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Increasing food production has been one of the major 

triumphs of the human enterprise over the last century

Traditionally emphasis has been placed on production, 

the availability aspect of food security, the elements of 

accessibility and stability, are under increasing scrutiny



A changing climate leads to changes in extreme 

weather and climate events



Source: National Climatic Data Center

Source: National Climatic Data 
Center

What do we know?

Ten Indicators of Changing Conditions:



Source: InfoRoma, 2004. www.inforoma.it

The Romans Ignored The AD 305 IPCC Report (and 

apparently several National Climate Assessments) !

DEFERRED MAINTENANCE?



System, region - unit of analysis (what is vulnerable?), valued 

attributes of concern (why is it important?), external hazard (to 

what is the system vulnerable?), a temporal reference (when?) 

Developed to target conservation efforts- maps explicitly 

developed to help aid organizations in priority setting and 

strategic planning with regards to climate adaptation projects

ÅHigh exposure, high sensitivity, rates of change and low 

adaptive capacity, to suffer significant impacts 

ÅIdentify likely climate change impacts and conveying with  

strong visual elements

ñHotspotsò



Water 

footprint

Model 

agreement

(2050)

Ground

water 

depletion
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Many potential futures: 

Adaptation requires science that analyzes decisions, identifies 

vulnerabilities, improves foresight, and develops options



Stable Sand Dunes 

= P/PE > 0.31

Partly Active Dunes

Fully Active Dunes 

= P/PE< 0.125

Sand Dune Mobility = W/(P/PE)

Landscape changes

Dryland Farming in the Four-Corners 

Region (USGS, NIDIS)
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The adaptation solution space
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Additional 
Adaptation to 
Reduce Risk

Risk Level with
High Adaptation

Risk - Level

Very
Low Med

Very
High

4 °
C

2 °
C

Present

Long Term
(2080 -2100

Near Term (2030 -2040

Risks for Low -Lying
Coastal Areas

Loss of Livelihoods,
Settlements,  
Infrastructure, 
Ecosystem Services, 
and Economic 
Stability

SMALL ISLANDS

Compounded Stress
on Water Resources

Reduced Crop Productivity
and Livelihood and Food Security

Vector - and Water -
Borne Diseases

AFRICA

ASIA
Increased Flood 
Damage to 
Infrastructure , 
Livelihoods, 
and Settlements

Heat -Related 
Human Mortality

Increased Drought -
Related Water and 
Food Shortage

Increased Losses and
Impacts from Extreme
Heat Events

Increased Flood Losses and Impacts EUROPE

Increased Water Restrictions

Increased Flood Damage
to Infrastructure and
Settlements 

Increased Risks 
to Coastal 
Infrastructure 
and Low -Lying 
Ecosystems

AUSTRALASIA
Significant Change in 
Composition and Structure 
of Coral Reef Systems

Increased Risks
from Wildfires

Heat -Related
Human Mortality

Damages from River 
and Coastal Urban Floods

NORTH AMERICA

Reduced Water
Availability and
Increased Flooding and 
Landslides 

Reduced Food
Production and Quality

CENTRAL AND SOUTH AMERICA

Vector -Borne Diseases

Reduced Fisheries 
Catch Potential 
at Low Latitudes

Increased Mass Coral
Bleaching and Mortality

Coastal Inundation
and Habitat Loss

THE OCEAN

Unprecedented Challenges,
Especially from Rate of Change

Risks for 
Ecosystems

POLAR REGIONS Risks for Health 
and Well -Being

(IPCC, 2014)

Risk Levels-High adaptation 

versus current approaches

Present           2030-40                     2080-2100 (20C, 40C)



Hotspots: 

Soil moisture reductions combined with reduced adaptive capacity:

For Wheat: southeastern U.S., southeastern South America, the 

northeastern Mediterranean, and parts of central Asia, 

For Maize:  southeastern South America, parts of southern Africa, and 

the northeastern Mediterranean 



Effective early 

warning systems and 

emergency 

preparedness 

Vulnerability reducing 

measures such as pro-

poor economic and 

human development, 

through improved social 

services and protection

Risk 

Management

Resilience



Heat Waves

Storm Track  

Variations

Madden-Julian  

Oscillation

El Niño-Southern 

Oscillation

Decadal Variability

Solar Variability

Deep Ocean 

Circulation

Greenhouse Gases

Tornadoes 

Snowstorms

Hurricanes                               

Typhoons
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Early warning....resource allocationé. Infrastructure Design

Marine Ecosystems

Ocean surface     upper     full 
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Land surface 
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Climate Variability & Change Globally

Temperature         

Most of the variability in the 
globally-averaged temperature
is contained in the slowly
varying climate change
component.

65%

13%

21%

(Greene, Goddard & Cousin, EOS, 2010)

Annual Mean Temperature
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Timescales Near-Term Scenarios       
Research Issues

Global Variability and Variance

What should we be trying to 

predict? (assuming some 

measure of skill) 

IRI
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Since the AR4, international food prices have 

reversed historical downward trend. . (Porter et al, 

2014 IPCC WGII AR5)



If itôs so easy why is it so hard? 

ÅThe Borg

Dreadnaught-

class Starship

Meet ñThe Borgò
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ñDry gets drierò

ñWet gets wetterò

Not necessarily

(Greve and Seniveratne

2014)



Recent Studies of Mid-century Climate Change Impacts on 

Colorado River flows  (Leeôs Ferry)

Response One: ñThese are so different, we canôt trust any of theméò

Response Two: ñWe need to resolve these differences!ò 
ñ Are the differences due to climate uncertainty or 
different models and methods?ò

Response Three: ñNone of these studies show increasing flowsò 
ñAny decrease is a source of concernò

Recent Studies Projected Annual Flow Reductions

Christensen et al., 2004 ~18%

Christensen and Lettenmaier, 2007 ~6%

Milly et al., 2005 10 to 25%

Hoerling and Eischeid, 2007 ~45%

Seager et al., 2007 ñan imminent transition to a more arid climateò

McCabe and Wolock, 2008 ~17%

Barnett and Pierce, 2008 assumed <10 to 30%

The future is already here. Itôs just not very evenly 
distributed. -- William Gibson



Usually requestedé..

Åmodel agreement ïconvergence (not just at the grid-box 

scale)-

Ånarrowing the projection range

Åhigher-resolution spatial and temporal scales, and 

improved shorter

Åtime-horizon projections

Influenced by choice of forcing data, 

calibration scheme, objective function etc.

The state of the practice is improving but in 

many cases does not fully recognize 

fundamental uncertainties ïmany 

adaptation studies 

are  likely óoverconfidentô



Model 

agreement/conv

ergence?

Observational agreement



ÅDespite advances to date, predicting the future hydro-

climate variables will remain a major challenge:

ÅNature is complex and observing and modeling its 

nonlinear behavior is very challenging. So, ñhave a will 

to doubtò the credibility of information ñgeneratedò by 

models.

ÅLong-term and sustained observation programs are 

critical, especially for model verification. Without some 

degree of verifiability, hard to expect their use

What is the Message?



Midwest yields (and rise of center -pivot 

irrigation and other technology). Areas like 

the Southeast gave up on corn. 

Fraction of 

1950 Acres 

Planted  



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N

www.cpo.noaa.gov | 

www.noaa.gov

National Oceanic and Atmospheric Administration | Climate Program Office



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N

www.cpo.noaa.gov | 

www.noaa.gov

National Oceanic and Atmospheric Administration | Climate Program Office
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U.S. Corn Yield, Bushels Per Acre
1985-2015*

1988

1993

1995

1994

2004
2009

2012

2010-12:  First time U.S. corn yield fell 

three years in a row since 1928-30.

2014

* The projected 2015 U.S. corn yield of

167.2 bushels/acre is adapted from 

ñUSDA Agricultural Projections to 2024.ò
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A complete explanation of these droughts must invoke not just the 

ocean forcing but also the particular sequence of internal 

atmospheric variability - weather - during the event 

The weather-climate continuum 

The percent of the U.S. experiencing moderate to severe

drought suddenly increased and remained at elevated levels during the first 

decade of the 21st Century

Even a perfect SST prediction would ñlikelyò capture much less than half the 

total variance in annual precipitation over North America

54%

28%



EDDI shows strong early warning potential-2012
Evaporative Demand Drought Index

2-weekEDDI                   US Drought Monitor

May 1

drought developing in entire region D0, D1 in IL, IN, TN;

no drought in MO, AR, OK, NE

June 5

flash drought in MO, AR, KS, IL drought expands; does not deepen

July 3

persistent intense drought D3 edges into region

August 7

intense drought persists;

note little drought in western US

new D4 and expanded D3 over much of region; 

drought in NY, PA, and VA, 2 months after EDDI

Å Due to land-atmosphere feedbacks, evaporative demand (E0) reflects surface 

moisture conditions, often before ET does,

o responds positively to both flash droughts and sustained droughts.
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El Niño

Anomalous oceanic and atmospheric conditions in the Pacific that 
influences climate around the world
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1982-83 1997-98
2015



Forecasting El Niño impacts
October 2015 ïMarch 2016



SE Asia Rice Producing Countries

GEOGLAM AMIS Crop Monitor ðOct 2015

Drought Impact on Rice Crops:

Thailand, northern Philippines, southern Indonesia 

Forecast DJF 2015-2016



Rapid Transition to La Niña?

1983 1998 2016?



U.S. Winter Wheat Abandonment:

The Ten Worst Years, 1909-2009

1. 1917 34% 1916-17 Cold Phase

2. 1933 32% Neutral

3. 1935 29% Neutral

4. 2002 29% 1998-2001 Cold Phase

5. 1951 29% 1949-50 Cold Phase

6. 1989 25% 1988-89 Cold Phase

7. 1936 24% Neutral

8. 1955 24% 1954-57 Cold Phase

9. 1928 24% 1928-29 Cold Phase

10. 2001 24% 1998-2001 Cold Phase



Conclusions, Part IIÅLa Niña increases the risk of winter wheat 
abandonment on the Great Plains (e.g. 1951, 
1955, 1989, 2001), often the year following 
development

ÅLa Niña is not a consistent indicator of low corn 
yields, but low yields sometimes do occur (e.g. 
1954, 1964, 1974, 1988)ðoften during the year 
of onset

ÅHot, dry Midwestern conditions immediately 
following a wet El Niño regime (e.g. 1983, 1995) 
can be devastating to corn because shallow-
rooted crops suffer as previously soggy soils are 
baked into concrete.



37

Using the forecast 


