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With high levels of warming that result from continued growth in
greenhouse gas emissions, risks will be challenging to manage, and
even serious
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Risks of global aggregate impacts are moderate for additional warming between 1-2° C, in high

risks around 3° C additional warming,. Aggregate economic damages accelerate with increasing

temperature ,but few quantitative estimates have been completed for additional warming around
3° C or above.



With disaster increased and more risk, climate
change impacts getting serious
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Regional dry risk getting serious
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Climate change and food production in past 12 years China

12 RENSEELCSRRES

2001 45264 52215 1.0608 5.5013
2002 45706 9.6 6.4 46946 1.03891 5.5517
2003 4.307 9.5 6.1 54506 0.99411 5.5858
2004 4.6974 9.6 5.8 37650 4333 1.01606 5.4478
2005 4.8402 9.4 6.31 38755 4188 1.04278 5.5029
2006 49804 9.9 5.8 41110 4942 1.04958 5.5751
2007 5.016 10.1 6.08 49614 5798 1.05638 5.6518
2008 5.285 9.5 6.5 39990 4133 1.06793 5.8472
2009 5.308 9.8 5.74 47214 4918 1.08986 5.9262
2010 5.4641 9.5 6.82 37426 4963 1.09876 6.0348
2011 5.7121 9.5 5.55 32471 2891 1.10573 6.1682
2012 5.8957 9.4 6.69 24962 1826 1.11205 6.3036
2013 6.0193 10.2 6.53 31350 3840 1.11956 6.3351
124657 (3.27%) 9.7 6.10 38650 (-1.2%) (1.03%) (1.5%)

(rate)



Warming was notable since 1980 in China colliding with widespread yield stagnation
(A R S 5 B2 o

i 1 Rice A, ‘s\. ‘ Wheat j;i?-fe,\
The growing- season warming was B !

, { AH5Tn S !
significant for all crops, with 0.43, _IJ_:, oD, e MY . é:jﬁ:
0.58, 0.45 and 0.45 oC per 10 years "= %, el ' ?
since 1980, respectively, for rice, S g
wheat, maize and soybean. e . L5

Spatial differences are obvious for
different crops.

Warming rates (°C per year)
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Xiong et al. 2014



Grain yield (kg ha™)

Warming has been blamed as a driver for past yield stagnation
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Negative impacts of climate change on crop
yields have been more common than positive

impacts
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Increased pollution was another important player for reducing crop
yields over last decades
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The large contribution of decreasing
radiation (global dimming) reminds us of the
importance of radiation, suggesting the
increased risks on food production caused by
air pollution in developing counties.
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Warming related adaptation benefited the production but still had huge
potentials
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Expansion of the food planting areas to the north is obvious
Harvest times actually increase in number

Changes of planting area for triple harvest per year during past 50
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Large potential exits for production if applying the climate-smart

agriculture
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National rice yield could increase by up to 15 30% if applying climate
optimized crop cultivar and management practices (Xiong et al 2014a)



[PCC AR5 New findings for agriculture

ARG Z IE N, AH P20 D AR IHIG IR 2 CEE iy, 2 Ry AR A B X = AR (32, AKAE AT
TR s Es AN ORENAMX A4 %) For the major crops (wheat, rice, and
maize) in tropical and temperate regions, climate change without adaptation is projected
to negatively impact production for local temperature increases of 2° C or more above
late-20th—century levels, although individual locations may benefit (medium confidence).
NS BRI BT B 294 C BB 5, [FIRAR B 75 SRA BT BT, 4 225 2B X E0R & 22471 ok BRI
Global temperature increases of ~4° C or more above late—20th—century levels, combined
with increasing food demand, would pose large risks to food security globally and
regionally (high Confidence).

S8 SR 3 N CAE B A S T 4 BT PR E T 15% 18%Averagely, adaptation improve yield correspond
15% 18% of current yield

AR 1) F B R A AR B KRR R 2 AR NI 2 J5 o« Major future rural
impacts are expected in the near term and beyond through impacts on water availability
and supply, food security, and agricultural incomes, including shifts in production
areas of food and non—food crops across the world (high confidence). S &AL &k H B A ZE K
LRI M AARY T B aRL B Sy AP A B3, 13 UM B R 7 B R B S AR Ak 5| S 1Y [ P9 A
BB, TARBN B EIHE YA & s AR BRIk . A1l aspects of food security are
potentially affected by climate change, including food access, utilization, and price
stability (high confidence).
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Selection of adaptationsERM 7 AR AYEHY:
Crop responses to elevated CO, concentration
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Regional Crop Model ing
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45 A E . Elevated CO, increases photosynthesis

in C; plants but the effect appears to be small in C, plants
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Projected yield changes for wheat, 2080 (with
CO, fertilisation effect)
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Projected changes in average maize yield
compared with yield under baseline

XF AR R E K B Sy T

Change in average yield (%)*
With CO, fertiliser effect Without CO, fertiliser effect
2020s 2050s 2080s 2020s 2050s 2080s
A2: rainfed 9.8 18.4 20.3 -10.3 -22.9 -36.4
A2: irrigated -0.6 -2.2 -2.8 -5.3 -11.9 —-14.4
B2: rainfed 1.1 8.5 10.4 -11.3 -14.5 —-26.9
B2: irrigated -0.1 -1.3 -2.2 0.2 -0.4 -3.8
- naNhgs
N ol Adaptation can avoid dangerous
8 e climate change in a period

Xiong W



Projected changes in average maize yield
compared with yield under baseline
X AR R 7K R B2 7= 52 M) B oo

Rice yields 2080s

* Adjust cropping calendar and crop rotation

.. * Improve irrigation and water-saving technologies

' { . Selection of planted crops based on changed
¢ climate and prices

- Adopt heat-resistant crops, water-efficient
cultivars

Change in average yield (%)%
With CO, fertiliser Without CO, fertiliser
effect effect
2020s 2050s 2080 2020s 2050s 2080s
S
A2: 2.1 3.4 4.3 -12.9 -13.6 -28.6
3 . rainfed
L -60% W -0y - 30K -S0% - 0% 0% - SO W S0N - cON I > c0% A2 3 8 6, 2 78 —8_ 6 _12 4 —168
irrigated
o o B2: 0.2 -0.9 -2.5 =05, & -8.5 -12.7
Decline in area of arable rainfed
B2: -0.4 -1.2 -4.9 -1.1 —4.3 -12.4
]-a'nd bY 13% irrigated

Wei X & Hui Ju



China’s food production can deal witha 2° warming world

] AR B A 7 e N AR W 2 ) 1

252 MAFR A2° warming has limited effects
(less 5% even without CO, effect) on China’s total
food production

HLAE 2 AR A PLIE M. Current adaptation can
utilize this small warming and turns it to more
grain

— adjustment of sowing date,

— switch of crop cultivars,

— improved management practices,
— redistribution of planting location)

Projected changes in potential yields relative to 1996-2000 mean (%)

-30

B Climate (A2) with CO, M C

Rainfed Irrigated

M Climate (B2) without CO,

2020s 2050s 2020s 2050s

Piao et al. 2010 Nature

Rice

Wheat

Maize



Uncertain picture under a4° C warming

ARRR AL 45 SR AfE AR

A 4° Cwarming is projected to have no promising, with either large negative
(without CO, fertilization) or small positive effects (with CO, fertilization).

Interactions from other factors make the determination (CO2, Water, technology,
etc.)
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[ Future WAA
Il Future cereal water demand

Increasing water scarcity in the future

A2, 2040s

.....
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B2, 2040s

Future WAA
Il Future cereals water demand

Fig 6. Agricultural water availabiity for each province for the 20405 under A2, B2 and present (BS) (unit; Crn’)

= Paddy rice

W Paddy rice + CO2 effects
Irrigated land
Errigated land + CO2 effects I

"

= B o g

BS A2, 2020s A2, 2040s B2, 2020s B2, 2040s
Scenarios

Changes in irrigation areas

— Water could be one big barrier for
future food production

— Decreased agricultural water
availability will significantly reduce
rice cultivation areas in the south



Food security combing other drivers

FoAth PR X AR 6 22 = O RE i)

Integrated assessment demonstrates the combining drivers pose slight
positive to substantial negative effects on food production. (CO2++, Climate

change--, Water availability---, land use change -, change in crop plantation
areas+)

Extreme events and diseases/pests will undermine the food production in
some years and some areas.
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Impacts on different countries

SAARA AT BT Bt 1 AR ) 52 1]
iy . EY | FA = AR (%)
’\;e'?on ctal. Global, A1B 2050 -10/-1
(2010) Maize/Rice
Stockle et al. US. Wheat A1B 2040 winter19.5-29.5
(2010) spring-2.2~-5.6
Iglesias et al.(2012) Europe: A2, BZ, 2080 -5to +22
Atlantic North; | HadcM3
wheat, maize,
soybean
(EZ%ES\)C Argentina, Precis 2080 -25~-14
Soybean ~-CO2(+C02) (14~19)
Singh etal.2002) | Canada, 2xCO2 2030 -20~-30
wheat
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With climate change
food price rise can not
be avoided?

b SRZRACRR AT _ETRAN AT 38

How adapt the price rise?

A0 IE RO BTk ?

Output pricies

World Commodity Prices, January 2000-February 2008 (US$/metric ton)
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Sources: FAQ international commodity prices database 2008, and IMF world
economic outlaok database 2007.
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