stk @l 5 (65)9LiS pgle doxe
VYAD Cuigrd 41— 32359 58 < J gl & lowsd o s JUw
www.magiran.com/jasnr

&2 30 G 8 m il g Cgb g chod y3 ol (SiS gl iy g0
(Lol g dguino Sy oo (SOLU1 259 590 (Saxiliac)

SIas (§al (suge § vl jale (el (GLisass oul))
dglia g3, oLisls SoliS cuSCiSls (6, slaS e aSidls SUslind g slewl (il bl Bl gemiils O Say

ALIVINY =y Fob CAT/EN Y i s 6

a5

LIS o 35l ol 03 35 il e 2S5 5 ol e S b e e S S 2T 5L ST
Sl esbizad b Ygeme T 5L 5550 5 dbled gmad o O G pae 3 o5 G b 515 65500 el 1 olS LT 5L G b
G ol 52 S gl 51,8 e S Etle o ety o B a5 b S s lidln slaolinl slassls
SaolKasl S| 5 sl sl codls (Ca-ja oK) o gL els Sol&asl 51 aS 552 eslizad wlaesls 51 sl
oslizal Blowd 51 LT 53 ol oty slaosls ol sy g o (sivtih wm o b SLaolSisl 53 Ol mlidlpr es
Cushy s ey glaesls ol Sis 5U adlas opl 53 il el Sla e pskae 35 51 LT 5L SOl s
AE i Ay ead 355 W s OGS s e oSl SO L alie 3 OGS 5 e Sty glaelSinn)
5L oK doee 2Ll ar Slasiin 5 b laosls 4 s 5 Slle d}LaLN_)'ﬁ_)fJLA S By KaS 4 e
Lyl i das o OLES S 358 s 3 el opl oSl (i ST G s 5,500 wr e B s s
crh gbesls 50155 ol ol bl g0 T3 Sl o Bl 0 o) b se s OIS S e oSa]
e S O dgde S s ol 3 s e eslital e sloedls Olgisa Jpd LB Oliabl b oS!

el OL LS

G G s (b das o e b oSal (o e oSal igelST (s loe s

G s b a bl el Jos 5o il e (S Aoddo
w‘;;éﬁ“—ﬁq&&é«qmijw@f By ;.j&_éfm Obkily Julsdl 5 Cu pde 34 L
Gm = ol 338 o 3550 JJain,se oS L Lo P Ve P P A SRS DY | o S
WS e Sasn s psios ey (BTO) s T I TS N I e

_J;}pj Q.})}T Cewd 4 4\5‘;:[}:_91 )‘ w\ °L,§ ‘;Qfm

s g0l AL i b5 sl g p gl G
1- Reference Evapotranspiration



oSag) Oy gl 8 5 5 AL azdls Gilas (ol o]
(1887 Kd) 345 g0 0dals o o ol g

s 8 (LS5 S plsn 5 Sl Sl s
ST Joily Sl (Sae 355 sl 0l ()l
S5 b ceu 1 Sl s s sddlel olalS )
Sl Gislis s skl ok ool s
Lol sedaly 5 dame Lol 2 51 Sledbl ioils ot
A o LS 5L 5,5 O

slesls 5 oKl S Sl sy o
Sl skl (3l B Sllas il g
2> S Ol 5 Dosisls 5z s s dhexr
ikl g 3 a8 Wsls Ol Gy BT 5 Ul
3 70383 Ll o S b SLAE 5 L5l e gles
V4TV 5147Va (O sesle 5 o gosls 14T T

los 3550 3 1L BT 55 o8 lidos 53 5alsm
5azbss YL D s sles 48 5 S sdalin ools ol
SIS Sl ey ¥ 5 Y e bt ol seila
AV Gadpa) Al o rals it bl 4 o

S gaghs 0 plad a4 a3 OLKes 5 e
G g &S > b o 5ET a0 St sl 5l
35 (KD pall g s Sl ladlate o S e
ool Oless 5 astls Bl Lalge (o, Se3lul o
(Coiguas) oo ol 53 &S wlys WGl s ped oo
s 53 a g R lp S gk, Ll s
Bl adlaie g3 53 0Bl Julse Ol id (ol LS
S pole () O obe 53 &S J= 5 il e
Cod gadkie S e 3l n ¥ ssde | s 5y Ol >
L oS Lases adalie cpizan Gl ol 208 L
sl Sesll b lid b S 0 e 4 S >
Dlde aikaie g3l Jolb d 53 omen 5 Al 153
o) Ml A o ys Yo el 551 Giai o s
00ave oL

ool Sl slaesls Sl eslizal b 0L 5 o Ji

sl S 5 (I 61 sl Oy o Sl il sa

Sls 3 (B Sler Llls Olsle gy 555 S
s i pas ol 5 (0AV0 (Cug g egsn) LS
S s i 5l el Ssle (ETO) o0 6,0
Wl b e e Sl elidsy mes e S
Lodbe way bl e le A-Ve cxleS
Oar 5 1 40T 5508 sy 5 B (glbilale
Laged Ol (p25 wr o olS gl gaolilnl i a8
Sl Sl e G5 o s Olge O G S
W b ke ol S Sl B o s Ol
e gl Ve Gl Cuslie oo e le
ST O S REPPERYAL U PR
S L G e S ek aes gl SO
35S Oad 5 oS lblale Jlb w6
88 OLan 5 D “Of
5l Sy Ol 3 des Sl s bl el s
2SS glaiss Ol el e S8 -
el - ek o6 iy dex 51 el sbaesls
bos ¢ ol glmesls 31 eslanad b alslas -l Lonl J gl
0 b e G s ol e s Susb
S S eIl (Dl G 3 Olbl sl . AS
odd hAd L) (g ¥ oplil 5 Al alidlps glaesls
)M&%'}Uv\riﬁ@wﬁc’w&giﬁﬁ(twa‘iﬂ@
A O 3 5aS s 5 oSSl e (s S S
Ll 5 65 a bl 5l ool Jasl 15 4 Lol s oyl
el el a5 J:.»S gJJuL.‘jA (C?'Jﬂ) ol &)@Tuy
Ll o a5 pde cpl 45 Lals OLES O 5 el
Seed) 355 Ao 3 Y0 i B ETO 5,51 0l 3 i 5o
P o PY RN L U TS Sy A P G L LT G B COW
2l b il o ey _ 50 gabslas 3 a5 - wr e
Al 35 eslizad OF glaesls 31 b o5 Lails,

VU 3 0T i a5 oS b5 o e oS Ll 5 L oS

1- Food and Agriculture Organization of the United
Nations (FAO)
2- FAO-Penman-Montieth



5 odd W3l Olul b il 5 (65o5liS Dl
335 o ol 5 e g Ay b
i e S o5 0SS Sty il -
gl Sl sl 5 00 W Gl e 1YY
o en L oyl cl GBI s 2l e % VIV s
ool SES Yor ssus S gosliS Sliass S e
Sl i s a Ay Juad b s 5 syl 1
238

SBLAr Jsb gl &S dgte Sy g ool Y
a3l gl 5 08 YA oLlas se X VY
oKl gl Olbl Lme A3l e e 444/T Lo
el S Sals

s ay laesls asllas ol 3 i Jdod 5 e B,
el O s S OSS e ol 1 eke]
S 3 edadis grew s (S0d5done B jay el 3
Gl iy e Jgb 53 S oo 4 s Sl
5okt 4B S B s s e laesls Dlse a4 osd
Ssdel s 4 by s b glajubl cos
A5l OIS s e S glaelKal
b s Jaul, L e L8515 ol i nd s
e s 38 e aglis (ils e oSl
J8) Blas gles (W IK8) ST les (slals sl
s Zasby 5 (VO ISE) Sl s co b, (Y
Sty g Sl Sl sal s w0 (8 K2) il
sl bl Llie 55 (Y ode slie) dgin 5 OGS
olis) OIS & oSag) 5l sel s 4 s
O S5 S i3l bs s S ey (X (o200
bt ol ol )y BLE Gassamme p Y T X e
oo o V) bt a4 s OF Glal Ol b @)
S oo h3 S e O S bt @)
03 ol St s glrolKais) 31 ool s 4 (glaesls
Cowd d Hbged Cod aasl L adls B8 i
Ol K3l ol Sai e AS e K a ool
She s 4 a3l glaesls a8 das o OLES AL ails
025 Al e Jal gl el Sis e

Lo deeS 53 Sy O Slides S s &l
S5l p ol BB e oKl aad e SIS e
adlas 350 ool Hlgz Sl oKausl 55 s el
Ll 53 K03 oasl 53 5 G psS 5 Sis LSl s
Slekd sysln mm e Gon — s il 3 oL
saelKasl 5l edd ds PO abs gles 5 1 les
YV 5 sy b 53t WY oyl Ol (S
OLer 5 D sl Ol 1y (o) STas obe 43 Ao s
L(VAAY

5 ol el s gadlee boelsenln
obdlss glassls oS sls OLaS )l pleal 55 Ko S
5 Jeel= LT L o Gl Sl eld 4y
oss 3 Ysame 5 ol Sl mr et SlaelSanyl
4 Comd 508 ETo e a0 e Sl = ey
QOYVA ol el 555 00 56 = (i By
Sl cel Oole andllas el 5l S ol Ly
S edel s 4 Zusby s by bl salie -
ot (el b oKl b e oSl S
wils glie Ll 3 oo oldlar Condye i 5l oS
sl
3 G S sl O e -
Sl sl S eslinal b e e e glaelSan!
los slaosls & L3 a5 (Yorr) Slle 5 (14A0) bl
Ll 3L o] e oLl ar Slasiia

B g, 9 dlge
9 Les glmesls 3l aallas o0l 55 (Lmesls L;)ﬂt_a.-».
VYL Y ol b 5 bl g oSl b,
JJ_SQL_,»‘;;&L,)'”W‘\ S 4 YooY Jle el 5
(el 0 o3lizul
Y i dsb bl 4 Ol o e olSayl -)
o Sl glel 5 0 W Lbha Lo, M

Seflb o il ol 2L e e NIV Lo



Slaties oKaws 3 dbis 5 6 llie =Y

Ly o jllia=y

O S5 slne Lo 5 (53,51 5 5l =

Dbk Sl s ekl VOIS w |y O alaly il

R ‘("«ﬂif () g yozms

D =Y =2 =TG-V
sl ol s e sy 4 o 51 () el o

gl Ola e 6 gams £ 93 Dol (S "ol e Caa

I o 5 o0 0kial O g S5 Sl o g0 5 Z5le

35 w3k 3 Dose 4 U5 e L O ekl

JSSS == SS+ 05 5, SS ()

s e b3 Soge T el cl

P =0, 5,88/ 5SS (0)

50

Gy o1 5L 5505 ol besls ol 51 eslizal ases
20 S Doz 4 bt cdsles il e et

a

¥ Non-reference — Qo X reference M)
o> gla el Hlude YNonreference 4y cpl )3
Slaelanal Sl sdal s 4y G5 e 5 sk
DB sl 2sse cd 15« (Non-Irri) wor e 8
S aS cola el s slie Xreference x5
3 olzel Ol ool ool cowsas (Trrd) e ol
SN ) e Sl g S5 bsat 25
sl oS a;)jﬁj)sf G Ll 5 ke S
Vi Y= -Y-@-Y) ™

QT P 4\5

40 =

3oL

20 L

10

.\.'.'..-EJ-J_J o\i‘..ﬁl_,a‘,ﬁu"slaa

20 30 40

aiE =r Bl o Sl gl

<
Fitted

Golmakan

4  Mashhad
Fitted

Apde o 5 OIS o Sl Sham sles sawlie -\ K

30
v o o°
- o %9
|
20
3 o -"s.. *
= s® ®e °
= s ° °
= 10 b Sl o ®
v *“elo
} 408
0
Y 2
-10 . .
-10 0 10 20 30
OK..JS &r oS! L J.i\).’- sl
O Golmakan e Mashhad
B — Fitted = Fitted

.X.q..f.ﬂ 6Jaﬂ'9‘, b&.lf 6}4 ‘_;Lhelg;'”.&‘ Js‘b ‘5Laa ‘54..‘.3.&& -y JS.:‘»

1- Sum of Squares (SS)



-
[ =]
=

—
=3
=

£
=
T

[ *]
=
T

-H—:-‘C‘.‘J‘J:"“&*." 23 Sl e b,
S

++

iy +++4 :1:

o

0 20 40

100

;,\S..LS afa&q|)aﬁl.\"_;ﬂ._l,b',

+  Golmakan
Fitted

+ Mashhad
Fitted

de g g 5 OKS pr o SLaelRi) ST ored by gamlis Y JSS

. 120
%
'} 100
| A
4 80}
’-_"3
f: 60 |
%‘ 40 |
1,
4y 20 |
LI
0 20

40

60 80

D'S.n.l‘ @—f.\gz..gl_,a J.i‘da—‘_‘.-.;;a._,b)

A Golmakan
Fitted

A Mashhad
Fitted

gt 1 b 5 OSMS 1 o SLaela! Pl o Casby stmlism £ IS

ET, =0.0162(KT)R , TD**(T +17.8) @)
S
KT =0.075(—)"° V)
TD
B sladlsles s
(mm)ffd,d_,?w&ETo
n -
SZEXIOO ol A_JLU\ &U olela Loy = S
b)j.d o9 2 g_)b.‘BT @5‘} QLOL-@ J‘Jajn QT DL 45
N )\.,LQ.A J.::L:dﬁ aales QT BEEBTS) J}EN 9 jla.:

(°C> AJUJJ JBU}- B J;Sl.b- (5[#3 .hw);'ﬁ QJUJZTD

;.JTJ:»JL:»J;&»&':A}Q}J{ J':J.U=RA

G m P 23l Ol e 55k 4 e

SelKasl 51 sdal s 4 (glaesls Sl eslizal o
e S0l sty Sl el U ETO S s
ool S ool s 53 s S 550, Sble 5 Sl
Cotlem paiy= 5 as Sl so5e sdate glaesls L
ol (5, S o3Il glaesls 5l s aS s sl
oS S eslial pla iy 5l 3l Olaabl 5 5
Sblm 255 sl ks 5L (6 2eS (gla pane
s DYl o islesel LB el 5SS
Slele (Pl 5 Sl gl pslie 4 s a5 ol
(Slle 5 55555 3l 5l aldlar (2 5

Sl el &sle 5 (Y4A0



ET, =0.0135(KT)(R ,)(TD)** (T +17.8)  (A) CO s sl Sl =T

Ol 45 aS Slaie /Y (KT) sl w4 015 oV gadslas o
KT =0.00185(TD)* —0.0433TD+0.4023 (1) O3 Ol Slle Josy 55 sls Sl 1 v/e Y ol
Gleosls I stel s ETy  Jlsged e e Gl 3 e e s ol Ll el w 5L
3hedel s BTy Jlis 55 St s laelSans) 5 Bl 5 Sl gles slaosls L LS 1y e G,
(V50 e JS2) 3 8 s wr o oSl (sloosls (Y GLl) 3 5as 55505 e plilas 5 0

Sl Gl Cle dolee

10

@
T

Mo g b oSl 53 g gn a3 e
£

0 2 4 6 8
SIS a0 Bl g3 g G T - e
o Golmakan L Mashhad
— Fitted —_— Fitted

.J.q-:-ﬁgfﬂ.'&s&.ﬁ‘}b“&f&ha@‘,édbb_iﬁ;)uuﬁ})ﬁ&f&,ﬂ_ﬁ ‘54%\5.4—0‘}&3

Ao b o) 3 mm e G v
S
T

0 2 4 [ 8
SS g o oMl g3 a0 Gy 5
VYV Golmakan ¥  Mashhad
— Fitted = Fitted

Agls ef):& s&ﬁ|}bw8f‘5he\§:.ﬁ|): dﬂ"""" U’Z}kagf O = e (G4 lin _'\Jg.fv

4 C,...M.J Qm "{'.‘.':'.'-}"'.‘.‘"" GK.'LM_:‘ (-;‘J" AJ.AT C,-w)ﬂ.j aw 9 @w
S sde a ba el eled (gl dgtin Sy s oK sdalie ) Jgdr 58 5T Y ) e S e s L
k:a.:a.;y | k)'i‘ J}@.«ZJ L}i\h )‘ el J"“‘i’ijf Ja_i‘).\:u “ Qm u<.:...3j.~:.w ali:..a\ ']‘-i‘)“:‘ Y JJ;L;G

4 OIS S s o] Camise il e oS Ogee S5 bt o fm 3L 0 o5 Sl o e



B U PP Y SN K S B e

2 Sl Sl a5 b e o e
s Sl aged IS s OF mes 3 Ol &S e
23 OsSlan 555 0 S SRR = O
S 3505 5 5m s St g oSaasl VOV sl 548 s
340 u‘iT 3L z)ﬂﬁ 33 LT 5l edal s s slaesls
Lol WolKanl ol CEl Ll 3,8 e 515 eslinud
oK) 3550 55 islES Low 3 &S e
Seslial an 5 5 L el ke lidlsa
358 o L 58T ol el baelKa) ol (glaosls
St g oSl 3 3 S e &S shailen

5 asbs ey gla bl olanl (Sa 3 e
Sleosls ol 23N 5 0Ll ot 4 e 525 - s
53 oslizad 3l 8 Wol&asl L ol 51 edel s
PSP VRN S B I (G NE N Py
Shedal Cows 4 owlidlon glaosls  oal Six
ol sl s B 3Y Ay oSl
S glaesls el 3 5 54d b S 8 w4 besls ol
ot WXy e olSal S Sl b o miy
Casby s gl sld plnil Gla s b A S

S5 &S A (63590 ahaxr Sl oL G 5 o

ev\:ﬁiﬁ:ﬂw)éob)buud]dbb\)béw‘éﬁ
ety ol s 4 S L Ol S
LJ\J,.I;‘ (God 9d>ea > L;AL.S J:u.uﬁﬂjt u)}wog
Q#)é@)‘b%))@@\dl{@d?@c@\
i miy bl Sust, (¢ 5 Y sle IK8) s
GASelul s s 1y Ol Cle Olp e oS 5,55
eli;.w_i\ Q;“l saesls Qlf“da Q,i\ﬁtg. g flj vaslo>
ebLi';w\ C«f-]a LsLhabb ub,.c “ gjb"’; J.:l:e QL.«:».IG‘ L
5 edal Cews Cosby o Ly laesls  Jy 5500
LQUMA‘J )\ LSJZ":":” tJb?u‘ J..@_J..A p<.;3_i}.\.3...u ali.?....,.l\
d\;ﬂ& 456)}194; Mb@ olis ul.(«lf 8]0 oli;’...v.;\
u,:\fLubja.: eML:..aL;:)}Mb c@‘é&;—@‘j\
s OB sl gl Wesls cpl Sl eslid ke w
)-Lgu;,‘,;wa,,;w)waﬁ)tsyyﬁp
.J.)ﬁ})}rﬁ)?‘jx.u))\mj\j‘ﬂ&]

JJJL;a aJu“JJ':;'-\_go 6LAJ§~Z )JAS)}IQJLQA
ool Cewsas slaesls 3l el :,ﬂ,;. B — el polie
JLALA_)).:J;)[A J})}Qm&.}iw a&.w_i‘)|
5 dosn Yoyl Olpe am 5s 5 VY s b
& §L§.:.~v-i‘ )‘ ﬂzu.a e L ANY s ‘-“'.’.J‘"
J.::L:L;c eK‘.....i‘ &J”‘ ij f-f .,\;"}A Qm

Y=2X s g 55 550 5 Jeol- s Jgo

e OIS oy LY
ag 1 n ap r n
\VAY o w1 YBY Jar w1 Troax
VY voq Tl VY oAy w1 Tonin
VAV v Tl “/AA v w1 RH,,,
AV oy Tl VA oA al RH i
V1Y N w1 VoY Ay w1 EToHarg)
CIAY vt 1 A 7y ha ETo(samani)

O (8D A3L o 513 imn /0) L 0/00 = glans 53 sl s 4y (e o 5



&) Swlw SAEL G Js L35 e Sl e et oSl

5 oS bl Olsle Coles Loasllas o o 5 o (VAT O 5 1) 558 e el
45 CM‘ 4:.9; Q)}.\a Js.@..i.d).) k;wL\.wr:.G\ am‘}ﬁ )lS‘U L;""L"‘;‘)A L;Lhab\) C'J)\-w‘ (_Q‘J—' ASL;;)) 3}-&@
.;ﬁjdjjiﬂﬂ@e\lﬁ,ﬁjw,\{ .ul{)b)fﬁ‘;jj&léc;é;jl;y:wwﬁ

Xbe

FAY=£ 0N Slis Glgal Ol e dogd o1 Ol 5 SHLED S 0 o gas o2 Sl AT Ol
LSJ—"""]"‘ )L\:»Q._.vd J:_A.:u Ylie A8 gamn Ls.&b) QLAL“§ Lé]st_?_ ﬁ"“; stbu 6[.&&_5)]: ajb.)) waJi AYVA Cto\w@*
NV Sl i) oYY (Ol S b g oKl s JralS 5 ool

3.Allen, R.G., Brockway, C.E., and Wright, J.L. 1983. Weather station sitting and consumptive use
estimates. J. Water Resour. Ping. And Mgmt. ASCE 109(2): 134-147.

4.Allen, R.G., Pereira, L.S., Raes, D., and Smith, M. 1998. Crop evapotranspiration: Guidelines for
computing crop water requirements. Irrg. And Drain. Paper No. 56 FAO, Rome, Italy.

5.Burman, R.D., Wright, J.L., and Jensen, M.E. 1975. Changes in climate and estimated evaporation
across a large irrigated area in Idaho. Trans. ASAE 18(6): 1089-1093.

6.Davenport, D.C., and Hudson, J.P. 1967a. Changes in evapotranspiration rates along a 17-km
transect in the Sudan Gezira. Agric. Meteorology 4: 339-352.

7.Davenport, D.C., and Hudson, J.P. 1967b. Meteorological observations and Penman estimates along
a 17-km transect in the Sudan Gezira. Agric. Meteorology 4: 405-414.

8.De Vries, D.A., and Birch, J.W. 1961. The modification of climate near the ground by irrigation for
pastures on the Rivertine Plain. Australian J. Agric. Res. 12(2): 260-272.

9.Doorenbos, J., and Pruitt, W.O. 1975. Guidelines for predicting crop water requirements. Irrig. and
Drain. Paper No. 24 FAO, Rome, Italy.

10.Hargreaves, G.H., and Samani, Z. 1985. Reference crop evapotranspiration from temperature. App!.
Eng. In Agric. 1(2): 96-99.

11.Holmes, R.H. 1970. Meso-scale effect of agriculture and a large prairie lake on the atmospheric
boundary layer. Agronomy J. 63: 546-549.

12.Samani, Z. 2000. Estimating solar radiation and evapotranspiration using minimum
climatologically data. J. Irrig. and Drain. Eng. ASCE 126(4): 265-267.

13.Temesgen, B. 1996. Temperature and humidity data correction for calculating reference
evapotranspiration at nonreference weather stations. M.Sc. Thesis, Utah State University, Logan,
Utah, USA.

14.Temesgen, B., Allen, R.G., and Jensen, D.T. 1999. Adjusting temperature parameters to reflect
well-watered conditions. J. Irrig. and Drain. Eng. ASCE 125(1): 26-33.



J. Agric. Sci. Natur. Resour., Vol. 13(1), Apr -May 2006
www.magiran.com/jasnr

Assessment of the effect of site aridity on temperature, humidity and
reference evapotranspiration
(Case study of Mashhad and Golmakan synoptic stations)
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Mashhad, Iran

Abstract

Estimation of the water requirements of irrigated crops is one of the most important stages in
designing irrigation and drainage projects. The accuracy of this estimation could secure the water
requirements of field crops; it will also save water consumption. In general, water requirements of
field crops is estimated by FAO-Penman-Montieth method based on the data collected from well-
irrigated stations (reference stations). However, most of the climatologically stations are not located in
places where irrigation is practiced. These stations are referred as non-reference stations. Therefore
using data of these stations might cause an overestimation of the evapotranspiration. In this study, the
effect of site aridity on temperature and humidity data of Mashhad and Golmakan synoptic stations
was surveyed compared with a reference station in Golmakan, during 136 days of the growing season.
Evapotranspiration was estimated with Hargreaves-Samani and Samani methods in which only
temperature data and geographic coordination of the station is needed. Based on that, the effect of
aridity on evapotranspiration was also evaluated. The results show that the situation of Golmakan
synoptic station is very similar to the reference situation because of the station position. Therefore, we
can quite safely make use of the data of this station as reference data. But the effect of site aridity in
Mashhad synoptic station is very clear.

Keywords: Reference station; Non-reference station; Temperature, Humidity; Reference
evapotranspiration



