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Key IPCC AR6 WG-I Findings > o

\ S 1. Global Mean Surface Temperature 2. Carbon Budget
’ <N
* Global warming levels of 1.5°C and 2°C above pre- : i * To limit global warming to 1.5 °C, the world
industrial levels will be exceeded by the end of the \ needs to achieve net zero by around 2050,
? 21st century under all but the two lowest CO2 4} 3 with a carbon budget of 500 GtCO, left.

emission scenarios i.e. SSP1-1.9 and SSP2-2.6. * Annual global emissions today stand at about
* The central estimate of crossing the 1.5°C global 50 GtCO, per annum (Climate Action Tracker)

warming level lies in the early 2030s, and would be

even earlier for SSP5-8.5.

3. Global Mean Sea Level (GMSL) 4. Extreme Weather Events

* Every region will increasingly experience
* While SLR projections are comparable to AR5, concurrent changes in multiple climatic
there might be a disproportionate impact on low- impact drivers, with wider set of changes
lying states in the tropics. occurring at 2°C compared to 1.5°C in the
majority of regions.

> e GMSL rates has accelerated.

=




Key Findings — Extreme Weather Events
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precipitation and pluvial flooding

* There are specific changes to climatic impact-drivers* for each region
* South-east Asia (SEA) will experience an increase in mean temperature, increase in extreme heat, increase in mean

*Climatic impact-drivers are physical climate system conditions (e.g. means, events, extremes) that affect an element of society or ecosystems.

All coastal regions except Morth East Morth America (MEN) and
Greenland/loeland (GIC) will be exposed to at least two among
increases in relative sea level, coastal flood and coastal erosion

1) Hotter and drier

2) Hotter and drier and in
some regions wetter
extremes

3) Hotter and wetter
extremes and in some
regions maore precpitation
or fire weather

4) Hotter and wetter and in
some regions more flooding

5) Hotter and in some
regions wetter extremes or
mare precipitation

&) Increase in Tropical
cyclones intensity or Severe
winds

-

For SEA \

Decrease in

cold spell

Increase in
mean temp

Increasein

pluvial flooding

\_

Increase in mean
precipitation

ﬁ

@ Hotte
and in some regions more

@ | plwvial flooding or mean

precipitation or both /
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Key Findings — Extreme Weather Events e Fror

Centre for Climate Research Singapore

* The frequency and intensity of extreme weather events will grow as global warming intensifies.

Extreme Temperature®* over land Extreme Precipitation” over land
50-year event 10-year event
Frequency and intensity of an extreme temperature event that occurred Frequency and intensity of an extreme precipitation event that occurred
once in 50 year on average in a climate without human influence once in 10 year on average in a climate without human influence
Future warming levels Future warming levels
1850-1900 Present 1°C 1.5°C C 4C 1850-1900 Present1°C  1.5°C 2C 4°C
E M
———— —
2 X s3%0e, 3
= P, g W -
- . o~ _1:-:. .1:-;'.: -_'._..-:._'-:" Increase Frequency E . . . o [T r Increase Frequency
< 0% and Intensity of 3. and Intensity of
?ﬂ _ _ _ Extreme : Extreme
"E Once n?}?t{flﬁlv wglc‘cit?f Wg‘lzgﬁ?f mc!!r{:tfrrﬁ" Tem peratu re E; Once now fikely will likely will likely will likely Precipitation
. s . = = QCCLUrs QCour QCour QCcur
2 49times  89times  138times 38 times experienced with & 13times  15times  18times 2.8 times experienced with
(2.3-4.4) (L4-10.9) {7- 16.5) (26,8 - 40.1) A (1.2~ 1.4) [1.4-1.7) L6-2) (2.4~ 2.6)
each degree each degree
% 4 warming = +40% warming
+53%C
ﬁ +4°C g +30%
= -3C in
1 o H H j + 0%
11T +10%
— S i
o || vemmer | wame || wame TH H07% +144% +307%
* Daily maximum temperatures that were exceeded on average A Daily precipitation amount that was exceeded on average

once in 50 years [reference period: 1851 — 1900] once in a decade during the reference period 1851-1900
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1. Increasing weather and climate extreme events
“have exposed millions of people to acute
food insecurity & reduced water security.”

» Significant  impacts seen in  Africa, Asiaq,
South America & on small islands.

2. Terrestrial and freshwater species “at very high risk
of extinction” - up to 14% at 1.5°C

»  This rises to up to 18% at 2°C

» Upto29% at 3°C.
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IPCC AR6: Burning Ambers & Reasons for Concern <3:m:.
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Current policies put the world on track

Global and regional risks for increasing levels of global warming :
of around 3.2°C warming by 2100.

(a) Global surface temperature change (b) Reasaons tor Concern (RFC)
Increase relative to the period 1850-1900 Impact and risk assessments assuming low to no adaptation
°C

isk/impact

2 . . . .
Projections for different scenarios e
SSP1-1.9 B e hig
6 p High
- o i wSres s S aTs [ =Tal IlI L n:'||' I |: .: 4
1 5$P1 ;.E (shade representing very likely range] - —

Undetectable

55P3-7.0 (shade representing very fikely range) /
55P5-8.5

[ ]
L ]
3 = | Transition range
— : Confidence level
/_,..-rff assigned to
J/..' . transition
;ll el : : r:‘!"ll’_'t—: . :
L ] | ] [ ]
— : a 8 8 &
15 Loy *Wery |"Ilj"|
. —_— . )
.I f . Histanca H'.li-"r'uli-'
. E E temperatura increase
. in 201 1=2020 was
* 1.09°C (dashed line)
; range 0.95-1.20°C
|
1950 2000 050 7100 RFC1 RFC2 RFC3 RFC4 RFCS

Unique and Extreme Distribution Global Large scale
threatened weather of impacts aggregate singular
systems events Impacts BVENTS

Compared to AR5 (2014): Climate risks are now regarded as higher at lower temperatures — and likely to happen sooner & with greater intensity.



Linkages of Food System with Climate System

Emissions Climate system
from other Temperature, precipitation,
sources extreme events, etc.
Adaptation Impacts | Emissions Emissions i§ Impacts Adaptation
Food system i- ________
Ecosystems ’ | Fumil
Land, water | € ) ) ' SEF“"_W
and oceans | 2 g Crops, livestock, Processing, Demand, : Availability,
%'E aquaculture and value chains, consumption, | access,
Pressure Biodiversity, | & @ fisheries markets and trade diets : utilisation,
from other —> LA ElT | stability
L I
activities storage o : Hiaman hedlth
I
[
I
I
I

—— Interaction Enabling conditions and constraints Socio-economic benefits Well-being
—> Intervention
i___ Outcome AL Socio-economic system /,/-51
B System Demography, economics, ) P

! 0] L | food environment, consumer behaviour, [ rl’ Ul
B system component Ky technology, culture, policy, institutions ¥

Linkages of food system with various factors that operates at the global and regional level (Source: IPCC WG Il AR5, Chapter 5)
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O Interlinkages between Climate

system, Food system, Ecosystem, and
Socio-economic system:

Food security is a tangible outcome
of a food system and is dependent
upon climate & ecosystems via key
socio-economic factors.

Adaptation measures can reduce the
negative impacts of climate change
on the food system

Mitigation measures can promote
good agricultural practices and soil
health to reduce greenhouse gas
(GHG) emissions.




IPCC-WG-II: OBSERVED food security issues S

-

(b) Observed impacts of dimate change on human systems
WG-1I-SPM:
Impacts on . . . . .
waster scarcity and [l production » Climate change including increases in
nimal an I5NENEs
Human o Oultrel | lvestck Yekdsand frequency and intensity of extremes have

systems scardty  production productivity production

reduced food and water security, hindering
efforts to meet Sustainable Development

occurred in some high latitude regions (high
confidence).

Cities by the sea
Mediterranean region

Mountain regions

cod QO © Goals (high confidence).
e @ @ o » Although overall agricultural productivity
m.s:.-mi: Lo g o g has increased, climate change has slowed
. Central and © 0 O this growth over the past 50 years globally
mpe €@ O O O (medium confidence), related negative
North America €3 @) € impacts were mainly in mid- and low
malends @ @ @ 0@ latitude regions but positive impacts
Arctic e ° °
o
@ @ ©
O O

0

Figure SPM.2



IPCC-WG IlI: Future changes ST

» Climate change will increasingly put pressure on food production and access,
especially in vulnerable regions, undermining food security and nutrition (high
confidence).

» Increases in frequency, intensity and severity of droughts, floods and heatwaves,
and continued sea level rise will increase risks to food security (high confidence) in
vulnerable regions from moderate to high between 1.5°C and 2°C global warming
level, with no or low levels of adaptation (medium confidence).

» At 2°C or higher global warming level in the mid-term, food security risks due to
climate change will be more severe, leading to malnutrition and micro-nutrient
deficiencies, concentrated in Sub-Saharan Africa, South Asia, Central and South
America and Small Islands (high confidence).



(b) By the late 21st century the share of the global land area and population™ affected by combinations of agricultural, ecological and

hydrological droughts is projected to increase substantially.

Percentage of global land area

Percentage of global population

!FWFMWI Fie l"'r LAk
b e

T S ISR 10 T (1R v e
em NN

TNy I e !

Droughts

change under RCPE.O™™* 30%

relative to 1976-2005

. Moderate-severe 2

20%

. Extre me-exceptional 15%

+ = Population projections based 10%
on Shared Socio-Economic 55,
Pathway 2 (55P2)

*x = ~1.3*°C to 2.5%C Global 0 |
Waming Level
between 2041-2060 2006

| | | | | | | | | |
2020 2030 2040 2050 2060 2070 2080 2090 2099 2006

| | | | | | | |
2020 2030 2040 2050 2060 2070 2080 2090 2099

(c) Observed and projected impacts from climate change in the water cycle for human managed systems and crop yield productivity.

Most regions have already experienced negative
impacts on the water cycle and agricultural
productivity.

Direction of impact
n Impacts
H.—'.J : O on human
Positive Negative Mixed managed
systems
Confidence in attribution
to climate change
Observed / Projected” Impacts
9 [ ] on crop
yield

® productivity
low  Medium High

fr""
Water quality

WaSH™™
Groundwater
\H‘_Agnculture
”,r'_

Maize
Rice
Soybean

Wheat
e

*Mid-century at RCP4.5 (~2°C Global Warming Lewvel)

Central
and South North Small

Africa Asia ustralasia America  Europe  America Islands Global
Obs. Proj. | Obs. Proj. JObs. Proj.  Obs.Proj.  Obs.Proj.  Obs. Proj.  Obs. Proj.  Obs. Proj.

! ! ! ! ] . - e
-_— - ! / ! ! ! ! L
- s . - -_— - e -_— . + [ ! ! [
—0l00o|d ' O =/ =l 0 @
- - eew | e oees o LI + = ! ! - |
. . pon | e -— B s mm + ! ! - |

** = Water, sanitation and hygiene I = Not observed or insufficient evidence
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Future Droughts:
- Land
- Population

Water Cycle and
Crops:

Observed
Future
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Complex, Compound and Cascading Risks S

Compound risks

undirectional @—@—@
bidirectional

Cascading risks

:

!

@ Vulnerability
. Exposure
@ Hazard

@ Risk

» Increasing concurrence of heat and drought events are
causing crop production losses and tree mortality (high

confidence).

» Above 1.5°C global warming increasing concurrent
climate extremes will increase risk of simultaneous crop
losses of maize in major food-producing regions, with
this risk increasing further with higher global warming
levels (medium confidence).

Figure TS.10 COMPLEX RISK

(c) Cascading impacts of climate hazards on food and nutrition
Heat

More frequent and intensified
a4l heat/droughts, floods

hazards

Infectious
diseases

Food
production

Househol
income Malnutri-
tion

Accmtu\ Fooc ‘?.

food ':'-_':|I':.-.|.I|i-,'.
nsUmptio
utilizatio



—
- ‘ METEOROLOGICAL

lllustration of some connections across key risks 3.

\a) Interactions across the eight Representative Key Risk level

Climatic 'L
impact-drivers
(CID) * A

\

‘Ecosystem
(& ecosystem
services)

(.
— [nfrastructure
o0

Recent development trends and
_ ecological conditions
(exposure and vulnerability conditions)

Food
security

Population growth
Settlement trends
Socioecon. inequalities
Resources use
Indigen./local knowledge
etc.

Health

Peace and human

mobility
®

Figure TS.All.3
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lllustration of some INTERACTIONS at key risk level <S50

—— Climatic
e __— impact-drivers
o S (CID) A{" N.B.: Anthropogenie drivers are
e | not represented as such in
) ey = \A N panel B, but contribute to all
» - = WA N N risk considered in this figure
Species extinction " Loss/breakdown of <~ o \ A Y
& ecological infrastructure-based 1\ Y I ™
disruption ~ service delivery FARE W
? Loss of | ® e o
f_.}HfE'SUPPDrﬂng e \ |
¥ ecosyste \ \
Well-being
Changes in habitats and

. biodiversity
(all latitudes, land and ocean)

economies \
(supply chains, aggregatey
economic outputs, etc.)

Income
inequality

B
T vvestnd NS

health . ,f/ ‘ Peace from
N

)/ ; / armed

, AT/‘"_, conflicts
Poverty |

1

Other things that
sodieties value
angible assests, landscape,
places, identity, etc.)

Migration and forced
displacements
(within/across state borders)
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» Context — IPCC WG-Il messages

» Singapore focus

» Singapore’s 3@ National Climate Change Study
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Percentage contribution of the countries that supply total Rice and Wheat to Singapore

» In Singapore, vegetables (78
kg/capita/year) and fruits (70 kg
Most consumed food items in Singapore = Brunel /ca pita/yea I") are hlghly consumed.
= Cambodia
Beef J] 2 = Indonesia H 1
b - » Rice and wheat (both 47 kg/capita/year)
s | 3 " Malaysia are the most commonly consumed
= Myanmar
otherseafood I 6 « Phiippines cereal staple foods.
Fish D 15 -Tl‘ﬂailand .
— L = Vietnam » In the last 35 vyears, rice has been
: ort. | 20 primarily imported from Thailand (76%),
E e I 21 " Austral followed by Vietnam (20%), with wheat
» Canada
chicken IS 30 - ndia imported mostly from Australia (59%) &
Wheat -
‘ 7 Malaysia the USA (27%) .
Rice N 47 = Mozambique
Fruits | 70 » Paraguay > From decadal anaIYSiS (not Shown) it is
w Saudi Arabia
er Vegetables || i 1 1
Otneregets 7 ey observed that rice imports from Vietnam
0 20 40 60 80 100 - . .
= United Kingdom have increased from 6% to 38% in the
Annual Consumption (Kg per capita) « USA
| . last three decades.
Annual food consumption (kg per capita) of ) , ,
specific food item in Singapore (Data Source: Imports of rice and wheat into Singapore from .
Loong Tan et al., 2020) 1986-2020 (Data Source: FAOSTAT). » Wheat imports from the USA has

doubled (38%) in the recent decade.



Major sources of supply of key food items (FY 2018) _ g";;ﬁ?gf‘“’m
0 C u S - ’ SINGAPORE
E [ Centre for Climate Research Singapare
= — i 1
UNITED STATES

+ Chicken » Pork « Rice » Vegetables * Rice

* Fruits « Vegetable « Vegetables = Fruits = Fish . . . .
| s |- Cooingen | - vegrabes Major Source of supply of key food items in Singapore
* Rice « Fish

+ Pork (Source: https://www.sfa.gov.sg/ )

» With a land area of only about 800 kmz,
Singapore imported over 90% of its food
needs in 2019 from over 170 countries
worldwide (SFA, 2020)

CoongOh | - Sugar » SFA plan “30 by 30”

* Chicken « Cooking oil « Fish « Milk
* Pork « Fruits » Pork + Vegetables
* Beef « Hen shell eggs * Vegetables * Fruits
«» Chicken » Milk * Pork
« Milk * Mutton
« Sugar + Beef
« Fish « Cooking oil
. Ducll-(
« Por! —
] | To develop capability and
TRAILAND : :
E Vi capacity of the local agri-food
« Ri « Fruit .
- Milk - Beef industry to produce 30% of
_ + Fruits » Mutton .
m@ Singapore - Vegetabies nutritional needs by 2030
« Fis
Agency

» Duck


https://www.sfa.gov.sg/
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Influence of Climate Drivers on Food Production 295

1. Climate drivers that directly or indirectly influences food production:
-El Nino Southern Oscillation (ENSO)
-Indian Ocean Dipole (IOD)
-North Atlantic Oscillation (NAO)
-Pacific Decadal Oscillation (PDO)

2. Impact of ENSO on Food Production:

» ENSO have a significant impact on rice and wheat production.

» The observed relationships suggest that year-to-year weather-related variations of
Thailand’s rice production at a country level has varied during ENSO event (Limsakul,
2019).

» In Australia, it had the highest negative impact as compared to other countries including
the United States, Argentina, Canada, the EU, Russia, Ukraine, and Kazakhstan (Gutierrez,

2017).



ENSO — basic mechanism

a) Normal

North
Tropical Pacific Ocean America
& -

b) EI Nino

North
America

Thermocline

Thermocline
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ENSO - global impacts 2 Shion

El Nino climate impacts

December-February

ENSO future changes:

» Climate change is very likely to
influence the mean climate of the
Pacific region.

» The inability of climate models to
realistically simulate the present-
day climate and ENSO properties

BN ool I et B Gool and dry I Cool and wet ) hampers the reliability of climate
June-August [ Iwarm [T Dry [ Warm and dry [ | Warm and wet projections.

» As a consequence, it is not yet
possible to confidently assess if and
how ENSO activity (amplitude,
frequency, pattern) will change in
the future.

» Despite the absence of consensus,
recent studies suggest a potential
doubling of the frequency of
extreme El Nifio and La Nifia events.




Summary of Singapore’s performance on the Global Food

Security Index-2021

Score

1) AFFORDABILITY 87.9

111 Change in
average food costs

1.2) Propormion of
population under
global poverty line

1.3]1 Inequality-
adjusted income 5.0
index

1.4]) Agricultural

import tariffs 100.0

1.5) Food safety net
programmes

100.0

1.6] Market access
and agricultural Bd.7
financial services

+0.3

Score A
OYERALL FOOD SECURITY ENVIRONMENT 774 _d 9
Score A Score &
1 3] QUALITY AND 1
2] AVAILABILITY 829 +0.7 SAFETY 791 a2
|

2.1) Sufficiency of 6.7
supply

2.2] Agriculrural

research and
development

2.3] Agricultural
infrastructure

58.8

2.4] Volatility of
agricultural
production

2.5] Political and
social barriers to
access

2.6] Food loss

2. 71 Food security
and access policy  100.0
commitments

Scores B0-100 SCores 60-79.9
WERY GOOD [caleln)

Data Source: Economist Intelligence Unit., 2021

+1.1

+39

Scoras 40-58.

MODERATE

3.1] Dietary diversity 55.2

3.2) Nutritional

standards

3.3) Micronutrient

96.3
availability -

3.4) Protein quality

3.9) Food safety

g 5cofes 20-39.9 5cores 0-19.9
WEAK WERY WEAK

Score
4] NATURAL
RESOURCES &  46.7
RESILIENCE
|
4_1) Exposure 268

T 00.0
52.3 216 4_2] Water 00,0

4_3) Land 2.1

4_4) Dceans, rivers
and lakes 213

4_5) Sensitivity 40,0
4_B) Political

commitment to 215
adaptation

4_7) Demographic 735
stress :

4

+0.1

+2.8
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L Global Food Security Index (GFSI):

* The model considers four major issues of
food security:

- Affordability
-Availability
-Quality and Safety
-Natural Resources & Resilience
= The model measures food security using 68
indicators for 113 countries.

O Key results:

=  Globally, Singapore ranks 15th

= Regionally, Singapore ranks 2nd highest
amongst the Asia Pacific (1st is Japan)

= The strongest Indicators of Singapore lies
within affordability (87.9) and availability
(82.9)

= The weakest indicators for Singapore lies
in Natural Resources and Resilience (46.7)

Note: GFSI calculation is based on 0 to 100 scale, with 0 meaning

country performs worse and 100 meaning country performs best.
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» Evidence shows that climate change impacts on food security is already emerging in Southeast
Asia and globally.

» Based on United Nation’s Food and Agricultural Organization (UNFAO):
o Rice Import to Singapore: Thailand (56%)+ Vietnam(38%) = 94% of the total rice
o Wheat Import to Singapore: Australia (57%) + USA (35%) = 92% of the total wheat

o Over the past few decades, Vietnam and the USA have evolved as the second largest
importers of rice and wheat respectively.

» Singapore government has consistently planned and prepared for possible crises to ensure
resilience in Singapore’s food supply chain and security through a combination of short- and
long-term strategies.
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» Singapore’s 3@ National Climate Change Study




Supporting climate change impacts research S

V3 - Singapore’s Third National Climate Change Study

CCRS will produce the next set of high resolution climate change
projections for Singapore and the SEA region in line with IPCC AR6

Enable impact modeling and subsequent adaptation planning for a
climate-resilient Singapore (and SEA region)

Advance the current state of understanding of climate variability and
change over Singapore and the larger SEA region
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NEW regional climate projections for impact studies ~=::.

V3 Specs Comments
: CMIP6 Latest and best global models as per
Global climate model IPCC ARG
Regional climate model SINGV-RCM NEW regional climate model
. >5P1-2.6 IPCC ARG scenarios for low, medium
Future scenarios SSP2-4.5 and hich emission bathwa
SSP5-8.5 ¢ UL
Spatial resolution 8km (domain-1) Very high resolution over large
P 2km (domain-2) domains

Uniquely high temporal resolution of

Temporal resolution hourly data (hourly)

CMIP6: Coupled Model Intercomparison Project Phase 6

SSP1-2.6: “Taking the green road” scenario with low challenges to mitigation and adaptation

SSP2-4.5: “Middle of the road” scenario with medium challenges to mitigation and adaptation

SSP5-8.5: “Fossil-fueled development” scenario with high challenges to mitigation and low challenges to adaptation



Climate Change data available over large SEA domain

GCM -> 8km -> 2km

FE;

GCM
~75-250 km
Resolution
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NEW Visualization Portal released in Nov-2023 o} iR

Will be mobile-friendly
Be unveiled by Min. on 22 ) Yoo Explors v Laim News Glossary Aiout \Conact ,* FAQ
Nov during the V3 Public ‘ -

Launch
Accessed via the MSS-Int .
website Climate Change

~4000 images . - :
Interactive selection information for a Climate

options Resilient Singapore
Figure downloads (PNG)

1 Climate change impacts from a warming world is a real and existential threat. To hel
Stakeholder + Science 9o i ;
address the challenges posed, we provide the latest future climate information at very
Re po rts high-resolution to help decision makers build a more resilient and sustainable

V3 on a page singapore.
V3 brochures + Videos
Related News Items
Glossary

Changes in Sea Level Change

Science Publications Ok At B Ciimate Visualiser
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Ongoing research based on this data S B

Leveraging on V3 climate projections for Singapore and the
Southeast Asian region to conduct food security analysis:

» Plans underway to work with UNFAO and their web-based tool for agriculture and climate
change impacts

» Analysis of the interlinkages between climate change & food security in Singapore &
Southeast Asia.

» Evaluation of the resilience of imported staple foods, such as rice from Thailand & Vietnam,
in the context of climate change risk.

» Providing localized and relevant climate information to farms growing vegetable crops, such
as tomatoes, in Singapore.

» Contributing to the national decision-making process to strengthen Singapore's food
security system by 2030 through a collaboration with SFA on climate adaptation solutions.
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