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Figure 1. Nishpur plain and locations of farms.
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Table 1. Farms and Plants in Nishpur Plain.
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Table 2. Physical properties of farms soil (7).
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1- Evapotranspiration Deficit Index
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Table 3. Category of Evapotranspiration Deficit Index (ETDI) and Standardized Precipitation Index (SPD).

SPI astls suuaib
Classification of SPI index

ETDI _axls stuaib
Classification of ETDI index

O s aals

Altitude of changes

b e Sl
Extremely wet

b e Sl
Extremely wet

b e Sl
Extremely wet

b e

Very wet
by cu b,
Moderately wet
b s
Normal
b s
Normal
b s
Normal
.h...d):.ﬂ h; S E
Moderately dry
-r\.:-Lw‘ h; S .
Severely dry
Aot e Jlsix
Extremely dry
Aot e Jlsix
Extremely dry
Aot e Jlsix
Extremely dry

b e Sl

Extremely wet

b

Very wet

by cu b,
Moderately wet
st b,
Low wet
st b,
Low wet
sl sk e
Initial wet
b s
Normal
4':8‘51 J S .
Initial dry

'”' g L; S .
Low dry
'”' g L; S .
Low dry
.b..ﬂ):.ﬂ J S .
Moderately dry
_,\-:-Ld J S .
Very dry
Ll Sl JLSex
Extremely dry

>4

(3.,3.99)

(2,2.99)

(1.5,1.99)

(1,1.49)

(0.5,0.99)

(0.49,-0.49)

(-0.5,-0.99)

(-1,-1.49)

(-1.5,-1.99)

(-2,-2.99)

(-3,-3.99)

5 gl 5 3855 plde 3l laesls Las 5 ol
gl s Wlisy s Ko S pwlie slaesls 4 alale
Y1 ¥)) 45 eslizad LARS-WGS Jus 51 s
bl Gladde o 55 3 SO Jle ol LYY
e S e glams ol b
S BlSe Jhe nl 335 0 Cpeime
9 uf.,l.})l_g Sl gles ¢ Pla= gles wlis, Sl

ok (Fasn cal 53 el S sla gl
ST Glaesss o bl laesls s
5 ECHOAM HADCM3 .3l sladu
A2) gam Lizsl gyl s CGCM3 T47
2 olpe > A eslisd (AIB) 3l 5 B
A= el glag st s HADCM3 Jws 51 50

L)"'L"‘E‘“ji) )j.la..am (YY) .,\.1.5; oalaul (Bl 9 AZ)



o) e2 g 83ljg8n  Llao

‘.,\.‘.JL: 6}@ ol L5J2§°)\"L’\ 9 ol J))TJ..) J.izkfu

S Al Sl s e oS s Ao Sl
V) Ll s

Cou g
a5 Sl S ol (o it Bl s 1
SuSiz Garls 5 (Al B8 5 S Sl
S ol bl Ol s 3 Ll il s esie
Jol bl dizn W3l5 5,a5 5 S o diS gl
S35 Sl esss oSl esss 35 o 5l sk dy s S
SSo3 0593 4 Cand Ol as a5 (144Y-Y144)
WS gles alie VS S Ol el S A
Slosss $ln Jomilty 3,05 5 o 5 Lok i
ol o LS 1y il o9 40 ol YHAN-Y 144
Lol ol Ol Bl 5 A2 o5l 5 ol olas
oS Slaske 53 el jasmia S 1S 5 5b0ls
0590 & S ddiy 5 aeS Slod polas O o
Sl P s baole 4 & ol (Baseline) 4
ool 5w Ll s laole 5o 5L s
Slasle 53 il o S b 6)s5 4 s skl o
5 G sl b ey b ST ess 5 dle g S
JESCIC G [ W ¥ P BTG PN JES S T
3 sl 5 a l s e laele o il G0
Ju ¢J§ Slasle 53 5 XL gl a8 aly oy
Gl s 4 o Sleyss G 5 s polie
ol oalie Sl AT pomen (3Ll 58
wlooyss 5 Bl 4 ced A2 45k das e 0L
OLEs 1y il LoalSs G 5 e 5 Lo il
b A2 ol Oap dlots el cpl 5 Aas s

o)

Shoske Gl Gl s s L e GG
et oSl G el sdalis &lys, (glaesls
Sl bbb Sl e peme L S e eslind
O 5 bl gla it el Glas s
s IS a5 W S
sl Sl glag e M gl bl
oslizal ol s oy Jsb L Sl uliilsa
6553 55 5k 3,50 laesls LS S (V) 555 e
S YT ara) STops 535 (044Y=YeN)) Wb

Aol Cewsas (YeAr=Y144
b fs, SBs 5 olosl sk tadae 05
B S D T g T
sy 5 (MAE) 3llas gles Sils (RMSE)

.g,éj_f)\) oslazal 3 50 (RZ) e

™)
" Pi_Oi
MAE = i=1 (A)
n
. (X -Po,-0))
R = ( ) )

S -P)Y© -0

e e P JS Sl s 5 Lol s &S
S sad 3l N ol (5 Se3l Ll slia Q 0
0wk wmin sl ke P, LS4
anlie Ldsay ol ol (5, Seslhl alie Sl
(s ol 53 SPT 5 ETDI Lasls 55 (gl
Cs el (Sl 5 edd ot ol
Al o SPT 5 ETDI esls 5l Jol= sl
glax 5 SKle b Slaye Sle Sl ol
S A U o s Gl Joli gl



PR (£) o,lond (YE) s S g ol Cbilis oo gy & puid

25

20

15

10

L L L L 5
aug sep oct nov dec "0

1.5 14 Teaz
12 *Bl
¢ =**Baseline
MLi ey93| 10 1
Ir o alyoyso
8- ) 1
6»
0.5¢ ni
i D

. . . . . . . " .
jan feb mar apr may jan jul aug sep

1 1 1 L 1 1 o L 1
jan feb mar apr may jun jul a‘lfg sep oct nov dec

. . n . n " . s . n .
jan  feb mar apr may jun jul aug sep oct nov dec

.qga)‘gaqw‘;ia”:):(:)d?«ib% G5 5 o 5 () ok (@) ady las () winaS slos dlale Sl ois =Y IS

Figure 2. Mounth changes of minimum temperature (A), maximum temperature (B), perception (C) and
reference evapotranspiration (D) in future period than baseline.
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Figure 3. Average, Minimum and Maximum of ETDI index for Faroub wheat (A), Soleymani wheat (B),
barely (C) and corn (D) during base and future periods.
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Figure 5. Growing season changes of ETDI for Faroub wheat (A), Soleymani wheat (B), barely (C) and corn
(D) during base and future periods.
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Figure 6. Growing season changes of ETDI for rainfed wheat during base and future periods.
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Abstract

Background and Objectives: Due to absolute dependence of agriculture on water, determine
of drought condition in each region is very useful in planning the food sourcing. Unfortunately,
there is no same definition about the “drought condition”, so there are some indexes to
determine it. Standardized Precipitation Index (SPI) is one the meteorological indexes, which
widely used to determine agricultural drought conditions. Evapotranspiration Deficit Index
(ETDI) was also designed for this purpose. This index is used to determine agricultural drought
conditions in arid and semi-arid region. Although there were most research about other drought
indexes such as SPI, but there is few studies in oversea countries about use of ETDI index. Thus
in this study tried to determine drought by ETDI and SPI indexes in Neyshabur plain by used of
climate change models.

Materials and Methods: This research was conducted to determine drought condition in
Neyshabur plain located at longitude between 58° 13°-59° 30° N and latitude between 35° 40°-
36° 39’ E, Iran. Evapotranspiration Deficit Index (ETDI) was developed based on weekly
evapotranspiration deficit to determine drought condition in this region. In order to comparison
of the ETDI results to other drought indices, we used Standardized Precipitation Index (SPI) as
one the most common drought index. The data were collected from Neyshabur meteorological
station for irrigated farms (wheat in Soleymani and Faroub farms, barley and corn) and rain-fed
farms (rain-fed wheat) during 1992-2011. In order to estimate weather data for each index in the
irrigated farms during two future periods (2020-2039 and 2080-2099), HADCM3, ECHOAM
and CGCM3 T47 models were used based on A2, B1 and A1B scenarios and the climate model
that has been used in rain-fed farm is the HADCM3 based on A2 and B1 scenarios. Root mean
square error (RMSE), mean absolute error (MAE) and coefficient of determination (R”) were
used to comparison of the ETDI and SPI results.

Results: Results showed that average ETDI were in initial wet condition for Faroub farm during
base period (1992-2011) while it will be in drought condition during future periods (2020-2039
and 2080-2099). ETDI index was in normal condition for Soleymani farm during base period.
Average ETDI indexes for these farms were in normal and initial dry condition during
2020-2039 and 2080-2099 periods, respectively. For barley and corn, ETDI indexes were in
normal and initial dry condition during base period, respectively. This index was in normal
statute for both of them during future periods. The ETDI value for rain-fed wheat was less
compared to irrigated wheat during base period, although, this index will be increased during
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future periods. In most of scenarios, ETDI indexes showed negative values. It means that high
drought condition will be happened during future periods due to deficit evapotranspiration.
Results according to SPI index revealed that this region was in moderately drought condition
and this situation will not change.

Conclusion: High differences were obtained between ETDI and SPI results. Since agricultural
drought depends on evapotranspiration deficits, ETDI is better index compared to SPI. The
value of RMSE revealed poor adaptation between two indexes during future periods. In
addition, ETDI were not correlated with SPI for all the scenarios in all scenarios. These
differences are reasonable because SPI index only uses precipitation data and ETDI uses
evapotranspiration. According to the results, it seems that SPI cannot be suggested as a good
index in agricultural studies.

Keywords: Climate change, Evapotranspiration deficit index, Real evapotranspiration,
Standardized precipitation index, SWAP model

1






