YOV T-VEAA donio Y E+T Jlo (yliane j Juad € 5 )lows ciaid 8,95 cCnnt j Jaus ol Clalllas

S5l g (owlindlpd ISl b Shg (25l 93,900 s W
ool laae gy Fsglze i T e bl g o 208 55 ol 51 desme
ard,yl G BRI ¢ crmb aalio 9 (65y9WiS BUSUEIND (g )10 judul Lowiigee Syl oanrlind y I8 A gof yiiild -3
ard,y] e DRGNS ( camb aalio 9 (55 y9WbiS 0USWEINS (g )10 ude] (owigee Sl )l ol 4157 s gol ity - ¥

(sl (380 BRSNS  rmb qalio 9 (3,9 LiS BuSWENS (DT Lo ko 03SUlRg Gy s 9 (oAb Blio 09,5 sl Y
csherd,! 3o OLRIIS ¢ anb galio g (6559 WiS DS T L 2 to 01Sulig}y guias g ruab ilie 09,5 il €
raoofmostafazadeh@uma.ac.ir :Jowe swwngi Juos!
VEN oV Vi g,B VE Yo E/T el U

LXVOEY

6539 5 of mbie (odlaidl cloinl sWojen » o O] 5 i & Conl anb Olblbe I Sy JlSuis
& Copd Gt U o bl ol i Boliinl JUnSuis £989 az ST 2900 il (g JiB @908 Sl o0
5 B JUuSWis £loil oo 348565 ) Bb 3903 (530340l 1 Connj bawmo 5 glainl BLaidl y o O e 31 Lials
bl (Byro (o ol (559)9)00 9 (owlindlyd (JLuSUES (190305 9 (2L5)) 13 2258 32 9 pho S AS LS (Byre
ooyl el ol sud iyl b JLSiS odlw] 3590 bauly, o JSUlis clise Olb duly § LCydgaow
WU JluSid adls (RAI) (5L kb (asWadPNPI) (S5,b Jloy jl ao s (as b (SPI) o 5 lbiu!
Bre owlnilgd JluSuisd diws 43 (SMDI) S cugb, JsSuis jadll g (RDI) Jsiis glwld jadld
» RDI adlé e il o owlilgd JWSis ol glpm oYU o Cojo sl SPI jadll o5 ol
PNPI asls asdllae 3590 s jad i oyl 51 9 3,15 o8l gL prio & (645 iy vl SPI sl b awulio
&y ©ao Vb (saodly 4 oS ol v 30 DI (s W .Cawl buuid slpginy JWSlis ob5,! (6l 0L slas Judda
1930 E5ox0 33 o cwlio CelisS (5 lol 290 U s sLoling! (g1)ls bl (gl )5 5L Jlusid Jbj,!
Iy SEMb] sSio 5l yas L aalod S8 JUnSuid aljyl 13 Cawlio Lad L cpund 5 Wlgi oo b 1)) b yad L
Flalyd 9 e (o Wile JUSis (60 )5 srads o b b 4 talS o0 o8 JUSUiS Co e sl 10
bl bh aid U 33las g (5 bl ¢ Jloin] gl S g U5 45 JluSuis

Suls olals

" WSS cunlie aa Ll M Gloy (il ¢ JLwSUiS nl! )b 3gaeS "

s g of walite Ol @ ay L Jis doddo )
T owladlpdr JUSLis g5 ka @ il Qliied Bl W oy g Coml b s S JluSiis
el * elaiat 3Uai8l g “ghdayd T55llS el S CaeVeb by a3l S 5 (S oS
Mo, Y+ +A Wilhite and Glantz, YA®) cawl su S puiie S oy dxil 0 oy o) il Jloy
ool Ygore owliilgar Jusuis (IPCC, Y+ Y M3 0§y iliee e g Sloj s wlie 45 daxie
S g (Bgio b oo jlao b duglio o) (Suid a2y3 ool Blod 51 g ieie 51 S g (Dai, Yo)))
JUSls e dgde Ay S 0590 bl g g ey reb SLM 0 bobS
50 bl jba ol dilie 2 glp Wb cwlillgp SUSlis a5 Cowl baws adeine 8 )5 O g0 Oladllao
A ode & gl g Of lulpd 1) g ad)5 L D] 4y oS Sl G900 9 o] Sloday g rub glaials
o fSu allaie ar gladhie 5l D9 0 (S, dgmeS g 0391 B commilSo (51415 Ll 5 51 gyl
AR G ol wlidlgr lae 4 JSUS Sl GBLS 508 anb Sl ol 4 Cand of Cadle

ailio pall 51 S5 Jwyi dile JluSiid Cansl b5
 eteoratogial drought Sl o BT L gl b jgba & Cul

Y. Agricultural drought

£, Hydrological drought

©. Socioeconomic drought ). Drought

veaa


mailto:raoofmostafazadeh@uma.ac.ir

YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

ol Of Lol 50 03 0 bLS,1 (55598 @il
ol G (samtj SS9 AL algp g O bl &
ey 9 Sepd GBSy 9 of My sl (el
JUSis I o e Sl (K SB
CVgame  piie Comluas Wlgh Wb (55,58
I dpae My it Jolpe (b1, g5eliS
20 YA (193,5) WS awwlxe (JolST U Jjailen
e d91a8 diwmo 51 ogMe (LSS £989 Il
PSS ogrde 9 3guion Trbe ol @ (SW)b
SISTL 559988 JUSUis 558 (0 S5 (590,00
I ol (B 5l o 1) BS)L slao )93 29008
O g «olily) JUo plgicdr) (b b (oo
Ol g (Flgld ol olped (Swojpj &f aly
bl oje wlde 5 Gl Gigdgyie (JluSis
FUSuis (IVAe ¢ J153,5) dguic0 iy pad ailddg,
Y S slols 5 ad,e slois! - galaidl
(oobdlgr  JluSis  gbadlze L 1, galal
PSS £95 ol NS (0 b po (65)9LS 9 G99 d
@ ol g589 1nj ! Wglite (JLuSis glgil ;595 b
b bl gl Lo 5 adye sbanlyd oK 5 ob;

(Wilhite, Y39Y) 3l Sy W ol gtisdiels
WLSU g 9 glowny JWSEs 0 plpl jeiS )
& S b bulpd g abdlde Curdse 9 Cund
U5 g o8 G b ol JluSlis ol & Cowl JISW
&b g5 51 ol (IR0 (ol Ko 5 (559,9%) Comsl 0392
ol bagio & Cond (5 Sglhall Candg (51,5 o]
3PS o5 Sl Jhaideo YOu lpl 53 (FN)b bawgle
4 el Gl bW plw 0 (FN)b bawgle gy
g il o b JuSuis saalie b pon
Jalio Ly g x50 oll 53 yo0 GBIy
Jole 55,b 45 oL Sllwg 9 by el g ol ol
30 Pm 0 Fy Al 2 a5 Gl ooL; Ol ylus
caw e ot glibn g webpe W
dmodle s «(5559liS Glagmej ol CigSuw 55
Do Sl S Fage aed I g Sluwwl
(835988 g adgi (Al s i b JluSils
Cdl g SB Giulwyd (@l w59 ald s b
Olgse VYAY ((g515) dgui o0 (o5 o] gebaw
20 S Caawg 5 lodes s (VYAL o yeiles g
JUSis oy g 3l 18 Suiddoyi g Suis 3blo
Slddod 9 Swis Gble s Sig 5l g SEY <>
o Jlo gy 2 Ly bl 2 999500 jloudey
Do 0 WG yeuiS D dlwdw U g JULSWS 0y9d

Yoo

4 S (aSudio digg SQ 2 owre (Sl 03L Sy 8,L
o 23l olon 53 aigg lod oyl Saesly Sls
a owldlgd JWSid (VY9 (bdgrum) Cuwl
Sy g5 pSubhe )90 (ke A Cund (N, s
plv GSUSS ble g dgde GUbI ailiis
£ 95 (1A (gtoime 5 oowny) Cawld JluSuis
9 Modesly lawgi a5 5,0 3959 JluSiis ol
@ baype S ol o0 cyogi (VARE) o, S0
Ol & by (5550 9 (oodll) bame (5B S59
ol ihee Sbpadle (Yool Of a@ o
P g ewlndlpr 9 Of Lulpd b Lasls
By s U (gpS0jla 4 g Wyl bl
oadls (nimte jl S0 S5 (Sjgdgsns
Ol oh)l p (s slaoy9d) WagueS 41 Iy o0
55 0L Byl I oSy U S Cugb, U aliyg, o
doa I e gla S5y 9 JWSE 989 (Sgly8 gy
Wad oo plid 1y ol Cud b g JlSiis olo; wae
2,1 3l aibiawl gebau S iy pa5 4y W (Sag ol iy
Ol GO s b plus il lgisas Ygano oS
N9 0 315 §5ND awlio el b Lol d9u o0 3By
2 el (V.(Sen, Y+1°) d9u gdly Jod 3,90
AU Bl gl 5 by ol (g (i
(aojnts b b S0]) ol by Jlusiis
(0 9 (85 79UiS (N Bylas el @l plgea;
g g Cudlay iy @ wds p U L
Slasis g adls S o g pSo5ll 1) ojbke
@ Sl b @by @ ks of gle 4 by
P ol G pglae LialpEl wile (Slas! CYeIae
St R nd Ly ju Sgione UKol Jlie
byl sl 5500 305 O (el g (ol @tblo g a0
Sllgy b (Fa)b 298 5l SIS, 1) Jlsids
syl dlos I Ol dgmeS g i L L8 Libices
SeN, ) auilyso €t 20 s3u0 31 3 IS ol
ORSuine Basd 93 &y JluSUid S>> (Y
Lol 3 & (ogde G JUSUES 3guio pumds
9 2l dg2g polh ) g jlw g gau]ge s
31 Bly oloj 93 (I31s 4l &S o gla Jlusiis
S0y dilh g Gl ggp lwlid dea
(Wilhite and Glantz, Y3A°) Wl JlSis
JLsid e s Shy g5yl Jlsuds
(Rl dgeS 2 I3 b 1) (Sidleae b (ol
Cagh )y dgmeS 098l g (ABly G585 9 pu o SUS
@ opdd (il b aejpj o ghw 26 5 S



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

2(DI) Lok o padld RAI Ladli 51 60,
o b amstome SPI g Y(PNPI) (5ui )l Jloy suoyd
e padls ke wl o GWS wyp o
i 4 nle ©jg0a glaibie (wlde 3 JluSis
iyt oo2) -39S o0 153 1, i 2oy YT o VY F'Y OF
o) K2 as bl il g ad bl o 3l 31 LS
il Job b Cowl (JUSUis Cunsdg sxidd LS &5
dob ORIl b Jlsis 550 ojlea )l dkl,
b g D9l b L] 30 Cooww & S5 3o g (Ll
ol 59 G padls > &5 Jlbyd a0 &) (55 o
OOk oA 4wy b praed 3,0 392y dlal,
Golel 2590 35 sl p ke lesdr auwdd, It
Ol bl 51 cond 0)lgod (pRike Ojp0a Al (ow
Conod] Eadg0 o1l sl Al 15 JuSuid b pm0 4
ety 1) ladlie Copie g il el Sy Sl
9 W o Dl gl JsSid BT Lials
by Juoi ylgscod gladle b (174+) Slhalw
oadli iy 3l ekl U odj gl o Jlslis
e 5 (DI s BMDI RAI PNPI SPI) JluSuis
o Wiy a0 ol &1 (g bl SlaJdled I oaliil L
g Cdd Uiyl oy b BMDI Juslis jasls
2 9> Gl Gl (5L (o590 4 3990 oS aalo &
plo Sy 5 JluSutid o 5 31 (g, lo] gl Sl dumnlic
o 9 oy @ (W1AR) ol Ked 5 (alas 315 (w20
2 vy, Ol 5 slall 5 JSuis ol
V¥V bl 0y90 (b Olyly oylias joend jlomid yLimdd
G asls I pols Gaod > (Bl VYR U
5 Jols gt b oalizel PNPI 5 SPI Jlusuis
3 ITAL OTAY bl b o 15 obis SPI Ladld
Jlos 3 3 bawwgio Sl by anllho 3,50 ablia VYAV
(i (Sl 0399 dalge W Jluw Jlwys L ITYVE
2OITAY 9 1TAe sl 1> PNPI Lasld Lululy
9 YTV AYYA Jle 0 g s JLSUiS adkio
S IS sl 8391 oS wyad Jluuis VTAT
Ol j3 CudS ) Zolaw I w0593 (i
9 3Ll sdine; )3 dnwgi (5,IubU g sad Oyl
13 ol yods 1) ©jale g doly3 RIS 03agar (£loda]
Gy gladlae (YoIA) ol Ke2 o Bayissa .cuwl
—oil AW SPI sl Y(ETDI) - pes

. Deciles of precipitation Index
. Percent of Normal Precipitation Index

V. Evapotranspiration Deficit Index

g haw O mle als Cel b JlSis ol
5959 Cowl dawd ool BB Of al g dwejsm;
052 BB CalS g CuoS 3 ol @l g JluSiis
A I oS S SN GRS o S U 0
oiny 2 seyiw a4 639y @i syl
W0y (380 5l 9 B Gl Algi oo il o0
ol )82 o Jlow Wilhite, YY) dgui duojprj &f
9 il @ gladdliae 45 (YYAQ) o, Ked o Ll .(YYAA
W By S bl > JSls gauagy
1 pliie 9 gl yobay JUuKuis o sl olisd lisiss
£ 9l (et 9 Wl U axlllan )90 ddlaie
& Cund hwgio g W boas » JlSs
Gliso glgl B30 £y e wobe 5o
Jo (6 5lwaams ( dne Olaalin dles 5l OleMb] g Lasld
oy lp Wlgie 93 5 Gl g owe; o
CBasls IS b 5 dgur odliiwl b JluSuis
S GBS g (0] Cwday (g1 JluSiiS )]
Wilhite and ) cuwl oo saliiw! g ad ol Ko
9 CBJO.MJ »® ‘;]w dlhua:-l.w .(Glantz, Y4Ao
by ole Wit oISy 3 9 ol bulpd
WJUo (sl 1185 5158 (2550 3590 Sgliie (S3,S9,
dilie 4> olumg! £4¥ (gl "(PDSI) Hally JluSuis
38 Sy doiS (pl &g 30> el e sy o S
BMDI JlSid ad Wi (350 5590 (2 W dw oy
Cubld 5 Swil gb,gs ey ((Solw s aw w
3,90 )P L o905 5 (couldl bulps ;2 b 5,5 5l
Sl g 4> 1) ylalie g (555 Jl5 51 I JUSES b5
Gan g Ntale .col pgo glaibrie JUuSuid  gu i
E(SPI) 5, laitit (43, (s Wi oy (slandllae 30 (Y +Y)
auis g Wdld el W ,dl G0 45 BMDI sl o
2 JSuis W leos 8yms 3,900 jolieas (YFAA)
ol e Bl VY aVle S, kil ol
U YAVY (o bl 0,90 53 Byl poed 35150 Jold ybias!

). Bhalme and Mooley Drought Index
Y. Rainfall Anomaly Index
Y. Palmer Drought Severity Index

£. Standardized Precipitation Index

Vo)



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

50 owlidlgd JUuslis Cliseo b asls 1 glavds
ol sows D)1 Y Joda 43 Gloj Al s whio

Casb, oadlis O (SPEI) osd 3,luiliusl 5y05 o seded
5 (ADI) JUuSuis amwod asls J(SMDI) Sis
b gl 5,5hes 5 "(SRI) oui 5 il Sl sl
Cuwnd¥l ;5 JUSds (Su)b @by (b & sy
B ad i ol ol plogl ygnil ool Joi wiling, ades
wawsadlin b able Sboj g I saliw! U
Cugby 9 Gy 9 g Jo g ailddg) (o3 o gl
ulpd g ad amwlo Yede U YAV JW I S
390 JUusudd padld LIS o pgwam Shed
K2 gt 45 313 S Amlin 105 1,3 o 5 a9
Slpe Wla b Jusudd o2l i I
b8 ol 1y JUSiid i 2By olod dcgoono
e (i (8,5 5 3 b Cowl (Sew Lol Wl
Iy $39)9 sasgorns (g lol lliseo (SWaoy93 15 (5399
Ol o ad)5 Oygo Olalllae (wlwl g 008 ol
I JUSis Candg ot Slp &5 2908 Gauger
Jboy woyd ( Sl sbSad yeapd g3z asles
S bl 5 pasls ()b syl (Sl
5 Wl Jkis sl i O el L
G gadle g G- gl dgeS sl (Jge
0L 5 it i (L pelly Il
& ag b adlhe pl 4> g 0 03] S Cugb,
CLasll w2l o adlle g JlSis susy Cuoal
ins BB 5 oy 0 Seelg 00 3 robidlgh Il

S 2yl Ll I SG g2 )8

Gaiod el g -

Gliso Olab dld 9 BCodgame Ll (Bro ol
s &) b JluSoiis a3kl 3,90 Ll ¢ JlnSuis
023 (SPI) ol 3,luilias! (i,)b s pad bl .o
0 (85l b LaPNPI) (S5, Jlod 1wy
{BMDI) Jso 5 ol Juusuis pasld  (RAI)
G- geS bl (D) e sl
(PDSI) ,lly Jsuis wad sl (ETDI)
oadli 9 (RDI) Jsis  glwlid  jadld
SluSis G > (SMDI) B Cugb, JuuSuis
SlSiis @y e S ol
(SWSI) (oxdauws ©f oyl oyl o Sy jglg i
855 5158 oy 3590

SSis b yas L

). Standardized Precipitation Evapotranspiration Index
Y. Soil Moisture Deficit Index
Y. Standardized Runoff Index

Yo.y



YOV T-VEAA donio Y E+T Jlo (yliane j Juad € 5 )lows ciaid 8,95 cCnnt j Jaus ol Clalllas

(Yey0 o) Lyl pudlie g (giloj (sl il b puiio ol pod dy  JluSwid Bliseo (gbd 4 Ll :(V) Joua

bl pepli Soj oolia s 555 oL
ol Cugby 035 9 (295 (53959 ol m fyosmyetytyR PDSI
SM ,95 3 & PDSI 2 Wi aslin m sm 4P SWSI
b ylade g 2Blg I pamnd m r PN
8 B isy af Gae Ysb (g bl 031 S 15 2By @567 s m r Deciles
FEVIWESKTSL | RAST ¥ FY PP R UGS
oo 1l 1 o] e 5 4ol o Ky gyt Sl LT BYEEI | 5 1YM 5T IM o ¥M r SPI
£AM 5 Y£m
1.1 YU 3 39590 Cugby (38,5 055 1> 55 4 PDSI as L ayliie w tor CMmI
SB gy 5l (w9d 0) o
JUo SO e 4y dilje, SM ga0xe y sm SMDI
Ay Job 43 Cuwlio BV 1 anadld BV b duurlo jladio £g05v0 S ev CSDI
ool OYgae
5 (Cuie) + 05 gun (ko 4 a5 Y o ¥ Gllao o b dwulie 2 R-T ysm r RAI
Dgud g0 0313 olaid! (o) — I (5, il
ARV PUTRCS] WIS | grir| JE 51 IRV ysm r BMDI

folo M {aid W iy d 1SN 0llg oIT (S8 Caugby [SM lod ot & puSed 1BV £§ 527 5 e BT €03 ,b o PDSI 5 o3liiiw! 3 y50 (sl ,iS'E P

v 9 0lo A M £,8:C ¢ Lty (Juad S

9ol 39008 w3 o0 (Ui Of il @ilio dy (o i
Cughy )3 Hlwyi dbml cumw (reoligs (Sloj wlite ;3
Ol glo » Olpds sl 5 SYgb glaoygs 9 SL
)02 9 Mishra) ssud e o550 Ol o 9 (Swo s
» (024Y) o, Kea g McKee LY¥s cpoddas (Yoo
YEAT AN g gl wlie gl 1y SPI Las Ll
Sl (S5,b &Sl 5,5 03,5 amolone anlo €A
P O B3 (w5 O Wl Of qilie r Alisee

i SPI (ad L &1y] g cprgad d yowie D ld By g
Yl @395 (Rlp piliue SPI ad s vl
25k 2 53 SNk slaedly Suae FVob (G 4 cuwlie
oiks] g2 3 ey ddlo il cadlodw) olgsdy Sl
Ol)Ser g MCKeR alo 51 01,5 a3 51 (6l Cons!
JaBo Som 29 b .idld gty 1, LI &3395 (144Y)
SPI (ad Lo drwlows )3 gan o5 bl @599 51 (SL
&9 & bl g9 5l ool Cawday (read Jloin! JULG!
e 3 Blpadl g 0 (1Ske b (re2d 5 liline] Jbops
&3¢ QU 3l it i Cund e SPI gBlg 5 ol Sy
P U ol reos Jloinl ladie o 3kl Jboy
Cuoddy LB @598 51 S 3y90 piie (o2 Jleko
JUSds 095 gy (n @b wil Goluwe el
@ g eyl jobay SPI & Wbl oo U1 ol5n
e &5 b (bl (B gty S b - e
5 go5lun DYAT (o, Kob o wd)) dou oo SPI
s Wu Y44V Edwards and McKee ¢ YAY (., Son

Yo.Y

=W-Y

byl 53 83l 3,90 (S At LS cgilio y950 bl 2
Slsiis Gud Olib audiwd olped 4 JluSis
3)l90 (el w2 3y90 13 g Cowl 0 &Iyl Sy (wl 4D
] s &l o Culre g Lo oy, 5

(SP1) 0.h 3,aibias! iyl ad s —)

oolilen JluSid b adls glyl 5 SPI sl
i oolile 2 (sly 9l Jlial polul 5y o Cl
bwgi 3 (50 S Sl Joay g ol dpaslne 1B
A ol dy90 JLuSuis ol sl 16l
05l 3590 (ol 4 (i o0 Bl nl Llje 513,85 o0
dpolne il (Sloj S wlie (gl lgie o5 2,8
byl 4 g > Bl ) JSES @ jlabe 3gu
ol NS e K8 sdlw oy 4 JeSiiE O
JB gboald 1 oaliiw] bl  Salw Cledy Ll
Sloj orlile 2 (5l dmoloee CulilB ((SWL (o iwd
@l e anulie 40 3L Jlaw CoblE g olgsd
JuSis Mod glp padle icwle plpsa
5 P dgde Wbl I (sladdod eigw
ol (Yeo¥ ol)Kea ¢ Tsakiris 9YAS oyl Ko
B 1yl ) dgmeS Sl bl 1 GBS
@lpl gl g SB Cagb) (35w 0385 (dunjpj &
i 0315 axwgi (144Y) o, Ken g MCKee lawgi ol
Sloj S wlie y3 (0,1 3908 e (11 (S LS (1
Sl o 1, JluSis w6l 5 o ol il




YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

(PNPI) (Swi,b Jboy jl aoyd padli -Y

&1, (133A) o Ked o Willeke bawgs PNPI as L
ool el 51 oSy PNPI Lasld .cuul o
Wbl Sbj gl wbis 45 wilgi o & Cowl JluSeiis
g Javan) sgui dwilxe o Jw L a¥lw g  ad
oliwl sl ! 31 (63l olilie (V)T oyl Ko
9 Sbg) Wi Cuwsas (V) dolre ©jgoa & WS
(1334 (o o

PNPI= % % 100 (v)

oo P g ol i ole 1> (Sl e Pi by ol 3

g Vicek Yool (o,Kon 9 Mishra YoV (o, SKon
B @b Oygpon LE mje @b (Yeed Huth
] D iy y25 (V) dalre & yguods Slglyd b Jlois ]

P;-P )
sd

Pyl 3,90 (Sloj olile y3 (Sl e Pi o p3 &8
Jhre I Al S g Cae SYeb  Swiyl lawgie
22 SPI i g IS cillizeo Sl .l S5,k
(Y2QY ((SSw 9 3,193]) (S0 9 3,1g3] guisdinb ol
ol o 8315 Wi (V) Jgua o

93,1931) (SP1) 0b 3 sl (30,1 s L ik 1(Y) Jgor

SPI=

oyl At Wb Cawl b led (Swi,b e SYeb (V44Y ( SSe
ol 20 (V) Jgaa 45 aslod Ol aiols ot d-’»w
s Willeke) PNPI JluSuid (adli aslos ooliab (1) Jooa 2y Cob po iy
(VAA£ ), Kon Vo —1/44 obye b
(ae,3) PNPI IS gaaib Yy -Y/€8 Lwgia Cugb,
Ao 3l Jbo —+/48—+/44 by
Aoy o s -y —-V/£4 Luwgio JUnSuic
Ve-00 busgio JuSoiis -V/6—-y/44 Lo JlusSlis
00-£ aad Jlsuis =-v d b JluSuis
Lo 5l s S o JluSils

Cuandy oy & (IYAN) Sl o Sk
oabl 51 ool b e olwlys il JlwSuis
D9, ol g PNPl  wbiley  JluSuis
ol 5 Job @b By (Z) gl
0390 > WolSuy! 51 JUSis a5 sy yLis PNPI
Oraed 9 Cwl 03y lwgle Cugh, U lawghe (SWis
St JUSUS £589 ans)d L)l Jolb W
saldl ST Fi,l wiseS ody Jlw 3 o ol piid
& piabio ad L PNPI Lasl anllho oyl 3 o Cansl
2O 9599 9 ke dgnion il allia g1
o] i 3 1, RAL g PNPI g jai L bdos
gl ¢ylosas Wommne ¢yl ¢ poeabile jls 319l Il
0y99 b olwjes ol 3 sllde 9 jexel,
Olis Olaiod gl 0335 cwym Yo1E U YA b
Ot (Sl Jby jl we s pasls (el 2 3l
g ay! )0 adllle 3590 (Sloj 0y90 (b JluSis
ol 83UE1 WS Yo Yo Jlus 13 Yo /YR e by pgainle
e (g2 gt ()b (5 5lemidl 2SS bl (b
YAAY Jlo 45 AP lie b jleal oyl 5 oy

o] gy 98942

(RAT) (3,b (5 lmals pas LS Y

g w3 Gl gladlke (YeV+) 4,82 ¢ Bhunia
9 o e Sloj Sl 50 JLSES sy Jod
A Law atlio daw 53 (Fgmilo oL 51
W2 3 o K (j5Uae 9 1995l Wy ) (Jlusis
W .o el SPI JULsSlis asls 51 saleiw! U
) 90 (8o SPI pdlie U JLSLis g9 o5 21> LS
9 Psbye By Rl g S @by Rl L sble
S Olie QM1 Griaed g Cunl olyod b
8,93 9 ol (JLuSuis £98g 51 Il (Sl (Sloj
Jo VY U T awgie @b b JleSuid cuiSiL
b g web o @By S g S @By il
» (Ye+£) Bordi and Sutera .cowl o 3ga05 Jie
oll j9dS 1> Al g o 0j> 93 p3 (Slanllae
Yeor U YR0) Jlo I 1) BILSES g b Jloyg
amlbo (SPI) s fuiti] i)l el bty
ol gl & b olid Olbdss mls WS
95 2 3 Jlo VY B Y/E o 29l (g1l awss ailins!
P Sy g JluSis byl Gl o adl oo ailaio
0j95 BYS 1 Jawnw 0595 43 D9 o0 andllano 390 alllato
4 byi o Yloinl a5 33,5 o0 ssdliine s Xy Sy
Col o Wgb CulS il 0593 b 592 Curdy b
S wlio 43 a5 Widgs ol ol onidd WS gl Cpia o
Sl JUsSis bl QT g5, )3 51 Oaesidy Sl

Sl @S (U )5 Jpmnnw 025 93 Sl

Yog



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

S5k 35008 51 y3 SN ol iS5 !
ol LSS T Jgnatme sy o douis 53 9 Conwl
(BMDI) Jso 5 olly Jlusis (L5 €

Bhalme lawsi Y8A+ Jlw ;3 ,U gl (g1 2L o)
a3l (yliurguid )3 (Jgmige Slaes ) 12 MOOIEY 4
SWoy93 b 1y (Shwod (32 5y 9530 (ad b
(e Jge g ol) w30 i 355 51 Iy
SO wipgi b (Y+9Y) Olatunde 4 Aremu
Sl ookl b allus Vo 0,90 &G 43 1) agpomd JLSiS
a8 Wiy Gl g wdld )8 axlllae 3,90 BMDI ol
S JLuSuls o 401> (65 e (Jlglyd S s
2550n 2930 s blia & g

ol YU g ailale Lad L ol dmbe Sloj (wliio
& dd 30 5 Wl JLeSits GabLE dpuslons g
©ypody asld g 0391 yell (JUSUS Cad jasls
St sty 43 i 1035 0 Jos S
o Jad ol JUSis Cud e oo tle SO
dwlxe Jolpo (YAA0 Olatunde) sgui oo o315 B>
] g5 T 4 s W (o

(X) 9, odly Wuojlyd (3o duwloo (V) dls o
oadWi 39l 9 (0) o)l soaly jlae ;I 1ol
(M) stale cagh,

X
MI=(X- =) 100 (0)

352 3590 0590 P MI lade (3 5568 Cyuma 1(V) als o

2 PgSy B il g read palie dmle g

Jol 5l ookl U ailalo resdi Cugby ad b palio
1wl 25 O pgods o (S Adlas o Olasye (1 565
K

z MI, = a + bk )
1

Kig K olo 15 (road (fugb, (sl Ml daly cnf 3
it ddlre Coll Cul o D g a g ole oyl

o 2 a8l 851 bold S¥lae g el 1Y) d o
JSiis oAb polie &S gyb & JuSuid dib
5 Wslre 3,5 i ot 1y boks ! 4 o ST
ol g1 @ jgoay bolas

\F ML, )
IK‘ZFI[O:'zs (aFTolk]

UGl ol K olo JlusSuis ud I alaly ol 43
a3 ML ugb g as Ll oo V alaly 51 05 Lw]
Ol K=Y 431,13 U 4lei oo 1y ole 2 (gl JluSuis
2,5

N MI, (A)
b _zl[o.-’zs (la] + [b])]

sawi &1, (Y470) Van Rooy lwg RAI adls
9 &l Ladld G lgsa RAL (ad W 51 aaliiuw! o
oo Jlo b ole ( Sl ad s (pl (sl waly (oiled
Sy 89y 3l & WS 2bj,l (B elde o) 1,
9 Cuie (5 bmial 95 padli (! .l o Cuwday Losls
Il (sl ol dplowe (5l 355 (0 5 )3 1) (e
O Mg G (Jop S o9y sleedld
3,90 V0 9 SNk pdlie (0 FS )5 5l 3590 Ve (ke
U sguee gl (Suijl pslie (nSass
o (5 ial wliwl § Cudo (g, Lxial wliw! o oy
(£) 9 () ©¥slre b iy Alw] 3gud (Sl

PAigal o0 dawlone

o [P (v)
RAI=3 [—(ﬁ—ﬁ)

P s 0 (¢)
Rt <[5

P eBly Syl godls p sl yeliie chaily, oml 43
9 Jai o salSug] jd Abdle S, Gl (e
Sl e (nFSass Gl 390 Ve (WKl M
5 Co gybmal glp Sllao 5,90 b 02Ul 5G]
S50 g3l (3955 )50 51 3y90 Vo (e 5 (V) alas
2 o g mial gl (Gl 29 (b ool Els]
(£) Jgsar j» (bl ol ilithe GlL .Conl (£) alayl,

Sl 8]
(9370 «59,015) RAI JluSisd [asd bl asled b £(£) Jgoa
RAI JUSis Cnsy
+e[Y G-y Jboy & Sya3
—e[YG-NY ol JluSis
VY G-/ bawgio Jlusuis
YN G-y s IS
Y alen & jSasS 3D o JnSis

Ol w811 gl (o9 S Jols RAL pad Lo
s Keyantash) cuwl  fio g Cuio b lwal
os g (Solw a4 angi b yad Ll ! (Y Dracup
lp Ao Jalpe 5 (JuSis b abilie sl of o2
JWSiE o3 j3 CdEl (algp 9 o e gble
g Gpaiio Yoo SINGN 5 o) Cowl ol a3l
U gladlae (YoV+) o, Ko2 9 G (Yo IV o)) Ko
Jpaco 3dgi p1 o Sl g RAL (ad L 29l Bua
390 dilaio oS 315 i Bl sl ol Yy b 4
b Cugb, ulpd cod Jlw 14 Gae sl addllas
10 45 Suid byl g JUo 1 5 b Cogby 9,8 o0
0315 Fy pi gdARd 1> 5 i & WS 03 (pedd Jlw

Yo+0




YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

Gaw a4 Cand S adld Gl b
Y P SBue AL g Bodld 4 el JluSs
s 3 gy ol J(VRAY (o, Ke2 ¢ Smith) ol
9 Cowl ol Ly o] SG (o202 Slglyd qjoF 31)8
WB)5 )18 Wl i 23l8l 390 gawg jobay
Ol dmle 3 F5e 4SS (VAT ¢les) Cowl
o g3 el 3y50 (Jloj wlde 5 (N,L eSS
Olsese) Cuwl AVl 5 Juad cdildlo il jui (asd Ll
Loy adld dwbme Ligy (ITAL (o, Ked g
odldy dul (IYAT (spai) Canl g a0
Gy Gdgme Oyped aVle Lo dble Swb
dolne o5 dlaaly 51 (59,1 E989 Jlain! (pumw < igusd oo

39m0 50

('r)

Pi= % 100

gl 1 b, o)lend 5 (Sl g9 Jloial Pi o 45 o
el (S35,L gosls slaaiN

aa Pl i S a0l cans 2 g Pl dslse 1 oy
5 S bl 48,5 1,5 (o) o alold) Sis dhold
09l crl s 2dgud g0 2315 o () ay (S (glad >
3988 weyd Ve (n S I & Gl (Sl ke S
a8 Canl Sa,b Jlade S aegd LS 08
el o (oo 3 93,55 ol S 00,5 Y 51
5188 ol o)y yle diloo by piciy S .5 g0 iy
Pl awle I s A5 ood ol LIS, wwoyd O
Gl (1) Jgsa olel p JLuSis Cundy ganaid
(VYA0 ( Slds) 590 00

5) BSas s L adliiu! b JluSuid dliseo wlib (1) Jous

oA I e Jlade Sy 4 Jlgio glaole j3:(E) d> ye
o S Dy St 93 b ol 15 b
U sl I8 b (Sgby (ad bl o (Jlime .09 Lads
D, (SN oaws Lo | lade 4 wiley culi | ,lado
Iy adgl SUis oo (o 4> &5 ook aod gl il by
(V) doleo ,5 SLol ©yHle &G (43,5 Bld S o
ga5 ol (1) bty ©yg0as dlaleo ol U 2391 (59 00
Alg = (Mlg/d)+ Clg — 1 @)
50=+/2]a + b| Wale ol el € o d abagl, ol
i C=+ /Y 5(b/d)

9 b JUSiS pasli 5 0,8 Coled )3 -0 dlaye
9 (V) Bulyy © g0 0)93 IS (5132 9 0l 2 (gl Jgo

sy i (1)

IKZ(%)_H_C)]KJ 0
BMDI:EEllﬁ)fK (1Y)
S (0) sz o Jpm 3 ol Jluts (il Sl
ol 23S

(V4Ae dge 5 oll) Jgo 5 oty JUusiss sl Slish 10) Jpon

BMDI jas L olib Condy oy
++/44 G -+/44 Jboyp Sud5
-y G -Y/34 dyrs  JluSuis
-y G-Y/AQ Lsgio JluSuis
R JLCRF S JluSuis
—L Gl b JSass Sl JLuSils

(V8T 2k
23 8l JWSS Cundy 989 202
Jg! oo s Vo il S
YK
09 S S YeUy.
P JluSuis YeU Y.
Pk Jlop by i £ LY.
s Jloys 0+ g
ol Jloy o5 1 Go.
iR Cgb e (5 AR T
e Cob e A Gy
o Cob o sl A+ A
o3 Cob o 8311590 A 5l Fohe

(ETDI) 3585 e 3900 2L -

(DI) Sas el -0
Q53 oAl ol giady SG plgisa DI ad L
9290 pablyl 8B yeliieds g ol iy y1i Lol (o 05l
g Gibbs) cuwl sl &yl Jloy 51 o, (Wog, o
Ol gLodly a5 b i SRy s LS .(Y4TY [Maher
B85 5051 hdly o giasd 3 ta s (sl 3
B (To0T) oo 5 2 50 w3 00 ailf 1) (8, (5 L]
b olsd ol 3 1) JWSids jasls can odagj
Lyl (5,5 dwulie wd o (gyb! JWw Y ;1 ool
3 Gy D Slos arlllao 3590 s RALG oS B 40
DI JluSuis adld 5 awily JluSid  ololid
Jlo S 52 9,k &8 4 o (53L5 Comlus (g1l
SHL laodly il Sy awilbe jd LCuwl 03y
o Gl @ie bl Glp G Vb
Ol e 3980 (S y Yl (1 TS A (5 e
S b Coowd Vo 4 Goluo OV loinl wlwlp &0j89
e Jol K23 VATV 2l g u5) Sgdice and
S il oS eyl 5 o d Yo 1S Cunl (SW,L
031> Wi (0) Jgda 45 a5 vy Mo pd Yo U Ve w090

vo.q



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

e Oty Voo g ol giio —Yoe B Yee
S L5 315 3929 (55— el (2 FeS —V e v )39 8%
9 i dpwlone VT dlayl) S8 @y (35— el 39108
Dubrovsky) cuw! sul 4311 (¥) Jgaa 48 o guvaib

(T oot oyl Kon

WSA,
ETDI, = 0.5 % ETDL; + 5—;1 09

(ETDI) (55,918 Juusuiis pad L gaipaieb :(V) Jgua
(Y++q K2 s Dubrovsky)

Ol dkold ETDI jasli gavaib
€51 585 Dby Sy
(Va3 uy) Cobye
(Y/aauy) Luwgie Cugb,
(Va4 6y) pdd Cogb,
(+/84 G +/0) adgl b o
(-+/£4 G +/£4) Jboy
(-+/28 G —+/0) adyl JluSuis
(-1/336-9) Bid  JluSiis
(-v/Aa G -v) bawgio JuSuis
(-¥/23 6 -¥) S JlSais
Ll ises B0l (JLnSLS

(PDSI) yolly IS o sl -
iy gl (S5 3,509, QMg I (S el
0yg0 Sy JuSiis pelly s I ol JluSiis
Cugb, ad e oyl (b o Cowl dlwsia b bsia Jb;
4y i1 Sl T jobas ure oo Sy 53 (2l
PS5 d2ee bulpd sl (ool IS 51 cewlio Sugb,
ol & (sl ol drwg slae (Y470 Palmer) squi
5,5 5 )3 Sz sapiy S Sl o 2 50
3P 9 s sbaille (ilgd 5l g Sl 0ad
2 > Gasul,d ol (S Jdda g WS 0 Canns
) Cuwl uis &1yl o (gl (S 3485 3,509, of
od (gl ptie 1 o3l Uyl L(VYAY (), K0
Jao S olwl 32 g SB oyiwd BB Cugb) g )b
Cugb) SO 5 adye 39l (51 0w O (giojl5
B & (g ol e Gl S carps S Jso
Gadsesd 1y (PDSI) yaly JuSuis ©ud sl
dod (33,5 Bld (oF (639)9 piie @ L 38
el bl 5l it sbKe 9 bl 0 duwslio
Ll oyl JlsSiis b jadld ple & Comd (0L
o Karl luwgi a5 Cund i oLCUdgum 9 s g1yl
Sload zmmid (YAAE) Alley 5 (Y4Ae) Knight

bl (Gl 3,509, )3 4295 3,90 mie SS9
Srinivasan g Narasimhan) cu! y 5 & eea ETDI
1r..a
03 Tl (65,985 (JUSS 4 b pas L -
03 fesly Sy olad 43 gty 9l L Y
e b5 1 codldl bl 51 i po b paslis -
el dog o Jo18
39S sl b alde §pai-piud 39S padll
Ol P & Ol b dguioe dmle S Cugb,
83Ukl Ol (5 Commnd 31 (3525 9 e 1 oLl (gl
G-t @ glinl Joo ol glal (sl 39a0 00
S 093 S 3 Jgaomo Jumily §y25- S g (o289
8% 9y Cul Jlo )3 a2 OF (gl g 4an 51 259,
W3 a5 SWAP' Juse I osliiwl b Juwily o 231
aljg, odel Cowddy d1us! 59l oo drwline duwd (Sxiwly
& had L ETDI (ad Wl > saliw! glp &5 Conl
G G (VYT () So 5 03] j058ns) Wighd dilale
13gd o0 dawlieo (1Y) abaly 51 oalisiw! b o 3 O
PET - AET (YY)
PET
35— e PET (ol (S (o5 Camnd WS ol 3 o8
ol (2Bly (325 pSed ABT g Jguaseo (S3ad Joudly
929 (- pid & (Jaal g 55 (g (AT S lae
Alp (g - (B 9 S plp wl ALl
g1 Wl o pil Wil Jgasme Juemdlly §pai- s
Sl 0y93 (b Jlw G 5l wida 2 (gl 55— e
Sl 293 3 LS Comwd 85 bawgie b (SYsb
O Cond Sl g ST i ed e Cawday
Al Canday SYsb (g lol 0,90 S 43 awgie asliiie
393 4 53 A Copud Jilis g 551 chausgio G b 5
30595 9 1 &l GG 15551 a0 3 (Y sb (ol
dwls (10) 5 (V€) glaabuly SoS &1 (lgise 1 (5 lof
904
WS;; = MWS; (V)

WS =

MWS; - WS;;

WSBA, . = ———————= 100 S
Aij MWS; -min SW; J

MWS; - WS;;

— ) 9 WS;: > MWS: Vo
max WS; - MWS; i (00

WSAj = X100 3
MWS; (Sdxr o id il WSA dagl 45 o
MaxWs; | ada glp o i Cae g¥eb buwgie
MiNWS;j | ada glpw ol i s g¥sb Sl
Gl dlaxi | aidd gl O i Cae Yeb JElas
Sl ol Cawl (Jlw 43 aidd 1-0Y) did dluaxi o (5, ko]

S Cugby 29005 o )d wliio ddd w2 (gl HiT S

). Soil-Water-Atmosphere-Plant

vo.v



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

~Y/AA G -Y brusgio  JuSuis
YR G-Y g JaSuts
A g€ 2w sl JluSils

(RDI) JluSuid gyl yas L —A
Vangelis g (w Sl bwsi lai! ;3 RDI ad Wi
Gle 0l ol 5l gels O] 5w &1l (Yoo £)
P OlPEN FEI () @ O 3905 L agalse
Ao 295 9 Ol )3 (2955 9 399 O SIS
o Tsakiris 4 (Y++0) Vangelis 4 Tsakiris lawgi o
ol OB Hadld ol cdl Wil (Yoo V) o, Ko
) Cdedily g aesliss Sloj soyed 3 1, Jlusis
@l e el ol ule il (el €A G
O 339, 3L 5 (g wdsdllanil g YU Cowlus oS slrodl>
2185 ol 4 dag b RDI Ladld fcal Liglp3l Jb
dgab 0 dmilone Jonilly (5585 9 pSu 9 (S5b gl
SH)b Sl 2 i & JLuSis et bl 4 Cond
9 Bpxie 4y (0awd 3,luibia] (W3,b e WS aile) wiinud
o2 S L) 3,13 (65 sy Gl 2130 g O Oy
Bk 3l ol 1y JluSid O (Yo rE a0l
P2 Gk jl FE3> jebar 9 RDI adld b
2 oW ol )5 sbj,l (RDIs) of oawd 3,lutw!
(PET) dsuiliy 5,55 5 5 5 (P) (sno25 (5t ol
» PET awvl=e 0:39) a5 S g g0d ,.b.m\.v ! )IQM‘
Sadie (Yo o], K0 g 5a5015) 3,135 U RDI gl
K oloj o 13 Jol Juw (g1 (k) sl el adg!
gud o0 dumlne g1 T g 4 (obo)
k

o_ ZhPy o (")

o = ZF )N j=1(Dk

£ YK, PET; ]

355 9 P 9 o)l pdlie PETy o Pij of 5 &
8,95 B JUo JS 31uwi N g of | JUo j1 o  olo Jawwslis

2j e 5l Gl (Jgome gaj98 31 edlkwl 258 L
2,5 s3lew! RDlst a5l 40
VH:' _ ZT (YY)

RDIY = 2 _

i
G, 9 e ke 7 dN(®) b plyr i o 2 &8
Sl Vi y3lo Hlao Sl ool

odlw! SPI ad i paalis 31 RDlst adls azwgi 42
Cordy Al Olb ol cplply Cunl oad
9 3,901 lawgi saw &yl b L wliv JLSis
(Y) Jgaa y5 &5 Cow! SPI ad Wi (1, (Y44Y) (S

RO WP

Joiiliy pied 0w 0w Jso 5l PDSI Lasld
CLCudgume jl (Ko &5 WS 0 odliw! Thornthwaite
ol 2 yd o I S (Slod )3 i 3529 pas (]
S5 dloa I Jolge 1 (il ST e cnl e
P SE gy g 25 iy ol Cepw Bu LES
O STy Lod Ol i 4 badd 9 3525 oo 85 50 el
,db ua&l.w ‘}.’.’)"t‘" .(Y’\Y ‘ol,&m 9 XU) ADD 0
olleyS & (Gl jebdr Clgdy (W9, p (e
g Yan) was e glid LSty mdl gary  Ska
i Sly Wi ol ol g (YeIY ol Ke
g Zoljoodi) Jusid Gbj 5 S shanrsuiv
ol B dazwg  (Y+)Y  Didevarasl
Ol (Y)Y (Ko g jsel,l8) L JlSis
oo 5 j901,5) (55)9LiS 5 Siela e p JluSuis
5 b)) JuSis I griican] byl (YeeE
9 390,8) JWSdd dmpde g (TIV e

ol o o3l (Yo 0 ¢y ) Ko
iy g (ooBly padlie 3p0lpr b selly adll Al
Pl i 5 W le oS 5gud o0 ST M Adlre gl5a ]
(PL) Janiliy 9 (L) (2815 ki (PR) Juwiliy o(R)
Gs5- 5 9 (PRO) Jawiliy 5 (RO) (2815 Ul
Ol & bgpe cal o s (PE) Janiiliy 9 (ET) (o281
o Jlo ol 51 Sy 52 sl 5 Sypea Jelgs

_ LMET; (W)

“ 2%y PE;

B, = %"L;Rij“ (V4)
i1 PR

, — LriRO; (%)

E EJT‘LIPRD;_]-

5. = Zn_]n=1Lij (v+)
T, PL,

(B Sl ps i Ja gy f o llgy cnl

N g 03 Sl cups g Glly; o pd Wil o ps

i S g ole a9 1 gl sBJw dlax

2300 Ui 1, PDSI (sl (sannaisb (A) g
(1470 o) PDSI (ad Ui gaaiib :(A) Jgaer

Ol gt dkold oad s ganaib
Aol € Sobyo Gy
YAAGY Cgb e M
(ASNAS g Cugb
VA6 s Cuygb,
+/A8 G +/0 adgl gb po
—+/€A U ++/£4 Jboy
—+/A4 G-+ /0 algl JluSuis
VA3 5 -) s JSis

YoeA




YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

9 3,5 odlaiwl &lddgy by 0 By Jako adiiuw g
oW (AWl (g 1y ol & 3905 W) 1y slaka,
(VY dayl,) ol so SWSI JluSis
p-30 (v€)
12
&U 59y 5l 00w dpwlone Jlodal Ul pr Pedasly (al 4
2ol Egee S 4 0 GOjln il &g
(VYAL 135 By 5 5901,15) Caml a0 )3 Conmns
(SMDI) S8 Cugb, JluSuis Ladld -
Gloe 31 45 Cansl pdld SMDI JluSuis el
Sl Jlo So gl ailig; sobas S Cugb, Egecme
o3y (] > odli! 5y90 conldl S i 9 o3y
Swdes Jio SeSay Lodly cpl Cuwl SB Cugb,
dSgpuiien dmilne i Giyb a4 al 0,9 (lp Cugb,
(Yo 00 (lulglis o 9 oslonnwl L)

SWSI00 =

oD, = Wi MWL It SW, = MSW (Yo)
_ SWi- MSW;, ! !
' MSW;-minSW; = !
SW, - MSW,
D= — T 190 1 SW, > MSW, (v
' maxSW; - MSW, ! !

5 SB diljy, Cugby g SW el 390 Jlw | &8
ljo) Cugh) ggeome wibe jlaie MSW jlai 3,50 JLuw
9o Jilas lue MINSW (g bl 5)95 b S
Jade MAXSW (g bl 2y b S ailjg, Cusb,
SD g 5lel 0593 (b S &iljg; Cagh; ggecne ;ST
= Yer B +Yee I SD .ol SB Cagb, d9mS duoyd
SB - Yer g mygbwe S +Yer 0 Cunl o
aaily 5 SMDI Lasls cCunlyls 1) Condg o 5 SUiss
D0 Ao 55

SD; (vv)

SMDI, = 0/5 SMDL + —

Jrin Swid & ogb o I ga € U +E 5 sad b ol

MRS ol )50 4 LsJ!.\.ﬁ:—l) dgmi o0 Blod Jluslis
] > SB Cugby (wlw! p (55,0008 JlSuis
oW adlle !l j WD (w93 Sl gew
PNI JluSiis g pasls b S Cogb, Jlusuis
A5 dugliie Yo+ A G 1AAY s JUe o CZI 4 SPI DI
S Cugb,y ailalo Ol pusi 3> (LS Ga80d (! 2lo 9
ORIFEN b Gl Ml s (R0 Sl T Gos 5
SrANAS dgde FeS SB Cugh, Sl (s
YoeA 53938 AAAY Jlo j3-V/0 ke b JluSuis

(SWSI) ot o ol s L -4

Dezman g Shafer buwgi ;b cwiwss SWSI (asld
5 915 LT p3 JUSuis il JweSS gl (YAAY)
ailiie oyl 33 OF el aes awio By 0 s o 1S ol
Ol 3 S & Gl (bl sl (Sujely i Jlusiis
I3 By 9 5900)5) ol (b glapl 2 ol gte
SWSI Ladls B (1FAT (saeome g oowy VAL
39390 Ol ylalie ol lp (5ybme (9350 Cowsey
L il bl dwglie el 5 SlimdsS bl
v ISiis wad SWSI adld ccunl S0
SoS b (g0 9 S (o0 S | dlaie 5D dwrgms £93 94
Pl sy 3905 Fuipha 1) skl Cundy padli ol
3 OIS 2 slady Cowl B SWSI (ad i b ws i
el of Furba gl calally 4o 48y By (gl ko
B e R I
opad 13l Wl le Lodld ! LCowl Hlas 390 ol )b
Ol (a3l o 9 G0l 1By, s (B
ol 9 had @ a2y UL (ITAT (e 5 o))
odliw] Y alre 43 Jolyb aw 31 L loj 2 43 sl
SWSI asLis ladie (YFAY 03150088 5 (5 pg0u5) gui s
Tdgud o0 dmwlxo (YY) alaly 51 oaliins! b

a* psnu\v7 b* pptec +o* pstream +d* presaﬂw -50 (Y\w)

12
A1l Susb 039 d g C D @ al,y ol 5 oS
Jloin! 5 Pi ol SO U plp o 9000 9 o0l id )5
ol (5% 9 SUly, (o)l By ol 1 puite g0 ol
Cowl o Gl JwS ©yg0 4 00 das Jol YU ddlre
L omapd Sl o)l jho oo padli pdlie &S
WY E g V) € om bl polie Y 306y padds
a3 L (1) g (VAAY (9033 9 10u0) 3,25 0 1,5
ol gordans ol ol IS L o coligh
9 ) SWSI (as L pp3lie b yhlite (JUnsis Cardy 1) g

SWSi=

(YAAY (o5
ol palie SS9y b Curdy
£ Cobye S
y 5 Cagby
K oy Se5
-y oS Swis
-y o SWs
-£ A Sis

soadls lade (p5eS 9 0k g Sl 035 ¢
VAAY Lol )3 5 (S5,b Oy U Billae  JluSoiss

Cupl (RPpS SB Cogb,y padle Sl Yeed

oy duly slial 5l el B 59 mend &S ol Jdsay
by ol Jols Of glie mnd 5 0395 o
S50 (034Y) Garen ! olyod (5345 Curladoss

vo.9q




YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

S Lyl 5 SO a5 5y g JlSid i
o Yool 4‘3,)&& 9 AI-Sefry) KV ) dﬁt&o 9 Lg.'}o
5 (RDI) Jusid pols ol a8 Jbs j5 (Ye)0
9 Wykio 4y (55 i Cumlus SPI (ad L b awn o
Jowily 385 9 p8ed 9 (SN5b ol 2 RDI sl
S b ! add SPI jad bl Jg 29 o0 dmwlxo
oS o, 1y Cubld ol RAL Ladld g o dvwlw
S sl e 51 .aad 48 bl 590 (arle £A U
&l 3k s Jdsas PNPIL adll addllae )90
DI (adli e o 390 o0 dpgwin JUnSuis b,
byl Sy CaedYgb slaedly 4 Senl Jdda 5
S ol 1)1 sblo gl @y jli Jlusuis
5 PDSI (ad L oG cuwlio @rsoolisS (5,b0f 2,95 U
2 9 3980 drwle S Cagby g Ld (i)l glasl
ol 3 350 B 0 (SNl plge w Ty 9 gy
145 0395 (S &lho by 55,k sSlee b 5 gt LS

ol ad i opl culre

Yoy

b oosapd 9 5 JWSis padll L) o
8300 Uiyl g (Sl

S 5 4o -

sl & Cul b Ol bl I go Sy JluSiis
9 < Bl (aladl - sloinl glojes ol Il
29bd g BT s G ©jg0m Kilgi 0 (5,9l
Ol b g ©ad Wi lime 53,8 spadls S
ol MS e dpoy |, JLSis G Gy
P98 9 (owldlgd G piie (bl b asls
pydd (SB Cagb @ildng) ol e dod (i)l o
(o) Ngudo Ao Gy Ol g 9 (35
oW Sy O g0m gl 1) Ll 51 53,190 (VY0
pinol JluSeis (oL CIEl oS (oS Ll )3 aal
LSS g adld da ST g0 S5 Wigw o0
9 ol Cuplo Ll cigd 485 54y Cgpmw 4 Slg5 o0
syl 1y (5 1gmr ol S s W lade Sy (65,15
P dSe sl &Sl doa 1 L(YeY0 (o) XS
sl jladle 9 3980 13059 AL plw b oS
ool 9 (owlidler 9 OF Gl Sig b 6igSe (llae joba
Vo pola Gabd 5 S e T bW JlSuis
O @S & S5 18 o) 390 JluSuid as L
oo S gl SPI (ad bl o8 ol Wi b oy
Jrl Bpadls b JWsuis il lp @YU
A Jlsis @By awslis 5 dpogs glp e
byl pd 3 aibino] w4 W)l wly 9 abgyle;
Gle 1y S jefie s adli s slas
@ WS el JLSEE Copne il
o 1w wole  JUSWS (6359,5 sads a5 b
9 Solol (Jloinl G Sig JUS p3 JluSis Slglys 4
Gyl s )51 (Ve V0 (o) dudl ool did bl Bolas
Ll 3,15 3939 Joe (W ,5 ;> JUSUS 51 5 lowd o
O gilie LA g asys Jolad & baype ool ot ek
9 JIF S Fpe LW Ll Jlo lgea ol
e &3 sty 51 Sk 9 3 Ysb RIS (fa) add
5 g JUnSuid sl Cunl Sow il oges O
gl Spae g9 5 5yls 000 2l qibo o g
9 2 pm Sy il igliie 03 e 4 S
JuSis sbpadls glpsa JLSUS dmlbw
GW1 Ygome &5 b JUSWis o5yl Ao JISSI
W (635985 9 (S 55)9 b e owlindlgr Jolud ] oo
IS g aroly 1 S e b aillun w g0 plaS,a &5
o ygods oS 5 42l gy 31 35 0 i oLl
Bt i Dgu o 2 ool cloial Jsiis



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

Oladss 'O‘)‘Qj C)t‘“‘ »® EDI 9 SPI d‘huaﬁ‘aw u.’&.o Jud>s YYAo UV N0 GT® colg'.\.&,o ) cd)bl
JA-YY 184 ¥ D)Lm:} & 8,92 ‘U‘)‘l‘ ui é.guo

YL Lo 0 o ke

0,95 (il pgle) leduo! aRS1S . o kbuo! JuSwid (gylol owyp ATAT L (S35 odip e )l
AYA-Yeo 184 At b)lo.a:’ gY

Oldlho  MS > JLSES suh a9 b (IYAQ) l.wg.?‘ (I dgetmei Jwig) s po Ll
LYY o@ <) ) b)Lowf’ © 0y9d c‘_gluwu‘ dlmli;,&» ‘.g).;)dnb).g

Jae g 0z Mol SWSI awled 5 adlin! U xbaw Of gole (sl Wiyl IYAY .8 0358 wo 5 900
N eV-2 o FE 5 lowd VY 0,95 cdrwgi g Ll i .S 51 judul 0595 163 590 axdllae S Lo &y

Mo yd sl byl geaolwl s Gl )0 JWSUS Curdy owy TN Lo ol Fllw e Sl
€ oyland FY 2,93 Caunnsj e (G9I9iST g ol (Z) (gl lailine! (g, s Wi 5 (PNPI) Jboy (i)l
.04-£0 o°

9 ‘:ZL’{)’)‘ )B.B.Lo ~ PNPI 9 RAI dwl.\.w‘g.h d&ua&l.w Li M&o Avan “_5)'9)93 “Z@ ‘)'ﬁi';l'&?
AYY-AYe (o F 0 lod £ 890 (55909, 295 .yl 393 bl 13 (JSUid Condg (guudipy

{ " (PDSI) b JUSis Ga (ad s baas IYAY oz WidhE wo olEnl el eow (ol
VE 290 <yl ! of Kle Olidssd 4,8 )g.).:i ddg> 4D (ALSIS) Swis mhaw —ga (iiSoed  0ylgs b
ANV o F bjled

‘_g‘lg‘ﬁl):é. w‘.oj 99, b..\.;.)")’ o )u“o'qi Adg> éﬂ)sjs).\.@ Jw @y Arat ) (GO 6D ¢ ooy
JYY-vYYY c(YO)v Lad

Obw! 53 (oaldl) cwlinilgd JUnSid oy ITAT .0 Wal )y (g8 o iyl [ UGS b ¢ dmd
0 ylowd ¥ 2593 ¢yl ! O aulio iz .S ylo (60 s Joo 9 SPI ad L 51 oalisiw! U oyl b 9 (3 biaunn
Yo-Yo 4o )

Cugb, wlw! w6559l JUSis Cordg (owyp AT o OIE )b wg «BW o Jlaiel Sl
AV-AY u° ) D)lo..:: J1 0,93 cd})sw » Lji L}“"‘bﬁ)" .&5}5 &Sﬁbw bli:.w.ﬂ » S

SR Al ool Gl 5 JLSUES 85ws Judod o (U5, YA L (e yie cw o Slakw & (g pw
OV0-0Y+ o 1Y o lowd € 0y93 ¢yl rmb Rl . JWSUiS op0 a5 LS

) gl b @il ko] ] cwlidlgd  JUSUS Oad g (Flglyd Julodi ITAO Ly ¢ e (o o Slalus
Y110 (1) 04

G3s9WiS (1908 g pole D3 bl o cwliiled JLuSis s ad i duglio YA | w  Jlakuw ol (5 ls
JER-YYY @ oY b)w do 0,92 SB 9 ui 1"9"& c‘:&:.:.b é".w 9

(2l oidgd (98 Cudd 15w O qilie 9 ;81 S JLSUS bLI)ATAY .5 (sj5¢
VEVATY Lo £ 0,kadd 0 5,90

g (5l (YFVe-1¥0) andgd couddl JUuSid 15U VYRR . o (90 o (w (§id (g ( 2las
2Ol ¢yl 3 BN Wl Wil L oyl pd ol b alslie gl 9 JUSWid VYA .o Flgd S

)‘ aaluw! Lj UJL«M LJ"‘:L’ 4*‘*.’.‘3‘" \Y’A‘\ o 4u‘.w$,):b «z 4‘:]9*») c.i cuiy’d}ibi G “:QQS c.i c&l,{...\.obu
Ol Cblis o yigs . Jlowd lwlyd yliwl 153,90 anlllae byl suiuaiyy 9 PNI g DI SPI sl sl
AAL-WYY @ ) b)lo.».s dY 8,92 S 9

voyy



YO TVEAR aomiuor V£ 0T oo (3linann acd e 5 plawd cpoied 853 comn § dagona pogle Clalllao

obandS bias! oy suoliadled JUnSid Ligly IFAY L VS sliuwl gioos co 03lj il of cgislune -
SAAY-IWVT e Al b)lo.».:v do 5,93 cﬂ.‘o é.gl:w 9 d})slaws ‘9919

Mo ¢ ol 4&3‘).0& U‘)W‘ ch‘ ul:- ‘O‘)‘l‘ d‘,b 9 Lji Ara. .l.uv 6dl,{.>9m -

Olady Ol Lals 5 glié Cuiol j3 cwlilled b 2T i (il IYAL . v Dpoiler & (ybodge -
Her-4a7 I8 4 )% D)gb c&h)ﬁ Aol .5},91535

.‘;‘W u.a&bw 93 unlm‘ » C,w:)l askio ‘;‘LwSawé- d‘d.p-b Ju"u‘?é' YA o) QYN @ cd).w.' -
vy u° Y b)m AR 0,93 c‘_ﬁg-’u‘o é."wo » ‘;A})’Lw 9 M’)"

‘.;)g)ul.i,.g cdb}d ashio d))s‘.ws » di )L’i 9 &)9‘5}.&&5 ‘;‘w @iy Srae AL ] | c‘_g)'g),.; -
Ay-ay 184 Al b)l.o.a:’ Y b)sb c(lﬁﬁ‘)}q') ‘:‘gw

» M‘G' ).\".g':.’i )J, ‘:’Ll))' Irat .o cbb‘}dbl{iﬁo‘ 4.8 c‘_r\‘uo)’ d s‘}gls.&yw G sdm‘ G cbb,)’gjs.a&l -
& D)Lou.z AE3 092 SB 9 b‘-’i bl dbu».bs).' SPI 9 ETDI duuﬁa‘nl.w SoS “ d))slaws ‘;M
J-£Y e

- Alley, W.M. (Y3A£), The Palmer Drought Severity Index: limitations and assumptions,
Journal of Climate and Applied Meteorology, YY(Y), YV +-Y) .4,

- Al-Sefry, S.A,, S.en, Z., Al-Ghamdi, S.A., Al-Ashi, W.A., Al-Bardi, W.A. (Y+ +¢). Strategic
ground water storage of Wadi Fatimah, Makkah region. Technical report SGS-TR-Y+ «Y-Y.
Saudi Geological Survey, Jeddah, YA pp.

- Aremu, J.K., & Olatunde, A.F. (Y+1Y). Drought intensities in the sudano-sahelian region of
Nigeria, Journal of Sustainable Society, Y(¢), AA-40,

- Babaei, H., Araghinejad, S., & Hoorfar, A. (Y+Y¥). Developing a new method for spatial
assessment of drought vulnerability (case study: Zayandeh Rood River basin in Iran), Water
and Environment Journal, YV(}), +-eV,

- Bayissa, Y., Maskey, S., Tadesse, T., van Andel, S., Moges, S., van Griensven, A., &
Solomatine, D. (Y:YA). Comparison of the Performance of Six Drought Indices in
Characterizing Y14 Historical Drought for the Upper Blue Nile Basin, Ethiopia Geosciences,
A(Y), AY.

- Bhalme, H.N.,, & Mooley, D.A. (Y4A+). Large Scale Droughts/Floods and Monsoon
Circulation, Monthly Weather Review, Y+ A(A), YYaY-AYY Y,

- Bhunia, P., Das, P., & Maiti, R. (Y+Y+). Meteorological Drought Study Through SPI in Three
Drought Prone Districts of West Bengal, India, Earth Syst Environ, (), ¢Y—°°.

- Bordi, I., & Sutera, A. (Y++¢). Drought variability and its climatic implications, Global and
Planetary Change, ¢+()-Y), YYe-1YY,

- Dai, A. (Y+))). Drought under global warming: a review, Wiley Interdisciplinary Reviews
Climate Change, Y(V), ¢o-10,

- Dubrovsky, M., Svoboda, M.D., Trnka, M., Hayes, M.J., Wilhite, D.A., Zalud, Z., &
Hlavinka, P. (Y++%). Application of relative drought indices in assessing climate-change
impacts on drought conditions in Czechia, Theoretical and Applied Climatology, 41()-
Y), Yeo—yVy.

- Edwards, D.C., & McKee, T.B. (Y44V). Characteristics of Y +th century drought in the United
States at multiple time scales. Climatology Report Number 1V—Y, Department of Atmospheric
Science, Colorado State University, Fort Collins.

- Garen, D. (Y44Y). Revised surface Water Supply Index for western united states, Journal of
Water Resources Planning and Management, Y)4(¢).

- Gibbs, W.J., & Maher, J.V. (Y41V). Rainfall Deciles as Drought Indicators, Bureau of
Meteorology Bulletin, No.¢A, Commonwealth of Australia, Melbourne.

- Intergovernmental Panel on Climate Change. (Y+'Y). Managing the Risks of Extreme Events
and Disasters to Advance Climate Change Adaptation. A Special Report of Working Groups |
and Il of the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, UK, and New York, USA, p. °AY.

- Javan, K., Azizzadeh, M., & Yousefi, S. (Y+)7). An Investigation and assessment of
meteorological drought in Lake Urmia Basin using drought indices and probabilistic
methods, Natural Environment Change, Y(Y), Yo¥-)1¢,

Yoyy



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

Karamouz, M., Rasouli, K., & Nazif, S. (Y- +9). Development of a hybrid index for drought
prediction: case study. Journal of Hydrologic Engineering, Y£(1), 1Y VY-1YY,

Karamouz, M.; S. Nazif, and A. Ahmadi. Y:)Y. Development of integrated drought
evaluation and monitoring system: Case study of Aharchay River Basin, Journal of
Hydrologic Engineering, YA(Y), AdV-2)+,

Karamouz, M., Torabi, S., & Araghinejad, S. (Y £). Analysis of hydrologic and agricultural
droughts in central part of Iran, Journal of Hydrologic Engineering, 4(°), £+ Y-¢)¢,

Karl, T.R., & Knight, R.W. (Y9Ae). Atlas of Monthly Palmer Hydrological Drought Indices
(Y4YY-Y4AY) for the Contiguous United States, Historical Climatology Series Y-V, National
Climatic Data Center, Asheville, NC.

Keyantash, J., & Dracup, J.A. (Y++Y). An evaluation of a drought, Bulletin of the American
Meteorological Society, AY(A), VYIV-V1A.,

Mawdsley, J., Petts, G., & Walker, S. (Y44¢). Assessment of drought severity. British
Hydrological Society, Occasional paper Y.

McKee, T.B., Doesken, N.J., & Kleist, J. (Y44Y). The Relationship of Drought Frequency and
Duration to Time Scales. Preprints of the Ath Conference on Applied Climatology, Anaheim,
CA, YVa_\Ag,

Mishra, A.K., & Singh, V.P. (Y++). A review of drought concepts. Journal of Hydrology,
FAY()-Y), Yo YY1,

Mishra, A.k., Singh, V.P., & Desai, V.R. (Y++4). Drought characterization: a probabilistic
approach, Stochastic Environ Research Risk Assess, YY(V), £Y-29,

Mo, K.C. (Y++A). Model-based drought indices over the United States, Journal of
Hydrometeorology, 4(1), YY Y- YY.,

Montaseri, M., Amirataee, B., & Nawaz, R. (Y:)¥). A Monte Carlo Simulation-based
approach to evaluate the performance of three meteorological drought indices in Northwest of
Iran, Water Resources Management. YY(¢€), YWYV Yey,

Morid, S., Smakhtin, V., & Moghaddasi, M. (Y++1). Comparison of seven meteorological
Indices for drought monitoring in Iran, International Journal of Climatology, Y1(V), 4V)-4Aeo,
Narasimhan, B., & Srinivasan, R. (Y+:+°). Development and evaluation of soil moisture
deficit index (SMDI) and evapotranspiration deficit index (ETDI) for agriculture drought
monitoring, Journal of Agriculture and Forest Meteorology, ¥Y()-£), 13-AA,

Ntale, H.K., & Gan, T.Y. (Y:Y¥). Drought indices and their application to East Africa,
International Journal of Climatology, Y¥())), \¥Ye-1voy,

Oladipo, E.O. (Y9A°). A comparative performance analysis of there meterological drought
indices, International Journal of Climatology, °, 1eo-11¢,

Palmer, W.C. (Y41°). Meteorological drought. U.S. Research Paper No. ¢2. Department of
Commerce, Weather Bureau, Washington, DC.

Van Rooy, M.P. (Y4192). A rainfall anomaly index (RAI), indeoendent of the time and space.
Notos, V¢, Y¢—¢Y,

Sadig, A.A., Suleman, M.U., & Mohammed, U.B. (Y+Y+). An estimation of rainfall anomaly
index and its impact on crop production in Yola and environs. African Journal of
Environment and Natural Science Research, Y(¢), Ye-oY,

Sen, Z. (Y+Y°). Applied Drought Modeling, Prediction, and Mitigation, Elsevier Science
Publishing Co Inc, £A£p.

Shafer, B.A., & Dezman, L.E. (Y3AY). Development of a Surface Water Supply Index (SWSI)
to assess the severity of drought condition in snowpack runoff area, Proc. Western Snow
Conference, Y1£-Vve,

Smith, D.l., Hutchinson, M.F., & McArthur, R.J. ()34Y). Australian Climatic and
Agricultural Drought: payments and policy, Drought Network News, ¢(¥), VY- Y.

Tsakiris, G., & Vangelis, H. (Y-« £). Towards a Drought Watch System based on spatial SPI,
Water Resources Management, YA(Y), Y-V Y.

Tsakiris, G., Pangalou, D., & Vangelis, H. (Y« +V). Regional drought assessment based on the
Reconnaissance Drought Index (RDI), Water Resource Manage, Y, AYY-AYY,

Tsakiris, G., & Vangelis, H. (Y:+°). Establishing a Drought Index Incorporating
Evapotranspiration. European Water, 3() +), ¥-)).

Vangelis, H.; D. Tigkas, and G. Tsakiris. Y+ Y. The effect of PET method on Reconnaissance
Drought Index (RDI) calculation. Journal of Arid Environments, AA Y -V €

voyy



YOV T-VEAA donis VE+T Jlo (yliane ; Juad € 5 )lows cpiaid 8,95 cCnnt j Jaus ol Clalllas

Vicek, O., & Huth, R. (Y++%). Is daily precipitation Gamma-distributed? Adverse effects of
an incorrect use of the Kolmogorov-Smirnov test, Atmospheric Research, ¥ (£), yo4-v1i1,
Wilhite, D. (Y42V). Improving Drought Management in the West: The Role of Mitigation and
Preparedness: Report to the Western Water Policy Review Advisory Commission. Elusive
Documents, Paper V).

Wilhite, D.A. (Y 24Y). Responding to Drought: Common threads from the past, Vision for the
future, Journal of the American Water Resources Association, YY(¢), 401-04,

Wilhite, D.A., & Glantz, M.H. () 2A®). Understanding the drought phenomenon: the role of
definitions, Water International. Y +(¥), Y\Y-Y Y,

Willeke, G., Hosking, J.R.M., Wallis, J.R., & Guttman, N.B. (Y24¢). The National Drought
Atlass, Institute for water resources report 2¢- NDS-¢, U. S Army Corps of Engineers, oAY-
YNY

Willeke, K., Lin, X.J., & Grinshpun, S.A. (Y49A). Improved aerosol collection by combined
impaction and centrifugal motion. Aerosol Science and technology, YA(®), ¢¥4—£e1,

Wu, H., Svoboda, M.D., Hayes, M.J., Wilhite, D.A., & Wen, F. (Y++VY). Appropriate
application of the standardized precipitation index in arid locations and dry seasons,
International Journal of Climatology, I (YV), 1e—Vv4.

Xu, J., Ren, L.L., Ruan, X.H., Liu, X.F., & Yuan, F. (Y:1Y). Development of a physically
based PDSI and its application for assessing the vegetation response to drought in northern
China. Journal of Geophysical Research: Atmospheres, YYY(D+A), Y+ 1,

Yan, D., Shi, X, Yang, Z., Li, Y., Zhao, K., & Yuan, Y. (Y:1Y). Modified Palmer drought
severity index based on distributed hydrological simulation, Mathematical Problems in
Engineering, Y« Y, Y-A,

Zoljoodi, M.; and A. Didevarasl. Y+ Y. Evaluation of spatialtemporal variability of drought
events in Iran using Palmer drought severity index and its principal factors (through Y4e)-
Y.+ 0), Atmospheric and Climate Sciences, Y(Y), YaY-Y.V,

Yoiyg



YOI 1-VE£AQ aoio Y £+ Y Jlws oyl ; Juad € 8, lowd oinid 89 oy  Jauzmo pole lnlllas
Indicators of estimating and assessing the meteorological and

hydrological drought characteristics
Mohammad Pouralkhas Nokandeie', Vida Amanjahani', Zeinab Hazbavi", Raoof
Mostafazadeh**
' M.Sc. in Watershed Management Engineering, University of Mohaghegh Ardabili, Ardabil, Iran
" M.Sc. in Watershed Management Engineering, University of Mohaghegh Ardabili, Ardabil, Iran
" Asisstant Professor, Department of Natural Resources, Faculty of Agriculture and Natural Resources, and
Member of Water Management Research Center, University of Mohaghegh Ardabili, Iran
** Associate Professor, Department of Natural Resources, Faculty of Agriculture and Natural Resources, and
Member of Water Management Research Center, University of Mohaghegh Ardabili, Iran
*Email Address: raoofmostafazadeh@uma.ac.ir

Abstract

Introduction

Drought is one of the natural hazards whose consequences and effects on social, economic, water
resources and agriculture can be significantly revealed. Although the occurrence of drought is
inevitable, it can be planned by anticipating a reduction in its devastating effects on the economy,
society and the environment. The purpose of this study was to explain the types of drought indicators
and introducing the important and widely used indicators in assessing and quantifying meteorological
and hydrological droughts. Meteorological drought is usually defined by the degree of dryness
(compared to the normal or average value) and the duration of the dry period. Meteorological drought
definitions should be considered separately for each specific region; Because the weather conditions
that lead to deficit of rainfall vary from one region to another. Drought, in its meteorological sense,
means a decrease in rainfall for a certain period of time on a specific area compared to the long-term
average of the same area's rainfall in the same period of time.

Methodology

While introducing the benefits, limitations and scope of different drought classes, the relationships
used by droughts are presented. Standardized precipitation indices (SPI), percentage of normal rainfall
index (PNPI), rainfall anomaly index (RAI), Bhalme and Mooly drought index (BMDI), decile index
(DI), evapotranspiration deficit index (ETDI), Palmer Drought Severity Index (PDSI), reclamation
drought index (RDI) and Soil Moisture Drought Index (SMDI) were introduced in the category of
meteorological drought. In the category of hydrological drought, surface water supply indices (SWSI)
were also examined.

Result and Discussion

Various drought indicators along with variables, time scales and their concepts are presented in the
results section. The results showed that the SPI index has a high comparative advantage for
monitoring meteorological drought. Also, RDI index is more sensitive to climatic variables than SPI
index and PNPI index is not recommended for drought assessment due to high error. The standard
precipitation index (SPI) is known as the most suitable index for drought analysis, especially spatial
analysis, due to the simplicity of calculations, the use of available rainfall data, the ability to calculate
for any desired time scale, and the very high ability to compare results spatially. Due to its simplicity
and practicality, Rainfall Anomaly Index (RAI) has been often used in drought estimation to deal with
drought in different stages for different climatic regions. The time scale for calculating this index is
monthly and yearly. The calculation method of BMDI drought index is similar to Palmer's drought
severity index and the index works recursively; That is, in calculating the drought intensity of a given
month, a coefficient of the previous month's drought intensity is also considered. The DI index is
defined as a rating of the amount of precipitation in a specific period of time and is presented in order
to solve the deficiencies in the percentage of normal method. The Decimal Index provides a
statistically accurate measure of precipitation, provided long-term climate data are available. The need
for low input variables, including all components of water balance in index calculations, and
comparability in different times and places are considered strengths of the PDSI index. This index is
able to monitor drought in short-term and long-term periods (one to ¢A months). This index is
increasing due to the need for low data, high sensitivity and high flexibility of its use; Due to the fact
that the RDI index is calculated based on rainfall and potential evaporation and transpiration, it is
more sensitive to climate variables and changes than drought indicators that are based only on rainfall
(such as the standardized precipitation index). The purpose of the SWSI index is to obtain a standard
for determining the amount of water available in mountainous areas and the possibility of comparing
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different areas with each other. The SWSI index determines the severity of ongoing droughts in the
region and the future situation can be predicted with the help of this index. SMDI drought index is an
index that is based on the total soil moisture daily for one year and the only climatic factor used in it is
soil moisture data.

Conclusion

A major part of Iran is located in dry and semi-arid areas, and the drought phenomenon is an
inseparable part and is considered one of the characteristics of dry and semi-arid areas. Based on this,
a two- to three-year drought period is experienced in the country almost every five years. These
droughts have reduced surface and underground water sources and reduced usable water. The
occurrence of drought and its continuation also affects the quantity and quality of ground water
resources. The reduction of precipitation, which is one of the most important parameters of feeding
the underground water aquifers, can cause the destruction and loss of the ground water aquifers. There
are different drought indicators, each of which has advantages and disadvantages. Meanwhile, the
Comprehensive Drought Index (RDI) is more sensitive to climate variables and changes compared to
the SPI index. In this regard, it can be said that the RDI index is calculated based on rainfall and
potential evaporation and transpiration, but the SPI index is only calculated based on rainfall. RAI
index has the ability to evaluate drought in short-term and long-term time periods (one to ¢A months).
Overall, a review of the indicators provided can help determine the appropriate indicator to assess
drought. An appropriate indicator to provide information on drought management challenges. In
addition, it quantifies the practical aspects of drought, such as the severity, duration, and frequency of
drought, along with possible, and statistical characteristics. Among the studied indices, the PNPI
index is not recommended for drought evaluation due to its high error; Also, the DI index is not
suitable for areas having stations with a short-term data period because it requires long-term data to
evaluate drought. The PDSI index is calculated from the data of precipitation, temperature and soil
moisture and considers any type of precipitation as precipitation. In PDSI index, the average
precipitation is not the same as the median, which is one of the disadvantages of this index.
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