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Climate change - food, agriculture and land use

Complex problem
* Increasing wealth and consumption

 Very large differences in productivity and efficiency
* Large differences in waste and use of side streams

» Agriculture delivers food, materials and bioenergy
Many causes of greenhouse gases

 Food consumption

« Agricultural production

« Land use (including iLUC - indirect land use change)
Climate change and adaptation is also important

« Climate change will happen even with mitigation
Warmer climate, more extremes, droughts, floods
World food supply will be threatened
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Temperature over land increase more over land than oceans

Temperature Anomalies over Land and over Ocean
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The warming is not evenly distributed

a) Annual mean temperature change (°C)

| o .
at 1 °C global warming
Observed change per 1 °C global warming Simulated change at 1 °C global warming

Warming at 1 °C affects all continents and
is generally larger over land than over the
oceans in both observations and models.
Across most regions, observed and
simulated patterns are consistent.
b) Annual mean temperature change (°C) Across warming levels, land areas warm more than oceans, and the Arctic
relative to 1850-1900 and Antarctica warm more than the tropics.

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming
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The change In precipitation is not evenly distributed

c) Annual mean precipitatiﬂn change (%) Precipitation is projected to increase over high latitudes, the equatorial
. ) Pacific and parts of the monsoon regions, but decrease over parts of the
relative to 1850-1900 subtropics and in limited areas of the tropics.

Simulated change at 2 °C global warming Simulated change at 4 °C global warming

Simulated change at 1.5 °C global warming

Relatively small absolute changes

0 10 20 30 40 --->

may appear as large % changes in ¢ 40 -30 20 -10
regions with dry baseline conditions
- Change (%) —
Dirier Wetter
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The climate Is getting more extreme

a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change -
i ~
in hot extremes North — v o ~ A .

America | ‘— Europe [ |
. Increase (41)
-~

‘ Decrease (0) @

O Low agreement in the type of change (2)

O Limited data and/or literature (2) gﬂ:ﬂa_
P
Confidence in human contribution K N,
to the observed change J Islands
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eee High
ee Medium

e Low due to limited agreement
o Low due to limited evidence
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The climate Is getting more extreme

/v

b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change
in heavy precipitation North

America |
. Increase (19)
P
O Decrease (0)
T

| Low agreement in the type of change (8)

Srnall
. Islands

O Limited data and/or literature (18) America

Confidence in human contribution
to the observed change

eee High

ee® Medium
e Low due to limited agreement

America

o Low due to limited evidence
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The climate Is getting more extreme

¢) Synthesis of assessment of observed change in agricultural and ecological drought

and confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in agricultural and ecological drought North — .~ NS
T America | ——  Europe
Increase (12) _

T

O Decrease (1)

.-"“'AE"'\-\
Low agreement in the type of change (28)

<

Limited data and/or literature (4) g;”;:ﬂ'a_

e

Confidence in human contribution
to the observed change

eee High
ee Medium
e Low due to limited agreement
© Low due to limited evidence

America
Type of observed change since the 1950s
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Summer temperatures are getting more extreme

* Global mean temperature increases
* But so does the interannual variation
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Trends In summer soil moisture

Trend 1951-2012
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Projection until 2050s
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Climate change poses risks to current systems

» Risks to production systems are mostly related
to extreme events and new biotic interactions

« Heat waves

» Frost, snow, ice

* Droughts

* Intense or long lasting rainfall (floods)
« Storms

 Pest and diseases

« Climate change increases

* Frequency of extreme events

* Inter-annual variability
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Observed impacts on crop yield of climate change globally

- Crop Global Global yield Global vield Subtotal Global Total
production mmpact of impact of yield
(1998-2002 temperature precipitation trends impact of
average, million trends (%o) (%) CO, trends
metric tons) (%)
Maize 607 3.1 —0.7 -3.8 0.0 -3.8
(—4.9,-1.4) (-1.2.0.2) (-5.8,-1.9)
Rice 591 0.1 —0.2 —0.1 3.0 29
(—0.9.1.2) (—1.0.0.5) (-1.6,1.4)
Wheat 586 —4.9 —0.6 5.5 3.0 2.5
(—7.2,-2.8) (-1.3.0.1) (-8.0,-3.3
Soybean 168 —0.8 —0.9 = 3.0 1.3
(—3.8.1.9) (—1.5,-0.2) (-4.9,1.2)
(A) Linear Trend in Temperature, 1980-2008 (sd)
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Wheat, maize and rice are grown in different environments

i
$> Centroids
%"g 2000 .
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Plant and animal responses to temperature

Development (phenology)
 Timing of events, in particular reproduction

Growth
* Assimilation of energy and nutrients
 Respiration

Animal body temperatures
e Endotherms (constant body temperature)
«  Poikilotherms (facultative endotherms)

« Ectotherms (body temperature depends on
external temperature)
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Developmental rate

— Optimal temperature

Duration (days
Development rate (1/days)

v T T T T T v

Temperature Base temperature Temperature

Growing degree days (GDD) or Effective temperature sum (ETS): 2(T-T,).
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Projected yield change
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Figure 1| Schematic illustration of the relationship between total uncertainty, projected ranges of relative
yield changes and best fits of aggregate yield changes. The figure refers to model-based results from
AR4 (ref. 5) and ARS (WGl chapter ‘Food security and food production systems') and indicatively
depicts the main message and novelties of this study*. Figure modified from ref. 6. (L
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Relative yield change (%)

Drought Is the major threat for cereals under
climate change in Europe (2050s)

20D ym
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(a) grain maize (b) winter wheat
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Webber et al. (2018) Nature Com. 9, 4249
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Future severe drought in wheat

 Calculated area with severe drought for

the world wheat area over the growing _ 100y
] 3 1961-1990 1991-2010 2011-2040 2041-2070 2071-2099
period for wheat A T
- T g0l |
« The area with severe drought has 5 %0 T _
. . wn | I
increased by 50 % relative to 1961- 5 | |
1990 T 607 .
g |
* Under moderate climate change the 2 | I || |=RrcP2.6
. . v 40+ : ! BRCP4.5
ared Wlth severe drought will quadruple = | B Lrcres
by mid Century - ! i _i_ O Control run
s - | T ®Measured
* Thisincrease in severe drought also £ 201 ] —
. . 1 1 Ine: median
happens in the world wheat exporting ¢ T i Shaded:
. . . . < L —
countries, affecting grain price 0 Sth—95th range

Trnka et al. (2019) Sci. Adv. 5, eaau2406
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World wheat price (WPI) is primarily driven by variation in drought

S /7 :
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World wheat price (WPI) is primarily driven by variation in drought
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Climate change is projected to increase wheat price (WPI)
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sSurvey of impacts and adaptation in European crops

Wheat . Oilrape seed 10 Maize

20

C

—~
3
~
©

Planting area (106 ha)
=)
Planting area (10° ha)

J

[*)
[=2]

N
N

Planting area (108 ha)

-
N

oo

1%90 1995 2000 2005 2010 2015 2020 90 1995 2000 2005 2010 2015 2020 1%90 1995 2000 2005 2010 2015 2020
Year Year Year

Potato . Grape

B

C
C

BAN
ATN
CON
ATC
PAN

I~
~

W

N

Planting area (106 ha)
Planting area (10° ha)

-
=,

e

1%90 1995 2000 2005 2010 2015 2020 1%90 1995 2000 2005 2010 2015 2020
Year Year

BAN ATN — CON — ATC PAN MD

ST IN
N 20,

‘\\N“ SOLyp, %
&
Ysis. o™

2

/ AARHUS JORGEN EIVIND OLESEN A
\I UNIVERSITY 21 SEPTEMBER 2023 HEAD OF DEPARTMENT, PROFESSOR s

DEPARTMENT OF AGROECOLOGY



Observed change Climate change attribution

2 2

Observed changes e

New crops (grain maize)-

and attribution s

New crops (grapevine)+
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Reduced cultivation of water demanding crops

Improvement of drainage systems

Breeding for changed crop phenology 1

Breeding for better drought tolerance+

Breeding for changed disease and pest resistance-

Changes in crop protection measures

Soil management for water harvesting -

Soil management to conserve water
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Response of agriculture to climate change

 The ongoing climate change with higher
temperatures, increased variability and
extremes will challenge most agricultural
systems and often make mitigation
efforts more challenging

 Globdally, climate change will increase
extent and frequency of drought,
neqgatively affecting food supply and
food security

« This necessitates development of
technologies and agricultural systems
that emphasize both low GHG emissions
as well as resilience to climatic stresses

/ AARHUS JORGEN EIVIND OLESEN
\I UNIVERSITY 21 SEPTEMBER 2023 HEAD OF DEPARTMENT, PROFESSOR

DEPARTMENT OF AGROECOLOGY



/ AARHUS
P UNIVERSITY




	Agricultural impacts of climate change
	Climate change – food, agriculture and land use�
	Temperature over land increase more over land than oceans
	The warming is not evenly distributed
	The change in precipitation is not evenly distributed
	The climate is getting more extreme
	The climate is getting more extreme
	The climate is getting more extreme
	Summer temperatures are getting more extreme
	Trends in summer soil moisture
	Climate change poses risks to current systems
	Observed impacts on crop yield of climate change globally
	Wheat, maize and rice are grown in different environments
	Plant and animal responses to temperature
	Developmental rate
	Temperature responses
	Projected yield change
	Drought is the major threat for cereals under climate change in Europe (2050s)
	Future severe drought in wheat
	World wheat price (WPI) is primarily driven by variation in drought
	World wheat price (WPI) is primarily driven by variation in drought
	Climate change is projected to increase wheat price (WPI)
	Survey of impacts and adaptation in European crops
	Observed changes�and attribution
	Response of agriculture to climate change
	Slide Number 26

