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A: Met hods and Dat a

Met hodol ogi cal approach

This report presents an analysis of climate risk in the Central and South Asia region, combining
climate with social and economic analysis to identify key challenges to production systems,
resources, economies, services, and livelihoods. The report aims to guide development
planners to areas requiring attention, providing an overview of key risks and uncertainties,
highlighting prominent regional risks.

Climate has been analysed for distinct geographical regions which were determined using the
following criteria:

T Similar climate. gt.hari aagt eafi st acsy seasons or
temperaturesTRDPI|I 8aGktboeremore det-6el gen &KPpmen
classif.ications)

1T Zone size was tailored to the resolution of
regional f eaet.unewntsalicrh rasnges.
T Zone boundary selection waGe ibgaelra nccleidmabteet wzeoenne
basins, and el evation changes.

This tailored zonal climate analysis is combined with regional socio-economic information to
assess potential impacts of future regional climate change on the following:

T Agriculture and food security

T Water resour edegpeardde nwatserr vi ces
T Health

T Infrastmdctset ¢!l ement s

T Energy

1

Environment
T Blue economy and the marine environment

Further information regarding the data used and detailed methodology can be found in Section
A of the Technical Reference Document and on the Met Office website!. Focus Box Al
explains why it is necessary to consider both exposure and vulnerability to climate hazards,
and the need for an interdisciplinary approach when interpreting compound risks associated
with, or exacerbated by, climate change.

lhttps:// www. metoffice. gov. uk/Hsereiomperse/nd idtsc pionmatetset / i nt
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https://www.metoffice.gov.uk/services/government/international-development/climate-risk-reports

Climate in context methodol ogi cal appr oac
The key stages in the methodology and division of responsibilities across the project team are
presented in a schematic in Figure Al and described in more detail below.

Stages 1. Agree 2. ish baseline relati ip between 3. Analyse and interpret ‘:.‘I . &
project climate and relevant socio-economic future climate projections for and T '
Division scope context socio-economic context " . jeaming
of tasks
soclo Characterise )
economic EE A lsdue“:.gz; Interpret
e economic climate Summarise future climate Co-produce o [l
-Agree context £ baseline projections in £ls s learnt
scope T relationship context of report and durin
" 5 in analysis socio- support . <g:t
Climate -Identify Region wide spatial S Analyse and economic dissemination poe
science EIETTA climate data analysis distil climate dynamics U
experts analysis zones projections / - User
:lt:ekde:dder Y J feedback
Customer/ Regular interaction to update on progress and ensure analysis is tailored to Rep‘]:n';‘"ew
stakeholders customer/stakeholder needs dissemination

Time

Figure Al: Schematic diagram of the key stages of the methodology and division of tasks between the socio-
economic experts (ODI), climate science experts (Met Office) and customer (FCDO) roles of the project team
(Richardson et al., 2022)

Stage 1 involves agreement on the scope of the work and the format of the outputs through
iterative discussions across the project team. Consultations with the customer (FCDO) are
conducted to identify the socio-economic themes relevant to their decision context.

Stage 2 involves establishing the baseline relationship between climate and the key
socioeconomic themes identified in Stage 1. This includes:

T Preliminary analysis is conduc-eednomi chaonteés:
and regional <climate through a combination of
reanalysis data by the relevant experts.

T I'dentification of suitable climate metrics a
process between the experts, drawing on the ¢

T Characterisation of t he barselldatned cvulnmadreabitlh
exposure -telatetahazards in each of the spatd.i

Stage 3 involves analysis of future climate projections and interpretation in the context of the
key vulnerabilities and baseline assessments developed in Stage 2. This includes:

T Selection of appropriate climate model si mul
anal ysis of projected changes in relevant c
analysis zones.

T Distillation of the future climate projectio
climate metrics in each spatial analysis zont

f Transl ation of the future climate summari es
the keycooomoc t hemes.

Stage 4 involves the co-production of a report summarising the analysis and outcomes,
tailored to the needs of the customer.
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Stage 5 involves evaluation and learning of the process to support future applications of the
methodology.

Climate data and analysis methods
This report uses spatial analysis zones (which were selected using criteria, as mentioned on
TRD page 1, to process ERA5 reanalysis®® data; Hersbach et al., 2020) to characterise the
current climate over the 1981-2010 baseline period. Global and regional climate model
simulations were used to assess the projected change in temperature and precipitation for the
2050s (2041-2070- consistent with IPCC ARG).

To model and predict future climate it is necessary to make assumptions about the economic,
social and physical changes to our environment that will influence climate change.
Representative Concentration Pathways (RCPs) used in IPCC AR5, and Shared Socio-
Economic Pathways (SSPs) used in IPCC AR6 are both methods for capturing those
assumptions within a set of scenarios. The conditions of each scenario are used in the process
of modelling possible future climate evolution.

In this study, we use RCP8.5*° (radiative forcing of 8.5 Watts m2 by 2100)- a pathway where

greenhouse gas emissions are not substantially reduced, and SSP5-8.5, a fossil-fuel driven

development scenario. RCP4.5 (a stabilisation pathway where greenhouse gas emissions are

limited to 4.5 Watts m by 2100) has also been analysed but only mentioned where it differs

substantially from RCP8.5. Both RCP8.5 and SSP5-8.5 represent an increase in global
average temperature of ar-iodusiridl le2els,5varCVurea ptlar ed t o
2011), whichi s hi gher than the target of | imiting warr
Nations Framework Convention on Climate Change (UNFCCC) Paris Agreement. The

baseline period of 1981-2010 considered in this report represents an observed increase of

around 1°C in global average temperature compared to pre-industrial levels.

The climate projections in this report comprise of up to a 73-member ensemble made up of;
30 World Climate Research Project (WCRP) Coupled Model Intercomparison Project Phase

2A gridded dataset that blends climate observations a
use as a baseline in future climate assessments.

SAl'l observational and reanalysis datasets have assoc
reanalysis datasets may wunderestimate observed extr
features such as intense pr epcoigpriatpahtyi,o np acra u sye dd ubey tcoo
resolution in spaceERAfr adimei.t aAtdidar i foinalldsg ,are der i ve
and are therefore more affected by imperfections with
usi ng reanal yses i s t hat they provide a systematic
casi stent datasets for climat-®canone toegingns paowewd a,
these data to characterise climatological means for t
by these biases, and téae beaefis$sglodbakinwgcansdbshsent

climate information products outweighs this.

“The RCP8.5 Representative Concentration Pathway repr
pat hway of ongoing and substanti al increases in futu
pathways represent stabilisa&tindbhbmuee gaentcwalcenéedatt
|l owe st projecting |l ess additional climanhal ghiamgef i hh
RCP4.5 scenario was also conducted, and results were
for RCPS8. 5.

5The S&P5 scenario was used for the CMIP6 generation
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5 (CMIP5; Taylor et al., 2012) global climate model simulations (Table Al), 20 WCRP CMIP
Phase 6 (CMIP6; Eyring et al., 2016; Table A2) global climate model simulations, and up to
23 regional climate model simulations® from the WCRP CoOrdinated Regional climate
modelling Downscaling EXperiment (CORDEX; Giorgi and Gutowski, 2015) project (Table
A3).

CMIP5 models were used to inform the Intergovernmental Panel on Climate Change (IPCC)
5 the Assessment Report (AR5; IPCC, 2013), with horizontal model resolution ranging from
100- 300 km. CMIP6 models informed the latest Assessment Report (AR6; IPCC, 2021). Like
CMIP5, the horizontal resolution of the CMIP6 models varies by model with some at a higher
resolution than CMIP5 and some unchanged. The regional climate models are downscaled
CMIP5 simulations over the CORDEX South Asia (WAS-44) and Central Asia domains (CAS-
22) at resolutions of 50km and 25km respectively.

The models selected are those that were available to access at the time of analysis. The
CORDEX South Asia domain did not extend to the northern part of Zone 1, northern Central
Asia. Although the Central Asia CORDEX simulations do cover the northern parts of Zone 1,
there were not enough RCMs to comprise a sufficient sample, so only CMIP5 and CMIP6 data
were used for this Zone. Central Asian CORDEX simulations were not included in the recent
IPCC Interactive Atlas (Gutiérrez et al., 2021) or CORDEX core exercise due to lack of
sufficient simulations.

Model suitability was evaluated by comparing baseline periods from model simulations with
reanalysis data. This model evaluation was taken into consideration when interpreting the
future model projections. More detail on evaluation of these model simulations and known
biases is available in IPCC (2021).

The climate data analysis focuses on quantifying projected changes in annual, and seasonal
means in temperature and precipitation in the spatial analysis zones. This is supplemented
with information from literature and analysis contained within the Intergovernmental Panel on
Climate Change (IPCC) 6th Assessment Report (AR6) and the IPCC Interactive Atlas
(Gutiérrez et al., 2021). Information on the projected changes in other relevant climate
variables and indicators i such as sea surface temperatures, sea level rise and relevant
climate extremes i is drawn from appropriate scientific literature and from the IPCC Interactive
Atlas (Gutiérrez et al., 2021).

Table Al: GCM simulations from CMIP5 used in the climate data analysis, from
https://pcmdi.linl.gov/mips/cmip5/availability.html.

Modelling Model Institution

Centre

BCC BCC-CSM1- | Beijing Climate Center, China Meteorological Administration
1
BCC-CSM1-
1-m

CSIRO-BOM | ACCESS1-0

5There wer EORDBXefnetw al Asia runs for reZdmdnbket bhéi mat e
Central Asi a asnod o@MIwe CMI BBal ysed for this region
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https://pcmdi.llnl.gov/mips/cmip5/availability.html

ACCESS1-3 | CSIRO (Commonwealth Scientific and Industrial Research
Organisation, Australia), and BOM (Bureau of Meteorology,
Australia)
GCESS BNU-ESM College of Global Change and Earth System Science, Beijing
Normal University
CCCma CanESM2 Canadian Centre for Climate Modelling and Analysis
NCAR CCSM4 National Center for Atmospheric Research
NSF-DOE- CESM1- National Science Foundation, Department of Energy, National
NCAR CAMb5 Center for Atmospheric Research
CMCC CMCC-CMS | Centro Euro-Mediterraneo per | Cambiamenti Climatici
CNRM- CNRM-CM5 | Centre National de Recherches Meteorologiques / Centre Europeen
CERFACS de Recherche et Formation Avancees en Calcul Scientifiqgue
CSIRO- CSIRO-Mk3- | Commonwealth Scientific and Industrial Research Organisation in
QCCCE 6-0 collaboration with the Queensland Climate Change Centre of
Excellence
EC-EARTH EC-EARTH EC-EARTH consortium
NOAA - GFDL-CM3 NASA Goddard Institute for Space Studies
GFDL GFDL-
ESM2G
GFDL-
ESM2M
MOHC HadGEM2- Met Office Hadley Centre
AO
HadGEM2-
CC
HadGEM2-
ES
INM INMCM4 Institute for Numerical Mathematics
IPSL IPSL-CM5A- | Institut Pierre-Simon Laplace
LR
IPSL-CM5A-
MR
IPSL-CM5B-
LR
MIROC MIROC5 Japan Agency for Marine-Earth Science and Technology,
MIROC-ESM | Atmosphere and Ocean Research Institute (The University of
MIROC- Tokyo), and National Institute for Environmental Studies
ESM-CHEM
MPI-M MPI-ESM-LR | Max Planck Institute for Meteorology
MPI-ESM-
MR
MRI MRI-CGCM3 | Meteorological Research Institute
NCC NorESM1-M | Norwegian Climate Centre
Table A2: GCM simulations from CMIP6 wused in the climate data analysis, from
https://pcmdi.linl.gov/CMIP6/ArchiveStatistics/esgf data holdings/
Modelling Centre | Model Institution
BCC BCC-CSM2- Beijing Climate Center, China Meteorological Administration
MR
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https://pcmdi.llnl.gov/CMIP6/ArchiveStatistics/esgf_data_holdings/

CCCma CanESM5 Canadian Centre for Climate Modelling and Analysis
CNRM- CNRM-CM6-1 | Centre National de Recherches Meteorologiques / Centre
CERFACS CNRM-CM6-1- | Europeen de Recherche et Formation Avancees en Calcul
HR Scientifique
CNRM-ESM2-
1
CSIRO ACCESS- CSIRO (Commonwealth Scientific and Industrial Research
ESM1-5 Organisation, Australia)
EC-EARTH EC-Earth3 EC-EARTH consortium
Consortium EC-Earth-Veg
INM INM-CM4-8 Institute for Numerical Mathematics
INM-CM5-0
IPSL IPSL-CMB6A- Institut Pierre-Simon Laplace
LR
MIROC MIROC6 Japan Agency for Marine-Earth Science and Technology,
Atmosphere and Ocean Research Institute (The University of
Tokyo), and National Institute for Environmental Studies
MOHC HadGEM3- Met Office Hadley Centre
GC31-LL
UKESM1-0-LL
MPI-M MPI-ESM1-2- Max Planck Institute for Meteorology
LR
MRI MRI-ESM2-0 Meteorological Research Institute
NCC NorESM2-MM | Norwegian Climate Centre
NOAA-GFDL GFDL-ESM4 NASA Goddard Institute for Space Studies
GFDL-CM4
NUIST NESM3 Nanjing University of Information Science and Technology

Table A3: Regional Climate Model (RCM) simulations from CORDEX WAS-44 and CAS-22 used in the climate
data analysis. These are downscaled simulations of a subset of the Global Climate Model (GCM) CMIP5 models
in Table Al at ~50km resolution for WAS-44 and ~25km for CAS-22.

Modelling RCM
Centre
SMHI

Driving GCM Institution

RCA4 CanESM2
CNRM-CM5
CSIRO-Mk3-6-0
EC-EARTH
IPSL-CM5A-MR
MIROC5
HadGEM2-ES
MPI-ESM-LR
NorESM1-M
GFDL-ESM2M
MPI-ESM-LR

Swedish Meteorological and Hydrological
Institute

MPI-CSC REMO2009 Helmholtz-Zentrum Geesthacht, Climate
Service Center, Max Planck Institute for
Meteorology

Indian Institute of Tropical Meteorology

CanESM2
CNRM-CM5
CSIRO-Mk3-6-0
IPSL-CM5A-LR
MPI-ESM-MR
GFDL-ESM2M

1ITM RegCM4-4
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GERICS REMO2015 HadGEM2-ES Helmholtz-Zentrum Geesthacht, Climate
MPI-ESM-LR Service Center Germany
NorESM1-M
CLMcom ETH- EC-EARTH Climate Limited-area Modelling
COSMO- MPI-ESM-LR Community (CLM-Community)
CrCLIM-v1-1 | NorESM1-M
7
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B: Climate risk i n Central and South A

Focus Box B1: Risk -informed development

There is an increasing recognition that development objectives face multiple, intersecting
threats, beyond just the risks associated with environmental and climate factors. The full
implications for development programming will not be captured by traditional single threat
analysis. In order to be risk-informed, programme decision making must undertake multi-
threat analysis that considers how different threats merge with existing and changing
socioeconomic contexts to create complex risk. In practice, this means that climate-resilient
development must not only consider threats to programme outcomes from climate and
environmental degradation, but also political, economic and financial instability, cyber and
technology, transboundary crime and terrorism, geopolitical volatility, conflict and global
health pandemics.

Risk-informed development requires us to think about risks to development as well as risks
from development. Development outcomes are uneven, creating opportunities for some and
risks for others. Risk-informed development must account for trade-offs inherent in
development choices, including climate adaptation and mitigation. Such decisions are
inherently political, involving the redistribution of resources and navigating unequal power
structures.

Source: Opitz-Stapleton et al. (2019); Eriksen et al. (2015).

Climate risk rankings and comparisons
Figure B1 presents a snapshot of climate risk across the region using widely used ND-GAIN’
country rankings for 2021 7 the most recent year for which data are available. The ND-GAIN

country index uses a range of metrics to asses
change and other global challenges and its readiness to build resilience. Vulnerability is
measured by assessing a countrybés exposure, sens

effects of climate change, looking at seven sectoral themes: agriculture and food security,
water resources and water-dependent services, health, infrastructure and settlements,
energy, environment, and blue economy and the marine environment. Readiness is measured
by assessing a countryds ability to | everage in
actions, looking at three components: economic readiness, governance readiness, and social
readiness. Figure B1 presents a snapshot of climate risk across the region using widely used
ND-GAIN8 country rankings for 2021 7 the most recent year for which data are available. The

"Notre Dame Global Adamptsat/i/gWDBAINMI etludiery scores and
ar e used by, amongst ot her s, t he Wor | d B asneke i n t h
https://climateknowl eddgSeparetsa la.rveo ralvdald & @alkbu cet gf foes ab a soet ¢
on data for 2021.

8Notre Dame Global Addmptsat/ i/ agmDGAINKMI eecliuiery scores and
ar e used by, amongst ot her s, t he Wor | d B asneke i n t h
https://climateknowl eddSeparetsa la.rvweo ralvdabial nakb.lcer gf/for a t ot
on data for 2021.
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https://gain.nd.edu/
https://climateknowledgeportal.worldbank.org/
https://gain.nd.edu/
https://climateknowledgeportal.worldbank.org/

ND-GAI' N country index uses a range of metrics to
climate change and other global challenges and its readiness to build resilience.
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Figure B1: ND-GAIN country scores for the Central and South Asia region. Red denotes high vulnerability
and low readiness (Afghanistan as AFG, Bangladesh as BGD, Pakistan as PAK, and Nepal as NPL).
Yellow denotes low vulnerability and low readiness (Turkmenistan as TKM and Tajikistan as TJK). Blue
denotes high vulnerability and high readiness (Maldives as MDV, Bhutan as BTN, India as IND, and Sri
Lanka as LKA). Green denotes low vulnerability and high readiness (Kyrgyzstan as KGZ, Uzbekistan as
UZB, and Kazakhstan as KAZ). Source: https://gain.nd.edu/.

Afghanistan, Bangladesh, Pakistan and Nepal occupy the top left quadrant of the ND-GAIN
matrix (Figure B1; red dots), therefore are considered to be highly vulnerable combined with
a low level of readiness, indicating an urgent need for adaptation action. All four countries are
classified as lower-middle income in the latest World Bank ranking® with the exception of low-
i ncome Afghanistan. Collectively, these O6high ri
people) of the whole regio#oés population (1.9 bi

Turkmenistan (upper-middle income) and Tajikistan (lower-middle income)9 occupy the
solitary bottom-left box (yellow dots; low vulnerability, low readiness). Turkmenistan and

https:// datahel pdesk. worl dbank-wonr-ij Akckoounbiethe eldasng/ art

groups
Ohttps:// data.worldbank.org/indicator/ SP. POP. TOTL?vi e
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https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://data.worldbank.org/indicator/SP.POP.TOTL?view=map
https://gain.nd.edu/

Taji kistan collectively account for 0.8% (16. 3
(2.9 billion)10.

Lower-middle income Bhutan, India, and Sri Lanka (blue dots) occupy the high vulnerability

and high readiness quadrant as does the Maldives i an upper-middle income country9. These

are countries with exposed populations and assets, but demonstrable capacity to act and

adapt. Collectively, these three countries account for 71.9% (1.4 billion people, with India
accounting for 99.7% of thatnumber) of t he whol e regionds popul ati
India alone accounting for 73.6% of that number)10.

The three countries indicated by green dots, i.e., in the low vulnerability and high readiness
guadrant, are Kyrgyzstan (lower-middle income), Uzbekistan (lower-middle income), and
Kazakhstan (upper-middle income)9. These countries collectively account for 3.1% (62.1
million people) of the wholle regionbs popul ati on

10
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C: Climptejecandrinsverclsi m&darei abil ity

Cl i msttrel pes

The following Figures C1 and C2 show climate stripes for temperature and precipitation for all
6 different IPCC regions which form Central and South Asia for the period 1950-2100 (centred
around a 1981-2010 baseline). This gives an indication of the inter-model agreement, an
important factor in establishing confidence in the projections. There is more consistency
(although, still variation between models) in the projected magnitude and rate of warming by
the end of the century, compared to less confidence in magnitude and rate of precipitation
changes.

The climate stripes were produced using the IPCC interactive atlas (https://interactive-
atlas.ipcc.ch/) and summarise temperature and precipitation changes over a broader
geographical area so they are not directly comparable with the bespoke zonal climate analysis
conducted in this report. Additionally, the climate stripes were made with a larger global model
selection (CMIP5; 29 models, CMIP6; 34 models) and regional climate model (CORDEX
South Asia; 26 models) whereas the zonal analysis in this report uses a sub-selection of these
models as seen in Tables A1-A3 (CMIP5; 20 models, CMIP6; 30 models, CORDEX South
Asia; 23 models). This sub-selection of models used in this report is based on model data
which was available at the time of analysis. The number of models used in the bespoke zonal
climate analysis in this report are considered representative of the range of climate outcomes.
Climate stripes are a useful tool for visualising broader regional trends and associated inter-
model variability.

11
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Rows: Models (median on thetop) C

Mean temperature (T) - Change (deg C)
RCP8.5 (rel. to 1981-2010) ' D C C @@

CMIP5 - Annual (29 models)-Eastern Europe, West Siberia, West Central Asia, South Asia, Equatorial Indic Ocean, Bay of Bengal

19-10-2023 11:00:10 http: //www ipce. ch/copynght

Rows. Models (median on the top)

Mean temperature (T) - Change (deg C)
SSP5-8.5 (rel. to 1981-2010)
CMIP6 - Annual (34 models)-Eastern Europe, West Siberia, West Central Asia, South Asia, Equatorial Indic Ocean, Bay of Bengal

19-10-2023 10:59:14 http://www.ipcc.ch/copyright

Rows: Modals (median on the top)

Mean temperature (T) - Change (deg C)
RCP8.5 (rel. to 1981-2010)
CORDEX South Asia - Annual (26 models)-West Central Asia, South Asia, Equatorial Indic Ocean, Bay of Bengal

19-10-2023 11:01:10

Figure C1: Mean near-surface air temperature anomaly projections for RCP8.5 CMIP5 (top) and CORDEX (bottom), ssp5-8.5 CMIP6 (middle) encompassing 6 different IPCC regions which form Central and
South Asia for the period 1950-2100 (centred around a 1981-2010 baseline). CORDEX South Asia domain only covers 4 IPCC regions so may not be directly comparable. Each box represents the average
projected temperature for a single year, relative to the average temperature over the period. Each stripe running left to right represents an individual model run, and therefore a plausible outcome. Shades of
blue indicate cooler-than-average years, while red shows years that were hotter than average. The stark band of deep red stripes on the right-hand side of the graphic show the rapid warming that is projected.

Grey squares represent areas of missing data.

12

= Met Office 4 Dl ==

Hadley Centre ukaid

© Crown Copyright 2024 Met Office




Total precipitation (PR) - Change (%)
RCP8.5 (rel. to 1981-2010)
CMIP5 - Annual (29 models)-Eastern Europe, West Siberia, West Central Asia, South Asia, Equatorial Indic Ocean, Bay of Bengal

19-10-2023 10:59:42

Rows: Models (median on the top)

Total precipitation (PR) - Change (%)
SSP5-8.5 (rel. to 1981-2010)
CMIP6 - Annual (33 models)-Eastern Europe, West Siberia, West Central Asia, South Asia, Equatorial Indic Ocean, Bay of Bengal

19-10-2023 10:59:32

Wi Models (median on the top)

Total precipitation (PR) - Change (%)
RCP8.5 (rel. to 1981-2010)
CORDEX South Asia - Annual (26 models)-West Central Asia, South Asia, Equatorial Indic Ocean, Bay of Bengal

19-10-2023 11:01:22 http://www.ipcc.ch/copyright

Figure C2: Near-surface total precipitation anomaly projections for RCP8.5 CMIP5 (top) and CORDEX (bottom), SSP5-8.5 CMIP6 (middle) encompassing 6 different IPCC regions which form Central and South
Asia for the period 1950-2100 (centred around a 1981-2010 baseline). CORDEX South Asia domain only covers 4 IPCC regions so may hot be directly comparable. Each box represents the average projected
precipitation for a single year, relative to the average precipitation over the period. Each stripe running left to right represents an individual model run, and therefore a plausible outcome. Shades of brown
indicate drier-than-average years, while blue shows years that were wetter than average. Grey squares represent areas of missing data.
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Cli matcel i mat e crhiawngrelsiamddtred abi | ity

What is weather? The weather varies from day to day and season to season, with the long-

term average trends iin weat her .Thegeistatigticsiayge def i ni
typically defined over a 30- year period. Climate change can then be characterised as the

difference in these statistics between two 30-year climate periods. This will include the annual

climate range through the year, from one period to another, as well as changes in the

frequency, intensity, and duration of extreme events, such as heavy rainfall and high
temperatures.

Climate varies naturally over shorter periods of several years, and this natural variability can
accentuate or dampen longer-term climate change signals. Both average conditions and the
variability around that average can change and can result in increase in events that in the past
were rare or extreme. It can also lead to situations where climate change increases the
frequency of both heavy rainfall events and the occurrence of very dry conditions (IPCC,
2021).

The actual annual and seasonal rainfall and temperature values vary from year to year,
resulting in hotter, drier, cooler, and wetter periods in relation to the climatological mean. This
happens because the local weather is influenced by larger scale processes in the climate,
known as climate drivers, which influence regional and local climate over different timescales.

The main climate drives in Central and South Asia include:
A El Nifio-Southern Oscillation (ENSO)
A Indian Ocean Dipole (IOD)
A North Atlantic Oscillation (NAO)

In South Asia, the main drivers of climate variability are the South West monsoon (heavy
rainfall occurring every year between June and September), ENSO (every 3-5 years) and IOD
(phases last 2-5 months) which refer to oscillations of sea surface temperatures and lead to
variations in associated atmosphere and ocean circulations. A negative phase of ENSO
(known as El Nifio) leads to warmer, drier conditions and is associated with lower-than-
average South West monsoon precipitation (see Table C1 for definition), in contrast to La Nifia
which generally leads to an enhanced South West monsoon. ENSO interacts with the
variability and intensity of 10D on an interannual timescale, with positive phases of IOD
correlating with warmer seasonal temperatures and above average precipitation (Wang et al.,
2016). Tropical cyclones also impact countries surrounding the Bay of Bengal and the Arabian
Sea.

In Central Asia, the NAO and ENSO are the main drivers of climate variability. The NAO varies
interannually and is driven by atmospheric pressure differences between the Azores High and
Icelandic low in the Atlantic. When NAO is positive, it leads to warmer temperatures and wetter
and stormier winters (Hunt and Zaz, 2023). When ENSO is positive, it leads to wetter than
average winter in Central Asia (Chen et al., 2018). A summary of drivers of climate variability
and their regional relevance for Central and South Asia is provided in Table C1.
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Table C1: Summary of the drivers of rainfall and temperature variability in Central and South Asia and their regional
relevance. Definitions of the drivers of variability are provided in the glossary in TRD Section G.

occurring between June-September.

Drivers of | Influence on seasonal climate Regional

variability relevance

South West A monsoon climate is characterised by a dramatic | Predominantly

monsoon seasonal change in direction of the prevailing winds of a | affecting  South
region which brings a marked change in rainfall. SW | Asia, Southern
monsoon is associated with heavy seasonal rainfall | and Eastern

areas of Central
Asia.

El Nifio Southern
Oscillation
(ENSO)

ENSO involves recurrent changes in sea surface
temperatures and atmospheric surface pressure across
central and eastern tropical Pacific. ENSO has three
phases: El Nifio, La Nifia, and neutral. El Nifio generally
suppresses monsoon rainfall while La Nifia generally
increases it. From June to September, India receives
most of its annual rainfall due to the monsoon. An EI Nifio
event could result in, or contribute to, a poor Indian
Monsoon.

South and
Central Asia
(predominantly
summer SW
monsoon

season)

Indian Ocean

Dipole (IOD)

The IOD describes the difference in sea surface
temperature between the western and eastern ends of the
Indian Ocean. IOD affects the southern coastline of South
Asia (India, Pakistan). Positive events are associated with
warmer than normal conditions with increased chance of
precipitation while negative events are associated with
cooler than normal conditions with reduced chance of
precipitation. Positive events can cause flooding,
landslides, and marine heatwaves while negative events
can cause drought.

South Asia

North Atlantic
Oscillation (NAO)

The NAO is a large-scale atmospheric pressure see-saw
in the North Atlantic region. The summer NAO can extend
its influences farther eastward, influencing precipitation
and temperature anomalies over South Asia.

Central Asia
(predominantly
winter)

Tropical Cyclones

TCs are deep areas of low pressure, bringing catastrophic
impacts to an area through wind, rain and storm surges.
Strong winds cause damage to infrastructure and the
environment and danger to life. Heavy rain causes
flooding, landslide risk, and increased disease
prevalence due to flooding. Storm surges cause coastal
inundation, danger to life and infrastructure, and coastal
erosion.

Bay of Bengal,
Arabian Sea
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D: Attri bution of w eraet| haetre da nedv ecnltismaitne (
and South Asi a

Climate attribution can tell us how changes to the physical climate system from human-caused
greenhouse gas emissions are influencing weather and climate. This is physics based and
typically uses observations of physical climate metrics (rainfall, temperature, etc) and
compares these against events in climate models. Where observations are deficient this is
more difficult. Modelled worlds with and without human greenhouse gas emissions are
compared to quantify the influence of human-caused climate change on individual extreme
weather and climate events (Extreme Event Attribution (EEA) , as well as on slower onset
changes e.g. sea level rise (Trend Attribution ). EEA can be performed rapidly in the days
following an event by research groups such as the World Weather Attribution collaboration.
The UK also has capability to perform EEA assessments. These climate attribution studies
aim to quantify the extent to which human-induced climate change has altered the likelihood
or intensity of a specific event, such as a heatwave, a flood, or a drought.

Impact attribution takes into consideration the economic and social impacts arising from an
individual climate event (loss of life, damage to property, etc). So, this includes aspects of
exposure and vulnerability. This is more complicated as it requires socioeconomic information
(in addition to the assessment of the physical climate event attribution). So, the science can
tell us about whether an individual event was made more likely or more intense due to human-
caused climate change. The quantification of any impacts from an individual event requires
additional information.

The following paragraphs and table provide a summary of the main findings and limitations of
attribution studies of weather and climate-related events in Central and South Asia, based on
the literature review conducted for this report.

Relevant studies to Central and South Asia

In general, both Central Asia and South Asia have a distinct lack of climate attribution studies
compared to e.g., Europe or China. Available EEA studies are concentrated in the northern
region of South Asia, with very few in Central Asia. A synthesis of available climate attribution
studies and gaps can be found below:

Across South Asia , anthropogenic aerosols currently mask the climate warming caused by

greenhouse gases (GHG) equivalent to nearly 75% of CO- induced radiative forcing over

South Asia (Nair et al., 2023). As countries strive to reduce their GHG emissions in line with

the Paris Agreement 6s war miemied atraospherit acrosblswil. 5 AC by
also decline. This future atmospheric aerosol reduction is projected to increase the incidence

of extreme precipitation and heat wave events attributable to anthropogenic climate change

(Wang et al., 2023; Zhao et al., 2019). Intensification of pre-monsoon (May) cyclones over the

Bay of Bengal since 1979 has been linked to rising Bay of Bengal temperatures due to an

increase in aerosol loading and anthropogenic warming of land from increased greenhouse

gases (Wang et al., 2013).

Across Central Asia , Central Asia region has a distinct lack of trend attribution and especially
specific EEA studies due to lack of reliable observation records (Fallah et al., 2023). Central
Asian countries such as Kyrgyzstan and Tajikistan have very complex topography which
requires high resolution climate data (~30km) for regional trend attribution studies (Fallah et
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al., 2023). Central Asian trend attribution studies are focused on assessing trends in drought
and extreme precipitation indices in (predominantly northern) Kazakhstan which suggest
extreme heat, drought and extreme precipitation has increased since 1960s.

The tables below provide summaries of extreme event and trend attribution studies of
weather and climate-related events in South Asia (Table D1) and Central Asia (Table D2).
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Table D1: Cases of event attribution for South Asia . This list is non-exhaustive. Red rows represent events that are attributed to anthropogenic climate change. Blue rows
represent events that are not attributed to anthropogenic climate change. Blank rows (white) represent studies that are inconclusive or lacking in data.

Mont h Country |Variabl|Study statement AttributionStudy referencd
Year
April Bangl adeExtremgiThe combined results At tri but edWorld Weather Attribution
I ndi a, heat l'i kelihood of such an ¢ anthropogeg(2023)
Thail and factor o f 30 over I'ndi| ¢c] i mate cH
Lao humamduced cli mate cha
a heatwave with a chan
(1 in 5 wgarmgs) ennyear
Bangl adesh is now about
than it would be in a c
activitieso
May 20|PakistanExtremginThe analysis suggests At tri but e gChristidisetal.( 202 2)
Northernheat increased the |ikeliMag ant hropoge
temperature anomalies B ¢|]imate cH
MarMay|l ndi a ExtremgiBecause of climate chg Attri but e g WorldWeather Attribution
2022 Pakistanheat event such as that i n ant hropogg(2022)
factor of about 30.0 climate cH
August|Bangl adgExtremgfiThe change in risk of |l nconcl usi|Philipsetal.( 2019)
2017 rainfaloccurred -shndeet rpirael ti
floodinuncertainéThe attribut
di scharge is therefore
t han for precipitation
encompassese nion crhiasnkgé i
i mportance of wusing mul
studi es, particularly
signal is not strong r e
is confounded by other
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https://www.worldweatherattribution.org/extreme-humid-heat-in-south-asia-in-april-2023-largely-driven-by-climate-change-detrimental-to-vulnerable-and-disadvantaged-communities/
https://www.worldweatherattribution.org/extreme-humid-heat-in-south-asia-in-april-2023-largely-driven-by-climate-change-detrimental-to-vulnerable-and-disadvantaged-communities/
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/climate-science/attribution/indian_heatwave_2022.pdf
https://www.worldweatherattribution.org/wp-content/uploads/India_Pak-Heatwave-scientific-report.pdf
https://www.worldweatherattribution.org/wp-content/uploads/India_Pak-Heatwave-scientific-report.pdf
https://hess.copernicus.org/articles/23/1409/2019/

Mar ch NE Bangl/[ExtremgfiAnt hropogenic climatel Attri but egRimietal.(2018)
rainfallikelihood arfontshoeon2Oeifal ant hr opoge
rainfal]l event at Nor| ¢c| i mate cH
magnitude of this cont
climatol ogical period i
May 20|l ndi a ExtremginThe analysis did not Not attr i kB WorldWeather Attribution
he t hese individual heat anthropogejZOlG)
detectable trend may be | imate cH
of aerosols on gl obal V
of irrigation. o
2015 Sout hernExtremgiln 2015, record warm s Attri but egqKametal.( 2016)
Sri Lankheat. observed for the globa anthropoge
Annual |equatori al centr al Pagd ¢c| imate cH
me an suggest t hat for t he
surfacdeant hropogenic warming W
temper g
for 201
Decemb|(l ndi a ExtremgiExtremdayonreai nf al | cal Not attr i|vanOldenborghetal. ( 2 0 1
2015 rainfalflooding in Chennai, I'n ant hropoge
Heavy effect of gl obal war mii | i mate cH
rainfallcaused by aerosol s c 0 U
i n Chegases up to now. o
2015
Mayul y[l ndi a ExtremgiWe find that the deadl Attri but edWehneretal.( 2016)
2015 Pakistanheat Pakistan i n 2015 werl ant hropoge
humi di tanthropogenic climate cli mate cH
i mpacts of both events
themselves were not con
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https://www.ametsoc.net/eee/2017a/ch13_EEEof2017_Rimi.pdf
https://www.worldweatherattribution.org/india-heat-wave-2016/
https://www.worldweatherattribution.org/india-heat-wave-2016/
https://journals.ametsoc.org/view/journals/bams/97/12/bams-d-16-0138.1.xml
https://journals.ametsoc.org/view/journals/bams/97/12/bams-d-16-0129.1.xml
https://journals.ametsoc.org/view/journals/bams/97/12/bams-d-16-0145.1.xml

Octobe|Nepal ExtremegfAiThe Hi malayan snowsto Attri but edqWangetal.(2015)
2014 snowstdresulted from the unus| anthropoge
cyclone with an upper t ¢c|]imate cH
changes wunder <cli mate
the odds for similar ey
June 2|NorthernExtremgiAiCumul ative precipitati|] Attri but eqgSinghetal.(2014)
rainfal2013 was -acaéertevent, & anthropoge
increased probability climate cH
compared t o t he prei
eqgui vocal . o
1952101 GSeri es River AThe results indidacedt At tri but e dAlfuetal.( 2022)
floodindgfloodinnchange altered the pro thropoge
in South analyzed flood events. climate cH
events, which occurred
America, were very |ike
by h vimad e d cli mat e c hg
increase in heavy preci
2010 NorthernRiver Ai[ T] he cause of five f| Attri but e dHiabayashietal.( 202 1)
floodin2011, Amazon in 2012, Al anthropoge
2013, and | ndus i n 20 Cllmate Cf’
corresponding to t he
increases in heavy prec
whi ch has beenbehowe
ant hropogenic changes. 0
Ap tMaly (I ndi a ExtremgiAaOverall, the observed| Attri but e dNandithaetal.( 2020)
2010 heat . can be attributed to a t hropoge
Hottestthigh confidenceo cl i mate cH
summer
Il ndi a,
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https://www.researchgate.net/publication/283425229_The_Deadly_Himalayan_Snowstorm_of_October_2014_Synoptic_Conditions_and_Associated_Trends
https://www.researchgate.net/publication/266554791_Severe_precipitation_in_northern_India_in_June_2013_Causes_historical_context_and_changes_in_probability
https://www.nature.com/articles/s41598-022-25182-6
https://progearthplanetsci.springeropen.com/articles/10.1186/s40645-021-00431-w
https://iopscience.iop.org/article/10.1088/1748-9326/ab7555

Table D2: Cases of event attribution for Central Asia . This list is non-exhaustive. Red rows represent events that are attributed to anthropogenic climate change. Blue rows

represent events that are not attributed to anthropogenic climate change (there are no blue rows inthiscase). At t ri buti on status is also g
Mont h Country Variabl e |Study statement Attribution|{Study referei
Year
19621014/ Centr al Extreme hHéhigher risk of extrgAttri but ed]|Falahetal.(2023)
region parts of CA due to ananthropoge
over CA, especially
Taji kistan, can be at
forcing (olvamgeds Ai%n t i
20%n frequency) 6
19620005 Centr al Extr eme fiResults i ndicat e t|Attri but ed|Zouetal.(2021)
region precipitgchanges, mainly driviant hropoge
events have significantly al¢c|imate ch
precipitation indice;g
19528014 Northern |Drought il W)le show evidence t{tAttri but ed|JiangandZhou( 2021
Asi a dominated by anthropjlanthropoge
at mospheric circulatic] imate ch
sout hwar d shift and
subtropical westerly
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https://www.nature.com/articles/s41598-023-33921-6
https://www.nature.com/articles/s41598-021-94486-w#MOESM1
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020GL092156

Gaps

T Currently, extreme precipitation is more dif/
due to poor parametrization of precipitation
T Both Central a n da nSyo u(tthr eAnsdi tab rli aiedktAi) on st udi es

(i mportant over the Himalayas, Karakorum, Ti
and extreme events such as Gl acial Lake Out b
M Both Centr al and npoawctths Aastitard ibeug k @m r i ver an
flooding whbehefionnltdlhihsesmpegiian ly in downstre
(prone to flooding e.g., Bangladesh and dr ouc
these are more |likely to deliver uncertain r
additional complexitwnwgof hydrological model |

M Both Centr al wodl SobhéehdBlst abnam a mpsacutdsi east t r
onecosystem functioning (e.leal tshe a(satntarlii it wt iod
heat related deaths depewdeénh cooanph end mgh crl @ anma
dat a swic monomiecc oalnodgi cal dat a.
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E: Climate analysis in the zones

Selection of spatial analysis zones
To assess the magnitude and direction of projected climate trends at a sub-regional scale it is
useful to spatially aggregate gridded climate data over climatologically similar regions. As the
Central and South Asia region represents a large, climatologically diverse area, it is also
important to reflect this. Averaging the climate data by country borders is often not useful, as
these do not reflect the climate and some countries may experience a range of climate types.
Therefore, the region is divided into seven spatial analysis zones that reflect the different
climate types.

As mentioned in TRD Section A, the climate analysis was conducted at a sub-regional scale
using seven zones displayed in Figure E3. The IPCC AR6 WG | sub-continental analysis
boxes for comparison are provided in Figure E2. This zonal approach uses a multidisciplinary
integrated analysis which allows for transboundary climate-related risks to be examined at a
sub-regional and regional scale within consideration of pre-existing socio-economic and
environmental stressors which may act to amplify future climate risks. In this way, additional
and new insights on climate-related risks for the region are described, beyond the information
available from using the IPCC AR6 WGI reference regions. The following criteria were
considered during selection of the zones:

1.Pol i bdrcchdBys :consi deri ng polpiatiirc all ibmart dod rosg ivwea |
socdmonomic data for each country for the ir
political boundaries traverse multiple geogr
zone bosndafwpwyrimed by other criteria.

2. K°pp&eiger cl i nalRieghiroEnnessur es t he c¢climatol ogi «
consistent across the zone and not averaged o

For instance, the | PCC region O6Western Centr
climates (as seen in Ilaraind (as®awsdddrnnaidhzwarkm,s t
Taji kistan, Kyrgyzstan, northern Afghanistan
seen in Kazakhstan). The Risk Report zone se
order to provide more farlepedi €l cmatemabhtor!
3.Maj or river basins arncd veat athmendr idari ecaad i nt
resources in this region, it is essential t o
of the rivermnhéasiamlalsd/se st hi s by extending 2z«
political borders where necessary (e.g., Zon
capture the I nBuahmaputGaamgeisver soura&reqg . Equ
consi deréadmg telceo nsoamiico analysis e.g., the sour
Syr Dawegeasrlies in Zone 2 (a climatologicall\
the discharge of these rivers is in Zone 1 (
case, it makes sense to conduct an upstream
separcdadwnstream analyé&ios mor eZownet ali.l ed ris
climatol ogi cal trends in Zone 2 waddnomei ccon:
i mpacts in Zone 1. This allows for the risks

risks vs downstream.
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4 El evatil ewatsi omot captured in detail in the |
| PCC region WCA encompasses the modudbhtOd®dimnous
el evation) as well as the flatter plains of
(the Caspi-a8m Selaayast i These significant differ
separated into Zones 1 and 2 in the Risk Rep
understanding in different risks associated \

Central Asia map of Koppen climate classification South Asia map of Képpen climate classification
M Equatorial climate (Af)
M Monsoon climate (Am)
W Tropical savanna climate (Aw)
W Warm desert climate (BWh)
'Warm semi-arid climate (BSh)
Cold desert climate (BWk)
Cold semi-arid climate (BSk)
Warm mediterranean climate (Csa)
Humid subtropical climate (Cwa)
I Humid subtropical climate/
Subtropical oceanic highland climate (Cwb)
M Oceanic subpolar climate (Cwc)
Warm oceanic climate/
Humid subtropical climate (Cfa)
Temperate oceanic climate (Cfb)
M Temperate continental climate/
Mediterranean continental climate (Dsb)
M Cool continental climate/
Subarctic climate (Dwc)
M Cold continental climate/
Subarctic climate (Dwd)
Warm continental climate/
Humid continental climate (Dfa)
[l Temperate continental climate/
Humid continental climate (Dfb)

| Temperate continental climate/

Humid continental climate (Dfb)
Warm continental climate/

Mediterranean continental climate (Dsa)

Cold desert climate (BWk)
Cold semi-arid climate (BSk)
Warm mediterranean climate (Csa)

M Temperate continental climate/
Mediterranean continental climate (Dsb)

Warm continental climate/
Humid continental climate (Dfa)

Figure E1: Kdppen-Geiger climate classification map for the Central and South Asia region, adapted from Beck et al.

(2018). Maps are used in this report for representational purposes. The Government of the UK does not necessarily
endorse the political boundaries depicted in the maps.
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P
Figure E2: IPCC ARG reference regions, as defined by WGI. Source: IPCC AR6 Regional Factsheet i Asia'.

Maps are used in this report for representational purposes. The Government of the UK does not necessarily
endorse the political boundaries depicted in the maps.
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https://www.ipcc.ch/report/ar6/wg1/downloads/factsheets/IPCC_AR6_WGI_Regional_Fact_Sheet_Asia.pdf
https://www.ipcc.ch/report/ar6/wg1/downloads/factsheets/IPCC_AR6_WGI_Regional_Fact_Sheet_Asia.pdf

Zone 1: Northern Central Asia
Kazakhstan, Turkmenistan, and Uzbekistan

Zone 2: Higher elevation Central Asia
Eastern Uzbekistan, Tajikistan,
Kyrgyzstan, and northern Afghanistan

Zone 3: Hindu Kush Himalayas
Northern Pakistan, northern India, and
northern Nepal

Zone 4: Arid & semi-arid South Asia
Southern Afghanistan, southern Pakistan,
and arid & semi-arid areas of western India

Zone 9: Temperate South Asia
Northern India, southern Nepal, and Bhutan

Zone 6: Tropical South Asia
Southern India, Bangladesh and
Sri Lanka

Zone 7: Small Islands
Maldives

Figure E3: The seven spatial analysis zones across the Central and South Asia region. Zone 1 relates to the Western
Siberia (WSB) and West Central Asia (WCA) boxes, Zone 2 relates to the West Central Asia (WCA) box, Zone 3
relates to the Tibetan Plateau (TIB) box, Zone 4 relates to the Tibetan Plateau (TIB) and South Asia (SAS) boxes, and
Zones 6-7 relate to the South Asia (SAS) box. Table D1 relates the countries to the spatial analysis zones for reference.
Maps are used in this report for representational purposes. The Government of the UK does not necessarily endorse
the political boundaries depicted in the maps.

Table E1: Countries in the Central and South Asia region and the relevant spatial analysis zones.

Country Climate analysis zones that cover that country
Afghanistan Zones 3 and 4
Bhutan Zone 5

India Zones 4, 5 and 6
Kazakhstan Zone 1
Kyrgyzstan Zone 2

Maldives Zone 7

Nepal Zones 3 and 5
Pakistan Zones 3 and 4
Sri Lanka Zone 6
Tajikistan Zone 2
Turkmenistan Zone 1
Uzbekistan Zones 1 and 2
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Results from the zonal analysis

The bespoke climate data analysis conducted in the spatial analysis zones (Figure E3)
focuses only on characterising the baseline climate of each zone and assessing the projected
trends in annual and seasonal mean temperature and precipitation for the 2050s relative to
the baseline period (1981-2010; see TRD Section A for detail on the data and methods). The
current climate is represented by a baseline climatology for the period 1981 i 2010 (hereafter
referred to as the débaseline climated).

Maps of the baseline climatology with the zones overlaid are shown in Figure E4 below.
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Figure E4: Baseline climate for the Central and South Asia region for the period 1981-2010 with the spatial
analysis zones overlaid. Maps show climatological average values of annual mean total precipitation
(mmlyear; right panel) and annual mean temperature (°C; left panel). Temperature and precipitation data
come from the ERAS reanalysis dataset. Maps are used in this report for representational purposes. The
Government of the UK does not necessarily endorse the political boundaries depicted in the maps.

Other outputs from the bespoke zonal data analysis are presented in the following zone-
specific sections. This includes time series plots for the baseline climate and scatter plots of
the future climate model projections for the 2050s under RCP8.5 (see TRD Section A for detail
on the data and methods).

The climate in context assessment (main report, Section 3) at the zone scale includes this
bespoke zonal data analysis, supplemented by regional findings from IPCC (2021) and the
IPCC Interactive Atlas (as presented in the main report), and the socio-economic and
geographic context to identify relevant impacts in each of the zones. Summaries of this
assessment are provided in Tables E2-ES8 in the following sections.
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Climate analysis by zone

To assess the magnitude and direction of projected climate trends at a sub-regional scale the
region has been divided into seven sub-regional spatial analysis zones that reflect the different
climate types, as shown in Figure E3. The projected trends in these zones are summarised in
Table E2. Further detail on the selection of zones and the zonal climate analysis is provided
in Section E of the Technical Reference Document.

Table E2: Summary of the zonal analysis for Central and South Asia. More detail is provided in Section E of the
TRD. Climate types are defined in the TRD Section G i Technical Terms.

Zone Countries included Climate Future projections for the 2050s  (under

type a High Emissions Scenario) Headline

Messages

Kazakhstan, Arid 9 This region will become warmer across

Turkmenistan and | climate all seasons (annual average increase

Uzbekistan ~2-6°C), particularly in the winter (Dec-
Feb).

9 It is unlikely to become significantly
wetter.

9 Droughts likely to be more frequent and
intense.

9 Earlier spring melt leading to increased
downstream river flow until 2050.

Eastern Uzbekistan, | Mixed with |  This region will become warmer across

Zone 1

Tajikistan, Kyrgyzstan, | cold, all seasons (annual average increase
and northern | temperate ~2-6°C)
Afghanistan and tundra | § Wetter conditions throughout the year,
climates particularly in Oct-Nov and Mar-May (0-
100mm/season).
Zone 2 9 More rainfall instead of snowfall in
winter.

9 Greater uncertainty in extent of
warming/wetting over mountainous
regions.

1 Earlier spring melt leading to increased
downstream flow until 2050.

Northern Pakistan, | Tundra 1 This region will become warmer across
Himalayan areas of | climate all seasons (annual average increase
NW India, and ~2-6°C), particularly in the winter (Dec-
northern Nepal Feb).

1 Likely to become significantly wetter in
the Jun-Sep monsoon season (~0-
200mm/season).

9 Drier winters in eastern Himalayas and
wetter in western Himalayas.

i More extreme rainfall over the
mountains esp. eastern Himalayas.

Zone 3
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9 Earlier spring melt leading to increased
downstream flow until 2050.

9 Greater uncertainty in extent of
warming/wetting over mountainous

regions.
Southern Afghanistan, | Arid 1 This region will become warmer across
southern Pakistan and | climate all seasons (annual average increase
arid and semi-arid ~2-6°C) but potentially less warming
areas of western India during the monsoon season (Jun-Sep).

1 Itis likely to become wetter especially in
the Jun-Sep monsoon season (~0-
100mm/season).

1 Earlier spring melt leading to increased
downstream flow until 2050.

1 Greater uncertainty in extent of
warming/wetting over mountainous
regions.

Northern India, | Temperate |  This region will become warmer across

southern Nepal, and | climate all seasons (annual average increase

Bhutan ~1.5-3.5°C).

9 Likely to become significantly wetter in
the Jun-Sep monsoon season (~0-
400mm/season) but greater model
spread indicates uncertainty in the
magnitude of wetting.

1 Earlier spring melt leading to increased
downstream flow until 2050.

1 Models may underestimate warmer but
overestimate wetter trends

9 Greater uncertainty in monsoon onset
and extreme precipitation.

Southern India, | Mostly 1 Warmer across all seasons (annual

Bangladesh and Sri | tropical average increase ~1-3.5°C), especially

Lanka climate warmest season pre-monsoon (Mar-

with small May) (~1-4°C).

Zone 6 area of | { Likely to become significantly wetter in

arid the Jun-Sep monsoon season (~O-

climate to| 300mm/season).

southwest | ¢ Models may underestimate trend for

of India wetter conditions.

Zone 4

Zone 5
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1 Sea levels, sea surface temperatures,
marine heatwaves (frequency/intensity)
and ocean acidity will increase.

9 Tropical cyclones will, on average,
decrease in frequency and increase in
overall intensity.

Maldives Tropical I Annual mean temperatures will rise

climate more slowly than global average.

9 Generally a trend for wetter conditions
over North Indian Ocean.

9 Sea levels, sea surface temperatures,
marine heatwaves (frequencyl/intensity)
and ocean acidity will increase.

9 Tropical cyclones will, on average,
decrease in frequency and increase in
overall intensity.

Zone 7
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Zone MNorthern Central Asi a

Zone 1 includes Kazakhstan, Turkmenistan, and Uzbekistan (Figure E5) and experiences an
arid climate.

Figure E5: Zone 1. Maps are used in this report for representational purposes. The Government of the UK
does not necessarily endorse the political boundaries depicted in the maps.

Plots of the baseline climate are shown in Figures E3 and E6. Scatter plots of the future
projections are shown in Figure E7. The climate in context assessment for Zone 1 is
summarised in Table E3.
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Figure E6: Observations of total monthly precipitation (a) and average daily mean (b), minimum (c) and maximum (d)
temperature over the baseline climate (1981-2010) for Zone 1. Each line is one individual year. Colours show the
ordering of years from brown-green (total precipitation) and blue-red (mean temperature) i this highlights the presence,
or lack of, a trend over the baseline period. The bold black line indicates the average of the 30-year period.
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Zonel, Annual, 2050s, rcp85
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Figure E7: Projected change in average annual (top panel) and seasonal (bottom panels) precipitation and
temperature in Zone 1. Each dot shows the difference between the average projected values in the 2050s and the
average values in the current climate, for each climate model. Individual models are identified by the icon and
number in the legend. Only CMIP5 and CMIP6 model simulations have been analysed for Zone 1 because the
CORDEX South Asia domain does not sufficiently cover this region.
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TabE3 Climate in context analysis for Zone 1
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Zone Higher elevation Central Asi a
Zone 2 includes eastern Uzbekistan, Tajikistan, and Kyrgyzstan and northern Afghanistan
(Figure E8) and experiences a mixed climate with some cold, temperate, and tundra climates.

Figure E8: Zone 2. Maps are used in this report for representational purposes. The Government of the
UK does not necessarily endorse the political boundaries depicted in the maps.

Plots of the baseline climate are shown in Figures E3 and E9. Scatter plots of the future
projections are shown in Figure E10. The climate in context assessment for Zone 2 is
summarised in Table E4.
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Figure E9: Observations of total monthly precipitation (a) and average daily mean (b), minimum (c) and maximum (d)
temperature over the baseline climate (1981-2010) for Zone 2. Each line is one individual year. Colours show the ordering
of years from brown-green (total precipitation) and blue-red (mean temperature) i this highlights the presence, or lack of,
a trend over the baseline period. The bold black line indicates the average of the 30-year period.
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Zone2, Annual, 2050s, rcp85
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TabE4e Climate in context analysis for Zone 2
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Zone Hindu Kush Himal ayas
Zone 3 includes northern Pakistan, Himalayan areas of NW India, and northern Nepal (Figure
E11) and experiences a tundra climate.

Figure E11: Zone 3. Maps are used in this report for representational purposes. The Government
of the UK does not necessarily endorse the political boundaries depicted in the maps.

Plots of the baseline climate are shown in Figures E3 and E12. Scatter plots of the future
projections are shown in Figure E13. The climate in context assessment for Zone 3 is
summarised in Table E5.
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Zone3, Annual, 2050s, rcp85
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Figure E13: Projected change in average annual (top panel) and seasonal (bottom panels) precipitation and
temperature in Zone 3. Each dot shows the difference between the average projected values in the 2050s and
the average values in the current climate, for each climate model. Individual models are identified by the icon and
number in the legend.
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Zone PAandemmri d South Asi a

Zone 4 includes southern Afghanistan, southern Pakistan, and arid and semi-arid areas of
western India (Figure E14) and experiences an arid climate.

Figure E14: Zone 4. Maps are used in this report for representational purposes. The Government
of the UK does not necessarily endorse the political boundaries depicted in the maps.
Plots of the baseline climate are shown in Figures E3 and E15. Scatter plots of the future

projections are shown in Figure E16. The climate in context assessment for Zone 4 is
summarised in Table E6.
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Figure E15: Observations of total monthly precipitation (a) and average daily mean (b), minimum (c) and maximum (d)
temperature over the baseline climate (1981-2010) for Zone 4. Each line is one individual year. Colours show the
ordering of years from brown-green (total precipitation) and blue-red (mean temperature) i this highlights the presence,
or lack of, a trend over the baseline period. The bold black line indicates the average of the 30-year period.
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Zone4, Annual, 2050s, rcp85
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Figure E16: Projected change in average annual (top panel) and seasonal (bottom panels) precipitation and
temperature in Zone 4. Each dot shows the difference between the average projected values in the 2050s and the
average values in the current climate, for each climate model. Individual models are identified by the icon and
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TabE6 Climate in context analysis for Zone 4
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Zone Hemperate South Asi a

Zone 5 includes northern India, southern Nepal, and Bhutan (Figure E17) and experiences a
temperate climate. Plots of the baseline climate are shown in Figures E3 and E18. Scatter
plots of the future projections are shown in Figure E19. The climate in context assessment
for Zone 5 is summarised in Table E7.

Figure E17: Zone 5. Maps are used in this report for representational purposes. The Government
of the UK does not necessarily endorse the political boundaries depicted in the maps.
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Figure E18: Observations of total monthly precipitation (a) and average daily mean (b), minimum (c) and maximum
(d) temperature over the baseline climate (1981-2010) for Zone 5. Each line is one individual year. Colours show the
ordering of years from brown-green (total precipitation) and blue-red (mean temperature) i this highlights the
presence, or lack of, a trend over the baseline period. The bold black line indicates the average of the 30-year period.
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Zone5, Annual, 2050s, rcp85
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Figure E19: Projected change in average annual (top panel) and seasonal (bottom panels) precipitation and
temperature in Zone 5. Each dot shows the difference between the average projected values in the 2050s and the
average values in the current climate, for each climate model. Individual models are identified by the icon and
number in the legend.
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TabE7e Cli mate in context analysis for Zone 5
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Zone 6: Tropical South Asia
Zone 6 includes southern India, Bangladesh and Sri Lanka (Figure E20) and experiences a
tropical climate with a smaller area of arid climate to the southeast of India.

N
N
Figure E20: Zone 6. Maps are used in this report for representational purposes. The Government
of the LJIK does not necessarilv endorse the nolitical hotindaries denicted in the mans.

Plots of the baseline climate are shown in Figures E3 and E21. Scatter plots of the future

projections are shown in Figure E22. The climate in context assessment for Zone 6 is
summarised in Table ES8.
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Figure E21: Observations of total monthly precipitation (a) and average daily mean (b), minimum (c) and maximum
(d) temperature over the baseline climate (1981-2010) for Zone 6. Each line is one individual year. Colours show the
ordering of years from brown-green (total precipitation) and blue-red (mean temperature) i this highlights the
presence, or lack of, a trend over the baseline period. The bold black line indicates the average of the 30-year period.
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Zone6, Annual, 2050s, rcp85
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Figure E22: Projected change in average annual (top panel) and seasonal (bottom panels) precipitation and
temperature in Zone 6. Each dot shows the difference between the average projected values in the 2050s and
the average values in the current climate, for each climate model. Individual models are identified by the icon and
number in the legend.
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TabE8 Climate in context analysis for Zone 6
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Zone 7: Smal | | sl ands

Zone 7 includes the Maldives (Figure E23) and experiences a tropical climate.

Figure E23: Zone 7 (circled in purple). Maps are used in this report for representational purposes. The
Government of the UK does not necessarily endorse the political boundaries depicted in the maps.

Zone 7 is solely based on analysis of available literature. Average monthly temperature and
rainfall in the Maldives is shown in Figure E24 (1991-2020; World Bank, 2021).

Monthly Climatology of Average Minimum Surface Air Temperatu
Average Mean Surface Air Temperature, Average Maximum Surfa
Temperature & Precipitation 1991-2022; Maldives
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- Average Maximum Surface Air Temperature
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Figure E24: Monthly climatology of average minimum, mean, and maximum surface air temperature, as
well as precipitation 1991-2022 for the Maldives. Source: World Bank, accessed 16" January 2024,
available at https://climateknowledgeportal.worldbank.org/country/maldives
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https://climateknowledgeportal.worldbank.org/country/maldives

Projected average temperature (anomaly) and annual rainfall (anomaly) in the Maldives is
shown in Figure E25. The climate in context assessment for Zone 7 is summarised in Table
EQ.
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Figure E25: Projected average temperature anomaly and projected annual rainfall anomaly in the
Maldives. Outputs of 16 models within the ensemble simulating RCP8.5 over the period 2080-2099.
Models shown represent the subset of models within the ensemble which provide projections across all
RCPs and therefore are most robust for comparison. One model is Ilabelled.
Source: World Bank (2021), accessed 161 January 2024, available at https://climateknowledgeportal.
worldbank.org/sites/default/files/2021-08/15649-WB_Maldives%20Country%20Profile-WEB.pdf
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TabE% Climate in context analysis for Zone 7
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F: Soceconomi c dat a

Table F1: Demographic, economic and food security data. Data sources and notes outlined below table. ]| nst ances of fpopd refer to popul ation;
to insecurity.

Demographics Economics Food security
Annual
Pop GDP Below Below Food Food
Total growth/y | Rural Urban GDP/cap | growth Agric USD3.65 | USD2.15 | insec insec
Country pop (M) | r (%) pop (%) | slum (%) | ita (USD) | (%) GDP (%) | (%) (%) (%) trend
Kazakhstan 19.7 3.2 42 1 11244 3.2 5 0.5 0.0 2.4 Falling
Uzbekistan 35.6 2.1 50 ND 2255 5.7 24 NA NA 26.1 Rising
Kyrgyzstan 6.8 1.6 63 2 1607 7 12 18.7 13 6.9 Rising
Turkmenistan 6.4 14 47 9 7297 NA 11 NA NA NA NA
Tajikistan 9.9 2.1 72 17 |054 |8 22 25.7 6.1 NA NA
Total 78.4 - - - - - - - - - -
Regional % 38 - 52 - - - - - - - -
Afghanistan 41.1 25 73 73 -| -20 33 NA NA 79.1 Rising
Pakistan 235.8 1.9 62 56 1597 6.2 22 39.8 4.9 42.3 Rising
Nepal 30.5 17 79 40 1337 5.6 21 NA NA 37.4 Rising
Bhutan 0.8 0.6 56 NA 3266 4.1 19 9.4 0.9 NA NA
Bangladesh 171.2 11 60 52 2688 7.1 11 51.6 135 31.1 Level
India 1471 0.7 64 49 2389 7 17 44.8 10.0 NA NA
Sri Lanka 22.2 0.1 81 NA 3354 -7.8 9 11.3 1.0 10.9 Rising
Maldives 0.5 0.4 58 35 11,817 12.3 5 0.0 0.0 13.4 Level
Total 1973.1 |- - - - - - - - - -
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Regional % 62 - 64 - - - - - - - -

Data sources and notes:

Demographics

T Tot al popul ati on, rur al p opNI | Veat ri ladh aRRppm s w le & tt dsap t(Ved @ Bawi2 82.r at e
T Sl um popUMHRABAMAMIN:2d20qWor | d, B21itNd2 ;e : represents puopdiitwinong dfn wrlluam hpap ehol ds, defined
basic conditionandgamptratviean wasefrfi cient | iving) area, housing durability, secure tenu

Economics, poverty

T GDP/ capita, growth aWdrladyrB&h@excae han@BRBILEFTr gy 29tlg nnMaunr ik2t@aONNot e: countries shaded re
|l ow i nGDRMex<dJsD80 , or anngied dloeweGD® 6 oeSD(B®T USD2A5)5 and vy elniiodwd |uep pienrcd5ieU SDAS D)4 Wor | d Bank,

2022) .
T PoveWobyl d dBaatfnaRr0 1e9x ¢ @ i ki stan (2015), Bangl RBdeksbtt 8201KazaBHetagnz¢é2aAgyi2la@am@pdad3 al . ,
Not%popul atviomg bel ow USD2.15 (extr,ema)suae@ldIaDID65 poverty I|ine

Food security

T Food insecure F%Opa-pabdRyteimoner dggRRAO, PRPNRQRLBRrevalence of moderate or severeDdtoadusedeta
moniSm®Andi cat awnd&arrlget 2. 1: O06By 2030 end hunger and ensure accessrbymMdbbt pavoii Eabbese
data not collected or not reported

T Food insecoompgritsemdb2@ W26n4 9F2a002800 233y ear avdetg@ PO023

Total, regional %

T Not®&:calculations account for different country popul ations.
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Table F2: Water resources, water withdrawals, access to basic services. Data sources and notes outlined below table.| nst ances of Aiirrigo refer to irr

Ainddo to industrial:; Aimuno to municipal; and fisando to sanitation.

Water resources, water w Access to basic servic

Saf el|Rur al Safel|Rur al
Wat er Basic|manag/water|Basicfmanag|san

stres|Depen|lrrig|lAgric{lnd u[Mun water |water|{basic/san al|san ajbasic
(%) ratolarea |use ([( %) us e (%) (%) (%) (%) (%) (%)
Kazakhs{34 41 4 63 18 19 95 86 91 98 NA 99
Uzbekistan 169 80 97 92 4 4 97 80 95 100 75 100
Kyrgyzstan 1 75 93 4 3 91 76 87 98 93 100
Turkmenistan [ 97 90 95 3 2 100 95 100 99 NA 100
Tajikistan 70 17 71 75 16 9 82 55 77 97 N A 97
Regional- - - - - - 914 79 71 99 - 99
Afghanistan 55 29 40 98 1 1 82 30 76 56 NA 51
Pakistan 116 63 94 1 5 91 51 89 71 NA 63
Nepal 49 98 0 2 91 16 92 80 51 81
Bhutan 28 94 1 5 100 73 99 78 51 79
Bangladesh 54 88 2 10 98 59 98 59 31 62
India m 42 90 3 7 93 NA 92 78 52 75
Sri Lanka 24 87 7 6 89 39 87 95 NA 95
Maldives 0 0 5 95 100 NA 100 100 NA 100
Regional % - - - - - - 93 - 92 75 - 72
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Data sources and notes:

Water resources, withdrawals

T Water stSrDeGss6.%:. 2 water withdrawals as aFpOrdef8af0erABDANOEETARY 2B adoefrtersihensatvelrer e t hi s
t he250% bracket cl assi fiee 06 60d mav ssttrreesstsii ((dyheel di)ogwr) > 2 ¥ 6@ G @80 iog ha 1fshteérgehstsl @ @%b Y i t i cal str e
(dar ki metdhne SDG 6.4.2 monitoring framewor k.

T Deendenayi o %: percentage of renewabFAQRItstri mati AQUVEBAGTRO DBt si de country,

T Irrigated areacw®l t pleaantde detcaugiep poefd FAO d atr & |§RAQYVBESIAWM2I02)0 .2 3

T Agric, I nus #:n dwaMuenr w(i udbay)r sawaxltor as a % of total withdrRAIddGat(ea gFCAVOQIBERFARY 2D dustria

Access to basic services: water, sanitation

M1 Basic water all: % of total popul ati.d®nwitteld HNadchotses:t olRORI3d emmesdn b afsri @eam wan eirmpreowe dt eSO
mi ns.

T Safely meanayréd % of total popul ati on wilinhi taecdc eNsast ithoo ssea: f 2e6l &y3 gnhayn anmgaenda gweadt enmte.ans accessi b
when needed and free from contamination.

f Basic water rural (UastalhoWNatimowrsal 20”213y .

1 Basidtsaardbn % of population with ddnesedt NadNootnes:g si2nRBaVv en ctaadgltdaitd dewi t h eot her house

M1 Safely managed sanitation all: % of tdéUal tepdpNaai NDasBewlbBABtyemanngesamehypssampravied
other households, with excreta safely disposed of in situ or treated off site.

M Basic san rural : (adJsniabeadv eNa tri wrnasl, a2r0l2y3.)

Regional (Req) %

1T Excl UMI : exml ddi egi nppme eoovw mtnrdiniddogweer i ncome countries only (see Economics above foc
for different country popul ations.
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Table F3: Potential direct impact of climate events on information and communication technology (ICT)
infrastructure. Source: Sandhu and Raja (2019).

Infrastruct|lnland/ ¢(Se&dev|Hi gh Water St or ms/
event fl oods ri se temperalscarci|winds
Deep sea syLow Low Low Low Low
cabl es

Near S|Low Low Low Low Medi um

submarine c

Underground| Medi um Low Low Low Low
terrestrial

Overland t|Low Low Low Low Medi um
cabl es
Landing stalHi gh Hi gh Low Low Low
Data centre|lHi gh Low Medi um |[Medi umLow
Antennas/tolLow Low Low Low Hi gh
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G: Gl

ossary

A list of acronyms and definitions for technical terms used throughout the report are provided

below.

Acr ony ms

AC

Air conditioning

ADB

Asian Development Bank

ASEAN

Association of Southeast Asian Nations

AWT

Asian Water Tower

BCR

Benefit-cost ratio

CAPS

Central Asia Power System

CAREC

South Asian Subregional Economic Cooperation

CASA

South Asia Transmission Interconnection Project

CDD

Cooling Degree Days

CMIP

Coupled Model Intercomparison Project

CO2

Carbon dioxide

CORDEX

Coordinated Regional Climate Downscaling Experiment

COVID-19

Coronavirus Disease 2019

CSA

Central and South Asia

DALY

Disability Adjusted Life Years

EAD

Expected annual damage

ENSO

El Nifo Southern Oscillation

ERAS

See technical terms

FAO

Food and Agriculture Organization

FCDO

Foreign, Commonwealth & Development Office

GBD

Global Burden of Disease

GCM

Global climate model

GDP

Gross Domestic Product

GHG

Greenhouse gas

GW

Groundwater

HWEFI

Heat Wave Frequency Index

ICT

Information and communication technology

ICWC

Interstate Coordination Water Commission

IGB

Indo-Gangetic Basin

IGP

Indo-Gangetic Plain

10D

Indian Ocean Dipole

IPCC

Intergovernmental Panel on Climate Change

56

= Met Office

Hadley Centre %

© Crown Copyright 2024 Met Office



IPO Interdecadal Pacific Oscillation

LCOE Levelized Cost of Energy

MHW Marine heatwave

NAO North Atlantic Oscillation

NbS Nature-based solutions

NCDs Non-communicable diseases

NDCs Nationally Determined Contributions

OECD Organisation for Economic Co-operation and Development
PDNA Post-disaster needs assessment

PESCO Peshawar Electric Supply Company

PV Solar photovoltaic

RCM Regional climate model

RCP Representative Concentration Pathway

SAARC South Asian Association for Regional Cooperation
SAREC South Asian Subregional Economic Cooperation
SDG Sustainable Development Goal

SEA Southeast Asia

SLR Sea level rise

SRES Special Report Emissions Scenarios

SSP Shared Socioeconomic Pathways

SST Sea surface temperatures

TC Tropical Cyclones

TRD Technical Reference Document

UNDP United Nations Development Programme
UNICEF United Nations I nternational Chil dr enos
uUsD United States Dollar

WASH Water, Sanitation, and Hygiene

WFP World Food Programme

WHO World Health Organization
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Techni cal Ter ms

Term Definition

Adaptationln human systems, the process of at
and its effects, in order to moder et
I'n natural systems, the process of
human i nteryvefnadiolni tnaat e adj ust ment
effects.

Aerosol s A suspension of airborne solid or |
a few nanomemrebhaadandet0Dde in the at
hour s Aerosols may be of either nat
influence sévenndl ways through bot
absorb radiation and through intera
cloud properties, or-oupcameedepadsisurd
altering their aldedloi matde cfome db dak

Agreocol ogi The process applied to agricultural

principles to suggest new managemen

Agricultur Agricultural drought happens when t
farming and. crop growth

Anomal y The deviation of a variable from it

Ant hropogeResulting from or produced by human

Aguacul tur The breeding, rearing, and harvest
organisms in all types of water env

Archipel agAn extensive group of islands.

Ari d (Of Il and or a climate) having little

Asian WateThe Hindu Kush Hi malaya Region is t

in Asia and is therefore widely reg
the | argest gl obal store of frozen
named the ThivideBolae) epri abl e water
peopl e.

At mosphereThe gaseous envelope surroundi ngdg tthi
troposphere which contains half of
the mesosphere, the thermosphere, i
l'imit of the atmosphere.

AttributioThe action of regarding something
Climate attribution refers to the p
for the detected climatic change wi

Baseline The state against which change is
in which case it repr edsgntcsonal adrowmna
be a O6future baseline,d which is a
the drivihgi fibetest .o Alternative i
conditions can give rise to multipl
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Biodiversi The wvariability among | iving organ
ecosystems. Biodiversity includes
ecosystem |l evel s.

Biodiversi The variety of plant and animal | if
|l evel of which is usually considere
Bl ue EconoA term in economics r el apriensge r vaart (

regeneration of the marine environrm

Carbon Di oA naturally ocecicsuralignogoad @y, &fO bur ni i
0

( CH as ga®&nhd coal), of burwnisegchiaomgass (
industrial processes (e.g., cement
greenhouse gas (GHG) that affects t

Catchment An area that collects and drains pr

Climate I n a narrow sense, c¢limate is wusual
rigorously, as the statistical desc
relevant quantities over a period o
mi |l |l ions. oTfheyecarasssi cal period for
years, as defined by the World Mete

Climate ChA change in the state of the cl i ma
statistical tests) by changes in th
and that persists for an extended p

Cli mate FeAn interaction in which a perturbat
in a second and the change in the
additional change in the first. A r
perturbatioryi s hwe ackheamegdke s it causes
in which the initial perturbation i

Climate I nlmpacts describe the consequences
systems, where risks resul tr diraotmed |
(including extreme weather and clinm

Cli mate I nMeasures of the <cl| i matsec ad yes tveamm iiarbd |
proxies

Climate I nlnformation about the past, current
is relevant adapt mintdogd tsikomanagement
or -fcoducedo for specific contexts,

Climate Mi A human intervention to reduce th
greenhouse gases.

Cli mate MoA numerical representation of t he
chemiamd ,bi ol ogi cal properties of i
feedback processes, and accounting

Climate Pr The simulated response of the cl i ma
or concentration of greenhouse gase
using c¢climate model s. Climate proj
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predictions by their dependence o1

forcing scenario used, which is in
example, future socioeconomic and t
may not be realized.

Climate Ri The potential for adverse consequen
and where the occurrence and degre
context of the assessment of <c¢l i mat

refer to the ppetemtnisaelqufemrc esd lodt ead
or of adaptation or mitigation resp

health -bBedngel Ecosystems asodcamdc ice
assets, services (includdngnfercostyrs
resul ts from the interaction of \Y
exposure over time (to ther dlagztaed) ,I
the Iikelihood of its occurrence.
Cli mate Sy The highly compl ex system consi st
at mospher e, t he hydrospher e, t he {
bi osphere and the interactions betw
Climate VaVariations in the mean state and ot
the occurrence of extremes, etc.)
scales beyond that of individual we
Communi cabRefers to an illness caused by an
Di sease through the direct or indirect tre
products from an infected individua
environment btloe a nsiumacle potri human host
ConfidenceThe robustness of a findingq balsaend
consistency of evidence (e.g., me c
model s, expert judgment) and on th
Il ines of evidence.
Cor al Bl eaThe process when corals become whi

changes in
availabilit
temperatur e
bl eaching.

temperatur e, l'ight or n
y of calcium minerals f¢
s andabcean wackditfoget h

Crop Water A water deficit occurs whenever wat

tot al water potenti al as the best ¢
Il imitations while attempting to unc
various physooé¢wgeésal nvol ved i n p |
reduce photosynthesis by <c¢losing si
carbon fixation process, suppressi
inducing shedding of | eaves.

Dam A barrier constructed to hold back

of water used to generate electrici

Del t aic Of or pertaining to a river delta.
Di saster A O0serious disruption of the functi
due to hazardous events intervwwcltnerg

60

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office



and capacity, |l eading to one or mi
economic and ¢ o0 isaensdy memptad@iR RBODi (s t e

DownscalinA method thatt aderrég-ggieeshdlo(cmg to 100 |
| ar-geal e model s or data analyses.

Drought A prolonged period of abnormally | o
El Ni fo SoThe term EI Ni fo was initdiwaltley wae
Oscillatioperiodically flows along the coast
flshery It has since become ident
Ocean ast offht ke od@tamliichnevent is a
of a -gbabaltropical and subtropical

I

Southern Oscillation. idbéancpheh
preferred time scales of owo &
Sout hern Oscillation (ENSO). T

T3

O m

e
® 8
he ¢
Emi ssi ons pl ausi bl e representation of t he
bstances t hat ar e radi atively ac
rosol s) based on a coherent and i
out driving forcean¢@ssseoddmasemide mbea

chnol ogi emkragndanlgaeen,d use) and t hei

~o o0 >
® T O C

Enhanced
Greenhouse

process in which human activit
es into the atmosphere, this has
ect as there are more gases avai

D« -
o =
- wn o

ERAS Fi fth generation E CMWF atmospheric
covering Jamrueasreyntl. 94E0RAS5 i s producec
Change Service (C3S) at ECMWEF.

EvaporatioThe physical process by which a 1
water vapour).

EvapotransThe process in which water moves fr
(= water changing to a gas) and fro

Exposur e Exposur e describes t he presence a
ecosystems; environmental functions
or economi c, soci al, or cul tur al a.
adversely affected.

Extreme/ He An extreme/ heavy precipitation eve
Precipitatmagnitude with a very rare occurren
precipitation may vary dependi ngdaw
(e.g., 5 daydghem mauwdh taltli vefiy repr
intensity of such events may be def
annual maxi ma or with peak over thr
95t h or 99th percentile at a partic
Fifth AsseA series of | PCC rep2014, pudbporsthed

Report (AFRpublications by three working group

Food secur The state of having reliable acces
nutritious food.
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Fossil FueCar bbommsed fuels from fossil hydr oca

natural gas.

Gl obal BreThe term "breadbasket" is used to r
breadbaskets of the world are the
particularly grains to feed their p

Gl obal War The estimated increase in gl obal
averaged pvar peBDoyWeaworpeéhieo®@0cent
year or decade, expiredgedr iral at ével
specifiedeafrFope3®pdnan phat and futul
mu tdteicadal warming trend is assumed

Green RevoA period of technology transfer i n
yields. These changes in agricultur
20t entury and spread globally until

GreenhouseGreenhouse gases are those gaseous
natur al and anthropogeni c, t hat a
wavel engths within the spectrum of
surface, the at mdyphcelroeu dist. s eTlhfi sa npd
greenhouse effect.

GreenhouselLead to an increased infrared opaci

( GHG) effective radiation into space fror

Concentrat Thi s causes a radiati ve forcing t
greenhouse eddleloehdanecled goeenhouse e

GreenhouseThe gaseous constituents of the atm

( GHGs) that absorb and emit radiation at s
terrestrial radiation emitted by th
by clouds.tyhtcaupeopehe greenhouse
carbon dioxide (CO0O2), nitrous oxi de
are the primary GHGs in the Eartht
number of enmadel \GHBsmam the at inb
hal ocarbons andarmd hler-o@mt airninreg sutk
with under the Montreal Protocol
Protocol deals with the GHGs sul phu
(HFCs) and perfl d@rPCCqr)R2ddms8 ( PFCs

Hazard The potenti al occurrencadwowded mhay i
trend that may cause | oss of i fe,
damage and | oss to property, i nfra
ecosystems, armmd earewioruagrcment

Heat StresA rang of concirtriecnngamdagt ecgor gan

e i
absorbs heat during overexposure to
radiati on. I n aquatic water breathi
exacerbate vulnerability to hre@thum
and birds, both in air, i s exacerba
heat, hbmgdhdandy, | ow pwiendd , causing r

temperature to fail
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Heat wave A period of abnormally hot weather
temperature threshold, lasting from
spells have various and, in some ca

Hi mal aya The Hi mal ayas, or Hi mal aya, is a n

Mountains plains of the Indian subcontinent
some of the Earthoés highest peaks,

Hydr ol ogi cHydr ol ogi cal drought occur s when

Drought especially in streams, reservoirs,
mont hs of meteorological drought.

|l ce Sheet An ice Dbody originating on |l and ¢t
generally defined as covering >50,

t housands of years t hrough accumu
(I PCC, ).2019

Il mpact s Il mpacts generally refer to effects
economi es, Soci®ern eisgredc uilntfurraesst,r uct
interaction of c¢climate changes or h
specific time period and the vulner

I ndi an OceThe I ndian Ocean Dipole (1 OD) is @

Dipole (I Ctemperatures in which the western |
(positive phase) and then colder (n
ocean. The SubtOceminc abi ploheé&i a(nSI1 OD)
oscillation of sea surface temperat

Il ndGmangeti (A 700, ®G®rkimle plain encompassing
/ Basin subcontinent, i ncl-dialy ngo mtotseé r o f a ma d
of eaBalkirsnntan, virtually all of Ban
I nfl ux An arrival or entry of | arge number
I ntergover The l eadi ng international body f ol
Panel on CScientists come together approxi ma
Change (Il Freviewed research in working groups
Physical Science Basiannd ivmp actr adbdadp
Cli mate Change.
I ntertropi The I ntertropical Convergence Zone
Convergencthe Earth which generally I|Iies nea
(1 TCZzZ) northern and southern hemispheres <c
devel opment of forengueamtd threwrwde rrsati n.
Mac«economi A phenomenon, pattern, or condition
(Factors) aspects of an economy rather than t

and national income are examples of

Marine HeaA period during which water temper s
the year relative to historical tem
for days to months. The phenomenon
and at scal easaofdsupft kit lbhometres.
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Met eor ol ogWhen rainfall in an area is below a

drought

MitigationA human intervention t o reduce th
greenhouse gases.

Monsoon A seasonal prevailing wind in the r
from t hee stoultdht ween May and Septemb
monsoon), or feraosm tbheet weemnt hOct ober
monsoon) .

Nb S Nat thrased solutions (NbS) refers to
of nature foentvackhmegtabctcball enge
i ssues such as <climate change, wate
human healtly, |lbisediawnwer gli saster risk

Ocean AcidA reduction in the pH of the ocean,
(primarily in the |l evels of carbona
peri od, typically decades or |l ongel
carbon dioxide aC@aspheoem, thut can
chemical additions or subtractions
acidification refers to the compone
activity.

OverharvesRefers to harvesting a renewable re
Paris AgreThe Paris Agreement under the Unit
Cli mate Change (UNFCCC) was adopted
at the 21st session of the Conferer

The agreement, adoptread WNFA®®G, Peanrrttd
on 4 November 2016 and as of May 20:
by 177 Parties. One of the goal s «
increase in the global average tedm
indadtdievel s and pursuing efforts t
above-i pdestri al |l evel so, recognisin
the risks and i mpacts of <climate <ch
strengt hen dadwentarbiids ttyo odeal with t

pH pH is a measure of how acidic/ basic
with 7 being neutral. pHs of |l ess
greater than 7 indicates a base.

ProjectionA projection is a potential future
often computed with the aid of a m
conditional on assumptions ¢ 0 Recceornna
and technol onge nctass tdheavte lnogpy or may n.

Radi ative The change in the net, downward min
W ) at the tropopause or top of at
climate change, such as a change i2
or the output of the sun.

Reanalysi sAtmospheric and oceanic analyses of
met eorol ogi cal and oceanographic ¢
met eorol ogi cal and oceanogofpdritc we
forecasting modeltsi oann dt edcahtnai qausessi.mi |
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RepresentaScenarios that include time series
Concentratsuite of greenhouse gases (GHGs) an
s

Pat hways (as well a |l and use/l and cover.

Research CA question or problem that has not
studies or research.

ResilienceThe capacity of social, economic, a
hazardous event or trend or disturb
that mai nt ain their essenti al func

mai nt ai ni ng tahdea pctaaptaicoint,y Ifeoarr ni ng al

Resolutionln climate models, this term refers
bet ween each point on the grid wuse
resolution refers to the time stej
computation of the equations.

Ri s k The potenti al for consequences whe
where the outcome is uncertain, re
often represented as probability of
mul tiplied byetshee eivmmact ©0ri ft rtends o
interaction of vulnerability, expos

Runof f The flow of water over the surface
originates from the part of |liquid
not evaporate or refreeze and is no

Saline I nt The movement of saline water into
groundwater quality degradation, i n

Scenari o A plausible description of how the
and internally consistent set of a
rate of technological change, pri ce

are neither poecdicasitensdbunorare used

i mplications of developments and ac
Signal Climate sigheltsm arendengnd projecti
of climate change.
Sixth AsseThe | atest series of | PE2C2Repoepserp
Report (ARinto publications by three working
the Working Group | contribution to
2021 was tawausable

Soil MoistWater stored in the soilzdme |Idaaiuli dm
most relevance for plant activity.

ergovernment al P
The SRES scenari
T Assessment Report
AssesgmepubRépbred (AR20

by the I nt
in 2000.
hird

A

Emi ssions p

Scenarios i
I

Storm SurgThe temporary increase, at a partic
extreme meteorol ogical conditions (
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wi nds) . The storm surge is defined
expected from the tidal variation a

Stream Fl oWater flow within a river channel
for river discharge.

Tel econnec Association between climate wvariabl
fixed | ocations related to each oth
and/ or atmospheric dynamical pat hwa
by several cl i mah eaphRas atbryaa ywasg, @ cmi
and storm track di spl acement s, fl
Overturning Circulation, fluctuatio
be initiated by modes of <cl ienadleo p/m
remote climate anomalies at various

Temperate Relating to or denoting a region or

Tourism The commerci al organi sation and ope
interest. A social, cul tur al and ¢
movement of people to countries or
personal or bosahepsfpbpebkessi

Tropical A climatic zone typically found in
high temperatures throughout the vy
precipitation, although the | atter

-

Tropi cal CA apidly rotating storm pysestsemr eh
Typhoon closedl eveiv atmospheric circulatio
arrangement of thunderstorms that p

Tundr a A type of biome where tree growth i:
growing seasons. There are three ty
UncertaintA state of incomplete knowledge tha
from di sagreement about what is kno
analysis, it may have many types of
ambiguously dsfiomed ecommame®ptogy, i nci
critical processes, or uncertain pr

United Nat The United Nations Framework Conver

Framework was adopted in May 1992 and opened
Conventionin Rio de Janeiro. I't entered into
Climate Ch197 Parties (196 8Sthbaté&esianil.thaeECD
(UNFCCCQC) objective i s t he 6stabilisation 0"
at mosphere at a l evel t hat woul d
interference with the climate systc¢
puresdu and i mplemented by two treat.i

Agreement. (I PCC, 2018).

Urban Heat The relative war mth of a <city cor
associated with changes in runoff,
surface al bedo.

Urbanisati The process of making an area mor e
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