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1. Thornth-Waite

2. Jensen-Haise

3. Hargrives-Samani

4. Dalton

5. Penman-Monteith

6. Penman-Monteith- FAO
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1. Knot

2. Cluster Analysis

3. Dendogram

4. Two-Step Cluster Analysis (T-SCA)
5. K-Means Cluster Analysis (K-MCA)
6. Hierarchical Cluster Analysis (HCA)


www.SID.ir

oY Oln! 12 098l 5585 9 s cawlio Juto Mol 9 (2L

g B oo 4B,5 a0 aded Ky lgiedy ool plas 1yl hay el 3 5 0diiS e b opul 4 YU )
QS liome Laadss d )l ob 4 (6508 Calis a5 obaodls als po b )3 o6)yS5 a3 Tb

b 5950 485 5185 3 [ime (glasys lsieas ool y bl g nl 3 FexigdinSTize b TVL & oy -
S clisd b 0sd e a5 550K b )15 ob 4y gyt colid & laaded als e a5 gy, S5 el
ey soneinST e sl pedlides (caiaded slaam oSl glgl 5l e Jols aded aduie 3as | g ades
o=l pled oy (Lol glas oy o Complete-Link g Average-Link Single-Link (glasi o1 51 olg5 o
D9 g by Bades f Colud Ganmlne Gogud 4 bbby,

Suades sly o Conl (5 ol ol a3 84 Vb @ by (ol edladan ) (SRegionl 5 cnlple
3 L ylages s (onizmon 5 (5555 9y sLadbdles (g5l8T5 5 amlone (gl 9 SPSS ljdle s j) (o5 pealuds
ol 045 oldiwl J»S‘ )])’éhn).i

Sl 558 = i 5 Sl - 5305l o JansS — (Dl pgi iy e 3 kil b 5y 5 ks ppolhe
o ieS Laadslas 5l S5 S oS wd asuine g duglis wB b b B, gl 5 ond dubre  Slllas (slaolSiuy|
ol ol el w05 cladabee b 1 Siion 5 5VL K phS 5 1505 slaabsles b 1) Sivran
OS5 s ol 3 1285 )13 ot 3)90 503 (SBhsy (295 xole 4 Cod Ladbblae SIS 2 (295
L Slowbs slaosly (saulie jl cuslio’ o) CBT (sl g i WiST S0aS0 b (028 by (stunlie & oS
s 3 o pdlde sawbre (slyo plpls Ll ouds edlatwl 35 oY g A).«.’xp cui Slalie glaodly

ETP=k,.E ,y, () gl

o3ll 385 5 yu5e5 =ETP
O VI S
(2L ol 3ylbnsl) A WIS s 1 o))yl 98 55 aSou] ) sl o dlgidy (o33nte (sladlaly o (sduwlxo

Gl lwgs 3 VAL /O o S e glaole (gl culs (pl ol s g o ool

dl.bm.w? 9 olo dl).’ (WY L;)L\ALM 9 L;»)Do L;Lmo)b l.: A.Lu‘) U‘ ‘AL»]) Ry ul?ul 9 Lﬁ"b))] )] o

1. Top-Down

2. Divisive

3. Bottom-Up

4. Agglomerative
5. Pan Evaporation
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CIu:ters l.holib.q‘ CIu:ters hbm‘ Clussters hbm‘ Clus6ters ubml
1 1: ABADAN 1 1: ABADAN 1 1: ABADAN 1 1: ABADAN
1 2: ABADEH 1 2: ABADEH 1 2: ABADEH 1 2: ABADEH
1 3: ABALI 1 3: ABALI 2 3: ABALI 2 3: ABALI
2 4: JAZIREH 2 4: JAZIREH 3 4: JAZIREH 3 4: JAZIREH
1 5: AHAR 1 5: AHAR 1 5: AHAR 4 5: AHAR
1 6: BAM 1 6: BAM 1 6: BAM 1 6: BAM

1. Clustering



www.SID.ir

0o Ol &1 038 (5555 5 e canslio Jao Mol 5 (25,
3 e ! o Skans > TSEe 6 2o lSkans
Clusters < Clusters 3 Clusters & Clusters s
2 7: BANDAR A 2 7: BANDAR A 3 7: BANDAR A 3 7: BANDAR A
2 8: BANDAR L 2 8: BANDAR L 3 8: BANDARL 3 8: BANDARL
1 9: BIJAR 1 9: BIJAR 1 9: BIJAR 4 9: BIJAR
1 10: BIRJAND 1 10: BIRJAND 1 10: BIRJAND 1 10: BIRJAND
1 11: BOJNURD 1 11: BOJNURD 1 11: BOJNURD 4 11: BOJNURD
2 12: BUSHEHR 2 12: BUSHEHR 3 12: BUSHEHR 3 12: BUSHEHR
2 13: CHAHBAHA 2 13: CHAHBAHA 3 13: CHAHBAHA 3 13: CHAHBAHA
1 14: DEZFUL 1 14: DEZFUL 1 14: DEZFUL 1 14: DEZFUL
1 15: DOUSHAN 1 15: DOUSHAN 1 15: DOUSHAN 4 15: DOUSHAN
1 16: ESFAHAN 1 16: ESFAHAN 1 16: ESFAHAN 1 16: ESFAHAN
1 17: FASSA 1 17: FASSA 1 17: FASSA 1 17: FASSA
1 18: FERDOUS 1 18: FERDOUS 1 18: FERDOUS 1 18: FERDOUS
1 19: GARMSAR 1 19: GARMSAR 1 19: GARMSAR 1 19: GARMSAR
3 20: 3 20: 4 20: 5 20:
GHAEMSHR GHAEMSHR GHAEMSHR GHAEMSHR
1 21: GHAZVIN 1 21: GHAZVIN 1 21: GHAZVIN 4 21: GHAZVIN
1 22: GHOM 1 22: GHOM 1 22: GHOM 1 22: GHOM
1 23: 1 23: 1 23: 4 23:
GHOOCHAN GHOOCHAN GHOOCHAN GHOOCHAN
3 24: GORGAN 3 24: GORGAN 4 24: GORGAN 5 24: GORGAN
1 25: HAMEDAN 1 25: HAMEDAN 1 25: HAMEDAN 4 25: HAMEDAN
1 26: ILAM 1 26: ILAM 2 26: ILAM 2 26: ILAM
2 27: JASK 2 27: JASK 3 27: JASK 3 27: JASK
1 28: JOLFA 1 28: JOLFA 1 28: JOLFA 4 28: JOLFA
1 29: KARAJ 1 29: KARAJ 1 29: KARAJ 4 29: KARAJ
1 30: KASHAN 1 30: KASHAN 1 30: KASHAN 1 30: KASHAN
1 31: KERMAN 1 31: KERMAN 1 31: KERMAN 1 31: KERMAN
1 32: KERMANSH 1 32: KERMANSH 1 32: KERMANSH 4 32: KERMANSH
1 33: KHASH 1 33: KHASH 1 33: KHASH 1 33: KHASH
1 34: 1 34: 1 34: 4 34:
KHORRAMA KHORRAMA KHORRAMA KHORRAMA
1 35: KHOY 1 35: KHOY 1 35: KHOY 4 35: KHOY
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2 36: JAZIREH 2 36: JAZIREH 3 36: JAZIREH 3 36: JAZIREH
1 37: MAHABAD 1 37: MAHABAD 1 37: MAHABAD 4 37: MAHABAD
1 38: MAKOO 1 38: MAKOO 1 38: MAKOO 4 38: MAKOO
1 39: MASHHAD 1 39: MASHHAD 1 39: MASHHAD 4 39: MASHHAD
2 40: MINAB 2 40: MINAB 3 40: MINAB 3 40: MINAB
1 41: NEHBANDA 1 41: NEHBANDA 1 41: NEHBANDA 1 41: NEHBANDA
3 42: NOUSHAHR 3 42: NOUSHAHR 4 42: NOUSHAHR 5 42: NOUSHAHR
1 43: OROOMIEH 1 43: OROOMIEH 1 43: OROOMIEH 4 43: OROOMIEH
3 44: RAMSAR 4 44: RAMSAR 5 44: RAMSAR 6 44: RAMSAR
3 45: RASHT 3 45: RASHT 4 45: RASHT 5 45: RASHT
1 46: SABZEVAR 1 46: SABZEVAR 1 46: SABZEVAR 4 46: SABZEVAR
1 47: SAGHEZ 1 47: SAGHEZ 1 47: SAGHEZ 4 47: SAGHEZ
1 48: SANANDA 1 48: SANANDA 1 48: SANANDA 4 48: SANANDA
1 49: SARAKHS 1 49: SARAKHS 1 49: SARAKHS 4 49: SARAKHS
1 50: SARAVAN 1 50: SARAVAN 1 50: SARAVAN 1 50: SARAVAN
1 51: SEMNAN 1 51: SEMNAN 1 51: SEMNAN 1 51: SEMNAN
1 52: SHAHRE K 1 52: SHAHRE K 1 52: SHAHRE K 4 52: SHAHRE K
1 53: SHAHROUD 1 53: SHAHROUD 1 53: SHAHROUD 4 53: SHAHROUD
1 54: SHARGH E 1 54: SHARGH E 1 54: SHARGH E 1 54: SHARGH E
1 55: SHIRAZ 1 55: SHIRAZ 1 55: SHIRAZ 1 55: SHIRAZ
1 56: SIRJAN 1 56: SIRJAN 1 56: SIRJAN 1 56: SIRJAN
1 57: TABASS 1 57: TABASS 1 57: TABASS 1 57: TABASS
1 58: TABRIZ 1 58: TABRIZ 1 58: TABRIZ 4 58: TABRIZ
1 59: TEHRAN M 1 59: TEHRAN M 1 59: TEHRAN M 4 59: TEHRAN M
1 60: TORBATE 1 60: TORBATE 1 60: TORBATE 4 60: TORBATE
1 61: YASOUJ 1 61: YASOUJ 2 61: YASOUJ 2 61: YASOUJ
1 62: YAZD 1 62: YAZD 1 62: YAZD 1 62: YAZD
1 63: ZABOL 1 63: ZABOL 1 63: ZABOL 1 63: ZABOL
1 64: ZAHEDAN 1 64: ZAHEDAN 1 64: ZAHEDAN 1 64: ZAHEDAN



www.SID.ir

oy Oln! 12 098l 5585 9 s cawlio Juto Mol 9 (2L

)50 £Y 3l o] OY cdigd duo ol jy j9uliS (ga0dbsd 1> g 0 000 Y (g0lad Jodo j0 oS 4oS lon
PazShaslasss 8 e gades ) odile Bl ol & «ule)d g 90 aded ) ol A (S (gadgs 5
lomgol (satadss g5 (l a9 93 s ) @ly ool adsd dw ol oSy (saadss
ey £lo30 3 3,55 1 5y%5 5 i g (alsmoc] Mlis | (S s 5D il slaolKin) Lol )y ol
S (god Ll ]y (Jgd BB (298 adg dw bl )9S gauaded S

Sabgs 8 sl ol jray ad ganades lsd e bl adllas 350 Glaolil & o
(¥ osled Jga) dile el yipleS” calizee (slaados (slacous (@Bl il bal> Hloe gadss 4w

o Cunl 0dd 0)lg gy adsd g b )l saded I pual) o] add my ull 5508 gunadss )
Wods gdudbed ol 0 ol asl Ja oS! Y s 90 (sadgd g olSun] YA 4 S gadgd S pl
ol 04 D90 o] V 4 gy gadigs o ¥ 4 jles (cddes A 4 dw adgd

oanlio ¥ (soylod Joiz ) 45 wigS lon |y sl ] S gadgd kg ity 3 siads ol ol
(Olioms grmed oboliusl b 5y g e Llod | g oo 55 bl dils a5le olKiu) jl (e3lass dgu o
ol 0as 48,8 Jla3 > LS g 3 b

iy b A8 20 sl oSl (alioligd 4 A sundiod b b 4y 50 L ) &SI b
A Iy 8 pod (Al ) cibod iy elial p 5dS sAnads dlen (ol g POl gl g3l Gib sades
Laaigs ) 5 )Scmlio ogbts BolSinl 09 o odalin ¥ (go)lod Joio )3 &5 4igS plod gaiados cul
o sadgd S bl g Jolow Sy lolSiw] 4 by o dw (cadgd 45 S A ad (ghbdied
oo Lol 4 bgyye S jute jobods bads ool oS 308l o0 b 2lomgc] cnlis Blod 1) 2
L slmollu] yisdy 5 48) oo Jl USS G yige 4 S gadis Sdo cgainades ol ) diias )9S Jlods
6 ey ey Lol il ooly gle 395 3 1) )5S (Brdosia 5 635 0 (2l «SitBdog b Sits lgmg]
2 ol slaled & .95 L gl st o ol 598 0y Jlod 5 5 pb Lot (slolSinn) ) St slio (s0gude,
Sl Sabpsil (i LS iy 390 & 455 b cnlplhy Nig e (ymo 3y St gt ol e (50,90
988 Mg & g5 L Sl gbion (yma canlin bt lpisas 4 Cul adg b palul 2 o)l
D)5 5)IIpL S alomgl 5 bl claShy (olol 2]y ads 516 n Glge ales Gid bl

o 0] (L] sloolSiun] Jold o5 = (B yuiogin 9 (535 yo Suiddoi U SWid (2153 150 (gauios
J9253 lodmal 3 coliomss clgl s clbingg (B loyS (LB 8 laa S ((1093)8 dlud (ool i
515 4 bgrya yia e 0) abgs cpl sailale 3ys5 g s ol lanlj (B3 3 ey s ol

VWA adss ol g0 aVlo 5y g puses Solbe 0,0 3l ade} ole 4 yio Lo YYY 5oy Jlaie oy 5VL 5 ol


www.SID.ir

() goslod JS) coul o oo
el @] slaolig] Jols 45 y9udS 058 5 Jlowd (@85 30) (SldsS 9 gb o (o5 193 (auins
2 siocsks YY limats ol 58T g 435515 olo 13 s e VY (505 5 s ke JBl> g oyl 3 sl gl 9

.(\ dO)Lo.«fJ JS“J) Cwl LT )A.ou.L.a VOAY g L’)i] 5 d):u 9 S ,_SAJYL» wi;[m Lol fous duwlro 495

L gl ol 10 505 g e BBl iy cloadgs aslen adss ol 50 Conl Jlaply 5 (3S <ol S0 f>
B35 9 355 SOVl (5:Sn ] i ua YEO (ljnnts (595 olo 13 35 5 e 8T g o Luo VWA Jlsdo

w[&»c\w? )ip Olbe 5 J5| LAy &S Cawl o duo YYAY ddgs Oﬂl

olia] ol = (258 Jlond b 50 9 3w U (B i Jlond Sulddond 9050 (2193 15 (sauigs

i cdpng)] cdtpiie 5Slo bloe ccss blpS olisleS S dile clion clpgBiing B g ol ol s
oo 3 555 9 s Sl g ol )3 sl )hn a3 g ol OliRG 055 ped 29,8l (e @t g3
5y ST il s oyl 4 Blata 905 olo 555 g s ey iaS g Sl yia dua VP (jned 055

sl 4355 olo & bgspo o oo YAY (35

deild asle (iblie Jols = (o dorlgm ©sb po sl U 0gb o (195 1 plad 9 gy (Sins
VA 4ugil) 5> o i )8 gy plide ST g Bl i aded ol )3 el ey pusly ey (IS5
aly 5> hadss & Cuns |y VLo 5850 9 s ke Bl adgs ol casl yio o VY 4ds5 )3 g yio ke

Gl o Juo VY lipedy oS

350.0
300.0 -
250.0 -

200.0
150.0 -
100.0 -

ola gl sl uade 3 02 g pinl i Ba

50.0

0.0
jan feb mar apr may jun jul aug sep oct nov dec

g vle

e ilieo (sladuinh )3 5525 9 e gailale (il ) S


www.SID.ir

03 Oln! 12 098l 5585 9 s cawlio Juto Mol 9 (2L

(§Olabay (gloakasl 51 02l b (5585 5 yuesd ol & cins! 5 o031 (2
13 9 A A ulre cosiin sbrolSiul sl )55 5 s ol coolgiiny sbaabal, jl eslital b (ogad cul
L cod)S 58 dnlio Dyg0 ygmpm (Simmad 5905 b aalsles 1505 2ol b ks 3590 olo ) alaly o zuls catald]
Ghmlie y 500 (gow jlcaul jIoyes 5 S0 sla iy 4 Cuns (6 3YL (Smon | (hgy plaS™ a8 244 um
L) bl 3l 1nlie 5 5 505 slaalsleo 45 Cond b s, phS a5 0 o oo calies cla_bs, (cailale yolia
M waly es s sabaly gl LT o] agls olo 5y o pd dlie ciges gl ki )loyed (o
o=l sl s o Cunl i duwlors YAIY 9 VAF/D YE/F FYIV ity Slobw = 8,5 )l g 3 i (J S
o 5)00)95 0 g5 ol Bl alia 150 sl gy b dunlie )3 jum - > galaily 4 by (gla 295 4
s i ey ey 45 Canl ol (onimd L5 wnd Fy 55 yebdy cilise @laalSia] o baole > s oyl 3]
Do auildS HUS ol yigp g 0340 dleiel (BB > (cla yigy 4y Cod

YL (St s 50 Ly J S (53 gy 5 sla 3 ltiges (sl i sty s &, 557
S (Sisad 50 Ly Coly 655 (g cole cpl 13 00 (6500 oo 505 sla by 4 Cond (R =4/21)
550 40y o (R = +/AY) (S p 3l s 53k gy bl ] 150050 & 035,500 sl
o o pd (0 3V )8 (S gy wlorele y3 amd o (L 1) (6 ke Canlio 1505 lagby) (Staen
(Y ooyladds JS5) D9 08 0000 i S oddbdmnlre (Siued (l5a0 50 Lol )1 [ S5 (sla gy 4 cuns |

1.00 -
0.90 -
0.80 -

3

2, 0.70 1 3//‘\‘
0.60

I 050 1

- 0,40 ol

. ] +|J“—‘..)5|_1*’L'
“ 0.30 S A
0.20 - sk gt )l
0.10
0.00

Sl ok glgal

G 9y Sl (S gy gl o (Ko culps (S5 ke Y JSLS
¥l g ailale pSilo gy

9% 3l )3 Bl LS ;503 (sl gy & Cumd J)S (S gy (m (Stmod o pS didg] olo )


www.SID.ir

IV yluno « YA 0 )lod ¢ b sLdlas sla yidgss 5o

JS8) o e LS |y (i oSGl (R =0/0Y) oo L i - i (g il Ciyg8 g 5 - (> ()
1y slde cp YL yeeliwod 5 gl 5l a8 (9 09y (Sirad Gy (655ke 05 plol oy 3 (Y g0 lod
Oxbae L Ja,8 (S () cggarmayd Ll (Y (so)lod JS5) ol o0l olaidl g5 &y S0 (sla gy 4 o
M8 g oLl 53 o0 )55l g Cly Cs i G o gy 9 485 )18 Sl olole 3 wo > (R =4/74)
(¥ oyl JSU5) 25,5 o0
WYlo g alale 555 9y pilie sl 035 plogl (Sla byl & 355 b (Siusan Culpd (smlone jl o
b 535 9 e L ) olRi] (500455 )3 ap = i 9 S8 (M (B9 9385 Wle cusnay 45 0l
55 Lol eilo3 8" dunlone 9uiS Jlod g3 (slps |y a5Vl 5y 5 e poolie J3is a5 (glassS ey elilos S Jos oo
(ol 2929 Ly alod gl Cuwsay g Jlad g 0 (2l sl ) S8 ey 2hy55 5 Sl - 50250 g,
5 Brbogiz ) yiie bySTo alis s LSy pinleS (o3liin Ghe5 ke 2 5% 5 e pilie ST
B9y Ol S cplag2g b o)l g2y (ol (sa ey e (o SHBT 5 398 0 013 )9S g (g
e Ll %03 oy IS eSile 4 s B3] BB bay daole ity )3 oSl JuyS - (S
BB Ja )7 (S gy (295 polie aSul 4 395 L ol (Y (soyleds JSU5) 3,15 o bg) pl 4y
b gy onl O (Sawod o pd aS) Jdsa 505 9 5l 9 20 5503 lagby) 9o (ke 4 G (5 oS
St cbio gy Olyeds JasS (3 39edS S o el SV 3y g e (sl solaiieg ,So3 slads
L5 39 o9 9 Mol (slailate ooty gy (! oS sl s 4l 398 o Slatiin il 335 9 35 (sAsmalona

S Gl o8y wls wlen

10000 4

400.0 -

20000 A

ol pilen Ly A0 a0l
olay o p il sy

novw  dec

-2000 4

-400.0 o

S oo b (oolininy G125 g i G yig, (sailalo OB J8las palie W IS
2593 sy,

1y i e (JyS S UBey 9 2lemac] slaadlie I S plUS 358 asuie aSul gl doldl 5


www.SID.ir

£ Oln! 12 098l 5585 9 s cawlio Juto Mol 9 (2L

l—f JJ‘—’){ LF’MJ L)‘o9) Lﬁbﬂ)} )"Jl""’ o M c.))‘.) u"uu‘“’ wlisxs dl_mm? ).) d)” 9 ”:~ @9)5 u]}aﬂ
(LS 2l sl ol s pos Ialogio «gomsd Caghoy JBl> calyy) (slod Lalugio) (39 el 9 95290 S sl iite
ol 0as &)Y goyloui Jod> jo O] o &S w5 dle

S Swallze b w5 (W (g, 5l ol (5585 9 s (298 e Stmmad il 5 Y Jga
Wl litko gadisd (gl oyl 45 39390

. L %l b
Wliey sbod | (omwd Cagby JBlas | O G pw biwgie | Wb Celw : .

i —Iv¥ L -Jos A GASgS

<IvY —-Iv¥ HAtd I8 Db g s (sAd >

I8y o al Iy <\ Ky sadgs

-Ivo —I5Y J¥Y Jo5 5 cadss

-IvF — /54 <Yy ¥ > cades

(Sied oS Y Gl g oy e laddigd )0 &S d5dieiond ¥ go)led Join pdlie 4 35 L
Gard oYL Sl g 99 Sy slaasys 5o Lol il G Bugloy J b Ja8 (M 355 5 s polie o
BB ygbdn lg ol ©ygo o el il g pitne Jlire iz ph (Niised copd ol bod 4 by (Siuen
Jols | Staen BT ¥ (go)lois Join sloodls 4 4395 b aidl ams j1)5 il o solSTy 3p90 |y (b Lailg,
Qb Jbo ey (Jy ol Jo8 LB &S 039 8o )3 Ve Do 50 el 58 50 3blie b (b 3blie ) (s ol
D5 e (535 5 g (25 )3 o Cagh) & Sy
oY BRwd § e Cudd Fladlive ol b Flawle sodId (2955 m dmulis (z
ol (Slslre (glo o9, (0 dunlie 4 i ccwlio Sluslxe (bg) SBl g (b))l sl &8l (S & oY
G923l § Lioxw D390 i e Y g S Gl (025 God b Slusbre (slabyy (g celdl 3 g o
LS o0 5l )8

U9l Wl Ll el 08 o3lisl jrows (slaodls ob 5 Cuts (025 aodld I ob (90l nl (s 42 51
s gboodly 5|y olpedy (3 5 pies izt 53 eh)lS jlee SO lpicds sananY sbaodls cianl &S 355
295 (5039350 53 e o ) e e b oy £ 2 (25 Bl g i glaodls &Sl ozt
ol oY o5d 5l o gl Sl )85 5 e ol b dwslio )5 S5 ol ol &5 wad o lis | (cuts
4SS Cowl gy laolSigl 5 3ble deg o odliiwl oLyl pl )3 jowd cuis glaodly jI L A oo m\
9 (e yiwd JSiio g ytanan Y ()l slaolSiisl dlasy 350 oS oy ne| Jb s s Culs 4 jaore
S o ol s ] gblie plas (gl 1y sopenY (glaodls I LolS gorlil Sl dmosly  SwiSTy prineon


www.SID.ir

IV yluno « YA 0 )lod ¢ b sLdlas sla yidgss £y

JUs 55 (60593 53 (Simuos p3lio J5Hs Sgng gu oo aoui y90) ol 45] sl 0 03,91 ¥ (goleds Jod>
Oliwej 5 3y (slovole )d (Kiurar p3lie (VL 5 Conl i b Slles (sl b9) (g0t (sl bl
loas awbre (slaodly &S cuwl b 5 (50593 ;0 s | e ol Jlade « Yo 5l (SOl g o odmliie
)] ‘_,’.)L_wbu )i.)l_aﬁ 9 Cais Lgl_lbo.)‘.) u’_>5)> O u;l)JLA Awl.; L,’.Lz,?u b;])m )‘ ‘_,’.)9> LgduLoq J.J‘yu’.au chu.;s)
Jbsads ol ous Jlo p)5 (50593 )0  (Nisuad el ol cow @l opl &S g 0 0053 (6l 5 aliold o yos,
el 3 JRsS 5 gy sl (R = IVA) by (Staned b 0xen VL oo g 4 265

ol 0 dowles FB > LS‘)‘.’ (R = ~/()V) O]

S SBg) (295 b i Culd (Sod1d s (Suod p3le F Jgun

Slobw = 2,5l 3B i Ju S M Culy &y ot -
-/AY IV JJAA .55 Jan
AN .Iva .JaY Y Feb

<A -10¥ -1s58 /52 Mar
ISy .5 Y L5y Apr
oY JJF¥ VY VY May
<[00 -/yY .Is§ ./¥a Jun
+IY¥ N2y /o .Jav Tul

- [¥¥ oY .Jav JJEA Aug
BiNg N /50 .50 Sep
+[F¥ NN LAY JSA Oct
N .5 .JaA .5 Nov
A el -1 LIS Dec
Nk /b8 /M -1y annual
<[5 .oy VA LJ5¥ 5 oSl

Solasd Jpi 9 ol 45 8,8 ol 125 sl b yresrY (Sanlite (sloosly  (shiglin cads] 5

p3Lie 48 59 o omliiie ¢ Slwlote (sl ooy b yiewunY g CuiS g, oy oS (shmlio 4D loss 03,91 O
o=l Sle &S GleS  ciimd HI0y05 (60 (SNiuwed jl il soodly b duslie ) el onds gl sl
SN (gl y ogud cynodds 5 a8l ioli8l e 3 (1= < /FV) @ cuis jo (1= /FY) 5l culy cop slp ol

3395l 390 3 wledyy 9 (1= +/70) 4 (1= [OV) 5l i gl (0= < JAY) 4y (0= < VA) 51 Ju S


www.SID.ir

Y

Oltl &1 098l 5585 9 s canlio Juo Ml 9 (25,

ol &l (ol38) e Y 3 (1= +/VF) & culs ) (r = +/50)

225 SWRgy (295 b yowmn Y (18031 fpuy (Susod pdlio D Jgo

Selw e, | g s | JaS M| cely iy oty el
<120 < IAA LIVs "y I
I\ +[AY <IAY vy Feb
-/ .55 JJAY .50 Mar
<Ay .5 <IAA JISA Apt
.55 NINY /Ay VA May
-[SA I5Y A L Jof hun
100 .5y AN .55 ul
N ./ A e Aue
Nida .[s5 VY oy Sep
QA L[5y VA o Ot

A -Iv¥ -IAD s Nov
+/AY /00 NS .5 Dec
A Al gAY Y annual
-Iv% .50 JJAY L5y L;K oSl

ol s YL Ja S = (S gy G828 slaesls b Sluslre slahgy o dsalie ) cplpli

1y 6y s iy gl b 39 gogr g Mol (glailato ysbods g, ol &S sl Lo 4l amd o )Lt | Sanson

D éjl)]

Jolie ML Bl 5 ST cald (cloolSiuy] ) oslizul b 45 355 Laseie b Cusl a5 (s csls] 5 L

ol (3en 22 S Gl Jgud g 55 5 e sloabgs (Sl ommaY b )8 - G b ok dmsloxa
0 5% Jsa)

50
B yladgs Mg asys Wppw adss Wple adp W pdd g 4l
45
3 a0
5
Q 35 A
)
2, 30 A
'i 25
=
'35 20 4
%
i 15 4

jan  feb

mar  apr

may  jun jul

aug  sep

nov dec

WWW.SID.Ir


www.SID.ir

Qe lmoj ¢ YA 05lond samb il pin o gy ¥

Ja S Y ey S b dmmli 53 Homl slaosls jI 5525 g e 3lie SYES yiSTas F JSUS

PYVIE 3 Jin S (U yrapenY slaodls ST 55T 535 5505 5 s cilisio (slaadss 4 5

Ot ST P> )3 (g Lol ol (lugi ps> (sadg 53 s VIO plien &0 ol 00568 U poo 505
el VEIE Gl a8 g pges 588 53 yiodes YV b o i ot 31 Jie ) (5 L oY (sloodls
M clbodls oy M| iSTis &S 08,5 aomi s oo dbadied 58,8 a0 b ylls el pylas (cades
5 ST ol Sile ST b 5yl s yio o VEV/E Bl b 2o Lo ¥V/5 ST ) ¥ b Jy S -
o o YYD L pol s dae 95 1yl (pnSlee 0045 duwlre Ail8lis aadiss plos (glp M) Jols 1 Slo s
o 295 B 2)5 L3I st Lo VY0 (Jay 5 = (5 g (29 2 kalagie jsboay Blams o (lis 45 55, salss

Do S5 (585 g e o (Al (ppicanlie lgieds e polie 4

35 +
Blads  Bepads  Bewads Tplpads pddyexn ads

30 i
&
3 25 A
-]
9
7}: 20 -~
= 154
A - |
Y I H 1
% 10 | I
2 | |
-
3

0

jan feb mar apr may jun jul aug sep oct nov dec

JusS W gy (D955 b dun o 53 plowm ¥ (gB0313 51 5585 g g pdlio AT S8l O JSW

Shalio redly 51 oaliiw! b coio 585 g pdud galalre (g3lw sogs 9 2! (5
cloodly L1y ol oMol il oS o cocmlio Jio oloicas Ju,S = S5 Joe 0l 5l o Caond ol )
2,5 (el oS s ylewwnY  Slialis
J2)S SN Jhe (riwly b9y

tas gl

IYAS ) LSed g G didnd) Cuwl i odlaiwl ) JSKba (Y (sojlows (gdlal)) (Jos (gdloleo 5 g, oyl 5o
(VY

ETP = a'ETP(mOdel) +b (\' dd.la.;l)


www.SID.ir

0 Oln! 12 098l 5585 9 s cawlio Juto Mol 9 (2L

olo 3 yio oo d5lo) Ja,S S Jao 51 oolisil b o dpsslne 335 9 e = ETPmode)

L?)’Lol u,,u').«o‘za,b

JR)S = G by (295 5 sresnY slaodly ( (Stued colpd (39 (598 Ojgo 3 dls yo ol I e
)b CJLu 4_§ K] Cl).’x._wl M9> ).&a u.l.ou Lgl!hoLo Lgl):b 9 a @)’Lol w‘ﬁo )J.bl.c.n c@u&m dlﬁoml d‘);

ol 645 03)9] 5 s0slosd Jﬁ»

22 Sl ol (Flaalde 031> g S )5 = (W gy om (Kol Jols Mol culpd 3o S Jgaa

lise sbrole 45 aigs
O 9 T SedgS Pk sadgs P Sandgd P93 Sduigs Jol sasgs
el el 3o o o oyl oyl 38 3o oy ele

b bs | a b b s a ks b s akd | bk | agks | bl | oa ks

V/AY <[¥YAD Y/FAYD Nirad yv/ora - /YY0 WY SJIENVYY | V- AD /¥20 Jan

WIFAD <[OYYY ANVARRYA DAY Yy/ee¥ <IYVEY \ENOF <I¥YYY YEIYYYO Nira Feb

YO/FY-D | /¥YYY | YSIAYVE | o/YWA | REAY | -A¥es | ¥E/¥RR | YA | vyisy | /¥ | Mar

INTARATA <[YAYA YO/NY <5 PIARSSY VV/YYAD Y-S as/oy <IVNOF | AANYAND </YAYA | Apr

ay/-\an <YV AART o BV Ao WE/YFY <IYYYY VFO/AY JYASY | VAN N¥YY | May

VeFleod <I¥VES VAF/ASY ARG Vo 0/ +aY0 DARArY YYY/VY <YYY Yov/ay -[-ava | Jun

VWY/AY DARAR AARTANY S <IYVEN AF/NYYD JIYYeY YAV/YO AR Yva/s5 Ny Jul

W/VAd DAr Y YAY/EAA AR WYIVYS DATAR YEYINE DANard YOM <MY | Aug

INTARRWA +[NAYA \EEIVEY AR ASIEYA SIYEYY Yoy S[oASY | YeNYAD <\YYA | Sep

¥Y/YAND RN INZA\rZ4 DARARY YANYYO </Y¥YA WAAS <Y WY/FY <NAYY | Oct

YV/¥ARD | /EYY | YY/-ADY | <IYAYY | QABS-d | <AVWYE | OVASY | -/¥YAY | FALAfa | -/$¥YF | Nov

Wig oY DARER NAASY DARRAY VYAV <IYNEY Yo/vao <IYEM | VAASYD </8y¥Y | Dec

S 25 4o
pow S 3l 58 ol ()L 48 (glabsSa (oF Hlaws s> sla i, b Siiddas b Siis ol ojp o]

oy ghaolxe 4 3l (can > ) y9iS oldlyis Calisee 3blieo ) ol 5L oo s .cwlis i)l bivge


www.SID.ir

IV yluno « YA 0 )lod ¢ b sLdlas sla yidgss 4

9 33 B35 g i (Shlie culio by gl 5 Bl (sl ingd ol 53 ol dily By g g
S5PILadlS 5 Ao olSaua) £¥ 1 (3555 5y line 2 IS lgmgl 5 (S5 sl isite g el ol
by cdor i oliwl y 58 (s 45 05 asie oadpbol (cla ot (eluly Cusl o oolizul
S fpow (sadsd 50 AVl 5y g pid ST eiidded (ol 5D a3 e dly] aolKiu] sty 3 1) wlio
Lol (o) o 5l 555 5 s ST () o8l o 0980 0103 gz Jolgw £)5
B35 9 w5 e JBlis S juiio ooty (b g gty Abgs 3 Lol el (2l cpl )3 by 6 4 S35 b
o cdeds g oaly sla 353 3 1y Jlad Jolgw sbye slas b sl ye S5 dibed g o odnlin 4YLw
Lol il yiaS jlomy oy 1503 & Capms o3ily 505 5 s 3bj il 9 STl 5 e slod sl VL
sbed blogie) ol gadaly 3 39290 (slaiito yolio b Juu S (I Uhgyi o o (Ko (90l 5l 42l
gy Sl ity 86 S0l il o Canndy (DT Jb Caelis 5 3L g puorlilogte i Caglo, S8l il
2 g ol 039 i g gy s Slaadgs 3 538l 5y g RS e 2 SR> sloailhe &) Cud
5 pdlia b 65Vl (Stson o 2lomgcl g (52 50> Sladille & s lod (sailia oy 5 93 S (sladigs
ol g5 slmodls (Siuumod (jne Fiunyd 58l (sl eS 29 0 oy il M3 o s S5l 55
95 03l Ll (o Jloys gloosly jI cuwl yiny 3y 5 pu5es p3lie b oo Capobs,

I35 5YL ssye )3 )l g 39 sabgs slaolRial Shalas 405 b pasuie (izxen Giag (x5
odboin (b 3y 5 Blo 5o g Llab; el Jdoas Lol w)ls ()3 1) ady s (b sygly hals o w5
Jloms (ol (2155 &0 s gl 305 g p5e5 d0niys g lod e 2al33l o Jiole cl 45 0390y sy
Y00 L 4893 g ol cyia ke ¥ (oo b gl olo o 05 asiio b plowl (sl byl £ge0reyd sl 02
5313,253 598 Sl 1y G5 g s ke ST e s

N sedalan o8 WISl (ool 3355 5 e sAlao Yo @l 9031 b gy L LigRy sasldl
a3 (it .l I35y (5t slitel Sl cadllan 3y90 )05 (slayy 55 5 s S & Cunnd S0y
oyt YL L JansS (3 gy 45 4 s 3 Slalie saedls b lusbes slagsby, gl e
500 b dwlie o (Swed (1YL 5l oY b (1= /AY) Jlide ¢ poed culs b (1= +/VA) olis0ds (Siiaes
op Y Slanlide (slaosld jloslatul b gl cpl pow Caomd 3 «uladyd cunl jI0y95 0 (Slsloee (sba yos,
@b o glomocl g gladlate bayly s el 1 g )9S Ciliseo gladdigs g aolo (gl Jus S (M galolas
OIF oslod Jgan 50 adss p il glaole (sl (Sl oy ol By a (2ol cylps 45 0l o
2 oo ol o J0sS M By g s (Mol Jdo (295 & Canl (] g5 580 (s4S5 Lel tanl 0
Oigsy ol 53 a8l Jl el (pas 25 485 5l 50 ole ya (glajg, Sl il jg) 4 o gl &Sl ol
0995 95 58 ol 4 b (sl odin] elaimgh 5D Cowl dnel b IS4 00 Mol iile = el B9,

-39&\, D.)).g )Kdd ‘)JJ ).i’.) dlﬁwﬁ) )LS ).) )9§J\A


www.SID.ir

2 Oln! 12 098l 5585 9 s cawlio Juto Mol 9 (2L

&be

Amatya, D. M., Skaggs, R. W., Gregory, J. D., 1995, Comparison of Methods for Estimating
REF - ET, Journal of Irrigation and Drainage Engineering, Vol. 121, No. 6, PP. 427-435.

Appendini, K., Liverman, D., 1994, Climate Change and Food Security in Mexico Food
Policy, Agricultural Policy, No.19, PP. 149-164.

Awad, M.A., 2006, Water spray as a Potential Thinning Agent for Date Palm Flowers
(Phoenix Dactylifera L..) s.j. ‘Luds’y Scientia Horticulturae, Vol. 111, No. 1&4, PP. 44-
48.

Azizi, GH., 2000, Estimation of Effective Precipitation in Relationship with Implant of
Wheat: (Case Study: Plan Khoramabad), Journal of Research Geography, No. 39,
PP.115-123.

Blaney, H.P., Cridle, W.D., 1950, Determining Water Requirement in Irrigated Areas
Climatological and Irrigation Data, U.S. Soil Conservation Service, Washington, D.C.

Chavas, D.R., Izaurralde, R.C., Thomson, M. A., Gao, X., 2009, Long-term climate change
Impacts on Agricultural Productivity in Eastern China, Agricultural and Forest
Meteorology, Vol. 149, PP. 1118-1128.

DeGaetano, A.T., Shulman, M.D., 1990, A Climatic Classification of Plant Hardiness in the
United States and Canada, Agricultural and Forest Meteorology, No. 51, PP. 333-351.

Elsa, E., Moreira, N., Paulo, A., Pereira, L., Mexia, T., 2006, Analysis of SPI Drought Class
Transitions Using Loglinear Models, Journal of Hydrology, No. 331, PP. 349- 359.

Fasghandic, E., Sarafei, B., Jahanei, M., Molavei A., 2005, Evaluating of Models Potential
Evaporation Transpiration for Ahar Zone, Journal of Space of Geography, No. 20,
PP. 65-79.

Fovell, R.G., Fovell, M.Y., 1993, Climate Zones of the Conterminous United States Defined
Using cluster Analysis, Journal of Climate, No. 6, PP. 2103-2135.

Hershfield, D. M., 1964, Effective Rainfall and Irrigation Water Requirements, J. Irrig.
Drainage Engg; ASCE, Vol. 90, No. 2, PP. 33-47.

Johnson, D.E., 1998, Applied Multivariate Methods for Data Analysts, Edit 2, Duxbury
Press, New York.

Mika, J., Horvath Sz., Makra, L., Dunkel, Z., 2005, The Palmer Drought Severity Index
(PDSI) as an Indicator of Soil Moisture, Physics and Chemistry of the Earth, No. 30,
PP. 223-230.

Mirzaei, S., Shamchei, A., Jahanei M., 1999, Evaluating and Analysis Models Potential
Evaporation Transpiration in Basic Gharesu, Journal of Space of Geography, No. 23,
PP. 147-165.

Nagy, Z., Pintér, K., Czobel, Sz., Balogh, J., Horvath, L., Féti, Sz., Barcza, Z., Weidinger, T.,
Csintalan, Zs., Dinh N.Q, Grosz, B., Tuba, Z., 2007, The Carbon Budget of Semi-arid
Grassland in a Wet and a Dry Year in Hungary Agriculture, Ecosystems and
Environment, No. 121, PP. 21-29.


http://cedb.asce.org/cgi/WWWdisplay.cgi?168575
www.SID.ir

IV yluno « YA 0 )lod ¢ b sLdlas sla yidgss FA

Nassiri, M., Koocheki, A., Kamali, G.A., Shahandeh, H., 2006, Potential Impact of Climate
Change on Rainfed Wheat Production in Iran, Archives of Agronomy and Soil
Science, No. 52, PP. 1-12.

Ogrosky H.O., Mackus V., 1964, Hydrology of Agricultural Lands, Sec. 21 In Handbook
Hydrology by V. T. Chow, McGraw Hill, NewY ork.

Sadeghi, R., 2002, Regional Classification Agriculture in Southern Iran, Journal of Arid
Environments, No. 50, PP. 77-98.

Saeed, M., 1986, The Estimation of Evapotranspiration by some Equations under Hot and
Arid Conditions, Trans. ASAE. 29(2): 434-438.

Shakoor, A., Roshan, Gh. R., Najafe kanei, A., 2010, Evaluating Climatic Potential for Palm
Cultivation in Iran with Emphasize on Degree-Day Index, African Journal of
Agricultural Research, No. 13, PP. 99-118.

Shayan Nejad, M., 2005, Comparison of Certitude Methods of Network Neurotic and
Penman-Monteith in Calculation of Potential Evaporation Transpiration, Conference
of Management Networks of Irrigation, University of Shahid Chamran, Ahvaz, PP. 1-7.

Smajstrla, A., Zazueta, S., 2001, Estimating Crop Irrigation Requirements for Irrigation
System Design and Consumptive Use Permitting; www.fao.org/waicent/faoinfo/
agricult/ogl/public.

Szep, 1., Mika, J., Dunkel, Z., 2005, Palmer Drought Severity Index as Soil Moisture
Indicator: Physical Interpretation, Statistical Behavior and Relation to Global
Climate, Physics and Chemistry of the Earth, No. 30, PP. 231-243.

Tao, F., Yokozawa, M., Hayashi, Y., Lin, E., 2003, Future Climate Change, the Agricultural
Water Cycle, and. Agricultural Production in China Agriculture, Ecosystems and
Environment, No. 95, PP. 203-215.

Van Groenewoud, H., 1984, The Climatic Regions of New Brunswick: A Multivariate
Analysis of Meteorological Data, Canadian Journal of Forest Research, No. 14, PP. 389-
394,

Vanoosterom, E.J.;- 1993, Yield Response of Barely to Rainfall and Temperature in
Mediterranean Environments, Journal of Agricultural Science, No. 21, PP. 301-307.

Warrington A., 1977, Crop Phonological Stages, Australian Journal of Agricultural Research,
No. 28, PP. 11-27.

Zhang Y., 1994, Numerical Experiments for the Impacts of Temperature and Precipitation
on the Growth and Development of Winter Wheat, Journal of Environment Science,
No. 5, PP. 194-200.


http://www.fao.org/waicent/faoinfo/%20agricult/ogl/
http://www.fao.org/waicent/faoinfo/%20agricult/ogl/
www.SID.ir

#A Oln! 12 098l 5585 9 s cawlio Juto Mol 9 (2L

Assessing, Modifying and Synthesizing a Suitable Model for Estimation
of Potential Evapotranspiration in Iran

Roshan GH.
Assistant Prof., Dep. of Geography, Golestan University, Gorgan
Khoshakhlagh F.*
Assistant Prof., Dep. of Geography, University of Tehran
Karampur M.
Ph.D. Candidate in Climatology, University of Tehran

Received: 03/10/2010 Accepted: 10/12/2011

Extended Abstract

Introduction

Iran is a dry land with very low precipitation. Annual rainfall is less than a third of the average
rainfall worldwide. One of the ways of adjusting to drought in Iran, especially with agriculture
is the optimal and sustainable use of water resources. Precipitation, surface water and ground
water resources have to be used as efficiently as possible. This study would not be practical
without first taking into consideration the exact requirements of water for agricultural fields in
Iran. Knowledge on the evapotranspiration is very important in irrigation and drainage planning.
Evapotranspiration is one of the key components of the hydrologic cycle and its calculation is
important for a number of applications such as, the hydrologic balance of water, design and
management of irrigation systems; simulation of the amount of products and design, and
management of water resources.

Methodology

The key purpose of this research is to assess, modify and localise a potentially suitable
evaporation' and. transpiration model which can be implemented for Iran. The research
methodology focuses on three main parts:

1- Country clustering based on the climatological effect of evapotranspiration.

2- Testing the results of evapotranspiration using proposed relationships.

3- Modifying and localizing current evaporation and transpiration models with observed

data.

This research takes into account eight components, namely; average temperature difference,
minimum average maximum relative humidity, the frequency of occurrence of average wind
speeds above 5 knots per sec, the amounts of monthly rainfall, days with rainfall above 10 mm
and 5mm, a 25-year record (1980 to 2005) of 64 synoptical and climatological stations in Iran.
The purpose of selecting these components has been clustering the studied stations based on
effective parameters of evaporation and transpiration in order to after this stage exert for each
cluster equal modifying coefficients based on similarity of the stations in evapotranspiration
process.

Results and Discussion
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In this study, the findings suggest clustering the country into six main parts. Each cluster is
based on its geographical and climatic characteristics. The first cluster is the arid to semi-arid
regions of the central and south-east. In the first cluster the minimum evapotranspiration is 51
mm for January and the maximum 322 mm for July. The annual average evapotranspiration for
the first cluster is 2119 mm. The second cluster is wet and mountainous regions of the north and
west. In the second cluster, the minimum evapotranspiration is 21 mm for January and the
maximum, 272 mm for July. The annual average evapotranspiration for the second cluster is
1584 mm. The hot region of the southern coasts is the third cluster and in this cluster the
minimum evapotranspiration is 118 mm for January and the maximum evapotranspiration 265
mm for June. The annual average evapotranspiration (2291 mm) for the third cluster was found
to be the highest. The fourth cluster is cold and dry regions of the north-east to cold and wet
regions of the north-west. The minimum evapotranspiration for the fourth cluster is 14 mm for
January with a maximum of 283 mm for July. The annual average evapotranspiration for the
fourth cluster is 1596 mm ranking in third place amongst the other clusters. The fifth and sixth
cluster is a combination of the wet to very wet regions of the north coasts. In the fifth and sixth
cluster the minimum and maximum evapotranspiration is 28mm (for January) and 161 mm (for
July) respectively. The fifth and sixth cluster has the lowest annual average evapotranspiration
(1012 mm) of all the clusters. In future evapotranspiration amounts for base stations can be
calculated using proposed relations and the result can then be compared with the results of other
EAiSe) GBS DErpSBlait ¢l pif FEEWIE QNESE. S OEVedIplf YEleS qolp 38882 9 Venp e
from the total average is calculated using Blaney Cridle's method which ranks first here with an
average of 0.69. The methods of Jensen-Haise, Thornth-Waite, and Hargrives-Samani rank
second to fourth respectively here. After selecting Blaney Cridle s model as the most suitable,
this model was then calibrated using empirical evaporation data from lysimeter.

Conclusion

Results from clustering Iran based on the evapotranspiration component shows that the annual
maximum of this component is-allocated to the third cluster or hot regions of the southern
coasts. This maximum potential evapotranspiration is likely due to the low latitudinal location
S pig Vo pIESe oif SEEVOEYREIYEC SePuil Big koS 7] Vgd ASoiglg YERSELSI 2 SEVEer
cluster 5 and 6 (wet to very wet regions of the north coasts) have jointly the lowest annual
average evapotranspiration. amount. This low evapotranspiration amount is likely due to the
lower elevation (sea level) of cluster 5 and 6. In addition to the location of cluster 5 and 6 at
higher latitudes may account for the cluster having the lowest potential evapotranspiration when
compared with the other clusters. The result obtained from the correlation between the output
ugsE) ._YC_»s&S&cCradles AL s dotolf UEdE) SR STICSES o) I pa bl iy (SEeS cpddo
temperature, minimum relative humidity, mean wind speed, sunshine hours) reveal that
minimum relative humidity has the most effect in comparison with the other climatic factors in
the amount of potential evapotranspiration for clusters 3, 5 and 6. In clusters 1, 2 and 4, this
component was temperature showing more correlation with the values of potential
evapotranspiration. It is recommended utilizing normalized data in future to obtain more
appropriate correlations between climatic parameters with evapotranspiration.

Keywords: Potential Evapotranspiration, Empirical Data, Assessing and Synthesis, Clustring,
Iran.
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