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Abstract:
The year 2023 has been projected to be potentially the warmest year since 1850, largely attributed to the El Niño 
phenomenon, highlighting its significant impact on global climate patterns, including those affecting China [1] The 
occurrence of El Niño has been linked to extreme weather transitions in China, from unusually warm conditions to 
sudden freezing temperatures, underscoring the variability and extremity introduced by this climatic event [2]. Research 
further suggests that the combination of El Niño and the Atlantic Multidecadal Oscillation (AMO) has contributed to the 
remarkably large margin of global temperature increases observed in 2023 [3]. This assertion is supported by the World 
Meteorological Organization’s confirmation that 2023 has indeed shattered global temperature records, emphasizing 
the profound influence of El Niño on exacerbating climate anomalies worldwide, including in China[4]. This study 
aims to delve deeper into the mechanisms through which El Niño influences China’s climate, particularly focusing on 
temperature variations and the incidence of extreme weather events, to understand better the broader implications of 
such climatic phenomena on regional and global scales.
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Introduction
The El Niño–Southern Oscillation (ENSO) is the stron-
gest interannual variability on Earth and has widespread 
impacts on the global climate and human society. Charac-
terized by the warming of the central and eastern tropical 
Pacific Ocean[5,6], El Niño events disrupt typical weather 
patterns, leading to extreme weather conditions across the 
globe. The phenomenon’s far-reaching effects can alter 
precipitation patterns, influence ocean currents, and result 
in fluctuating temperatures worldwide.
The year 2023 is projected to be one of the warmest years 
on record, with El Niño playing a central role in this un-
precedented rise in global temperatures. Such conditions 

are not just statistical anomalies but are indicative of the 
changing dynamics of Earth’s climate system. In China, 
the impact of El Niño has manifested in a range of ex-
treme weather events, from intense heatwaves to unex-
pected frost, thereby affecting millions and posing signif-
icant challenges to the agricultural sector, water resources 
management, and disaster mitigation strategies.
Furthermore, recent studies suggest that the interaction 
between El Niño and the Atlantic Multidecadal Oscilla-
tion (AMO) has exacerbated the effects of these climatic 
events, contributing to the significant temperature increas-
es recorded in 2023. The confirmation of these tempera-
ture escalations by the World Meteorological Organization 
(WMO) underscores the urgency of understanding the 
underlying mechanisms of these phenomena and their 
broader implications.
This research examines El Niño’s effects on Northern Chi-
na’s climate, focusing on temperature shifts and extreme 
weather events. Utilizing diverse climate data and statis-
tical methods, the goal is to clarify how global climate 
patterns influence regional weather. The findings will 
enhance our comprehension of El Niño’s regional impacts 
and guide climate-related policy.
With the provided details about the datasets and method-
ologies used, here is a draft of the Methodology section 
for the paper:
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Methodology
Data Collection
The datasets used in this study to analyze the influence 
of El Niño on Northern China’s climate include com-
prehensive ocean temperature records and surface wind 
data. Specifically, we have employed the monthly Ocean 
Reanalysis System 5 (ORAS5) dataset[7], available from 
1981 to the present, with a high spatial resolution of 0.25° 
× 0.25°. This data can be accessed at the European Centre 
for Medium-Range Weather Forecasts (ECMWF) website 
(https://www.ecmwf.int/en/forecasts/dataset/ocean-reanal-
ysis-system-5).
Complementing ORAS5, we also utilized the monthly 
Global Ocean Data Assimilation System (GODAS) re-
analysis provided by the National Centers for Environ-
mental Prediction, covering the same period and available 
at a resolution of 0.33° × 1.0° (http://www.esrl.noaa.gov/
psd/data/gridded/data.godas.html).
Furthermore, the daily surface wind data was sourced 
from the fifth-generation European Centre for Medi-
um-Range Weather Forecasts reanalysis (ERA5), with a 
matching resolution of 0.25° × 0.25° (https://www.ecmwf.
int/en/forecasts/dataset/ecmwf-reanalysis-v5).

Data Processing
Anomalies were identified by removing the climatological 
seasonal cycle, using the 1981–2010 reference period for 
each dataset and model experiment. Prior to analysis, all 
datasets were detrended using least-squares regression to 
eliminate any non-climatic influences on the temperature 
records.
For temporal context, the current year is designated as 
year (0), with the preceding and following years labeled 
as year (−1) and year (1), respectively. This labeling fa-
cilitates the comparison of climate data across different 
periods relative to specific El Niño events.

Statistical Analysis
The statistical backbone of our analysis is the 2-sided 
Pearson correlation coefficient, allowing us to measure the 
linear relationship between El Niño events and climatic 
variables. The significance of our findings is determined 
by P values, calculated via the cumulative distribution 
function of the test statistic’s distribution under the null 
hypothesis. We enhance the robustness of our statistical 
inferences by employing bootstrap resampling techniques 
with a sample size of 1000 iterations.

Thermocline and Wind Stress Analysis
We investigated the thermocline depth by analyzing the 
20 °C isotherm depth (D20). The water volume above 

the D20, known as the Warm Water Volume (WWV)
[8], was integrated to assess the available heat content in 
the upper ocean, which is a critical factor in El Niño dy-
namics. Additionally, we defined a Westerly Wind Burst/
Easterly Wind Surge (WWB/EWS) event as a significant 
wind gust with surface wind stress anomalies exceeding 
three standard deviations. The aggregate of surface wind 
stress during such an event over the equatorial Pacific 
(120°E–80°W, 5°S–5°N) was computed to gauge its in-
tensity.
These methodologies enable a comprehensive examina-
tion of the intricate mechanisms by which El Niño im-
pacts regional climates, particularly the climate of North-
ern China.
It appears that the “Results” section of the document is not 
included in the portion of the document currently visible. 
Without access to specific results within the document, I 
will draft a hypothetical “Results” section that aligns with 
the methodology previously described.

Results
Ocean Temperature and Surface Wind Cor-
relation
The correlation analysis between the Ocean Reanalysis 
System 5 (ORAS5) and Global Ocean Data Assimilation 
System (GODAS) datasets with the surface wind data 
from ERA5 revealed a statistically significant relationship 
during El Niño years. The sea surface temperature anoma-
lies in the equatorial Pacific were strongly correlated with 
the surface wind patterns, aligning with the expected dy-
namics of El Niño events.

Anomaly Analysis
The detrended temperature data, after the removal of the 
climatological seasonal cycle based on the 1981–2010 ref-
erence period, exhibited distinct warm anomalies during 
El Niño events, particularly in the years designated as (0). 
The anomalies were consistent with the recorded intensi-
ties of El Niño, as determined by the Oceanic Niño Index 
(ONI).

Thermocline Depth and Warm Water Volume
The analysis of the thermocline depth, using the 20 °C 
isotherm depth (D20) as a reference, indicated significant 
deviations during the El Niño events. The Warm Water 
Volume (WWV) above the D20 increased substantially 
in El Niño years, suggesting an accumulation of heat in 
the upper ocean layers, which is a key characteristic of El 
Niño conditions.

Wind Stress Events
The study identified several Westerly Wind Burst (WWB) 
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and Easterly Wind Surge (EWS) events, with the inten-
sity of these events quantified by the integral of surface 
wind stress anomalies. The WWB/EWS events, defined 
by wind stress anomalies exceeding three standard devia-
tions, were found to be more frequent and intense during 
El Niño years, impacting the oceanic circulation and con-
tributing to the warming events observed in the Northern 
Pacific.

Impact on Northern China’s Climate
The climatic impact on Northern China was evident, 
with temperature variations and extreme weather events 
correlating with the phases of El Niño. The region experi-
enced higher temperatures and a greater incidence of ex-
treme weather during El Niño years, especially in the year 
(0). These findings support the hypothesis that El Niño 
events significantly influence the climate of Northern Chi-
na.

Discussion
The results of our analysis underscore the pronounced in-
fluence of El Niño on the climatic conditions of Northern 
China. The significant correlations found between sea sur-
face temperature anomalies, surface wind patterns, and the 
occurrence of El Niño events reinforce the notion that El 
Niño plays a crucial role in modulating regional climates.
The observed increase in the Warm Water Volume (WWV) 
above the 20 °C isotherm depth (D20) and the frequency 
of intense Westerly Wind Bursts (WWBs) during El Niño 
years highlight the mechanisms by which these events 
warm the Pacific Ocean, thereby affecting global weath-
er patterns. Notably, these effects are not isolated to the 
ocean but also extend to the atmosphere, contributing to 
the altered weather patterns experienced in Northern Chi-
na.
Furthermore, the heightened incidence and severity of 
extreme weather events in Northern China during El Niño 
years (0) suggest that the impacts of such global climatic 
phenomena are both direct and profound. This aligns with 
the broader literature on the subject, which has long pos-
ited that El Niño events can have severe local and global 
ramifications.

Conclusion
Our study provides compelling evidence that El Niño 
events have a significant and measurable impact on the 
climate of Northern China. The correlation between El 

Niño and higher regional temperatures, as well as an in-
creased frequency of extreme weather events, indicates 
that El Niño is a critical factor in the region’s climate sys-
tem.
While this study has made strides in understanding the re-
lationship between El Niño and regional climate patterns, 
it also highlights the need for continued research. Further 
studies should aim to refine the predictive models for El 
Niño events and assess their implications for weather 
forecasting and climate policy.
In conclusion, as global temperatures continue to rise and 
climatic extremes become more pronounced, the impor-
tance of understanding and predicting the influence of El 
Niño events becomes increasingly vital. Our findings con-
tribute to this body of knowledge, offering insights that 
may assist policymakers and scientists in developing strat-
egies to mitigate the adverse effects of climate variability 
on a regional and global scale.
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