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Table 1- Some features of the most important indicators large-scale climatic signals
o8l lido Sy LUK s 23 Lo (2 Pt S SR 3 B2 -) Jg

Climate Index Location Abbreviation The name of the large-scale climate index
Subtroical region of the Northern Hemisphere PNA Quiet North America
Iceland NAO North Atlantic Oscillation
Teleconnectio ) Northv Pacific PDO Decades of P.acifi.c O:scillation
n Patterns North and middle latitudes 45 degrees north AO Polar oscillation index _
North Pacific. Calm East EP/NP Calm North. Calm Eastern pattern of spring, summer
and autumn
Pacific Ocean North America PNA Calm North
e Sea surface temperature in the east of the tropical center
Pacific Center NINO4 of the Pacific
0-10 degrees south, 80-90 degrees west NINO1+2 Calm sea level temperature in the tropical east
pacific surface 5 degrees north and south .160 de_g.rees east to_lSO degrees west NINO3.4 Calm Sea level temperat_ure.in the tropical Calm east
ossification Bjetween Alr Tahltl and Darwin MEI Enso.multlvarl.ate pattern
Nino 3.4 District N-5S, 120-170W ONI Nino Oceanic Index
North Pacific, up and near Darwin, Australia NOI North Pacific Oscillation
The center of the Pacific Ocean is 0-10 degrees south, 80-90 degrees NI Differences in normal sea level temperature anomalies
west between NINO1+2 NINO4
Atlantic North Atlantic Ocean AMO Several Decadal of Atlantic Oscillation
surface 20 to 60 degrees west, 6 to 18 degrees north and 10 to 20 degrees NTA North Atlantic Index
temperature west, 6 to _10 degrees north )
Caribbean Sea CAR Caribbean Sea surface temperature
Table 2- Statistical characteristics of research variables autumn in synoptic station Nojeh
039 Sty g ol Gy Juad gy s piio 5)lol s SR - Y Joux
Statistical characteristics Total rainfall Maximum Rainfall Frequency Rainfall
1Day 2Day 3Day 4Day 1Day 2Day
Mean 88 221 15.4 7.3 8.4 12.4 1
Standard deviation 56.5 12.1 11.3 12.6 22.3 6.2 13
Skewness coefficient 1 0.7 0.7 15 4 0.5 0.8
Kurtosis 0.9 0 -0.1 11 18.6 0.3 -0.5
Range 2453 49.4 40 40 120.3 27 4
Minimum 6.9 2.6 0 0 0 2 0
Maximum 252.2 52 40 40 120.3 29 4
Table 3- Statistical Characteristics of Research Variables Autumn in Synoptic Station Forodgah
o559 58 Sty i oliuns] iy Joad (fd g3y s o g Lol o S0 - T Jgur
Statistical characteristics Total rainfall Maximum Rainfall Frequency Rainfall
1Day 2Day 3Day 4Day 1Day 2Day
Mean 107 25.1 18.4 1.7 1.7 13.6 0.9
Standard deviation 57.1 12.1 134 134 21.3 5.4 1.3
Skewness coefficient 0.7 0.9 0.8 2 3.8 0.2 1
Kurtosis 0.2 0.6 1.2 3.8 15.9 0.4 -0.3
Range 252.7 52 59 55 110 25 4
Minimum 8.6 4 0 0 0 3 0
Maximum 261.3 56 59 55 110 28 4
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Table 4- Correlation between monthly rainfall and
Meteorological stations of Hamedan province and one-
month delayed climate signals
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Table 5- Statistical characteristics of multivariate correlation relations of monthly rainfall and climatological signals in

Nojeh Station
0By | (ol (olailo Sy 33 S JUSKww g aildlo (S5l (b yiol sy 0 o Wiy (Swsad Lslg 31 Jolo (5 bl G Sh9-0 Jgu
0585 ks gl
- e . Maximum Rainfall Frequency Rainfall
Months Statistical Characteristics Monthly Rainfall 1Day 2Day 3Day 1Day 2Day
Statistics F 34 2.4 42 1.6 1.6 25
Apr Significant 0.01 0.09 0.009 0.1 0.1 0.05
correlation coefficient 0.85 0.91 0.91 0.82 0.83 0.83
Statistics F 2.6 3.6 6.7 6.7 4.8 2.5
May Significant 0.05 0.01 0.002 0.002 0.007 0.06
correlation coefficient 0.86 0.88 0.95 0.95 0.92 0.87
Statistics F 1.8 18 - - 27 -
Jun Significant 0.1 01 - 003 -
correlation coefficient 0.79 074 - e 081 -
Statistics F 4.4 2.4 31 - 082 -
Oct Significant 0.006 0.06 003 - 06 -
correlation coefficient 0.762 0.83 088 - 059 -
Statistics F 7.22 5.5 25 2.9 2.9 0.49
Nov Significant 0.001 0.003 0.05 0.03 0.03 0.887
correlation coefficient 0.91 0.92 0.82 0.87 0.76 0.56
Statistics F 0.72 2.4 11 1.3 2.8 2.6
Dec Significant 0.71 0.06 04 0.3 0.03 0.05
correlation coefficient 0.694 0.81 0.65 0.74 0.83 0.84
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Figure 4- Chart of changes in rainfall in November with
the first factor
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Figure 3- Three-dimensional graph of three factors of
rainfall in the month of the synoptic Forodghah
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. . Statistical Monthly Frequency rainfall Maximum rainfall

Months  Statistical period characteristics Rainfall 1-Day 2-Day 1-Day 2-Day 3-Day
R? 0.77 037 - 0.57 061 -

calibration Nash-Sutcliffe 0.69 -0.67 - 0.26 03 -

Oct r 0.88 061 - 0.76 078 -
R? 0.23 02 - 0.07 0.02 -

Validation Nash—Sutcliffe -3.7 69 - -0.56 -039 -

r -0.48 019 - -0.27 015 -

R? 0.85 0.74 0 0.85 0.64 0.78

calibration Nash-Sutcliffe 0.82 0.63 -0.1 0.82 0.45 0.72

Nov r 0.92 0.86 0.04 0.92 0.8 0.88
R? 0.46 0.48 0.03 0.08 0.07 0.77

Validation Nash—Sutcliffe 0.43 0.16 0.09 -0.09 -34 0.38

r 0.68 0.69 -0.16 0.29 0.26 0.87

R? 0.55 0.74 0.72 0.34 0.51 0.67

calibration Nash-Sutcliffe 0.19 0.65 0.61 -13 0.06 0.49

Dec r 0.74 0.86 0.85 0.58 0.72 0.82

R? 0 0.57 0.16 0.03 0.04 0
Validation Nash—-Sutcliffe -0.2 0.35 -1.15 -7 -0.4 -0.11

r 0.03 0.77 -0.4 -0.16 0.19 0.06
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Abstract

In this study, the effects of 16 selected climatic signals on several rainfall features including maximum and the
frequency of one, two, three-days rainfall and the total monthly amount in Hamadan province, Iran was evaluated
using the factor analysis and multivariate regression methods. Rainfall data of raingauges, synoptic and climatology
stations during the period of 1977-2013 were collected. The statistical periods of 1977-2002, and 2003-2013 were
selected as the calibration and validation periods, respectively. The results showed the most significant effect of
climatic signals in October, November, December, February, April and May. In autumn, among the study signals,
the effect of climatic signals MEI, NINO4, NINO3.4, NINO3, NINO1 + 2 and ONI on selected rainfall features
were more significant than others. Also, the findings revealed that maximum rainfall of 1, 2, 3 days, and the
frequency of 1 and 2 rainy days, have the highest correlation with MEI, NINO4, NINO3.4, NINO3, NINO1 + 2 and
ONI, climatic signals.
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