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01. CLIMATE

The Climate section of G20 Atlas provides a comprehensive picture for temperature and precipitation patterns experienced in the recent
past and projected for future conditions under different hypotheses of concentration scenarios and for different hypothesis of average
temperature increases (i.e., +1.5°, +2°, and +4°C). Such a picture relies on the use of basic climate variables (i.e., temperature and
precipitation), derived from climate data properly selected for current and future climate, and turned into a set of key climate indicators
to illustrate how climate change can affect humans, ecology, and environment as well as have impacts on sectors such as agriculture,
health, energy, and water. In the following, further details are reported for each component of this processing chain.

1) Sources of input climate variables

For recent climate, the fifth global reanalysis released by the European Centre for Medium-Range Weather Forecasts (ECMWF), recognised
as the ERAS reanalysis (Hersbach et al., 2020%), was used. This reanalysis, which is freely available on the Copernicus Climate Data Store
(CDS) platform, is currently recognised as the most plausible and authoritative description for the current climate. In general terms, a
reanalysis is a powerful tool that provides a picture of the current climate by combining numerical modelling with observations into a
comprehensive global dataset that is consistent with the laws of physics (data assimilation). As for the ERA5 reanalysis, it has global
coverage with a native spatial resolution of 0.28° (31 km) and provides hourly scale outputs from 1950 to the present (with a latency of
five days). These features make ERA5 suitable for a wide range of applications: climate change monitoring, research, education, policy-
making and business, and in sectors such as renewable energy and agriculture (Buontempo et al., 20202).

For future projections, we used an ensemble of Global Circulation Model (GCM) data as those included in the fifth Climate Model
Intercomparison Project (CMIPS, Taylor et al.,, 2012%) and in the sixth Climate Model Intercomparison Project (CMIP6, Eyring et al,, 2016*)
in the frame of the World Climate Research Programme’s (WCRP). CMIP5 and CMIP6 were developed through a common protocol for
generating global climate projections under different greenhouse gas concentration trajectories (i.e., Representative Concentration
Pathway, RCP) up to 2100 for CMIP5, and different scenarios of projected socioeconomic global changes (i.e., Shared Socioeconomic
Pathways, SSPs) up to 2100 for CMIPé6. Furthermore, CMIP5 and CMIP6 respectively represent the basis to produce the Fifth Assessment
Report (AR5) and of the Sixth Assessment Report (AR6) by the Intergovernmental Panel on Climate Change (IPCC). The use of a large
ensemble of runs represents a shared strategy to assess the potential uncertainty in climate projections to adopt a large ensemble of
runs with the aim of quantifying the so-called “inter-model variability”. Indeed, despite each model’s run (driven by the same

1 Hersbach, H.; Bell, B.; Berrisford, P.; Hirahara, S.; Horanyi, A.; Mufioz-Sabater, J.; Nicolas, J.; Peubey, C.; Radu, R.;
Schepers, D.; et al. (2020). The ERAS global reanalysis. Q. J. R. Meteorol. Soc., 146, 1999-2049, doi: 10.1002/qj.3803.
2 Buontempo, C.; Hutjes, R.; Beavis, P.; Berckmans, J.; Cagnazzo, C.; Vamborg, F.; Thépaut, J.-N.; Bergeron, C;
Almond, S.; Amici, A.; et al. (2020). Fostering the development of climate services through Copernicus Climate
Change Service (C3S) for agriculture applications. Weather. Clim. Extremes, 27, 100226, doi:
10.1016/j.wace.2019.100226.

3 Taylor, K. E., Stouffer, R. J., & Meehl, G. A. (2012). An Overview of CMIP5 and the Experiment Design, Bulletin of
the American Meteorological Society, 93(4), 485-498, doi: 10.1175/BAMS-D-11-00094.1.

4 Eyring, V., Bony, S., Meehl, G. A., Senior, C. A.,, Stevens, B., Stouffer, R. J., and Taylor, K. E. (2016). Overview of the
Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and organization. Geosci. Model Dev.,
9, 1937-1958, doi: 10.5194/gmd-9-1937-2016.
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concentration scenario) represents an equally plausible projection of the future evolution of the climate, the projected climate change
signals may show significant differences, precisely due to differences in the models’ formulation and physical parameterization.

2) Climate indicators

A set of bioclimatic indicators (see Table 1), based on basic climate variables such as monthly temperature and monthly precipitation,
has been computed to characterize current and future climate conditions according to ERAS re-analysis and CMIP6 data, respectively. In
addition, a fixed number of key climate-indicators (see Table 2), computed in Amell et al. (2019)° for CMIP5 data, has been considered
to illustrate how climate change beyond three authoritative average temperature increases (i.e., +1.5°, +2°, and +4°C) could impact on
sectors such as agriculture, health, energy, and water. These key climate-indicators were originally computed on specific macro-areas
including different countries. For this reason, some countries will show the same values. Such a similarity will be only retrieved in the
VARIATION OF SPECIFIC CLIMATE INDICATORS section. Table 3 lists the macro-areas associated with each G20 country.

Table 1. Selected bioclimatic indicators description.

Indicator Description Unit

Annual mean temperature Annual mean of the daily mean temperature at 2 m above the surface °C

Maximum temperature of | Maximum daily temperature of the month with the highest monthly mean of daily | °C

warmest month mean temperature

Minimum temperature of | Minimum daily temperature of the month with the lowest monthly mean of daily | °C

coldest month mean temperature

Annual precipitation Annual sum of daily (or monthly) precipitation (both liquid and solid phases) mm

Precipitation of wettest | Maximum of the monthly precipitation mm

month

Precipitation in warmest | The mean of monthly precipitation during the warmest quarter, defined as the | mm

quarter quarter with the highest monthly mean temperature using a moving average of 3
consecutive months

Table 2: G20 countries identification based on Arnell et al. (2019)

Macro-areas as defined in Arnell et al. (2019)

G20 Countries

Africa

Southern Africa

South Africa

5 Arnell, N.W., Lowe, J.A., Challinor, A.J. et al. (2019). Global and regional impacts of climate change at different

levels of global temperature increase. Climatic Change 155, 377-391, doi: 10.1007/s10584-019-02464-z.
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Asia Middle East Saudi Arabia, Turkey
South Asia India
South-East Asia Indonesia
East Asia China, South Korea, Japan
Australasia Australasia Australia
Europe Western Europe French, Germany, ltaly, UK
Eastern Europe Russia
Western Europe, Central Europe, Eastern Europe EU27
North America | Canada Canada
USA USA
South America | Brazil Brazil
Central America Mexico
Rest of South America Argentina

Table 3. Description of indicators based on Arnell et al. (2019)

Indicator

Description

Agricultural

proportion of time

drought | Proportion of time spent in agricultural drought (defined by Standardised Precipitation
Evaporation Index). Weighted by cropland area

Agricultural drought | Likelihood (%) that a year will contain an agricultural drought, lasting for at least three
frequency consecutive months. Weighted by cropland area

Hydrological drought | Proportion of time spent in hydrological drought (Standardised Runoff Index). Averaged over
proportion of time cells with more than 1000 people in 2010

Hydrological drought | Likelihood (%) that a year will contain a hydrological drought, lasting for at least six
frequency consecutive months. Averaged over cells with more than 1000 people in 2010
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Heatwave duration Average annual number of days in a heatwave (i.e., maximum temperature greater than the
98th percentile of the warm season temperatures for at least two days.). Averaged over cells
with more than 1000 people in 2010

(Major) Heatwave frequency | Likelihood (%) that a year will contain a heatwave, with maximum temperature greater than
the 99th percentile of the warm season temperatures for at least 4 days. Averaged over cells
with more than 1000 people in 2010

Runoff increase % of region with an increase in average annual runoff more than twice the standard deviation
of 30-year average runoff

Runoff decrease % of region with a decrease in average annual runoff more than twice the standard deviation
of 30-year average runoff

3) Section Description

This last part provides a short description about contents and methodology for each section constituting a country sheet (see

Table 4).

Table 4. Description of sections constituting each country sheet.

Section Description

OVERVIEW Short comment on general climate features

TEMPERATURE Short comment on temperature regime for the recent period

TEMPERATURE MEAN Map reporting the spatial distribution of annual mean temperature averaged over
1991-2020 derived from ERA5 re-analysis

TEMPERATURE TREND Time series of temperature anomalies for the recent period derived from ERAS5 re-

analysis with respect to 1961-1990. Operatively, annual temperature is first
calculated over country and then averaged to obtain a single country value.

TEMPERATURE PROJECTIONS

Time series of temperature anomalies for future projections derived from CMIP6
with respect to 1985-2014 according to SSP126, SSP245 and SSP585 scenarios.
Operatively, annual temperature is first calculated over country and then averaged
to obtain a single country value.
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CLIMATE INDICATORS

EXPECTED VARIATION Variations of temperature bioclimatic indicators with respect to the reference

FOR TEMPERATURE AT 2050 period 1985-2014 fc.)r a‘thirty-year period centred on 2050 (2036-2965). Data are
based on CMIP6 projections for SSP126, SSP245 and SSP585 scenarios

PRECIPITATION Short comment on precipitation regime for the recent period

PRECIPITATION MEAN Map reporting the spatial distribution of annual precipitation averaged over 1991-
2020 derived from ERA5 re-analysis

PRECIPITATION TREND Time series of precipitation anomalies for the recent period derived from ERA5 re-
analysis with respect to 1961-1990. Operatively, annual precipitation is first
calculated over country and then averaged to obtain a single country value

PRECIPITATION PROJECTIONS Time series of precipitation anomalies for future projections derived from CMIP6
with respect to 1985-2014 according to SSP126, SSP245 and SSP585 scenarios.
Operatively, annual precipitation is first calculated over country and then
averaged to obtain a single country value

EXPECTED VARIATION Variations of precipitation bioclimatic indicators with respect to the reference

FOR PRECIPITATION AT 2050 period 1985-2014 fc.>r a‘thirty-year period centred on 2050 (2036-2965). Dataare
based on CMIP6 projections for SSP126, SSP245 and SSP585 scenarios

VARIATION OF SPECIFIC Anomaly of climate indicators derived from Arnell et al. (2019) for expected

temperature increase of +1.5°, +2°, +4°C. These indicators are computed according
to CMIP5 data. Further details are reported in Arnell et al. (2019)
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02. OCEAN

The data and information on current climate conditions and trend of sea surface temperature for each member of the G20 was extracted
from the ESA-CCI SST satellite product (Good et al,, 2019). All other data and information on the physical and biogeochemical marine
environment were extracted from the Coupled Model Intercomparison Project phase 6 (CMIP6) public archive (see references 4 to 33).
The statistics reported are based on an ensemble of 15 different Earth System Model realisations from which the data for each of the
G20 member states were extracted. Inland seas were excluded from the analysis as they are not sufficiently resolved in the models
included in CMIP6.

The data and information on potential fish catch for each of the members are based on the averages of the two datasets reported in
chapter 4 of the technical paper no. 627 of the Food and Agriculture Organisation of the United Nations (Barange et al., 2018). As these
datasets are based on the previous generation of Earth System Models (CMIP5) with significantly lower spatial resolution, in this case
also semi-enclosed basins are excluded from the analysis including Mediterranean Sea, Black Sea, Red Sea, the Baltic Sea and the Persian
Gulf. Consequently, no specific data was available for Italy, Saudi Arabia and Turkey. The data and information for these countries were
approximated by the data of the Large Marine Ecosystem that contains their marine areas as reported in Cheung et al. (2016).

The representation of geographical areas applied for each member is based on the Exclusive Economic Zone (EEZ) definition for their
mainlands obtained from Marine Regions (https://marineregions.org), excluding any disputed areas and joint regimes.

REFERENCES

Good, S.A.; Embury, O.; Bulgin, CE.; Mittaz, J. (2019): ESA Sea Surface Temperature Climate Change Initiative (SST_cci): Level 4 Analysis
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Barange, M., Bahri, T., Beveridge, M.C.M., Cochrane, K.L., Funge-Smith, S. & Poulain, F., eds. 2018. Impacts of climate change on
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03. COASTS

The sheets are based on a review of existing data and information on the coastal zone of each of the G20 countries, focusing
on the characteristics of the coastal system of the country and on the implications of climate change, with a focus on the
impacts and exposure to risks by the year 2050 under a RCP4.5 scenario. The literature review covered scientific literature,
technical reports, data portals and grey literature. The coastal zone and the impacts of climate change have been described
covering coastal hazards, including sea level rise and the impacts of future extreme water levels, and the risk on coastal
settlements, infrastructure and communities. Data includes observational databases of global sea level rise from NOAA, the
latest IPCC projections of sea level rise, combined with regional studies on past and future sea level rise. A literature review
of current storms and wave climate and the impact of climate change on future events was informed by additional data on
future global extreme sea level carried out by the European JRC. Information and data on risk has been derived by the review
of existing studies at the national level, with specific data extracted from the global Digital Elevation Model CoastalDEM.
Infographics are also provided to illustrate the combined effects of sea level rise, storm surges, tides and wave set up.

The projected erosion values per country for the moderate emissions scenario RCP4.5 at 2050 are quite similar to those of
the high emission scenario RCP8.5 at 2050. While most values for the RCP4.5 at 2050 are lower than the RCP8.5 values at
2050, there are also cases of slightly higher erosion values under the moderate emission scenario. This result can be
related to a range of factors driving erosion in addition to sea-level rise, including atmospheric drivers influencing the
frequency and intensity of storms. As a consequence, only the erosion values under the RCP4.5 scenario at 2050 are
reported, which is consistent with most scenarios considered in the G20 Climate Risk Atlas.
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04. WATER

The sheets are based on a review of existing data and information on water resources for each of the G20 countries, focusing
on the characteristics of the water resource system of the country and on the implications of climate change, with a focus on
the impacts and exposure to risks by the year 2050 under RCP2.6, 4.5 and 8.5 scenarios. The literature review covered
scientific literature, technical reports, data portals and grey literature. The water resource system has been described covering
the water cycle and extreme events, with information and sections on rainfall, surface water and runoff, groundwater,
droughts and floods. Specific data and indicators have been derived by public institutional databases and using the analysis
of the outputs of numerical and hydrological models. Information and data on risk has been derived by the review of existing
studies at the national level. Specific data on water stress has been derived from an institutional database.
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05. AGRICULTURE

The data and information for the agriculture sector representing historical trends over the last two decades were extracted from FAO
data services for each member of the G20:

- “Agricultural land”, “Area equipped for irrigation”, “Share of agriculture value added in total,” and “Value added of agriculture,
forestry and fishing” were retrieved from the FAQ Statistical yearbook 2020 (FAO, 2020)

- Production statistics (production quantity and yield) of main crops for year 2018-2019 have been defined from the FAOSTAT
database (FAQ, 2021a) and define both annual production quantity (Megatons per year) and baseline crop productivity (tons per hectare
per year) of main representative crops

- Water withdrawal share from the agricultural sector and water stress indicators are instead derived for year 2017-2018 from
the AQUASTAT database (FAO, 2021b). The water stress (SDG indicator 6.4.2) identifies the freshwater wi