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-­‐‑

Key Findings

Changes in precipitation extremes

  

resources.  
  

as  indirect  damage  through  soil  erosion,  leaching  of  nutrients,  and  loss  of  future  
productivity.

Changes in temperature extremes

  
-­‐‑

such  methods  increase  costs  of  production.  
  

  

Changes in tropical storm strength
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Increased atmospheric carbon dioxide

   -­‐‑
3

7.1 Agriculture in the Southeast USA

economy  and  communities.  Seasonal  and  spatial  variability  of  climate  conditions,  
-­‐‑

rigation  have  led  to  the  development  of  a  diverse  and  intensive  agricultural  sector.  

-­‐‑

-­‐‑
-­‐‑

States  also  produce  rice,  sugarcane,  and  small  grains.  The  Appalachian  States  are  the  

North  Carolina  also  have  urban  shares  of  urban  land  use  above  the  national  average  

-­‐‑
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include  fruits  and  vegetables,  soybeans,  greenhouse  and  nursery  products,  corn  and  

1 Dot = $20,000,000

United States Total
$297,220,491,000

0     100

 iles

Figure 7.1   Maps show (a) shares of land use in the Southeast and (b) distribution of market value of 
agricultural products sold. (a) USDA Census (2007) and (b) Hatfield et al. (2011).

A)

B)
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-­‐‑

  

2

-­‐‑

-­‐‑

conserve  vegetative  cover  and  to  store  soil  carbon  through  integration  of  crop,  pasture,  

Table 7.1 Regional Population and Agricultural  
               Sales in the Southeast.

Population

Rural

Annual  Sales

31.1

Total  (Billion  $)   56.7
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-­‐‑
-­‐‑

-­‐‑

-­‐‑

 7.2 Climate Sensitivities and Vulnerabilities

Agriculture  is  highly  sensitive  to  climate  variability  and  change.  Increasing  tempera-­‐‑
2  

production  through  various  physiological  mechanisms.  In  combination,  these  factors  
-­‐‑

Adverse  impacts  of  climate  change  on  other  economic  sectors  may  increase  the  

-­‐‑

-­‐‑

Potential Impact of Rainfall Variability and Change
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-­‐‑

-­‐‑

Rainfall  distribution  also  plays  an  important  role  for  determining  crop  yields.  Rain-­‐‑

-­‐‑

-­‐‑

critical  are  changes  in  rainfall  intensity  and  the  distribution  of  small  versus  large  rain-­‐‑
-­‐‑

-­‐‑
-­‐‑

-­‐‑
es  in  rainfall  on  forage  production  have  not  been  as  thoroughly  researched  as  those  for  

Potential Impact of Temperature Change

-­‐‑
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-­‐‑

oC  and  
above  31o

carrying  out    the  C4  photosynthesis  process  have  higher  optimum  temperatures  for  

2
-­‐‑

increase  in  temperature.

-­‐‑

oC  mean  daily  temperature,  
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agriculture,  this  will  directly  limit  plant  growth,  while  in  irrigated  systems  increased  
temperatures  could  result  in  higher  irrigation  demands  in  combination  with  increased  
losses  through  evaporation.  However,  if  future  temperature  changes  are  similar  to  
the  changes  in  the  last  50  years,  where  global  minimum  temperatures  have  gener-­‐‑
ally  increased  twice  as  fast  as  maximum  temperatures,  resulting  in  a  reduced  diurnal  
temperature  range  (Folland  et  al.  2001),  the  impact  of  increasing  temperatures  on  vapor  

(Farquhar  et  al.  1978).  In  addition,  higher  atmospheric  CO2  concentrations  can  partially  
compensate  for  the  increased  water  demands  due  to  higher  temperatures,  through  
lower  stomatal  conductance,  which  reduces  transpiration  (Kimball  2010).  Reduced  
leaf  transpiration  as  a  consequence  of  higher  CO2  will  also  increase  leaf  temperature  
with  an  increased  chance  of  plant  damage  due  to  heat  stress.  Plants  grown  at  higher  
atmospheric  CO2  tend  to  have  a  higher  leaf  water  potential,  which  results  in  reduced  
drought  stress  (Wall  2001).  

-­‐‑
tein  content  (Triboi  et  al.  2003,  Zhao  et  al.  2008)  and  dough  quality  of  wheat  (Randall  
and  Moss  1990;  Wrigley  et  al.  1994).  For  some  crops,  night  temperatures  are  critical  for  

(Izquierdo  et  al.  2002).  
Increasing  temperatures  could  have  profound  impacts  on  livestock  and  poultry  

(Klinedinst  et  al.  1993).  Dairy  cows  perform  best  under  cool  temperatures,  with  the  

relative  humidity  (>80%)  heat  stress  in  dairy  cows  can  begin  at  temperatures  as  low  as  
23o -­‐‑
tures  by  renovating  barns  to  improve  their  cooling  systems,  but  these  costs  would  have  

statements  can  be  made  for  swine  production  as  the  vast  majority  of  the  animals  are  

but  because  these  animals  are  moved  quickly  from  production  to  processing,  this  is  a  

Potential Impact of Elevated Atmospheric CO2 Concentrations

Elevated  CO2 2  
concentration  leading  to  increased  net  photosynthesis  rates,  and  at  the  same  time  
reduces  stomatal  conductance  resulting  in  reduced  transpiration  and  improved  water  

2  
concentrations  increase  plant  biomass  production  and  yield  (Drake  et  al.  1997,  Garcia  

2   -­‐‑
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2

  

2  concentrations  increases  photosynthesis  from  
  

2

2

2 -­‐‑
2

-­‐‑

information  indicates  forage  yield  responses  of  C3  versus  C4  perennial  forages  to  be  

-­‐‑

2

2 -­‐‑

2

2 2
-­‐‑

-­‐‑

2

2  is  an  increase  in  canopy  tempera-­‐‑
tures  due  to  a  reduction  in  stomatal  conductance  and  therefore  less  evaporative  cooling  

Table 7.2 Examples of C3 and C4 Species.

C3  Species C4  Species

•  
•  Grain  legumes  such  as  soybean,  peanuts,  various  beans  
and  peas

•  
•  

species

•  
•  
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-­‐‑

-­‐‑
2

Potential Impact of Tornados, Hurricanes, and Sea Level Rise

Potential Combined Impact of Climate Change 

2  concentrations  do  not  change  independently  but  inter-­‐‑

change  adaptation  strategies  so  that  crop  production  can  remain  stable  in  a  changing  

2  in  the  

important  to  understand  the  interactions  before  developing  climate  change  adaptation  
   -­‐‑

2  as  a  
2  concentration.  

2.  

drought  conditions.
-­‐‑

eases  in  response  to  the  changes  in  prevalence  of  the  host  species  and  the  suitability  of  
-­‐‑

dence  that  climate  change  has  already  changed  the  overall  abundance,  seasonality,  and  
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and  changes  in  rainfall  distribution  may  lead  to  changes  in  spatial  or  temporal  distri-­‐‑

-­‐‑

Climate Change Impact in the Southeast USA 

-­‐‑

o

-­‐‑

-­‐‑
-­‐‑

-­‐‑

adapt  to  climate  variability  and  change  include  improved  seasonal  forecasts,  drought  
-­‐‑

-­‐‑

2
o -­‐‑

2

2
o

-­‐‑
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-­‐‑

-­‐‑

The  potential  impacts  of  climatic  change  on  overall  performance  of  domestic  ani-­‐‑

ingestion  of  feed  is  directly  related  to  body  heat  production,  any  change  in  voluntary  

from  GCM  scenarios  have  been  used  to  develop  production  and  response  models  for  

primarily  average  daily  temperature,  to  estimate  direct  climate-­‐‑induced  changes  in  

2 2
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animals  not  adapted  to  those  conditions.  

predicting  direct  and  indirect  impacts  on  the  agricultural  sector  in  the  SE  region  are  

-­‐‑
portunities  for  agriculture  to  contribute  to  mitigation  are  also  highlighted.

Virginia.  
-­‐‑

-­‐‑

North  Carolina.  

industry  is  projected  to  lose  10%  of  its  yield  through  heat  stress  due  to  an  increase  of  

Tennessee.  

South  Carolina.  
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Alabama.  

-­‐‑

Georgia.  

-­‐‑

Florida.  

-­‐‑
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-­‐‑

Arkansas.  

-­‐‑

emissions  through  production  of  biodiesel  and  cellulosic  ethanol  using  crop  residues,  

Louisiana.  

7.3 Adaptation to Climate Change and Variability in the 
Southeast USA

types  of  adaptation  can  protect  and  even  improve  farm  productivity.  Adaptation  has  

of  local  or  regional  changes  in  rainfall  and  temperature  and  global  changes  in  atmo-­‐‑
2  concentrations.  Therefore,  understanding  the  local  impacts  of  regional  cli-­‐‑

-­‐‑
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-­‐‑

-­‐‑

-­‐‑

-­‐‑

includes  tools  for  seasonal  forecast  for  much  of  the  SE,  including  planting  date  sched-­‐‑

2 -­‐‑

Figure 7.2   Relationship of global climate change, regional/local climate change, agricultural impact and 
agricultural adaptation to climate change.
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2

-­‐‑
duction,  as  an  important  strategy  for  climate  change  mitigation,  have  been  investigated  

Current Adaptation Strategies in Crop Production

-­‐‑

systems  such  as  AgroClimate.

Sod-­‐‑based  rotation.  

increased  root  activity  at  greater  depths.  The  root  mass  produced  by  perennial  grass  is  

Sustainable  soil  management  strategies.  Conservation  tillage  is  one  of  the  sustain-­‐‑

The  use  

temperature  during  critical  crop  reproduction  periods.  Keeping  the  soil  covered  year  
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Variable-­‐‑rate  irrigation.  

-­‐‑

-­‐‑

Micro-­‐‑irrigation.  

-­‐‑

-­‐‑

  

A  sensor-­‐‑based,  variable-­‐‑rate  nitro-­‐‑

-­‐‑
-­‐‑

-­‐‑

greenhouse  gas  emissions.

AgroClimate:  Information  and  tools  for  climate-­‐‑smart  agriculture.  AgroClimate  is  a  

-­‐‑

-­‐‑

-­‐‑
tions  using  several  drought  indices  and  be  alerted  via  e-­‐‑mail  and  mobile  phones  about  
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and  forage  availability.  In  animal  agriculture,  adaptation  technologies  have  been  stud-­‐‑

3  and  C4

to  avoid  losses.

The Capacity for Agricultural Stakeholders to Adapt to Climate Change

Adaptive  capacity  is  an  emergent  property  that  confers  resilience  to  perturbation  
-­‐‑

the  stability  of  social  relations,  the  maintenance  of  social  capital  and  economic  pros-­‐‑

-­‐‑

breeds  along  the  gulf  coast  that  are  more  resistant  to  heat  and  tropical  diseases  than  the  

determined  by  more  than  their  access  to  appropriate  technologies  or  management  prac-­‐‑

that  limit  options  for  adaptation.
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-­‐‑

-­‐‑

-­‐‑

state  and  local  scales,  governments  are  also  engaged  in  cross-­‐‑agency  collaborations  to  

-­‐‑
-­‐‑

-­‐‑

-­‐‑

-­‐‑

-­‐‑
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-­‐‑
-­‐‑

-­‐‑
-­‐‑

velopment  and  dissemination  of  decision  support  tools  that  are  accessible  and  relevant  

-­‐‑

changes  and  seasonal  variability  in  climate.  In  assessing  the  barriers  and  opportunities  

Figure 7.3   Perceived usefulness of forecasts and projections at specific timescales among row crop 
stakeholders (N=57) in the SE USA (Bartels et al. 2012a).
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control  over  other  factors,  such  the  federal  farm  bill,  access  to  industrial  infrastructure  

-­‐‑

-­‐‑

-­‐‑
-­‐‑

-­‐‑

Figure 7.4   Framework for a combined climate variability and change extension program (Fraisse  
et al. 2009).
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-­‐‑

7.4 Assessment and Research Needs

Climate  change  impact  and  adaption  research  needs  in  agriculture  include  general  

General Research Needs

Current  climate  change  impact  and  adaption  assessments  are  often  local-­‐‑,  method-­‐‑  and  

-­‐‑
propriate  adaptation  strategies,  as  outlined  in  the  Agriculture  Model  Intercomparison  

-­‐‑
able  climate  datasets  for  historical  and  projected  climates.  These  climate  datasets  need  

-­‐‑

-­‐‑
-­‐‑
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mechanistic  crop  models  and  their  application  in  climate  adaptation  studies.  These  gaps  

2.   2  and  temperature  are  often  not  considered  
-­‐‑

2  and  stomata  closure  can  increase  pollen  

2  
-­‐‑

2

2 -­‐‑
2 -­‐‑

-­‐‑
2

2

2.   2  and  

2  and  

-­‐‑

2
-­‐‑
2  

-­‐‑
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2,  temperature,  

2 -­‐‑

2 2  and  

conditions.  Such  analysis  gives  plant  breeders  a  chance  to  target  genetics  to  adapt  to  

2
of  crops  and  hence  this  is  also  absent  from  simulation  studies.  

2  condi-­‐‑

2 2 -­‐‑

Yield  quality.  

-­‐‑

importance  than  changes  in  mean  temperatures  for  grain  yields,  so  crop  models  may  

Modeling  growth  events.  

New  cultivars  and  farming  systems.  In  addition  to  improved  modeling  capacities  and  

-­‐‑
2
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needs  to  those  of  crops,  though  there  has  been  less  research  to  improve  understand-­‐‑

-­‐‑
-­‐‑

aptation  measures  over  the  long  term.  An  improved  understanding  of  climate  change  
impacts  on  pastureland  should  be  sought  through  comprehensive  studies  that  include  

Studies  addressing  the  impacts  of  climate  changes  on  parasites  and  pathogens  that  ef-­‐‑

Seasonal  forecast  models.  

and  tornados  to  improve  planning  and  adaptation  to  seasonal  climate  variability  and  
change.  

Specific Research Needs for the SE USA 

research  is  essential  for  agriculture  to  remain  socially,  economically,  and  environmen-­‐‑

some  of  those  needs.

Climate  datasets  and  collaboration  between  agricultural  and  climate  modelers.  To  
be  used  in  impact  simulation  models,  especially  agriculture  and  hydrology,  GCM  and  

-­‐‑
-­‐‑

and  minimum  temperatures,  precipitation,  and  solar  radiation.  

-­‐‑
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thereby  helping  climate  scientists  improve  their  methods.

Traditional  agricultural  

-­‐‑

-­‐‑
tant  elements  to  the  overall  agricultural  research  portfolio  regarding  climate  change,  
but  they  should  be  incorporated  into  integrated  approaches  to  assure  that  they  contrib-­‐‑

Population  increases  in  the  SE  have  led  the  nation  

-­‐‑

-­‐‑

farmers  in  the  SE  to  develop  and  assess  technologies  to  mitigate  and  adapt  to  climate  
variability  and  change.  Additional,  albeit  similar,  research  is  needed  to  identify,  de-­‐‑
velop  and  incorporate  adaptive  technologies  into  agricultural  systems.  These  technolo-­‐‑

to  agricultural  research  and  development.  

7.5 References

2
  

2  concentrations,  
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2  enrichment.  
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inter-­‐‑annual  variation  of  peanut  yield  in  Georgia  using  a  dynamic  crop  simulation  model.  
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-­‐‑

-­‐‑
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-­‐‑

2

2

2
temperature.  In   -­‐‑

Climatic  Change  

and  adapt  to  climate  change.  

In   -­‐‑

-­‐‑

-­‐‑
2  concentrations.  

temperature.  
-­‐‑

-­‐‑

  March  4,  2010.  
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