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DEFINITION of VULNERABILITY

(in Climate Change studies)

- “Vulnerability i1s the degree to which a system iIs
susceptible to, or unable to cope with, adverse
effects of climate change, including climate
variability and extremes”

- “Vulnerability i1s a function of the character,
magnitude, and rate of climate variation to which
a system Is exposed, its sensitivity, and Iits
adaptive capacity”

from (IPCC, 2001, p. 995) (IPCC Def. 1)



FACTORS of VULNERABILITY

SERSIIVI/ IS thEe
degree to which a
system, Is affected,
elther adversely or
beneficially, by
climate-related
stimulr”.

Exposure \ Sensitivity

Exposure Is “the nature and degree to \
which' a system Is exposed to

significant climatic variations”

Potential Adaptive
impact capacity

Adaptve capacihy/us hhe
ability off a system, to
adjust to climate change
te moderate potential
damages, to take
advantage of
opportunities, or te cope
with the censeguences.”

Vulnerability

from (IPCC, 2001, p. 995) (IPCC Def. 1)



MAJOR QUESTIONS TO ANSWER

(to define vulnerability of agricultural systems to climate change)

How iIs climate changing ?

What iIs the sensitivity of agricultural
systems to climate change ?

How will climate change affect
agricultural systems ?

How can agricultural systems adapt to
a changing climate ?



How is climate changing ?

Main climate change elements
affecting agricultural systems

BAtmospheric CO, concentration (plant gas
exchanges)

BAIr temperature (duration of the growing
period, leaf area expansion, respiration,
etc.)

BPrecipitation (water availability,
photosynthetic efficiency, etc.)

BEXxXtreme weather events (e.g. drought, heat
stresses, halils, storms, etc.)



How is climate changing ?

Future trends In Greenhouse Gases

@ Projections of Future CO, concentration

By 2100 atmospheric CO,
concentrations Is predicted to range
Scenarios from 540 to 970 ppm on the basis of
SRES scenarios (45 to 160% aboeve

the present concentration)

Qs concentraton (pprm)
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How is climate changing ?

GCMs future climate scenarios

@ Mean changes in Temperature

Change in temperature relative to model's global mean
Much greater than aver -lIJ'-' .'u arming

L3l A general warming with higher
ecriide ol Wi ok iIncreases in continental areas and
around the poles

from May and Vos, 2004



How is climate changing ?

GCMs future climate scenarios

@ Mean changes in Precipitation

Less consistent changes in total
precipitation (dryingl in the subtrep. belis
and wetting i the temperate nerthern

from May and Vos, 2004 hemisphere)



How is climate changing ?

GCMs future climate scenarios

@ Changes in the frequency of climatic extremes

Dry spell length [d] Rainfall intensity [mm/d]

{(20B0-2089)—-(1970-19883)
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An evident increase in climatic extremes

from May and Vos, 2001 (dry’ spell lengphrand rainfall intensity)



How is climate changing ?

ANnswer

Agricultural systems are highly exposed
through:

Increases in atmospheric CO, concentration

Changes in mean climate (temperature,
precipitation)

Increases In climate extreme events



What is the sensitivity of agricultural systems to climate
change ?

Components of the agricultural system

Weeds

=Y A V.

=2

\

Livestock

Water Crops

Pest/Diseases



What is the sensitivity of agricultural systems to climate
change ?

Components of the agricultural system

Crops
Crop phenology (i.e. length of growth season) (temperature)
Gas and water exchange fluxes (i.e. photosynthesis,
transpiration, etc.) (CO,, temperature, precipitation)
Crop yield (CO,, temperature, precipitation)
Yield quality (CO.,)

Livestock
Animal growth and reproduction (temperature)
Animal health (temperature, air humidity)
Forage quality (i.e. nutrient content C/N) (CO,)



What is the sensitivity of agricultural systems to climate
change ?

Components of the agricultural system

Pests and Diseases
Proliferation of insect and pests (longer growing seasons,
higher possibility to survive during winter time) (temperature,
air humidity)
Consumption rate of insect herbivores (quality of the
biomass of host crop, e.g. leaf N%) (CO,)
Spread of both wind-borne pests and bacteria and fungi
(wind)

Weeds

Alteration of the weed-crop competitive interactions (C3

and C4 species) (CO.,)
Effectiveness of herbicides (temperature)



What is the sensitivity of agricultural systems to climate
change ?

Components of the agricultural system

Available water
Soil water content (precip. and temperature)
Level of water tables (precip. and temperature)
Risk of water salinisation (sea level)

Soil fertility and erosion

Decomposition of soil organic matter (precip. and

temperature)
Cycling of the main nutrient elements in the soil-plant-

atmosphere system (i.e. enhancement of CO, and N,O
greenhouse gas emissions) (temperature)

Plant nitrogen fixation (temperature)

Wind erosion (wind, precip.)

Water erosion (i.e. run-off) (precip.)



What is the sensitivity of agricultural systems to climate
change ?

ANnswer

The sensitivity of agricultural systems to
climate change is very high because all the
components of the systems are strongly
affected



What is the impact of climate change on agricultural systems ?

Approach in climate change impact
studies

f Stimulating crop photosynthesis and water use

FOSSIBLE
BEMNERATS :
OF GLOBAL
WS IMNLG OM
AGRICLUL TURE

OF GLOBAL
Wbl ML DM
AGRICLIL TLRE

Affecting the length of the growth season, the
\ plant water availability, etc.




What is the impact of climate change on agricultural systems ?

Tools and Objectives In climate
change impact studies

Direct Indirect Direct +

Indirect
CO. experiments - Bio-climatic - Crop
(laboratory, index Simulation
greenhouse, - 6CMs models
OTC, FACE) - 6CMs

- €O,

experiments

Physiological Shifting of the Crop
responses of suitable areas development,
crops for crop growth yield and

production



What is the impact of climate change on agricultural systems ?

Direct Impact

Increases in CO,

Photosynthesis

Water relations

Crop Phenology

Biomass accumulation

Chemical composition of yield



What is the impact of climate change on agricultural systems ?

Photosyntesis

Photosynthesis

0 AmpleN, Ample H,0
/A Low N, Ample H,O

®m Photosynthesis e AmpleN,LowH0

—General C, Grasses, upper leaves
Increase, with most Ioévve sty ,t}ut ryegrass about same

larger responses
for C3 species
(+31%)

ESorghum (C, grass), upper leaves

EWheat (C; grass), canopy

canopy values Iéss thah thosé for upper leaves
due to compensory changes ih canopy architecture

0 20 40 60 80 100
Relative Changes Due to Elevated CO, (%)

(Kimball, Kobayashi, Bindi, 2002)



What is the impact of climate change on agricultural systems ?

Water relations

W ater Relations: Evapotranspiration

HTH | Wheat (C, grass)

h medium Jrowth response and
stomatalconijuctanceresponse

: D—E]—l | Sorghum (C, grass)
spemes with little growth response and
Iarge stomatalcond ctance response

Cotton (woody)

[. EvapOtI’anSpll’atlon spemes with Iarge grolwth response and
: smallstomatalcondu|ctanceresponse
— Reduction up to | 5 f ® Alc,&cC,
_ o when Waterl|m|t|ng overseasonalnmeframe little
20/0 (Wheat) change in ET because plands use all water available

— More evident under

nutrient shortage 40 AL 0 20 40

Relative Changes Due to Elevated CO,

(Kimball, Kobayashi, Bindi, 2002)



What is the impact of climate change on agricultural systems ?

Biomass Accumulation

@ Above ground:

—iNncreases up to
30% (cotton and
vine)

Biomass Accumulation: Roots

O Ample N, Ample H,O
/A Low N,Ample H,0
@ AmpleN,Low H,O

EWheat, ryegrass, & rice
: (Cygrasses)

iCIover (C;legume)

Cotton (woody)

ver eFevated COz2 appears to have

st|mu|ated root growt relatlvely more under FACE conditions
compared to chambercondltlons

0 20 40 60 80 100 120 140 160 180 200
Relative Changes Due to Elevated CO, (%)

Biomass Accumulation: Shoots

O AmpleN,Ample H,O
/A Low N,Ample H,0
@® AmpleN, Low H,0

EWheat, ryegrass, & rice (C, grasses)

%Sorghum (C, grass)

EPotato (C, forb)

ECIover (C; legume)

ECotton, grape (woody)

-40 -20 0 20 40 60 80 100 120

Relative Changes Due to Elevated CO, (%)

(Kimball, Kobayashi, Bindi, 2002)

B Below ground:

— Increases up to
+70% (cotton)



What is the impact of climate change on agricultural systems ?

Biomass Accumulation

Phenology

Il PhenOIOgy: EI Ample N, Ample H,O

4 Low N, Ample H20

_ NO Chan eS Wheat (C, grass), avg. acceleration to
g : : reach 8 growth stages from tillering
to maturity

('1/+2%) Rice (C, grass), to reach anthesis

Sorghum (C, grass), to reach anthesis

Potato (C, forb), to reach anthesis

Grape (woody), to reach anthesis

-20 0 20 40 60

Biomass Accumulation: Agricultural Yield )
. — Relative Changes Due to Elevated CO, (days)

o Ample N, Ample H,0
/A Low N, Ample H,0
@® AmpleN,Low H,0

(Kimball, Kobayashi, Bindi, 2002)

Ryegrass (C, grass), forage biomass

iWheat, & rice (C, grasses), grain
: Wheat (C, grass), grain

iSorghum (C, grass), grain -
% H Yield:

: Potato (C, forb), tubers

éCIover ((03Ie:u)m:),for(agedbion?as)s _ General increases
: Cotton (woody), bolls (seed & lint
| (+30-55%)

Cotton (woody), lint

Grape (woody), berries

-20 (0] 20 40 60 80 100 120 140 160 180
Relative Changes Due to Elevated CO, (%)



What is the impact of climate change on agricultural systems ?

Chemical composition of yield

Chemical Composition Changes: N Concentration

® N concentration: RNy

Wheat, ryegrass, & rice (C, grasses), leaves

i RedUCtion mainly f iCotton(Woody),Ieaves
at Ieaf Ievel § 'v ¢ éCIover (C,legume) whole shoot

Cotton (woody), whole plant

Wheat (C, grass), grain

Cotton (woody), seeds

:Ryegrass (C, grass), senescent litter

-40 -20 0 20 40 60 80 100 120
Chemical Composition Changes: Relative Changes Due to Elevated CO, (%)
Carbohydrates and other C-based compounds
0 100 200 300 400 500 600

(Kimball, Kobayashi, Bindi, 2002)

O Ample N, Ample H,0
A Low N, Ample H,0
@ AmpleN, Low H20

Cotton (woody), starch in leaves
(upper axis)

2 . Wheat, ryegrass, & rice (C, grasses)
ater soluble:clMrbohydrates in foliage - -
Potato (C, forb), starch in tubers I_. < ‘ O n' el l l ral I O n
u

Grape (woody), sugar in berries

Whest (€ grase). phenclis n —Strong increase in

Wheat (C, grass), phenolics in

senescent leaves CarbOhydrateS a.nd
40 0 40 80 120 160 200 other C Components

Relative Changes Due to Elevated CO, (%)




What is the impact of climate change on agricultural systems ?

Indirect Impact

Change in climate parameters

Suitable area
for cultivation

Phenology




What is the impact of climate change on agricultural systems ?

Indirect Impact (Suitable area for cultivation)

Arable crops currenitly groewn
In the southern Eurocpe will
become surtable for the
cultivation in northern
Eurepean countries or in
higher altitude areas in the
south (e.g. summer crops
such| as maize, sunflewer and
seybeans)

Bl present suitable area

Expansion of suitable area

Uncertaint suitable area

Bl Unsuitable areas From Olesen et al., 2005



What is the impact of climate change on agricultural systems ?

Indirect Impact (phenology, e.g. length of the growth
season)

The predicted Increases in
temperature will determine
a reduction of the length of
the growingl perioed
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Figure 3. Change in the duration from sowing to maturity for winter wheat (cv. Avalon) under UK
Transient scenario 2066-75 (from Harrison et al., 1995b).
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What is the impact of climate change on agricultural systems ?

Indirect Impact (yield)

Prevalent negative impact
off climate change on
cereal yields withouit CO;,
effect under HadCMS3 - A2
scenario (from Parry et
al., 2004).

Percent Change in Yield



What is the impact of climate change on agricultural systems ?

Direct + Indirect Impact

CO, increase and
changes in climate

Mean Yield

Yield variability

Yield quality




What is the impact of climate change on agricultural systems ?

Combined impact (mean yield): at Regional Level

%,

A =

Climate only

Plus CO,

C4 summer
Legumes
C3 summer
Tubers
Cereals

C4 summer

Legumes
C3 summer
Tubers
Cereals

(% difference A2-present)

N-E

S-E

S-W

-2.54
-8.11
-6.92
-6.8
3.71

0.21

0.97
0.96
4.39
12.49

-0.26
-36.43
-8.19
-15.77
-17.17

-6.7

-30.15
-0.41
-5.66

-10.15

-8.94
-25.81
-11.81

-12.1
-11.29

-6.37

-18.48
-4.34
-1.55
-3.77

From Giannakopoulos et al., 2005

o

Increasing CO, conecentration

ameliorates crop yield less and improves

gain In seme cases




What is the impact of climate change on agricultural systems ?

Combined impact (mean yield): at Global scale
Without CO, With CO,

" Poraertharias i Yisk crop yield m very important agricultural areas
From from Parry et al. 2004 (Noerth America, China, Australia).



What is the impact of climate change on agricultural systems ?

Combined impact (mean yield, yield quality and yield
variability): A few studies have carried out to investigate the
impact on all the three components of crop yield

4 sites in the main
EU viticultural areas

Fruit dry matter

Example for grapevine (Bindi et al., 1999 and Harrison et al.



What is the impact of climate change on agricultural systems ?

Grapevine yield

AVG in grapes yield: M (n.s.)

AVG In grapes quality: (n.s.)

CV in grapes yield and quality: I (P<0.05)

AVG in grapes yield: M (small)

AVG In grapes quality: (small)

CV in grapes yield and quality: M (high)

AVG in grapes yield: i (larger in Southern

UK and Southern Europe)

not significant, statistically significant;
" increase, no difference, @' decrease



What is the impact of climate change on agricultural systems ?

ANnswer

Climate change may strongly affect
agricultural systems through potential
Impacts on:

- Ecophisiological processes regulating crop growth
(e.g. photosynthesis, transpiration, etc.)

- Suitable area for crop cultivation

- Yield quantity and quality (mean and variability)



How can agricultural systems adapt to a changing climate ?

Adaptation strategies:

— The social/economic strategies are intended to
render the agricultural costs of climate change

small

— The agronomic and crop strategies are
Intended to offset either partially or completely
the loss of productivity caused by climate
change through the application of defense tools

with different:

@ temporal scales, e.g. short term adjustments and
long term adaptations

@ spatial scales, e.g. farm, regional or national level
adaptation



How can agricultural systems adapt to a changing climate ?

Agronomic and crop adaptations

Short-term adjustments - first defense tools to optimise
production with minor system changes through:

— The management of cropping systems (reduce yield
variability)

@ Changes in crop varieties (different thermal requirements
and lower yield variability)

@ Changes in agronomic practices (sowing/planting dates)
@ Changes in fertiliser and pesticide use

@ Adoption of new tools for crop selection (climate seasonal
forecasts)

— The conservation of soil moisture (reduce drought stress
and irrigation requirements)

@ Introduction of moisture conserving tillage methods
(minimum tillage, conservation tillage, stubble mulching
etc.)

@ Management of irrigation (amount and efficiency)



How can agricultural systems adapt to a changing climate ?

Agronomic and crop adaptations

Long-term adaptation - complementary defense tools to
optimise production via larger structural system changes:

Changes in land allocation to optimise or stabilise
production

Development of “designer-cultivars” to rapidly adapt to
climate change stresses (heat, water, pest and disease,
etc.)

Crop substitution to conserve soil moisture (e.g. sorghum
IS more tolerant of hot and dry conditions than maize)

Microclimate modification to improve water use efficiency
In agriculture (e.g. windbreaks, intercropping, multi-
cropping techniques)

Changes in nutrient management to reflect the modified
growth and yield of crops



How can agricultural systems adapt to a changing climate ?

Agronomic and crop adaptations

Regional change (%) in crop production and Adaptation Level 1:

GDP under UKMO-GCM scenario e shifts in the p|anting
RERfCE C:gg G- date of less than 1
PTOC. month
gle_Ve'Ope?f | I  additional water for
imate effects only -18. - 28. "
Plus physiological effect of CO, 2.1 -9.8 sl al.ready Imgate.d
Plus adaptation level 1 +5.0 -3.6 * change in crop varieties
Plus adaptation level 2 +6.4 +0.8 :
_p Adaptation Level 2:
(E;Ie_vel?plr]l? — 1 aes « shifts in the planting
imate effects only -27. -35.
Plus physiological effect of CO, -4.5 -13.0 date of more than 1
Plus adaptation level 1 -39  -12.3 _month N
Plus adaptation level 2 -0.8 -5.6 e increase fertiliser
Source: Rosenzweig and Parry, 1994. app lication

 installation of irrigation
* Nnew crop varieties



How can agricultural systems adapt to a changing climate ?

Agronomic and crop adaptations

Maize
I I
[J Without adaptation
B With adaptation
* (0O, effects not considered

i

Fomania

Temperate
Mongolia | Australia Asia
From TAR-IPCC, 2001

Autenemeus agronemic adaptation ameliorates temperate crop yield loss

and Impreves gain in most cases, but in tropical areas crop yields tend to
remain below baseline levels




How can agricultural systems adapt to a changing climate ?

Agronomic and cultural adaptations

Adaptation Level:
 shifts in the planting date (early or late)
« change in crop varieties (longer or shorter growing cycle)

/ & — ‘Cereals

Morocco ; : : Morocco

S I e N N T
' ' ' ' ' . ' ' ' ' Y

/ Tunisia |3 0 L ~,_  Tunisia
g ' ' ' ' ' ' 1 . ' ' 1

Lybia | 0 E— T Lybia

D‘j Egypt Lo ... Egypt

Jordan oo - Jordan

,kaeyggggg';;gg Turkey

Greece | O early sowing Greece o
Serbia o 1 Olong cycle Serbia O early sowing :
Italy oo : s sltanofard Icropl Italy Olong cycle {

M standard crop |,

France oo oo France
Spain L N e Spain
Portugal Lo oo Portugal

-30-25-20-15 -0 -5 0 5 10 1 20 25 30 -30-25-20-5 -0 5 0 5 1O K 20 25 30 _.

Early sewing and varieties with lenger growing cycle ameliorates crop yield
less and Impreves gain In most cases (Gilannakepoules et al., 2005)



How can agricultural systems adapt to a changing climate ?

ANnswer

Agronomic and crop adaptation strategies
may be used to reduce losses or to increase
gains due potential impact of climate
change



What is the vulnerability of agricultural systems under future

climate change ?

Vulnerable components:

Mean yields of C, crop yield and summer crops
(summer drought and heat waves)

Inter-annual variability of crop yields (increase in
climate extreme events)

Yield quality (drought stresses)

Interaction with pest/diseases (higher winter
temperature)

Competition with weeds (higher CO, concentration)



What is the vulnerability of agricultural systems under future
climate change ?

Vulnerable regions:

Northern and southern current marginal areas of
Europe seem to be particularly vulnerable to
climate changes

-

Increase in plant protection
Increase In risk of nutrient leaching
@ acceleration of breakdown of soil organic matter

-

-

lower yield
higher yield variability
reduction of suitable areas for traditional crops

o



How can agricultural systems adapt to a changing climate ?

(Examples of vulnerability of agriculture)

Farmers and
environmental

vulnerability:

® Intensification of land
use in high latitude
and altitude (impact
on environment and
biological resources)

® Extensification and
abandonement of land
use in low latitude
(impact on farmer
profits)

(from Accelerates final report, 2004)



How can agricultural systems adapt to a changing climate ?

(Examples of vulnerability of agriculture)

A1 (2050-2080 average) A2 (2050-2080 average)

Farmers livehood
(profits):
® Higher vulnerability in
the Mediterranean
region (e.qg. Iberian
Peninsula, Greece)
® Under Industrial
scenario (Al) the
vulnerability is higher

(B2 best scenario for B1 (2050-2080 average) B2 (2050-2080 average)
farmers)

unitlezz
100

(from ATEAM final report, 2004)
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