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Abstract

Introduction

The climate of a region is influenced by many factors, some of which are planetary and some are regional and
local. Teleconnection patterns are the origin of anomalies. Therefore, revealing the relationships between
climatic parameters and teleconnection patterns is important for further understanding of climatic fluctuations
and variability in each region. The purpose of this research is to investigate climate anomalies using
Teleconnection patterns are the origin of anomalies that are seen Therefore, revealing the relationships between
climatic parapatterns. For this purpose, the rainfall data of two observation stations (Khorram-Abad and
Kermanshah) were collected during a period of 68 years (1951-2018). In this research, two types of data were used.
1- The monthly rainfall data of two synoptic stations of Khorramabad and Kermanshah were obtained from the
National Meteorological Organization. 2- Data related to remote connection patterns including: Polar Oscillation (AQ),
North Atlantic Oscillation (NAO), Scandinavian Pattern (SCA), East Atlantic Pattern (EA), East Atlantic-West Russia
Pattern (EA/WR) ), the North Tropical Atlas pattern (TNA), the Polar-Eurasia pattern (POL) and the Meridian Wind
pattern (AMM), the Southern Oscillation (SOI), the combined pattern (Best) of the East Pacific-North Pacific
Oscillation (EP/NP), Water surface temperature in Nifio 1 and 2 (Nifio 1+2) and water surface temperature in Nifio 3
and 4 (Nifo 3.4)) were obtained from the NOAA website.

Materials and Methods

Analytical statistics and inferential statistics methods were used to determine the effect of Teleconnection
indicators on rainfall in the region. First, the rainfall time series of each station was tested for significance using
the Anderson-Darling test at the 95% confidence level. Also, to evaluate the condition of independence of time
series, the sequence test was used. Then, the Teleconnection indices were divided into two groups. Atlantic
Ocean-based indices (AO, NAO, SCA, EA, EA/WR, TNA, POL, AMM) and Pacific Ocean-based indices (SOI,
Best, EP/NP, Nino 1+2, Nino 3.4) And their interaction. In most statistical materials, parametric tests such as
variance analysis, correlation analysis, regression analysis, etc., are based on the assumption that the measurements
within each statistical population have a normal distribution and an equal variance-covariance structure.The hypothesis
of establishing a normal distribution is related to the distribution of the studied population and not the samples.In order
to be able to accept this hypothesis, that hypothesis must be substantiated in theoretical fields, that is, the values must
be symmetrically centered around the average number. In this regard, data that have a skewness (lack of symmetry) or
are strongly integrated in a part of the measurement scale, affect the variance-covariance between the variables.
Analysis of variance is one of the parametric methods that evaluates the relationship between a dependent variable and
an independent variable.In this approach, the independent variable is considered as the agent variable and the
dependent variable as the response variable. In order for the results of the analysis of variance to be valid, several
assumptions must be considered when applying its formulas. The first assumption is that the observations are
independent. It means that each observation is uncorrelated with another observation. The second assumption is that
the observations are normally distributed. That is, all observed measures of central tendency, including mean, mode,
and median, should be the same. The third assumption is that the variance is homogeneous. That is, the sizes of the
distribution of scores should be determined. This assumption is called homogeneity of variance. Therefore, before
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applying the statistical tests, first, the time series of monthly rainfall of Khorramabad and Kermanshah stations were
tested for significance using the Anderson-Darling test at the 95% confidence level. If any of the precipitation time
series is not normal, we tried to normalize that time series by using Johnson transformation functions. If these
functions were not able to place the precipitation time series in the normal range. Kruskal-Wallis method, which is
equivalent to non-parametric analysis of variance, was used to test the precipitation of these non-normal time series. In
the following, in order to find out whether the average monthly rainfall of Khorramabad and Kermanshah synoptic
stations has changed during the different phases of the teleconnection patterns, or in other words, whether the average
monthly rainfall in the west has undergone changes due to the positive or negative phase of these patterns, first the
values The standardized index of these patterns was divided into three levels: neutral, positive and negative. Then one-
factor analysis of variance and Kruskal-Wallis test were implemented on these three levels as factors and the time
series of monthly rainfall as the response variable.

Conclusion

The distribution values of Kruskal-Wallis statistics for the months of October and September and the values of
the analysis of variance statistics for other months of the year revealed that the influence of the indices based on
the Atlantic Ocean has less homogeneity and order than the indices based on the Pacific Ocean. In a way that the
phase change of the Pacific Ocean indicators has caused a significant change in the rainfall of October and
November in Khorramabad and October in Kermanshah. If the influence of the patterns based on the Atlantic
Ocean does not have such an arrangement. In general, the patterns of the Atlantic Ocean have caused a
significant change in precipitation mainly in the winter season, while the patterns based on the Pacific Ocean
have had a significant effect on the precipitation in the autumn season. In this regard, the East Atlas-West Russia
pattern had the most significant effect on the precipitation of these two stations, while the polar oscillation
pattern, the Eurasia polar pattern, and the meridian temperature pattern caused a significant change in
precipitation in only one month and one station. Also, the Scandinavian pattern has a significant effect on the
October rainfall in Khorramabad, January, March and December in Kermanshah. On the other hand, the East
Atlas pattern and the North Tropical Atlas pattern have had a significant effect on February rainfall in
Kermanshah and October in Khorramabad. On the other hand, the East Atlas pattern and the North Tropical
Atlas pattern have had a significant effect on February rainfall in Kermanshah and October in Khorramabad. The
East Atlas and Scandinavian patterns have a significant effect on the October rainfall in Khorramabad and
Kermanshah. In general, the patterns of the Atlantic Ocean have caused a significant change in precipitation
mainly in the winter season, while the patterns based on the Pacific Ocean have had a significant effect on the
precipitation in the autumn season.
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Figure 2- Probability diagram of March rainfall distribution
in Khorramabad
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Probability Plot for Original Data
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Figure 5- Probability diagram of January rainfall distribution
in Kermanshah
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Figure 6- Probability chart of February rainfall distribution
in Kermanshah
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Johnson Transformation for Jan
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Figure 7- Probability diagram of initial January rainfall data, normalized January rainfall data diagram and point distribution
diagram of P value of Anderson Darling test against Z value
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Table 2- Johnson transformation functions calculated for normalizing the distribution of monthly rainfall time series of Khorram
Abad station and Kermanshah

ey @39 b Gl slagymw 4 Jlopps Jloj slasymw 15 @y

AWlp S Stpgives ol ole
—1.115+1507 * Asinh((Rain—35.15) / 42.12) a9l3
—542.90 — 260 * Asinh((Rain —31.07)/24.22 45
0.8266 + 0.842 * Ln((Rain +0.584)/(240.81 — Rain)) Joysl
4.804 +1.11*Ln((Rain +3.476)/(1649.1— Rain)) -
1.781+1.028 * Ln((Rain +5.933)/(380.089 — (Rain)) eolgs
obisle " Stygians oy
—0.971+1.177 * Asinh((Rain —37.29)/(30.55) ol
—2.47 +1.416 * Asinh((Rain — 4.68)/(17.41) Joosl
1.702 +0.685* Ln((Rain +0.888)/(228.94 — Rain)) -
—8.038 +1.87 *Ln((Rain + 30.63) peolss

VY ) s anslre o o 8Y 9 YA L plyy s gy oS oyl
o A0 o peles o)l 50 gyt deo TV MBI ! Lol
Slolwg (rm sosiits L)l g2y (ol b g5 olise el
P g )l 3929 cliileS yuelgs (103l e 9 95Ul
3 ) eboia LideS 5 dlojlacir JLisy (By el
alllas 3,90 dilais ey slo )l o] lilgo 4 250,55 5 (B

S o Ly el

3L ol sl 3 oSl pedlys 3k 6SSbe 90 ]
2 00 oe L (g )hlize ool Jlad Lulbl g cute
sgod oS0 el (Ve US8) dmd e i oyl (i 6 o
4SS o et S |y prelys )l s
o pulll pluogs (e 6 (b 53 s el sk (Ss
JSs) Cuwl o 36 51 568 yio oo VOIA iSlas 5 V/Y JBlas
I

e 5 St JB (b )3 oliile)S o) elgs (5)k 4251



10Y B AYY Gloriis AFY Jlo F ojlad & 0)50 /S 5 ol Co o 5 (il Jde i [higius 5 sadln puo

WY

Sfp 5 Glale (5L 5 90 51 Signy (S gSI dly= Sy S cyge3l 5 iy Jelo (slmolol glis Y Joax
Table 3- The results of the analysis of variance and Kruskal-Wallis test of remote connection patterns and monthly rainfall in

Khorramabad

Dec Nov Oct Sep May Apr Mar Feb Jan ANOVA Index
14 0.74 44 0.14 0.44 0.03 0.7 3.15 12 F AO
0.25 0.48 0.11 0.93 0.64 0.97 0.5 0.05 0.31 P

1.6 351 0.76 0.07 2.24 0.37 0.25 0.23 0.6 F NAO
0.21 0.03 0.69 0.97 0.12 0.69 0.77 0.79 0.55 P

0.14 2.55 7.24 0.48 0.51 0.19 1.73 3.08 0.8 F EA
0.872 0.086 0.027 0.787 0.602 0.831 0.186 0.053 0.453 P

8.5 3.22 0.44 2.8 0.8 1.19 8.66 0.13 34 F EAWR
0.001 0.046 0.804 0.246 0.456 0.312 0.000 0.876 0.039 P '
0.58 1.48 8.53 1.61 3.79 0.64 2.15 0.58 2.55 F SCA
0.565 0.226 0.014 0.447 0.028 0.532 0.124 0.561 0.086 P

1.56 0.12 483 0.95 0.16 1.32 1.94 6.23 0.19 F POL
0.217 0.88 0.089 0.622 0.849 0.273 0.151 0.003 0.831 P

0.37 0.4 1.15 2.54 0.78 0.12 14 34 0.15 F TNA
0.67 0.67 0.28 0.29 0.46 0.89 0.26 0.04 0.86 P

0.37 3.97 1.74 1.2 0.63 0.2 0.16 11 0.79 F AMM
0.7 0.024 0.42 0.54 0.54 0.82 0.86 0.34 0.46 P

0.52 0.06 6.24 3.87 0.66 0.77 0.04 0.36 4.49 F EP.NP
0.6 0.94 0.044 0.15 0.41 0.663 0.96 0.69 0.01 P '
0.16 3.94 10.6 0.78 14 0.8 0.06 14 1.24 F Best
0.85 0.02 0.00 0.68 0.25 0.46 0.94 0.26 0.3 P

11 41 6.34 0.59 0.36 0.25 11 2.2 0.03 F ol
3.3 0.02 0.04 0.75 0.71 0.78 0.35 0.11 0.97 P

0.26 2.7 11.2 13 11 0.3 2.8 0.5 1.6 F Nifio
0.77 0.08 0.004 0.52 0.32 0.74 0.07 0.6 0.2 P 1+2
0.02 3.6 194 35 6.2 13 0.3 0.12 25 F Nifio
0.98 0.033 0.00 0.18 0.003 0.3 0.72 0.9 0.09 P 34

olislesS Blale 3.k 9 399 1 S g sl JSg)S 0] 5 ey s (slaolel ol =¥ Jguo
Table 4- The results of analysis of variance and Kruskal-Wallis test of the remoteness patterns and monthly rainfall of Kermanshah.

Dec Nov Oct Sep May Apr Mar Feb Jan ANOVA Index
2.73 1.72 33 1.28 1.95 0.26 1.03 4.35 1.26 F AO
0.073 0.187 0.19 0.527 0.15 0.77 0.362 0.017 0.29 P

14 2.6 0.05 0.52 141 0.67 0.16 0.31 0.47 F NAO
0.257 0.083 0.974 0.769 0.252 0.515 0.855 0.732 0.627 P

0.88 2.13 3.85 1.25 0.04 1.55 0.5 3.13 0.37 F EA
0.421 0.127 0.146 0.536 0.946 0.22 0.61 0.05 0.689 P

32 1 0.28 11 1.57 0.32 3.13 0.45 7.25 F EAWR
0.047 0.371 0.87 0.577 0.217 0.742 0.051 0.638 0.001 P '
4.29 2.82 22 0.38 2.35 0.97 3.53 2.79 21 F SCA
0.018 0.067 0.331 0.828 0.104 0.386 0.035 0.069 0.13 P

0.59 0.04 54 1.89 0.27 0.55 0.64 0.93 147 F POL
0.556 0.962 0.067 0.389 0.763 0.577 0.529 0.339 0.237 P

0.04 0.11 0.5 2.64 0.01 0.03 347 3.22 2.13 F TNA
0.964 0.892 0.477 0.267 0.994 0.969 0.037 0.046 0.127 P

0.38 2.07 2.15 1.75 0.61 1.08 0.07 1.37 0.28 F AMM
0.688 0.134 0.34 0.416 0.548 0.345 0.935 0.262 0.755 P

143 0.00 4.97 0.8 0.05 0.28 0.59 0.15 4.36 F EP.NP
0.248 0.997 0.083 0.671 0.956 0.754 0.558 0.863 0.017 P '
0.13 2.86 15.09 1.93 0.15 0.13 0.99 0.24 1.06 F Best
0.879 0.065 0.001 0.382 0.861 0.875 0.376 0.789 0.353 P

0.09 0.118 8.78 0.81 0.11 0.41 1.18 0.74 0.03 F SOl
0.918 221 0.012 0.667 0.895 0.665 0.351 0.483 0.975 P

0.94 3.71 10.34 2 0.76 0.81 441 0.64 177 F Nifio
0.396 0.030 0.006 0.362 0.472 0.488 0.016 0.531 0.178 P 1+2
0.92 3.28 21.65 3.54 4.1 0.23 3.06 0.45 0.31 F Nifio
0.405 0.044 0.000 0.171 0.021 0.797 0.054 0.645 0.733 P 34
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Main Effects Plot for Dec Korramabad Main Effects Plot for Mar Korramabad
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Figure 8- The reaction of May and December rainfall in Khorramabad to different phases of the pattern of the Eastern Atlas of
Western Russia (EA/WR)

Main Effects Plot for Mar Kermanshah
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Figure 9- The response of Kermanshah's May and December rainfall to different phases of the East Atlantic pattern of Western
Russia (EA/WR)

- Main Effects Plot for Nov Khorramabad Main Effects Plot for Nov Korramabad
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Figure 10- The response of Khorramabad November precipitation to different phases of NAO and AMM

Main Effects Plot for Nov Kermanshah
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Figure 11- Kermanshah precipitation response to different NAO phases
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Main Effects Plot for Feb Khorramabad
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Figure 12- The response of February-October rainfall in Khorramabad to different phases of the East Atlas EA pattern

Main Effects Plot for Oct Kermanshah
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Figure 13- The response of February and October rainfall in Kermanshah to the different phases of the East Atlas EA pattern
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Main Effects Plot for Dec Khorramabad
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Main Effects Plot for Mar Korramabad
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Figure 14- The response of March and December precipitation in Khorramabad to different phases of the Scandinavian SCA

Main Effects Plot for Dec Kermanshah
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Figure 15- The response of March and December rainfall in Kermanshah to different phases of the Scandinavian SCA pattern
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Figure 16- The reaction of October rainfall in Khorramabad
to different phases of El Nifio-Southern Oscillation patterns
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Figure 17- The response of October rainfall in Kermanshah to
different phases of El Nifio-Southern Oscillation patterns
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Interaction Plot for Oct Khorramabad

12 3 12 3
1 3 3 1 13 —— —
50 ]
i 1 4—50{ — ! -
¥ Iu (] .- 2% sg'.n‘u'h) 7{\ -~ K )Jli'
{ o 4 e (v 3 =
% A/‘\: kk' '/N || , k’% ' § - V\.\\’ I
0 Vad o ’ ] . [ -8 p5f Bt
R s "t -y 50 .._BES} 7 .// I L -+ !
- v v M / /\’ v a2
.'//'\, Bt S, A \/ 5 3 :’//.\‘ = 4 V/\\ 0—// & s
\ Roct Ract
0 i . 0 "
[ - - A Nifio1+2
. / //\ I\ - +N|nul+21 50 . / r’/\ - \\ N ifo !
- " 1 2
251 b/\}J/' \ Nifiol+2 ’//\ -. § 5 /(’(J/. A Nifo1+2 /\ 3
0 b / \ Niints 0 A4 Y Nifin142
. . - Nifo34 » [ . =, bso| s
/{/ (,' e r/l’ 5 '”01 (/ .// (/ / ] P
o P ‘\/ Nifo34 \// o :;40/' Q/H Nio34 \/ 5|4
0 \igan s ) e
EPINP 50 . /\ 1 EPINP
. J /\ ’ \ T / \ , ) T
7\ Ay \ \ 4
%7 4 EANp 3 \ EANp
_ th ! d N EPINP ~ 'Y / \ l 3
[ L T T T U e T T 1T LI EPINP
113 12 3 1203 |® ! 113 113 123 | * !
A4 2 4-
23 ok 5l o g slogS e 135 18 S 2 Gk e 5l gz plag cslag®l e 55 VA JS.5

olisls )
Figure 19- The mutual influence of El Nino-oscillation
patterns on October rainfall in Kermanshah
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Figure 18- The mutual influence of El Nifio-Southern
Oscillation patterns on October rainfall in Khorramabad
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Figure 20- The response of November rainfall in Khorramabad to the conflicting effect of remote connection patterns
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Figure 22- The response of December rainfall in Figure 21- The response of December rainfall in
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