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Introduction 

The El Niño - Southern Oscillation (ENSO) is a naturally occurring phenomenon marked by distinct 

phases involving shifts in ocean surface temperatures across the central and eastern tropical Pacific (CEP) 

regions. ENSO is generally classified into two phases, determined based on the Oceanic Niño Index 

(ONI). This index is derived by computing a spatial mean of sea surface temperature (SST) anomalies 

over the Niño 3.4 region[14], followed by a 5-month running mean, which helps in mitigating noise in the 

data and is useful in finding long-term patterns. The El Niño phase occurs when the ONI is +0.5°C above 

the average SST, leading to increased precipitation in the CEP regions. Conversely, La Niña is the 

opposite phase, with ONI dropping -0.5°C below the average, resulting in reduced precipitation in the 

CEP regions. ENSO events significantly impact regional climate and have considerable socioeconomic 

implications, affecting areas such as agricultural productivity, human health, the frequency of natural 

disasters, and the rate of people affected by them.[1,2,3] Even though ENSO is a periodic phenomenon, 

anthropogenic factors bring about unforeseeable variations with implications for  weather prediction.[4] 

Further, ENSO-related extreme weather events, coupled with a decrease in crop yields and fisheries, 

contribute to economic losses globally.[5] Hence, it is crucial to understand the impacts of ENSO on 

various climate variables. This study aimed to elucidate the primary effects of ENSO in and around the 

Pacific region by demonstrating how several climate factors, such as precipitation, SST, and air 

temperature, vary depending on the ENSO state. 

Data and methodology 

This study investigated the relationships between ENSO and precipitation, SST and air temperature. 

ENSO was estimated based on the Oceanic Nino Index (ONI). The ONI data was generated by taking a 

spatial and temporal (5-month running) mean of SST anomaly of the Niño region (5°S-5°N, 190°W-

240°W). Correlations between SST anomaly and ONI are computed and significant correlations at 5% 
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level are plotted in a contour world map. The same was carried out for precipitation and air temperature 

anomalies. To derive the ONI, we used the U.S. 

National Oceanic and Atmospheric Administration (NOAA) Extended Reconstructed Sea 

Surface Temperature (ERSST.v5) dataset.[12] The same data was also used to extract the global SSTs used 

in the correlation analysis. This ERSST.v5 dataset provides spatially complete SSTs at monthly intervals 

over the global ocean for the time period from 1854 to present.[6] For precipitation, we considered the 

CPC (Climate Prediction Center) Merged Analysis of Precipitation (CMAP) datasets, which include a 

global time series of monthly and pentad (5-day) mean precipitation values[7]. For air temperature, we 

used the Surface Temperature Analysis anomalies from the Goddard Institute for Space Studies (GISS) of 

the U.S. National Aeronautics and Space Administration (NASA). These air temperatures are an estimate 

of global surface temperature change[8]. For the analysis of cloud coverage, data from the CESM2 model 

under a Coupled Model Intercomparison Project phase 6 (CMIP6)[13] configuration was used. 

 

 
Figure 1. ENSO correlation plots. 1a) Precipitation and ONI correlation 1b) SST and ONI 

correlation 1c) Air Temperature and ONI correlation 
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Results 

The correlation map between precipitation and ONI shows distinct correlation patterns (Figure 1a), 

particularly in equatorial and tropical regions. Conversely, temperate and Antarctic regions exhibited 

localised correlations. Focusing on the tropical and equatorial regions, a distinctive 'C'-shaped region 

associated with a significant negative correlation was observed on the western side of the Pacific. This 

area encompasses portions of Southeast Asia, Australia, and extends into the South Pacific Ocean. During 

El Nino years, the central equatorial Pacific experiences weakened westward winds and elevated SSTs, 

resulting in increased precipitation over the same region. Conversely, in the 'C'-shaped region, 

precipitation is decreased (Figure 1a) due to reduced atmospheric water and subsequent condensation[16]. 

During La Nina years, on the other hand, strengthened westward winds redirect evaporation from the 

central Pacific into the 'C' region. In these years, the SSTs are below average in the central Pacific and 

above average near the 'C'-shaped region, leading to increased evaporation in the latter region and a 

subsequent rise in rain-inducing clouds and precipitation. This observation serves as a demonstration of 

the relation between ENSO and the Walker circulation[15]. The correlation maps of ONI with both air 

temperature and SST (Figures 1b and 1c) showed a remarkable similarity between the two (Figures S1 

and S2). In both maps, the correlation was predominantly positive, covering most of the globe, with a few 

negatively correlated regions. This indicates that global air temperatures tend to have a positive 

correlation with the ONI. In other words, the Earth generally becomes warmer during El Nino years (high 

ONI) and relatively colder during La Nina years (low ONI). The Polar regions showed no correlation, 

highlighting how ENSO does not directly influence polar air temperatures. When focusing on patterns 

within the air temperature correlation and SST correlation (Figure 1b and 1c), an expansive blue region 

becomes evident, covering the West, South, and certain northern parts of the equatorial Pacific. Our 

investigation into the factors influencing this negative correlation led us to the following understanding. 

During El Niño years, convection, which is the vertical movement of warm and moist air resulting in 

cloud formation and precipitation, is enhanced in the central equatorial Pacific, occurring more to the East 

than in non-El Niño years. As a result, trade (westward) winds are weakened and cooler temperatures are 

observed in the western Pacific for both air and SST. Conversely, during La Nina years, the convection 

occurs later than usual, shifting more to the West. As a result, temperatures in the western Pacific become 

warmer for both air and SST, establishing a clear negative correlation. As for the negative correlation in 

the southern and northern Pacific, we believe it is closely related to the impacts of the Hadley cells and 

clouds. The heat in the equatorial region rises, and as the air cools down, it descends with downward 

winds in the subtropical regions—characteristic of the Hadley cells. This phenomenon causes low clouds 

in the subtropics, as it prevents moisture from rising high in the area. Low clouds are known to have 

cooling effects on surface temperatures[10]. El Nino amplifies the Hadley cells[11]. In contrast, a lower 

temperature in the central equatorial Pacific during a La Nina year weakens the Hadley cells[11]. Due to a 

lack of observation data on ocean currents, we were unable to calculate correlations between ocean 

currents and ENSO. However, previous studies have noted the presence of a Bjerknes feedback loop[9]. 

The El Niño-Southern Oscillation (ENSO) hinges on the Bjerknes feedback, a crucial mechanism in the 

tropical Pacific. Under normal conditions, intensified trade winds lead to the piling up of warm water in 

the western Pacific, with colder water upwelling in the east. This creates an east-west temperature 
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contrast, reinforcing trade winds. However, during El Niño, weakened trade winds allow warm water to 

migrate eastward, causing anomalous warming. This disrupts the usual feedback loop, triggering basin-

scale waves that elevate sea levels, modify ocean currents, and raise air temperatures. As El Niño 

progresses, equatorial waves and upwelling favourable waves cooperate to induce cooling effects, 

ultimately terminating the event. The Bjerknes feedback, along with equatorial wave dynamics, intricately 

regulates the magnitude and duration of ENSO events, significantly impacting the Pacific climate system. 

Conclusion 

The findings of our study on the Oceanic Nino Index (ONI) and its correlations with climatic variables 

have significant socioeconomic implications, particularly for countries around the Pacific basin. The 

distinct precipitation patterns observed during El Niño and La Niña events have direct and tangible effects 

on various sectors. In regions encompassing Southeast Asia, Australia, and parts of the South Pacific 

Ocean, characterised by the 'C'-shaped region, the reduced precipitation during El Niño years can lead to 

severe consequences for agriculture. Conversely, during La Niña events, the increased precipitation in the 

same 'C'-shaped region may result in flooding, posing threats to infrastructure, disrupting transportation, 

and causing damage to crops. Excessive rainfall can trigger landslides and soil erosion, exacerbating 

challenges for agriculture and increasing the risk of waterborne diseases. The broader positive correlation 

between ONI, air temperature, and SST on a global scale implies temperature-related challenges for 

socioeconomic sectors. In summary, the climatic variations associated with El Niño and La Niña events 

can result in tangible socioeconomic consequences. These include disruptions in agriculture, potential 

losses in crop yields, water scarcity, infrastructure damage from flooding, and challenges in various 

economic sectors due to temperature fluctuations. Understanding how certain regions are linked to ENSO 

becomes crucial in the uncertain times of climate change, leading to stronger ENSO events, which may 

only amplify in the future. Preparing for these impacts are crucial for the affected countries to develop 

adaptive strategies, resilience measures, and effective policies to mitigate the adverse effects on their 

communities and economies. 
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Figure S1. The red spots on the figure indicate locations where Air temperature and SST 

correlations have different signs. 
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Figure S2. This figure illustrates the disparity between the correlation coefficients (r values) of 

air temperature with ONI and SST with ONI, irrespective of their signs. 
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