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Figure 3- The Analytic Hierarchy Process (AHP) for determining vulnerability to drought
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Figure 4- Fuzzy membership map of drainage density
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Table 1- Determined weights for indices using the
Analytic Hierarchy Process (AHP)
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Index Weight
Climate 0.516
Topography 0.0161
Drainage Density 0.04
Groundwater 0.219
Land Use 0.164

Table 2- Determined weights for sub-indices using the
Analytic Hierarchy Process (AHP)
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Groundwater E?epth 0125
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Figure 6- Fuzzy membership map of groundwater
index and its sub-indices: a. groundwater depletion,
b. groundwater depth
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Figure 1- Geographic location and digital elevation
model of Karkheh basin and grid points of CFSR
reanalysis dataset network with the resolution of 0.32
degree
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Figure 2- Geographic distribution of land surface
cover with the resolution of 0.08 degree over Karkheh
basin: 0) water, 1) Evergreen Needleleaf Forest, 2)
Evergreen Broadleaf Forest, 3) Deciduous Needleleaf
Forest, 4) Deciduous Broadleaf Forest, 5) Mixed
Forest, 6) Woodland, 7) Wooded Grassland, 8) Closed

Shrubland, 9) Open Shrubland, 10) Grassland, 11)
Cropland, 12) Bare Ground, 13) Urban
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Figure 3- Geographic distribution of soil texture for A
horizon with the resolution of 0.08 degree over
Karkheh basin: 0) Water, 1) Sand, 2) Loamy sand, 3)
Sandy loam, 4) Silty loam, 5) Loam, 6) Sandy clay
loam, 7) Silty clay loam, 8) Clay loam, 9) Sandy clay,
10) Silty clay, 11) Clay, 12) Silt
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Table 1- Soil Hydraulic Parameters for Clapp-
Hornberger Model, including: Saturation moisture
(0s), Saturated hydraulic conductivity (Ks), Scale
matric Potential (y;) and b parameter (Clapp and
Hornberger, 1978).

: 0. K. (T2 b
Soil Texture S S S
(m'm®  (ms? (m) ()
Sand 0.395 1.76x10°  -0.0350 4.05

Loamy Sand 0.410  1.56x10° -0.0178 4.38
Sandy Loam 0435  3.47x10° -0.0718  4.90
Silty Loam 0.485  7.20x107 -0.5660 5.30

Loam 0.451  6.95x10° -0.1460  5.39

Sandy Clay 6

v 0420  630x10° -0.0863 7.12
SiltyClay 177 170x10° 01460 7.75
Loam

Clay Loam 0.476  2.45x10° -0.3610 8.52
Sandy Clay 0426  217x10° -0.0616 10.40
Silty Clay 0.492  1.03x10° -0.1740 10.40

Clay 0.482  1.28x10° -0.1860 11.40

a8l oS WSl e s Siliee olasd ww p5 o

G ) ey e g AL p Gl Sl 5l S
@Ol (S mhe gleylly plee 4 (a0
LAL Glos by 6525 eSle 3250 5l e Silion 0
el Cans 4 Slge o) caums JSas glaaisl )
2 Gl g e 4z Bo Ve @ LAl Sl OS5 s
Colbes (S glaasY olaws Jelis o)|3C)Jo LS‘)'?‘ 6‘)‘.’
Sl 615 wolly, s s 55l S A
solly slaosls s sl bb 5 5T loj ciliwlna
S5 597 slosls gz pe gl | (29,5 b el S
Gy ol e il (Fandz) Sales (S o
(AL g 3 G gl ey WS g oS
5 SB Y (i Bees G5 0 (350 ol Lyl

35.36°
35.04°
3472

344
34.08°
33.76°
3344
331z

328
3248
3218
31.84°
31.52°

.z
30.88°

= 2 2 2 2 Z 2 Z 2 = = == == = =
1 1

3 .Z49F 4
3 .F0LF
3 9 AF
3 .89°4F

3 .8F 4
J JZEBF
3 FEEF
3 9E5'2F 4
3 2T6F 4

S B 38l cdl gl Lol ¥ sl aslinn - F Sl

Figure 4- Same as Figure 3, but for soil B horizon
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Figure 5- Geographic distribution map of soil texture-

land cover combinations with the resolution of 0.08
degree over Karkheh basin
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Figure 7- Geographic location map of Karkheh sub-
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Figure 10- Time series and scatter plots of observed and simulated values of monthly stream flow at
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Table 2- Statistical indices of model performance in
simulating the streamflow for the periods of
calibration, validation and total studied period at
hydrometric stations (PC: Pol Chehr, G:
Ghurbaghestan, PD: Pol Dokhtar, N: Nazar Abad, J:
Jelogir, P: Pay Pol)

Station 1983-1992 1993-2011 1983-2011
NSE r NSE r NSE

PC 0.75 0.57 0.64 0.37 0.70  0.46
G 0.85 0.62 0.84 0.70 0.84 0.67
PD 0.84 0.68 0.81 0.61 0.83 0.64
N 0.85 0.65 0.77 0.55 0.80 0.60

J 0.88 0.74 0.79 0.61 0.83 0.66

P 0.87 071 0.79 0.49 0.83  0.60
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Figure 11- Monthly average values of precipitation
rate (P), evapotranspiration (ET), runoff (RO) and
soil moisture storage changes (dS/dt) in upstream

grid cells of Karkheh dam for the period 1983-2011
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Figure 1- Flowchart of seasonal forecasting methodology and determination of farm management strategies
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Table 2- Calibration results based on traits of
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DAP: Day after planting
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Figure 6- Daily variations trend of weather variables in seasonal forecasting 2014-15
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Table 2- The results of Mean monthly evapotranspiration, evaporation, precipitation, irrigation requirement and
crop (Kc) and Pan (Kp) coefficients
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Aban 1.12 1.68 1.52 1.21 1.45 0.33 1.98 0.57 1.50 0.80 0.85
Azar 0.14 0.16 0.84 0.68 0.89 0.00 0.15 0.93 1.20 0.80 1.11
Dey - - - - 0.06 0.00 - - - - -

Bahman - - - - 0.55 0.00 -

Esfand - - - 0.76 0.00 - - - - -
Farvardin 2.58 2.38 3.33 3.47 1.29 1.09 3.76 0.69 0.92 1.04 0.63
Ordibehesht 3.98 4.66 4.35 5.19 1.35 331 6.31 0.63 1.17 1.20 0.74
Khordad 6.66 8.51 6.49 7.78 0.18 8.32 11.02 0.60 1.28 1.20 0.77

Tir 8.63 6.30 7.53 4.99 0.00 6.30 13.73 0.63 0.73 0.66 0.46

Average 3.89 3.98 4.04 3.89 0.86 3.23 6.21 0.63 1.02 0.97 0.64
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1 MAE: Mean Absolute Error
2 MBE: Mean Bios Error
¥ RMSE: Root Mean Square Error
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Table 1- The statistical parameters of mean monthly air temperature ('C)

(015 S5lw 4 y3) ailalo sloo bawgso (5 5koT Gl yolyb - Jgu

- . Variation Skewness Kurtosis
Month — Average  Minimum  Maximum coefficient  coefficient  coefficient
Jan. 2.76 -4.61 8.71 127.67 -0.14 -0.79
Feb. 4.92 -2.87 9.55 65.47 -0.63 -0.41
Mar. 9.32 0.98 14.75 30.53 -0.58 0.24
Apr. 14.56 7.21 21.17 20.79 -0.12 -0.28
May 19.43 12.09 26.51 17.08 -0.08 -0.50
Jun. 24.54 17.16 31.24 13.94 -0.15 -0.49
Jul. 27.32 18.60 33.27 12.11 -0.38 0.06
Aug. 26.87 19.92 31.64 10.70 -0.44 -0.09
Sep. 22.84 16.05 27.42 12.37 -0.52 -0.35
Oct. 17.24 10.35 21.41 15.80 -0.64 -0.32
Nov. 10.15 3.63 14.34 28.95 -0.33 -0.84
Dec. 5.23 -1.25 10.27 58.52 -0.05 -0.68
Table 2- The Statistical parameters of stations’ altitude
ol £y (5 lol (sl piolyly —F Jguer
Average Minimum Maximum Variation coefficient Skewness coefficient Kurtosis coefficient
1225.6 -23.6 2465.2 58.09 -0.56 -0.62
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Table 3- Correlation coefficients of temperature with environmental parameters
st o polyb b bod (Swanod cal o - ¥ Jgur

Variable
Month Elevation Hi%aig;ﬁ/ Sl:_?gmne Precipitation  Solar radiation  Latitude longitude
Jan. -0.81 -0.19 -0.19 0.27 -0.78 0.24 0.47
Feb. -0.69 -0.04 0.16 -0.06 -0.66 0.05 -0.48
Mar. -0.48 -0.19 -0.13 -0.42 -0.45 -0.14 0.42
Apr. -0.36 -0.32 -0.09 -0.74 -0.3 0.23 0.48
May -0.37 -0.31 -0.13 -0.61 -0.32 -0.2 0.49
Jun. -0.26 -0.39 -0.19 -0.26 -0.23 -0.29 0.42
Jul. -0.2 -0.46 -0.2 -0.36 -0.16 -0.35 0.34
Aug. -0.32 -0.27 -0.18 -0.16 -0.28 -0.21 0.36
Sep. -0.47 -0.082 -0.062 -0.002 -0.45 -0.095 0.43
Oct. -0.61 0.085 -0.126 0.13 -0.59 0.041 0.42
Nov. -0.78 0.24 -0.18 0.33 -0.74 0.19 0.44
Dec. -0.82 0.32 -0.19 0.38 -0.18 0.25 0.40
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! Spherical

2 Exponential

® Linear

4 Linear to sill

5 Gaussian

® Residual Sums of Squares

Table 4- Error criteria in multiple linear regression
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Regression RMSE MBE R?
Month variables °C)  (°C) (%)
Jan. S RHPSLat 95 541 g

Lon
Feb. Z,RH,N, P, S, Lat 1.65 -0.14 79
Mar. Z,RH,N, S, Lat 1.94 -0.11 73

Apr. Z,RH,P,S 2.36 -0.32 78
May Z,RH,P,S 2.67 -0.33 76
Jun. Z,RH, S, Lat, Lon 2.92 -0.23 73
Jul. Z,RH, S, Lon 2.48 -0.18 74
Aug. Z,RH, S, Lon 2.60 -0.25 69
Sep. Z,RH, S, Lon 2.43 -0.22 65
Oct. Z,RH,S 1.86 -0.15 65

Nov. Z,RH, 1.68 -010 75
Dec. Z,RH,P,S, Lat 247 033 79
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Table 5- Optimal Semivariogram characteristics and the results of the Kriging method evaluation for monthly mean

temperature
Slalo bwgio (slod (srosls (gl Souzm 5 (9 (25 LS 9 ke SLod i o Sliasilio -0 Jguxr
Month Joo Nugget (Cy) Sill=Co+C Range CI/Sill Cy/Sill RMSE (°C) MBE (°C)
Jan.  Exponential 4.47 16.78 3.30 0.61 0.39 2.60 -0.67
Feb.  Exponential 7.56 20.66 13.69 0.63 0.37 251 -0.60
Mar.  Exponential 6.98 13.97 2099 050 0.50 2.44 -0.34
Apr. Spherical 6.97 16.18 19.71  0.57 0.43 2.62 -0.44
May Spherical 8.30 20.10 20.36 059 0.41 2.83 -0.47
Jun.  Exponential 10.10 20.15 20.99 0.50 0.50 2.74 -0.34
Jul. Linear 10.65 10.65 6.38 0.00 1.00 2.56 -0.24
Aug. Linear 8.01 8.01 6.38 0.00 1.00 2.39 -0.37
Sep. Linear 7.71 7.98 6.38 0.03 0.97 2.38 -0.47
Oct.  Exponential 6.39 12.78 2099 050 0.50 2.38 -0.49
Nov.  Exponential 6.74 15.46 1343  0.56 0.44 2.43 -0.60
Dec.  Exponential 6.37 19.88 1311  0.68 0.32 2.36 -0.70

Table 6- Coefficient of determination and Relationship between monthly temperature and auxiliary variable
S5 o g ailolo Glod (s Al 9 (rud o 8 —F Jou

Month Auxiliary variable Correlation equation  Coefficient of determination  P-Value
Jan. Altitude T=7.692-0.004Z -0.81 0.00
Feb. Altitude T=8.797-0.003Z -0.70 0.00
Mar. Altitude T=11.67-0.002Z -0.48 0.00
Apr. Precipitation T=19.42-0.113Z -0.74 0.00
May Precipitation T=23.23-0.151Z -0.61 0.00
Jun. Relative Humidity T=27.13-0.067Z -0.39 0.003
Jul. Relative Humidity T=30.32-0.078Z -0.46 0.00
Aug. Altitude T=28.49-0.001Z -0.32 0.015
Sep. Altitude T=25.12-0.002Z -0.47 0.00
Oct. Altitude T=20.12-0.002Z -0.61 0.00
Nov. Altitude T=14.11-0.003Z -0.78 0.00
Dec. Altitude T=9.566-0.003Z -0.82 0.00

Table 7- Semivariogram characteristics of the variation of the auxiliary temperature data and the results of the
evaluation of the Co-Kriging method

S 595 09y Pl e g Led — (oS puiio (grodld Jolisto (5lod k' o liatidio —V Jgur

Month  Model  WU99et(Co)  gj=ciic Range  C/Sill CySill RMSE (°C)  MBE (°C)
Jan. Spherical -1131.00 -2707.00 7.35 0.58 0.42 2.78 -0.50
Feb.  Spherical  -1158.00 -2481.00 1395 053 047 2.96 0.40
Mar. Exponential  -845.00 -1691.00 2099 050 050 3.13 -0.08
Apr.  Spherical 2130 1113.60 1737 081 019 3.00 -0.41
May  Spherical -16.40 55.07 1706 070 030 3.20 -0.46
Jun, i i - - i ) ; -

Jul, i : - - i : : -
Aug. i : - - i : : -

Sep. - - - - - - - -

Oct.  Spherical -958.00 -1920.00 1890 050 050 271 -0.38
Nov. Exponential  -1115.00 -3688.00 1375 070 030 2.69 -0.44
Dec.  Spherical  -1035.00 -2304.00 7.02 055 045 2.38 -0.46
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Table 8- Monthly results of geographically weighted regression method
SR 510039 g S5 b9y 3l ol Alale gl - A Jguer

Kernel type Band Width Method Effective variables Error indices
Month Fixed Adaptiv AlCe  CV Bandwidth Altitude Rela_ltlye Sunshine RMSE MBE R?
e parameter humidity Hour

Jan. * * * * 1.15 0.003 0.86
Feb. * * * * 1.30 -0.07 0.83
Mar. * * * * 1.32 -0.15 0.82
Apr. * * * * * 1.06 -0.09 0.87
May * * * * * 1.49 -0.04 0.83
Jun. * * * * * 1.54 -0.03 0.83
Jul. * * * * * 1.39 -0.08 084
Aug. * * * * * 138 -0.004 0.79
Sep. * * * * * 1.38 -0.01 0.78
Oct. * * * * * 1.30 -0.06  0.79
Nov. * * * * 0.95 -0.08 0.86
Dec. * * * * 0.83 -0.02 087
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Figure 2- January temperature zoning map using
geographical weighting regression
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Table 9- The mean square error of the used methods
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Jan. 1.78 1.15 2.78 2.6
Feb. 1.65 1.3 2.96 2.51
Mar. 1.94 1.32 3.13 2.44
Apr. 2.36 1.06 3 2.62
May 2.67 1.49 3.2 2.83
Jun. 2.92 154 - 2.74
Jul. 2.48 1.39 - 2.56
Aug. 2.6 1.38 - 2.39
Sep. 2.43 1.38 - 2.38
Oct. 1.86 1.3 2.71 2.38
Nov. 1.68 0.95 2.69 2.43
Dec. 2.47 0.83 2.38 2.36
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Figure 1- The geographic location of the study area and
the spatial distribution of the synoptic weather stations
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Table 1- The geographical characteristics of the weather stations located in Kerman province and their climates
based on Extended De Martonne classification
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. Latitude Longitude Elevation . e .
Station (N) ) (m) Climate classification
Anar 35° 53' 55° 15' 1408.8 Extra arid- Warm
Baft 29° 14 56° 35' 2280.0 Semi-arid- Cold
Bam 29° 06' 58° 21' 1066.9 Extra arid- Warm
Kahnuj 27° 58' 57° 42' 469.7 Arid- Warm
Kerman 30° 15" 56° 58' 1753.8 Avrid- Cold
Miandeh 28° 35" 57° 48" 639.0 Arid- Warm
Shahdad 30° 25 57° 42 482.0 Extra arid- Warm
Shahr Babak 30° 06" 55° 08" 1834.1 Arid- Warm
Sirjan 29° 28" 55° 41" 1739.4 Arid- Cold
Lalehzar 29° 31' 56° 50" 2860.6 Semi-arid- Cold
Golbaf 57° 43" 29° 51' 1665.0 Arid- Warm
Jiroft 57° 43' 28° 42' 722.0 Arid- Warm
Rafsanjan 56° 03' 30° 18' 1605.0 Extra arid- Warm
Zarand 56° 34 30° 48" 1670.0 Extra arid- Warm




\AL le.wT s esly o m,ls

aisbics ol Cuenl @lls wad it
3 A eads slpain Ay opl o Goaxe sl asli
a4 PMV) ool dum i soumw,las lavgie (oo oyl
5 Sl (gElllse slaace 85 Sl s L
o35 ((MEMI) oLusl oy 5531 oDy Joe slo o9 >
Sz ety o)y 9 el 5l S
el b olils 5 oSl can; Lulys
G59aS 58e 5 alexr 55l gladae )5 (6,500 5
<> (Hoppe, 1999; Matzarakis, 2010) ol e
Sy oo oolatwl A B F &¥olae I PMV a3ls 5 5l 5

PMV=(0.303¢°%M+0,028) (M-W)-H-E;-Croe Eree ()

E=3.05x107 (256T, -3373-P, +E,) )
E-=3.05x10° 5733-6.99x(M-W)-P, +0.42(M-W-58.15) (5)
C,=0.0014M(34-T,) )
E ec =1.72x10°M(5867-P, ) )

To W mM?) s e g S gm 55 M lag] o a8

o lid Py o(C) Caws sles Ty () I (glos
9 By oS Jols s @ Erec g Crec «(PB) (S5
35 3 ko) DUl B oW M?) 3505 (50505
Cog gl s 3 sleS Jols Eo oW M)
W W m?) s)ls 5 s o)l s s a8 adge
Szt gloS Sl H g W) foe (SlSe 59,0
Ghgy Moo WM?) (s 5 Culun 28 5am &0 4
Sl 8l s 5 e 45wl e 455 ol 4 S
el ool pliebl Jpa> 5 ulidle ool
3 s slades plxl 5 il Cgr Loosls
o9k &5k 3 50 swodls s g 0ol JuST Lazre o)y
5 3 0,90 5 03505 RAYMaN 38le 5 o ly allas
e Joe (o g Slle bl s 518 ol
235 PMV (a3l goae (55)) Gmile JeSiis &
ol wlitlon clrosls ags caslis oyl desle (sl
Slpg 009 pa Sl ol ey g o Cugby oo
bogie wile byl (S 0ojs] coss a5 alne
2y oSl Sole 4 IMRT) Lgme i oo
2 6 o F G e el & Ll 5l 0l e
51l Gl sl lp 1 s 358 (Lt arulore

! Munich Energy Balance Model for Individuals

L9
Sis gloyg0 @wa.w ™)

Sl gl eolainl b Sz glao,gs glols asls
WVl ggorme b g alale Jouily 3,05 p05u5 5 Sk
Tsakiris and Vangelis, ) g8 oo dlore yial )l g0 ol
oemls aldsl i S aw 4 aslis ! (2005
ool &)l o failbiwl Slulis jasls o Jly olull
oo &3l)l Y Jgaz ;0 RDI Lasls albwl polis .ol
Vo aolee 5l eslaiwl b ol o] dwle jolate 4 .l
g )L.\M daxlao S)90 (_g)LoT 0,99 )‘ (|) ‘-JLMJ B k_';‘)"
=N
a _ Z:}':1 Pii
A = TN omn Q)
SVETR,

50 Jumiliy 5,05 0505 ETPy Sai,L P (] o oS
slaswi) N B G 51T Jlake g aib oo T Jlo oo (psl]
dalsl o W J.a.!.a..c (w‘ B I )Lo—‘ aS LS’LQJL”‘
20,8 dwlxe ¥ aolee 3l Jlw ;2 6l JL s RDI ol

. al
RDIY =2 —1 ()
do

Jls 2 slpag ol ol (Sl 3g o jo a5
polie JIRDI o jlaibw! azls aulxe gz il oo
Cowd 4 Y; gle b goae aS ad S o S ay 4l
5 dle ;58 RDI s jlustial asls Bl 5 ol o
28,5 o0 Jol> ¥ alsles

Y~ Y )

RDIY = &
st 6yk
aiws 5 RDI Lasls polie o490 cgs anlllas ol jo
A oolazw! DrinC V 1.5.73 (¢ |58l 5

Table 2- Classification of drought according to the
RDI values (Tsakiris et al., 2007)

RDI polio wlo! g JlsSis gudoainb -Y oo
(Tsakiris et al., 2007)

RDI Class
2 or more Extremely wet
1.5t01.99 Very wet
Moderately wet
-0.99 t0 0.99 Normal
-1.0 to -1.49 Moderately dry
-1.5t0-1.99 Severely dry

Extremely dry
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Table 4- The equations of RDI and PMV based on
elevation for each month

olo o 55 £l s PMV 3 RDI dolzo—F Jgux

Month RDI r
Jan. RDI = 0.00007 H- 0.0624 0.50
Feb. RDI =-0.00001H-0.0133 0.07
Mar. RDI =0.0001H-0.2752 0.42
Apr. RDI = 0.0003H- 0.8006 0.75
May. RDI =0.0004H-1.1437 0.68
Jun. RDI = 0.0003H- 2.0028 0.26
Jul. RDI =0.0004H-1.8651 0.43
Aug. RDI =-0.00077 H-1.4222 0.04
Sep. RDI =-0.0002H-1.9251 0.09
Oct. RDI = -0.00001H-1.0948 0.02
Nov. RDI =0.0003H-0.8395 0.72
Dec. RDI =0.00007 H-0.1055 0.23

Month PMV r
Jan. PMV=-0.0017H-1.4113 0.93
Feb. PMV=-0.0018H-0.6161 0.94
Mar. PMV=-0.0019H+0.6683 0.93
Apr. PMV=-0.002H+2.3244 0.94
May. PMV=-0.002H+3.8007 0.94
Jun. PMV=-0.0019H+4.6833 0.93
Jul. PMV=-0.0018H+4.7986 0.9
Aug. PMV=-0.0018H+4.4499 0.9
Sep. PMV=-0.0018H+3.6951 0.9
Oct. PMV=-0.0019H+2.3846 0.9
Nov. PMV=-0.0017H+0.4518 0.9
Dec. PMV=-0.0016H-0.9537 0.9
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Table 3- Threshold values of PMV index (Matzarakis

etal., 1999)
Matzarakis et al., ) PMV asls asbiw] polio -¥ Jous
(1999
PMV Class

more than 3

2to3
1to2 Warm, uncomfortable, unacceptable
05tol Slightly warm, slightly unacceptable
-05t00.5 comfortable, acceptable
-1to-0.5 Slightly cool, Slightly unacceptable

-2to-1
3-to-2
Less than -3

Very cold, great discomfort
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Figure 2- Spatial distribution of RDI index across the study area
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Table 1- Changes in climate parameters (%) for critical stages of growing season under climate change conditions in
Kurdistan province

climate parameters

Changes (%)
A2 AlB Bl

Baseline

Annual rainfall (mm)
Annual temperature (°C)

Rainfall during growing season (mm)
Temperature during growing season ("°C)
Rainfall during germination period (mm)

499.62 +19 +16 +6.6
11.63 +6.6 +55 +6.1
227.25 +3.1 +3 +7.7
13.22 +6.6 +56 +6.2
76.41 -5 -8.9 -1.2

Temperature during germination period ("C) 8.82 +9.8 +55 +64

Rainfall during flowering period (mm)
Temperature during flowering period ("C)
Rainfall during grain filling period (mm)
Temperature during grain filling period ("C)

56.67 -4.7 -2.8 +1

13.38 +7.2 +6.8 +7.4
11.84 +18.1 +21 +26.2
19.68 +45 +48 +47
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Figure 1- Zoning suitable regions for rain-fed wheat cultivation under different scenarios in Kurdistan Province
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Drought vulnerability mapping using AHP and Fuzzy Logic in Iran
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Abstract

In this study, Analytic Hierarchy Process method was used to assess drought vulnerability in different regions of
Iran, using five indices including climate, topography, drainage density, land use and groundwater resources.
After determining the weight of each index and sub-index, the fuzzy membership maps were calculated using
Fuzzy logic functions in ArcGIS software. Then, by use of omega fuzzy operator (y=0.9) the maps over laps
were drawn and classified. Drought vulnerability map of Iran showed that central, Eastern, Southern, North East
and South East regions are mainly located in two wulnerability classes of very low and very high. Also, Zagros
and Alborz mountains region classified as highly wulnerable. Most areas in north and northwest of the country
as well as northern coastal region are located in medium to very low vulnerable classes. Lake Urmia region is
mostly occupied by high and medium vulnerability classes.

Keywords: AHP, Drought vulnerability, Iran, Risk management
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Application of Atmosphere-Land Surface Interaction System (ALSIS)
scheme in simulating the streamflow with emphasis on the spatial
heterogeneity of land surface in sub-grid scale (Case study: Karkheh river
basin)
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Abstract

This study evaluates the application of Atmosphere-Land Surface Interaction System (ALSIS) scheme in
simulating the streamflow in Karkheh river basin. The Climate Forecast System Reanalysis (CFSR) data for the
period 1982-2011 are used as atmospheric forcing data and sub-grid scale heterogeneity of the land-surface is
represented by soil-vegetation mosaics. The cascade of linear reservoirs model is used for modelling the base
flow and a routing model, linked to the land surface scheme, is used for modelling river discharge. The
comparison of simulated and observed streamflow in six hydrometric stations over Karkheh basin reveals the
model ability in simulating the monthly streamflow. Moreover, the model has a good ability in simulating the

monthly regime of water balance components, spatial distribution of long-term average of components and their
relationships.

Keywords: Atmosphere-Land Surface Interaction System, Karkheh basin, Spatial heterogeneity of land surface,
Streamflow
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Integrating seasonal forecasting using K- nearest neighbor (k-NN) method
and CERES-wheat model for management of rainfed wheat cultivation
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Abstract

Seasonal weather forecast for the upcoming season may serve as a usefool tool for making management
decisions which may decrease the production costs and associated risks. In this study attemps haven been made
to combine a seasonal weather forecast approach based on k-NN nearest neighbor and dynamic simulation
model CERES-Wheat model as a decision support system of farm management practices (planting date and
nitrogen applicatin level) for rainfed wheat (variety Dehdasht) using the data of a field experiment at lIzeh
research station, Khuzastan province, Iran during 2015-2016 growing season. The results showed that the k-NN
approach and CERES-Wheat model have an acceptable performance in seasonal weather forecast and crop
growth simulation, respectively. By combining k-NN and CERES-Wheat models, the appropriate sowing time
of the selected variety in Izeh region was determined to be between November 5 and early December. The
recommended amount of applied nitrogen fertilizer in dry and rainy seasons are 50 and 150 kg ha™, respectively.
The proposed combined approach can be used as a suitable decision support system of rainfed crops in other
climatic regions.

Keywords: Crop models, Dry-land Farming, Global warming, Seasonal forecasting, Wheat
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Determination of evapotranspiration and crop coefficient of wheat, in
Tabriz plain using lysimeter and comparing with FAO-56 approach

A. Onnabi Milani*!, Sh. Mousavimanesh?

Received: 27/01/2018
Accepted: 29/01/2019

Abstract

A lysimetric study was conducted to determine the evapotranspiration (ETc) and crop coefficient (Kc) of wheat
(Triticum aestivum L., cultivar Alvand) during growing season in Tabriz plain, northwest of Iran. The obtained
values were compared to estimations made by FAO-56 Penman-Monteith equation. Wheat evapotranspiration
was measured in ten days interval using a drained lysimeter. Results indicated that seasonal ETc of wheat is 732
mm, from which an average of 132 mm was supplied by prechpitation and the remaining (i.e. 600 mm) by
irrigation. Highest and lowest amount of ETc was observed in 2™ decade of June and 2™ decade of December,
respectively. The average amount of measured ETc was in good agreement (R°=0.92, NRMSE=0.11) with the
estimated value by FAO-56 approach (721 mm). Similarly, the mean measured grass reference
evapotranspiration value for the entire wheat growing season was 715 mm, which was statistically consistent
with the estimated value (743 mm) obtained by FAO Penman-Monteith method (R?=0.98, NRMSE=0.08). K¢
for the initial stage, mid- and late season were 0.54, 1.22 and 0.39, respectively. The Kc values were also in
close agreement with those estimated using modified empirical equation of FAO56-PM. in climatic condition of
study region.

Keywords: Soil water balance, Penman-Monteith, Reference evapotranspiration, Wheat
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Comparative study of geo-statistical and multivariate models for air
temperature interpolation in central and northern regions of Iran
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Abstract

Air temperature is one of the major variables required for agroclimatic classifications. For spatial zoning of
temperature point observations, the interpolation approaches in which the horizontal and vertical gradients are
included may be applied. In this research, the skill of Kriging, Co-Kriging, geographically weighted regression
and Linear Multivariate Regression was evaluated for the interpolation of the monthly mean temperature values
using the data of 56 synoptic stations located in the northern and central regions of Iran. The results of the
statistical analysis indicated that the geographically weighted regression have the greatest difference with the
other methods in month of December, with root mean square error (RMSE) equal to 0.83 °C, Based on the
RMSE values of all months, the geographically regression method (with RMSE of 1.26°C) is the most suitable
approach for temperature spatial zoning in this region. and then linear multiple regression method with RMSE
of 2.24 °C, Kriging with RMSE of 2.52 °C and Cokriging with highest RMSE of 2.86 °C were ranked second to
fourth, respectively. Besides, it is concluded that for high altitude areas where almost no weather station exist,
the geographically weighted regression method provided the most accurate interpolated data of the air
temperature.

Keywords: Geographically weighted regression, Local interpolation, Multivariable regression, Temperature
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Climatic comfort and agricultural drought indices application in
determination of agritourism destinations in Kerman province
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Abstract

The drought has direct and indirect impacts on agritourism in all seasons. The purpose of this study is
determination of agricultural tourism destinations affected by drought. To this end, existing data of fourteen
meteorological stations in Kerman province from their establishment till 2017 were collected. Predicted Mean
Vote (PMV) and Reconnaissance Drought Indices (RDI) were used to investigate climatic comfort and drought
condition using DrinC Ver. 1.5.73 and RayMan, respectively. In order to prepare the drought and climatic
comfort maps, the elevation gradient between two indices were investigated. The spatial distribution of two
indices was prepared using digital elevation model (DEM) in ArcGIS v 10.5 for the month in which the gradient
was significant. The results showed that all of the study stations had a normal condition from the viewpoint of
agricultural drought in the cold seasons. The eastern and southern part of the province experienced severe
drought in the warm seasons. Moreover, the results of PMV index showed that the eastern and southern part of
the province had a suitable condition for agritourism activities in the cold seasons, while the central, northern
and western parts are suitable in the warm seasons.
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Technical Note

Possible effects of climate change on suitable rain-fed wheat cultivation
regions in Kurdistan province
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Abstract

This study was aimed to investigate the possible effects of climate change on rain-fed wheat cultivation regions
in Kurdistan province, Iran, using HadCM3 model outputs under three climate change scenarios (B1, A1B and
A2) during 2011-2030 period. The statistical weather generator model, LARS-WG was used to downscale
climate variables. The agroclimatic zoning of suitable regions was performed utilizing ArcGIS 9.3 program. In
the baseline period (1991-2010), suitable regions for rain-fed wheat cultivation were mainly located in west and
northwestern regions of Kurdistan Province namely, Baneh, Marivan and Sagez stations which cover about
28.6 % of the total province area. Results of agroclimatic zoning during the future period showed that suitable
regions area will increase by 34.4 % (63 % of the total area) under B1, A1B and A2 scenarios. No significant
difference was observed between three climate change scenarios.

Keywords: Global warming, Climatic zoning, Global circulation model, Seasonal rainfall, Wheat
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