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Table 1. Location of stations used in the study
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Figure 2. Estimation of potential evapotranspiration values in the central Iran watershed during the period 1991-2010
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Figure 3. Estimation of potential evapotranspiration (\%Iﬁszlg gg)e central Iran watershed in the middle future horizon
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Figure 4. Climatic classification of the central Iran watershed based on the UNEP aridity index in the present (1991-
2010) and under the RCP4.5 scenario in the middle future (2041-2060)

3509y Cwkad pas 09U Slagbeom » OY)
0Bl 3 3Sag) (nymly S (N Jie S slrasgecne
b Jds et 4 (Y) Conl GCM 1 b slacabed pas
S s Coonl g 45550 Glpl sl oy 4 2y
odis] Gldllas o 20,5 o Sl 0dgdzwe (pl jo il
abate (pl > 3y g g (Kb Ol (gw)p S
a5 8 a4 izl gyl s BGCM gsie dsgore
ol Gl o D Caxbad pae JIalS (gly g 29

25 515 ool )90 o Jae (29,5 5,50,

WS Oyge Slapiagh b s I pise ol @l

s oy ) sl () OhKen 5 bl by
bl oy cdlhas (FA) olblb g yom) (FF) o Sen
DB e BGCM a5 51 & cul §5 4 o3
oai] Jlonl oldl adllas (clp (goae (slaJre oy idleel
Gy gl ozl Ll (¥) wgdie 4B i
b lacuslas pre (S 4 byte o] by ot
bl il Gl byt aole lpme b
Cusl sl 5 (5500 Lulyd 9 LECM Lo (g3l pzal)l


http://dx.doi.org/10.61186/jwmr.14.27.86
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.8.5
http://jwmr.sanru.ac.ir/article-1-1203-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22516174.1402.14.27.8.5]

[ DOI: 10.61186/jwmr.14.27.86 ]

bl 3y g lond 0 36 (wslls

ay VEeY Sl g 5l /YY o)l /pmdylon Jlo 550l 0> o e dolidinngy
Shmlie 09 4 s (Vo5o=VFY) ST 5lulotn 13 el 5y — e aVlo § dilale @l yuss o> =0 Joa
Table 5. Monthly and annual changes of potential evapotranspiration in the future (2041-2060) compared to the
observation period
T D LA - Y T Y 137 S o ] o]
Annual Dec Nov Oct Sep Aug Jul Jun May Apr Mar Feb Jan Station
22937 642 938 1543 2373 3051 3468 3358 2768 1973 1343 869 6Ll Abadeh >l
24936 641 954 1669 2599 337 3796 367.6 3006 2157 1483 953 632 Isfahan .l
2620 651 992 1734 2742 3585 4036 3877 3186 2307 1524 948  6L7 05395~ ade
Isfahan airport
22167 518 827 1472 2413 3169 3655 3392 2595 1803 1189 668 46,6 Aligudarz (555!
25587 895 119 1773 2466 2985 3247 3447 3271 2513 1739 1182 877 Iranshahr «ye.isl |
19745 62 876 1355 2003 2505 2818 28L1 2437 1779 1188 788 5656 Yazd «dlb
23445 763 1022 1576 229 280 3146 3201 2955 2255 1619 1069 75 Bam «u»
25347 731 1072 1723 2621 3239 3575 3663 3212 2336 1547 966 662 Birjand s
26005 784 112 1795 2645 3312 3719 375 3248 2328 1527 1038 738 Fasa b
25319 658 1003 1671 2648 3311 3709 3756 3172 2316 1544 909 62 Ferdows «_ygs 3
27642 633 1002 180.3 2874 3784 4289 4189 3435 2481 1569 95 63.4 Garmsar «lus,S
24771 587 961 1631 2528 3294 371 3684 311 2339 1504 855 567 Gonabad LS
24799 512 833 1656 2748 3702 4123 3823 2903 2086 1313 682 416 Hamedan «)luos
27008 624 992 1732 2781 3729 415 4028 3325 2484 1582 96 62 Kashan «Lls’
24548 582 909 1565 2547 338 3817 369.6 3038 2241 1393 831 551 Kashmar «yeusls’
24971 779 1084 1692 2546 3179 3526 3554 308 2286 1554 988 703 Kerman «;)lo S
24322 523 84 155 2546 348 4013 3793 2954 2052 1327 763 481 Karaj z,S
24548 583 90 1572 2526 3384 3815 378 3086 2193 1361 808 538 Mashhad «g.ie
25944 605 943 1681 2729  359.2 4032 3928 3233 2369 1465 827 54 Nishapur «,g:Lis
24289 684 1013 1646 2454 3135 3458 3547 3057 2297 149 916 592 Qaen 5
28433 656 1038 189  300.8 3939 4361 4251 3461 2567 1641 986 634 QoM b
26791 62 981 1726 2773  360.1 4041 4043 3439 2524 1547 914 582 Sahzevar «lg s
24098 54 876 1555 2523 3303 3721 3596 300 2207 1427 8L1 539 Semnan «yliow
24326 727 1044 1648 2456 3073 3474 3504 2985 2223 1527 981 684 Shahr:a;)ibM
2279.8 482 824 150 2362 3136 3485 3457 2896 2127 1327 725 478 Shahrud g sl
22152 498 777 1448 2343 3137 3552 3341 2693 1937 1235 709 481 Shemiran <) e
24352 725 1044 1683 2509 3153 3575 3504 2936 2125 1468 958  67.2 Shiraz ¢jl,u5
23623 733 1034 1623 2392 2992 3367 336 291 212 1461 957 676 Sirjan ¢l o
22093 572 896 1552 2424 3031 3385 3438 2018 2146 1358 757 517 O s> Sl
Heydarieh
25763 73 1046 1726 2623 3345 3743 3695 3156 2365 1616 1042 676 Yazd oj
24702 789 111 1695 2488  309.3 3374 3386 3038 2354 1594 1041 741 Zahedan . sal;
23816 559 864 1585 2585 3382 3801 360.6 2857 2041 1347 723 466 Arak T,
21728 543 842 1458 2337 3065 3479 3279 2571 1786 1181 716 472 Borujen « >
26214 876 1225 1843 2506 3061 3399 3664 3387 2522 1756 1145 831 Kahnuj «z ¢S
22785 473 783 1515 2504 3348 363 3481 2777 199 1222 637 425 ©2 P
Khorramdarre
1966.9 479 754 1344 2182 2937 3264 3002 2263 1505 945 593 399 Kuhrang « s a8
23242 516 815 1491 2394 322 3741 3582 285 206 130 769 504 oblremol
Tehran
24918 759 1095 1763 2583 3043 3313 3548 3207 2352 157.8 99 68.6 ot
Nehbandan
23302 573 884 1584 2523 3293 3717 3503 2763 1914 1284 75 51.4 25 e
Shahrekord
26984 672 106  180.7 280.3 3461 3934 3965 3383 2533 1678 1023  66.7 Tabas ¢ b



http://dx.doi.org/10.61186/jwmr.14.27.86
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.8.5
http://jwmr.sanru.ac.ir/article-1-1203-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22516174.1402.14.27.8.5]

[ DOI: 10.61186/jwmr.14.27.86 ]

aA

Ml o g £l 03B (gl (55

w8l s Sl Cod (63550 ol j5l )5 (el (S glapadls ST s STy

i i S5 ol 3l il oy s =5 s>
Table 6. Determine of the precipitation regimes in the central Iran watershed

MIROC5 HadGEM2-ES GFDL-CM3 “b o ol
Baseline Station
ehbmd o (mm) b bl MMl bl Mm)gil abes, (M) et
precipitation Pre-regime precipitation Pre-regime  precipitation Pre-regime  Precipitation
c 158.62 c 163.07 c 125.35 c 97.93 Abadeh sl
c 159.005 c 173.645 c 118.68 c 107.5 Isfahan « kol
c 137.31 c 137.925 c 85.47 c 85.57 w5398 ol
Isfahan airport
c 458.395 c 439.415 c 320.84 c 409.87 Aligudarz ;45!
c 210.835 c 283.12 c 238.1 c 198.76 Yazd sl
c 48.37 c 60.795 a 64.26 c 38.51 Bam (s,
c 166.63 c 195.38 c 140.52 c 160.26 Birjand «x>
c 338.235 c 449.185 c 297.02 c 297.99 Fasa b
c 163.745 c 167.15 c 112.46 c 135.95 Ferdows « 93,8
c 109.98 c 128.95 c 86.86 c 97.28 Garmsar «)lue 5
c 155.3 c 151.81 a 117.46 c 136.58 Gonabad oLLS
a 362.865 c 347.12 a 273.69 c 320.96 Hamedan «jlsen
a 111.195 c 150.405 a 124 c 108.47 Iranshahr « sl |
a 151.56 [ 142.255 a 114.77 c 158 Kashan «Lsls
a 293.38 c 318.82 a 221.33 c 258.42 Karaj «z,S
c 210.145 c 235.68 a 159.66 c 197.87 Kashmar «,esls’
c 120.325 c 160.765 c 128.78 c 118.34 Kerman «;yls S’
a 273.05 c 268.73 a 216.02 a 245.86 Mashhad g
a 263.965 c 263.895 a 218.33 c 238.32 Nishapur «slis
c 179.145 [ 184.465 c 125.58 c 165.1 Qaen (8
c 188.77 c 191.845 c 137.29 c 151.33 Qom (8
c 210.56 c 228.17 c 176.83 c 190.42 Sabzevar «lgju
a 164.13 c 174.595 a 135.15 c 111.55 Semnan «\liow
c 133.915 c 164.675 c 110.89 c 123.11 Shahr-e (Sl
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a 167.67 a 177.81 a 121.48 a 136.95 Shahrud «g,als
c 462.625 c 513.3225 c 373.64 c 425.36 Shemiran | yues
c 347.99 c 478.1 c 347.25 c 334.29 Shiraz ¢l
c 143.27 c 208.81 c 144.74 c 110.36 Sirjan >
c 262.805 c 283.87 a 214.1 c 270.76 Torbate > Co i
Heydarieh
c 63.17 c 66.875 c 49.14 c 45.43 Yazd o}
c 82.17 c 116.465 c 93.62 c 78.57 Zahedan «lal;
a 324.445 c 324.675 c 253.37 c 304.39 Arak 1)l
c 264.51 c 328.94 c 214.02 c 259.55 Borujen g,
c 176.305 [ 276.32 c 219.09 c 186.27 Kahnuj z ¢S
c 282.555 c 316.755 a 281.44 a 300.06 2 P2
Khorramdarre
c 1627.105 c 1541.22 c 1106.28 c 1386.87 Kuhrang «5 68
c 284.59 c 332.33 c 228.04 c 243.08 e ol
Tehran
c 123.35 c 147.825 c 142.64 c 124.61 ol
Nehbandan
c 340.72 [ 371.17 c 265.02 c 335.65 25 A
Shahrekord
c 105.54 c 99.855 c 83.61 c 73.93 Tabas ¢yl
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Extended Abstract

Introduction and Objective: The problem of drought and water crisis in the in the central Iran
watershed has become serious in recent years due to consecutive droughts and increased water
consumption in drinking, agriculture and industry sectors. Since rain is the only source of water

supply in this catchment area, a decrease in the amount of rainfall with this intensity can cause a
widespread drought and eventually large migrations from these areas. Therefore, the aim of this

research is to analyze the changes in the aridity index in the vast area of the central Iran
watershed in future.

Material and Methods: In order to achieve the study's objective, the minimum and maximum
air temperature, sunshine hours, and precipitation of 40 synoptic stations in the Central Iran
watershed for a period of 20 years (1991-2010) were received from the Meteorological
Organization.Then the values of potential evapotranspiration, aridity index, and Angot
precipitation index were calculated for each station in the current conditions. In order to project
changes in the aridity index in the future, the output of three MIROC5, HadGEM2-ES, and
GFDL-CM3 models for the historical period (1991-2010) and the medium future (2041-2060)
under the RCP4.5 scenario and based on the LARS- WG6 scaled down. After evaluating the
accuracy of the models against the observational data, the index values were calculated in future
conditions, and zoning maps were drawn for the study area.

Results: Projection of changes in evapotranspiration values under the RCP4.5 scenario (2041—
2060) showed that the most changes were in January, March, December, and November.
Shahrekord showed the highest percentage of incremental changes, with 36.8% change in
January compared to the base period. In terms of rainfall regime, the Central Iran watershed has
a winter rainfall regime based on the Angot precipitation index in the current conditions. The
HadGEM2-ES model is consistent with the base period, but based on the MIROC5 and GFDL-
CM3 models, the winter precipitation in many stations will change to the all-season
precipitation regime in the future. Climatic zoning of the UNEP aridity index in the studied area
indicated that in current conditions, more than half of the stations have a dry climate. Only
Kohrang has a humid climate with an aridity index value of 0.78. Shemiranat and Oligoders
have semi-dry conditions with values of 0.21 and 0.20, respectively. The evaluation of the
future climate conditions according to the GFDL-CM3 model shows that the humid climate in
central Iran will gradually disappear, while the semi-arid climate will expand in this region. The
output of the MIROC5 model also shows the expansion of the ultra-arid climate zone in
different parts of the catchment area of Central Iran.

Conclusion: The results showed that the aridity index values based on selected GCM models
have decreased in the studied area compared to the observation period. Therefore, a large
number of stations that have dry conditions in the base period will experience ultra-dry
conditions in the future climate.The evapotranspiration potential in the Central Iran watershed is
increasing during all months of the year, especially in wet stations in the west. This issue shows
the dominance of the aridity index over this region in future conditions.

Keywords: Aridity Index, Climate change, Evapotranspiration potential, Gcems, Statistical
downscaling
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