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temperature, and drought patterns in different regions of the world. This study aimed to
investigate the relationship between ENSO indices such as MEI, SOI, and NINO
Article history: fluctuations with drought indices (TCI, VCI, VHI, and SPI) in the provinces of Guilan,

Received 20 November 2024 Golestan, and Mazandaran during the years 2013 to 2022.
Accepted 04 January 2025

Published online 07 January
2025 the Google Earth Engine platform to calculate drought indices, and ENSO data were

obtained from the NOAA website for correlation analysis.
Results: The results showed that the MEI and NINO indices had a positive and significant

Methods: For these works, satellite NDVI, LST, and precipitation were obtained from
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NDy\\;\: correlation with SPI, indicating an increase in precipitation and a decrease in drought
ENSO, intensity in the periods associated with these indices, while their relationship with other
Northern provinces of Iran, drought indices was weak and insignificant. The SOI index showed a significant inverse

Wet and dry seasons,

Remote sensing patterns. relationship with SPI, confirming the effect of La Nifia in increasing drought.

Conclusions: During the El Nifio phase, temperature increased in the northern parts of
the studied provinces, but the southern highlands of Mazandaran experienced sub-zero
temperatures. VVegetation cover was denser in southern Golestan and eastern Mazandaran
during this period, while northern Golestan and southern Mazandaran faced a decline in
vegetation cover. Drought indices also confirmed this heterogeneity; SPI indicated
relative dryness in the western half of the region, TCI showed heat stress in northern Gilan
and central Mazandaran, and VVCI revealed a decline in vegetation health in western Gilan
and the western half of Mazandaran extending to northeastern Golestan. During the La
Nifia phase, temperatures generally increased and northern areas became warmer, while
vegetation cover decreased and dry areas expanded, particularly in northern Golestan and
southern Mazandaran. The SPI and VHI indices showed that drought severity and
vegetation health decline increased during this period, with a concentration of dry lands
evident in Mazandaran and the central part of Golestan.
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Introduction

Teleconnection refers to periodic atmospheric fluctuations in the climate system. Any
phenomenon that is more or less than its long-term average and periodically forms a cycle is an
oscillation, of which the Southern Oscillation or ElI Nino is an example. The Southern
Oscillation (ENSO), including EI Nifio and La Nifia, is one of the most important examples of
this phenomenon, which causes widespread atmospheric disturbances in the northern and
southern hemispheres. Researchers have introduced indices such as SOI, MEI, and SST to
define ENSO. This phenomenon can be exacerbated by increasing the intensity and frequency
of drought in tropical regions through the precipitation control. Since Iran also
suffers significant losses from wet and severe droughts due to precipitation fluctuations, it is
necessary to investigate the impact of ENSO on these phenomena.

Methods

This study investigated the relationship between ENSO indices and wetness and drought in the
northern regions of Iran (Guilan, Mazandaran, Golestan provinces) during 2013 to 2022.
Drought indices including VCI, TCI, VHI and SPI were calculated using MODIS and Persian
satellite data in the Google Earth Engine environment and related maps were drawn. Land
Surface Temperature (LST) data and NDVI index were used to calculate the aforementioned
indices. The NDVI index was extracted from the MODO09GA- 006-NDVI product of the
MODIS satellite and used as the basis for calculating the VCI. Land Surface Temperature (LST)
data from the MOD11A1 product were used to calculate the TCI and by combining these two
indices, the VHI was calculated. The SPI index was also determined based on Persian satellite
precipitation data. SOI, ENSO, MEI and NINO indices were extracted from the NOAA website
and the temporal correlation and one-month lag between them and drought indices were
analyzed. Finally, zonation maps of temperature, vegetation and drought changes in the
northern provinces of Iran during El Nifio and La Nifia phases were drawn.

Results

The analyses showed that climate indices such as MEI and Nino indices (Ninol+2, Nino3,
Nino3.4, and Nino4) have a positive and significant correlation with the Standardized
Precipitation Index (SPI) in all three northern provinces of Iran. This relationship indicates that
increasing the intensity of ENSO activities, especially during the ElI Nifio phase, leads to
increased precipitation and reduced drought probability. In contrast, the SOI index, which is
associated with La Nifia, has a negative and significant correlation with SPI, indicating an
increased drought probability during this period. However, none of the climate indices
studied showed a significant correlation with the indices related to temperature and vegetation
(TCI, VCI, and VHI). During the El Nifio period, vegetation and precipitation conditions were
better and wetter areas were observed with higher plant health, but during the La Nifia period,
temperatures increased, the extent of dry areas increased, and plant health decreased. During
the La Nifa period, average temperatures increased and vegetation density decreased, and some
areas experienced severe drought. The dry and wet patterns during the La Nifia period were
more erratic and affected by temperature and humidity changes. These changes have a direct
impact on the agricultural and vegetation conditions in the northern regions of Iran.
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Conclusion

The results showed that the MEI index had a positive and significant relationship with the SPI,
which means a decrease in drought and an increase in precipitation, but it had a lesser effect on
other drought indices. The SOI index had a negative relationship with SPI, indicating that the
La Nifia phase caused an increase in drought, especially in Golestan province. All the El Nifio
indices had a positive correlation with the SPI, and their role in reducing drought and
increasing precipitation was confirmed. In the El Nifio phase, the temperature increased in
the north of Mazandaran province and reached below zero in the south, while in the La Nifia
phase, the temperature increased in the entire study area. Vegetation cover was higher in the
south of Golestan province and east of Mazandaran province during the El Nifio phase, but it
decreased during the La Nifia phase. The VHI index showed that the health of vegetation cover
was better during the El Nifio phase and weaker during the La Nifia phase. The study of land
surface temperature in different phases showed that EI Nifio caused a decrease in temperature
in the southern highlands of Mazandaran province and an increase in the north of Golestan
province. The SPI index in El Nifio highlighted drought in the west of the study area and in La
Nifa highlighted the severity of drought in Golestan and Mazandaran provinces. The TCI and
VHI indices also confirmed the unfavorable vegetation conditions in La Nifia.

Keywords: NDVI, ENSO, Northern provinces of Iran, Wet and dry seasons, Remote sensing
patterns.
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