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DEFINITION of VULNERABILITYDEFINITION of VULNERABILITY
(in Climate Change studies)(in Climate Change studies)

–– ““VulnerabilityVulnerability is the degree to which a system is is the degree to which a system is 
susceptible to, or unable to cope with, adverse susceptible to, or unable to cope with, adverse 
effects of climate change, including climate effects of climate change, including climate 
variability and extremesvariability and extremes” ” 

–– ““VulnerabilityVulnerability is a function of the character, is a function of the character, 
magnitude, and rate of climate variation to which magnitude, and rate of climate variation to which 
a system is exposed, its sensitivity, and its a system is exposed, its sensitivity, and its 
adaptive capacityadaptive capacity””

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



FACTORS of VULNERABILITYFACTORS of VULNERABILITY

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

ExposureExposure is “the nature and degree to is “the nature and degree to 
which a system is exposed to which a system is exposed to 
significant climatic variations”significant climatic variations”

Adaptive capacityAdaptive capacity is “The is “The 
ability of a system to ability of a system to 
adjust to climate change adjust to climate change 
to moderate potential to moderate potential 
damages, to take damages, to take 
advantage of advantage of 
opportunities, or to cope opportunities, or to cope 
with the consequences.”with the consequences.”

SensitivitySensitivity is “the is “the 
degree to which a degree to which a 
system is affected, system is affected, 
either adversely or either adversely or 
beneficially, by beneficially, by 
climateclimate--related related 
stimuli”.stimuli”.



MAJOR QUESTIONS TO ANSWERMAJOR QUESTIONS TO ANSWER
(to define(to define vulnerability  of agricultural systems vulnerability  of agricultural systems to climate change)to climate change)

How is climate changing ? How is climate changing ? (Exposure)(Exposure)
What is the sensitivity of agricultural What is the sensitivity of agricultural 
systems to climate change ? systems to climate change ? 
(Sensitivity)(Sensitivity)
How will climate change affect  How will climate change affect  
agricultural systems ? agricultural systems ? (Potential (Potential 
Impact)Impact)
How can agricultural systems adapt to How can agricultural systems adapt to 
a changing climate ? a changing climate ? (Adaptive (Adaptive 
capacity)capacity)



How is climate changing ? How is climate changing ? (Exposure)(Exposure)

Main climate change elements Main climate change elements 
affecting agricultural systemsaffecting agricultural systems

Atmospheric CO2 concentration (plant gas 
exchanges)
Air temperature (duration of the growing 
period, leaf area expansion, respiration, 
etc.)
Precipitation (water availability, 
photosynthetic efficiency, etc.)
Extreme weather events (e.g. drought, heat 
stresses, hails, storms, etc.)



Future trends in Greenhouse GasesFuture trends in Greenhouse Gases
How is climate changing ? How is climate changing ? (Exposure)(Exposure)

Projections of Future COProjections of Future CO22 concentrationconcentration

By 2100 atmospheric COBy 2100 atmospheric CO22
concentrations is predicted to range concentrations is predicted to range 
from 540 to 970 from 540 to 970 ppmppm on the basis of on the basis of 
SRES scenarios (45 to 160% above SRES scenarios (45 to 160% above 
the present concentration)the present concentration)



How is climate changing ? How is climate changing ? (Exposure)(Exposure)

GCMsGCMs future climate scenariosfuture climate scenarios
Mean changes in TemperatureMean changes in Temperature

A general warming with higher A general warming with higher 
increases in continental areas and increases in continental areas and 
around the polesaround the poles

from IPCC 2001from IPCC 2001from May and from May and VosVos, 2001, 2001



How is climate changing ? How is climate changing ? (Exposure)(Exposure)

GCMsGCMs future climate scenariosfuture climate scenarios
Mean changes in PrecipitationMean changes in Precipitation

Less consistent changes in total Less consistent changes in total 
precipitation precipitation (drying in the (drying in the subtropsubtrop. belts . belts 
and wetting in the temperate northern and wetting in the temperate northern 
hemisphere)hemisphere)from IPCC 2001from IPCC 2001from May and from May and VosVos, 2001, 2001



How is climate changing ? How is climate changing ? (Exposure)(Exposure)

GCMsGCMs future climate scenariosfuture climate scenarios
Changes in the frequency of climatic extremesChanges in the frequency of climatic extremes

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

An evident increase in climatic extremes An evident increase in climatic extremes 
(dry spell length and rainfall intensity)(dry spell length and rainfall intensity)from IPCC 2001from IPCC 2001from May and from May and VosVos, 2001, 2001



How is climate changing ? How is climate changing ? (Exposure)(Exposure)

AnswerAnswer

Agricultural systems are highly exposed Agricultural systems are highly exposed 
through:through:

Increases in atmospheric COIncreases in atmospheric CO22 concentrationconcentration

Changes  in mean climate (temperature, Changes  in mean climate (temperature, 
precipitation)precipitation)

Increases in climate extreme eventsIncreases in climate extreme events



What is the sensitivity of agricultural systems to climate What is the sensitivity of agricultural systems to climate 
change ? change ? (Sensitivity(Sensitivity))

SoilSoil

LivestockLivestock

Components of the agricultural systemComponents of the agricultural system

WaterWater

Pest/DiseasesPest/Diseases

WeedsWeeds

CropsCrops



What is the sensitivity of agricultural systems to climate What is the sensitivity of agricultural systems to climate 
change ? change ? (Sensitivity(Sensitivity))

Components of the agricultural systemComponents of the agricultural system

Crops
Crop phenology (i.e. length of growth season)  (temperature)
Gas and water exchange fluxes (i.e. photosynthesis, 
transpiration, etc.) (CO2, temperature, precipitation)
Crop yield (CO2, temperature, precipitation)
Yield quality (CO2)

Livestock
Animal growth and reproduction (temperature)
Animal health (temperature, air humidity)
Forage quality (i.e. nutrient content C/N) (CO2)



What is the sensitivity of agricultural systems to climate What is the sensitivity of agricultural systems to climate 
change ? change ? (Sensitivity(Sensitivity))

Components of the agricultural systemComponents 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%) (CO2)
Spread of both wind-borne pests and bacteria and fungi 
(wind)

Weeds
Alteration of the weed-crop competitive interactions (C3 
and C4 species) (CO2)
Effectiveness of herbicides (temperature)



What is the sensitivity of agricultural systems to climate What is the sensitivity of agricultural systems to climate 
change ? change ? (Sensitivity(Sensitivity))

Components of the agricultural systemComponents of the agricultural system

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

Soil fertility and erosionSoil 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 CO2 and N2O 
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 What is the sensitivity of agricultural systems to climate 
change ? change ? (Sensitivity(Sensitivity))

AnswerAnswer
The sensitivity of agricultural systems to The sensitivity of agricultural systems to 
climate change is very high because all the climate change is very high because all the 

components of the systems are strongly components of the systems are strongly 
affectedaffected



Indirect Impact: Indirect Impact: Affecting the length of the growth season, the Affecting the length of the growth season, the 
plant water availability, etc.plant water availability, etc.

Direct Impact:Direct Impact: Stimulating crop photosynthesis and water useStimulating crop photosynthesis and water useC
o
m
b
i
n
e
d

i
m
p
a
c
t

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Approach in climate change impact Approach in climate change impact 
studiesstudies



What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Tools and Objectives in climate Tools and Objectives in climate 
change impact studieschange impact studies

Tools  CO2 experiments 
(laboratory, 
greenhouse, 
OTC, FACE) 
 
 

  

 
Objectives  

 
Physiological 
responses of 
crops 

   

 

 

Impact  Direct Indirect Direct + 
Indirect 

 

 - Crop
Simulation
models

- GCMs
- CO2

experiments

Crop
development,
yield and
production

  - Bio-climatic 
index 

- GCMs 
 
 
 
 

 

  Shifting of the 
suitable areas 
for crop growth 
 
 
 

 



What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Direct ImpactDirect Impact

Increases in CO2

Photosynthesis

Water relations

Biomass accumulation

Chemical composition of yield

Crop Phenology



PhotosynthesisPhotosynthesis

Photosynthesis

Relative Changes Due to Elevated CO2 (%)
0 20 40 60 80 100

most lower at low N, but ryegrass about same

canopy values less than those for upper leaves 
due to compensory changes in canopy architecture

Ample N, Low H2O

Ample N, Ample H2O
Low N, Ample H2O

C3 Grasses, upper leaves

Sorghum (C4 grass), upper leaves

Wheat (C3 grass), canopy

(Kimball, Kobayashi, Bindi, 2002)

–– General General 
Increase, with Increase, with 
larger responses larger responses 
for C3 species for C3 species 
(+31%)(+31%)

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

PhotosyntesisPhotosyntesis



What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Water relationsWater relations

  W a te r  R e la t io n s :  E v a p o tra n s p ira t io n

R e la t iv e  C h a n g e s  D u e  to  E le v a te d  C O 2

-4 0 -2 0 0 2 0 4 0

s p e c ie s  w ith  la rg e  g ro w th  re s p o n s e  a n d  
 s m a ll  s to m a ta l c o n d u c ta n c e  re s p o n s e

s p e c ie s  w ith  m e d iu m  g ro w th  re s p o n s e  a n d  
 m e d iu m  s to m a ta l c o n d u c ta n c e  re s p o n s e

s p e c ie s  w ith  l it t le  g ro w th  re s p o n s e  a n d  
 la rg e  s to m a ta l c o n d u c ta n c e  re s p o n s e

w h e n  w a te r  l im it in g  o v e r  s e a s o n a l t im e  fra m e , l i t t le  
c h a n g e  in  E T  b e c a u s e  p la n ts  u s e  a ll  w a te r  a v a ila b le

C o tto n  (w o o d y )

W h e a t (C 3  g ra s s )

S o rg h u m  (C 4  g ra s s )

A ll C 3  &  C 4

A m p le  N , L o w  H 2O

A m p le  N , A m p le  H 2O
L o w  N , A m p le  H 2O

EvapotranspirationEvapotranspiration: : 
– Reduction up to        

-20% (wheat)
– More evident under 

nutrient shortage

(Kimball, Kobayashi, Bindi, 2002)



What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Biomass AccumulationBiomass Accumulation

(Kimball, Kobayashi, Bindi, 2002)

Below ground:Below ground:
–– increases up to increases up to 

+70% (cotton)+70% (cotton)

Biom ass Accum ulation: Shoots

Relative Changes Due to  E levated CO 2 (% )
-40 -20 0 20 40 60 80 100 120

Am ple N , Low  H 2O

Am ple N , Am ple H 2O
Low  N , Am ple H 2O

W heat, ryegrass, &  rice (C 3 grasses)

Sorghum  (C 4 grass)

Potato  (C 3 forb)

Cotton, grape (w oody)

Clover (C 3 legum e)

Above ground:Above ground:
–– increases up to  increases up to  

30% (cotton and 30% (cotton and 
vine)vine)

B io m a s s  A c c u m u la tio n : R o o ts

R e la t iv e  C h a n g e s  D u e  to  E le v a te d  C O 2 (% )
0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0

C o tto n  (w o o d y )

W h e a t, ry e g ra s s , &  r ic e  
  (C 3 g ra s s e s )

C lo v e r  (C 3 le g u m e )

E x c e p t fo r  th e  le g u m e  c lo v e r, e le v a te d  C O 2 a p p e a rs  to  h a v e  
s tim u la te d  ro o t g ro w th  re la t iv e ly  m o re  u n d e r F A C E  c o n d it io n s  
c o m p a re d  to  c h a m b e r c o n d it io n s .

A m p le  N , L o w  H 2O

A m p le  N , A m p le  H 2O
L o w  N , A m p le  H 2O



PhenologyPhenology::

(Kimball, Kobayashi, Bindi, 2002)

P h eno lo g y

R ela tive  C h an g es  D u e  to  E levated  C O 2 (d ays)
-20 0 20 40 60

A m p le  N , A m p le  H 2O

P o tato  (C 3 fo rb ), to  reach  an th es is

R ice  (C 3 g rass), to  reach  an th es is

S o rg h u m  (C 4 g rass), to  reach  an th es is

G rap e  (w o o d y), to  reach  an th esis

W h eat (C 3 g rass), avg . acce lera tio n  to
   reach  8  g ro w th  s tag es  fro m  tille rin g
   to  m atu rity

L o w  N , A m p le  H 2O

Biomass Accumulation: Agricultural Yield

Relative Changes Due to Elevated CO2 (%)
-20 0 20 40 60 80 100 120 140 160 180

Grape (woody), berries

Cotton (woody), bolls (seed & lint)

Cotton (woody), lint

Clover (C3 legume), forage biomass

Potato (C3 forb), tubers

Sorghum (C4 grass), grain

Wheat (C3 grass), grain
Wheat, & rice (C3 grasses), grain

Ryegrass (C3 grass), forage biomass

Ample N, Low H2O

Ample N, Ample H2O
Low N, Ample H2O

Yield:Yield:

–– No changes            No changes            
((--1/+2%)1/+2%)

–– General increases General increases 
(+30(+30--55%)55%)

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Biomass AccumulationBiomass Accumulation



N concentration:N concentration:

(Kimball, Kobayashi, Bindi, 2002)

Chemical Composition Changes: N Concentration

Relative Changes Due to Elevated CO 2 (%)
-40 -20 0 20 40 60 80 100 120

W heat, ryegrass, & rice (C 3 grasses), leaves

Cotton (w oody), leaves

Clover (C3 legume) w hole shoot

Cotton (woody), w hole plant

Cotton (w oody), seeds

Ryegrass (C3 grass), senescent litter

W heat (C3 grass), grain

Ample N, Low  H2O

Ample N, Ample H 2O
Low  N, Ample H2O

           Chemical Composition Changes:
Carbohydrates and other C-based compounds

Relative Changes Due to Elevated CO2 (%)
-40 0 40 80 120 160 200

0 100 200 300 400 500 600

Wheat, ryegrass, & rice (C3 grasses)

Cotton (woody), starch in leaves

Grape (woody), sugar in berries

Wheat (C3 grass), phenolics in

Potato (C3 forb), starch in tubers

Wheat (C3 grass), phenolics in

water soluble carbohydrates in foliage

Ample N, Ample H2O
Low N, Ample H2O
Ample N, Low H2O

  green leaves

  senescent leaves

  (upper axis)

C concentration:C concentration:

–– Reduction mainly Reduction mainly 
at leaf levelat leaf level

–– Strong increase in Strong increase in 
carbohydrates and carbohydrates and 
other C componentsother C components

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Chemical composition of yieldChemical composition of yield



What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Indirect ImpactIndirect Impact

Change in climate parameters
Suitable area 
for cultivation

Phenology

Yield



Indirect ImpactIndirect Impact (Suitable area for cultivation)(Suitable area for cultivation)

Arable crops currently grown Arable crops currently grown 
in the southern Europe will in the southern Europe will 
become suitable for the become suitable for the 
cultivation in northern cultivation in northern 
European countries or in European countries or in 
higher altitude areas in the higher altitude areas in the 
south (e.g.  summer crops south (e.g.  summer crops 
such as maize, sunflower and such as maize, sunflower and 
soybeans)soybeans)

MaizeMaize

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

PresentPresent suitablesuitable areaarea
ExpansionExpansion of of suitablesuitable areaarea

UncertaintUncertaint suitablesuitable areaarea

UnsuitableUnsuitable areasareas FromFrom OlesenOlesen etet al., 2005al., 2005



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

The predicted increases in The predicted increases in 
temperature will determine temperature will determine 
a reduction of the length of a reduction of the length of 
the growing periodthe growing period

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)



Indirect ImpactIndirect Impact (% changes in crop yields in the Med. region)(% changes in crop yields in the Med. region)

-55 -45 -35 -25 -15 -5 5 15

Portugal

Spain

France

Italy

Serbia

Greece

Turkey

Jordan

Egypt

Lybia

Tunisia

Algeria

M orocco

B2
A2

-55 -45 -35 -25 -15 -5 5 15

Portugal

Spain

France

Italy

Serbia

Greece

Turkey

Jordan

Egypt

Lybia

Tunisia

Algeria

M orocco

B2
A2

SummerSummer cropcrop CerealsCereals

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Negative impact of climate change on crop yields without CONegative impact of climate change on crop yields without CO22
effect under HadCM3 effect under HadCM3 -- 20312031--2060 (2° C global temperature rise) 2060 (2° C global temperature rise) 
(from Giannakopoulos et al., 2005 for WWF(from Giannakopoulos et al., 2005 for WWF--Report). Report). 



Indirect ImpactIndirect Impact (yield)(yield)

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Prevalent negative impact Prevalent negative impact 
of climate change on of climate change on 
cereal yields without COcereal yields without CO22
effect under HadCM3 effect under HadCM3 -- A2 A2 
scenario (from Parry et scenario (from Parry et 
al., 2004). al., 2004). 



CO2 increase and 
changes in climate

Mean Yield

Yield variability

Yield quality

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Direct + Indirect ImpactDirect + Indirect Impact



Combined impactCombined impact (mean yield): (mean yield): at Regional Levelat Regional Level

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

From From Giannakopoulos et al., 2005Giannakopoulos et al., 2005

   (% difference A2-present) 
  N-W N-E S-E S-W 
Climate only C4 summer 5.8 -2.54 -9.26 -8.94 
 Legumes -13.42 -8.11 -36.43 -25.81 
 C3 summer -10.44 -6.92 -8.19 -11.81 
 Tubers -4.24 -6.8 -15.77 -12.1 
 Cereals -3.49 3.71 -17.17 -11.29 
      
Plus CO2 C4 summer 8.78 0.21 -6.7 -6.37 
 Legumes -4.86 0.97 -30.15 -18.48 
 C3 summer -2.85 0.96 -0.41 -4.34 
 Tubers 7.53 4.39 -5.66 -1.55 
 Cereals 4.68 12.49 -10.15 -3.77 
 

Increasing COIncreasing CO22 concentration concentration 
ameliorates crop yield loss and improves ameliorates crop yield loss and improves 
gain in some casesgain in some cases



Combined impactCombined impact (mean yield): (mean yield): at Global scaleat Global scale

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

From From from Parry et al. 2004from Parry et al. 2004

WithoutWithout COCO22 WithWith COCO22

Increasing COIncreasing CO22 concentration allows an increase concentration allows an increase 
crop yield in very important agricultural areas crop yield in very important agricultural areas 
(North America, China, Australia).(North America, China, Australia).



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

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Climatic variables
from GCMS

Climatic variables
from GCMS

Grapevine
Simulation 

Model

Grapevine
Simulation 

Model

Field data from  
Experiment under

Elevated CO2

Field data from  
Experiment under

Elevated CO2

Example for grapevine (Bindi et al., 1999 and Harrison et al., 1Example for grapevine (Bindi et al., 1999 and Harrison et al., 1999)999)

Site level: 4 sites in the main  
EU viticultural areas

Site level: 4 sites in the main  
EU viticultural areas

Regional level: Tuscany, IT Regional level: Tuscany, IT 

National and Continental
levels: UK and Europe

National and Continental
levels: UK and Europe



Site level
- AVG in grapes yield: ⇑ (n.s.)
- AVG in grapes quality: ⇓ (n.s.)
- CV in grapes yield and quality: ⇑ (P<0.05)

n.s.= not significant, s.s.= statistically significant;
Future – Present = ⇑ increase, ⇔ no difference, ⇓ decrease

Regional level
- AVG in grapes yield: ⇑ (small)
- AVG in grapes quality: ⇓ (small)
- CV in grapes yield and quality: ⇑ (high)

National and Continental  level
- AVG in grapes yield: ⇑ (larger in Southern 

UK and Southern Europe)

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)

Grapevine yield



Climate change may strongly affect Climate change may strongly affect 
agricultural systems through potential agricultural systems through potential 

impacts on:impacts on:
-- EcophisiologicalEcophisiological processes regulating crop growth processes regulating crop growth 

(e.g. photosynthesis, transpiration, etc.)(e.g. photosynthesis, transpiration, etc.)

-- Suitable area for crop cultivation Suitable area for crop cultivation 

-- Yield quantity and quality (mean and variability)Yield quantity and quality (mean and variability)

AnswerAnswer

What is the impact of climate change on agricultural systems ?What is the impact of climate change on agricultural systems ?
(Potential Impact)(Potential Impact)



Adaptation strategies:Adaptation strategies:
–– The social/economic strategiesThe social/economic strategies are intended to are intended to 

render the agricultural costs of climate change render the agricultural costs of climate change 
smallsmall

–– The agronomic and crop strategiesThe agronomic and crop strategies are are 
intended to offset either partially or completely intended to offset either partially or completely 
the loss of productivity caused by climate the loss of productivity caused by climate 
change through the application of defense tools change through the application of defense tools 
with different:with different:

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

spatial scalesspatial scales,, e.g. farm, regional or national level e.g. farm, regional or national level 
adaptationadaptation

How can agricultural systems adapt to a changing climate ?How can agricultural systems adapt to a changing climate ?
(Adaptive capacity)(Adaptive capacity)



How can agricultural systems adapt to a changing climate ?How can agricultural systems adapt to a changing climate ?
(Adaptive capacity)(Adaptive capacity)

Agronomic and crop adaptationsAgronomic and crop adaptations
ShortShort--term adjustments term adjustments -- first defense tools to first defense tools to optimiseoptimise
production with minor system changes through: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 ?How can agricultural systems adapt to a changing climate ?
(Adaptive capacity)(Adaptive capacity)

Agronomic and crop adaptationsAgronomic and crop adaptations
LongLong--term term adaptationadaptation - 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 ?How can agricultural systems adapt to a changing climate ?
(Adaptive capacity)(Adaptive capacity)

Agronomic and crop adaptationsAgronomic and crop adaptations

Regional change (%) in crop production and 
GDP under UKMO-GCM scenario 
Regions Crop 

prod. 
GDP 

   

Developed   
Climate effects only -18.6 - 28.9 
Plus physiological effect of C02 -2.1 -9.8 
Plus adaptation level 1 +5.0 -3.6 
Plus adaptation level 2 +6.4 +0.8 
   

Developing   
Climate effects only -27.1 -35.1 
Plus physiological effect of C02 -4.5 -13.0 
Plus adaptation level 1 -3.9 -12.3 
Plus adaptation level 2 -0.8 -5.6 
 

Adaptation Level 1:Adaptation Level 1:
• shifts in the planting 

date of less than 1 
month

• additional water for 
crops already irrigated 

• change in crop varieties

Adaptation Level 2:Adaptation Level 2:
• shifts in the planting 

date of more than 1 
month

• increase fertiliser 
application 

• installation of irrigation
• new crop varieties

Source: Rosenzweig and Parry, 1994. 



How can agricultural systems adapt to a changing climate ?How can agricultural systems adapt to a changing climate ?
(Adaptive capacity)(Adaptive capacity)

Agronomic and crop adaptationsAgronomic and crop adaptations

FromFrom TARTAR--IPCC, 2001IPCC, 2001

Autonomous agronomic adaptation ameliorates temperate crop yieldAutonomous agronomic adaptation ameliorates temperate crop yield loss loss 
and improves gain in most cases, but in tropical areas crop yieland improves gain in most cases, but in tropical areas crop yields tend to ds tend to 
remain below baseline levelsremain below baseline levels



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

How can agricultural systems adapt to a changing climate ?How can agricultural systems adapt to a changing climate ?
(Adaptive capacity)(Adaptive capacity)
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Agronomic and cultural adaptationsAgronomic and cultural adaptations

Early sowing and varieties with longer growing cycle amelioratesEarly sowing and varieties with longer growing cycle ameliorates crop yield crop yield 
loss and improves gain in most cases (loss and improves gain in most cases (Giannakopoulos et al., 2005)Giannakopoulos et al., 2005)

SummerSummer cropcrop CerealsCereals
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AnswerAnswer
Agronomic and crop adaptation strategies Agronomic and crop adaptation strategies 
may be used to reduce losses or to increase may be used to reduce losses or to increase 

gains due potential impact of climate gains due potential impact of climate 
changechange



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

Vulnerable components:Vulnerable components:
–– Mean yields of CMean yields of C44 crop yield and summer cropscrop yield and summer crops

(summer drought and heat waves)(summer drought and heat waves)

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

–– Yield quality Yield quality (drought stresses)(drought stresses)

–– Interaction with pest/diseases Interaction with pest/diseases (higher winter (higher winter 
temperature)temperature)

–– Competition with weeds Competition with weeds (higher CO(higher CO22 concentration)concentration)



Vulnerable regions: Vulnerable regions: 
Northern and southern current marginal areas of Northern and southern current marginal areas of 
Europe seem to be particularly vulnerable to Europe seem to be particularly vulnerable to 
climate changesclimate changes
Northern areas 

increase in plant protection
increase in risk of nutrient leaching 
acceleration of  breakdown of soil organic matter 

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

What is the vulnerability of agricultural systems under future What is the vulnerability of agricultural systems under future 
climate change ?climate change ?
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(Examples of vulnerability of agriculture)(Examples of vulnerability of agriculture)

Farmers and Farmers and 
environmental environmental 
vulnerability:vulnerability:

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

ExtensificationExtensification and and 
abandonementabandonement of land of land 
use in low latitudeuse in low latitude
(impact on  farmer (impact on  farmer 
profits)profits)

A1F

B2B1

A2

(from Accelerates final report, 2004)(from Accelerates final report, 2004)
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(Examples of vulnerability of agriculture)(Examples of vulnerability of agriculture)

Farmers Farmers livehoodlivehood
(profits):(profits):

Higher vulnerability in Higher vulnerability in 
the Mediterranean the Mediterranean 
region region (e.g. Iberian (e.g. Iberian 
Peninsula, Greece)Peninsula, Greece)
Under Industrial Under Industrial 
scenario (A1) the scenario (A1) the 
vulnerability is higher vulnerability is higher 
(B2 best scenario for (B2 best scenario for 
farmers)farmers)

(from ATEAM final report, 2004)(from ATEAM final report, 2004)
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