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Figure 3- Location of the piezometeric wells around Maharloo Lake
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Table 2- Results of Mann-Kendall and Pettit
Maharloo basin
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Mabharloo Precipitation ETP

Mean annual (mm year-1) 352.31 1087.68
Kendall’s Tau -0.086 0.587
p-value 0.625 0.001

Kendall test Positive ) 1
Significance (%)
Pettit’s - 1365
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Figure 8- Trends of changes in Pole Fasa station
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Figure 9- Trends of changes in Ighbal Abad station
discharge
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Table 3- The results of Mann-kendall and Petite test
of two stations of Pole Fasa and Igbal Abad
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Hydrometric station Pole Fasa  Agbal abad
Mean annual (m3s™) 1.993 1.357
Kendall’s Tau 0.088 -0.385
p-value 0.443 0.009

Kendall test Positive ) 1
Significance (%)
Pettitt’s - 1385
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Table 5- Results of Pettit test for variation detection the
monthly time series changes of groundwater level in
Maharloo basin
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Table 4- Trend analysis of groundwater level by
Mann-Kendall test in study basin

G Wgy o Cua JInS (0 (y905] @l -F Jgua
o)l 1yl wdge (S i o e 15 wilbale Siloj

T (Solar Year

Piezometeric well Mutation P_value A(Igh)a
Changes) °
Jade Siman 1387 0.001 1
Igbal Abad 1389 0.001 1
Park Arghavan 1387 0.001 1
Park Enghelab 1387 0.001 1
Park Koshan 1387 0.001 1
Chah Anjir, South 1387 0.001 1
Adel Abad, South 1390 0.001 1
Ordogah, Southwest 1387 0.001 1
Ghasre Sasan, South 1384 0.001 1
Gharb Ghanbari,
South West 1387 0.001 1
Nazar Abad

Southwest 1387 0.001 1

Morad Beigi, South 1387 0.001 1
Kheir Abad 1387 0.001 1
Hospital _S_haghol 1386 0.001 1
Beigi
Dodman 1387 0.001 1
Dehpeiale 1387 0.001 1
Rah Shorije Tal
Beigi 1387 0.001 1
River Khohenjan 1387 0.001 1
Stone Cutting 1387 0.001 1
Banian Pour
Shahzade Bighom 1387 0.001 1
Dehno, East 1387 0.001 1
Sarvestan, North 1390 0.001 1
Khohjan, East 1387 0.001 1
Saif Abad, North 1388 0.001 1

Hezardare,

Northeast 1387 0.001 1
Kate Gonbad, North 1387 0.001 1
Hassan Abad, West 1387 0.001 1

Feleke Allah 1386 0.001 1
Feleke Khaton 1387 0.001 1
Feleke Valiasr 1387 0.001 1
Ghader Abad 1387 0.001 1

Ghale Nou 1388 0.001 1

Golkhon 1388 0.001 1

Nazar Abad 1388 0.001 1

Nilgonak 1388 0.001 1

Piezometeric well Kendall'stau P_value Alpha
(%)
Jade Siman -0.535 0.001 1
Igbal Abad -0.293 0.001 1
Park Arghavan -0.680 0.001 1
Park Enghelab -0.675 0.001 1
Park Koshan -0.546 0.001 1
Chah Anjir, South -0.8 0.001 1
Adel Abad, South -0.403 0.001 1
Ordogah, Southwest -0.472 0.001 1
Ghasre Sasan, South +0.113 0.049 1
Gharb Ghanbari,
South West -0421 0.001 !
Nazar Abad Southwest -0.764 0.001 1
Morad Beigi, South -0.552 0.001 1
Kheir Abad -0.681 0.001 1
Hospital Shaghol Beigi -0.473 0.001 1
Dodman -0.477 0.001 1
Dehpeiale -0.674 0.001 1
Rah Shorije Tal Beigi -0.731 0.001 1
River Khohenjan -0/663 0.001 1
Stone Cutting Banian -0.689 0.001 1
Pour

Shahzade Bighom -0.767 0.001 1
Dehno, East -0.552 0.001 1
Sarvestan, North -0.155 0.001 1
Khohjan, East -0.953 0.001 1
Saif Abad, North -0.369 0.001 1
Hezardare, Northeast -0.638 0.001 1
Kate Gonbad, North -0.707 0.001 1
Hassan Abad, West -0.905 0.049 1
Feleke Allah -0.250 0.001 1
Feleke Khaton -0.698 0.001 1
Feleke Valiasr -0.659 0.001 1
Ghader Abad -0.659 0.001 1
Ghale Nou +0.252 0.001 1
Golkhon +0.452 0.001 1
Nazar Abad -0.632 0.001 1
Nilgonak -0.437 0.001 1
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Table 2- Calibration criteria values for evaluation
model simulation in the baseline period
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Figure 1- Future precipitation a) Arazkuse station in the first future epoch, b) Arazkuse station inthe second future
epoch, ¢) Tamar station in the first future epoch and d) Tamar station in the second future epoch
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Figure 2- Results of the Seasonal Kendal test in a) Arazkuse station and b) Tamar station in the baseline period
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Figure 3- The values of the relative SPI index in the two future periods and in different time scales a) Arazkuse station, 24
months in the first period, b) Arazkuse station, 24 months in the second period, ¢) Tamar station, 9 months in the first
period and d) Tamar station, 9 months in the second period
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Figure 4- Relative frequency of different classes of drought in a) Arazkuse station, 3 months, b) Arazkuse station, 24
months, ¢) Tamar station, 3 months and d) Tamar station, 24 months
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Table 3- Estimated stationary probability of different classes of SPI indices in the base and two fiture periods
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Station Window  Period Scenario Extlgei’r;ely Se\éerr;zly Mogi;ate N’c\:?rigl Mci/di/eertate \\ﬁg Ext\;\t/ag:ely
First RCP2.6 0.01 0.07 0.12 0.61 0.13 0.04 0.02
o future RCP4.5 0.03 0.04 0.13 0.69 0.04 0.05 0.02
> RCP8.5 0.06 0.06 0.13 0.68 0.05 0.02 0.01
@ Second RCP2.6 0.06 0.04 0.11 0.69 0.06 0.03 0
s § future RCP4.5 0.01 0.07 0.12 0.61 0.13 0.04 0.02
3 RCP8.5 0.05 0.08 0.11 0.64 0.08 0.02 0.02
pit Observation 0.01 0.07 0.012 0.61 0.13 0.04 0.02
§ First RCP2.6 0 0 0.14 0.89 0.06 0 0
§ S future RCP4.5 0.01 0.03 0.14 0.76 0.06 0 0
< < RCP8.5 0 0.06 0.15 0.79 0 0 0
% Second RCP2.6 0.02 0.05 0.1 0.75 0.07 0 0
§ future RCP4.5 0 0.04 0.17 0.76 0.09 0.03 0
RCP8.5 0 0.04 0.12 0.83 0 0 0
Observation 0 0.07 0.11 0.58 0.16 0.07 0
First RCP2.6 0.07 0.14 0.16 0.59 0.03 0 0
- future RCP4.5 0.03 0.08 0.16 0.7 0.04 0 0
> RCP8.5 0.09 0.11 0.19 0.6 0.01 0.01 0
@ Second RCP2.6 0.1 0.09 0.17 0.61 0.02 0.01 0
= § future RCP4.5 0.04 0.07 0.16 0.69 0.03 0 0
= RCP8.5 0.06 0.1 0.17 0.64 0.01 0.01 0
2 Observation 0.01 0.05 0.11 0.67 0.1 0.03 0.03
5 First RCP2.6 0.12 0.17 0.29 0.42 0 0 0
= < future RCP4.5 0.08 0.11 0.27 0.54 0 0 0
= < RCP8.5 0.26 0.27 0.27 0.21 0 0 0
E Second RCP2.6 0.12 0.15 0.37 0.35 0 0 0
§ future RCP4.5 0.1 0.14 0.28 0.49 0 0 0
RCP8.5 0.18 0.27 0.22 0.33 0 0 0
Observation 0 0 0.04 0.5 0.22 0.2 0.02
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Table 4- Average duration of different classes in the baseline and two future periods
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Station Time Period Scenario Extremely Severely Moderate Near Moderate  Very  Extremely
scale Dry Dry Dry Normal Wet Wet Wet
First RCP2.6 1 1.14 1.38 3.56 1.88 1.29 4
".; future RCP4.5 1 1 1.29 4.63 1.25 1 1.2
< RCP8.5 1 1 12 4.54 1.3 1 15
§ second RCP2.6 1.15 1 1.08 4.21 1.4 1.4 1
s = future RCP4.5 1 1.14 1.38 3.56 1.88 1.29 4
g RCP8.5 0.09 1.06 1.23 3.78 1.54 1 2
i Observation 1 1.14 1.38 3.56 1.88 1.29 4
3 _ RCP2.6 1 1 4.29 38.6 35 1 1
i < First
d (;1 future RCP4.5 3 15 4.29 18.11 2.8 1 1
< = RCP8.5 1 2.17 2.36 21.25 1 1 1
‘g’ Second RCP2.6 2.5 2 2.75 23.14 4 1 1
= future RCP4.5 1 2 4.22 14.4 1.17 1 1
RCP8.5 1 3 45 44.75 1 1 1
Observation 1 5.67 3.13 10.83 3.33 4.67 1
First RCP2.6 1.14 1.43 1.28 441 1 1 1
".; future RCP4.5 1.4 1.29 1.23 4.88 1.29 0 0
< RCP8.5 1.33 1.39 1.52 4.55 1.68 2 0
§ Second RCP2.6 1.35 1.38 1.41 5.14 1 1 0
= = future RCP4.5 1.43 1.31 1.44 4.69 1 1 0
2 RCP8.5 1.27 1.28 1.21 4.44 1 1.67 0
2 Observation 1.5 1.1 1.47 4.39 1.57 1.75 2.67
5 - First RCP2.6 135 411 3.65 9 0 0 0
% N future RCP4.5 9 3.83 3.5 8.5 0 0 0
= E‘ RCP8.5 6.86 3.24 3 5.89 0 0 0
‘g’ RCP2.6 9 3 4.44 6.91 0 0 0
= Second RCP4.5 2.63 2.64 2.64 5.4 0 0 0
future RCP8.5 7.5 4.58 3.5 10.25 0 0 0
Observation 3.5 3 3 17.5 3.83 3.33 1
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Table 5- Number of steps required for each drought class to reach normal conditions
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station Time period Scenario Extremely Severely Moderate Near Moderate  Very
scale Dry Dry Dry Normal Wet Wet
First RCP2.6 3.18 2.16 2.22 2.34 1.29 3.98
".; future RCP4.5 2.74 2.13 1.58 2.25 2.42 3.14
= RCP8.5 2.26 2.15 1.82 2.39 3.28 4.33
% second RCP2.6 2.33 1.74 1.69 1.91 1.78 2.78
c = future RCP4.5 3.18 2.16 2.22 2.34 1.29 3.98
-8 RCP8.5 2.51 1.93 1.95 1.91 2.4 3.2
g Observation 3.18 2.16 2.22 2.34 1.29 3.98
3 . RCP2.6 0 0 8.84 35 0 0
2 N First RCP4.5 15.19 12.35 9.48 2.82 0 0
N < future ) . ) ' '
2 = RCP8.5 0 7.92 5.75 0 0 0
‘g’ Second RCP2.6 13.12 12.53 8.94 5.74 6.75 0
= future RCP4.5 0 11.16 9.17 5.2 12.2 0
RCP8.5 0 13.78 11.08 1.01 0 0
Observation 0 13.69 8.21 7.41 12.14 0
First RCP2.6 4.39 3.86 2.68 2 2 3
".; future RCP4.5 2.92 2.77 2.07 1.29 0 0
= RCP8.5 3.98 3.14 2.61 2.33 2 0
§ Second RCP2.6 4.42 3.61 2.81 2.25 25 0
= future RCP4.5 3.22 2.61 2.09 1 2 0
5 RCP8.5 0.64 0.64 0.64 0.64 0.64 0
S Observation 2.42 2.26 1.84 2.14 2.83 4.32
g . RCP2.6 22.26 17.2 10.87 0 0 0
] < First
% c;l future RCP4.5 18.74 13.59 6.18 0 0 0
- = RCP8.5 37.05 30.49 21.98 0 0 0
‘g‘ second RCP2.6 25.36 18.24 11.65 0 0 0
= future RCPA4.5 18.13 15.77 494 0 0 0
RCP8.5 32.45 26.55 17.29 0 0 0
Observation 9.5 9.86 5.84 7.45 8.93 9.1
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Table 1- Model configuration used in this study
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Contents Description

Resolution 20 km
Vertical layer (top) 18 sigma (50 hPa)
Map projection Lambert conformal
Horizontal grid 137 x 147 (iyxjx)
Cumulus convection Grell (Grell, 1993)

Model icbc data source NNRP2
GTOPO30
Topography source GMTED30
Model sst data source Ol WK
7/ 172013 to 12/ 31 /2014

Simulation period (5 months spin up)
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! Digital Terrain Elevation Data

2 The Shuttle Radar Topography Mission

% Ice, Cloud, and land Elevation Satellite

* The Global Land One-km Base Elevation

® The Global Multi-resolution Terrain Elevation Data 2010
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Correlation between observation temperature and GTOPO simulation
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Figure 9- Seasonal surface air temperature averages from the GTOPO and GMTED simulations and observations
(GHCN CAMS) along with air temperature difference (GMTED-GTOPO) in 2014
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Fig 1- Spatial distribution of the sinoptic station in Iran
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Table 2- Characteristics of selected sinoptic stations in Iran
Oln! 20 )32 990 G oyl s SS9 -Y Joux
Average Average Average annual
. - annual annual potential P Climatic
Station Name Heigth (m) temperature rainfall evapotranspiration A’ET Type

Q) (mm) (mm)

Sanandaj 1463 12 500 890 0.4 Semi Arid
Saqgez 1499 10 500 753 0.42 Semi Arid
Qazvin 1279 13 302 845 0.4 Semi Arid

Qom 932 19 265 1172 0.1 Arid
Ahvaz 22.5 25 209 3483 0.06 Arid
Dezful 150.7 26 400 2289 0.02 Arid

Shahr-e kord 2060 11 260 741 0.4 Semi Arid

Bushehr 18 25 220 2415 0.07 Arid
Deylam 1.1 28 283 2356 0.03 Arid

oromiye 1328 11 338 704 0.47 Semi Arid

Khoy 1148.9 10 253 632 0.32 Semi Arid

llam 1427 13.2 620 569 0.25 Semi Arid

Dehloran 219.6 11 586 1200 0.36 Semi Arid
Ardabil 1338 10 625 687 0.29 Semi Arid

Khalkhal 1890.9 13 569 856 0.43 Semi Arid

Esfahan 1550.4 16 125 961 0.13 Arid
Kashan 926 16 140 1322 0.1 Arid
Tabrize 1361 12 283 764 0.37 Semi Arid

Jolfa 707.1 11 254 923 0.2 Semi Arid
Tehran 1190.8 17 232 1024 0.22 Semi Arid
Khorramadad 1147.8 17 504 1050 0.48 Semi Arid
Aligoodarz 2162 13 430 775 0.5 Semi Arid

Zahedan 1370 19 89 1112 0.08 Arid

Iranshahr 565.1 32 1.53 998 0.06 Arid
Shiraz 1484 18 334 1077 0.31 Semi Arid

Fasa 1412.9 18.5 300 1165 0.25 Semi Arid
Karaj 1300 17 244 917 0.28 Semi Arid

Kerman 1753.8 19 148 986 0.15 Arid
Kahnuj 511.8 26 188 1125 0.1 Arid

Mashhad 999.2 14 251 1673 0.30 Semi Arid
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Table 2- Continued

Y Jgas ool
Average Average Average annual
. . annual annual potential =) Climatic
Station Name Heigth (m) temperature rainfall evapotranspiration AET Type
C) (mm) (mm)
Sabzevar 990.3 18 177 1569 0.49 Semi Arid
Birjand 1444 19 156 953 0.2 Semi Arid
Nehbandan 1182.7 21 169 856 0.38 Semi Arid
Bojnourd 1086 16 274 779 0.2 Semi Arid
Bandar Abbas 20 27 176 2514 0.07 Arid
Jask 8.1 28 200 2423 0.09 Arid
Zanjan 1638 11 298 625 0.32 Semi Arid
Garmab 1604 13 301 563 0.21 Semi Arid
Semnan 1130 17.6 140 1659 0.05 Arid
Garmsar 843 18.7 163 1536 0.09 Arid
Kermanshah 1374 14 456 1256 0.49 Semi Arid
Ravansar 1354.9 16 472 2563 0.32 Semi Arid
Yasuj 1816 14 865 859 0.12 Arid
Dogonbadan 1313.2 12 845 785 0.08 Arid
Gorgan 174 13 754 2156 0.26 Semi Arid
Rasht 7 15.9 1359 2563 0.49 Wet
Bandar-e Anzali 22.2- 16 1850 1865 0.38 Wet
Babolsar 21 18 791 2368 0.23 Wet
Ramsar 3.3 21 1200 1638 0.3 Wet
Saveh 998 20 175 723 0.15 Arid
Hamadan 1741 12 253 365 0.09 Arid
Malayer 1764 1128 300 342 0.04 Arid
Yazd 1230 19 62 956 0.16 Arid
Bafgh 1263 21 58 1452 0.1 Arid

Table 3- Shapiro-Wilk Test and Run- Test on precipitation and temperature in case study (* 0.5% significant level)
]+ g o d)lé‘!’u.oﬁ) axdlao 8590 GBoiwn | oo g (Sl gbosls ly g wsdhg — gy Ll 6&09@}7 ‘sLbo)LeT =Y Joue

Station Name Run-Test Shapiro-Wilk
Temperature Rainfall Temperature Rainfall

Sanandaj 0.52* -4.3* 0.702* 0.28*
Saqqgez 0.63* -3.6* 0.736* 0.32*
Qazvin 0.725* 0.03 0.22* 0.48*
Qom 0.624* -0.71* 0.681* 0.76*
Ahvaz 0.65* 0.787* 0.341* 0.78*
Dezful 0.715* -0.45 0.586* 0.72*
Shahr-e kord 0.682* 1.3* 0.759* 0.54*
Bushehr 0.543* -0.2* 0.564* 0.33*
Deylam 0.629* 0.87* 0.61* 0.221*
oromiye 0.756* 0.89* 0.534* 0.676*
Khoy 0.67* -1.04* 0.756* 0.81*
llam 0. 453* 0.696* 0.365* 0.436*
Dehloran 0.604* 0.825* 0.672* 0.96*
Ardabil 0.86* 0.468* 0.359* 0.71*
Khalkhal 0.469* 0.658* 0.563* 0.54*
Esfahan 0.546* 0.563* 0.7* 0.68*
Kashan 0.771* 0.729* 0.543* 0.39*
Tabrize 0.84* 0.78* 0.641* 0.878*
Jolfa 0.637* 0.441* 0.681* 0.56*
Tehran 0.87* 0.801* 0.797* 0.222*
Khorramadad 0.131* 0.78* 0.507* 0.396*
Aligoodarz 0.216* 0.283* 0.622* 0.367*
Zahedan 0.76* 0.425* 0.689* 0.773*
Iranshahr 0.65* 0.256* 0.715* 0.62*
Shiraz 0.45* 0.855* 0.391* 0.56*
Fasa 0.93* 0.65* 0.702* 0.726*
Karaj 0.67* 1.06* 0.736* 0.79*
Kerman 0.058* 0.419* 0.051* 0.453*
Kahnuj 0.22* 0.659* 0.975* 0.068*
Mashhad 0.054* 0.591* 0.588 0.328*
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Table 3- Continued

Y Jgas aolsl
Station Name Run-Test Shapiro-Wilk
Temperature Rainfall Temperature Rainfall
Sabzevar 0.96* 1.1* -1.3* 0.6*
Birjand 0.64* 1.01* 0.52* 0.52*
Nehbandan 0.762* -1.7* 0.65* 0.53*
Bojnourd 0.625* 0.528* 0.29* 0.59*
Bandar Abbas 0.76* 0.469* 0.65* 0.78*
Jask 0.98* 0.276* 0.78* 0.7*
Zanjan 0.695* -8.4* 0.56* 0.95*
Garmab 0.68* 1.01* 0.38* 0.06*
Semnan 0.3* 0.25* 0.54* 0.85*
Garmsar 3.01* 0.29* 0.26* 0.93*
Kermanshah 0.58* 0.3 0.24* 0.76*
Ravansar 0.43* -0.94* 0.86* 0.83*
Yasuj 0.67* 0.77* 0.32* 0.43*
Dogonbadan 0.52* 0.67* 0.76* 0. 96*
Gorgan 0.58* 0.45* 0.54* 0.25*
Rasht 0.8* -2.98* 0.49* 0.50*
Bandar-e Anzali 0.95* 0.21* 0.528* 0.78*
Babolsar 0.76* -1.09* 0.653* 0.54*
Ramsar 0.99* 0.76* 0.38* 0.72*
Saveh 0.63* 1.3* 0.426* 0.35*
Hamadan 0.625* 0.2* 0.762* 0.93*
Malayer 0.28* 0.23* 0.597* 0.28*
Yazd 0.46* 0.1* 0.345* 0.95*
Bafgh 0.36* 1.3* 0.49* 0.65*
Sanandaj 0.75* 0.82* 0.756* 0.76*
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Tab 4- Classification of SPI and SPEI (McKee et al,
1993; Vicente-Serrano et al , 2011)

McKee et al, 1993;) SPEI 4 SPI gusainb -¥F Jguo

(Vicente-Serrano et al , 2011

SPI & SPEI Class
More than 2 Exteremely wet
1.5t01.99 Very wet
1t01.49 Moderate wet
-0.99 to 0.99 Near Normal
-1to-1.49 Moderate dry
-1.49t0-1.99 Severly dry
-2 and less Exteremely dry
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Figure 2- Zoning map of SPEI in 12, 24 and 48 month time scales at 2000 and 2014 in Iran
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Figure 2- Location of trees in lysimeter
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Figure 1- Rafsanjan city and study area
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Table 1- Meteorological parameters during the
research period
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Annual Annual Wind
Year of .
growth precipitation  temperature speed
(mm) (°C) (Knots)
4 102.8 17.8 7.4
5 115.3 18.3 7.4
6 54.8 19.2 7.7
7 116 19 7.4
8 525 18.9 9.1
9 86.4 19.3 10
Average 88 18.7 8.2
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Table2- Growing stage of pistachio in 20 day periods
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Growing Approximate Start Growing
Stage Phonology day day
Bloom Mar 20 20
Stage 1 Leaf out Apr 10 40
Shell Expansion May 1 60
Shell Hardening  May 20 80
Stage 2 Shell Hardening  June 10 100
Nut Filling July 1 120
Nut Filling July 20 140
Stage3  gpensplitting  Aug 10 160
Hull Slip Sept 1 180
Stage 4 Harvest Sept 20 200
Stage 5 Postharvest Oct 10 220
Postharvest Nov 1 240
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Figure 3- Location of grass and pistachio lysimeters
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Table 3- References and crop evapotranspiration for fourth growing year
Pl Jw Job 5o cilizo (s 0595 50 (LS o b g Ay 9 22 yo 0L (3,85 S (5o — V' Jgu

I;Egma;:Jrn Phonologial Stage Growing day K ET, fr:]—r;(g::% (mm I;;I)—:jay'l)
1 Bloom 20 0.12 7.6 0.92 18.4
2 Leaf out 40 0.09 8.3 0.78 15.6
3 Shell Expansion 60 0.08 75 0.59 11.8
4 Shell Hardening 80 0.07 145 1.03 20.6
5 Shell Hardening 100 0.109 8.9 0.97 194
6 Nut Filling 120 0.148 15.1 2.24 44.8
7 Nut Filling 140 0.137 11.05 1.52 30.4
8 Shell Splitting 160 0.105 11.05 1.27 25.4
9 Hull Slip 180 0.075 8.3 0.622 12.44
10 Harvest 200 0.061 7.8 0.475 0.5
11 Postharvest 220 0.113 4.25 0.480 9.6
12 Postharvest 240 0.186 3.0 0.559 11.18

Table 4- References and crop evapotranspiration for ninth growing year
ot Jlw Job 5o alido (s 093 13 (LS u pb 9 iy 9 22 po oLS &% s (e - F Jgu

I;[:?na;;in Phonologial Stage Growing day Ke ET, Fn:%(gzyg (mm E(-)ri:iay'l)
1 Bloom 20 0.35 6.1 2.13 42.6
2 Leaf out 40 0.32 7.25 2.32 46.4
3 Shell Expansion 60 0.32 8.5 2.72 54.4
4 Shell Hardening 80 0.31 9.05 2.8 56
5 Shell Hardening 100 0.29 9.55 2.77 55.4
6 Nut Filling 120 0.39 10.25 4 80
7 Nut Filling 140 0.36 8.15 2.93 58.6
8 Shell Splitting 160 0.35 6.55 2.29 45.8
9 Hull Slip 180 0.31 6.05 1.87 37.4
10 Harvest 200 0.30 6.35 1.9 38
11 Postharvest 220 0.30 5.3 1.59 31.8
12 Postharvest 240 0.30 2.65 0.795 15.9
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Table 6- Crop coefficient of pistachio in 20 day
periods and growing stages
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Table 5- Crop coefficient of pistachio in forth to ninth
year

Alw & Ul Jlod ol 090 lp Ko ©lpats =0 Jgur

Growing
Day
Forth Year

Irrigation
Number
Fifth Year
Sixth Year
Seventh
Year
Eighth Year
Ninth Year

20 012 013 018 024 0298 035
40 009 0104 016 021 0.27 0.32
60 008 009 0.14 0.2 0.26 0.32
80 007 008 013 019 025 0.31
100 0.109 0.119 011 017 023 0.29
120 0.148 0.157 021 027 033 0.39
140 0.137 0.118 0.19 0.24 0.3 0.36
0.105 0135 0.18 0.24 0.3 0.35
180 0.075 0.092 0.14 0.2 0.26 0.31
200 0.061 0062 012 018 0.24 0.30
220 0.113 0.088 0.16 0.2 0.26 0.30
240 0186 0.07 013 049 0.25 0.30
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Irrigation Approximate Growing 20day Growing

number Phonology day periods Stage
1 Bloom 20 0.22
2 Leaf out 40 0.19 0.2
3 Shell Expansion 60 0.18

Shell
4 Hardening 80 0.17
5 Shell 100 0.17 o
Hardening '

6 Nut Filling 120 0.25
7 Nut Filling 140 0.22 0.22
8 Shell Splitting 160 0.22 '
9 Hull Slip 180 0.18
10 Harvest 200 0.16 0.16
11 Postharvest 220 0.19 0.19
12 Postharvest 240 0.19 )
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Figure 1- Distribution of Golestan province
rangelands and forests
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Table 2- Drought classifications based on standardized
precipitation index (SPI) (Makcee et al., 1993)
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(Makcee et al., 1993)

Index values Class
More than 2 Exteremely wet
15t01.99 Very wet
1t01.49 Moderate wet

-0.99t00.99 Near Normal
-1to-1.49 Moderate dry

-1.49t0 -1.99 Severly dry
-2 and less Exteremely dry
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Table 3- values of SPI, NDVI and EVI in rangelands
sl g NDVI a5l SPI1 el p5ls polio -V Jeus

E1po sy Joad 3 EVI

s = - ® £
<4 X L c % g Lol S
Staton @ = s g g <g ‘g
§ & 3= § §° =%
£ = o a
Index SPI
2000 0.8 -0.1 0.9 0.5 -1 -1.1
2001 -0.4 -1.5 -2.5 -0.4 2.1 -1.8
2002 0.4 0.8 -0.4 0.9 0 0.7
2003 1.1 1.1 0.5 18 0.7 11
2004 1.9 0.8 0.3 0.8 0.5 0.8
2005 1.1 0.7 14 1.2 0.2 1
2006 -0.2 0.3 -0.5 0.2 -1.2 -0.6
2007 1 -0.1 0.4 0.7 -1.6 -0.4
2008 -0.2 -1.4 0.3 0.2 -0.8 -0.8
2009 0.4 -0.1 -0.4 0.1 -1 -0.9
2010 2 1 -0.3 0.8 2 0.2
2011 0.7 -0.1 -0.5 -0.4 0.6 -0.1
2012 2 15 0.8 1.3 2.3 0.9
Index NDVI
2000 0.2 0.2 0.1 0.2 0.1 0.2
2001 0.2 0.1 0.1 0.1 0.1 0.2
2002 0.2 0.2 0.1 0.2 0.1 0.2
2003 0.4 0.2 0.2 0.3 0.2 0.3
2004 0.3 0.2 0.2 0.3 0.2 0.3
2005 0.2 0.2 0.2 0.3 0.2 0.3
2006 0.2 0.2 0.1 0.2 0.1 0.3
2007 0.3 0.2 0.2 0.3 0.1 0.3
2008 0.2 0.1 0.1 0.1 0.1 0.3
2009 0.1 0.2 0.1 0.2 0.1 0.2
2010 0.3 0.2 0.2 0.3 0.2 0.3
2011 0.2 0.2 0.1 0.2 0.1 0.2
2012 0.3 0.2 0.2 0.2 0.1 0.2
Index EVI
2000 0.1 0.1 0.1 0.1 0.1 0.2
2001 0.1 0.1 0.1 0.1 0.1 0.2
2002 0.1 0.1 0.1 0.1 0.1 0.2
2003 0.3 0.1 0.1 0.2 0.1 0.2
2004 0.2 0.1 0.1 0.2 0.1 0.2
2005 0.1 0.2 0.2 0.2 0.1 0.2
2006 0.1 0.1 0.1 0.1 0.1 0.2
2007 0.2 0.1 0.1 0.2 0.1 0.2
2008 0.1 0.1 0.1 0.1 0.1 0.2
2009 0.1 0.1 0.1 0.1 0.1 0.2
2010 0.2 0.2 0.1 0.2 0.1 0.2
2011 0.1 0.1 0.1 0.1 0.1 0.1
2012 0.2 0.1 0.1 0.2 0.1 0.2
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Table 4- Changes in vegetation classes base on NDVI and
EVI index in Golestan province rangelands (Km?)

el bl (LS Giudig Gl Ol pii —F Jgu
&0 yoghS cow (bl o biwl 231y 30 EVI g NDVI

No

Vegetation Vegetation Poor Moderate  Good Very
type good
cover
Index NDVI
2000 318.6 6325.0 312.8 0 0
2001 897.2 5995.8 63.2 0.1 0
2002 605.0 5891.7 459.6 0 0
2003 105.1 4222.8 2626.1 2.3 0
2004 62.4 4941.1 1949.2 3.3 0.3
2005 136.7 5050.5 1765.2 3.6 0.2
2006 122.9 6053.3 779.1 1.0 0
2007 64.1 5226.2 1663.0 3.0 0
2008 402.3 6432.8 121.1 0 0
2009 292.8 5448.4 12145 0.6 0
2010 57.2 4684.1 2213.1 1.9 0
2011 161.4 6367.3 4276 0.1 0
2012 114.6 5228.2 1611.1 2.3 0
Index EVI
2000 1737.2 5218.5 0.6 0 0
2001 3558.7 3397.0 0.5 0 0
2002 2064.9 4885.9 55 0 0
2003 444.1 6452.2 59.9 0 0
2004 503.1 6438.4 14.9 0 0
2005 700.8 6242.2 13.3 0 0
2006 1192.3 5762.0 2.0 0 0
2007 722.8 6186.1 47.4 0 0
2008 2156.0 4799.4 0.8 0 0
2009 1702.8 5250.3 3.2 0 0
2010 427.7 6432.6 96.0 0 0
2011 14722 5483.9 0.2 0 0
2012 604.5 6345.1 6.6 0 0
Table 5- Correlation Coefficients between SPI, NDVI
and VEI
SPI 6&@5% oN M b )g.éu.o -0 Jg.\.‘?
EVI ¢ NDVI
Correlation NDVI EVI SPI
SPI 1.00
EVI 1.00 0.75"
NDVI 1.00 0.98**  0.78”

**Significant level 5%

Table 6- Average annual values of SP1, NDVI and
EVI indices

EVI g NDVI SPI gla asli ai¥ls yolio (il -5 Jgoz

year  Drought classes SPI EVI NDVI
2000 Moderate dry -0.02 0.13 0.16
2001 Sever dry -1.43 0.11 0.14
2002 Moderate dry 0.40 0.12 0.15
2003 Normal 1.03 0.19 0.26
2004 Moderate dry 0.85 0.15 0.23
2005 Moderate dry 0.94 0.16 0.23
2006 Moderate dry -0.32  0.13 0.19
2007 Moderate dry 0.00 0.15 0.22
2008 Moderate dry -0.46 0.12 0.16
2009 Moderate dry -0.33 011 0.15
2010 Moderate dry 0.96 0.16 0.22
2011 Moderate dry 0.06 0.12 0.16
2012 Normal 1.45 0.15 0.22
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Figure 2- Percentage of total vegetation cover changes
based on the NDVI index
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Figure 3- Percentage of total vegetation cover changes
based on the EVI index
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Figure 4- Chart of the annual mean values of the
NDVI, EVI and SPI indices
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Investigating the role of meteorological variables and excessive
groundwater withdrawal on reduction of the Lake Maharloo water level

M. Kazemi?, S. Feiznia?, H. Khosravi®", H. Mesbah*
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Abstract

Over the last few decades, the water level appears to have declined for most of the Lakes as a consequence of
global warming. Besides, in addition to climatic factors, human activities have had profound impact on lowering
lakes water level and ecosystem changes. The aim of this study was trend analysis of climatic factors (rainfall
and evapotranspiration) and water balance (flow and underground water withdrawal) in Maharloo Lake region
during last five decades using Man Kendall and Petit Tests. The results showed a %82 decrease of Lake water
level. Rainfall did not show a significant trend at %1 significance level , but there exist a significant trend for
evapotranspiration which might be a major cause for observed reduction of water level. Human activities and
increased consumption and withdrawal in Maharloo basin may be considered as the other major affecting
factors. Such that the discharge of Khoshkrood river which flows into the lake has significantly decreased since
2006.

Keywords: Maharloo, Water management, Man-Kendall, Trend, Rainfall, Evapotranspiration
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The effect of climate change on wet and dry spells’ characteristics (Case
study: Arazkuse and Tamar stations in Golestan Province)

M. Bahlake', A .Fathabadi**, H. Rouhani?, S. M. Seyedian*
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Abstract

As a result of global warming a significant change in wet and dry spells pattern is expected. These variations
would be more significant in regions with diverse climates like Golestan province, Iran. In this research, the
impact of climate change on the frequency and intensity of droughts are assessed using Standardized
Precipitation Indices (SPI) in two raingauges stations namely Arazkuse and Tamar. The rainfall data for baseline
period (1986-2005) for both stations were collected and examined. The projections of rainfall amount for two
future periods, 2031-2050 and 2051-2070, obtained from the Coupled Model Intercomparison Project Phase 5
(CMIP5) outputs were downscaled under three representative concentration pathway (RCP2.6, RCP4.5 and
RCP8.5), using the statistical downscaling model (SDSM). After evaluation of skill of WG model in simulation
of historical rainfall data, SPI and relative SPI values in different time steps were calculated. Then by using
first-order Markov chains drought characteristics during baseline and future period were compared. The results
showed that probability of droughts in the future in both Tamar and Arazkuse stations, would increase. With
increasing SPI time scale, duration of all drought classes is projected to decrease in the future under all three
RCP scenarios.
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The effect of revised topography dataset on improvement of RegCM4 model
results (Case study: northern of Iran)
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Abstract

Lack of regional climatic data is great challenge for agroclimatic studies. In this research, the influence
topography on RegCM4 model results was investigated. In order of determine the role of topography on
improving the results of RegCM model, two topographic datasets (GTOPO, GMTED) were used for a specific
period of time and similar conditions to run the model. The experiments were done with lateral boundary
conditions obtained from The NCEP-DOE Reanalysis 2 (NNRP2) dataset at 2.5° x 2.5° latitude-longitude
horizontal resolution. The sea surface temperature (SST) for the corresponding regional climate simulations
were prescribed from the National Oceanic and Atmospheric Administration (NOAA) Optimum Interpolation
SST (OISST) dataset with a weekly temporal resolution and 1° x 1° spatial resolution. The topographical output
of the model showed an increase of elevation in the Caspian sea coast [max (GMTED-GTOPO) = 254 m], while
in some areas of Alborz mountains a decrease in elevation [max (GMTED-GTOPQ) = -400 m] was observed.
Due to higher elevation of GTOPO in the Alborz Mountains, the derived speed of this simulation is relatively
higher than GMTED, which could reach as high as 1.6 m/s during winter season. The highest precipitation
difference occurred during spring season in the vicinity of the area where 400 m of decreased elevation was
observed, with amounts as high as 16 mm/day (80% increase in precipitation). The temperature differences
followed closely the topographical differences. In the seashore areas, where there was increased elevation,
temperature decreased correspondingly (max. of -2.4°), whereas in mountainous areas with decrease in
elevation, the temperature increase was observed (max. of 1.2°). The findings from this research identified, the
modified data (GMTED) is improving the results of the model and should be replace the old data (GTOPO) in
future research.

Key words: Topography, Iran, RegCM4, GMTED, GTOPO
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Spatio-temporal variations of meteorological drought using Standardized
Precipitation Evapotranspiration Index in Iran

M. Eghtedar Nezhad', O Bazrafshan', J Bazrafshan®
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Abstract

Drought is one of the most damaging natural hazards that it is placed in the first order in terms of both the
frequency of occurrence and the magnitude of created damages. In this study, we used the standardized
precipitation - evapotranspiration drought index (SPEI) for analysis of drought in the 54 synoptic stations for a
64 years (1951- 2014) period. For drought monitoring and regionalization, the SEPI values were calculated in
12, 24 and 48 months timescales. The trend of rainfall, temperature and SEPI was investigated using Mann-
Kendall test during the study period. The results showed that an increasing trend for drought and temperature
and decreasing trend for rainfall. Considering the correlation of drought and temperature, the findings of study
confirmed that SEPI had a good performance for monitoring drought across Iran.

Keywords: Drought monitoring, SPEI, Trend analysis, Iran
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Measurement of evapotranspiration and crop coefficient of pistachio trees
in Rafsanjan region
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Abstract

Considering the significant increase of pistachio cultivation area in Iran and lack of water resources, accurate
determination its water requirement is necessary. Since irrigation in the initial stages of pistachio is essential for
adequate tree establishment, the main objective of this study was to measure the evapotranspiration of pistachio
trees (ET.) between four to nine years of age, when the economical yields is achieved. This study was conducted
in Rafsanjan Pistachio Research Institute station using a cubic concrete drainage lysimeter with a 54 m? surface
area (6 m x 9 m) and a depth of 3.4 m. One-year old seedlings of Pistacia vera L. were cultivated inside and
surrounding of the lysimeter. The amount of evapotranspiration and crop coefficient (K.) was measured every
20-days during the eight-month growing season of pistachio using lysimeteric data. For the young trees For the
young trees from four to nine years of age, the amount of seasonal evapotranspiration was 2291.2, 2507.8,
2739.4, 4516.0, 4604.0 and 5621.0 cubic meters per hectare with the mean K, values of 0.108, 0.104, 0.15, 0.21,
0.28 and 0.33, respectively. The mean K. coefficients of pistachio in five growth stages were determined as 0.2,
0.17, 0.22, 0.16 and 0.19, respectively.

Keywords: Crop coefficient, Irrigation, lysimeter, Pistachio, Iran
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Determining the correlation between NDVI and EVI vegetation indices and
SPI drought index (Case Study: Golestan rangelands)

B. Farrokhzadeh*! S. Mansouri?, A. Sepehri’
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Abstract

In this study the relationship between annual Standard Precipitation Index (SPI) and, remotely sensed indices of
Enhanced Vegetation Index (EVI) and Normalized Differencing Vegetation Index (NDVI) have been studied.
MODIS images of Terra satellites for the period of 2000 to 2012, during the growing season of pastures across
Golestan province alongwith rainfall data of five meteorological stations in Golestan rangelands from their
establishment till 1993 were collected. Pearson correlation coefficient was used to assess the relationship
between rainfall data and vegetations indices. Correlation coefficient between (SPI) drought index and EVI and
NDVI indices was 0.75 and 0.78 respectively at 5% level of significance. Bedsides, correlation between the
NDVI and EVI indices in detection of the vegetation changes were 0.98. In general, the results of this study
showed that in regions with inadequate rainfall data, remote sensing products can be used for drought and
vegetation cover dynamic monitoring.

Keywords: Drought, Standard Precipitation Index, MODIS, Golestan Province
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