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5- Scandinavia Pattern

6- East Atlantic Pattern

7- North Atlantic Oscillation

8- EastPacific/ North Pacific Pattern
9- Polar/ Eurasia Pattern

10- East Atlantic/Western Russia
11- Pacific/North American

12- Indian ocean Dipole
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13- El Nifio-Southern Oscillation
14- Pacific Decadal Oscillation
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Figure 1: The geographical location of selected synoptic stations
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Table 5- Summary of the correlation coefficients between selected indices and the Aras basin stations ET in different time intervals
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Table 6- Correlation coefficients of ET in the studied stations with different phases of north Hemisphere's teleconnection patterns in
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Figure 2: Zonation maps of the correlation rates of 8 north Hemisphere's teleconnection patterns with spring ET in the Aras Basin
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Because the climate is systemic, the Large-scale atmospheric patterns, are considered as one of the
most important factors that affect the climate in different regions of the world. This issue shows the
importance of research on large-scale processes and their effects on climate areas beyond a given
region. In this study, the relationship between the North Hemisphere's Teleconnection indices and
Evapotranspiration (ET) at synoptic stations in the south of the Aras River basin during the 26-years
statistical period (1992-2017) was investigated. First, Run-test was used to evaluate the sequence and
homogeneity of data. Then, the Pearson correlation coefficient and regression analysis were used to
investigate the relationship between these patterns and the studied variable. Significant correlation at
the basin scale was observed only between NAO and PNA patterns with low intensity and incomplete
negative correlation. The most significant correlation coefficient was obtained between ET stations
and some patterns with time delays of 1, 2, and 3 months and without delay, which are weak in terms
of intensity. In different seasons, significant correlation coefficients were observed from moderate to
very strong. Thus, at Ahar station in winter and spring between ET, Scandinavia (SCA) and East
Atlantic (EA) patterns, in autumn with North Atlantic Oscillation (NAO) and EA patterns were
observed. At Ardabil in spring with SCA, in summer and autumn with Polar/ Eurasia Pattern (POL),
and at Parsabad in autumn with East Pacific/ North Pacific Pattern (EP/NP). A significant correlation
between both phases of EA, East Atlantic/Western Russia (EA/WR), and positive phases of EP/NP,
SCA, and negative phase of the PNA with some station's Z-Scores was observed low to the moderate
intensity at the confidence level of 0.95 and more. The results of the backward regression model, in
addition to introducing the most effective indices in the modeling of the station's ET, showed that they
do not have the explain this variable in the Aras basin.

Keywords: Aras Basin, Correlation, Evapotranspiration, Teleconnection Indices.
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Introduction: Large-scale atmospheric patterns are considered one of the factors affecting the climatic
parameters of different regions of the earth. These patterns cause unusual climate oscillations with
time delays in areas far from their formation place. This shows the importance of researching these
patterns and their effects on the area's climate far from their place. Because Iran is vast in latitude and
longitude, it is prone to be affected by atmospheric patterns of different latitudes. Therefore, it is
necessary to evaluate the possible relationship between large-scale atmospheric patterns and climatic
parameters in different regions of thecountry and to study the effects of the patterns on them. Despite
the fact that evapotranspiration (ET) is more effective than rainfall and it plays an important role in
water resources management, climate change, and agricultural production and it is one of the main
components of the water cycle and balance, the relationship between large-scale atmospheric patterns
and ET has not been studied much. Thus, in this study, the relationship between theNorthern
Hemisphere's Teleconnection patterns and ET of selected syntactic stations at the Aras basin during
the 26 years (1992-2017) was investigated. As far as we know, few research has been done on the
relationship between these patterns and ET. Therefore, the purpose of this study is to investigate the
possible relationship between these patterns with ET in this basin.

Materials and Methods: In this study, ET data of selected synoptic stations in the southern part of the
Aras basin during a long statistical period (26 years from 1992-2107) were received from
meteorological organization. Then, Numerical values of Teleconnection indices of the Northern
Hemisphere were obtained from the NOAA website in the years corresponding to the study period.
These indices include: North Atlantic Oscillation (NAO), East Atlantic Pattern (EA), West Pacific
Pattern (WP), East Pacific/ North Pacific Pattern (EP / NP), Pacific/ North American Pattern (PNA),
East Atlantic / West Russia Pattern (EA / WR), Scandinavia Pattern (SCA), Polar/ Eurasia Pattern
(POL), Tropical/ Northern Hemisphere Pattern (TNH) and Pacific Transition Pattern (PT). The last
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two Patterns were excluded from the review process due to the small number of corresponding data.
First, the homogeneity of the ET data was checked using by Run Test. Second, they were converted to
Z-scores to make these station data comparable to the patterns. Then, the Pearson correlation
coefficient was calculated to investigate the relationship between patterns and ET of the Aras basin
stations. Significance levels of correlations were considered 1 and 5%. Because the effect of
Teleconnection patterns on climatic parameters may be associated with time delay, hence the
correlation between them and Z-scores of basin ET was calculated with time delays of 1-3 months in
addition to seasons and both phases of patterns. Multiple regression equations were also used to
evaluate the relationship between the studied indices with ET stations and One-way analysis of
variance (ANNOA) was used to evaluate the effectiveness of patterns on ET. The multivariate
correlation coefficient (R) and R Square (R?) were calculated and evaluated for the entry of all models
into the model and the entry of the most effective pattern/patterns into the regression model for the ET
stations.

Discussion and results: The results showed that the Pearson correlation matrix for the relationship
between Northern Hemisphere's Teleconnection patterns and ET showed that at the basin scale, a
significant correlation was observed only with NAO and PNA patterns which were of the incomplete
inverse correlation. The most significant correlation coefficients were calculated between ET and
some of the patterns (EA/WR, NAO, SCA, EA, and PNA) without time delay and with time delays of
1-3 months, which are also often incomplete inverse correlation and in terms of severity they are
weak. Between the two phases of EA, EP/NP, SCA, and the negative phase of EA/WR and PNA with
ET of some stations, there is a significant correlation with low to moderate intensity at 95 and upper
confidence levels. The most significant correlation coefficients at Ahar station (in winter and spring
respectively with EA and SCA, in autumn with EA and NAO), at Ardabil (in spring with SCA, in
summer and autumn with POL), and at Parsabad (in autumn with EP/NP) were calculated. Also,
spatially, the spatial distribution maps did not show a specific orbital pattern between the patterns and
basin ET, except that the whole basin has an incomplete inverse correlation with WP in summer and
with NAO and PNA in autumn. Evaluation of the values of standardized Beta coefficients, the t-
statistic, and the significant value of the models entered into the regression showed that 5 models
(including NAO, PNA, EA/WR, EP/NP, and SCA) were more effective on the Aras basin ET than
other patterns, although they do not have upper explanatory.

Conclusions: The existence of significant correlation coefficients with very low to moderate intensity
between the studied patterns and Aras basin ET and the lack of strong correlations can indicate that
these patterns on the Aras ET have little effect, on the other hand, this result may be affected by the
length of studied statistical period. It should be noted that the correlation values mentioned in this
study were obtained only basis on the ET data during the studied period, since the correlations
obtained are related to the length of the statistical period of the stations, therefore, with any changes
during the statistical period, the results indicating the correlation will also change. Multivariate
regression coefficients showed that the studied patterns in explaining the Aras basin ET do not have
the desired level and none of the Northern Hemisphere's Teleconnection patterns can explain a large
percentage of Aras ET changes. In addition, since the studied parameter variations in the basin are also
affected by geographical location and local factors, the lack of a very strong correlation between Aras
ET and the studied patterns can be attributed to other unaddressed factors.
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