8.438 9.814 22.393
119 16933 | 16.134 | 18.527
120 12.788 | 14295 | 16.282
121 15716 | 16.782 | 19.508
122 12.118 | 17.901 15.928
123 13.884 | 11203 | 16.622
124 11494 | 11269 | 15305
125 17.287 | 15251 | 19.645
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2008 H (MJ/m*-day)
date Radar Office | Maeklang
126 | 19305 | 13.273 | 20.104
127 14.049 | 24.628 | 17.748
128 9.231 18.821 | 18.463
129 | 13369 | 19.238 | 16.727
130 | 14.596 | 15.043 | 19.975
131 9.922 14.43 18.479
132 15075 | 15.523 | 20.794
133 6.352 10.943 | 13.696
134 2.521 2.96 11.346
135 3.818 2.712 5.872
136 5.606 4273 9.278
137 8.055 8.636 12.389
138 4177 7.414 10.496
139 3.544 5.348 9.145
140 12.04 15.004 | 15.458
141 11.048 8.298 14.919
142 | 22917 | 15469 | 20.099
143 15.14 19961 | 18.511
144 | 12241 | 15291 | 22.599
145 15988 | 13.997 | 17.759
146 | 11.504 | 16.432 | 22.015
147 16.27 20.779 | 19.396
148 | 20.705 | 22.064 | 20.745
149 | 10.192 | 15736 | 14.695
150 8.327 13.648 | 15.587

2009 H (MJ/m*-day)
date Radar Office | Maeklang
126 13.059 | 14.744 | 19.232
127 19.702 | 18.480 | 19.905
128 20264 | 15.607 | 18.942
129 13.288 | 17.485 | 21.040
130 12271 | 13.820 | 19.327
131 13.328 | 19.077 | 20.763
132 13222 | 18291 | 20.868
133 9.538 15.845 | 14.812
134 7.686 7.907 12.452
135 9.925 8.725 9.573
136 15.622 | 10.769 | 11.361
137 | 22861 | 23.691 | 20.325
138 19.511 | 23.500 | 22.491
139 14.763 20.766
140 16.605 1.963 17.234
141 23.550 | 24.454 | 24.141
142 17.294 | 22.095 | 22.468
143 13.205 | 18968 | 20.761
144 18.878 | 15.268 | 14.002
145 18.018 | 21.387 | 18.018
146 21957 | 17.992 | 19.138
147 15703 | 17.850 | 18.369
148 10.746 | 14.425 | 18.573
149 9.277 7.802 12.824
150 10.062 9.028 12.933
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2008 H (MJ/m?-day)

date Radar Office | Maeklang
151 14.503 21.438 16.943
152 9.372 16.384 14.68
153 18.067 19.548 17.092
154 1.92 12.942 16.048
155 8.253 10.567
156 12.624 14.999
157 15.486 14.064
158 14.069 13.172
159 11.938 15.667
160 14.642 14.711
161 19.158 20.189
162 19.447 19.155
163 18.564 17.266
164 20.23 14.259
165 16.186 14.226
166 13.999 12.235
167 8.923 8.326
168 7.772 9.379
169 4.929 10.384
170 11.505 14.371
171 15.638 15.753
172 16.266 17.87
173 19.6 16.786
174 20.701 19.977
175 22.142 20.193

2009 H (MJ/m*-day)

date Radar Office | Maeklang
151 12.464 12.198 14.697
152 8.361 8.703 13.037
153 6.225 10.536 17.804
154 12.651 19.198 18.496
155 12.212 12.430 16.141
156 8.327 9.292 12.487
157 5.181 9.360 8.122
158 1.999 4.430 8.289
159 2.026 4.080 6.543
160 20.360 23.356 20.860
161 12.034 15.732 16.997
162 18.670 20.873 19.763
163 11.478 13.090 13.670
164 16.145 13.754 16.802
165 12.126 16.820 16.357
166 13.165 16.134 20.384
167 11.643 14.862 16.371
168 9.836 7.537 8.669
169 7.598 8.077 6.997
170 10.462 11.712 15.075
171 11.373 20.195 16.456
172 14.327 17.729 15.429
173 13.833 16.133 13.692
174 14.549 8.315 15.099
175 20.996 12.474 13.402
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2008 H (MJ/m*-day)

date Radar Office | Maeklang
176 18.944 | 19.101
177 15771 | 14.807
178 18.306 | 16.888
179 | 13.111 | 18.795 | 17.738
180 10.47 13.879 | 16.177
181 6.847 8.181 10.094
182 10.706 | 10.182 8.775

183 11.602 | 18.706 | 17.681
184 | 10.632 | 10.684 | 13.575
185 5.987 8.209 9.092
186 10.54 12.942 | 16.129
187 12.334 | 15714 | 13.775
188 11.4 10.089 | 14.726
189 7.393 12.71

190 6.936 10.873
191 16.437 17.42
192 8.402 14.247
193 9.377 16.794
194 | 14.874 16.909
195 6.712 12.016
196 4722 9.79

197 6.337 10.735 | 14.531
198 4.386 14.783 | 12.993
199 3.282 9.09 7.178
200 3.636 6.607 6.846

2009 H (MJ/m*-day)
date Radar Office | Maeklang
176 17.534 | 22937 | 18.239
177 5.486 9.305 12.389
178 8.050 13.800 | 14.042
179 6.435 16294 | 13.925
180 4.035 9.277 10.665
181 6.960 11.065 | 11.893
182 4910 5.617 8.174
183 8.757 13232 | 11.814
184 11.669 | 14259 | 17.783
185 8.544 10.147 | 13.895
186 2.963 4.477 3.765
187 2.857 3.846 3.257
188 5.382 16.204 | 11.760
189 13.122 | 16.883 | 16.943
190 18.159 | 18.969 | 14.274
191 19.261 | 23.890 | 19.113
192 12.304 | 18.160 | 21.010
193 11.557 | 16.684 | 18315
194 7.977 8.379 9.939
195 4.824 9.335 11.425
196 6.905 12.690 | 15.715
197 12439 | 15.754 | 15.568
198 12298 | 22.096 | 18.508
199 13.006 | 12936 | 13.227
200 9.804 19.641 | 14.987
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2008 H (MJ/m?-day)

date Radar Office | Maeklang
201 8.338 12.235 12.342
202 8.799 9.296 11.434
203 10.881 15.943 17.516
204 8.637 10.166 12.931
205 6.169 8.73 9.456
206 16.856 16.215 12.192
207 16.051 9.333 13.207
208 17.91 10.011 18.447
209 15.529 13.161 16.138
210 17.421 20.197 12.692
211 9.788 16.824 14.435
212 13.317 23.544 15.734
213 18.261 19.852 16.514
214 10.851 14.711 13.086
215 18.294 17.249 18.298
216 16.445 17.468 19.174
217 18.152 20.378 15.59
218 7.473 3.469 9.494
219 6.801 13.41
220 8.469 12.039
221 5.718 8.203 11.037
222 3.845 3.769 7.894
223 5.837 6.316 12.147
224 4.532 5.926 8.178
225 7.007 9.661 11.686

2009 H (MJ/m?-day)

date Radar Office | Maeklang
201 3.567 6.765 9.628
202 10.188 14.739 10.754
203 12.383 19.607 15.608
204 9.928 17.168 19.478
205 18.226 18.958 20.085
206 10.133 10.773 12.992
207 4.452 5.431 7.109
208 5.098 10.828 9.632
209 7.010 18.520 10.323
210 5.842 9.879 8.468
211 4.162 7.128 9.705
212 5.756 12.944 11916
213 10.837 16.274 12.227
214 18.489 23.584 19.182
215 11.015 18.061 14.094
216 9.955 13.925 14.617
217 3.878 6.385 9.540
218 11.297 16.007 14.470
219 3.752 6.406 6.487
220 3.594 15.477 10.747
221 6.233 11.092 10.322
222 13.079 17.699 16.396
223 11.940 14.342 18.043
224 10.016 15.951 14.086
225 10.584 13.373 13.498
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2008 H (MJ/m*-day)

date Radar Office | Maeklang
226 8.244 10.868 | 10.389
227 14.718 13.87 13.235
228 16.339 | 23.154 | 20.602
229 | 13.198 16.78 14.494
230 8.81 12.736 | 12.493
231 9.901 11377 | 12.624
232 8.046 15958 | 21.693
233 12.85 16.102 | 19.128
234 | 10.516 9.468 12.219
235 15403 | 13.447 | 20.071
236 | 13.705 | 13.388 | 20.252
237 19.115 | 22.835 | 20.672
238 11481 | 15439 | 15913
239 | 14.805 16.01 14.358
240 9.24 10.688 10.32
241 14.785 | 13.862 | 17.655
242 16471 | 22.449 | 23.299
243 15.637 | 20867 | 20.375
244 | 11.785 16.21 18.849
245 11.218 7.512

246 | 20871 | 19.767

247 18.618 | 18.403

248 | 20.115 | 21.815

249 5.689 8.951

250 7.59 9.648

2009 H (MJ/m*-day)

date Radar Office | Maeklang
226 8.176 15.111 | 11.555
227 12922 | 13.928 | 13.472
228 9.034 10.676 | 10.805
229 10.527 | 13.115 | 12.009
230 11.494 | 13964 | 17.075
231 20963 | 26727 | 23.851
232 | 20.144 | 25463 | 22951
233 13.867 | 22307 | 19.149
234 6.824 10.833 9.001
235 16932 | 18.778 | 16.396
236 8.651 9.461 13.921
237 | 24.796 | 22391 | 21.823
238 12970 | 20.658 | 21.200
239 13.587 | 17.518 | 23.965
240 18.095 | 17.452 | 21.794
241 20262 | 20385 | 19.276
242 8.213 8.868 12.715
243 15282 | 11.129 | 13.715
244 10.504 8.869 11.379
245 9.856 8.174 17.689
246 15349 | 21.783 | 17.769
247 12.146 | 21.489 | 19.878
248 11.617 | 23.445 | 19.703
249 10.713 | 10320 | 20.057
250 11.719 | 12919 | 19.386
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2008 H (MJ/m?-day)

date Radar Office | Maeklang
251 13.554 11.009

252 12.776 11.195

253 14.698 15.975

254 13.066

255 6.339 11.147 12.842
256 2.68 6.17 10.376
257 7.146 10.517 12.478
258 8.115 11.632 14.478
259 11.439 15.55 18.178
260 7.694 12.485 15.606
261 14.168 14.624 21.284
262 12.946 11.05 10.506
263 10.4 23.223 20.008
264 10.15 13.074 14.597
265 13.588 18.986 19.039
266 10.837 15.001 16.779
267 15.325 15.435 17.712
268 13.15 17.31 18.264
269 6.239 10.428 14.018
270 4.612 5.755 10.052
271 12.383 14.535 20.146
272 13.186 11.714 23.09
273 9.923 15.062 21.611
274 8.986 13.179 17.336
275 7.578 4.102 3.368

2009 H (MJ/m*-day)

date Radar Office | Maeklang
251 13.366 13.983 18.197
252 8.197 12.375 21.119
253 14.059 19.360 24.234
254 14.151 17.313 22.412
255 13.027 15.281 20.650
256 13.482 16.405 15.749
257 10.956 13.714 15419
258 11.269 19.384 17.828
259 12.050 14.000 16.175
260 10.121 11.451 11.537
261 8.738 11.181 11.062
262 9.141 16.505 16.071
263 17.965 22.537 20.655
264 17.663 24.338 21.130
265 8.440 9.374 11.721
266 20.016 14.763 22.022
267 9.672 19.607 21.807
268 11.796 13.752 15.159
269 2.500 1.787 5.523
270 6.611 3.053 7.149
271 11.418 11.272 15.465
272 8.209 19.497 21.523
273 18.421 20.394
274 1.877 2.286 6.270
275 1.647 1.150 4.302
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2008 H (MJ/m?-day)

date Radar Office | Maeklang
276 9.132 8.346 13.39
277 17.747 14.635 14.489
278 10.723 15.558 21.219
279 9.601 13.258 18.628
280 6.722 8.319 11.096
281 9.835 8.643 14.808
282 13.602 14.936 19.469
283 7.725 7.742 12.351
284 12.007 13.067 20.999
285 10.142 17.799 20.074
286 14.257 18.554 20.829
287 18.863 20.254 21.419
288 16.17 19.457 19.523
289 21.351 17.157 22.038
290 11.424 10.698 16.133
291 8.251 14.204 17.793
292 7.627 15.056 19.048
293 8.532 10.93 15.067
294 11.588 12.127 14.277
295 14.593 10.623 12.712
296 9.035 8.832 17.214
297 13.517 13.451 19.05
298 10.815 8.575 14.049
299 3.227 4.067 11.078
300 1.865 1.813 5.82

2009 H (MJ/m*-day)

date Radar Office | Maeklang
276 3.863 2.590 4.367
277 10.813 10.429 17.339
278 13.353 12.561 17.926
279 17.663 11.127 18.442
280 12.110 17.062 20.965
281 10.804 14.131 20.975
282 17.943 19.841 20.732
283 9.902 13.864 22.528
284 12.429 9.400 16.199
285 17.240 16.135 19.145
286 9.899 10.029 16.554
287 6.872 6.701 11.580
288 14.435 13.630 17.550
289 12.026 14.079 19.569
290 11.081 13.285 20.161
291 11.196 12.728 18.736
292 10.684 14.637 18.738
293 8.600 12.428 16.986
294 6.712 7.646 17.937
295 11.689 12.185 15.948
296 6.629 7.034 15.973
297 13.101 10.758 16.943
298 8.632 10.404 9.428
299 20.125 14.356 17.253
300 17.760 17.457 20.946
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2008 H (MJ/m?-day)

date Radar Office | Maeklang
301 291 5.135 6.972
302 3.269 4.153 6.176
303 8.577 7.63 16.257
304 10.574 8.544 19.569
305 6.571 5.579 8.686
306 4.487 1.908 3.759
307 11.905 8.45 13.372
308 17.689 11.315 19.229
309 20.624 14.099 20.792
310 10.71 11.494 16.473
311 10.783 8.28 14.183
312 9.526 10.444 17.536
313 11.784 12.219 17.772
314 23.135 20.517 20.022
315 23.054 20.017 20.059
316 23.549 20.344 20.201
317 24.2 20.803 20.8
318 23.896 14.147 19.885
319 22.94 19.867 20.046
320 22.277 19.762 19.937
321 22.301 18.61 20.002
322 17.612 18.338 | 4.062385
323 15.562 12.596 | 18.95413
324 4.066 4.601 9.460085
325 12.515 11.003 16.2748

2009 H (MJ/m*-day)

date Radar Office | Maeklang
301 19.054 22.088 20.793
302 18.724 18.100 20.320
303 16.852 19.451 20.712
304 22.234 20.772 20.572
305 5.768 15.569
306 14.736 19.299
307 12.389 18.959
308 5.257 13.980
309 23.398 13.344
310 22.470 20.199
311 23.925 19.742
312 21.633 20.007
313 19.340 19.824
314 19.842 18.883
315 22.631 20.168
316 13.634 20.222
317 12.464 19.467
318 22.060 19.915
319 19.647 18.152
320 16.871 19.366
321 16.037 19.605
322 20.594 16.442
323 19.134 13.884
324 20.919 18.534
325 20.743 14.247
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2008 H (MJ/m?-day)

date Radar Office | Maeklang
326 14.332 2.168 8.035477
327 10.432 13.027 | 13.29113
328 16.454 18.316 | 17.82351
329 11.277 11.129 | 17.70828
330 14.777 12.878 | 17.61298
331 17.236 16.146 | 17.89857
332 22.856 19.262 | 19.70117
333 22.729 19.162 | 18.60295
334 22.841 17.075 | 18.50583
335 22.646 19.01 19.1838
336 22.657 19.7 19.99578
337 22.289 19.285 | 19.58834
338 21.969 18.777 | 19.16363
339 22.135 15.218 18.62
340 16.69 16.708 18.033
341 14.657 11.197 18.122
342 20.38 2.143 17.092
343 14.203 14.418 17.404
344 13.422 6.661 12.854
345 20.745 11.371 14.877
346 19.04 9.209 15.618
347 21.616 10.472 14.912
348 21.883 18.448 18.274
349 22.079 14.807 16.623
350 21.845 9.098 16.37

2009 H (MJ/m*-day)

date Radar Office | Maeklang
326 21.783 5.166
327 16.298 18.295
328 18.998 19.471
329 21.898 19.788
330 22.598 19.321
331 22.562 19.116
332 22.280 19.419
333 22.240 18.858
334 22.378 17.932
335 20.516 18.224 12.010
336 21.837 19.143 17.103
337 20.360 18.299 17.789
338 22.391 12.994 18.231
339 20.231 8.538 15.318
340 21.333 10.705 17.481
341 20.582 9.728 16.944
342 20.055 8.486 17.188
343 20.093 10.899 16.789
344 19.491 7.423 14.986
345 19.746 7.973 15.237
346 21.390 15.956 18.252
347 21.035 18.311 16.679
348 21.412 14.570 17.850
349 20.234 4.451 17.565
350 21.690 11.876 18.168
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2008 H (MJ/m?-day)

date Radar Office | Maeklang
351 21.994 13.622 17.739
352 21.959 17.66 18.237
353 22.436 17.199 17.235
354 20.827 13.025 16.442
355 22.239 13.633 17.241
356 22.27 17.04 17.253
357 21.883 12.209 18.341
358 19.735 7.724 18.637
359 21.876 11.436 15.559
360 18.543 14.008 16.456
361 7.53 4.921 3.99
362 16.311 4.191 14.376
363 21.924 12.19 12.679
364 20.974 14.534 18.405
365 22.187 11.368 19.231
366 15.68 13.256 19.124

2009 H (MJ/m*-day)

date Radar Office | Maeklang
351 20.417 9.567 17.458
352 18.482 14.229 16.353
353 15.365 12.239 16.587
354 16.597 14.499 16.805
355 14.038 18.486 16.326
356 14.897 18.267 17.454
357 20.090 17.955 17.782
358 20.906 17.660 17.819
359 17.721 17.877 18.238
360 21.578 17.962 18.555
361 21414 17.583 18.782
362 21.303 17.995 18.770
363 21.781 12.965 19.253
364 22.292 14.817 19.320
365 20.250 12.481 18.407
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Abstract

The performance of a satellite-based solar radiation model was investigated. This
model relates the earth-atmospheric albedo detected from the GMS 5 satellite to the
absorptance and reflectance of various atmospheric constituents which can be used to
calculate incident solar radiation on the earth’s surface. To examine its performance, the
model was used to calculate monthly average solar radiation at 25 solar monitoring
stations in Thailand. The values of monthly average daily radiation calculated from the
model were compared with those obtained from the measurements. It found that the
discrepancy is in terms of RMSD and MBD between the measured and the calculated

radiation are 7.2 % and —0.2 %, respectively.



1. Introduction

Information on intensity and spatial distribution of solar radiation incident on the
earth’s surface are very important data for solar energy applications. In general, these
data are obtained from solar radiation monitoring stations where different components of
solar radiation are routinely measured. However, numbers of the stations are usually
insufficient for providing these data, due to high equipment costs and long-term
management of the stations. An alternative solution to this problem is to derive solar
radiation data from meteorological satellite data using a satellite-based solar radiation
model.

During the last 20 years, a number of satellite-based solar radiation models have
been developed [1-15] and used for many parts of the world. For a tropical environment,
Nunez [16] proposed a simple satellite-based model for a retrieval of solar radiation in
the tropical western Pacific Ocean. Janjai et al. [17] has improved the method for
deriving its model parameters and used it to generate solar radiation maps of Thailand
from GMS 4 and GMS 5 data. After the generation of these maps, a new solar radiation
monitoring network was created for this country. The network consists of 25 pyranometer
stations covering all main parts of the country. The locations of the stations include
several types of terrains such as coastal area, high land and mountainous area. The
objective of this paper is to assess the performance of this model using solar radiation

from these new 25 pyranometer stations as references.

2. Description of the model
The model originally by Nunez [16] and improved by Janjai et al. [17], which was
subjected to this investigation, is based on the radiative budget schematically show in

Fig 1.



According to the model, the effect of the atmospheric reflection by clouds and

gases is represented in one term denoted as p’, . The satellite receives the reflection from
clouds and gases (p),) and atmospheric aerosols p!. . Therefore, the transmission of

downward solar radiation depleted by the atmospheric reflection due to clouds, gases and

aerosols is (1—p), — Pl ). This radiation is further absorbed by water vapour (a!,) ozone

!
aer

(a,) and aerosols (a.,). The absorption by gases is include in the water vapour

absorption term. Thus, the transmission at the surface is
(1=ph =P (1=, —au), —a, ). At the surface, it is reflected by ground (p;) and is
further depleted by the atmospheric reflection (p), +p.. ). No further absorption is

estimated as it is assumed that the spectral irradiance in the absorption band of ozone,
water vapour and gases has been all absorbed during the downward travel of the solar
radiation. With these processes, the earth-atmospheric reflectivity as seen by the satellite

is given by

pI’EA = p’A + p:aer (- p,A - p'aer)z(1 - 0“:) - a:/v - a;er)p; (1)
Solving for p’, from eq(1), yields the equation for calculating the atmospheric albedo, as

follows:

. —(—2cB)* \/(1 —2cB)? —4C(A +CB)?
Pa= o (2)

where A=p., —pc,

0=1-pl

c=t-al — o), — )

From eq (2), pg, is obtained from satellite data, o is calculated from ozone
data, o, is estimated from precipitable water and o), and pl, can be computed by

visibility data. Knowing all these data, we can calculate the value of satellite-band

atmospheric albedo, p), from eq.(2). The detail of the calculation of these model

parameters is explained in Janjai et al. (2005).



The next step is to convert the satellite-band atmospheric albedo p), into broad-
band atmospheric albedo (0.3-3.0 um) p, using a statistical relation developed by Janjai
et al. (2005) for GMS 5 satellite expressed as :

P =—0.0768 + 1.4846D 3)

Then the value of the broad-band atmospheric albedo (p, ) obtained from eq.(3) is
used to calculated the daily broad-band atmospheric transmittance (t) written in the
following equation : (see Fig 1.)

12(1_pA_paer)(1_aw_ao_aaer) (4)
1=(Pa +paer)pg

The unprimed quantities in equation (4) represent the same parameters as in eq.
(1), but their values are in the broad-band spectrum (0.3-3.0 um). The calculation of these
parameters is similar to that of the satellite band. The denominator of eq. (4) denotes the
contribution from multiple scattering between the surface and the atmospheric.
Finally, the value of daily global radiation (H) is obtained from the following
equation
H=TH, (%)

where H,= is daily extraterrestrial radiation.

3. Method
3.1 Preparation of solar radiation data

The solar radiation data used for the comparison was from a solar radiation
measuring network of Thailand. This network was established by our Laboratory for the
Department of Alternative Energy Development and Efficiency, Ministry of Energy,
Thailand in the year 2002. The positions of the stations are uniformly distributed over
Thailand, a tropical country in Southeast Asia. The location of the stations are in a wide
range of local environments, eg. Coastal environment in the South, Mountainous

environment in the North and high land in the Northeast.



Each station consists of a pyranometer of Kipp&Zonen (model CM 11) and a data
logger of Yokokawa (model DC 100). The data logger of each station was programmed
to collect the voltage from the pyranometer every 1 second. This voltage is averaged
every 10 minutes. The 10-minute average value is record in the memory of the data
logger. These values are loaded into a diskette and send to our Laboratory either attached
files to an email or by regular mail at the end of each month. At the Laboratory the
voltage data are converted into hourly, daily and monthly average of daily solar radiation
in MJ/m2. For the quality control of the data, a program in IDL (Interactive Data
Language) was developed to screen the data. In this work, only the monthly average of
daily global solar radiation collected during January to December, 2002 was used for

investigating the performance of the model.

3.2 Calculation of solar radiation from the model

The locations of monitoring stations were set to be target areas of the model
testing. As the model is emphasized on the calculation of monthly average of daily
radiation, all model parameters were computed in monthly average of daily values.

To compute the solar radiation, we first calculate the earth-atmospheric albedo
from the satellite digital image obtained from the visible channel o the GMS 5 satellite.
Nine pixels centered at the monitoring station were cut from the hourly image. The
resolution of each pixel is 3x3 km. The gray level of these pixels was converted into the
value of the earth-atmospheric albedo using a calibration table provided by Marshall [18].
The hourly values of this earth-atmospheric albedo were average over a day to obtain
their daily mean values. These mean values were again averaged over a month and over
the nine pixels to obtain monthly mean of daily earth-atmospheric albedo of the target
station. Then, we calculate the other parameters of the model. For relative humidity
temperature and visibility use for calculating absorption coefficient due to water vapour

(a,) and absorption and scattering coefficient due to aerosols (o ), they were

aer 'paer

obtained from the measurements at the same monitoring stations or nearby stations.



Finally, with all the values of the input parameters of the model, the monthly average of
daily solar radiation at each station were calculated in the period of January to December,
2002.
4. Results and discussion

The values of monthly average daily radiation calculates from the model was
plotted against that obtained from the measurement for each station are shown in Fig 2.-4.
and the comparison of whole data is predicted in Fig 5. The root mean square different
(RMSD) and mean bias different (MBD) are listed in Table 1. From the graphs in Fig 2-4
is observed that the data points are clustered along the diagonal line. For Chanthaburi, the
value of RMSD and MBD are relatively high. This is may be due to the fact that the
ground-based data such as relative humidity, temperature and visibility were taken from
local meteorological stations located 20 km away from the solar radiation measuring
station, causing error in the calculation of the radiation. However, if we compare the
monthly average radiation obtained from the measurement and that calculated from the
model from all stations (Fig 5.), the values of RMSD and MBD are 7.2 % and —0.2 %.

That means the model slightly under estimates the solar radiation.

5. Conclution

The performance of a satellite-based solar radiation model have been investigated
Global radiation measured at 25 solar monitoring stations in Thailand was used as
reference for the investigation. The model was used to calculate solar radiation at these
stations employing the satellite data centred at the location of the stations. The valued of
solar radiation obtained from the measurement were compared with those calculated from
the model. It is found that for must station, the values of RMSD and MBD are less than
10 % and 5%, respectively. The accuracy of the model is sufficient for solar energy

applications.

Acknowledgements

The authors are grateful to the Thailand Research Fund (TRF) for the generous
financial support to this research work. The authors are also grateful to the Laboratory of

Atmospheric Physics Department of Physics Faculty of Science Silpakorn university and



Department of Alternative Energy Development and Efficiency, Ministry of Energy,

Thailand. Also thank to Mr. Parinya Srisavat the research assistant.

A —
! ’ ’ +
pA+paer pA paer)(1 0« _aw_aaer)pg Pa T Paer
/ / : /
A~ Poer
= P aer
o —a' ,A+ ,
o ’ " oo A, T0,+ 0,
(1_p;\_p;er)(1_a;_a O'aer (1_p;—\_p;er)(1_a:3_0‘;v_a;er)p;

7TV 777 .

Fig 1. Schematic diagram of the radiative budget of the model under this investigation.
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Table 1. Discrepancy between monthly average of daily global radiation calculated from
the model and those obtained from the measurements in term of Root Mean Square
Different (RMSD), Mean Bias Different (MBD).

No. Staion RUSD P
MJ/m*-day Percent(%) | MJ/m’-day Percent(%)
1 Bangkok 1.31 84 1.00 6.4
o | Nakhon Sawan 0.9 59 0.62 35
3 | Lopburi 1.32 75 0.05 03
4 | Thongpapum 1.51 10.0 1.32 87
5 | Chanthaburi 2.25 13.1 -2.01 117
¢ | Prachin Buri 1.70 96 -1.24 6.9
7 | Prachaupkhirikhun 0.85 4.8 0.29 2.0
g | Chiang Mai 0.92 54 0.59 35
9 | Chiang Rai 1.58 10.2 1.32 86
10 | Maehong Son 1.25 79 0.79 50
11 | Nan 1.61 97 -0.55 33
12 | Tak 1.66 10.4 -0.67 4.2
13 | Phetchabun 1.06 6.1 -0.41 23
14 | Phitsanulok 1.26 72 -0.46 2.6
15 | Nongkai 0.90 53 0.56 33
16 | Khonkean 0.57 30 0.04 0.2
17 | Nakhon Panom 0.81 46 -0.22 1.2
18 | Surin 1.07 58 -0.50 27
19 | Ubon Ratchathani 0.90 50 0.09 0.5
20 | Nakhon Ratchasima 0.89 59 -0.22 213
71 | Ranong 1.24 78 -0.42 27
77 | Ko samui 1.28 6.9 0.49 2.6
23 | Phuket 0.03 30 0.57 0.2
74 | Hat Yai 1.48 83 -0.07 04
25 | Naratiwat 1.08 55 -0.33 1.7
All Stations 1.25 74 -0.33 -0.2
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