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FAO	  esImates	  that	  
agricultural	  producIon	  
must	  increase	  by	  
60%	  by	  2050	  to	  saIsfy	  the	  
expected	  demands	  for	  
food	  and	  feed.	  	  	  
	  
Climate	  change	  will	  make	  
this	  task	  more	  difficult.	  
	  
AdaptaIon	  to	  climate	  
change	  and	  lower	  
emission	  intensiIes	  per	  
output	  will	  be	  necessary.	  
	  

FAO	  2013	  

Changes	  in	  Climate	  that	  Affect	  Agriculture	  
•  Rain	  paVerns	  
•  Water	  availability	  
•  The	  frequency	  and	  intensity	  of	  ‘extreme	  

events’	  
•  Increased	  variability	  both	  in	  temperature	  and	  

rain	  paVerns	  
•  Sea	  level	  rise	  and	  salinizaIon	  
•  PerturbaIons	  in	  ecosystems	  	  

FAO	  2013	   Lobell	  et	  al.	  2011	  

Standardized	  
trend	  for	  
temperature	  

Standardized	  
trend	  for	  
precipitaIon	  

impact this has had on agriculture is not well
understood (5). An even faster pace of roughly
0.2°C per decade of global warming is expected
over the next two to three decades, with sub-
stantially larger trends likely for cultivated land
areas (4). Understanding the impacts of past trends
can help us to gauge the importance of near-term
climate change for supplies of key food com-
modities. In addition, identifying the particular
crops and regions that have been most affected
by recent trends would assist efforts to measure
and analyze ongoing efforts to adapt.

We developed a database of yield response
models to evaluate the impact of these recent
climate trends onmajor crop yields at the country
scale for the period 1980–2008. Publicly availa-
ble data sets on crop production, crop locations,
growing seasons, and monthly temperature (T)
and precipitation (P) were combined in a panel
analysis of four crops (maize, wheat, rice, and
soybeans) for all countries in the world (6). These
four crops constitute roughly 75% of the calories
that humans directly or indirectly consume (7).

Time series of average growing-season T and
P revealed significant positive trends in temper-
ature since 1980 for nearly all major growing re-
gions of maize, wheat, rice, and soybeans (Fig. 1,
Fig. 2, and figs. S1 to S4). To put the magni-
tude of trends in context, we normalized them by
the historical standard deviation (s) of year-to-
year fluctuations (i.e., a T trend of 1.0 means that
temperatures at the end of the period were 1.0s
higher than at the beginning of the period). A
notable exception to the warming pattern is the
United States, which accounts for ~40% of global

maize and soybean production and experienced a
slight cooling over the period (Fig. 1). Overall,
65% of countries experienced T trends in growing
regions of at least 1s for maize and rice, with the
number slightly higher (75%) for wheat and
lower (53%) for soybean. Roughly one-fourth of
all countries experienced trends of more than 2s
for each crop (Fig. 2). This distribution of trends
stands in marked contrast to the 20 years before
1980, for which trends were evenly distributed
about zero (Fig. 1). Precipitation trends were more
mixed across regions andwere significantly smaller
relative to historical variability inmost places. The
number of countries with extreme trends reflected
the number expected by chance (Fig. 2), indicat-
ing no consistent global shift in growing-season
average P.

Translating these climate trends into potential
yield impacts required models of yield response.
We used regression analysis of historical data to
relate past yield outcomes toweather realizations.
All of the resulting models include T and P, their
squares, country-specific intercepts to account for
spatial variations in crop management and soil
quality, and country-specific time trends to ac-
count for yield growth due to technology gains
(6). Because our models are nonlinear, both year-
to-year variations in historical weather as well as
the average climate are used for the identification
of the coefficients (unlike a linear panel, which
only uses deviations from the average). However,
we do not directly estimate the full set of adapta-
tion possibilities that might occur in the long term
under climate change (8). For this reason, we pre-
fer to view these not as predictions of actual im-

pacts, but rather as a useful measure of the pace
of climate change in the context of agriculture.
The greater the estimated impacts, the faster any
adaptation or action to raise yields would have to
occur to offset potential losses.

The models exhibited statistically significant
sensitivities to T and P that are consistent with
process-based crop models and the broader agro-
nomic literature (figs. S6 and S7). Given the hill-
shaped yield-temperature function, predicted
decreases are larger the warmer a country is to
beginwith. A 1°C rise tends to lower yields by up
to 10% except in high-latitude countries, where
rice in particular gains from warming. Precipita-
tion increases yields for nearly all crops and
countries, up to a point at which further rainfall
becomes harmful. Tests of alternate climate
data sets and groupings of countries identified
some important differences, but responses for
most countries were robust to these model
choices (fig. S8).

To estimate yield impacts of climate trends,
we used the statistical models to predict annual
yields for four scenarios of historical T and P: (i)
actual T and actual P for each country for the
period 1980–2008, (ii) actual T and detrended P,
(iii) detrended T and actual P, and (iv) detrended
T and detrended P. Trends in the difference be-
tween (iv) and (i) were used to quantify the im-
pact of historical climate trends, whereas (ii) and
(iii) were used to determine the relative contri-
bution of T and P to overall impacts.

At the global scale, maize and wheat exhib-
ited negative impacts for several major producers
and global net loss of 3.8% and 5.5%, respectively,

Fig. 1. (A and B) Maps of the 1980–2008 linear
trend in temperature (A) and precipitation (B)
for the growing season of the predominant crop
(among maize, wheat, rice, and soybean) in each
0.5 × 0.5 grid cell. Trends are expressed as the
ratio of the total trend for the 29-year period (e.g.,
°C per 29 years) divided by the historical standard
deviation for the period 1960–2000. For clarity,
only cells with at least 1% area covered by maize,
wheat, rice, or soybean are shown. Temperature
trends exceed more than twice the historical stan-
dard deviation in many locations, whereas precip-
itation trends have been smaller.
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With	  the	  important	  excepIon	  of	  the	  United	  
States,	  temperature	  trends	  from	  1980	  to	  2008	  
exceeded	  one	  standard	  deviaIon	  of	  historic	  year-‐
to-‐year	  variability.	  
	  
Models	  that	  link	  yields	  of	  the	  four	  largest	  
commodity	  crops	  to	  weather	  indicate	  that	  global	  
maize	  and	  wheat	  producIon	  declined	  by	  3.8	  and	  
5.5%,	  respecIvely,	  relaIve	  to	  a	  counterfactual	  
without	  climate	  trends.	  

Lobell	  et	  al.	  2011	  

Crop	  

Global	  
producIon,	  
1998–2002	  
average	  

(millions	  of	  
metric	  tons)	  

Global	  yield	  
impact	  of	  

temperature	  
trends	  (%)	  

Global	  yield	  
impact	  of	  

precipitaIon	  
trends	  (%)	  

Subtotal	  

Global	  yield	  
impact	  of	  

CO2	  
trends	  (%)	  

Total	  

Maize	   607	   -‐3.1	   -‐0.7	   -‐3.8	   0.0	   -‐3.8	  

Rice	   591	   0.1	   -‐0.2	   -‐0.1	   3.0	   2.9	  

Wheat	   586	   -‐4.9	   -‐0.6	   -‐5.5	   3.0	   -‐2.5	  

Soybean	   168	   -‐0.8	   -‐0.9	   -‐1.7	   3.0	   1.3	  

Lobell	  et	  al.	  2011	  
Lobell	  et	  al.	  2011	  
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An	  ensemble	  of	  30	  different	  wheat	  crop	  models	  
of	  the	  Agricultural	  Model	  Intercomparison	  and	  
Improvement	  Project	  (AgMIP)	  indicates	  that	  
warming	  is	  already	  slowing	  yield	  gains	  at	  a	  
majority	  of	  wheat-‐growing	  locaIons	  globally.	  	  
	  
Global	  wheat	  producIon	  is	  esImated	  to	  fall	  by	  
6%	  for	  each	  ◦C	  of	  further	  temperature	  increase	  
and	  become	  more	  variable	  over	  space	  and	  Ime.	  	  

Asseng	  et	  al.	  2014	  

Modeled	  
Trends	  

1981-‐2010	  

Projected	  
Trends	  with	  

+2°C	  

Projected	  
Trends	  with	  

+4°C	  

Asseng	  et	  al.	  2014	  

Climate	  change	  poses	  
unprecedented	  challenges	  to	  U.S.	  
agriculture	  because	  of	  the	  sensiIvity	  
of	  agricultural	  producIvity	  and	  costs	  
to	  changing	  climate	  condiIons.	  	  
	  
	  
Increases	  of	  atmospheric	  CO2,	  rising	  
temperatures,	  and	  altered	  
precipitaIon	  paVerns	  will	  affect	  US	  
agricultural	  producIvity.	  	  
	  
	  
The	  vulnerability	  of	  agriculture	  to	  
climaIc	  change	  …[depends	  on]	  	  
responses	  taken	  by	  humans	  to	  
moderate	  the	  effects	  of	  climate	  
change.	  	  

Walthall	  et	  al.	  2013	  

13	  

PNW Climate 
Projections:  
June-Sept. 

CMIP 5	  

PNW	  Climate	  

J.	  Abatzoglou	   14	  

PNW Climate 
Projections:  

Nov-Apr  
CMIP 5	  

PNW	  Climate	  

J.	  Abatzoglou	  

Climate change drivers and implications for NW agriculture 

Climate Driver Possible effects on NW agriculture 

Increase in mean summer 

temperature 

Heat stress-related reductions in yields and yield 

stability of major NW crops and livestock; changes 

in pressure from pests, diseases and invasive 

species  

Increase in mean cool-

season temperature 

Greater productivity or survival of winter crops and 

cold-sensitive perennials; changes in pressure 

from pests, diseases and invasive species 

Increase in length of 

growing season 

More flexibility in crops that can be grown and 

cropping system design; changes in pressure from 

pests, diseases and invasive species 

Increase in growing degree 

days 

Faster maturation of some crops; changes in 

pressure from pests, diseases and invasive 

species 

Increase in mean ET Greater risk of drought stress 

Decrease in summer soil 

moisture 

Greater risk of drought stress of rain-fed crops and 

those dependent on surface water irrigation 

Decrease in mean summer 

precipitation 

Greater risk of drought stress of rain-fed crops and 

those dependent on surface water irrigation 

Increase in mean winter 

precipitation 

Greater available soil moisture for establishing 

spring crops; wetter soils in spring potentially 

impede spring planting operations in some 

systems. 

Increased atmospheric CO2 

(not a climate variable per 

se, but models projecting 

warming depend upon 

increased GHG, including 

CO2) 

Potentially increases productivity of annual and 

perennial crops 

Eigenbrode	  et	  al.,	  in	  Dalton	  et	  al.	  2013	  

Climate	  Driver	   Possible	  effects	  on	  NW	  agriculture	  
	  	  

Increase	  in	  mean	  summer	  
temperature	  	  
	  	  

Heat	  stress-‐related	  reduc=ons	  in	  yields	  and	  yield	  stability	  of	  major	  
NW	  crops	  and	  livestock;	  changes	  in	  pressure	  from	  pests,	  diseases,	  
and	  invasive	  species	  
	  	  

Increase	  in	  mean	  cool-‐season	  
temperature	  	  
	  	  

Greater	  produc=vity	  or	  survival	  of	  winter	  crops	  and	  cold-‐sensi=ve	  
perennials;	  changes	  in	  pressure	  from	  pests,	  diseases,	  and	  invasive	  
species	  
	  	  

	  	  
Increase	  in	  length	  of	  growing	  season	   More	  flexibility	  in	  crops	  that	  can	  be	  grown	  and	  cropping	  system	  

design;	  changes	  in	  pressure	  from	  pests,	  diseases,	  and	  invasive	  
species	  
	  	  

Increase	  in	  growing	  degree	  days	   Faster	  matura=on	  of	  some	  crops;	  changes	  in	  pressure	  from	  pests,	  
diseases,	  and	  invasive	  species	  
	  	  

Increase	  in	  mean	  evapotranspira=on	   Greater	  risk	  of	  drought	  stress	  
	  	  

Decrease	  in	  summer	  soil	  moisture	   Greater	  risk	  of	  drought	  stress	  of	  rain-‐fed	  crops	  and	  those	  dependent	  
on	  surface	  water	  irriga=on	  
	  

Decrease	  in	  mean	  summer	  
precipita=on	   Greater	  risk	  of	  drought	  stress	  of	  rain-‐fed	  crops	  and	  those	  dependent	  

on	  surface	  water	  irriga=on	  
	  	  

Increase	  in	  mean	  winter	  precipita=on	   Greater	  available	  soil	  moisture	  for	  establishing	  spring	  crops;	  weKer	  
soils	  in	  spring	  poten=ally	  impede	  spring	  plan=ng	  opera=ons	  in	  some	  
systems.	  

Increased	  atmospheric	  CO2	  	  	   Poten=ally	  increases	  produc=vity	  of	  annual	  and	  perennial	  crops	  

	  
	  

Agroecosystems	  
	  

Pests	  and	  Diseases	  	  
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Climate	  inputs	  

Largest	  View	  –	  BioIc	  Team,	  Wheat	  Fallow	  System	  in	  the	  Inland	  PNW	  

	  
	  

Management	  +	  Inputs	  

	  
Soil	  

Plant	  available	  nutrients	  
	  

Unavailable	  nutrients/SOM	  
	  

Solar	  
Rad.	  Precip	  N	   Other	  

nutrients	   Tillage	  

	  
	  
	  
	  
	  

Yield	  

	  	  	  	  	  	  	  	  	  	  
	  
	  

	  	   	   	   	  	  	  

Wheat	  
root	  

Wheat	  
shoot	  

Wheat	  
grain	  

CO2	  

Saprophages	  
Earthworms	  
Microbes	   Wireworms	  

Fungal	  
Pathogens	   Aphids	  

Phytophagous	  
Nematode	   Hessian	  fly	  

Cereal	  leaf	  
beetle	  

Other	  
folivores/	  
granivores	  

Viral	  
Pathogens	  

	  	  	  	  	  	  	  	  	  	  
	  

Weeds	  
	   	   	  
	   	   	  	  

Aphid	  
parasitoids	  

Hessian	  fly	  
parasitoids	  

CLB	  
parasitoids	  

Generalist	  
Predators	  

Generalist	  
Predators	  

Herbivores	  

Generalist	  
Predators	  

Pathogens	  

Trophic	  linkage	  

Nontrophic	  linkage	  

Social/economic	  

	  	  	  	  	  	  	  	  	  	  
	  

Weeds	  
	   	   	  
	   	   	  	  

Therm.	  

Mountain pine beetle 
Dendroctonus ponderosae 

Southern pine beetle 
Dendroctonus frontalis  

European spruce bark beetle 
Ips typographus  

Hemlock woolly adelgid 
Adelges tsugae 

Green stink bug 
Chinavia hilaris  

Olive fly            
Bactrocera oleae  

Asiatic rice borer        
Chilo suppressalis  

Cotton bollworm 
Helicoverpa armigera  

European corn borer 
Ostrinia nubialis  

Japanese beetle 
Popillia japonica  

Western corn rootworm 
Diabrotica virgifera 

Winter moth 
Operophtera brumata 

Autumnal moth          
Epirrita autumnata 

Pine processionary moth 
Thaumetopoea pityocampa 

African sugarcane borer 
Eldana saccharina 

Coffee berry borer 
Hypothenemus hampei 

Codling moth             
Cydia pomonella 

Colorado potato beetle 
Leptinotarsa decemlineata 

Migratory locust    
Locusta migratoria 

Pollen beetle 
Meligethes aeneus 

Gypsy moth     
Lymantria dispar  

Bruce Spudworm 
Christoneura fumiferana  

Bird cherry oat aphid 
Rhopalosiphum padi  

Russian wheat aphid 
Diuraphids noxia  

Silverleaf whitefly 
Bemisia tabaci  

Maize stem borer    
Chilo partellus  

Diamondback moth 
Plutella xylostella  

Coffee leaf miner 
Leucoptera coffeella  

Citrus leaf miner 
Phyllocnistis citrella  

Citrus peelminer 
Marmara gulosa  

Responses of pest insects to climate change  
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Note: Single species can show more than one response. 

Ecological  impact 
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Agricultural pest 
Forestry pest (1-3

Ecological impact – effects on other organisms than their normal host plants. 

’Negative’ response to climate change; e.g. range retraction or decreased damage. 
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Some early conclusions 

• Variation in response among pest species 

• Range expansion most common response 

• Many species show multiple response types 

• Agricultural/annual pests ≠ forestry/perennial pests 

• Almost half of all species also respond ’negatively’  
to climate change 

 
 

    Reasons? 
 

Eigenbrode	  et	  al.,	  in	  press	  

Community	  Responses	  to	  Climate	  Change	  	  



4/8/15	  

4	  

 
 
 
 Climate	  change	  will	  …	  “add	  another	  layer	  of	  
complexity	  and	  uncertainty	  onto	  …[an	  
agricultural]	  system	  that	  is	  already	  exceedingly	  
difficult	  to	  manage	  on	  a	  sustainable	  
basis”	  (Coakley	  et	  al. 2002) 

 
 
 
 

Example:	  Cereal	  leaf	  beetle	  (CLB),	  Oulema	  melanopus	  	  

Projec=ons	  
Temperature	  (from	  MACA	  model)	  

•  LimiIng	  low	  (6.5	  °C)	  and	  high	  (35.0	  °C)	  average	  weekly	  temperature	  
•  Lower	  (7.0	  °C)	  and	  upper	  (26.0	  °C)	  opImal	  average	  temperature	  

	  

Soil	  Moisture	  (precipita=on,	  ET,	  Thornwaite-‐Mather)	  
•  LimiIng	  low	  (0.02)	  and	  high	  (1.5)	  soil	  moisture	  	  
•  Lower	  (0.10)	  and	  upper	  (1.0)	  opImal	  soil	  moisture	  	  

	  

Diapause	  
•  Diapause	  inducIon	  day	  length	  14	  h	  and	  weekly	  temperature	  (11.0	  °C)	  
•  Diapause	  terminaIon	  temperature	  6.0	  °C	  
•  Diapause	  development	  days	  120	  

	  

Matura=on	  requirement	  
•  850	  DD	  (base	  9C)	  

Hosts	  
•  NASS	  Cropland	  Data	  Layer	  (5-‐year	  run):	  culIvated	  cereals,	  rangeland,	  

other	  grasses)	  

Modified	  from	  Olfert	  et	  al.	  (2004)	  
	  

 CLB “Suitability Index” (SI) 

32	  

CLB	  SI	  excluding	  DD	  <850	  	  	  

	  
	  
•  Tetras(chus	  julis	  (Walker)	  (Eulophidae)	  
•  Successful	  biological	  control	  for	  CLB	  in	  North	  America.	  
•  Released	  and	  well	  established	  in	  PNW	  (ID,	  WA,	  MT,	  
UT)	  (Roberts	  et	  al.	  2008)	  

34	  

	  
	  

Incorpora=ng	  Biological	  Control	  
CLB	  50%	  hatch	  

CLB$adult$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

CLB$eggs$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

CLB$larvae$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

CLB$OW$adult$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

$
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

T.#julis$1st$gen.$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

T.#julis$2nd$gen.$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

$
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

$ $ $ $ $ $ $ $ $ $ $ $ $ $ $Degree$Days$ 10
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Overlapping	  phenology	  of	  CLB	  and	  T.	  julis	  

Days	  of	  overlap	  ≈	  RelaIve	  potenIal	  biocontrol	  impact	  
CriIcal	  for	  T.	  julis	  overwintering	  

36	  	  
	  
T.	  julis	  models:	  Nechols	  et	  al.	  (1980),	  Ellis	  et	  al.	  (1978),	  Gage	  and	  Haynes	  (1975)	  	  	  	  
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	  	  	  	  	  	  2nd	  GeneraIon	  

	  	  	  	  	  	  Total,	  1st	  and	  2nd	  GeneraIon	  
By	  mid	  21st	  century…	  
	  
Zero	  to	  substanIal	  
increases	  in	  overlap	  in	  
1st	  generaIon	  T.	  julis	  
with	  CLB	  larvae	  
	  
	  
	  
Small	  reducIon	  to	  
substanIal	  increases	  	  in	  
overlap	  in	  2nd	  
generaIon	  T.	  julis	  with	  
CLB	  larvae	  

Ten-‐year	  record	  of	  T.	  julis	  parasi=sm	  
of	  CLB	  in	  Cache	  Valley,	  UT	  
	  

•  CLB	  egg	  laying	  and	  populaIon	  
development	  occur	  sooner	  on	  warm	  
years,	  but	  auer	  accumulaIon	  of	  
more	  degree-‐days.	  

•  T.	  julis	  phenology	  was	  more	  
consistently	  degree	  day	  dependent.	  	  

•  Consequently,	  in	  warmer	  springs,	  
CLB	  phenology	  was	  delayed	  relaIve	  
to	  	  parasitoid	  acIvity.	  

•  And,	  parasiIsm	  was	  reduced.	  
	  
	  

Evans	  et	  al.	  2012	  
	  

Cold	   	  Mild	   	  Warm	  

Changes	  in	  ProbabiliIes	  by	  Mid	  21st	  Century	  	  

Δ	  Probability	  
Δ	  Probability	  

Cold	  
Springs	  

Warm	  
Springs	  

Fig.	  2.13	  in	  Walthal	  et	  al.	  2013	  

The	  United	  States	  agricultural	  social-‐ecological	  system	  	   Regional Approaches to Climate Change 
for PNW Agriculture 

 
 

$20 million, five-year (2011-2016) project 
funded by the  

National Institute for Food and Agriculture 
 

4 institutions, 12 academic/research units, 
 >50 scientists, students and postdocs 

 

 

Historical Climate and 
Agroecological Zones

Monitoring and Experiments 

Integrated Theoretical Framework 

Economic Cropping 
Systems Climate 

Baselines and Monitoring 

Alternative Cropping Systems 

Social and Economic 

Pests, Weeds, Diseases 

Research 

Extension 
 Stakeholder Advisors 

Diverse  Delivery Platforms 

Cross-Project Specialist 

Stakeholder Data Collection 

Education 
 K-12 Teacher Engagement 

Team-Based Graduate Ed. 

Minority Involvement 

Geospatial 
Framework 

 Fourth	  Annual	  Report	  
	  
•  TargeIng	  diverse	  
stakeholders	  
o  Farmers	  
o  Ag	  industry	  
o  Teachers	  
o  Researchers	  
o  Policymakers	  

	  

Year	  4	  Highlights	  	  	  
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Jane Jepsen Gregor Kalinkat Christer B 

Pekka Niemelä 
Philipp Lehmann 

Seppo Neuvonen 

Tea Ammunét Sanford Eigenbrode Andrea Battisti Bjørn Økland 

Madeleine Barton 

Monitoring GHG 
Emissions, Wind and 
Water Erosion  
Flux	  towers,	  surface	  
enclosure	  chambers,	  remote	  
sensing,	  and	  wind	  and	  water	  
erosion	  sampling. 
 

 
 

 

22"Aug"– 17"Sept"CO2"Fluxes"(mg*m62s61)

Historical:	  
(1979-‐2010)	  

Projected:	  
(2030-‐2060)	  

Probability	  
Probability	  

Probability	  of	  >320	  DD	  by	  1	  June	  (warm	  springs)	   Probability	  of	  <	  180	  DD	  by	  1	  June	  (cold	  springs)	  

Historical:	  
(1979-‐2010)	  

Projected:	  
(2030-‐2060)	  

Probability	  
Probability	  

	  Δ	  CLB	  SI	  excluding	  DD	  <850	  
	  

1979-‐2005	  	  vs.	  	  2031-‐2060	  	  	  

Milk	  and	  dairy,	  	  $3.1	  	  

CaVle	  and	  calves,	  	  $2.9	  	  

Fruits,	  	  
nuts	  and	  berries,	  	  	  

$2.6	  	  

Grains,	  
oilseeds,	  dry	  
beans,	  	  $2.1	  	  

Vegetables,	  	  $1.9	  	  

Other	  crops	  	  
and	  hay,	  	  $1.9	  	  

Nursery,	  	  
$1.4	  	  

Other	  products,	  	  $0.6	  	  
Poultry	  and	  eggs,	  	  $0.3	  	  

•  Direct	  heat	  stress	  effects	  on	  
the	  animals	  

•  Changes	  in	  forage	  quality	  

•  Heat	  and	  drought	  stress,	  changes	  
in	  precipitaIon	  regimes	  

•  Effects	  on	  chilling	  regimes,	  pests	  
and	  diseases	  

•  CO2	  ferIlizaIon	  benefits	  
•  Reduced	  availability	  of	  water	  for	  
irrigaIon	  

•  Heat	  and	  drought	  stress	  
•  Changes	  in	  precipitaIon	  regimes	  
that	  affect	  farming	  operaIons	  

•  CO2	  ferIlizaIon	  benefits	  
•  Reduced	  availability	  of	  water	  for	  
irrigaIon	  

•  CO2	  ferIlizaIon	  benefits	  
•  Reduced	  availability	  of	  water	  for	  
irrigaIon	  

NW	  Agriculture	  Sectors:	  VulnerabiliIes	  to	  Climate	  Change	  


