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With every increment of global warming, regional changes in mean
2 W H% 1 t @ ﬁ ﬂ; b5 ‘"‘ g climate and extremes become more widespread and pronounced

The world at  The world at The world at The world at

0 T WisC s2C | ec +4°C

Projected changes of annual maximum daily
maximum temperature, annual mean total
column soil moisture and annual maximum 1-
day precipitation at global warming levels of
1.5°C, 2°C, 3°C, and 4°C relative to 1850—
1900. {" "} Projected (a) annual maximum daily
temperature change (°C), (b)

, (c) annual maximum 1-day
precipitation change (%).

IpDCC

*Source: https://www.ipcc.ch/report/aré/syr/downloads/figures/IPCC_AR6
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YRR ¢ Greenhouse gas emissions intensity of global croplands. Nature Clim Change 7, 63-68 (2017). https://doi.org/10.1038/nclimate3158
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b) Increased frequency of extreme
sea level events by 2040
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<) Example of complex risk, where impacts from climate extreme events have cascading
effects on food, nutrition, livelil and well-being of farmers

xtrems heat and arought ()

Hot temperature extre Heavy precipitation over land Ecological droughts in drying regions
e s ol marmrg v Futs ot g e

increase
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*&@RIFEE © Climate Change 2021, The Physical Science Basis, IPCC, https://www.scientificamerican.com/ https://www.ipcc.ch/report/ar6/syr/figures/figure-4-.
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Feb 2025 average global surface ked third- for Feb and d- for Dec~Feb since global records began in 1850.

—
¢ "\q
GLOBAL AVERAGE TEMPERATURE V;

7

THE ARCTIC GLOBAL SEA ICE EXTENT SURFACE TEMPERATURES
The Arctic region had its warmest Feb and Globally, sea ice extent was the Global land surface air temperature was
winter on record. Arctic sea ice extent this Feb lowest on record for Feb. warmest on record for Dec-Feb.
was the lowest on record.
EUROPE
NORTH AMERICA
N s tod 2 the ﬂ,/ s hesitwamest
third-warmest winter on record. "
\‘E’ JAPAN SNOW
Record snow fell on the
HAWAIIAN REGION ITALY FLOODING ) northern island of Hokkaido,
ANIREG . Asevere storm in early Feb caused N} Japan in early Feb, with
Tnae':li:sv{aFlg ar: Ior“ntt‘eado"rf e damaging flooding in parts of Sicily. nearly four feet of snow
wan Wiieronecorc. An intense storm fater in the mont falling in 12 hours.
brought flooding to the island of Elba.
ASIA
Asia had its eighth-warmest Feb and OCEANIA
second-warmest winter on record. Oceania had its second-warmest Feb
CARIBBEAN AFRICA and warmest Dec-Feb on record.
The Caribbean region had its warmest 2 "
i Africa had its 12th-warmest
Feb and winter on record. L o

Dec—Feb on record.

SOUTH AMERICA ‘b‘
It was the third-warmest Feb /. 4(,
and Dec—Feb on record in BOTSWANA FLOODING 0 AUSTRALIA 60

o

South America. Persistent heavy rains in Botswana led usialsieportedts ilusame-yEgy O
1o severe flooding with reports of
several deaths, infrastructure damage
and the displacement of thousands. RECORD AUSTRALIAN RAINFALL
GLOBAL OCEAN Heavy rain along the northeast coast of Queensland
Global ocean surface temperature was in early Feb brought all-time record daily rainfall and

second warmest for Feb and Dec—Feb. widespread flash flooding.
@—ANTARCTIC SEA ICE EXTENT
Antarctic sea ice extent this Feb tied 2022 as third-lowest on record.

2025 5 2 ARSI BIRWACIR SR © 328 - J|R - M SKBUE KRR -
ERlnRESHEUESERERERRRE

The IPCC 6th Assessment Report on Climate Science

i D C C Shared socio-economic pathwas

No additional
SSP5-8.5 , o climate policy
reference
scenario

/

SSP3-7.0

c
=]
©
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Mitigation
scenarios

Five main

SSP1-2.6

SSP1-1.9 SSPX-Y
RCPY

Indicator for warming
Approximate 2100 radiative forcing label (W/m?) 7

I — )
The final SSPs in white Tettering indicate the core set of five illustrative SSP scenarios, which
spans “a wide range of plausible societal and climatic futures from potentially below 1.5C best-
estimate warming to over 4C warming by 2100”

55



18 2 I T B RENE SR R B I 5 B 11

%%*‘EEQFE%E’HFH

éﬁ#a AR BERR TR - #BIB7NAN AR B it R PR B R R A A PR E

,‘ OE CD Kg CO2eq per kg of product
‘ I Land use change Il Feed I Farm I Processing

M Transport I Packaging I Retail
Gt COzq
0 10 20 30 4 50 60
GtCozeq Bovine meat (beef herd)
18 Lamb & mutton
Cheese
16 i
m u Postretall: 26 Gt Bovine, mz’;:si:g‘;zs
14
- | - Coffee
12 - - Post-farm supply chain: 2.3 Gt Crustaceans (farmed)
0 palm ol
) Pig meat
8 Ag production: 6.7 Gt Soybean ol
6 Poultry meat
. - B Aginputs: 04 Gt e Su“g':
2 Land use change: 4.5 Gt Oatmeal
Beet sugar
0 Tomatoes
> K Barley (beer) Il
& & & & S
& § f @ Q,, d’& A peas |
N Bananas |
N4 Potatoes
Apples
Citrus fruit

*HRIZER . OECD (2025), Measuring Carbon Footprints of Agri-Food Products: Eight Building Blocks, OECD Publishing, Paris, https://doi.or
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. . France, 2015-2016: record low wheat Europe. 1003 combined
nature reviews earth & environment yield anomaly (~30%) the record-breaking heatand  Russia, 2010: mutual
combination of hot autumn (>5°C drought led to yield intensification of flash drought
December mean maximum tempera- losses of 11% for wheat and heatwave conditions led to
ture) and wet spring (May precipitation  and 21% for maize on yield reductions of 30%
2xmean)'®, average across Europe'”.  compared with yield forecasts'*'%,

USA, 2012 national
average maize yields
declined ~20% after
mutually amplifying
heatwave and drought in
July raised crop yield

Eiﬁ?ﬁi@ﬁkﬁfii , ;&5&@ sensitivity to heat™®.
RESFEOHIRERESHCE
RIEMESE T BB EEINE US Midwest, 1982-2016:

combined heat (>95th
percentile temperature) and
drought (<5thsoil moisture)
linked to soybean yields 2

India, 1951-2016: the
16 years with the lowest
food grain yield all

b |coincided with hot

", |(>0.5°C above mean
temperature) and dry
(<100 mm below mean
rainfall) anomalies
during the monsoon
season'’s.

standard deviations below v 7

mean, 3-4x the sensitivity to

drought or heat alone™.
Southern Africa, 2015-2016: Ethiopia, 1961-2014: low East Africa, 2022: multi-year
food security crisis exacer- cereal yield (>1 standard drought combined with record
bated by poor harvests deviation below mean) high temperatures led to poor
following flash drought associated with combined heat  crop performance, exacerbating
intensified by a heatwave'”’. (83rd percentile temperature) food crises in many districts*%,

and drought (~20th percentile
Cropland coverage (%) precipitation and runoff)'”’.
L ee—

0 20 40 60 80 100
*ERER © Nature Reviews Earth & Environment (2022) 872-889. https://doi.org/10.1038/s43017-022-00368-8
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- —— 2095 to 2099
2080 to 2084
—— 2065 to 2069
' —— 2050 to 2054
L Observations
(2001 to 2005)
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BERRESENE  EEERFENEHGEERRAS SEEMERCATRA

SR ERERKRBERKETOIL (S8E ) 7R -
YRR ¢ PNAS, 117 (47) 29526-29534, 2020. www.pnas.org/cgi/doi/10.1073/pnas.2017796117
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nature communications
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2500 5000 scientific reports
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Wheat ,J \g

I3 —»
20 -15 -10 -5 [ 5 10 15 20 1975 2010
Change in harvested area 1973-2012 (% grid cell) Weighted centroid
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*ERZER . Nat Commun 11, 1243 (2020). https://doi.org/10.1038/s41467-020-15076-4
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Baseline ~
1996-2005
period

& =|Z] Not suitable for sustainable irrigation expansion
I suitable for irrigation expansion with small monthly storage ~ soft-path approach

(] irigation expansion with small monthly storage and 20% deficit irrigation
B irrigation expansion with large annual storage — hard-path approach

[ Primarily rain-fed

I Currently irrigated croplands

BHAIAA 35% WEFRMBHBRAERZEN - &

AHFKEREXEETERR T - IEREER

fREBAVAE RS - ERIRROFEFEMEKER
WIRENZIRSEE - WiIRFARENEED -

*ERZER © PNAS, 117 (47) 29526-29534, 2020. www.pnas.org/cgi/doi/10.1073/pnas.20177961 1‘
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*Z AR . Glob Change Biol. 2022;28:349-361

58



LIVERERZ RIREME

[==:] - £2E =
ERRRERIE
Global Ag o-cological Zones (GAEZ)

of the United Nations e

Q\W/ﬁ Food and Agriculture Organization

« *FRZER ¢ FAO and IIASA, 2021
GAEZ FERMRERN - TIEFN - PERAFENRESHE - ARNKAEREEEED - It l
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2 w i% iﬁ 53\ E Global Environmental Zone Name

. A. Arctic
Global Environmental Zone, GEZ g

C. Extremely cold and wet

D. Extremely cold and wet

E. Cold and wet

F. Extremely cold and mesic
G. Cold and mesic

A H. Cool temperate and dry

© LN U AW N B

I. Cool temperate and xeric

=
15

1. Cool temperate and moist

I
s

_| K. Warm temperate and mesic

-
N

L. Warm temperate and xeric

-
w

*| M. Hot and mesic

.| N.Hotand dry 14
v-*'wv‘ | 0.Hotand arid 25
bty L v P. Ex: - Iar; tand arid 28
= . Extremely hot and ari
and Biogeographyl i . =
Q. Extremely hot and xeric

-
o

R. Extremely hot and moist

EMREDE (GEnS ) EFIRAZEENEHE - BERME - Y - MPHERMRUMNZIK
RIEQERE - WHEES 125 FRIEER - GE—LRER 18 HEFIRIRE - GEnS O
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*Z IR . Global Ecology and Biogeography, (Global Ecol. Biogeogr.) (2013) 22, 630-638; DOI: 10.1111/geb.1
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*ERER ¢ 2025, 5:193 (https:/doi.org/10.12688/openreseurope.20387.1)
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' nature water \

Change in AEI (Mha)

-40
c‘\a> \'\\(\'D \oe’\’b o \e\‘q’(\ \*‘@
I Potentially sustainable expansion A < > P PN
110 Unsustainable expansion N4 ng" Ky
Il Decline in BWS regions N
[ Decline in non-BWS regions
€ 100

A

BIRRFEERER 70% BBOKER - WEEL 40%
MEIRIER - HPASKEED - AMERERLES
B 20% EREEL ; @A - FSENEUKEE
ERUBNAZKER  BRRIKERERARR :

Change in AEIl (%)
»
&

ble expansion
egions.

1 2000-2015

gions

*EIRZGR : Half of twenty-first century global irrigation expansion has been in water-stressed regions.
Nat Water 2, 254-261 (2024). https://doi.org/10.1038/s44221-024-00206-9
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Dismissed as a joke, UK's first rice crop OEE 0w = e e s
ripe for picking after hot summer WEATHER

28 September 2025

et sl Summer 2025 confirmed as UK's

Georgina Rannard hottest on record

Climate and science correspondent

BenRich

A summer of four heatwaves
The highest temperature of the summer
was 35.8C (96.4F), recorded at Faversham,
Kent on 1 July.

This may seem relatively modest compared
with some of the exceptional highs of
previous years, including the record-
breaking 40.3C (104.5F) recorded in July
https://www.bbc.com/news/articles/c1wgeq702dyo 2022.

Nadine Mitschunas is the UK's first rice grower

https://www.bbc.com/weather/arti
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Global Environmental Zones (AIESMI_33p370_2010_2020)

- “ - o $SP370 i o o o ® - o P

*ERIZR - Lin et al., 2025. Under review
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*EORIZR - Lin et al., 2025. Under review
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Rice Maize

Latitude (°)
. v
\V%
<o

Latitude ()
Latitude (°)
Latitude (°)

120W W 0°E B0°E 120 20w oW 0E  60E  120€
Longitude (°) Longitude ()

Soybean Wheat

120W W 0E B0E 120°E
Longitude (*)

Latitude ()
Latitude (°)

Latitude (°)
—
w@%%

Latitude (°)

i e
%

3

W 6w 0F e 120% W 6w 0 eE 120 PP T ——
Longitude (*) Longitude (%) Longitude (*)

120W W 0E B0E 120°E
Longitude (*)

- ERVEREENME  AEENE - PE - EEPHEE -

- BERMNERRIZFVAEM@EE : FIE - Rigos -
- BERBRUSCEEEREZEAIEL

*ERIGE ¢ Lin et al., 2025. Under review

Suitability Change
0.00-0.20
0.21-0.40

. 0.41-0.60
. 0.61-0.80
. 0.81-1.00
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Longtude (")

Maize
o 1Y
Yo

Each crop under (a) SSP1-2.6, (b) SSP2:4.5, (c) SSP3-7.0, and (dJ SSP5-8.5 in 2100.

I stavie High (HH—HH) ‘Stable Low (LL—LL) ||

~He) I stve H)
~Hi) - —LH) I Goined Beneit: Rainfal
W Goined Beneit: Torporatwe [N Lost Benefit: Lower Sutabity LostBenet: Rainfall I LostBeneit Tomperature

Tastionix Lin et al. Unpublished, 2025

$3.39§18%

131.9533 @

53,3388 °

Latiuse

33,3388

Lln et al Unpub“Shed 2025 Change type [l stable [ll Temperature improved [l Ter Ehangatype: I sae B Bresnare irperes [
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Pseudo-Global Warming (PGW)

With every increment of global warming, regional changes in mean CONTROL 20C 49C
climate and extremes become more widespread and pronounced 2011~2020
( ) (Ref. to 2011~2020) (Ref. to 2011~2020)
e N T T T
: Theworkd . Theworkd ¢ The woridat The wordat . i
0 11 50 S@f [ e +4°C 7] ] i T .
/) Nt i . 2 L T v ” ”
Global warming level (GWL) sbove 1850-1500 . 16 v
(¢ g 2son-| - oo » . 2s.0m .
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