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FAO estimates that
agricultural production
must increase by

60% by 2050 to satisfy the
expected demands for
food and feed.

Climate change will make
this task more difficult.

Adaptation to climate
change and lower
emission intensities per
output will be necessary.

FAO 2013
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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 locations globally.

Global wheat production is estimated to fall by

6% for each <C of further temperature increase
and become more variable over space and time.

Asseng etal. 2014
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Climate change poses
unprecedented challenges to U.S.
agriculture because of the sensitivity
of agricultural productivity and costs
to changing climate conditions.

Increases of atmospheric CO,, rising
temperatures, and altered
precipitation patterns will affect US
agricultural productivity.

The vulnerability of agriculture to
climatic change ...[depends on]
responses taken by humans to
moderate the effects of climate
change.

Walthall et al. 2013
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Largest View — Biotic Team, Wheat Fallow System in the Inland PNW
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Responses of pest insects to climate change

Proportion showing response

Range  Voltinism Damage  Trophic
expansion interaction

Note: Single species can show more than one response.

Ecological impact
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Proportion showing response

Increase  Stable Decrease Large

Direction

OAgricultural pest
= Forestry pest

Medium  Small

Severity

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

Also 'negative’ response to climate change

0 Agricultural pest S Annual host
0.5 EForestry pest mPerennial host

Proportion showing response

"Negative' response to climate change; e.g. range retraction or decreased damage.

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?

Community Responses to Climate Change

Eigenbrode et al., in press
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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)

CLB “Suitability Index” (SI)

Temperature (from MACA model)
* Limiting low (6.5 °C) and high (35.0 °C) average weekly temperature
+ Lower (7.0 °C) and upper (26.0 °C) optimal average temperature

Soil

ET, ite-Mather)
Limiting low (0.02) and high (1.5) soil moisture
+ Lower (0.10) and upper (1.0) optimal soil moisture

Diapause
+ Diapause induction day length 14 h and weekly temperature (11.0 °C)
+ Diapause termination temperature 6.0 °C
+ Diapause development days 120
Maturation requirement
* 850 DD (base 9C)
Hosts

* NASS Cropland Data Layer (5-year run): cultivated cereals, rangeland,
other grasses)

Modified from Olfert et al. (2094)

Incorporating Biological Control

Overlapping phenology of CLB and T. julis

* Tetrastichus 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)

Connell WA

Days of overlap = Relative potential biocontrol impact

[ |
Aprl5 May15 Jun15 JullS5 Augl15 *

. juls models: Nechols et al. (1980),Els et al. (1978), Gage and Haynes (1575)
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The United States agricultural social-ecological system

Fig. 213 in Walthal et al. 2013

Regional Approaches to Climate Change
for PNW Agriculture

$20 million, five-year (2011-2016) project
funded by the
National Institute for Food and Agriculture

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

Fourth Annual Report

* Targeting diverse
stakeholders
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Ag industry
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A CLB Sl excluding DD <850

Probability of < 180 DD by 1 June (cold springs)
. : 1979-2005 vs. 2031-2060

Probability of >320 DD by 1 June (warm springs)
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Historical
(1979-2010)

Historical: L

(1979-2010)
Projected: Ll Projected: H
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(2030-2060)

NW Agriculture Sectors: Vulnerabilities to Climate Change
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* Direct heat stress effects on
the animals
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