Journal of Water and Soil
Vol. 30, No. 6, Jan.-Feb. 2017, p. 2087-2100

i

(39U ailioo 5 pole) S g O 4y s
2087-2100. o 1395 il — cpote 6 o0 louis 30 >

s3lie Sl eslial b 6l s; palls b 3,505 (028 4ed 5 228 Gladde mi Lis!
S 4.«.:33.:}«» W‘J: ol ‘5;03‘.).”

2 .. *

Pl lJJ:‘.. S fSI e
1392/11/09 : s\ s &b
1395/06/24: % 54y 7 56

2>

oA i ccl ol coenl (b wlisol g wlislgn gjy0liS ales 5l ladiso) 51 gyl 5D (hudyed Lalls il aalllas
GG b s 315 ol 5 A8l oo Saflgen 42 5 55 e G5 (S )l )b 0 S 8b g pre slaadlie SIS sad s
G5l Lalls (il L bay pa ) edel Cants ol g 3,00y Jlred Kb dass g 3y didbate )3 (el i Jie 12 1 oslil b aljg, el
ol imgh 33 .03,5 Byme hen el (il atgy Jde 5 dwslio 1390-92 655 Jobo 15 L e oKt (o55lo5lonls olKaunl ;5 o
225 sla e | osel canddy ol 48,5 8 )y 3590 AVl g ad wlide ;> SSE 4 adllae 3550 (ylol 093 Jobo )3 Ll sla e
VL ol piopad Adloigo Slopl o (o b 12 5 o (s9mmsSy Joo el 5 il ol b > g cslo o o8 3D (i
21 e (3 a8 Lue (g )S) S Jde cggamme )3 03)S (Byme = (od Suid dond 3y oaldl 3 At Joo gty Lo (190 Je
L3ly olatdl 393 4 lhen Sid doss 9 3y maldl )3 &iljg, (Rl (8B 590y can Jae 12 0

Shian @l 5 (Lo ol diso 5008 csla o liy) alls b 35510008 503y

ol cand 4 pjdaly 5l g ol maw (b 3 S s
(7)
R = (Swi — Swo) *+ (Lwi — Lwo) (1)

0l Swo «£39y9 055 zao il I Swi (alld il R,
T3 oMU Lo (3909 4k 9o U Lwi (295 oBS 90
gt b

slyllS SIS e s 4y pals Ll s aSojla
Slois S o3Il dluang 4y ey ol 13l oo lps oiuly)
D9 o o Ip sled 9 )b LS gy obS gge U
4 (5) il (o ltsebol BB 5 355 IS ysb 4 sty o
038 8 $1n S el fally x5 e U
Bl 4 dog b aS 55 2g3g (yo Jdo (9oL Dl 29 o0 03
905 o3kl bl 5l el il cpess (3 g5 oo ddlaie y

2 oAl Gl Jase oLyl il (8) olhLsen 5 5u)ls
50903 odlatwl alld (il iesd Jde 90 5l Lilwl (la LSS
cizan 5305 L5 |, RMSE 5 MAE o8 j,li o] sloazily

.

doddo
(55358 Alax S lnatgn; 5 ()l o Ll S (slmodl
Jslge 5 (S el ol cueal b sl 5 (wliilea
G sl 53y S 3y g e 0 iS58 5 ke
5l anlb 5l (Gl 4 Cl ulidlon e (caudss
ol Cpenl oy e Llo)lIS o 51 GlalS T 5l dle 5l S
(20) 5 s plosil 3910 &y 2 (5] 5500
2 g anleiie JS 1) (5,5 — e anlp & S0 Jelgs ]
oLl alls 2l sl s 3y e (a5 sla e
g b slagse Jsb )3 (295 5 6299 U O Cgli5 alS
piie 5 QUL aoda (6550 om oM (Al (U ASL e olisS
ALS o5 g G5 (e gl b g (e e Lo o
oAl (b ABb e (295 palls 3l zge LU 5 RNS (399

0555 ¢ S} 5 okl 1) Lowliy S sobs (cgmmtils 5 slilym sl =2 5 1
e L ey sl ol owige
(Email: swsabzi@basu.ac.ir e odigs = %)

DOI: 10.22067/jsw.v30i6.30934
3- Net radiation



1395 sl — eyt B o ke 30 aler (S 9 f 4 pi 2088

DL Jie it B gd (uiwsly (les adlate 3 alls (1
33)5 by addaie il sl RIS

adbio 3 Ly aow jl 2o 1800 Lawgie glisyl b ylen o
Gapadib g ang Ly lies mlil el a3 15 ol oy
L 35300 (Shiapundl SIS dogd 9 3p 3blio 532 (05 (o4l
3 el glis)l o8 glis g oolitd 3,90 oSl 93 (S35 b 2259
ol ol (15,8 ylidio ol 5 0l80g,0 0l 90 waldl K0S,

S5 olS1 s L g 0k s pSejsl Lals il (glaodls ]
S92 (5399l oSl (pwlid ol olinl > ly alls il
s 9 kB 28 5 a2 48 LLihe Job Ly lies Lo
2505 slmyelyl o ool aadd 48 5 an )3 34 Ll
bl Job b ghen 09,8 S gt oK) 1 ulislyn
331428351 g an 334 Llélas oye g aids 32 4 4>, 48
sl ol o &) (1) S5 )5 LaolSan) (oLdlyie Cundge .0
) 2011 yiobos 5l oo 18 wliilon ailg, (slaosls I olato (yl
0l Y olKws 3,5 exlizl (1392 ,5) 2013 595 b (1390
h oals (il glojen slas gus (aaly 5 g Yl gt B b allS
S o )1 (s pSejul 42558 o

9 9 ik goe sgeiw 93 b Al (L (gl alele
Bl cals & b jguins cpl Cosl 055 oUsS gge jguins
L5300 (e (b 039050 b ol po il 5.8 Hukseflux
o il (ady cib) yzeg5l 42000 1 4500 4 (sbs k) 2800
O Y 5l ales (2) S5 a8 oo 2Bl |y (295 5 5299
lesrens dilzg,y (Al Il dlre (gly s o L ) 2l
ol b Sloj (sladlols 4 dagi b osd (6550jlul slrodly S
b (655 SRS Qs g p2 b gl 5l SY L

oala Ll slase
o Gl 5 (oeiwylisl can (255 dos 5 (225 Jae 12
ol Al j5 3 a8 €85 8 qwy )90 lien adlaie dige

 Coana]

56 * 438 Eaaiile (yaly
56 ojlecis d s 3 9 41 (3) hlSen 5 I Lawgs Jro oyl
ol 4 ($1) " g5l Slan ,b gl plosle (iSa) g o)l

ol o dmn
Ry(D) = (1 - @R, — [0 MmaxkeTmini) (0 34
014,/e4) (1.35 = - 0.35)] 2)

4- Food and Agriculture Organization; (FAO)

o Gtalil s el olSailen slos 4 5,8 culs s o)
sy e 2 1y Jao (B) (Sen 5 o9 S gall 35 (alls
2 L Slebo by ca)ss S Sl Can Sl = s
aS dblie > assh s 9 63,8 w i Worg olSiw! 7
Al oo canlio Hlan by Jse opl 3, dgmg 3] el (slaodls

spbaiedsy |y ael alls (26 (19) il S 5 ol Jiis
cle peiny Jdo 3l odlatnl b oSy coghy cubligSS oyloj e
8> el glaodly 3 onlil ol oLis bay] zuls 155405 3,91
(1) oS o 35k Ao Sy |y s 5 (a5
03,8 o2litul &iljg) g (el sade Sl palls (il (e Ca
s 0505 duglie Sluslowe alao b1y oddd (g puS03lul yoldo o
yud sobo glaJae bwg (ald il jlude a8 b oLis gy
aligy yalls (il jlde a5 Jls j3 dgy 0ad (6,50l0l yuolao
Dgr S S oilal jalie 4 oad dswlore

9 lig) LAl (b ot ¢ly (12) olilSes 5 Sboyl
bl 3L el gloodly oy yiaS a4y &S WS Sl oy e
Bl Jols (auldl calises (gla Ko j5 Yaleo saiss oyl o
Bad ol edsie WYL ol pf 5 Sl « i cogbpo
duglie b g 55 dlre &iljg) Jao 93 2 53 pallds L 3l
cile i addlee bawgs 0ddb diwle ailjy, 2IB b L
U e ety 5 ol B i (sllas (sl 56518
OYolso a8 b Lis pa U Jas 90 cpl ol duglio g
OB 56 S cunle ety Jo e > b g 28 4 Ol
DA G5 gt b1 () St 3 gl 55 035, s
535 gy Wlpusl S2S o a3 |y gy JS JU g
sgS oo 953 bl o a8 ol Jse a5 5l LS gols Lyl
bl 5 clie palls (B (30055 ) 1dl e

9t 1 33 Ol om0 IS B Cuanl 4 g L
JWid 4yl gaizs )0 olpl o el cpl Slie (sloodly g8
90 palls QU slaJde g (255 4o g (228 by (Pl
9 2 ol lalyd )3 (alls (b (225 Jie oy SBl
g Ll Ginghy cnl pll jl B 1 s (lhen Std des
oA G5 39290 (ENRM) * 5 Jao o cslio (pee
il len Sdddeg 5 0w mall b 555l oS ol

L 59, g 3l90

oSS (275 4o g (2)58 laJde Md (a5 (pl )

1- Canopy
2- PMF-56
3- Empirical Net Radiation Models



2089 ..ailjs; A G 59T 2 (o2 a3 01328 Sl Jobe (gims L]

'{.“:3‘?

edan provience
Gldas sl
»
L o g slBatda
Bi-Ali Sina universi
Al glelad Legend
® clFolcoais @ station
N e Hamedan provience
0 37575 150 225 300
= = ee—— |

o5 lasuw! 3,90 dhbm‘ 9 axllao 3,90 adlo ‘5119.9‘)» u“a.ﬁye—l Ji.w
Figure 1- Geographical location of the study area and the weather site

U e g0 88U (559095 lonlS 0lKun] 1> 2819 db gy po (51 ygumiuw 9 I W0l L5 ol 51 oled -2 UG
Figure 2- Net radiation logger and the attached sensors as located at climatology station of Bu-Ali Sina University

(4.903 x 107°MJm~2day 1k ~*)

'(22) el

Tmaxk+Tmax
Rn(W):(l — )Rg — [0‘%(al _

1- Wright

rabasly opl
ax) aliy, slon sled aiuaS § did Trnaxks Tmink
Jsb a6 Rso {KPa) a8ly bk )L ailj, bawgie g { sl
(Mj.m?.day™) saiyss JS (b Ry clo lowd oligS zge
u,g)_JA = Olé" ol e AL L0«




1395 sl — ¢yt B o lens 30 aler (S 9 T 4 2090

5 (Bremgarten) cois aihaio 5 (slp |y Jao opl 5 pel
@)l 5 SYolae Gy 4 g 03,5 0, IS (Geiersnest) og8” aiels

15,8
37 (12)
38.4 (13)

4 gzl YU sl Jas :Kke 5l op (Jie pils Gudss )
1285 )15 ool 590 lulxo 5 (14 abuly) we Jaa lgis
RnerM—m) = 0.837[(1 — ®)Rs] — 0.027 56T, —

37.7 (14)

! bl gaa
@75 J2e 23 )1 ya culps ) oS (5:Sike L (15) S
el (20) s5s s AT (o1 (20) %5 & ¥sleo 51 Ry ez
S (17) s ccssle 5 s3le sl (10) P 5 50 il
Sl Uso (g Sy Jao S 50 ol 19 ppizman 5 eSS
)5 ey (59) by Al Sl eSS
Rnw = 0.66R, — 28 (15)
g iy Lue gp)S) Jho alie Juo cul gloyielily

Sl 51 Jae

Jie o plae el 3 i plosl b (6) 1y
Db ahll) 2 ©ge @ lee (g5,
Rue) =
0.63R, — 40 (16)

¥ Sloal Jao
L oadls il opess caa |y (Jae (12) o)) Sen g Slo )
150,548, 1S el oo el 53 0ad (6 pS0jlusl slaosly

Ram =

_0-054Tmax + O':I-:I-Tmin + O'4'62R57Measurment -

49.243d, +50.831 (17)
. OT 5 a5
@ Tiax 3 Tmin (Mj.m2day™) caudyes Jalb (b R,
< (C%) wiljgy dniny (slod g aineS (clod iy

4- Linacre

5- Shaw

6- lowa

7- Clothire

8- Huand Lim
9- Irmak

byy/ea) (455 +5)] ()
a; = 0.26 + 0.1exp[—[0.0154() — 180)?]]  (3)
b, = —0.139 (@)

4=126b=-007— RR— >07

) so 5 4
4=1017,b=-006 » == < 07 )5 4

SL = paiy Jdo diliio 598 alayly (slajiol)ly den lasuio
Al e

(BRM)"Lisa () g 5,5 Jao
b Lals (il a8 058 sl (17 5 19) Lulj 5 cosile
sl (g0 4y oy JS S 5 (s
Rneermy = aRs+ b (6)
4l (Bremgarten) coiss aihio dw (sl Gaios ol
adslee 3 g plul Ll s (Feldberg) o luwnsS o (Geiersnest)

1005 &l g5 e

Rnrm-1) = 0.6Rs —23.23 (7)
Ru@rM-2) =

0.61R, —

30.3 (8)
Ryrm-3) = 0.57R, — 32.62 9)

29 YU sla Jae (1S0ke &S (ghin Jao pols Guiod )
1d,5 51,5 oolitul 3,90 9 (10 alasly) glyseal

Ru@BrRM-m) =
0.593R, —

28.72 (10)
oA (L Ruc (WM?) eoj 4 02y IS il 1Ry
AWM?) o oo > (8L

(ERM) ai8Ls dacas 95 & gaa S 5 Jao

JS iy epdle a8 aiztls ol (13) o Kas 5 2 ppsasljel
B 5 palls G aulone )3 50 (sivej QR coe) & oy
225 Cogmo 4 ]y Bl dewgi STy Jre 3 (e 4 5350
Db 4l

Ruermy = (1 — )R + boTH+¢ (11)

(WM?) cynj a0y JS il IRs ol culps €4D4
oo e olaul e e (Wm?) el s il SR,
(K) 19 clod ljg, Lawgze T, «(5.675 x 10~ 8wm=2k~*)

1- Basic Regression Model
2- Extended Regression Model
3- Iziomon



2001 .aitye; A Gl 5Ty 01y a5 1 (B ke (st

5 LAl b () coie Jae b s o s oyl
23S Y8 Ly 3yse o ABls el 4 Lad wlide )d olSiuy)]

U o5 sl e alS jl osel ot gl 4 4355 b
(4) Lo igmmn Sy Jo s |y g Juad )3 iy S alls
b > i Jio 5 Al (B (Stsen 5 Ol 25 (B
sladad > ol oss @yl (4) 5 (3) slaSs 13 iy @ ke
sl dige Jo lsiedr (3) Lo (ymsSy Joe 334 9 ol
Lo die (3 L (1) Jpin 5 59050 diodlo o ghilan a3
=5 ladioe e 3 s Jlie (a8 b Le (g
oy 500

Jad 33 (Joad aldy OMS 4 a S ol lis 3udos gl
2 oAl (b esd (0 Jde plo 1 s Sloyl Jao ylius
Cunl gusss 4 p3Y A8 (o oo lhan SUid day g O dilais
iy o Ly Galls G Sloyl Jae (Sojed Lo > o
lod dieitins (glod Liul38l b oS Cunlize s ol 0,y ugSao oyl
45 oS sl g b GBI (e v ) AlB U
oials 8l el s (ol vew il o sl diiy gles
e 20l o ul38l len iy (glod aST olajs, y0 1AL e
Sydogn 4,5 i 3 S png o el G

Jie olgear 1y coly Jae (1) @lo solS o Linly ppen )
Sy Fblo (lp dlis) @ye 355 = g (e > VLe e
s a el San BB pl cde 0500 (8 yx0 SUiS dos g
pie Uyl 5o Cuus jShe Gains puily (g)lel (5090
il 0350l e alld (b (65805l glaedly 1 ealasl

i pyS b aS i ol e ol Cond 4 gl A A b
ol Hlade 4y a5y Sejlul el il Hlde lon o 05
S35 i Y o228 sladse jlodd oy Al
oA Ll M s il Ml 4 as K05 L dg s
O 5 Ggalsl e (Il At o 5 0nd (S0l
ot plall 0y ddlate )3 s (g Jao 20l 5 5 (13)
i )3 9 3551 ,l8 (Jae ol liasls Jad )3 4 asls
a1yl a6 pSojlul LAl il slaodly 4 o 1y (63,91 59,3
oL 5 (Al (B YL (Shen & dag b rpen S 0
ohen 52012 4 2011 Jluw sl o, cdel > oanisyed IS
oy eyt s JS G gl o &8 alaas (11 )
5500 e Jdo 4 G |y (g 5i0g (Sl «Canl 00y oliazd] dgs
o Ty 2yl 1 lajg, el ) eunle pady g Coly (slaJaa )l
aS coib ol dgs s 3 (15) Gly (ool o lazily ol o
ey il laed adlaio o allB (U esd (0 cuile rely e
o Dy 50 p5Y

dr (Mj.m2.day™) oas (s ,=Sojlsl Liob ‘R measurements
Aedygs U e Alold oy
dr =1+0033[2 )] (18)

(425915 Js! 170) gl 595

odliul o5 (il claoylal Il Jre (sew el ly
VRIS

ot Sl pe (:S5ke g adyy =l

RMSE = /M (19)

ol 0dd (g 5ludends 5 00 sdalie polde (i 4 S 5 O oS

1

ol Wodly dlaas N g
o9 S 6l Lad Slaje (50ke wled (92 (b
gt dond H0 g o odalde (glaedhy 4 ol (gilwdnd glrosly
65 Gl s Slaye (1S5ke ales Gl Jio 3 Slas 39y

Cygao dy g aad o i edly (gyw )0 (ga> yolie 2939 &
(12) 34500 olo SBWS] pgd g5

f ol slba (aSilie dalas - o
L g Csto ¢ siio Silgi o (MBE) oyl (las :Slo aylas
(15) ol jao o e ey yiae g 12l o
—yn (siz%
MBE = X7, (3%) (20)
ol 0dd (¢ 5ludends 5 00 sdalie yolde iy 4 S 5 O oS

ol Wodly dlaas N g

YUad wio )y dawugis -
=0jlsl) Lise Jio oy M3l g ably clas oy o)l oyl

Gymo o iy polie g dmd o 5 ) a5 250 Jao g (0655
e MPE e palas .ol y1ai 5y50 Jao o 0l sllas

{15) ama o Lt |y 3,151 98 (sllas (] siie ool g 351,58
n (5i-0j)
MPE% = (21)

Ll 00
g 00 onlie polie pdlio i au S50 ] pas

ol Loo3ly Slias N g At il o (g 5ludund

ead digs gladas (8 e
@m&&ulw9@7j@)l&mﬁwlqub
3 s=hi plals us,y Juad calisee (slaoyed Job jd yielb ]

1- Root-Mean-Square Error
2- Mean Bias Error
3- Mean Percentage Error



1395 il -yt B o benis 30 als (SB g f apis 2092

(e bad) axllian 3,90 Sl Je (i U (5100, lel dmurlia -1 Jguo
Table 1- Comparison of statistical errors as resulted from studied models (spring)

Statistical ol RMSE MPE MBE
7 (Mj.m2day?) (%) (MjmZday?)

Model Jwe
Irmak Sloy! 4.7 -37 -4.5
Brlind Ay 2.52 16 19
Linacer Sk 3.16 21 2.6
Wright ol 8.7 68 8.3
FAO cusle cyoly 8.8 67 84
Basic Regression Model 1 Lo (ygm0)5, 2 10 1.2
Basic Regression Model 2 2o 903, 2.2 12 15
Basic Regression Model 3 3o ygmmsyS, 1.9 15 12
Basic Regression Model 4 4 e ygn)S, 1.9 9 11
Extended Regression Model 1 1uisl, deugs (o0 )5, 4.8 36 4.4
Extended Regression Model 2 2 wily aews 05, 5.5 42 51
Extended Regression Model 3 3 wisly aewgs yom 5, 5.1 39 4.7
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Figure 3- Temporal comparison of the best fitted model versus the measured net radiation data (spring)
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Figure 4- Correlation between the measured net radiation data and the best selected model (spring)
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Table 2- Comparison of statistical errors as resulted from the studied models (summer)

Statistical 5 el RMSE MPE ‘MBE
(Mj.m2day?) (%) (Mj.m?day?)
Model Jae
Irmak Slo 9.2 45 5.2
Brlind Xy 4.1 37 4.1
Linacer Sk 4.9 43 4.8
Wright o 10 96 10
FAOC sl yaky 10 95 10.7
Basic Regression Model 1 Lls ygumyS) 3.4 30 3.4
Basic Regression Model 2 2o 903, 3.6 32 3.6
Basic Regression Model 3 Bl ygmyS, 2.7 24 2.6
Basic Regression Model 4 4o gm0 )8, 3.2 29 3.2
Extended Regression Model 1 1aisl, deugs (o0 )5, 8.4 66 7.4
Extended Regression Model 2 2 wily aewgs cyau5, 8.2 73 8.2
Extended Regression Model 3 3 wisl, aewgs yom 5, 7.8 69 7.8
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Figure 5- Temporal comparison of the best fitted model versus the measured net radiation data (summer)
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Figure 6- Correlation between the measured net radiation data and the best selected model (summer)
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Table 3- Comparison of statistical errors as resulted from the studied models (fall)

Statistical oule RMSE MPE MBE
J (Mj.mZday) (%) (Mj.mZday?)

Model J
Irmak Sloyl 8.4 -219 -8.4
Brlind Xy 15 16 11
Linacer Sk 1.9 22 14
Wright el 4.7 68 4
FAO cule cpy 35 50
Basic Regression Model 1 Lo ygm)5, 1.2 11 0.8
Basic Regression Model 2 2o 9 )3, 1.3 13 0.9
Basic Regression Model 3 Blo g3 0.9 5 0.5
Basic Regression Model 4 4o g8, 1.2 9 0.7
Extended Regression Model 1 1aisl, anwgs ym0 )5 1.8 21 0.3
Extended Regression Model 2 2 wil, anwgs g5, 21 26 1.6
Extended Regression Model 3 3 wsl anwgs ygme 5, 2 23 15
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Figure 7- Temporal comparison of the best fitted model versus the measured net radiation data (Fall)
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Figure 8- Correlation between the measured net radiation data and the best selected model (Fall)
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Table 4- Statistical comparison of the Models results (Winter)

Statistical 5, _RI\{IZSE R MPE _ M_I?E .
(Mj.m™.day”) (%) (Mj.m*.day~)
Model Je
Irmak Slo ! 2.2 25
Brlind Xy 3.3 80
Linacer Sk 3.7 89 53
Wright eyl 7.2 162 8.8
FAQ il yaky 7.2 162 8.85
Basic Regression Model 1 1L, g3, 3 72 4.5
Basic Regression Model 2 2L 5003, 3.1 75 4.6
Basic Regression Model 3 3. 5 5, 2.7 63 4.1
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Figure 9- Temporal comparison of the best fitted model, versus the measured net radiation data (Winter)
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Figure 10- Correlation between the measured net radiation data and the best selected model (Winter)
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Figure 11- The best fitted line between the daily net solar radiation and total global radiation (measured)
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Table 5- Comparison of statistical errors as resulted by the studied models in annual scale

Statistical o bl RMSE MPE MBE
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Model J
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Figure 12- Comparison of the temporal variations of the best fitted model versus the measured net radiation data in annual
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Figure 13- Correlation between the measured net radiation data and the best selected model in annual scale
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Introduction: Solar Net Radiation (R,) is one of the most important component which influences soil heat
flux, evapotranspiration rate and hydrological cycle. This parameter (R,) is measured based on the difference
between downward and upward shortwave (SW) and longwave (LW) irradiances reaching the Earth’s surface.
Field measurements of R, are scarce, expensive and difficult due to the instrumental maintenance. As a result, in
most research cases, R, is estimated by the empirical, semi-empirical and physical radiation models. Almorox et
al. (2008) suggested a net radiation model based on a linear regression model by using global solar radiation (Rs)
and sunshine hours. Alados et al. (2003) evaluated the relation between R, and Rs for Spain. They showed that
the models based on shortwave radiation works perfect in estimating solar net radiation. In another work, Irmak
et al. (2003) presented two empirical R, models, which worked with the minimum numbers of weather
parameters. They evaluated their models for humid, dry, inland and coastal regions of the United States. They
concluded that both R, models work better than FAO-56 Penman-Monteith model. Sabziparvar et al. (2016)
estimated the daily R, for four climate types in Iran. They examined various net radiation models namely:
Wright, Basic Regression Model (BRM), Linacre, Berliand, Irmak, and Monteith. Their results highlighted that
on regional averages, the linear BRM model has the superior performance in generating the most accurate daily
ETO. They also showed that for 70% of the study sites, the linear Rn models can be reliable candidates instead
of sophisticated nonlinear R, models. Having considered the importance of R, in determining crop water
requirement, the aim of this study is to obtain the best performance R, model for cold semi-arid climate of
Hamedan.

Materials and Methods: We employed hourly and daily weather data and R, data, which were measured
during December 2011 to June 2013 in climatology station of Bu-Ali Sina University. This experiment was
performed for the cold semi-arid site of Hamedan (Iran). The study site (Hamedan) is a mountainous research
station (1860 meters above sea-level) which is located at the eastern side of central Zagros Mountain Range. The
net radiation fluxes were measured by four SW (300-2800 nm) and LW (4500-42000 nm).Hukseflux Thermal
Sensors mounted on an automatic logger system. The logger reported four upward and downward solar
components in every 8-minute intervals. In this study, total daily net radiation was estimated by 12 empirical and
semi-empirical R, models including: Basic Regression Models (BRM), Extended Regression Models (ERM%,
Linacre, Berliand, Wright and FAO-56 Penman-Monteith. The model performances were evaluated by R®,
RMSE, MBE and MPE criteria and the best model was selected accordingly.

Results and Discussion: In this research, the model calculations were done for seasonal and annual time
scales. The results indicate that Basic Regression Model Ry@grm-4) performs the best estimates in spring time.
Further, for summer and autumn seasons, R, grwm-3 Was superior for the cold semi-arid climate of Hamedan.
Therefore, with the exception of winter, the BRM models performed the best estimates. Unlike the other seasons,
for winter, Irmak presented the most accurate results. This is due to the fact that net radiation as estimates by
Irmak Model is mainly dependent on daily maximum (Tnax) and minimum temperatures. For Irmak model, as the
Tmax is increased, Rn will be reduced proportionally. For this reason, Irmak does not perform good estimates for
warm months. In annual time scale, the Basic Regression Model of R, grwm-3) presented the most accurate
estimates of net radiation. The study of Monteith and Szeicz (1961)and MirgaloyBayat (2011) also showed that
Rn (srv-3 model can generated the best R, estimate in annual scale for mountain regions.

Conclusion: Unlike the recommendation of FAO for using Penman-Monteith and Wright approaches in
evapotranspiration models, it was found that the aforesaid R, models are not suitable for cold semi-arid regions
such as Hamedan. This result is in good agreement with the findings of I1zoimon et al. (2000) and MirgaloyBayat
(2011). In general, for cold climate condition of Hamedan, the Basic Regression Models are more reliable than
the other R, models. This study was performed based on 18-month field data and 12-R" models. To achieve
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more accurate results, using a longer term experimental data and examining more R, models are suggested as the
future works. To achieve a regional R, zoning, inclusion of satellite-based dataset is also recommended.

Keywords: Basic Regression Models, Daily net radiation, Hamedan, Penman-Monteith model, Seasonal and
annual estimates



