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|@=} RQ= |=Q@ t |xQ=t; R= R}v w � �MBD� Q=Okt wO C=Q}}eD u}ov=}t w �RMSE�
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u}= Q@ ZQi "�sin �� |O}WQwN p}t |x} w=R Twv}U "7 &�P� xv=RwQ QiUtD= Q=Wi
CiQo xR=Ov= |U=vW=wy |=yx=oDU}= R= GQ=N QO u=wD|t =Q =yQDt=Q=B u}= xm CU=
CkO xm CU= |a}@] "OQm OQw;Q@ pOt ltm x@ =Q |O}WQwN V@=D pm Q=Okt w
=yQDt=Q=B u}= Qo = |DL w OQ=O |oDU@ xOWO=} |=yQDt=Q=B |Q}oxR=Ov= CkO x@ pOt
"CU= =]N |=Q=O OwN |OwNx@ |O=yvW}B pOt 'OvwW |Q}oxR=Ov= QiY |=]N =@
|Q}oxR=Ov= R= pY=L |=]N w |Q=t; pOt |=]N %R= Ov=CQ=@a =]N `@=vt u}=Q@=v@

"pOt |=yQDt=Q=B
O}WQwN |rm V@=D |v}@V}B |=Q@ |@U=vt Q=R@= Q=DWwv u}= QO |O=yvW}B pOt
xR=Ov= hrDNt j]=vt |=Q@ =Q pOt QO QF-wt |=yQDt=Q=B u=wD@ xm u; Q@ \wQWt CU=
R= xO=iDU==@ pOt |=yQDt=Q=B |Q}oxR=Ov= "OQm xO=iDU= |U=vW=wy |=yxO=O R= =} CiQo
|=yxir-wt |Q}oxR=Ov= xm |r=LQO 'CU= QwOkt QwWm j]=vt s=tD QO pw=ODt |=yQ=R@=
"Ov=Ct}ku=Qo ,=@r=e xm CU= |HvU`WaWD |=yx=oDUO sRrDUt |O}WQwN V@=D
|HvU`WaWD x=oDUO Ok=i 1981 p=U R= p@k =D u=tQm |U=vW=wy x=oDU}= ,qFt
x=oDU}= u}= w}WQ; QO |U=vW=wy |=yxO=O 1981 =D 1961 p=U R= xm |r=LQO 'xOw@
|OQ=Ov=DU= |Q}oxR=Ov= p}=Uw =@ u=wD|t =Q pOt |=yQDt=Q=B u}=Q@=v@ "CU= OwHwt
|=yxir-wt w OQm |Q}oxR=Ov= |}xO=Di=QwO QyW Qy QO OvDU}v Ct}ku=Qo u=OvJ xm
OQ=Ov=DU= |=yVwQ CU= |y}O@ "OQw; CUOx@ pOt ltmx@ =Q |O}WQwN V@=D
\UwD pY=L |=y=]N w sRq C=}[Qi =@ x=Qty xOWO=} |=yQDt=Q=B |Q}oxR=Ov= |=Q@

[51]"CU= xOW h} QaD |v=yH |U=vW=wy u=tR=U

pOt |=yQDt=Q=B ?=NDv=
CU= |tyt Q=m |O}WQwN V@=D pm COW |v}@V}B |=Q@ pOt |=yQDt=Q=B ?=NDv=
V@=D pm COW Q@ =yQDt=Q=B u}= Q}F=D |xwLv R= |i=m `q]= w u=w=Qi x@ QHD sRrDUt xm
|Q}oxR=Ov= |oO=U |=v@t Q@ Qw_vt u}= |=Q@ xDiQQ=mx@ |=yQDt=Q=B "CU= |O}WQwN
?=NDv= Ct}ku=Qo C=R}yHD x@ R=}v uwO@ w |U=vW=wy |=yx=oDU}= R= GQ=N QO =yv;

"OwW|t x�=Q= =yQDt=Q=B u}= OQwt QO |QYDNt K}[wD ,q}P "Ov=xOW
CUOx@ 1 |xrO=at R= |ki= K]U l} Q@ wH |q=@ |O}WQwN V@=D COW

[18]%O};|t

H0 = 24G0
�

(cos' cos � sin!s + �!s
180 sin' sin �) (1)

|}=}i=QeH ZQa' &�1367W/m2 pO=at� wH |q=@ |O}WQwNC@=FG0 u; QO xm
?} Q[ "CU= |O}WQwN ẁr]Ca=U |x} w=R !sw &|O}WQwN p}t |x} w=R � &pLt

%OwW|t h} QaD u}vJ u}tR Q=Ot RmQtR= GQ=N K}LYD

G0n = Gsc(1 + 0 033 cos 360n�
365 ) (2)

�?wQe =}� ẁr] Ca=U |x} w=R "CU= x} wv=S pw= R= p=U RwQ |xQ=tW n� u; QO xm
%OwW|t x@U=Lt 3 |x]@=Q j@=]t O}WQwN

!s = cos�1(� tan' tan �) (3)

%CU= x@U=Lt p@=k 4 |xrO=at j@=]t R}v |O}WQwN p}t |x} w=R
� = 23 45 sin(360284 + n�

365 ) (4)
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}B"OvOW ?=NDv= �R� |oDU@ty?}=Q[ u} QDW}@ =@ |]@=wQ wCiQo Q=Qk xO=iDU= OQwt
|]@=wQ x@ \w@ Qt |oDU@ty ?}=Q[ u} QDW}@ 'OwW xO=iDU= Q}eDt l} R= xJv=vJ

%Ow@ Oy=wN sin � =} H0 pt=W
H = 5802 6 + 5475 2 sin � (R = 0 95943) (13)

H = �459 06 + 0 718H0 (R = 0 955) (14)

|]@=wQ x@ \w@ Qt |oDU@ty ?}=Q[ u} QDW}@ 'OvQ}eDt wO pt=W xm |DqO=at u}@ QO
%OvW=@ sin �;Rh =} sin �; nN |xOvQ}oQ@ QO xm CU=

H = 3455 + 5180 1 sin � + 3270 6 n
N

(R = 0 97687) (15)

H = 7269 4 + 3894 sin � � 44 817Rh (R = 0 97898) (16)

|]@=wQ x@ \w@ Qt |oDU@ty ?}=Q[ u} QDW}@ s}vm xO=iDU= Q}eDt xU R= xJv=vJ
%OvW=@ sin �;Rh; Tdp;max =} sin �;Rh; nN pt=W xm CU=

H = 6083 70 + 4226 50 sin � � 32 593Rh + 1094 5 n
N

(R = 0 97947) (17)

H = 7211 50 + 4080 70 sin � � 45 538Rh � 25 851Tdp;max

(R = 0 97914) (18)

|]@=wQ R= xO=iDU= x@ \w@ Qt R Q=Okt u} QDW}@ 'Q}eDt Q=yJ =@ |]@=wQ |=Q@ u}vJty
%CU= sin �; nN ; Rh; Tmax =} sin �; nN ; Rh; Tdp;max |=yQ}eDt ?ULQ@

H = 5896 6 + 4493 sin � + 1200 10 n
N
� 32 318Rh�

32 452Tdp;max (R = 0 97972) (19)

H = 6803 6 + 4477 50 sin � + 1303 4 n
N
� 42 219Rh�

23 616Tmax (R = 0 97966) (20)

R Q=Okt u} QDW}@ 'Q}eDt GvB R= xO=iDU==@ xv=RwQ pm V@=D Q=Okt OQw;Q@ Qw_vtx@
sin �; nN ; Rh; Tdp;max; P |=yQ}eDt ?ULQ@ |]@=wQ x@ \w@ Qt xOt; CUOx@

%CU= sin �; nN ; Rh; Tdp;max; H0 =} w
H = �6763 9 + 4656 9 sin � + 1234 n

N
� 30 994Rh�

30 727Tdp;max + 15 13P (R = 0 97981) (21)

H = 6169 10 + 3971 3 sin � + 1289 5 n
N
� 31 238Rh�

31 766Tdp;max + 0 07222H0 (R = 0 97976) (22)

|=yQDt=Q=B 'Q}eDt VW R= xO=iDU= s=ovy QO R Q=Okt u} QDW}@ x@ uO}UQ |=Q@
OQwt sin �; nN ; Rh; Tdp;max; P;H0 =} sin �; nN ; Rh; Tdp;max; P; Tmax

"CiQo Q=Qk xO=iDU=
H = �6834 7 + 4656 10 sin � + 1231 10 n

N
� 30 77Rh�

31 226Tdp;max + 15 198P + 0 52672Tmax (R = 0 97981)

(23)

H = �5916 1 + 4270 50 sin � + 1293 5 n
N
� 30 373Rh�

30 428Tdp;max + 13 5080P + 0 501049H0 (R = 0 97983)

(24)

Q=Okt wO C=Q}}eD C=a@ Qt u}ov=}t QPH "CU= =yxO=O GwR O=OaD n u; QO xm
u}= |=Q@ w OyO|t x�=Q= \@=wQ COtx=Dwm OQmrta OQwtQO |D=aq]= �RMSE�
xrtHx@xrtH =Q xOW|Q}oxR=Ov= Q=Okt w xOWx@U=Lt Q=Okt u}@ |ak=w h=QLv= Qw_vt
QDtm xOW|Q}oxR=Ov= Q=Okt w xOWx@U=Lt Q=Okt u}@ h=QLv= xJQy "Ovm|t xU}=kt
CU= umtt |QU QO nQR@ h=QLv= OvJ "CW=O Oy=wN |QDy@ OQmrta pOt 'OW=@

"OwW QHvt RMSE V}=Ri= x@
%OwW|t h} QaD 11 |x]@=Q j@=]t R}v �MBD� Q=Okt wO C=Q}}eD u}ov=}t

MBD = 1
n

nX
i=1

(Hi;m �Hi;c) (11)

OW=@ QDtm MBD xJQy "OyO|t x�=Q= \@=wQ COtOvr@ OQmrta OQwtQO |D=aq]= w
=@ xOWx@U=Lt Q}O=kt xmCU= u; R= |m =L MBD Q=Okt uOw@C@Ft "CU= QD?wr]t
MBD uOw@|ivt &Ov};|t CUOx@ xOW|Q}oxR=Ov= Q}O=kt x@ C@Uv |v=Ykv ?} QkD
xm CU= u; Q=}at u}= swyit "OyO|t u=Wv |i=[= ?} QkD =@ =Q xOWx@U=Lt Q}O=kt
|FvN =Q Qo}O |Q}oxR=Ov= QO |v=Ykv ?} QkD QF= |Q}oxR=Ov= l} QO |i=[= ?} QkD
umtt "CU}v pOt OQmrta |xv=Wv |}=yvDx@ xOWO=} |=yQ=}at R= l}I}y "Ovm|t
|oOvm =QB�lJwm MBD p=L u}a QO w nQR@ RMSE V}=tR; |QUl} QOCU=
RMSE CU= umtt Qo}O |wU R= "s}W=@ xDW=O �j}kO ?} QkD \N h=Q]= QO O=} R

"OwW Qy=_ �QQmt |v=Ykv =} |i=[= ?} QkD� nQR@ MBD Q=vm QO lJwm
x�=Q= =ypOt |xU}=kt |=Q@ |rwkat VwQ xOWO=} |Q=t; |=yXN=W xJQo =
w Q=O|vat hqDN= pOt R= pY=L |=y|v}@V}B xm OQm =aO= u=wD|tv 'OvyO|t
=aO= u}= |UQQ@ |=Q@ "OvQ=Ov OwN Q_=vDt |xOW |Q}oxR=Ov= Q}O=kt =@ |}x_Lqt p@=k
RMSE x@ |va}� |r@k |=yXN=W x@ t |xQ=t; "CU= xOW xDiQo Q=m x@ t uwtR;
xOWO=} XN=W wOQy R= QDQF-wt '|Q=t; X=wN u}}aD |=Q@ w OQ=O |oDU@ �MBD w
p=L u}a QO w OR=U|t umtt =Q OwHwt |=ypOt |xU}=kt |Q=t; uwtR; u}= "CU=
|=Q=O Q=@Da= R= |Y=N |xHQO QO pOt l} |=y|v}@V}B =}; xm OyO|t u=Wv
[43]%OwW|th} QaD 12 |x]@=Q j@=]t t uwtR; |xQ=t; "Q}N =} OvDUy |Q=t;C}ty=

t =
�

(n� 1)MBD2

RMSE2 �MBD2

�1=2
(12)

*|Q=t; C}ty= R= xmu}= |=Q@ "CU= QDy@ pOt OQmrta OW=@ QDlJwm t Q=Okt xJQy
OQ=Ov=DU= pw=OH R= =Q |v=QL@ t Q=Okt O}=@ 's} wW u�t]t pOt l} |=y|v}@V}B
|O=R; |xHQO w � Q=@Da= |xHQO QO t�2 R= CU=CQ=@a |v=QL@t "s}vm u}}aD |Q=t;
Q_=vDt |xOW|Q}oxR=Ov= Q}O=kt w pOt R= pY=L |=y|v}@V}B xmu}= |=Q@ "n�1
'OvW=@ xDW=Ov Qo}Om} =@ |Q=O|vat hqDN= |Q=t; ^=Lr R= 1�� Q=@Da= xHQO QO

"OW=@ u; |v=QL@ Q=Okt R= QDtm O}=@t |xOWx@U=Lt Q=Okt

G}=Dv
xv=oCiy |=yQDt=Q=B OQwtQO |}xrtHOvJ |]N uw}UQoQ p}rLDwx} RHD =@
|x]@=Q =yOY x@ hrDNt |=y?}mQD =@ �H0,sin �, nN ,Rh,Tmax,Tdp;max,P�
xO=iDU==@ xm |]@=wQ R= xDUO u; "s}Di=} CUO O}WQwN pm V@=D OQw;Q@ |=Q@ uwo =vwo
QHvt |]@=wQ x@ OvDiQo Q=Qk p}rLD w x} RHD OQwt xDiQW}B |}xv=}=Q |xt=vQ@ l} R=
b7 wb6 'b5 'b4 'b3 'b2 'b1 'uw}UQoQ?}=Q[?ULQ@ 7 |xrO=at j@=]t xm OvOW
C=a@ Qt pk=OL uw}UQoQ p}rLDwx} RHD xOWO=} |=yC@=F uDi=} |=Q@ "OvwW|t u=}@
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Qi_
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QwB|

Q=iY
uU

LOt
Lt

xQ}eDtxU \@=wQR= xO=iDU==@ xOWOQw;Q@ w xOW|Q}oxR=Ov= Q}O=kt |xU}=kt "3 pmW
"sin �;Rh; Tdp;max =} sin �;Rh; nN pt=W

xQ}eDtQ=yJ\@=wQ R= xO=iDU==@ xOWOQw;Q@ w xOW|Q}oxR=Ov= Q}O=kt |xU}=kt "4 pmW
"sin �; nN ; Rh; Tmax =} sin �; nN ; Rh; Tdp;max pt=W

xQ}eDtGvB \@=wQ R= xO=iDU==@ xOWOQw;Q@ w xOW|Q}oxR=Ov= Q}O=kt |xU}=kt "5 pmW
"sin �; nN ; Rh; Tdp;max; H0 =} sin �; nN ; Rh; Tdp;max; P pt=W

xQ}eDtVW \@=wQ R= xO=iDU==@ xOWOQw;Q@ w xOW|Q}oxR=Ov= Q}O=kt xU}=kt "6 pmW
"sin �; nN ; Rh; Tdp;max; P;H0 =} sin �; nN ; Rh; Tdp;max; P; Tmax pt=W

Q}eDtCiy R= xO=iDU= =@ u=tQm QyW QO xv=RwQV@=D pm Q=Okt OQw;Q@ Qw_vtx@ u}vJty
|=Q=O xm Ot; CUOx@ 25 |x]@=Q �H0; sin �; nN ; Rh; Tmax; Tdp;max; P �

%CU= R Q=Okt u} QDW}@
H = �6912 3 + 4104 9 sin � + 0 071014H0 + 1262 9 n

N
�

25 923Rh + 9 8763Tmax � 39 67Tdp;max + 14 033P
(R = 0 97984) (25)

EL@
Q}O=kt "OQ=O uw}UQoQ |x]@=Q =yOY u}@ QO =Q R Q=Okt u} QDW}@ xQ}eDtCiy |x]@=Q
|=yCtUk QO xm |]@=wQ R= xO=iDU==@ O}WQwN |xv=RwQ pm V@=D \UwDt COW
xrY=L G}=Dv "OvOW xU}=kt OwN Q}_v |xOW|Q}oxR=Ov= Q}O=kt =@ Ot; CUOx@ |r@k
CUOx@ u=Um} |=yQ}eDt O=OaD =@ xm |]@=wQ "Ov=xOW xO=O u=Wv 7 =D 1 |=ypmW QO
w xOW|v}@V}B |=yxO=O OvJQy "Ov=xOW xU}=kt =ypmW u}ty QO R}v Ov=xOt;
|xv=y=t \UwDt CrwyU |=Q@ 'CU= OwHwt p=U |=yRwQ s=tD |=Q@ xOW|Q}oxR=Ov=
Q=Qk xO=iDU= OQwt xOWO=} |=ypmW QO =Q x=t Qy |=yRwQ x@ \w@ Qt |=yxO=O

"s}=xO=O

xQ}eDtl}\@=wQ R= xO=iDU==@ xOWOQw;Q@ w xOW|Q}oxR=Ov= Q}O=kt |xU}=kt "1 pmW
"sin � =} H0 pt=W

xQ}eDtwO \@=wQ R= xO=iDU==@ xOWOQw;Q@ w xOW |Q}oxR=Ov= Q}O=kt |xU}=kt "2 pmW
"sin �;Rh =} sin �; nN pt=W
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}Bs=OmI}y RMSE wMBD ,=vt[ &OwW QHvt xOt; CUOx@ \@=wQ R= GDvt |x]@=Q
x=Qty t |xQ=t; R= u}=Q@=v@ "OvDU}v |i=m x]@=Q l} OQmrta uO=O u=Wv |=Q@ |}=yvDx@
&OW xO=iDU= xOW|v}@V}B |=yxO=O CkO QDy@ |@=} RQ= |=Q@ xOWO=} |=yXN=W =@
X=wN u}}aD |=Q@ w OQ=O |oDU@ RMSE wMBD |=yXN=W x@ t |xQ=t; =Q} R
"Ov=xOW xO=O 4 =D 1 pw=OHQO t w RMSE 'MBD |=yuwtR; "CU= QF-wt |Q=t;
Ok=i xO=iDU= OQwt \@=wQ CU= QDW}@ |v=QL@ t Q}O=kt R= t Q}O=kt xm |OQ=wt QO
u}@ QO =Q G}=Dv u} QDy@ 25 |xrO=at '4 =D 1 pw=OH T=U=Q@ "Ov=|Q=t; C}ty=
��2 39 |=]N |xOwOLt QO e Q}O=kt w OyO|t x�=Q= xOt; CUOx@ *\@=wQ |x}rm
"CU= pw@k p@=k |UOvyt C=@U=Lt Q_vx]kv R= =]N u}= "OvQ=O Q=Qk �2 23 =D
'�0 0331W/m2 %R= Ov=CQ=@a ?}DQDx@ t |xQ=t; w RMSE 'MBD Q}O=kt
|Q=t; |=yXN=W u} QDtm x@ QHvt x]@=Q u}= xm =Hv; R= "0 0016 w 70W/m2

?=NDv= u=tQm QO xv=RwQ pm V@=D COW OQw;Q@ |=Q@ x]@=Q u} QDy@ u=wvax@ 'OwW|t
|xH}Dv "CU= QDsm Qo}O |=ypOt R= xQ}eDtCiy pOt x@ \w@ Qt |=]N "OW
=ypmW u}= QO "CU= xOW x�=Q= 9 w 8 |=ypmW QO =yxO=O |oOvm =QB p}rLDwx} RHD
sUQ x=t 12 w RwQ 365 |=Q@ ?}DQDx@ xOW|Q}oxR=Ov= w pOt Q}O=kt Vvm =QB Q=Owtv

"Ov=xOW
w [53]'?=NDv= =Q x=t Qy R= |Y=N |=yRwQ `@=vt |NQ@ QO xOW GQO O=yvW}B x@
xOy=Wt xm u=vJ "�5 pwOH� s}=xOQm xU}=kt =yRwQ u}= QO =Q O}WQwNV@=D pm COW
"OvQ=OQwNQ@|@ wNCk@=]t R= xOW |Q}oxR=Ov= Q}O=kt w xOW|v}@V}B Q}O=kt 'OwW|t

xQ}eDtCiy \@=wQ R= xO=iDU==@ xOWOQw;Q@ w xOW|Q}oxR=Ov= Q}O=kt xU}=kt "7 pmW
"�H0; sin �; nN ; Rh; Tmax; Tdp;max; P �

\w@ Qt xOW|Q}oxR=Ov= Q}O=kt w xOW|v}@V}B Q}O=kt u}@ |@Uv |=]N OYQO
Ov=xOW x@U=Lt p=U x=t xOR=wO |=Q@ |O}WQwN pm V@=D |xv=y=t \UwDt COW x@
\@=wQ OQmrta xm CU= K[=w "Ov=xOW GQO 4 =D 1 pw=OH QO xrY=L G}=Dv w
x@ \w@ QtRMSE w MBD |=yXN=W u}=Q@=v@ w 'CU}v u=Um} xOt; CUOx@
Qw]x@RMSE w MBD x@ \w@ Qt Q}O=kt "OvOW x@U=Lt xOt; CUOx@ \@=wQ
u} QDy@ ?=NDv= QO |DUQO=v s}tYD x@ CU= umtt w OvDU}v u=v}t]= p@=k xv=o =OH

"u=tQm XDNt 16 =D 13 CqO=at x@ \w@ Qt |v=QL@ t w t |xQ=t; 'RMSE �MBD �e Q}O=kt "1 pwOH
x=t Hi;m Eq.�13� Eq.�14� Eq.�15� Eq.�16�

Hi;c e��� Hi;c e��� Hi;c e��� Hi;c e���
x} wv=S 3478 3855 �10 84 3758 �8 05 3626 �4 26 3479 �0 03
x} Qwi 4397 4542 �3 30 4646 �5 65 4388 0 21 4342 1 26
TQ=t 5107 5575 �9 16 5810 �13 77 5163 �1 10 5222 �2 25
p} Qw; 6390 6704 �4 92 6867 �7 46 6324 1 03 6402 �0 19
|*t 7453 7566 �1 52 7513 �0 80 7445 0 11 7358 1 28
u�wS 7927 7949 �0 28 7740 2 35 7987 �0 77 7961 �0 44
|qwS 7807 7773 0 43 7604 2 59 7776 0 39 7803 0 04
CUwo ; 7195 7060 1 88 7079 1 62 7375 �2 49 7275 �1 11
Q@t=DBU 6551 5993 8 52 6152 6 08 6361 2 91 6473 1 19
Q@Dm = 5366 4868 9 29 4977 7 26 5235 2 44 5347 0 35
Q@t=wv 4223 4017 4 88 3947 6 53 4283 �1 43 4324 �2 40
Q@t=UO 3663 3655 0 22 3475 5 14 3588 2 05 3567 2 63

MBD �0 018 �0 9722 0 4367 0 257
RMSE 305 339 104 70

t 0 0002 0 0095 0 014 0 0122
t-critical 2 2010 2 2010 2 2010 2 2010

(�=2 = 0 025; 11)
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Lt "u=tQm XDNt 20 =D 17 CqO=at x@ \w@ Qt |v=QL@ t w t |xQ=t; 'RMSE �MBD �e Q}O=kt "2 pwOH

x=t Hi;m Eq.�17� Eq.�18� Eq.�19� Eq.�20�
Hi;c e��� Hi;c e��� Hi;c e��� Hi;c e���

x} wv=S 3478 3505 �0 78 3471 0 21 3497 �0 55 3482 �0 13
x} Qwi 4397 4345 1 19 4374 0 52 4386 0 25 4389 0 18
TQ=t 5107 5180 �1 43 5228 �2 37 5184 �1 51 5200 �1 82
p} Qw; 6390 6357 0 51 6405 �0 24 6357 0 52 6371 0 30
|*t 7453 7374 1 06 7370 1 11 7391 0 82 7389 0 85
u�wS 7927 7971 �0 56 7992 �0 82 8010 �1 05 7978 �0 65
|qwH 7807 7796 0 14 7774 0 42 7758 0 62 7768 0 49
CUwo ; 7195 7322 �1 76 7249 �0 74 7293 �1 36 7303 �1 50
Q@t=DBU 6551 6465 1 31 6476 1 15 6468 1 27 6459 1 41
Q@Dm = 5366 5339 0 50 5341 0 47 5330 0 66 5339 0 50
Q@t=wv 4223 4329 �2 52 4319 �2 27 4323 �2 38 4335 �2 66
Q@t=UO 3663 3568 2 58 3559 2 84 3559 2 85 3543 3 29

MBD 0 3342 �0 0884 �0 0921 �0 0775
RMSE 72 69 70 74

t 0 3342 0 0043 0 0043 0 0035
t-critical 2 2010 2 2010 2 2010 2 2010

(�=2 = 0 025; 11)

"u=tQm XDNt 24 =D 21 CqO=at x@ \w@ Qt |v=QL@ t w t |xQ=t; 'RMSE �MBD �e Q}O=kt "3 pwOH
x=t Hi;m Eq.�21� Eq.�22� Eq.�23� Eq.�24�

Hi;c e��� Hi;c e��� Hi;c e��� Hi;c e���
x} wv=S 3478 3484 �0 17 3488 �0 30 3484 �0 18 3479 �0 04
x} Qwi 4397 4366 0 72 4395 0 05 4365 0 73 4374 0 52
TQ=t 5107 5181 �1 46 5205 �1 91 5181 �1 45 5196 �1 75
p} Qw; 6390 6380 0 16 6371 0 30 6380 0 16 6387 0 04
|*t 7453 7427 0 35 7389 0 86 7427 0 35 7421 0 43
u�wS 7927 8004 �0 97 7990 �0 81 8004 �0 98 7991 �0 81
|qwS 7807 7731 0 97 7743 0 81 7731 0 97 7723 1 07
CUwo ; 7195 7273 �1 08 7300 �1 46 7273 �1 08 7280 �1 18
Q@t=DBU 6551 6464 1 32 6483 1 04 6464 1 32 6475 1 16
Q@Dm = 5366 5354 0 23 5339 0 49 5354 0 23 5358 0 15
Q@t=wv 4223 4337 �2 71 4315 �2 18 4337 �2 70 4329 �2 53
Q@t=UO 3663 3556 2 93 3539 3 38 3556 2 92 3542 3 30

MBD 0 0002 �0 1674 0 0031 �0 063
RMSE 69 72 69 70

t 0 00001 0 0077 0 0002 0 003
t-critical 2 2010 2 2010 2 2010 2 2010

(�=2 = 0 025; 11)
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}Bu=QoVywSB Q}=U \UwD xDi=} Q=WDv= G}=Dv =@ VywSB u}= QO xOt; CUOx@ G}=Dv
u}kkLt \UwD xOt; CUO x@ G}=Dv 6 pwOH QO "�7 w 6 pw=OH� CU= xOW xU}=kt
|=Q@ ,=vt[ [49w47]"CU= xOW xU}=kt �|UtW |=yx=t ?ULQ@� Q[=L Q=m G} =Dv =@
C=@U=Lt QO wH |q=@ |O}WQwN C@=F Q=Okt OW=@ Q=O|vat jwi |xU}=kt xm u}=
Q}O=kt xm OwW|t x_Lqt "CU= xOW xDiQo Q_v QO 1353W/m2 pO=at pOt
"OyO|t u=Wv xOW |Q}oxR=Ov= |=yxO=O x@C@Uv |QDsm h=QLv= Q[=L Q=m R= pY=L
CUO x@ G}=Dv =@ Q[=L Q=m R= pY=L G}=Dv u}@ |y@=Wt |xU}=kt R}v 7 pwOH QO
u}= [50w47'43]"CU= xOW s=Hv= |Oq}t |=yx=t ?ULQ@ u}kkLt Qo}O \UwD xOt;
xOW |Q}oxR=Ov= |=yxO=O x@ C@Uv |QDsm h=QLv= Q[=L Q=m R= pY=L Q}O=kt R}v Q=@

"OyO|t u=Wv

|Q}oxH}Dv
|U=vW=wy u=tR=U R= u=tQm QyW |=Q@ |U=vW=wy |=yQDt=Q=B x@ \w@ Qt |=yxO=O
ẁv =yOY "OvDiQo Q=Qk p}rLD w x} RHD w |UQQ@ OQwt w Ci=} QO �IMO� QwWm
OvDW=O =Q R |oDU@ty ?} Q[ u} QDW}@ xm |]@=wQ w 'xU}=kt |@ QHD G}=Dv =@ x]@=Q
xOW?=NDv= \@=wQ R= l} Qy |=Q@ uw}UQoQ ?}=Q[ w x]@=Q ?} Q[ "OvOW ?=NDv=
95 =D 94 u}@ R |oDU@ty ?} Q[ Q=Okt Q}eDt wO =@ |]@=wQ |=Q@ "OW x@U=Lt
u=R}t w Ot; CUO x@ OYQO 98 =D 97 u}@ Q}eDt Ciy =@ |}x]@=Q |=Q@ w 'OYQO

"OQmv Rw=HD OYQO 3 23 R= =]N
xv=RwQ pm V@=D j}kO |v}@V}B x@ QHvt xm |}xrtHOvJ uw}UQoQ \@=wQ
uw}UQoQ |x]@=Q T=U= u}=Q@ "OvOW |}=U=vW OvwW|t |ki= Kw]U Q@ O}WQwN
P w H0; sin �;n/N,Rh;Tmax;Tdp:max xv=oCiy |=yQ}eDt =@ |}xrtHOvJ
R= =y|v}@V}BCkO "CU= R=0 97984 |oDU@ty?} Q[ Q=Okt u} QDW}@ OH=w
RMSE Q}O=kt R}v w ��0 0331W/m2� MBD Q}O=kt "CU= QDW}@ Qo}O \@=wQ
u}= OQ@ Q=m xm OyO|t u=Wv u}= "OvQ=O Q=Qk |rw@k p@=k |xOwOLt QO �70W/m2�
Q=OQwNQ@ |i=m CkO R= u=tQm QO xv=y=t =} xv=RwQ pm V@=D COW OQw;Q@ |=Q@ pOt
|Q}oxR=Ov= OQwt |QDW}@ |=yx=oDU}= QO |O}WQwN V@=D xm |v=tR =D xwqax@ "CU=
u}= Ok=i *|L=wv OQwtQO |O=yvW}B |x]@=Q R= |i=m u=v}t]= =@ u=wD|t 'OQ}o Q=Qk

"OQm xO=iDU= =yxO=O p}@k
u=tQm QO |vwRi=RwQ xHwD R= xm |O}WQwN |=ysDU}U OQmrta OQw;Q@ Qw_vtx@
Q=@Da= "OQm xO=iDU= xOW x@U=Lt |O}WQwN pm V@=D COW R= u=wD|t OvQ=OQwNQ@
x@ \@=wQ OQ@ Q=m =@ u=wD|t =Q |O}WQwN pm V@=D |=Q@ |]N uw}UQoQ \@=wQ
|=yx=oDU}= x@ \w@ Qt xOW |Q}oxR=Ov= |=yxO=O OQwtQO VywSB u}= QO xOt; CUO

"O=O Q=Qk |UQQ@ OQwt |U=vW=wy

s�qa CUQyi
|@Uv |=]NOYQO %e
|oDU@ty ?} Q[ %R

�1367W/m2� wH |q=@ |O}WQwN C@=F %Go

|@Uv C@ w]Q xv=RwQ u}ov=}t %Rh

�W/m2� |Di=} QO |O}WQwN `WaWD COW xv=RwQ u}ov=}t %H
xOW |Q}oxR=Ov= w pOt Q}O=kt |=]N C=a@ Qt u}ov=}t QPH %RMSE

"RwQ 365 |=Q@ pOtw xOW |Q}oxR=Ov= Q}O=kt Vvm =QB Q=Owtv "8 pmW

"x=t 12 |=Q@ pOt w xOW |Q}oxR=Ov= Q}O=kt Vvm =QB Q=Owtv "9 pmW

x@ \w@ Qt |v=QL@ t Q}O=kt w t |xQ=t; 'RMSE �MBD �e Q}O=kt "4 pwOH
"u=tQm XDNt 25 |xrO=at

x=t Hi;m Eq.�25�
Hi;c e���

x} wv=S 3478 3484 �0 16
x} Qwi 4397 4369 0 63
TQ=t 5107 5194 �1 71
p} Qw; 6390 6386 0 06
|*t 7453 7420 0 44
u�wS 7927 7994 �0 84
|qwH 7807 7719 1 13
CUwo ; 7195 7281 �1 19
Q@t=DBU 6551 6482 1 04
Q@Dm = 5366 5358 0 14
Q@t=wv 4223 4323 �2 39
Q@t=UO 3663 3545 3 23

MBD �0 0331
RMSE 70

t 0 0016
t-critical(�=2 = 0 025; 11) 2 2010
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R= pY=L xOW|v}@V}B Q=Okt w �Hi;m� x=t u=ty QO xv=RwQ \UwDt Q=Okt =@ �Hs:d� X=N RwQ l} QO xOW |Q}oxR=Ov= O}WQwN V@=D pm COW |xU}=kt "5 pwOH
"�Hi;c� pOt

XNWt RwQ Hs:d Hi;m e��� �Hs:d&Hi;m� Hi;c e��� �Hs:d&Hi;c�
17 x} wv=S 3446 3478 0 92 3484 1 09
16 x} Qwi 4721 4397 �7 37 4369 �8 06
16 TQ=t 5214 5107 �2 10 5194 �0 39
15 p} Qw; 6537 6390 �2 30 6386 �2 36
15 |*t 7537 7453 �1 13 7420 �1 58
11 u�wS 7930 7927 �0 04 7994 0 80
17 |qwH 7747 7807 0 77 7719 �0 36
16 CUwo ; 7325 7195 �1 81 7281 �0 60
15 Q@t=DBU 6435 6551 1 77 6482 0 73
15 Q@Dm = 5320 5366 0 86 5358 0 71
14 Q@t=wv 4162 4223 1 44 4323 3 72
10 Q@t=UO 3533 3663 3 55 3545 0 34

[49w47]"�MJ/m2/Day� |O}WQwN V@=D pm COW pOt G}=Dv =@ u}kkLt \UwD xOt; CUOx@ G}=Dv |xU}=kt "6 pwOH
|O=yvW}B pOt [49]O=Sv|QO=y@ [47]QwB|Q=iY xOW |Q}oxR=Ov= x=t

21 52 21 20 21 43 21 54 u}OQwQi
25 48 24 81 24 76 25 50 CWy@}OQ=
28 37 27 17 27 72 28 14 O=OQN
28 32 28 29 28 94 28 66 Q}D
26 74 27 27 26 71 26 48 O=OQt
24 25 24 00 23 64 24 36 Qw} QyW
20 39 19 47 20 07 20 58 Qyt
16 53 15 06 15 37 16 38 u=@=
13 45 12 12 12 29 13 80 QP=
12 34 11 21 12 21 11 94 |O
14 54 13 92 14 50 14 65 uty@
17 66 16 62 17 40 17 57 OviU=
20 80 20 10 20 42 20 80 xvq=U \UwDt
1 05 4 63 2 80 MAPE
0 22 0 92 0 65 RMSE

[50w47'43]"pOt G}=Dv =@ u}kkLt R= |NQ@ \UwD xOt; CUOx@ G}=Dv |xU}=kt "7 pwOH
x=t |@ QHD |=yxO=O [43]Q=}Wv=O [47]QwB|Q=iY [50]QwQB|R@U pOt
u�wS 12 52 10 63 12 91 13 03 12 54
x} Qwi 15 83 13 90 15 84 14 96 15 73
TQ=t 18 38 17 25 18 51 16 24 18 70
p} Qw; 23 00 19 63 22 55 19 13 22 99
|*t 26 83 24 24 25 85 23 75 26 71
u�wS 28 54 26 71 27 93 28 51 28 78
|qwH 28 10 26 25 27 48 29 99 27 79
CUwo ; 25 90 25 04 26 12 28 99 26 21
Q@t=DBU 23 58 21 60 23 22 27 71 23 34
Q@Dm = 19 32 17 12 18 94 20 14 19 29
Q@t=wv 15 20 13 02 14 90 15 89 15 56
Q@t=UO 13 19 10 46 12 07 12 55 12 76

Yearly 20 87 18 82 20 53 20 91 20 87
MAPE 10 74 2 39 8 29 1 08
RMSE 2 14 0 56 2 27 0 25
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QmWD w Q}OkD
xv=t}tY |Q=mty Q]=N x@ �u=tQm RmQt� QwWm|U=vW=wy sQDLt u=tR=U R= xr}Uwv}O@
OQwt |=yxO=O x@ x]w@ Qt u=tR=U u; w}WQ; QO OwHwt lQ=Ot w =yp}=i |Q=Po =w QO

"O}=tv|t R=Q@= =Q OwN |v=OQOk w QmWD ?D=Qt VywSB u}= s=Hv= CyH R=}v

�W/m2� |Di=} QO |O}WQwN `WaWD COW xv=RwQ Q}O=kt xv=}y=t u}ov=}t %H
uwtR; xQ=t; %t

�W/m2� wH |q=@ |O}WQwN `WaWD COW xv=RwQ u}ov=}t %Ho

�oC� =wy sv@W x]kv CQ=QL xHQOQFm =OL xv=RwQ u}ov=}t %Tdp;max
jr]t |=]N OYQO u}ov=}t %MAPE

�oC� =wy CQ=QL xHQOQFm =OL xv=RwQ u}ov=}t %Tmax
Q=OktwO C=Q}}eD u}ov=}t %MBD

O}WQwN p}t x} w=R %�
|@=Di; C=a=U |ak=w u=R}t %n
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