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Abstract 
Climate change on a large scale increases changes in boundary indicators. Since these indicators play an important role in the occurrence of 
droughts, floods and other climate disasters, it is necessary to study their behavior in the context of climate change. In the present study, 24-
hour precipitation data of 11 synoptic stations during statistical periods (1987-2017) have been used. Climate change indicators (ETCCDI) 
have been used to extract trends using R-climdex software also to check the linear trend of the test TFPW-MN and in order to zoning the 
precipitation conditions, PCA method has been used in the form of MINITAB statistical software. The results of m-kendall test show that 
precipitation indicators in all studied stations have a decreasing and negative trend and homogeneous slope. After forming the variable 
correlation correlation matrix, the principal components were reduced to 11 components using the analysis method and rotated using a 
varimax rotation. By examining the results of PCA algorithm, four climatic types were identified. The fourth climatic type (Shiraz station) 
has the most effective role in creating climatic conditions in precipitation with a relatively 85% specific variance of the total changes. As a 
result, it can be said that the overall structure of precipitation in the study area is affected by latitude, the existence of rough configuration 
and air masses and by changing any of these factors, the rainfall will change. 
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Figure 1. Location of the study stations  
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Table 1. Specifications of synoptic meteorological stations of the study area 
Rows Station Height(m) Longitude(DD) Latitude(DD) 

1 Marvast 1544 54.40 31.39 
2 Shiraz 1500 52.53 29.6 

3 Sirjan 1750 55.66 29.45 
4 Esfahan 1585 51.65 32.65 

5 Baft 2250 56.63 29.23 

6 Lar 900 54.33 27.68 
7 Kerman 1745 56.96 30.25 

8 Yazd 1230 54.4 31.9 
9 Kashan 982 54.4 33.98 

10 KhoorBiabanak 921 55.03 33.76 
11 Abadeh 2030 52.67 31.18 

  

 
Figure 2. Research flowchart 
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Table 2. Definition of precipitation indicators by CCL 

/ CLIVAR expert group 
Introduction the index Unit Index 

Maximum one day rainfall mm Rx1day 

Maximum five-day rainfall, amount 
monthly rainfall for five consecutive days mm 

Rx5day 

Simple index of daily intensity, total 

annual rainfall division by the number of 
wet days PRCP>=1.0mm 

mm/day 
SDII 

The number of days with the amount of 

daily rainfall is equal to or greater than 
RRIJ>=10mm 

days 

R10mm 

The number of days with the amount of 

daily rainfall is equal to or greater than 
RRIJ>=20mm 

days 
R20mm 

 6The number of days with the amount of 

daily rainfall is equal to or greater than 

RRIJ>=25mm 

days 

R25mm 

Consecutive dry days, maximum number 
of consecutive dry days RRIJ <1mm days 

CDD 

Wet days, the highest number of 

consecutive days that RRIJ> = 1mm days 
CWD 

Wet very days, total annual rainfall when 

more than RR>95 percentile  mm 
R95P 

Wet very days, total annual rainfall when 
more than RR>99 percentile 

mm 
R99P 

Annual rainfall on wet days RR>-1mm mm PRCPTOT 
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Table 3. Slopesen of precipitation indicators in statistical (1987-2016) 

Rx1day Rx5day SDII R10mm R20mm R25mm CDD CWD R95P R99P PRCPTOT Station 

0.188 0.269 0.02 0.02 0.00 0 1.15 0.01 0.353 0.253 0.538 Yazd 

0.16 1.13 0.05 0.17 0.07 0.03 1.19 0.07 1.78* 1.04 2.32** Shiraz 

0.33 0.37 0.03 0.03 0.01 0.01 0.1 0.01 0.82 0.23 1.19 Khorbianank 

0.22 0.21 0.33 0.04 0.01 0.01 0.55 0.06 0.58 0.66 1.04 Kerman 

0.03 0.00 -0.01 0.02 0.00 0.00 0.91 0.03 0.2 0.2 0.25 Kashan 

0.27 0.35 0.04 0.06 0.02 0.01 0.11 0.03 0.85 0.29 1.3 Esfahan 

0.40 0.59 0.04 0.047 0.02 0.01 1.01 0.02 0.33 0.61 1.33 Abadeh 

0.45 0.94 0.05 0.168 0.11 0.082 0.04 0.038 2.04** 0.94 1.91* Baft 

0.331 0.729 0.046 0.07 0.036 0.025 1.62 0.023 -2.023 0.52 1.54 Sirjan 

0.24 0.41 0.06 0.03 0.01 0.012 0.85 0.01 0.52 0.33 0.9 Lar 

0.436 0.676 0.098 0.072 0.036 0.022 4.071*** 0.053 0.918 0.543 1.531 Mrvast 

* Indicates the existence of a significant level of confidence at 95%  
** Indicates the trend at the level of 95% confidence 

*** Indicates the trend rate shows a confidence level of 99% 

 
Table 4. The trend precipitation limit indicators TFPW- MN method at 95% (p-value) in stations (1987-2016) 

Rx1day Rx5day SDII R10mm R20mm R25mm CDD CWD R95P R99P PRCPTOT Station 

-0.05* 
-0.01 -0.22 0.00 0.166 -0.033 0.01 0.06 0.04 0.17 -0.4* 

Yazd 

-0.15* 
-0.02 0.06 0.2 0.2* 0.11* 

0.31* 0.31* 0.11* 0.00 0.2 Shiraz 

-0.15 -0.104 0.1 -0.12 -0.01 -0.08 -0.27 0.03 -0.02 -0.14 -0.11 Khorbianank 

-0.07 -0.09 -0.07 0.07 -0.25* 
-0.02 -0.45* 

0.00 -0.17 -0.25* 
0.085 Kerman 

0.02 -0.18* -0.13* -0.05 -0.14* 
0.02 0.01 -0.14* 

-0.17 0.00 -0.11 Kashan 

0.03 -0.02 -0.03 0.06 0.05 0.01 -0.05 -0.16 0.02 0.00 -0.08 Esfahan 

0.03 0.04 -0.04 0.03 0.02 0.03 -0.02 0.02 -0.02 0.00 -0.03 Abadeh 

-0.01 0.213* 0.134* 0.4 0.23* 0.23 0.05 0.00 0.146* -0.018 0.477 Baft 

0.06 0.11* -0.124* 
0.16 0.14 0.26* -0.24* 

0.156* 
0.26 0.278* 0.129* Sirjan 

-0.14 -0.04 0.93 0.2 -0.05 0.01 0.18 0.07 0.09 -0.15* 
0.28* Lar 

-0.13 -0.26 -0.28* 
-0.19* 

-0.362* -0.32* -0.48* 
-0.05 -0.38* -0.14* 

-0.26* Mrvast 

* Indicates the existence of a significant level of confidence at 95% 
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Table 5. Specific amount and percentage of variance justified in the analyses of the main components 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11  

Marvast Abadeh Baft Esfahan Kashan Kerman Khoorbiabanak Lar Sirjan Yazd Shiraz Variables 

24722 7982 5436 3450 2312 1604 975 591 495 175 85 Eigenvalue 

0.517 0.684 0.797 0.87 0.918 0.951 0.972 0.984 0.995 0.998 1 Cumulative variance 

  
Table 6. The extent of the stations distance matrix by analyzing the main components 

Square correlation distance 

Station Marvast Aabadeh Baft Esfahan Kashan Kerman Khoorbiabanak Lar Sirjan Yazd Shiraz 

Marvast 1 0.298 0.015 0.122 0.121 -0.035 -0.030 0.220 0.260 0.280 -0.37 

Abadeh 0.298 1 -0.257 0.065 -0.085 0.478 -0.043 0.043 0.112 0.142 -0.00 
Baft 0.015 -0.257 1 -0.346 -0.332 -0.143 -0.049 0.693 0.839 0.215 -0.32 

Esfahan 0.122 0.065 -0.346 1 0.506 0.278 0.226 -0.11 -0.55 -0.53 0.121 

Kashan 0.121 -0.085 -0.332 0.506 1 0.174 0.466 -0.07 -0.39 -0.04 -0.05 
Kerman -0.035 0.478 -0.143 0.278 0.174 1 0.015 -0.04 -0.23 -0.11 -0.19 

Khoorbiabanak -0.030 -0.043 -0.049 0.226 0.466 0.015 1 0.226 0.054 0.205 0.068 

Lar 0.220 0.043 0.693 -0.119 -0.076 -0.040 0.226 1 0.700 0.122 -0.34 
Sirjan 0.260 -0.112 0.839 -0.553 -0.397 -0.239 0.054 0.700 1 0.513 -0.26 

Yazd 0.280 0.142 0.215 -0.530 -0.045 -0.110 0.205 0.122 0.513 1 -0.25 

Shiraz -0.370 -0.002 -0.322 0.121 -0.052 -0.195 0.068 -0.34 -0.26 -0.25 1 

  

 
Figure 3. Radar chart of the main components in selected climatic stations 
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