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Introduction

Climate change represents changes in the climate within the earth's atmosphere and its
consequences in different parts of the planet. Changes in temperature and rainfall patterns have a
great influence on the quantity and quality of water resources, especially in arid regions such as
Iran, and consequences of this change on water resources are undeniable. This effect is reported
to be on general circulation of the atmosphere, temperature, and precipitation. General
atmospheric circulation models are the basis of all studies on climate change phenomena (Su et
al., 2016). Because of the large network of these models and the low spatial resolution, some
microscopic phenomena in general atmospheres cannot provide an accurate approximation of the
climate conditions of the area; therefore, their output should be left to meteorological station’s
micro-scale (Perkins et al., 2007).

Material and Methods

In this study, temperature and precipitation data from four stations located in Isfahan province
including Naein, Isfahan, Kashan and Dardan stations were subjected to microscopic analysis
using Delta. The Delta fine-scale for precipitation and temperature was performed as follows:

a) Downscaling temperature: For this purpose, the average of monthly basis data for the base
period (1971-2000) for each month was calculated and to obtain the temperature variation factor,
the difference between the average temperature of each month in the future period and the base
period was determined using the following equation:

CFadd = GCMf— GCMb (1)

CF.qq @ Additive change factor, GCM;: Average future temperature, GCM, : Average base
temperature

Subsequently, in order to obtain scaled small temperature values, the calculated change factor
was added to the corresponding value in observational data (Anandhi et al., 2011):

Tf = Tops + CFaqq (2)

T;: Scaled future temperature, T,;,s: Observation temperature
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b) Downscaling precipitation: First, the average of monthly basis data for the base period (1971-
2000) was calculated and to obtain the precipitation variation factor, the difference between the
average precipitation of each month in the future period and the base period was determined
using the following equation:

GCM
Cqul = TM; (3)
CFna: Multiplication change factor, GCM;: Average future precipitation, GCM,: Average base

precipitation
In order to obtain the quantized scale rainfall, the change factor determined from the above
equation was multiplied by its amount in the observation data (Anandhi et al., 2011).

Prf Probs X Cqul (4)

Pry: Scaled future precipitation, Pr,,,: Observation precipitation

Discussion and conclusion

According to Figs. (1) and (2), under Scenario A2, the maximum monthly precipitation varies
from early spring to the late observation period in the fall and early winter. The displacement will
be accompanied by a 3 percent increase in rainfall. In the RCP85 Scenario of the fifth report, this
trend will occur similarly. Also, for the fourth report in A1B Scenario, the precipitous season will
be rising by 4.9 percent in the early winter. Under the RCP45 and RCP60 Scenarios, this shift to
late winter will be with an increase of 18.42 and 38.6 percent, respectively.
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Fig. 1- Monthly precipitation of Isfahan, Daran, Kashan and Naein stations in the fourth report
scenarios
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Fig. 2- Monthly precipitation of Isfahan, Daran, Kashan and Naein stations in the fifth report
scenarios

Conclusion

The results showed that in the fourth report scenarios, the average annual precipitation of
Isfahan province during the period (2071-2100) decreased to 8% from the base period (1971-
2000) and would increase by 10.2% in the fifth report scenario.
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Table 1- Weighted and root mean squares errors for selecting the fourth report models

Station Kashan Naein Daran Isfahan
Model Weight RMSE* Weight RMSE Weight RMSE Weight RMSE
Cgcm3td7 33.295 0.561 35.509 0.422 11592 1.004 44.233 0.444
Inmecm3/0 27.031 0.576 31.468 0473 10.335 1.029 41587 0.478
Miroc3/2 medres 22.223 0.646 29.716 0.474 10.116 1.084 35.888 0.498
Cgcma3t63 21.975 0.672 19.016 0.522 9559 1142 22179 0.531
Cnrmcm3 20.412 0.695 17.637 0.655 9.231 1.162 20.391 0.598
Csiromk3 18.878 0.701 15.956 0.679 9.227 1163 19.619 0.652
Csiromk 18.565 0.719 15.553 0.712 9.063 1.242 18.655 0.668
Echam50m 17.755 0.866 13.401 0.805 8.292 1243 17877 0.763

* Root mean squared error
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Continuation table 1- Weighted and root mean squares errors for selecting the fourth report models

Station Kashan Naein Daran Isfahan
Model Weight RMSE  Weight RMSE Weight RMSE Weight RMSE
Echo-g 17.638 0.935 13.364 0.819 8.088 1.257 16.431 0.901
Gfdlcm2/0 13.608 1.019 12.816 0.849 7.923 1268 15.877 1.011
Gfdlecm2/1 12.763 1.061 12.114 0.881 7343 1276 15.871 1.046
Giss-er 12.358 1.076 11.534 0.895 7291 1292 15213 1.070
Hadcm3 11.873 1.139 11.487 1.025 7.052 1302 14178 1.075
Ipsicm4 11.251 1.372 11.002 1.034 6.902 1389 14151 1.103
Bcm2/0 11.126 1.434 10.521 1.078 5.846  1.409 13.212 1.108
Mri cgcm?2/3/2a 8.456 1.581 10.272 1.133 5311 1418 12232 1.115
Ncarccsm3 8.439 1.907 8.871 1.405 5.164 1451 11.872 1.126
Ncarpcm 7.346 2.605 8.756 1.631 4662 1737 10525 1.211

Poler IF (R (b 9 (e S sk Ol g o3 Y Jour
Table 2- Percentage of heavy and so heavy precipitations in the fourth report
Type of precipitation  Period (Scenario) Kashan Naein Daran Isfahan
2011-2040 (A1B)  -4.09 886 171 20.31

2011-2040 (A2) 036 1026 57.03  20.44
2011-2040 (B1) 949 277 3.85  10.85

> 2041-2070 (A1B)  -1.84 -10.1 -9.09  -0.38
3 2041-2070 (A2)  -6.68 -0.06 78.72 16.38
3 2041-2070 (B1)  -17.23  -4.22 2245 1541
2071-2100 (A1B)  -7.01 2012 -658 13.63
2071-2100 (A2)  -2.82 753 244 2585
2071-2100 (B1)  -10.48 -3.22 481  7.29
2011-2040 (A1B)  -4.08 348 1539 977
2011-2040 (A2)  -0.81  -6.24 4545 578
2011-2040 (B1)  -7.96  -1.06 14.44 298
- 2041-2070 (A1B) -25.12 -184 -585 -14.81
§ 2041-2070 (A2)  -7.69  -4.07 7295 417

2041-2070 (B1)  -17.23  6.96 637  -9.39
2071-2100 (A1B)  -7.01  36.46 7841 -18.43
2071-2100 (A2)  -15.02 4.87 1028 -3.36

20712100 (B1) 1749 -108 178 -20.27

o 1 S e S Gl las Ol o (uSle sder § (S 039 20 -TJgur
Table 3- Weighted and root mean squares errors for selecting the fifth report models

Station Kashan Naein Daran Isfahan
Model Weight RMSE  Weight RMSE Weight RMSE Weight RMSE
Ccsmé-R3 14.943 0.608 13.030 0.471 6.589 1.130 20.571 0.658

Csiro-mk3-6-0-R3  14.755  0.613  11.722  0.473 6.540 1159 20.168 0.661
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Continuation table 3- Weighted and root mean squares errors for selecting the fifth report models

Station Kashan Naein Daran Isfahan
Model Weight RMSE  Weight RMSE Weight RMSE Weight RMSE
Hadgem?2-es-R2 14.324 0.625 10.604 0.476 6.485 1.160 20.013 0.675
Bcc-csmi-1 14.162 0.627 10.433 0.478 6.319 1.174 19521 0.676
Ccsm4-R1 14.110 0.628 10.421 0.482 6.222 1177 19.070 0.679
Ccsm4-R2 14.045 0.629 10.164 0.483 6.180 1.197 18.305 0.681
Ccsm4-R4 13.387 0.630 10.159 0.487 6.125 1.201 18.031 0.682
Ccsm4-R5 13.356 0.631 9.945 0.488 6.105 1.209 17.908 0.683
Cesml-cam5-R1 13.292 0.632 9.757 0.490 6.091 1213 17.701 0.684
Cesml-cam5-R2 13.148 0.633 9.743 0.491 6.087 1.223 17.631 0.685
Cesml-cam5-R3 12.776 0.634 9.528 0.493 6.029 1229 17.469 0.686
Csiro-mk3-6-0-R1 12.544 0.635 9.393 0.496 6.004 1231 17.390 0.688
Csiro-mk3-6-0-R2 12.482 0.636 9.304 0.497 5979 1234 17.383 0.689
Csiro-mk3-6-0-R4 12.398 0.637 9.290 0.498 5709 1237 17.357 0.690
Csiro-mk3-6-0-R5 12.369 0.638 9.258 0.503 5,601 1.252 17.353 0.691
Csiro-mk3-6-0-R6 12.346 0.639 9.173 0.512 5560 1.255 17.320 0.693
Csiro-mk3-6-0-R7 12.263 0.640 9.163 0.515 5391 1258 17.156 0.694
Csiro-mk3-6-0-R8 12.203 0.641 9.105 0.516 5355 1.260 16.878 0.695
Csiro-mk3-6-0-R9 12.057 0.642 8.900 0.520 5,337 1264 16.696 0.696
Fio-esm-R1 12.039 0.643 8.880 0.521 5.153 1.265 16.626 0.698
Fio-esm-R2 11.966 0.644 8.878 0.523 5132 1271 16,572 0.699
Fio-esm-R3 11.861 0.646 8.836 0.524 5.006 1.280 16.449 0.701
Gfdl-cm3 11.813 0.647 8.580 0.526 4896 1.285 16.360 0.702
Gfdl-esm2g 11.784 0.648 8.554 0.527 4883 1291 16.355 0.703
Gfdl-esm2m 11.768 0.649 8.413 0.528 4851 1295 16.302 0.705
Giss-e2-r 11.748 0.651 8.372 0.529 4733 1311 16.290 0.707
Hadgem?2-ao 11.744 0.653 8.267 0.530 4785 1313 16.122 0.708
Hadgem?2-es-R1 11.319 0.655 7.950 0.531 4666 1.317 16.101 0.709
Hadgem?2-es-R3 11.272 0.659 7.949 0.5632 4472 1324 16.013 0.710
Hadgem?2-es-R4 11.234 0.660 7.932 0.533 4453 1326 15.682 0.711
Ipsl-cmb5a-Ir-R1 11.145 0.662 7.877 0.534 4276 1328 15595 0.712
Ipsl-cmb5a-Ir-R2 11.042 0.663 7.842 0.536 4260 1.335 15503 0.713
Ipsl-cmb5a-Ir-R3 11.040 0.666 7.751 0.537 4219 1349 15309 0.714
Ipsl-cm5a-mr 10.924 0.670 7.724 0.538 4066 1356 15.279 0.716
Miroc-esm 10.911 0.673 7.697 0.540 4044 1375 15.036 0.717
Miroc-esm-chem 10.624 0.675 7.340 0.547 4043 1.378 14960 0.719
Miroc5 10.391 0.678 7.078 0.549 3.824 1391 14947 0.723
Noresml1-m 9.795 0.679 6.996 0.563 3.791 1408 14330 0.727
Noresml-me 9.599 0.689 6.973 0.575 3.769 1420 14231 0.729
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Fig. 2- Monthly precipitation of Isfahan and Daran stations in the fourth report scenarios
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Fig. 3- Monthly precipitation of Kashan and Naein stations in the fourth report scenarios
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Fig. 4- Monthly precipitation of Isfahan, Daran, Kashan and Naein stations in the fifth report
scenarios
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Table 4- Percentage of heavy and so heavy precipitations in the fifth report

Type of precipitation Period (Scenario) Kashan  Naein Daran  Isfahan
2011-2040 (RCP26) -1459 10.87 17.04  28.30

2 2011-2040 (RCP45) -17.91 19.58  40.69  32.96

§ 2011-2040 (RCP60)  -2.07 66.58 42.08 69.41

8 2011-2040 (RCP85) -22.58 26.51  10.26  44.59
2041-2070 (RCP26) 2.35 16.81 12.63  32.06
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Continuation table 4- Percentage of heavy and so heavy precipitations in the fifth report

Type of precipitation Period (Scenario) Kashan Naein Daran Isfahan
2041-2070 (RCP45) -25.68  18.01 3.85 21.08

2041-2070 (RCP60) -18.03 26.34  30.68  49.75

g 2041-2070 (RCP85) -20.41  -0.64 -3.01 10.01
2 2071-2100 (RCP26) -11.33 31.05 27.05 37.17
8 2071-2100 (RCP45) -19.58 41.14  26.98  43.77
2071-2100 (RCP60) -15.42 5438 26.66  73.75

2071-2100 (RCP85)  -4.98 3258 3645 4459

2011-2040 (RCP26) -13.11  -1.58 7.72 -5.87

2011-2040 (RCP45) -15.57 1.71 2794  -1.23

2011-2040 (RCP60)  -6.03 3465 36.71 7.02

2011-2040 (RCP85)  -3.52 6.01 1239 -2.14

2041-2070 (RCP26)  2.35 2420 18.83 0.33

% 2041-2070 (RCP45) -16.26 5.79 11.52 0.46

£ 2041-2070 (RCP60)  -6.85 1255  10.93 1.62
2041-2070 (RCP85) -18.67 2.22 11.89 -10.21

2071-2100 (RCP26) 1.31 21.13 3142 1567

2071-2100 (RCP45)  -8.98 -2.72 1737 532

2071-2100 (RCP60)  -1.11 16.17 3345 1463

2071-2100 (RCP85)  -9.05 20.49 6.67 -2.14
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Table 5 - Koppen classification in the fourth report scenarios

Period Scenario Kashan Naein Daran Isfahan

1971-2000 OBS BWh BWk Dsa BWk
AlB BWh BWk BSk BWk

2011-2020 A2 BWh BWk BSk BWk
Bl BWh BWk BSk BWk

AlB BWh BWKk BSk BWh

2021-2030 A2 BWh BWKk BSk BWh
B1 BWh BWKk BSk BWk

AlB BWh BWKk Dsa BWk

2031-2040 A2 BWh BWKk Dsa BWk
Bl BWh BWk Dsa BWk

AlB BWh BWk BSk BWk

2041-2050 A2 BWh BWk BSk BWh
B1 BWh BWk BSk BWh

AlB BWh BWh BSk BWh

2051-2060 A2 BWh BWh BSk BWh
Bl BWh BWk BSk BWh

AlB BWh BWh Dsa BWh

2061-2070 A2 BWh BWh Dsa BWh
Bl BWh BWk Dsa BWh

AlB BWh BWh BSk BWh

2071-2080 A2 BWh BWh BSk BWh
B1 BWh BWk BSk BWh

AlB BWh BWh BSk BWh

2081-2090 A2 BWh BWh BSk BWh
Bl BWh BWh BSk BWh

AlB BWh BWh BSk BWh

2091-2100 A2 BWh BWh BSk BWh
Bl BWh BWk Dsa BWh

A 15 S g sl 53 (n g8 (aulSl (S dab -1 9o
Table 6 - Koppen classification in the fifth report scenarios

Period Scenario Kashan Naein Daran Isfahan
1971-2000 OBS BWh BWk Dsa BWk
RCP26 BWh BWk BSk BWk
RCP45 BWh BWk BSk BWk
2011-2020 —p=pgg BWh BWk BSk BWK
RCP85 BWh BWk BSk BWk
RCP26 BWh BWk BSk BWh
RCP45 BWh BWk Dsa BWh
2021-2030 RCP60 BWh BWk Dsa BWKk
RCP85 BWh BWk Dsa BWh
RCP26 BWh BWk Dsa BWh
RCP45 BWh BWk Dsa BWk

2031-2040

RCP60 BWh BWk Dsa BWkK
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Continuation table 6- Koppen classification in the fifth report scenarios

Period Scenario Kashan Naein Daran Isfahan
2031-2040 RCP85 BWh BWk Dsa BWh
RCP26 BWh BWk BSk BWh
RCP45 BWh BWk BSk BWh
2041-2050 RCP60 BWh BWk BSk BWh
RCP85 BWh BWh BSk BWh
RCP26 BWh BWk Dsa BWh
2051-2060 RCP45 BWh BWh BSk BWh
RCP60 BWh BWh BSk BWh
RCP85 BWh BWh BSk BWh
RCP26 BWh BWk Dsa BWh
RCP45 BWh BWh Dsa BWh
2061-2070 RCP60 BWh BWk Dsa BWh
RCP85 BWh BWh Dsa BWh
RCP26 BWh BWk BSk BWh
RCP45 BWh BWk BSh BWKk
2071-2080 RCP60 BWh BWh BSk BWh
RCP85 BWh BWh BSk BWh
RCP26 BWh BWk Dsa BWh
RCP45 BWh BWh BSk BWh
2081-2090 RCP60 BWh BWh BSk BWh
RCP85 BWh BWh BSk BWh
RCP26 BWh BWk Dsa BWh
RCP45 BWh BWh Dsa BWh
2091-2100 RCP60 BWh BWh Dsa BWh
RCP85 BWh BWh Dsa BWh

* BWh: Sl , BWK: (bl deni, Dsa: glo,, BSK: Suid aow
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Fig. 5- Annual temperature of Isfahan and Daran stations in the fourth report scenarios
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Fig. 6- Annual temperature of Isfahan and Daran stations in the fifth report scenarios
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