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The present study investigated the impacts of NAO and ENSO on
precipitation in the southern shores of the Caspian Sea. The accumulated
monthly and annual rainfall data from 5 synoptic stations during the years
1956-2017 was obtained from the Islamic Republic of Iran Meteorology
Organization (IRIMO). The Multivariate Enso Indices (MEI) and NAO
activity years were obtained from the National Oceanic Atmospheric
Administration(NOAA). Pearson correlation was used to investigate the
relationship between the indices and precipitation amounts at the selected
stations. The results showed that there was a significant relationship
between precipitation and the NAO index in some months at all stations,
but this correlation did not follow a particular pattern across all stations.
The maximum correlations were observed at Babolsar and Anzali stations,
while the least correlation was found at Gorgan station. The correlation
between precipitation and different phases of the NAO showed that there
was a positive correlation between precipitation and the negative phase of
the index at Ramsar station, and a negative correlation between
precipitation and the positive phase at Gorgan station. The results of the
Pearson correlation also showed a significant correlation between the MEI
and rainfall amounts in the autumn at some stations in early winter. When
reviewing drought and wet periods with both indicators, it was observed
that the behavior of the stations during the El Nifio period, with different
phases of the NAO, was not entirely consistent. However, the coefficient
of 89% for rainfall in the normal and above normal range during the EI
Nifio period indicated a better fit between EI Nifio and normal or above
normal rainfall at these stations. Additionally, a coefficient of 60% for
weak to severe droughts during the La Nifia period in the selected stations
indicated a stronger association between the La Nifia phase and severe
droughts during the study period.
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Introduction

The present study investigated the impacts of NAO and ENSO on precipitation in the
southern shores of the Caspian Sea. Although the Caspian region is the smallest climatic
region of Iran, its special topography and the presence of the Caspian Sea, as well as the
high-pressure location of Siberia near it, and the influence of the large-scale extratropical
circulation pattern, give it very complex climatic characteristics. Undoubtedly, precipitation
is the most prominent climatic element of the Caspian region, so changes in precipitation can
alter the climate structure of the region. One of the most effective factors influencing climate
fluctuations and changes in a region is Teleconnection Patterns of atmospheric circulation.
ENSO is an atmospheric-oceanic phenomenon that occurs in the tropical Pacific Ocean. In
its warm phase (El Nifio) and cold phase (La Nifia), there are drastic changes in atmospheric
and oceanic parameters in the west and east of this ocean. Among these changes, we can
mention changes in surface pressure and surface wind, upwelling and downwelling areas,
cloudiness and precipitation in the atmosphere, as well as changes in water surface
temperature, water surface height, and thermocline depth in the ocean. One of the influencing
and determining factors in the climatic conditions of Iran is the activity of the two active
low-pressure centers of Iceland and the Azores. The interaction between these two pressure
systems is called the North Atlantic Oscillation Index (NAO). This index is obtained from
the difference of normalized sea level pressure data from the high-pressure center of the
Azores to the low-pressure center of Iceland. This data includes the normalized value of the
monthly average central pressure of the two high-pressure centers of the Azores and the low-
pressure centers of Iceland, which are calculated separately for each month. If the two low-
pressure centers of Iceland and the Azores are more intense, the North Atlantic fluctuation
index will be positive. Conversely, if the two mentioned pressure centers are less intense, the
result will be negative.

Methods and Material

The studied area includes three provinces (Gilan, Mazandaran, and Golestan), which have
an area of more than 58,251 square kilometers and are located from 35 degrees and 47
minutes to 38 degrees and 27 minutes north latitude and 48 degrees and 53 minutes to 56
degrees and 22 minutes east longitude. The accumulated monthly and annual rainfall from 5
synoptic stations during the years 1956-2017 was obtained through the Islamic Republic of
Iran Meteorology Organization (IRIMQ), and the Multivariate Enso Indices (MEI) and NAO
activity years were obtained from the National Oceanic Atmospheric Administration.
Pearson correlation was used to investigate the relationship between the indices and
precipitation amounts of the selected stations.

Results and Discussion

In examining the simultaneous relationship between the monthly North Atlantic Oscillation
(NAO) index and the average monthly rainfall of the stations in the study area, a significant
relationship at the 0.01 level is observed in November and July. Additionally, a significant
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relationship at the 0.05 level is observed in January, March, and May between the NAO
index and rainfall. In Rasht and Ramsar stations, there is also a significant relationship
between the North Atlas Fluctuation (NAF) Index and precipitation in three months of the
year (November, February, and May). However, this relationship is at the 0.01 level in
November and at the 0.05 level in February. At the Anzali station, this relationship is
observed in the months of January and June. The noteworthy point is that the rainfall in
November in all stations, except for Anzali and Gorgan, has a significant relationship with
this index. Additionally, January rainfall in Anzali and Babelsar stations, as well as May
rainfall in Rasht, Ramsar, and Gorgan stations, show a significant relationship with the
above-mentioned index. In the correlation analysis with a delay of one month between the
NAO index and rainfall, only in the Anzali station, a significant positive correlation is
observed in five months of the year.

Conclusion

The results showed that there was a significant relationship between precipitation and NAO
index in some months at all stations, but this correlation did not follow a particular pattern
at all the stations. The maximum correlations were observed at Babolsar and Anzali stations,
while the least correlation was found at Gorgan station. The correlation between precipitation
and different phases of NAO showed that there was a positive correlation between
precipitation and the negative phase of the index at Ramsar station, and a negative correlation
between precipitation and the positive phase at Gorgan station. The results of the Pearson
correlation showed a significant correlation between the MEI and rainfall amounts in the
autumn at some stations in early winter. When reviewing drought and wet periods with both
indicators, it was observed that the behavior of the stations during the EI Nifio period, which
had different phases of the NAO, was not entirely consistent. However, the coefficient of
89% for rainfall in normal and above-normal periods during the El Nifio period indicated
that El Nifo is better suited for normal and above-normal rainfall in these stations.
Additionally, the coefficient of 60% for weak to severe droughts during the La Nifia period
in the selected stations indicated that the La Nifia phase was more closely related to severe
droughts during the study period.
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