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Brief Introduction

The National Climate Centre of China Meteorological
Administration (CMA), along with the National Satellite
Meteorological Centre and the National Meteorological Information
Centre, organized their experts to prepare the State of the Global
Climate 2023 report. The report aims to better understand the
global climate and reflect China’s progress in monitoring global
temperature and precipitation, atmospheric circulation systems,
SSTs, snow cover, and sea ice. It is composed of five chapters that
provide up-to-date monitoring and analysis of the global climate,
covering aspects of an overview of global climate, global atmospheric
circulations, global oceans, snow cover and sea ice, as well as
global major meteorological disasters and significant weather and
climate events. Such information provides technological support for
governments at all levels to formulate climate-related policies, and
serves as a foundational resource for conducting scientific research,
technology exchange, and climate education and outreach at both

domestic and international levels.

This report is available for decision-makers at all levels, as
well as research and teaching personnel in the fields of climate,
environment, agriculture, forestry, water resources and energy for
their reference. It is also available for readers interested in climate

science.
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Preface

Climate is a crucial natural resource for human survival and sustainable
economic and social development. At present, global warming is accelerating,
and key indicators of climate change, such as greenhouse gas concentrations,
sea-level rise and glacier melt, are setting new records. These changes have
led to increased instability in the climate system, resulting in frequent,
widespread, intense, and concurrent extreme weather and climate events
globally. Furthermore, the severity and intensity of compound meteorological
disasters have increased, posing significant challenges to natural ecosystems,
global economic development, and human social stability. Understanding
the global weather and climate features in the context of climate change, and
pursuing strategies to adapt to, utilize, and protect the climate for a harmonious
coexistence between humanity and nature, has become a widely accepted
consensus.

In 2023, the global average temperature reached a record high. This was
accompanied by frequent extreme weather and climate events such as high
temperature, heatwaves, droughts, torrential rains, floods and snowstorms.
In line with the spirit of the 20th National Congress of the Communist Party
of China and the important instructions from General Secretary Xi Jinping
on meteorology, to fully implement the Guidance on Fostering the High-
quality Development of Meteorology (2022-2035), efforts have been accelerated
to modernize meteorological scientific and technical capabilities as well as to
modernize services to society. The goal is to continuously improve China’s
meteorological support capabilities in terms of “Global Monitoring, Global
Forecasting and Global Services.” Under this initiative, CMA has undertaken
the preparation of the State of the Global Climate 2023 to keep the public timely
informed of the latest global climate conditions and to offer scientific backing for
the government in crafting climate-relevant policies.
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In 2023, land temperatures in most parts of the world were above normal. Specifically,
western Asia, Central Asia, parts of East Asia, eastern and western Europe, northern North
America, and most of Greenland experienced an increase of more than 1 °C above their
long-term averages. The global annual mean land temperature was 2.09 °C above the 1850-
1900 average, marking the highest record since 1850. The global annual mean precipitation
was generally below normal, though it varied significantly across different regions; for
example, parts of East Asia, eastern and western West Asia, and northeastern Africa
received more than 50% above their long-term averages, whereas northwestern Africa and
western Australia received more than 50% below average.

In 2023, sea surface temperatures in most of the world’s oceans were near or above
normal. Notably, temperatures were 2.0 °C higher than the long-term average in the central
North Pacific and also above average in the equatorial central and eastern Pacific. The La
Nifa event concluded in January 2023, and by May, El Nifio conditions emerged in the
equatorial central and eastern Pacific, escalating to meet the criteria for an El Nifio event
by October. Snow cover in the Northern Hemisphere and Eurasia exceeded long-term
averages, while in China, it matched the level recorded in 2022. Both Arctic and Antarctic
sea ice extents were below the norm.

In 2023, Greece, southern Bulgaria, parts of Iceland and the North Island of New Zealand
experienced heavy rainfall and flooding. At the same time, severe droughts plagued
northwestern Africa, parts of the Iberian Peninsula, sections of Central and Southwest
Asia, Central America, and northern South America. Record-breaking high temperatures
and heatwaves were observed in Southern Europe, North America, East Asia, and South
Asia. Europe and North America also faced cold spells and blizzards. Throughout the year,
severe convective weather occurred frequently across the world, and there was a high
frequency of tropical cyclone activity globally.
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Chapter | Overview of Global Climate

In 2023, land temperatures in most parts of the world were higher than in normal years. Western Asia,
Central Asia, parts of East Asia, eastern and western Europe, northern North America, and most of Greenland
experienced temperatures more than 1 ‘C higher than normal. Conversely, parts of western North America
saw temperatures 1-2 C lower than normal. The global annual average land temperature was 2.09 ‘C higher
than the average from 1850 to 1900, marking the highest since 1850. Additionally, there was a decrease in
global average annual precipitation compared to normal years, with notable variations in spatial distribution.
Precipitation increased by over 50% in parts of East Asia, eastern and western West Asia, and northeastern
Affica, and decreased by over 50% in northwestern Africa and western Australia.

1.1 Temperature

In 2023, land temperatures in most regions of the world exceeded averages of the normal years
(1991-2020). Specifically, eastern West Asia, Central Asia, parts of East Asia, eastern and western Europe,
northern North America, and most parts of Greenland experienced temperatures that were over 1 “C higher
than those in normal years. Central Greenland experienced a temperature increase of over 2 °C, while certain

areas in western North America were 1-2 ‘C below the norm (Figure 1.1).
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Figure 1.1 Global average temperature anomaly in 2023 (in 'C)

The global annual average land temperature anomaly for 2023 was 2.09 ‘C (averaged from 1850 to
1900), which is the highest since 1850 and 0.42°C higher than in 2022 (as shown in Figure 1.2).

During the winter of 2023 (December 2022 to February 2023), temperatures in northern and western
Europe, eastern North America, most of Greenland, and southern South America were more than 1 °C higher
than those for winter in normal years. In most of Greenland, the temperature was more than 6 C higher.
Conversely, eastern Russia, western North America, northern South America, and northern and eastern
Australia experienced temperatures that were more than 1 ‘C lower (Figure 1.3a). The global average
temperature anomaly for the winter was 1.68°C, 0.19°C lower than in 2022 (Figure 1.4a).
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Figure 1.2 Annual fluctuations in global average land temperature anomalies from 1850 to 2023 (in 'C)

During the spring of 2023 (March to May 2023), temperatures in eastern and western Asia, eastern
Europe, northern North America, and western Greenland were more than 1 “C higher than averages for
that season in normal years. Conversely, South Asia, western North America, northern South America,
and northern Australia experienced temperatures that were more than 1 ‘C lower (Figure 1.3b). The global
average temperature anomaly for the spring was 1.90 C, 0.08 “C higher than in 2022 (Figure 1.4b).

During the summer of 2023 (June to August 2023), temperatures in northern and western Asia, parts of
East Asia, western Europe, northern Africa, southern and northern North America, central South America,
and eastern Australia experienced temperatures that were more than 1 “C higher than averages for that season
in normal years. Conversely, northern Greenland had temperatures that were more than 1°C lower (Figure
1.3¢). The global average temperature anomaly for the summer of the year was 1.89 °C, which is the highest
value recorded since 1850 for the same period and 0.35°C higher than the temperature recorded in 2022
(Figure 1.4c).

During the autumn of 2023 (September to November 2023), temperatures in most parts of Asia and
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Figure 1.3 Global seasonal average temperature anomalies in 2023
(@) winter; (b) spring; (c) summer; (d) autumn (in °C)
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Europe, northern and southern Africa, most of Greenland, northern North America, central South America,
and southern Australia were more than 1 ‘C higher than averages for that season in normal years. Central
Greenland experienced a temperature increase of more than 6 ‘C. Conversely, northern Europe and western
North America experienced a temperature decrease of more than 1 ‘C (Figure 1.3d). The global average
temperature anomaly for the autumn of the year was 2.54 “C, which is the highest value recorded since 1850
for the same period and 0.89 °C higher than the temperature recorded in 2022 (Figure 1.4d).
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Figure 1.4 Annual fluctuations in global seasonal average land temperature anomalies from 1850 to 2023
(@) winter; (b) spring; (c) summer; (d) autumn (in °C)

The global monthly average temperatures in 2023 were higher than those for the same period in normal
years. The temperature anomaly in November was 1.37 ‘C (Figure 1.5).
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Figure 1.5 Global monthly average temperature anomalies for 2023 (in “C)
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1.2 Precipitation

In 2023, parts of East Asia, eastern and western West Asia, and northeastern Africa received over 50%
more precipitation than in typical years, while northwestern Africa and western Australia experienced a

decrease in precipitation of more than 50% (Figure 1.6).
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Figure 1.6 Distribution of the global precipitation anomaly percentage in 2023 (in %)

In 2023, the global annual average land precipitation is lower than that in normal years, marking the

lowest for the same period since 1979 (Figure 1.7).
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During the winter of 2023, precipitation in central Asia, West Asia, central Europe, central Africa, and
central North America experienced an increase of over 50% than that for the winter in normal years. Western
West Asia and central Africa had over twice as much. In contrast, South Asia, northern Africa, and western
Australia had a decrease of more than 50% (Figure 1.8a). The global average precipitation during the winter
was 162.85 mm, which is 4.7% lower than that of normal years and 11.19 mm less than the 2022 level (Figure
1.9a).

During the spring of 2023, precipitation in most parts of East Asia, South Asia, western West Asia,
and eastern Africa exceeded that of normal years by over 50%. Western South Asia, western West Asia,
and northeastern Africa experienced more than twice the average precipitation. Conversely, Central Asia,
northwestern and southern Africa, and central and western Australia received over 50% less than the average
amounts (Figure 1.8b). The global average precipitation for the spring was 175.3 mm, which is 3.69% less
than the average for spring in normal years and 12.96 mm less than the 2022 level (Figure 1.9b).

In the summer of 2023, precipitation in central East Asia, northern Africa, Greenland, and northern
Australia was over 50% more than that for summer in normal years. Northern Africa and northern Australia
had over twice as much. Meanwhile, eastern West Asia, southern Africa, southern North America, central
South America, and eastern and western Australia had more than 50% less (Figure 1.8c). The global average
precipitation for the summer was 188.68 mm, which is 6.68% less than the average for summer in normal
years, the lowest since 1979, and 17.66 mm less than the 2022 level (Figure 1.9¢).

In the autumn of 2023, precipitation in most parts of East Asia, northern South Asia, western West Asia,
most parts of Europe, and eastern Africa was over 50% more than that for autumn in normal years. Western
West Asia and eastern Africa had more than twice as much. Meanwhile, western Africa, central and northern
South America, and western and northern Australia had more than 50% less (Figure 1.8d). The global average
precipitation for the autumn was 166.98 mm, 4.19% less than the average for autumn in normal years and
19.14 mm less than the 2022 level (Figure 1.9d).
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Figure 1.8 Distribution of global seasonal precipitation anomaly percentage in 2023
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Figure 1.9 Annual variations in global seasonal average land precipitation levels from 1979 to 2023 (bar
chart) and the climatological average (black line) (in mm)
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In 2023, the global average precipitation levels for January, March, and November were higher than
those for the same period in normal years. Specifically, November saw a 3.38% increase. Conversely, there
was a decrease during February, April to October, and December, with February seeing a 10.97% decrease
(Figure 1.10).
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Chapter Il Global Atmospheric Circulations

In 2023, during the winter, the Northern Hemisphere’s Arctic Oscillation exhibited a negative phase,
with two strong low-vortex cyclonic centers located outside the Arctic in the Far East of East Asia and the
northwest of North America. The global major monsoon regions, including the South Asian, East Asian,
and North American monsoons, displayed characteristics of being stronger in winter and weaker in summer.
During the summer, the subtropical high-pressure belt in the Northern Hemisphere was stronger. The South
Asian high was larger and more intense, while the Ural blocking high was weaker. Additionally, the Okhotsk
blocking high was stronger, and the North Atlantic Oscillation was in a negative phase. In 2023, a seesaw
phenomenon was observed in the sea-level atmospheric pressure in the tropical Pacific, as it shifted from “high
in the east and low in the west” to “low in the east and high in the west.”

2.1 Global Atmospheric Circulation Systems

During the winter of 2023, the polar vortex in the Northern Hemisphere was in a negative phase, as
evidenced by the 200 hPa geopotential height field and anomaly field. The Arctic experienced a higher-than-
normal height field, while the Far East of East Asia and the northwest of North America saw low-pressure
cyclones. From the North Pacific to East Asia, the majority of the region was under the control of positive
anomalies in the height field. Meanwhile, the atmospheric circulation over the low latitudes of the Pacific
exhibited low pressure in the east and high pressure in the west. From the North Atlantic to eastern North
America, the region experienced high pressure in the north and low pressure in the south, with most of
Europe experiencing higher-than-normal height fields. In the Southern Hemisphere, the polar vortex was in a
positive phase. There was a lower-than-normal height field over Antarctica and higher-than-normal over most
mid-latitude regions. The region from the South Indian Ocean to most of Africa at low-latitude also had a
lower-than-normal height field. In the spring, the Arctic region experienced a lower-than-normal height field,
and atmospheric long waves were found at the mid-latitudes of the Northern Hemisphere, with high-pressure
ridges and low-pressure troughs alternatively arranged. The North Pacific Oscillation and the North Atlantic
Oscillation were both significant, with the low-latitude height field being higher than normal globally, and
the positive anomaly centre leaning towards the southern side of the equator. In the Southern Hemisphere,
most of the Antarctic region had positive height field anomalies. Two negative anomaly centres were located
beyond Antarctica, on the southern side of Australia at mid-latitude and the southeastern part of the South
Pacific at high latitude. During the summer, the height field was consistently higher than normal, spanning
from most of the Northern Hemisphere to the low latitudes of the Southern Hemisphere. The Southern
Hemisphere polar vortex was in a positive phase, causing the Antarctic vortex to extend northward to the
mid-latitudes in the eastern and western parts of the South Pacific, forming two negative anomaly centres.
In the autumn, the global circulation pattern was similar to that of the summer, except that in the Northern
Hemisphere, Europe and the East Siberian Sea had lower-than-normal height fields, each having a negative
anomaly centre in the anomaly field. The polar vortex centre in the Southern Hemisphere was located near
the Ross Sea (Figure 2.1).
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Figure 2.1 Global seasonal average 200 hPa geopotential height fields (left) and anomaly fields (right) in
the winter, spring, summer, and autumn of 2023 (from top to bottom) (red isopleths on left-side images
represent the climatological state)
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The 500 hPa geopotential height field and anomaly field for the winter reveal that the circulation pattern
is similar to that at 200 hPa. The Western Pacific Subtropical High was weaker in intensity and smaller in
area, with its ridge line located further north compared to the long-term average for winter. In the spring,
the circulation characteristics at mid-to-high latitudes in both hemispheres were similar to those at 200
hPa. Prominent atmospheric waves were observed at mid-to-high latitudes in the Northern Hemisphere.
The North Pacific Oscillation and North Atlantic Oscillation both exhibited negative-phase characteristics,
and the tropical Pacific height field is higher than that observed during spring in normal years. During the
summer, the height field over most of the Northern Hemisphere was higher, with the meridional East Asia-
Pacific teleconnection pattern showing a positive phase. The Western Pacific Subtropical High was stronger
in intensity and larger in area, with its westward ridge point situated noticeably further west and ridge line
close to that in the same period in normal years. In the autumn, the circulation distribution at mid-to-high
latitudes over Eurasia exhibited low pressure in the west and high pressure in the east. The Western Pacific
Subtropical High was stronger in intensity, with its westward ridge point located further to the west, and its
ridge line positioned slightly more to the south (Figure 2.2).

The winter sea level pressure (SLP) and anomaly fields reveal that the SLP across a large portion of
Siberia was higher than the long-term averages for this season. Additionally, the Aleutian Low exhibited
stronger intensity and a more westerly position compared to the norm. The strength of the equatorial
convergence zone was marginally higher. In the spring, the Arctic region experienced below-average SLP
and the Aleutian Low exhibited signs of weakening. Meanwhile, as the La Nifia event declined, the SLP in
both the eastern and western tropical Pacific returned to normal levels. During the summer, the equatorial
convergence zone was positioned near the norm, though its intensity was slightly higher. In the autumn,
due to the development of the El Nifio event, the strength of the equatorial convergence zone is somewhat
reduced compared to the long-term average for this season. This led to a spatial SLP distribution in the
tropical Pacific characterized by higher pressure in the west and lower pressure in the east (Figure 2.3).
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Figure 2.2 Global seasonal average 500 hPa geopotential height fields (left) and anomaly fields (right) in
(red isopleths on left-side images



SERRRE

SURE: 1991-20206F SURE: 1991-20205
HIEH: CRAAO CRASO

e @ SHEFEEETS i

LWETESER
2023555

vl o e P —
.~ =

=
L — 2
——— _,;,Wm—i @4@ =
=& S ‘@"@T‘j <5 = s =

20
—r—

60E 120E 180 120W 50W

SRME: 1991-2020
IR CRA4O

SHETESES SHEFASEETS L

2023FHF

60N
30N
EQ-
308
605 . ‘ _”’_= o 60S-|

90S

180

908

SPR(E: 1991-20205 PR SR 1991-20205

S : CRA40 “ 3 NS 2 HIER: CRA4O

LHETESES o @ & SHETESEEFS )
2023FEF ) 2023F\F

LWETASES
20235FHE

Figure 2.3 Global seasonal average SLP fields (left) and their anomalies (right) for the winter, spring,
summer, and autumn of 2023 (from top to bottom) (red isopleths on left-side images represent the

climatological state)

STATE OF GLOBAL CLIMATE

EXSTHERIME



LS IEIXAIRE STATE OF GLOBAL CLIMA

2.2 Major Atmospheric Circulations

2.2.1 Teleconnections and Oscillations

During the winter, summer, and autumn of 2023, the Arctic Oscillation was in a negative phase while in
spring it was close to normal (Figure 2.4).
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Figure 2.4 Historical series of the Arctic Oscillation for (a) winter, (b) spring, (c) summer, and (d) autumn
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In 2023, the North Atlantic Oscillation was in a negative phase throughout all four seasons (Figure 2.5).
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During the winter of 2023, the Antarctic Oscillation recorded its strongest positive phase for that season
since 1979. It remained in a positive phase during the spring and autumn, while transitioning to a weak
negative phase in the summer (Figure 2.6).
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Figure 2.6 Historical series of the Antarctic Oscillation for (a) winter, (b) spring, (c) summer, and (d)
autumn from 1979 to 2023

The Pacific-North American teleconnection pattern was in a negative phase only during the spring of
2023, while it was in a positive phase during the winter, summer, and autumn. It is worth noting that the
index reached its strongest positive phase during the summer since 1979 (Figure 2.7).
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The meridional East Asia-Pacific teleconnection pattern entered its third strongest negative phase since
1979 during the winter of 2023. It then transitioned to positive phases in the spring, summer, and autumn
(Figure 2.8).
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Figure 2.8 Historical series of the East Asia—Pacific teleconnection pattern for (a) winter, (b) spring, (c)
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2.2.2 Eurasian Blocking Highs

Compared to the long-term average, the number of days with blocking highs in the mid to high latitudes
(40°E - 70°E) of Eurasia was close to normal but slightly lower during the winter of 2023. In spring, it was

above the long -term average, while in summer and autumn, it fell below the averages (Figure 2.9).
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Figure 2.9 Historical anomaly series of the number of blocking high days in the Eurasian region (40°E -
70°E) (in days)
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Compared to the long-term averages, the number of days with blocking highs in the mid to high latitudes
of Asia (80°E - 110°E) was below normal in the winter, significantly above normal in the spring, reaching the
highest level since 1979 for spring, below normal in the summer, and above normal in the autumn (Figure
2.10).
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Figure 210 Historical anomaly series of the number of blocking high days in the Asian region (80°E -
110°E) (in days)

Compared to the long-term averages, the number of days with blocking highs in the mid to high
latitudes of Asia (120°E - 150°E) was below normal during the winter and spring, above average during the
summer, and close to normal during the autumn (Figure 2.11).
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2.2.3 East Asian Winter and Summer Monsoons

During the winter of 2023, both the East Asian winter monsoon and the Siberian High exhibited
intensity surpassing their respective long-term averages for the same period (Figure 2.12). In the summer of
2023, the intensity of both the South China Sea summer monsoon and the East Asian summer monsoon fell
below the long-term averages for the same period (Figure 2.13).
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Figure 213 Historical series of the South China Sea summer monsoon intensity (a) and the East Asian
summer monsoon intensity (b)

2.2.4 Other Monsoons Around the World

In comparison to the long-term averages for the same season, the North American monsoon exhibited

greater intensity during the winter and lower intensity during the summer in 2023 (Figure 2.14).
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Figure 214 Historical series of the North American monsoon for (a) winter and (b) summer
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In 2023, the West African monsoon was weaker in both the winter and summer compared to the long-
term averages for the same season (Figure 2.15).
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Figure 2.15 Historical series of the West African monsoon for (a) winter and (b) s