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Key messages

®

The mean temperature over Asia was cooler
than the warmest previous year (2020), but
it was still between the fifth and seventh
warmest year on record, at an estimated
0.86 [0.75-1.02] °C above the 1981-2010 average
(1.41 [1.33-1.47] °C above the WMO 1961-1990
reference period for climate change). The mean
temperature anomaly over Asia was larger
than the global anomaly of 0.42 [0.39-0.47] °C
above the 1981-2010 average.

Precipitation was below normal in the western
Asia subregion. Reduced rainfall and less
snowpack development affected water
availability for crops, reducing production.

Most glaciers in the High-Mountain Asia region,
particularly in the south-eastern Tibetan
Plateau, eastern Himalayas and Pamir Alai,
suffered intense mass losses as the result
of exceptionally warm and dry conditions in
2021. In the polar regions of Asia, the number
of days of snow coverage was at a record low.

The ocean area of WMO Regional Association Il
(Asia) shows an overall surface ocean warming
trend at rates of more than 0.04 °C per year in
the area of the Kuroshio Current system, the
Arabian Sea, the southern Barents and Kara
Seas and the south-eastern Laptev Sea, which
is about three times faster than the global
surface ocean warming rate.

Cyclone Shaheen, that formed in the Indian
Ocean and made landfall on 3 October on
the northern Oman coast, brought record-
breaking rainfall. The intense rainfall resulted
in widespread flooding and casualties and
large economic losses.

Dust storm events affected different regions
in West Asia. Visibility was reduced to le:
than 1-km at many weather stations al
20 metres at Bahrain :

Sand and dust storms ar
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gas emissions.

There were more than 100 natural hazard
events in Asia, of which over 80% were flood
and storm events. These resulted in almost
4 000 fatalities, of which around 80% were
caused by flooding. Overall, 48.3 million people
were directly affected by these hazards, causing
total economic damage of US$ 35.6 billion.

Economic damage from drought has increased
by 63%, economic damage from flood has
increased by 23%, and from landslides by
147%, compared to the past 20-year average.
Strengthening the early warning systems can
play a pivotal role in taking anticipatory action,
enhancing preparedness and reducing the
impact of these hazards.

There is a clear need to prioritize the
development of multi-hazard early warning
systems and climate forecasts, not only
for tackling natural hazards and achieving
Sustainable Development Goal (SDG) 13
(Climate Action) (on which insufficient progress
has been made towards achieving targets,
such as 13.1.1 on the number of deaths,
missing persons and directly affected persons
attributed to disasters, and 13.1.2 on adoption
and implementation of national disaster risk
reduction strategies), but also for accelerating
progress on several other associated SDGs.

As of June 2022, 31 Parties to the United
Nations Framework Convention on Climate
Change from the Asia region have submitted
a Nationally Determined Contribution (NDC),
and mitigation of climate change has been
prioritized by all Parties in this region. Their
NDCs highlight energy, waste, agriculture and
land use/land-use change/forestry (LULUCF)
as top priority areas for reducing greenhouse
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Foreword

After the successful publication of the first WMO report
on the State of the Climate in Asia 2020 (WMO-No. 1273)
last year, | am pleased to see the timely publication of this
second edition. This second report has involved National
Meteorological and Hydrological Services (NMHSs) and
several research institutions, as well as an increased number
of contributing United Nations agencies and international
and regional organizations.

The report summarizes the state of the climate, extreme
events and their socioeconomic impacts in Asia in 2021.
Though temperatures in the region were cooler than the
previous year, 2021 was still between the fifth and seventh
warmest year on record. Most glaciers in the High-Mountain
Asia region suffered from intense mass losses as the result of exceptionally warm and dry conditions in
2021, and the number of days of snow coverage was at a record low in the polar region of Asia.

Heavy precipitation and tropical cyclones brought casualties and socioeconomic losses affecting a large
part of the region, while drought and dust storms had an impact on food security, socioeconomic activities
and human health in other parts.

Considering the trends in climate indicators and extreme events shown in this report, and the expected
increase of average and heavy precipitation over much of Asia in the future, there is an urgent need to
strengthen early warning systems to mitigate the impact associated with increased frequency and intensity
of extreme weather and climate events. Despite the continuous efforts to strengthen multi-hazard early
warning systems, the present report clearly points out that there are still significant gaps to be addressed
to strengthen these systems to reduce the adverse impacts of hydrometeorological hazards in the region.

The information in the present report is built on observing systems coordinated by WMO and its partner
organizations. The WMO Integrated Global Observing System (WIGQOS) provides basic weather and climate
information and the Global Climate Observing System (GCOS) defines a broader set of Essential Climate
Variables (ECVs) that are needed to monitor the global climate and support mitigation and adaptation.

While the evidence for climate change in Asia is unequivocal, the most recent Intergovernmental Panel
on Climate Change (IPCC) reports show that significant gaps remain in the observation of some variables
over the continent, particularly precipitation, but also the basic variables defined in the WMO Global Basic
Observing Network (GBON). GBON, and the Systematic Observations Financing Facility that supports it,
will provide critically needed observations for numerical weather prediction, and will help to substantially
strengthen climate monitoring and early warning systems.

| take this opportunity to congratulate the experts from the region and around the world for leading the
scientific coordination and authorship of this report, and thank WMO Members and sister United Nations
agencies for their continuous commitment to supporting this publication, through providing input and
contributing to the report review process.

Prof. Petteri Taalas
Secretary-General, WMO


https://library.wmo.int/index.php?lvl=notice_display&id=21977#.Y1ZXB3ZBwQ8

Preface

Asiais a diverse region with multiple topographies, coastlines
and rich natural ecosystems. However, the risk in Asia is
expanding. Itis also intensifying with climate change impacts,
while the ongoing mission of COVID-19 recovery presents
further challenges.

In 2021, floods, especially in India, Nepal and China, caused
the most serious damage in Asia in terms of fatalities, affected
population and economic losses. Unexpected and heavy rains
in Nepal also resulted in significant losses to agricultural
produce, as the event coincided with a critical period in
the harvest season. In Afghanistan, prolonged drought and
cascading impacts jeopardized food security. Similarly, rain
deficits hit Pakistan while heatwaves engulfed several parts
of Asia, including China, Japan and the Russian Federation.

These events shine a spotlight on gaps in adaptation capacity and highlight the urgent need to implement
key adaptation solutions. The Glasgow Climate Pact adopted at COP26 in November 2021 boosted adaptation
action and added momentum, as it aims for a decade of transformative climate action. However, policy
pathways for adaptation must be solidly rooted in scientific evidence.

The Economic and Social Commission for Asia and the Pacific (ESCAP) Asia-Pacific Disaster Reports 2021
and 2022 estimate that in Asia, the annual investment in adaptation would need to be highest for China,
at US$ 188.8 billion, followed by India at US$ 46.3 billion, and Japan at US$ 26.5 billion. As a percentage
of the country’s GDP, the highest cost is estimated for Nepal, at 1.9%, followed by Cambodia at 1.8%, and
India at 1.8%.

Given that floods and tropical cyclones in the region account for the highest economic losses, investment
in adaptation must be directed towards prioritizing anticipatory action and preparedness. Notwithstanding
the progress in establishing early warning systems, further strengthening is needed as climate change
intensifies. Similarly, new infrastructure needs to be made more resilient, alongside improvements in
water resources management and dryland agricultural crop production, while nature-based solutions bring
durable and wide-ranging benefits. Investing in these solutions would also ensure progress on Sustainable
Development Goal (SDG) 13 (Climate Action) and accelerate progress on multiple SDGs, including Goal 1
(No Poverty), Goal 2 (Zero Hunger), Goal 3 (Good Health and Well-being), Goal 9 (Industry, Innovation and
Infrastructure) and Goal 11 (Sustainable Cities and Communities).

In this context, the State of the Climate in Asia 2021 is timely, as it unpacks the interconnections between
climate indicators and the SDGs, and helps bridge gaps between science and policy practice. ESCAP
and WMO, working in partnership, will continue to invest in raising climate ambition and accelerating
the implementation of climate policy actions. To this end, the ESCAP Risk and Resilience Portal, which
uses the latest climate information and identifies risk hotspots and adaptation measures by country and
subregions provides much of the evidence base for this report. Policymakers are invited to use the Portal
to help streamline evidence-based decision-making.

A\

Armida Salsiah Alisjahbana
Under-Secretary-General of the United Nations and Executive Secretary of ESCAP



Global climate context

The global annual mean temperature in 2021 was 1.11 + 0.13 °C above the 1850-1900 pre-industrial
average - less warm than in some recent years, owing to cooling La Nina conditions at the start and end
of the year. The year 2021 was between the fifth and seventh warmest year on record according to six data
sets (Figure 1). The past seven years, 2015 to 2021, were the seven warmest years on record. The year 2016,
which started during a strong El Nino, remains the warmest year on record in most data sets.

Atmospheric concentrations of the three major greenhouse gases reached new record highs in 2020, with
levels of carbon dioxide (CO,) at 413.2 + 0.2 parts per million (ppm), methane (CH,) at 1 889 + 2 parts per
billion (ppb) and nitrous oxide (N,O) at 333.2 + 0.1 ppb - respectively 149%, 262% and 123% of pre-industrial
(before 1750) levels. Real-time data from specific locations, including Mauna Loa (Hawaii) and Cape Grim
(Tasmania) indicate that levels of CO,, CH, and N,O continued to increase in 2021. Increasing greenhouse gas
concentrations lead to an accumulation of heat in the climate system, much of which is stored in the ocean.

Over the past two decades, the ocean warming rate strongly increased and the ocean heat content in 2021
was the highest on record. Ocean warming and accelerated loss of ice mass from the ice sheets contributed
to the rise of the global mean sea level by 3.3 mm per year between 1993 and 2021, and 4.5 mm per year
between 2013 and 2021, reaching a new record high in 2021. The ocean absorbs about 23% of annual
anthropogenic emissions of CO, into the atmosphere, thereby helping to alleviate overall warming; however,
CO, reacts with seawater and lowers its pH. This process, known as ocean acidification, affects many
organisms and ecosystem services, and threatens food security by endangering fisheries and aquaculture.'?
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Figure 1. Global annual mean temperature difference from pre-industrial conditions (1850-1900) for six global temperature data sets.
For further explanation and details of the data sets, see State of the Global Climate 2021 (WMO-No. 1290).
Source: Met Office, United Kingdom of Great Britain and Northern Ireland
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Regional climate

The following sections provide analysis of key indicators of the state of the climate in Asia during 2021. One
important such indicator, temperature, is described in terms of anomalies, or departures from a reference
period. For global mean temperature, the Sixth Assessment Report (AR6) of the Intergovernmental Panel
on Climate Change (IPCC)® uses the reference period 1850-1900 for calculating anomalies in relation to
pre-industrial levels. However, the pre-industrial reference period cannot be used as a baseline for calculating
regional anomalies, due to insufficient data for calculating region-specific averages prior to 1900. Regional
temperature anomalies are therefore expressed relative to the 30-year 1961-1990 reference period. This is
the fixed reference period recommended by WMO as a consistent and stable reference period for assessing
long-term climate change, especially for temperature. The 1981-2010 climatological standard normal period
is also used in some cases, for computing anomalies in temperature and other indicators with reference to
more recent climate average conditions. In the present report, exceptions to the use of these baseline periods
for the calculation of anomalies, where they occur, are explicitly noted.

TEMPERATURE

The temperature at Earth’s surface, in conjunction with precipitation, has a great impact on natural systems and
on humans. In 2021, the mean temperature over Asia* was cooler than in 2020, although it was still between the
fifth and seventh warmest year on record (Figure 2). The temperature is estimated to have been 0.86 [0.75-1.02] °C
above the 1981-2010 average and 1.41 [1.33-1.47] °C above the 1961-1990 average (WMO reference period for
assessing climate change), depending on the data set considered. The mean temperature anomaly over Asia
was larger than the global anomaly of 0.42 [0.39-0.47] °C above the 1981-2010 average. Mean temperatures
were above the 1981-2010 normal around West and East Asia, and below normal in central Siberia, the far
eastern part of the Russian Federation and some parts of South Asia (Figure 3). Reflecting this distribution, the
annual mean temperature in China® and Bahrain in 2021 was the highest on record (since the beginning of the
twentieth century) and was also the highest in the United Arab Emirates since 2003 and the second highest in
Saudi Arabia since 1985. Moreover, 2021 was the warmest year in Hong Kong, China, since records began in 1884.

Overthe long term, a warming trend has emerged in Asia in the latter half of the twentieth century (Figures 2 and 4).
In the two recent sub-periods (1961-1990 and 1991-2020), the warming trends in Asia, which is the continent
with the largest land mass extending to the polar region, have exceeded the global mean value - reflecting that
temperature increase over land is larger than over the ocean, as stated in the IPCC AR6 report. The warming
trend in Asia in 1991-2020 was larger than the warming trends in the 1961-1990 period and previous 30-year
periods (Figure 4).

== Met Office
WMO RA |l Asia difference from 1981-2010 (° C)

1.5- —— HadCRUTS5 analysis Figure 2. Annual mean temperature anomalies
NOAAGIobalTemp (°C), 19002021, averaged over Asia, relative
1.0- GISTEMP to the 1981-2010 average, for six global
Berkeley Earth temperature data sets as indicated in the
0.5° — ERAS legend.
O oo JRA-55 Source: MetOffice, United Kingdom
° ' Note: HadCRUT5, Berkeley Earth,
—05- NOAAGIobalTemp and GISTEMP are based
onin situ observations. ERA-5 and JRA-55 are
_10- reanalysis data sets. For details of the data
sets and plotting, see Temperature data at the
~15- end of the present report.
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Year © Crown Copyright. Source: Met Office
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Figure 3. Temperature anomalies (°C) relative
to the 1981-2010 long-term average from the
JRA-55 reanalysis for 2021.

g Source: Tokyo Climate Center, Japan
Meteorological Agency.

0 -3 3 BOE 1006 1206 140 180E 183 180W

=% -3 —= =1 -5 035 1 F4 3 * 5
08 e Africa

- Oceania
- Europe

0.4
Figure 4. Trends in mean surface air

temperature for the six WMO Regions and

|
— (Globe ;
o the global mean (°C) over four sub-periods
02 i using the six data sets (see Figure 1). The bars
indicate the trend in the mean of the data sets.
i I ' . . ﬁ e i l The black lines indicate the range between
00! = + = = the largest and the smallest trends in the
| R

individual data sets.

Trand ("C/decadea)

-0.2
1901-1330 1931-1260 1861-1980 1991-2020




PRECIPITATION

Precipitation is a key climate parameter, closely related to indispensable resources for human activities,
such as water for drinking, domestic purposes, agriculture and hydropower. It also drives major climatic
events such as droughts and floods. In 2021, the largest relative precipitation deficit in the region was
observed in West Asia, including, in particular, the Islamic Republic of Iran, Irag, Afghanistan and the Arabian
Peninsula. In general, South-West Asia and eastern Siberia received less than usual annual precipitation
amounts (Figure 5). The largest absolute precipitation excesses, with reference to the 1981-2010 climate
normal, were observed along the west coasts of India and Myanmar, in the eastern Himalayas and on the
North China Plain. Abnormally high annual precipitation totals were detected in South and South-East
Asia, eastern China and the West Siberian Plain.

Based on time series analyses of the area-mean annual precipitation totals from the Global Precipitation
Climatology Centre (GPCC) data, 2021 was the fifth year in a row with less than normal (1981-2010) precip-
itation in the Western Asian steppe (the region spanning 45°E-80°E, 40°N-55°N). In the South-West Asia
regions relying on winter precipitation, annual amounts were below normal in 2021, after three years with
above-normal amounts. The year 2021 was the fourth consecutive year with above-normal precipitation
in the Eastern Asian steppe (the region spanning 90°E-120°E, 40°N-55°N). The South Asian Monsoon
region received above-normal rain amounts for the second year in a row, whereas the East Asian Monsoon
brought, for the seventh consecutive year, more rain than the normal value.

Annual precipitation ratio 2021 relative to 1981-2010
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Figure 5. Precipitation anomalies for 2021, expressed as a percentage of the 1981-2010 average.
Source: Global Precipitation Climatology Centre (GPCC), Deutscher Wetterdienst, Germany



CRYOSPHERE
ARCTIC SEA ICE

Sea-ice extent is a key indicator of climate variability and change in the polar regions. The presence of sea
ice strongly modulates surface ocean waves and the air-sea exchanges of heat, momentum, moisture and
gases, shaping not only the regional climate but also the global climate.

According to the Consensus Statement of the 7th session of the Arctic Climate Forum,®%’” the maximum
winter sea-ice extent was reached on 11 March 2021 with a value of approximately 15 million km?, being
the seventh lowest since 1979. Negative anomalies of ocean heat content in the upper 15 metres of the
ocean in June 2021 and further into summer slowed ice melt in the East Siberian and Chukchi Seas. The
slow melt was reinforced by near-to- or below-average air temperatures during the boreal summer across
a wide area of the Arctic Ocean.® At the end of the boreal summer, the minimum sea-ice extent was reached
on 12 September 2021, with a value of approximately 4.8 million km?, which is 0.9 million km? above the
2020 minimum and the twelfth lowest minimum sea-ice extent since 1979. The northern sea route was not
consistently ice-free during the 2021 boreal summer.

GLACIERS

Glacier ice mass is sensitive to changes in regional temperature, precipitation and surface radiation.
As glaciers melt due to climate change, they impact global sea level, regional water cycles and local hazard
occurrences. High-Mountain Asia is the high-elevation area centred on the Tibetan Plateau, and contains
the largest volume of ice outside of the polar regions, with glaciers covering an area of approximately
100 000 km?. Over the last decades, most of these glaciers have been retreating, with the equilibrium line
altitudes gradually rising.®°

In the past 40 years, five glaciers (Figure 6) with long-term observations in the High-Mountain Asia region
recorded significant mass losses, with an accelerating trend in the twenty-first century. In particular, the
Parlung No. 94 Glacier in the south-eastern Tibetan Plateau (indicated in Figure 6 by a red line, and observed
since 2006) shows a larger cumulative mass loss than the average for global reference glaciers (indicated
in Figure 6 by a grey line) during the period 1980-2021.
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For the glaciological year 2020/2021, preliminary data available from glaciers observed in High-Mountain
Asia show a clear regional heterogeneity in mass changes (Figure 7). Most glaciers in the High-Mountain
Asia region, particularly in the south-eastern Tibetan Plateau, eastern Himalayas and Pamir Alai, suffered
intense mass losses as the result of exceptionally warm and dry conditions in 2021. For example, the mass
balance for Parlung No. 94 in the south-eastern Tibetan Plateau reached around -2.0 m w.e. in 2020/2021.
The glaciological year 2020/2021 is one of the two strongest years of ablation on observation record, close
to 2009. However, a portion of the glaciers in western Tianshan (in Kyrgyzstan) and the middle Himalayas
(in Nepal) were close to balanced-budget conditions (meaning a small gain or loss of ice).

70°E 80°E 90°E 100°E
—53 | Leviy Aktru

50°N ~ $! S © 50°N

Muz Taw
©_—374

—352 ool ey
. lamer 045 kg/;z\s,kay ;

QtUbIFO=

40°N 40°N
2500—=
< “T« h
o .
\ ‘ - . e o4« Xiao Dorigkemadi
o . “e. =240
Mass balance (mm w.e.) X o
@ 0~477 ,
30°N O -400~0 ; 30°N
© -800~-400
@ -1200 ~-800

@ -2015~-1200
== Glacier (RGI v6.0)

70°E 80°E 90°E 100°E

Figure 7. Preliminary estimations of 2020/2021 mass balance of glaciers in the High-Mountain Asia region. The area indicated by grey contours are

2500 metres above sea level. Note: Snow cover extent for the region is depicted in Figure 10.

Source:WMO Third Pole Regional Climate Centre Network (TPRCC-Network) and WGMS; the original investigators are from Bhutan, China, Kazakhstan,
Kyrgyzstan, Nepal and the Russian Federation.
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PERMAFROST

Permafrost is soil that continuously remains below 0 °C for two or more years, and is a distinctive feature
of high-latitude environments. For example, permafrost occupies about 1 000 000 km? in the Russian
Federation.”® It is characterized by two parameters: mean annual soil temperature at the top of the permafrost,
and thickness of the uppermost layer the seasonally thawing soil, which is defined as Active Layer Thickness
(ALT). According to monitoring carried out by the Russian Federal Service for Hydrometeorology and
Environmental Monitoring (RosHydroMet) in 2021, the ALT decreased at many sites in western Siberia in
2021, due to colder conditions in Siberia in the boreal winter of 2020/21 compared to the winter of 2019/20.
On the other hand, trends in ALT (Figure 8) at almost all other sites remain positive, which indicates a
steady trend towards an increase in the depth of permafrost thaw in the twenty-first century. In terms of
soil temperature, in most of North Asia, positive anomalies prevail in the entire soil layer up to 320 cm,
compared to the 2007-2021 average (up to +2 °C). The largest and statistically significant increase in the
minimum soil temperature, penetrating to the lower depth of 320 cm, was observed in the northern parts
of Siberia.

Coafficiont of linear trend of ALT [cm/10 years)
| ® <0 ® 05 T 610 & 1145 @ >15

Figure 8. Long-term trend of the thickness

of the uppermost layer of seasonally thawing
soil (active layer thickness, ALT in cm per

10 years) for the period 1976-2021. Permafrost
is classified by coverage into continuous
(90%), discontinuous (50—90%) and sporadic
(10-50%) zones, and isolated patches (10%),
depending on area continuity.

SNOW COVER

Snow cover plays an important role in the feedback mechanisms in the climate system (such as albedo,®
run-off, soil moisture and vegetation). Hence, it is a crucial variable for monitoring climate change. In the past
25 years, the boreal spring (March to May) snow cover extent (SCE) over Asia has exhibited decadal-scale
variations with a decreasing tendency, though the tendency is not statistically significant. The SCE in
spring was dominated by positive anomalies prior to 2006, and by negative anomalies thereafter. In the
spring of 2021, SCE in Asia was about 14.15 million km?2, which is 0.53 million km2 less than the 1998-2020
average (Figure 9).

11
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Compared to the average over the period 1998-2020, SCE in the spring of 2021 was below normal in a
wide-ranging part of Asia except in the latitudes around 40°N (in the western Tianshan and western Kunlun
Mountains) and between 50°N and 60°N, where the SCE in spring was mostly 50 to 60 km? above normal,

and locally 120 km? above normal (Figure 10).

The duration of snow cover in northern Asia for the boreal winter of 2020/2021 was significantly below
normal.’® In the polar regions, the number of days of snow coverage was at a record low. Conversely, the
maximum average snow depth in Siberia was significantly higher than the climatological normal, falling

into the top ten values on record.
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Figure 10. Anomalies of mean SCE in

the boreal spring of 2021, relative to the

1998-2020 average. Note: The red line
delimits the geographical area for which

the Asian mean SCE was calculated, as

shown in Figure 9. The black line delimits

the High-Mountain Asia region displayed in

Figure 7. The Interactive Multisensor Snow
and Ice Mapping System and data from the
National Snow and Ice Data Center

(https://nsidc.org/home) were used.
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SEA-SURFACE TEMPERATURE

Sea-surface temperature (SST) is an important physical indicator for Earth’s climate system. Changes in
SST play a critical role in the coupling between the ocean and the atmosphere, as they can trigger the
transfer of energy, momentum and gases between the two Earth system components.”

The rate of SST warming varies according to region, with slight cooling in some regions in recent decades.
The ocean area of WMO Regional Association Il shows an overall sea-surface warming trend (Figure 11)
at rates of more than 0.4 °C per decade in the areas of the Kuroshio Current system, the Arabian Sea, the
southern Barents and Kara Seas and the south-eastern Laptev Sea. This is about three times faster than the
global sea-surface warming rate of 0.16 +/- 0.01 °C per decade.”® In 2021, the area-averaged SST anomalies
reached near-record values in the north-west Pacific Ocean (area 2 in Figure 11) (> 0.6 °C), whereas the
values in the Arctic area and Indian Ocean (areas 1 and 3 in Figure 11) lie below the record values reached
in 2020. The Barents Sea is identified as a climate change hotspot,’”® and a gateway for the recent Arctic
amplification.?° Sea-surface warming in this area also has a major impact on the observed sea-ice loss?’
- a feedback mechanism which in turn enhances ocean warming.??2
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Figure 11. (a) Sea-surface temperature trend (in °C per decade) over the period 1982-2021, derived from the remote-sensing product downloaded from
https://marine.copernicus.eu/ (product name: SST_GLO_SST_L4_REP_OBSERVATIONS_010_024). (b) Area-averaged time series of sea-surface
temperature anomalies relative to the 1982-2021 reference period (in °C) within three areas of the WMO Regional Association I, as bordered by the black
line in panel (a), thatis: 1) for the Arctic area north of 60°N; 2) for the north-west Pacific Ocean area; and 3) for the Indian Ocean area. The linear trend over
the full period is indicated as a grey line.
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OCEAN HEAT CONTENT

Due to emissions of heat-trapping gases resulting from human activities, the global ocean has warmed. It
has taken up more than 90% of the excess heat in the climate system, making climate change irreversible
on centennial to millennial timescales.?* Ocean warming contributes about 40% of the observed global
mean sea-level rise,?® and is altering ocean currents. It also indirectly alters storm tracks,? increasing ocean
stratification,?” and can lead to changes in marine ecosystems.?®

Most of the regions in the WMO Regional Association Il area (Asia) show upper-ocean (0-700 m) warming
since 1993 (the start date of satellite altimetry records). Warming is particularly strong in the Arabian Sea
and in the Kuroshio Current system, at rates exceeding 2 W/m?2 - more than three times faster than the global
mean upper-ocean warming rate of 0.6 W/m? over a similar period (Figure 12(a)). In 2021, the area-averaged
ocean heat content continued to reach record values (> 4x108 J/m?) in the Pacific and the Indian ocean
components of WMO Regional Association Il (Figure 12(b)). These areas are specifically characterized by a
rapid subsurface ocean warming rate, currently measured at a rate of 0.8 + 0.3 W/m? between 1993-2021,
which is in the range of the global ocean warming rate. The warming in the area north of 60°N is not
significant and is dominated by strong year-to-year variations. However, the result may be affected by the
300 m bathymetry product limitation.
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Figure 12. (a) Ocean heat content trend (units: watts per square metre, W/m?) over the period 1993-2021, integrated from the surface downto a 700 m

depth, and derived from the in situ-based product downloaded from https://marine.copernicus.eu/ (product name: MULTIOBS_GLO_PHY_TSUV_3D_
MYNRT_015_012). Ocean warming rates in areas shallower than 300 m have been masked in grey due to product limitations. (b) Area-averaged time series

of ocean heat content anomalies relative to the 1993-2021 reference period (units: joule per square metre, J/m?) within three areas of the WMO Regional
Association Il as bordered by the black line in panel (a), thatis: 1) and 2) for north-west Pacific and Indian Ocean areas, respectively; and 3) for the Arctic area
north of 60°N. The linear trend over the full period is indicated as a grey line.
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SEA LEVEL

In 2021, the global average sea level continued to rise in response to ocean warming (via thermal expansion)
and the melting of glaciers, ice caps and ice sheets. However, the rate of rise is not the same everywhere.
The rates of sea-level change in the Indian Ocean, western tropical Pacific region, south Pacific region and
northern mid-latitude Pacific region are slightly faster than the global mean of 3.3 mm per year (Figure 13;
Table 1). On the other hand, along the Asian coasts of the Pacific Ocean, the rate of rise is close to the global
average. The observed non-uniform regional trends in sea level are essentially due to non-uniform ocean
thermal expansion in conjunction with salinity changes in some regions.?®3° Table 1 summarizes the coastal
sea-level trends over the period from January 1993 to December 2021 in six subregions (highlighted by
the numbered boxes shown in Figure 13).

Table 1. Rate of area-averaged sea-level change over the 1993-2021 satellite measurement period. Subregions are

defined in Figure 13.

Subregion number

Area

Trends in rate of sea-level rise
(in mm per year)

1 North-West Indian Ocean 3.78 £ 0.1
2 North-East Indian Ocean 3.84 0.1
3 South-East Indian Ocean 3.79+0.1
4 Sea off the eastern coast of Australia 3.65+ 0.1
5 Western tropical Pacific region 3.94 £ 0.1
6 North-West Pacific region 3.59 £ 0.1

Though the regional sea-level time series (not shown) display strong interannual variability, mostly driven
by the El Nino-Southern Oscillation (ENSQ), especially in the eastern Indian Ocean and tropical Pacific
Ocean, sea levels in all six subregions show statistically significant rising trends at rates generally slightly
above the global mean rate, as they approach 4 mm per year.

SEAOISF\IVEL TRENDS | January 1993 - December 2021 | COPERNICUS CLIMATE CHANGE SERVICE
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Figure 13. Spatial patterns in sea-level
F2.5 trends observed by altimeter satellites over
the period 1993-2021. Boxes represent
+0.0 subregions where the rates of area-averaged
sea-level change are provided in Table 1.
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MAJOR CLIMATE DRIVERS

There are many modes of natural variability, often referred to as climate patterns or climate modes,
which affect weather at timescales ranging from days to months or even decades. Surface temperatures
change relatively slowly over the ocean, so recurring sea-surface temperature (SST) patterns can be used
to understand and, in some cases, predict the more rapidly changing patterns of weather over land on
seasonal timescales. Similarly, albeit at a faster rate, known pressure changes in the atmosphere can help
explain certain regional weather patterns.

EL NINO-SOUTHERN OSCILLATION

The El Nino-Southern Oscillation (ENSO) is one of the most important drivers of year-to-year variability
in weather patterns in Asia.®' La Nina, as the negative phase of ENSO, characterized by below-average
SSTs in the central and eastern Pacific Ocean and strengthening of the trade winds, typically has a cooling
influence on global temperatures.

La Nina conditions emerged in mid-2020 and peaked in the boreal autumn at moderate strength, with average
sea-surface temperatures 1.3 °C below the 1991-2020 normal in the Nino 3.4 region (5°N-5°S, 120°W-170°W).
Through the first half of 2021, La Nina weakened and reached an ENSO-neutral state (SSTs in the central
and eastern Pacific Ocean within + 0.5 °C of normal) from May to August 2021. However, SSTs cooled after
mid-2021 and La Nina re-emerged in October, reaching moderate strength in December (Figure 14). The
atmospheric circulation responded to the anomalous oceanic conditions and induced convective activity
that led to anomalous climate conditions over Asia. The wetter conditions and cold anomaly around the
Indochinese Peninsula in April were signs of a typical La Nina influence. A series of heavy snowfall events
on the Sea of Japan side of Japan after the middle of December 2020 until early January 2021 was also
attributable to the anomalous convective activity over Indonesia associated with the prevailing La Nina
conditions.®?
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Figure 14. Global SST anomalies (°C) in December 2021. Anomalies are defined as deviations from the 1981-2010 mean.
Source: Tokyo Climate Center, Japan Meteorological Agency
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INDIAN OCEAN DIPOLE

The Indian Ocean Dipole (IOD) is an inherent and major mode of climate variability over the Indian Ocean.
It is characterized by SST anomalies and associated convective anomalies with opposite signs in the
eastern and western tropical Indian Ocean. A negative IOD (which is characterized on the one hand by
above-normal SSTs and enhanced convection in the south-eastern part of the tropical Indian Ocean, and
on the other hand by above-normal SSTs in the western part), developed during July 2021 and returned
within the neutral range by the end of the year, although tending towards the negative side. In association
with this negative 10D, the centre of convective activities was shifted southward, and convection was
suppressed over the Asian summer monsoon region. The drier conditions on the Indochinese Peninsula in
summer and the rainfall deficit over India, especially in the month of August, were linked to this convective
activity, and therefore these could be considered an effect of the negative 10D conditions. This anomalous
convection also likely brought about a southward shift of the subtropical jet stream, which is considered
to have prepared favourable conditions for updraft and resulting heavy rainfall over western and eastern
Japan in August (see also Heavy precipitation and flooding).

ARCTIC OSCILLATION AND WINTER MONSOON

The Arctic Oscillation (AO) is a large-scale atmospheric pattern that influences weather throughout the
northern hemisphere. The AO index was negative for most of the boreal winter of 2020/2021, with the lowest
values in February. It was characterized by higher-than-normal surface pressure over the polar region and
lower-than-normal pressure over the surrounding southern regions. Consequently, the Siberian High was
strong in December and January, leading to colder-than-normal conditions over East Asia (see also Impact
on the economy).

ASIAN MONSOON

The Asian summer monsoon is one of the world’s prominent monsoon systems. It is also a key driver
of the seasonal changes in atmospheric circulation and precipitation (dry and wet seasons) over several
countries in South and East Asia. Precipitation associated with the Asian summer monsoon is a key source
of fresh water in those regions.

In 2021, the East Asia summer monsoon was stronger than normal and the Meiyu/Baiu/Changma?®3 season,
which started later and ended earlier than the 1991-2020 normal, was shorter overall. The south-west
monsoon set in over the north Andaman Sea on 21 May and progressed northward, setting in over the
southern tip of India on 3 June (the normal date is 1 June).® Though large intraseasonal variations were
observed, the south-west monsoon season rainfall over India was close to normal, as rainfall during the
season was 99% of its climatological normal for the 1961-2010 period (Figure 15). Bangladesh, Pakistan
and Sri Lanka reported much-above-normal rainfall during the summer monsoon season.

The north-east monsoon, which contributes 30% to 50% of the annual rainfall over southern peninsular
India and Sri Lanka as a whole, set in over southern peninsular India during October and over Sri Lanka
in late November. The seasonal rainfall over southern peninsular India during the north-east monsoon
was exceptionally above normal (171% of the long-term average) and was the highest (579.1 mm) since
1901. During the season, many low-pressure systems (wind speed less than 17 knots) formed in the south
and adjoining the central Bay of Bengal. These systems moved in a westerly/north-westerly direction and
caused large amounts of rainfall.
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Figure 15. Time series of area-weighted rainfall anomalies over India (representative of South Asia) in the summer monsoon season (June to September)
for the period 1901-2021. Anomalies are defined as a departure from the 1961-2010 average (%DEP). Source: Regional Climate Centre (RCC), Pune, India

ATMOSPHERIC RIVERS OVER ASIA

Atmospheric rivers (ARs) are long, narrow (up to a few hundred km wide), shallow (up to a few km deep) and
transient corridors of strong horizontal water vapour transport that are typically associated with a low-level
jet stream ahead of the cold front of an extratropical cyclone. ARs are most active over mid-latitude oceans
and play a critical role in the global Equator-to-Pole water vapour transport. Regionally, the intense water
vapour fluxes in ARs often cause heavy precipitation and flooding, and play a key role in shaping water
resources over the land in the vicinity of AR landfalls.3536:37.38.3940The AR frequency for the period from 1979
to 2021 (Figure 16) derived from the ERA5 reanalysis data,*’ shows positive trends over the East Asia and
South Asia regions. The regions experienced above-average AR frequency in 2021.

105 - 8
10 4 0.0141x+7.3541 y=0L041x+4.6538
ey 1 weo3us
9.5 A ) 7
£ 7 s
= fE Jeess g F
£ E L]
B 4
5’ "‘ A F55
2 o1s £
CRRR T POV .Y A @°
65 4.5
X . 4 .
o (a) East Asia .5 (b) South Asia
1979 1985 1991 1.7 2003 2009 s ity ] 1579 1585 191 1997 2003 2009 2015 2021

Figure 16. The annual AR frequency over the (a) East Asia (111°E-150°E, 21°N-54°N) and (b) South Asia (60°E-109.5°E, 6°N—-30°N) regions for the period
from 1979 to 2021, obtained by applying the Park et al. (2021) AR detection scheme to the ERA5 reanalysis data. The solid blue line indicates the climatological
mean and the dashed blue line indicates the range for a 95% significance level. The red solid line is the linear trend.
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Extreme events

TROPICAL CYCLONES
WESTERN NORTH PACIFIC OCEAN AND SOUTH CHINA SEA

In 2021, a total of 22 tropical cyclones (TCs) with maximum sustained wind speeds of = 34 knots formed
over the western North Pacific Ocean and the South China Sea, which was below the normal of 26 TCs
(1981-2010 average).*? During August and September, when the number of TC formations is generally at its
highest, convection was largely inactive over the ocean areas where many TCs are formed climatologically.
In total, 8 TC formations occurred during this period, which is below the normal of 11.

Typhoon In-fa affected Japan and mainland China with torrential rain, strong winds and high waves, resulting
in flooding over wide areas. It made landfall over the coast of central China and brought 700 to 900 mm of
precipitation in the northern part of Zhejiang Province from 22 July to 1 August. Typhoon Chanthu, the second
strongest TC of the 22 TCs in 2021, affected the Republic of Korea and Japan. From 15 to 17 September,
accumulated precipitation of 544 mm was recorded on Mount Halla on Jeju Island. Tropical Storm Dianmu
hit Viet Nam, then weakened and moved into Lao People's Democratic Republic and Thailand, resulting
in heavy rainfall, flooding and landslides in these countries. In Thailand, Dianmu brought daily rainfall of
362 mm in upper Thailand in Phaisali, in Nakhon Sawan Province, on 25 September. The third strongest TC
of the 22 TCs in 2021 was Typhoon Rai, which formed in December. After it reached its first peak intensity
and subsequently passed over the central part of the Philippines, it reached its second peak intensity with
maximum sustained winds of 105 knots over the South China Sea, bringing floods to Viet Nam.

NORTH INDIAN OCEAN

During 2021, five cyclonic storms with maximum sustained wind speeds of = 34 knots formed over the
North Indian Ocean. The most devastating was Extremely Severe Cyclonic Storm Tauktae (14 to 19 May)
which formed in the pre-monsoon season over the Arabian Sea, and crossed the Saurashtra coast on
17 May, claiming more than 140 lives across western India. Cyclone Shaheen formed from the remains
of Cyclone Gulab in late September. Cyclone Shaheen made landfall on 3 October on the northern Oman
coast. Al-Khaburah and Al-Suwaiq, Oman, recorded the highest rainfall, with 369 mm and 300 mm on 2 and
4 October respectively (see also Affected population and damage). The United Arab Emirates experienced
light to moderate rains, particularly in the eastern and south-eastern parts of the country. The wave height
over the eastern coast of the United Arab Emirates significantly increased during these days, due to fresh
to strong north-easterly winds.

HEAVY PRECIPITATION AND FLOODING

With regards to extremes based on daily precipitation totals, the highest five-day precipitation amounts
were measured in regions influenced by the South and East Asian monsoons and tropical storms, such as
most mountain ranges and coastal regions in South and South-East Asia. The highest totals were observed
in the South China Highlands, and central and north China, as shown by the darkest blue colour in Figure 17.
In July, heavy rainfall was recorded in central and north China, with maximum cumulative precipitation
records observed at 26 stations, including Zhengzhou in Henan Province (851 mm). Among these extreme
events, Zhengzhou observed a maximum daily precipitation total of 624.1 mm, close to its annual normal
of 641 mm (see also Impact on the economy). In August, active stationary fronts with moist air brought
record-breaking monthly precipitation amounts to western Japan.
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During the monsoon season, some heavy rainfall, associated floods and landslide events brought casualties
in Nepal (see also Agriculture and food security) and Bhutan. Mahabaleshwar station in India recorded
480.0 mm of rainfall on 22 July and 594.4 mm on 23 July (see also Affected population and damage).
Record-breaking torrential rainfall was also observed in some of the South-East Asian nations. The new
highest daily rainfall of 202.0 mm was recorded at Takfa agrometeorological station, in Nakhon Sawan
Province, Thailand, on 25 September 2021, and more than 50 000 households were flooded.

RX5 Anomaly, Reference 1982-2019, 2021

Figure 17. Anomalies (mm/5 days) of the
highest five-day precipitation totals. Blue
indicates more extreme precipitation than
the long-term mean, and brown indicates
less extreme precipitation than the long-
term mean. Note: The climatology period
used here is the full length of the global
daily precipitation data set. Source: Global
Precipitation Climatology Centre (GPCC),
Deutscher Wetterdienst, Germany.
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DROUGHTS

Significant droughts occurred during 2021 in several countries including in West Asia, Central Asia, South
Asia and South-East Asia, due to large precipitation deficits. Almost half the average precipitation fell during
January and February in the Islamic Republic of Iran, leading to significant droughts, reduced streamflow
in rivers and reduced water availability for irrigation. Pakistan had its third-driest February and fifth-driest
January—March on record. Drier conditions in the region, such as in Pakistan, the Islamic Republic of Iran
and Iraq, continued in the boreal summer of 2021.434445 During the 2020/2021 winter, moderate to severe
meteorological droughts in Jiangnan and south China developed rapidly due to high temperatures and
scarce precipitation: most areas were 50%-80% below normal, with Hunan and Guangxi recording the
lowest precipitation in the same period since 1961, and with Guangdong recording the second lowest
(see also Agriculture and food security).

HEATWAVES AND WILDFIRES

Temperatures over the Asian part of the Russian Federation were exceptionally high in the boreal summer,
with the warmest August and the warmest summer on record since 1936. Prolonged heatwaves caused
intense and extensive forest fires and wildfires in Siberia, especially in the Yakutia region (with approxi-
mately 2 300 fires burning about 8.9 million hectares in total by the end of summer).%¢ In Japan, seasonal
mean temperatures for summer were significantly above normal in the northern part of the country, and
monthly mean temperatures for July were the highest on record over the Hokkaido region. These record
high temperatures from Siberia to northern Japan were associated with persistent anti-cyclonic circulation
anomalies in the troposphere over these regions. In China, the July monthly mean temperature was the
second highest for a month of July since 1961 (when records began), and the September monthly mean
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was the highest for a month of September since 1961. Hong Kong, China, experienced its hottest March,
May and September on record in 2021. With much hotter-than-normal weather from May to mid-October,
61 hot nights (daily minimum temperature = 28.0 °C) and 54 very hot days (daily maximum temperature
> 33.0 °C) were reported in 2021 in Hong Kong; both of these were the highest annual totals since the
start of records in 1884. At Bahrain International Airport, daily maximum temperatures exceeded 40 °C on
21 consecutive days (26 July-15 August). Dammam station in Saudi Arabia recorded 51.0 °C on 13 August
2021, which was the highest maximum temperature on record in the country.

OTHER EXTREME EVENTS

Mongolia suffered strong winds and dust storms that spread across the country from 13 to 15 March. Ten
people died and more than 700 were injured. On 12 March, a dust storm also affected Saudi Arabia and Oman.
Many weather stations in Saudi Arabia recorded dust storms and blowing dust. Visibility was reduced to
less than 1 km at many weather stations in Saudi Arabia and to 20 metres at Bahrain International Airport,
where the highest maximum wind gust speed (52 knots) for March since 1974 was recorded (see also Affected
population and damage). In mid-June, another dust storm, resulting from northerly winds, entered Saudi
Arabia through the western parts of the United Arab Emirates and later moved to some internal areas of
the country. The region of Iraq was thought to be the origin of this dust, which spread out to reach Bahrain,
Qatar and the inland portion of the United Arab Emirates.

In the boreal summer of 2021, dry conditions and severely reduced precipitation caused drying of the
Hamoon Lake in the eastern part of the Islamic Republic of Iran. The northerly strong summer winds known
as the "120-day wind" raised more sand than usual, and the region experienced more frequent severe dust
storms than usual. A severe dust storm struck the coastal city of Karachi, Pakistan, after Tropical Cyclone
Tauktae crossed the Indian coast.

In India in recent years, lightning accompanied by thunderstorms has been one of the biggest killers. In 2021,
thunderstorms and lightning claimed around 800 lives in different parts of the country. On 12 July, more
than 70 people were killed in lightning strikes in Rajasthan, Uttar Pradesh and Madhya Pradesh.

FILLING THE GAPS IN OBSERVATION

While the evidence for climate change in the Asia region is unequivocal, the most recent Intergovernmental
Panel on Climate Change (IPCC) reports show that significant gaps remain in the observation of some
variables over the continent, particularly precipitation. The current gaps in global surface-based
data-sharing significantly impact the quality of weather and climate information locally, regionally and
globally. While some parts of the globe provide a reliable feed of these data, many others contribute
only limited amounts and, in several instances, the amount of data shared is even declining.

To improve observational capabilities, in 2019 the World Meteorological Congress and its 193 member
countries and territories agreed to establish the Global Basic Observing Network (GBON). GBON is a
landmark agreement and offers a new approach in which the basic surface-based weather observing
network is designed, defined and monitored at the global level.

To achieve sustained compliance with the GBON requirements, substantial investments, strengthened
capacity and long-term resources for operation and maintenance is needed in many countries. For
this purpose, the Systematic Observations Financing Facility (SOFF) was established to provide
technical and financial assistance in new, more effective ways, thereby: (i) applying internationally
agreed metrics to guide investments; (ii) using long-term, sustained data-sharing as a measure of
success; and (iii) creating local benefits while providing a global public good.
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The Global Climate Observing System (GCOS), which provides an operational framework for
integrating and enhancing the observational systems of participating countries and organizations,
regularly reviews the state of global climate observations and publishes reports on its findings. The
latest GCOS Status Report (GCOS-240)," published in 2021, highlighted recent improvements in global
observational capabilities and identified issues and gaps in the observing systems.

For instance, the report pointed out that the most urgent need for closing observational gaps of
glaciers is in regions where glaciers dominate run-off during warm/dry seasons, such as in Central
Asia. In addition, in the region with the largest glacier-covered area in Asia, the Karakoram, not a
single glacier is frequently monitored. This leads to huge gaps in understanding processes, and to
related high uncertainties in modelling future glacier evolution. There are also some large spatial
gaps in permafrost monitoring, especially in central Siberia.

Subsurface measurements of the oceans are critical to monitor and forecast the climate system.
Although the uncertainty in Earth’s energy budget has been substantially decreased since 2000
with the deployment of the Argo system (which collects data from inside the world’s oceans), large
gaps also still exist. The decision by the Argo Steering Team to expand the Argo program to the full
water column and under sea ice, including biogeochemical variables, as well as the deployment of
repeated hydrography, the deployment of fixed-point and other autonomous observing platforms
and their integration, all aim to address these gaps.

The 2022 GCOS Implementation Plan (GCOS-244)? aims to address these gaps by providing a set of
high priority actions which, if undertaken, will improve global observations of the climate system
and our understanding of how it is changing.

1Global Climate Observation System (GCOS). The Global Climate Observing System 2021: The GCOS Status Report(GCOS-240); World Meteorological
Organization: Geneva, 2021.
2 Global Climate Observation System (GCOS). The 2022 GCOS Implementation Plan(GC0S-244); World Meteorological Organization: Geneva, 2022.
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Climate-related impacts
and risks

The impacts of climate change and increasing inequality across and within countries are undermining
progress on the sustainable development agenda. In addition, extreme weather conditions and more
frequent and severe disasters are causing increased food insecurity and are worsening human safety and
health, forcing many communities to suffer from poverty, displacement and widening inequalities.

AFFECTED POPULATION AND DAMAGE

In 2021, there were a total of more than 100 natural hazard events in Asia, of which over 80% were flood
and storm events. These natural hazard events resulted in almost 4 000 fatalities, of which around 80%
were caused by flooding. Overall, 48.3 million people were directly affected by these hazards, causing total
economic damage of US$ 35.6 billion. While floods caused the highest fatalities and economic damage,
drought in the region affected the highest number of people (Figure 18).
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Figure 18. Overview of 2021 disasters in the South-West Pacific region.

Source:ESCAP calculations based on EM-DAT, accessed on 30 April 2022.

Note: The economic damages of some disaster occurrences are not presented in the diagram due to data unavailability. ESCAP — Economic and Social
Commission for Asia and the Pacific; EM-DAT — Emergency Events Database.

In 2021, the disaster event with by far the greatest impact in Asia in terms of fatalities and economic damage
was flooding. Floods in India, China and Afghanistan caused the greatest number of fatalities, highlighting
the high level of vulnerability of Asia, especially to floods. Notable events during the period included:

¢ Floods, India: During the monsoon season between June and September, India faced deadly floods.
The heavy rain and flash floods resulted in about 1 300 casualties and losses of US$ 3.1 billion due to
damages to crops and properties. However, following a quick response by the authorities, more than
430 000 people were evacuated to safe places? (see also Heavy precipitation and flooding).

e Cyclone Shaheen, Oman: This cyclone, originating from tropical activity in the Bay of Bengal, tracked
westward over India, and made landfall in Oman in October 2021. It was the first storm in 130 years to
pass from the east of the Indian subcontinent to the Gulf of Oman and strike the north-eastern coastline.
Increased sea-surface temperatures and favourable environmental conditions were the key contributing
factors.*® The intense rainfall, coupled with Oman’s varied terrain, resulted in widespread flooding. The
Oman Directorate General of Meteorology reports note that six people died in Oman due to the floods,
with economic losses of about US$ 80 million (see also Tropical cyclones).
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e Sand and dust storms, Saudi Arabia and Kuwait: Sand and dust storms (SDS) are an emerging concern
in the region. In March 2021, SDS affected visibility in northern Saudi Arabia and Kuwait and coincided
with the COVID-19 pandemic. As SDS are known to induce respiratory illnesses, the rise in COVID-19
cases was attributed to the storms, with cases increasing 34% in Riyadh*® and 18% in Kuwait.®® The Islamic
Republic of Iran was also impacted by SDS in 2021 (see also Other extreme events).

AGRICULTURE AND FOOD SECURITY

Asia is one of the regions with the highest number of people facing severe food insecurity. According to
the 2022 Global Report on Food Crises, in 2021 three out of the top ten countries with the highest number
of people in crisis or worse were in Asia.?" Climate change-induced extreme weather events exacerbate
this vulnerability.

In Afghanistan, 47% of the population experienced high levels of acute food insecurity due to prolonged
drought and a struggling economy. Reduced rainfall during the wet season and less snowpack development
affected water availability for crops in 2021, which limited availability of food in comparison to other years
(see also Precipitation).5?

Balochistan, Pakistan, is also an arid zone with a high dependency on rainfall. Between April and November
2021, pre- and post-winter rainfall deficits in this region led to a drought-like state®® (see also Droughts).
Simultaneously, high food and fuel prices, livestock diseases, and impacts of the COVID-19 pandemic led
to a deterioration in food security.> Between March and June 2021, approximately 571 000 people were
estimated to be at the food insecurity crisis stage and around 185 000 people at the emergency stage. In
total, almost 1.18 million people were affected by the drought.5®

In Nepal, during October, there was an unexpected downpour of rainfall which caused significant loss of
agricultural products, lives and property. This rainfall occurred during the end of the harvest season and
was estimated to have impacted up to 80% of the harvest®® (see also Heavy precipitation and flooding).

IMPACT ON THE ECONOMY

Comparing the economic loss from disasters in 2021 to the average over the past 20 years shows that
damage is on the rise for most types of disasters (Figure 19). More specifically, economic damage from
drought has increased by 63%, economic damage from flood has increased by 23% and from landslides
by 147% compared to the 2001-2020 average. In 2021, flooding caused the highest economic losses in
China (US$ 18.4 billion), followed by India (US$ 3.2 billion) and Thailand (US$ 0.6 billion). Storms also
caused significant economic damage, especially in India (US$ 4.4 billion), China (US$ 3.0 billion) and
Japan (US$ 2 billion). Extreme heat events are impacting countries around the world through heat stress.
Assuming a global temperature increase of 1.5 °C by the end of the twenty-first century, the International
Labour Organization (ILO)%” estimates that by 2030, 2.2% of total working hours will be lost due to heat
stress. Given the region’s role as an economic hub for manufacturing, the impact of extreme heat events
propelled by climate change will be highly disruptive to the economies in the region, with global implications.
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Figure 19. Economic losses in Asia in 2021 from disasters, compared to the 20-year average (2001-2020).
Source:ESCAP calculations based on EM-DAT, accessed on 30 April 2022.
Note: The economic damages of some disaster occurrences are not presented in the diagram due to data unavailability

A series of heavy floods caused by excessive rainfall impacted Henan Province and the Inner Mongolia
Autonomous regions of China. As a result, about 350 people were killed and many more were recorded
as missing. The heavy floods caused over US$ 16.5 billion in total damage and affected over 14.5 million
people. Additionally, 30 600 houses collapsed, and numerous other infrastructures were also impacted
by floodwaters.% Over 876 000 hectares of farming land was affected due to events linked to the torrential
rain® (see also Heavy precipitation and flooding).

From late July to early August 2021, torrential rains and widespread flooding affected Yemen, damaging
infrastructure and destroying homes and shelters. Some major infrastructure damage included damage
to a bridge linking Lahj Governorate with Ta’iz City, failure of two dams and suspension of operations at
several hospital units in Sana’a City.®® Damage to private property and other structures was reported in
one third of Yemen'’s districts and across 18 governorates.®' Furthermore, primary and secondary roads,
which were already overdue for maintenance, were damaged, further disrupting access to essential goods
and services for citizens.5?

On 7 January 2021, Hokkaido and central and northern Honshu in Japan experienced severe weather,
including large snowfalls, extremely low temperatures and high winds. Preliminary government reports
noted 410 disaster-related calamities, while economic losses to agriculture, forestry and fisheries amounted
to nearly 12 billion Japanese yen.%®
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Enhancing climate resilience
and adaptation policies

CLIMATE POLICY AND ACTION

The Paris Agreement, adopted in 2015,%4 identifies adaptation as a global challenge. It establishes the global
goal on adaptation, which includes enhancing adaptive capacity, strengthening resilience and reducing
vulnerability to climate change. Seven years after its adoption, the Sixth Assessment Report of the IPCC®®
notes that adaptation planning and implementation continues to grow, with at least 170 countries having
included adaptation in their policies and planning processes, with decision support tools and climate
services in place.

As of June 2022, 194 Parties, of which 31 are from Asia, have submitted a Nationally Determined Contribution
(NDC). Mitigation of climate change has been prioritized by all Parties in this region as reflected in their
NDCs. These highlight energy, waste, agriculture and land use/land-use change/forestry (LULUCF) as
top priority areas for reducing greenhouse gas (GHG) emissions. In terms of GHG emission reduction
commitments, some Parties in the region have strengthened their targets, although still more needs to be
done in order to keep the region and the world within the 1.5 °C global temperature rise. In addition, 90%
of Asian Parties have prioritized adaptation in their NDCs, with the majority highlighting the following as
their top priority areas for adaptation: water; agriculture and food security; ecosystem and biodiversity; and
health (Figure 20). Over 80% of Parties in the region have prioritized in their NDCs climate services-related
activities®® in areas shown in Figure 20, with the majority being the least developed countries (LDCs) and
small island development States (SIDS).
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Figure 20. Priority areas for adaptation for the Asia region. Source: WMO analysis of the NDCs of 31 Parties in Asia from 2016 to March 2022,
updated in June 2022
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However, there are still adaptation gaps between the current levels of adaptation and the levels needed
to respond to climate risks and impacts. The Asia-Pacific Disaster Reports for 2021 and 20225” estimate the
annual adaptation cost for climate and biological hazards®® in each country under the RCP 8.5 climate change
scenario (thatis, a high greenhouse gas emission future without effective climate change mitigation policies
and used in the assessment in the IPCC Fifth Assessment Report®®). In Asia, the highest adaptation cost is
estimated for China at US$ 188.8 billion, followed by India at US$ 46.3 billion, and Japan at US$ 26.3 billion.
As a percentage of the country’s gross domestic product (GDP), the highest cost is estimated for Nepal at
1.9% of GDP, followed by Cambodia at 1.8%, and India at 1.3%.

A key driver of policy action is the target to achieve the global 2030 Agenda for Sustainable Development,
pillared on the 17 Sustainable Development Goals (SDGs). The United Nations Economic and Social
Commission for Asia and the Pacific (ESCAP) Asia and the Pacific SDG Progress Report 2022’° shows that none
of the goals have been sufficiently achieved. In fact, Goal 13 on Climate Action continues to show a reverse
trend. There is insufficient progress on achieving targets such as 13.1.1 on the number of deaths, missing
persons and directly affected persons attributed to disasters, and 13.1.2 on adoption and implementation
of national disaster risk reduction strategies.

MEMBERS’ CAPACITIES: CLIMATE SERVICES AND EARLY WARNING

In Asia, from 1970-2019, about 3 500 reported disasters led to nearly 1 000 000 deaths, and economic losses
of US$ 1.2 trillion. Most of these disasters were associated with floods (45%) and storms (36%). Storms had
the highest impacts on life, contributing to 72% of the lives lost, while floods led to the greatest economic
losses (567%) (Figure 21). Specifically, from 1970-2019, more than 1 500 flood-related disasters led to nearly
230 000 deaths, and economic losses of US$ 683 billion in Asia. These numbers are quite high compared
to other regions.”

(a) Number of reported disasters (b) Number of reported deaths (c) Reported economic losses in US$ billion
Total = 3 454 disasters Total = 975 622 deaths Total = US$ 1.2 trillion
6%
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34%
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Figure 21. Overview of weather-, water- and climate-related disasters, deaths and economic losses reported in Asia (1970-2019).
Source: 2021 State of the Climate Service: Water(WMO-No. 1278).
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In this context, and building on five adaptation priorities highlighted by the Global Commission on Adaptation’?
with high investment cost-benefits, top adaptation priorities informed by the risk landscape in Asia can be
identified. In Asia, the key adaptation priorities are strengthening the early warning systems and building
new, resilient infrastructure, followed by making water resources management more resilient, improving
dryland agriculture crop production and implementing nature-based solutions. Investing in these policy
actions will catalyse progress in achieving multiple SDGs as well as yield cross-sectoral benefits, aligned
with the NDCs and National Adaptation Plan (NAP) commitments of countries in Asia.

In 2021, floods and storms caused the highest fatalities as well as economic losses in Asia (Figure 18).
Strengthening early warning systems can play a pivotal role in taking anticipatory action, enhancing
preparedness and reducing the impact of these hazards, as indicated in Figure 22. Early warning systems
not only protect lives and livelihoods, but also help protect development gains in the long term.”®

Early warning
signs

Shock/Event

Figure 22. Tackling the extent of humanitarian crises by anticipatory action.
Source: The Economic and Social Commission for Asia and the Pacific (ESCAP).

WMO data from 24 countries for which data are available, show that most Members (50%) in the region
provide climate services at an average level, while 17% of the Members provide climate services at a basic
level (as of 16 June 2022).

Two Members in this region report having inadequate end-to-end riverine flood forecasting services, and
nine Members are providing those services at a Full/Advanced capacity level. Ten Members indicate having
inadequate end-to-end drought forecasting systems, and four are providing drought warning services at
a Full/Advanced capacity level. Additionally, only five Members indicate providing flash floods warnings
at a Full/Advanced capacity level, despite flash floods being among the most common weather, water and
climate disasters in the region (Figure 23).
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Figure 23. Number of WMO Members in Asia with early warnings available

to the population at risk, by hazard type, based on data provided by WMO
Members. Member capacities are categorized as Inadequate (0—33%),
Basic/Essential (34—66%) and Full/Advanced (67-100%) according to the
estimated percentage of the population at risk that receive early warnings.
Note: For each hazard, the category “Inadequate” includes Members
(providing data) reporting that no end-to-end early warning system (EWS) for
the hazard is in place, as well as those whose end-to-end EWSs do not reach
M Full/Advanced Basic/Essential M Inadequate more than 33% of the at-risk population.™
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Substantially increasing availability and access to early warning systems and disaster risk reduction
information is a key target of the Sendai Framework for Disaster Risk Reduction 2015-2030.7° As shown in
Figure 23, there is still room for improvement for deployment of fully operational early warning systems for
riverine floods, flash floods and drought. It should be noted that the data were only obtained from a very
limited number of WMO Members, and there is a substantial need for improved data from all Members in
the region, in order to obtain a clearer picture of the gaps and needs moving forward. However, there is also
a clear need to prioritize the development of multi-hazard early warning systems and climate forecasts, not
only for tackling natural hazards and achieving SDG 13 (Climate Action), but also for accelerating progress
on multiple associated SDGs including 1 (No Poverty), 2 (Zero Hunger), 3 (Good Health and Well-being),
9 (Industry, Innovation and Infrastructure) and 11 (Sustainable Cities and Communities). With this objective
in mind, the United Nations ESCAP Asia-Pacific Risk and Resilience Portal’® is designed to support the
monitoring and implementation of climate and disaster-related SDGs. It aims to strengthen the capacity
of Members in Asia and the Pacific to identify multi-hazard risk hotspots, estimate economic losses due
to cascading hazards in the present and future climate change scenarios at the country, subregional and
regional levels, and invest in key resilience measures for adaptation.
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Observational basis
for climate monitoring

Climate monitoring is performed by a network of observing systems covering the atmosphere, the ocean,
hydrology, the cryosphere and the biosphere. Each of these areas is monitored in different ways by a
range of organizations. Cutting across all these areas, satellite observations provide major contributions
to global climate monitoring.

In 1992, the Global Climate Observing System (GCOS) was established jointly by WMO, the Intergovernmental
Oceanographic Commission (IOC) of the United Nations Educational, Scientific and Cultural Organization
(UNESCO), the United Nations Environment Programme (UNEP) and the International Science Council (ISC)
to coordinate and facilitate the development and improvement of global climate observations. GCOS has
identified a set of Essential Climate Variables (ECVs)”” that together provide the information necessary
to understand, model and predict the trajectory of the climate as well as plan mitigation and adaptation
strategies.

ECVs are physical, chemical or biological variables or a group of linked variables that critically contribute to
the characterization of Earth’s climate system, and include atmospheric, oceanic and terrestrial components.
GCOS currently specifies 54 ECVs (see Figure 24).

ECV data sets provide the empirical evidence needed to understand and predict the evolution of climate,
to guide mitigation and adaptation measures, to assess risks and enable attribution of climate events to
underlie causes, and to underpin climate services. They are required to support the work of the United
Nations Framework Convention on Climate Change (UNFCCC) and the IPCC.

2016 Essential Climate Variables (ECVs)
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Figure 24. Essential Climate Variables (ECVs) identified by GCOS
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Data sets

TEMPERATURE

Six data sets (cited below) were used in the calculation of regional temperature.

Regional mean temperature anomalies were calculated relative to 1961-1990 and 1981-2010 baselines
using the following steps:

1. Read the gridded data set;

2. Regrid the data to 1° latitude x 1° longitude resolution. If the gridded data are higher resolution, then
take a mean of grid boxes within each 1° x 1° grid box. If the gridded data are lower resolution, then copy
the low-resolution grid box value into each 1° x 1° grid box that falls inside the low-resolution grid box;

3. For each month, calculate the regional area average using only those 1° x 1° grid boxes whose centres
fall within the region;

4. For each year, take the mean of the monthly area averages to obtain an annual area average;
5. Calculate the mean of the annual area averages over the periods 1961-1990 and 1981-2010;
6. Subtract the 30-year period average from each year.

Note that the range and mean of anomalies relative to the two different baselines are based on different
sets of data, as anomalies relative to 1961-1990 cannot be computed for ERA5 which starts in 1979.

The following six data sets were used:

Berkeley Earth — Rohde, R. A.; Hausfather, Z. The Berkeley Earth Land/Ocean Temperature Record. Earth
System Science Data 2020, 12 (4), 3469-3479. https://doi.org/10.5194/essd-12-3469-2020.

ERA5 — Hersbach, H.; Bell, B.; Berrisford, P. et al. The ERA5 Global Reanalysis. Quarterly Journal of the
Royal Meteorological Society 2020, 146 (730), 1999-2049. https://doi.org/10.1002/qj.3803.

JRA-55 — Kobayashi, S.; Ota, Y.; Harada, Y. et al. The JRA-55 Reanalysis: General Specifications and Basic
Characteristics. Journal of the Meteorological Society of Japan. Ser. 112015, 93 (1), 5-48. https://www.jstage.
jst.go.jp/article/jmsj/93/1/93_2015-001/_article.

GISTEMP v4 — GISTEMP Team, 2022: GISS Surface Temperature Analysis (GISTEMP), version 4. NASA
Goddard Institute for Space Studies, https://data.giss.nasa.gov/gistemp/. Lenssen, N.; Schmidt, G.; Hansen,
J. et al. Improvements in the GISTEMP Uncertainty Model. Journal of Geophysical Research: Atmospheres
2019, 724 (12), 6307-6326. https://doi.org/10.1029/2018JD029522.

HadCRUT.5.0.1.0 — Morice, C. P.; Kennedy, J. J.; Rayner, N. A. et al. An Updated Assessment of Near-Surface
Temperature Change From 1850: The HadCRUT5 Data Set. Journal of Geophysical Research: Atmospheres
2021, 126 (3), e2019JD032361. https://doi.org/10.1029/2019JD032361. HadCRUT.5.0.1.0 data were obtained from
http://www.metoffice.gov.uk/hadobs/hadcrut5 and are © British Crown Copyright, Met Office 2021, provided
under an Open Government License, http://www.nationalarchives.gov.uk/doc/open-government-licence/
version/3/.

NOAAGIobalTemp v56 — Zhang, H.-M.; Huang, B.; Lawrimore, J.et al. NOAA Global Surface Temperature
Dataset (NOAAGIobalTemp), Version 5.0. NOAA National Centers for Environmental Information. doi:10.7289/
V5FN144H. Huang, B.; Menne, M. J.; Boyer, T. et al. Uncertainty Estimates for Sea Surface Temperature and
Land Surface Air Temperature in NOAAGIlobalTemp Version 5. Journal of Climate 2020, 33 (4), 1351-1379.
https://journals.ametsoc.org/view/journals/clim/33/4/jcli-d-19-0395.1.xml.
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PRECIPITATION

Regional time series analyses of the area-mean annual precipitation totals are from the Global Precipitation
Climatology Centre (GPCC). Regional precipitation anomalies are expressed relative to the 1981-2010
average. Schneider, U.; Becker, A.; Finger, P. et al. GPCC Monitoring Product: Near Real-Time Monthly
Land-Surface Precipitation from Rain-Gauges Based on SYNOP and CLIMAT Data; Global Precipitation
Climatology Centre (GPCC), 2020. https://opendata.dwd.de/climate_environment/GPCC/html/gpcc_monitor-
ing_v2020_doi_download.html.

SEAICE
In the present report, the estimation of sea-ice extent is based on an analysis of blended Arctic ice charts
from the Arctic and Antarctic Research Institute (Russian Federation), the Canadian Ice Service (Canada)

and the National Ice Center (United States of America), using passive microwave estimates (SMMR, SSM/I
and SSMIS) from the National Snow and Ice Data Center.

SEA LEVEL

Regional sea-level trends are based on gridded C3S altimetry data, averaged from the 50 km offshore to
the coast, by the Laboratory of Space Geophysical and Oceanographic Studies (LEGOS).

EM-DAT DATA

EM-DAT data were used for historical climate impact calculations: www.emdat.be. EM-DAT is a global
database on natural and technological disasters, containing essential core data on the occurrence and
effects of more than 21 000 disasters in the world, from 1900 to the present. EM-DAT is maintained by the
Centre for Research on the Epidemiology of Disasters (CRED) at the School of Public Health of the Université
catholique de Louvain located in Brussels, Belgium.

The indicators used for mortality, number of people affected and economic damage were total deaths,
number affected and total damages (‘000 US$) respectively.

CLIMATE SERVICES
WMO Analysis of NDCs;

Checklist for Climate Services Implementation (Members’ climate services capacity, based on responses
to this Checklist, can be viewed here);

WMO Hydrology Survey, 2020;
2020 State of Climate Services: Risk Information and Early Warning Systems (WMO-No. 1252);

2021 State of Climate Services: Water (WMO-No. 1278).
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For more information, please contact:
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Strategic Communications Office
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