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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
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A changing climate leads to changes in extreme
weather and climate events




What do weknow?
Ten Indicators of Changing Conditions:
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The Romans Ignored The AD 305 IPCC Report (and
apparently several National Climate Assessments) !

Source: InfoRoma, 2004. www.inforoma.it
DEFERRED MAINTENANCE?



NHot spot so

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

A High exposure, high sensitivity, rates of change and low
adaptive capacity, to suffer significant impacts

A Identify likely climate change impacts and conveying with
strong visual elements
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Many potential futures:
Adaptation requires science that analyzes decisigns, identifies
vulnerabilities, improves foresight, and develops options



_andscape changes

Dryland Farming in the Four-Corners
Region (USGS, NIDIS)

Sand Dune Mobility = W/(P/PE)

Stable Sand Dunes
= P/PE > 0.31 —

Partly Active Dunes —

Fully Active Dunes
= P/PE<0.125 —




The adaptation solution space

Transfer and
Share Risks

Prepare, Respond
and Recover

Reduce
Exposure

Approaches

Reduce
Vulnerabilitv

Increase Resilience
to Changing Risks

Transformation




Risk Levels-High adaptation

versus current approaches
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Global cereal trade

Amount of cereal ‘

(in million tons)
B Export
B mport

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
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WeatherClimatea Continuum and an adaptation
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Publication of AR4

B FAO food price index
FAO cereal price index
B US crude oil index

Since the AR4, international food prices have
reversed historical downward trend. . (Porter et al,

2014 IPCC WGII ARS)
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Recent Studies of Mid-century Climate Change Impacts on
Col orado River fl ows (Lee

The future I s already here.
distributed. -- William Gibson

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 Aan | mminent transit.i
McCabe and Wolock, 2008 ~17%
Barnett and Pierce, 2008 assumed <10 to 30%

ResponseOne: n Theasree so different we é0a

Response Two: i Weneed to resolve these differences! 0

A Atheadifferences due to climate uncertainty or
different modelsand met hods ? o

Response Three: 1 N o rokethesestudiess how i1 ncreasi ng
N A ndecreaseis asourceofconcer no




ATMOSPHERE || pmpcivmarion
o x 10tk 5 10 fyar f
i 2 Wi [
HERE LYAPORATION,
HERE
H ER B
HE- LAND.
- 365 10
A
RNoRT
CROUNDWATER
CRTILE

Anodel agreement i convergence (not just at the grid-boX
scale)-

Aarrowing the projection range
Aigher-resolution spatial and temporal scales, and
iImproved shorter
Aime-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 T many
adaptation studies
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What is the Message?

ADespite advances to date, predicting the future hydro-
climate variables will remain a major challenge:

desj eSiliency ; -
nu .. 8N qpg lann;, i h.watep,.e orre very cha
t o doubt v SIS sy the g, es Systen; |
models. fest

ALong-term and sustained observation programs are

critical, especially for model verification. without some
degree of verifiability, hard to expect their use



Midwest yields (and rise of center -pivot
Irrigation and other technology).  Areas like
the Southeast gave up on corn.
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Yellow numbers indicate the percent each state contributed
to the total national production. States not numbered
contributed less than 1% to the national total.

- Major Crop Area
|:| Minor Crop Area

Note: The agricultural data used to create the
map and crop calendar were obtained from
the National Agricultural Statistics Service at:
htip/mvww. nass. usda. govy/.

®* Major areas combined account for approximately Winter wheat crop calendar for most of the United States

75% of the total national production. [ PranT |
* Major and minor areas combined account for EE T -
approximately 99% of the total national production. )

Jan Feb Mar Apr May Jun Jul Aug Sep 0Oct MNov Dec
L Major and minor areas and state pI’OdllCtiO]l percentages Crop calendar dates are based upon NASS crop progress data from 2006-2010. The

. . field activities and crop development stages illustrated in the crop calendar represent
are denved fl‘Ol‘l‘l NASS CO“lltY- and State'level PI'OdUCtlon the average time period when national progress advanced from 10 to 90 percent.
data from 2006-2010.

USDA Agricultural Weather Assessments
=l World Agricultural Outlook Board

ULV e



Yellow numbers indicate the percent each state contributed
to the total national production. States not numbered
contributed less than 1% to the national total.

- Major Crop Area
|:| Minor Crop Area

Note: The agricultural data used to create the
map and crop calendar were obtained from
the National Agricultural Statistics Service at:
htip/mvww. nass. usda. govy/.

®* Major areas combined account for approximately
75% of the total national production.

¢ Major and minor areas combined account for
approximately 99% of the total national production.

Corn crop calendar for most of the United States

PLANT

HARVEST . -
Jan Feb Mar Apr May Jun Jul Aug Sep 0Oct MNov Dec
L Major and minor areas and state pI’OdllCtiO]l percentages Crop calendar dates are based upon NASS crop progress data from 2006-2010. The
derived f NASS t d state-1 1 ducti field activities and crop development stages illustrated in the crop calendar represent
are derive rom coun Y- ana state-leve PI'O uction the average time period when national progress advanced from 10 to 90 percent.
data from 2006-2010.

USDA Agricultural Weather Assessments
=l World Agricultural Outlook Board
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U.S. Corn Yield, Bushels Per Acre
19852015*

2012

1995

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

three years in a row since 1928-30.

167.2 bushels/acre is adapted from

* The projected 2015 U.S. corn yield of |

AUSDA Agricul tur al

2010
2012
2014




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 woul d
total variance in annual precipitation over North America

q J - Y
‘ Area (%) of the Us (indfuding Alaska, Hawaii aNd Puerto Rico)

A complete explanation of these droughts must invoke not st the
ocean forcing but also the particular sequence of internal
atmospheric variability - weather - during the event

An Interpretation of the
Origins of the 2012 Central
Great Plains Drought

). —

Assessment Report
NOAA Drought Task Force
Narrative Team




A Due to land-atmosphere feedbacks, evaporative demand (E,) reflects surface
moisture conditions, often before ET does,
0 responds positively to both flash droughts and sustained droughts.



Unit

USDA projection/ estimate

as of: Percent

Cl‘Op 5/10/2012 1/11/2013 | Change/ | change
$/bu
Corn 4.60 7.40 2.85 60.9
Soybeans | $/bu 13.00 1425 1.25 9.6
Sorghum | $/bu 4.25 730 3.05 71.8
Rice $/cwt 15.8 1491 -0.9 -5.7
Wheat $/bu 6.10 7.90| 1.80 29.5
Cotton Cts/lb |75.0 68.5 -6&5 -8.7
\




El NiIno

Anomalous oceanic and atmospheric conditions in the Pacific that
Influences climate around the world

Weekly SST Anomaly 2015/10/18 - 2015/10/24
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Forecasting El Nino impacts
October 2015717 March 2016

* Drier
I \Wetter




SE Asia Rice Producing Countries

NMME Precipitation Anomalies (mm/day)
Leczd15—Feb2C16 Gotober2d15 initial conditions
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Drought Impact on Rice Crops:
Thailand, northern Philippines, southern Indonesia



NINO3.4 SST Anomaly (°C)

Rapid Transition to La Nina?

Historical NINO3.4 Sea Surface Temperature Anomaly
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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

1. 1936 24% Neutral

8. 1955 24% 1954-57 Cold Phase

Q. 1928 24% 1928-29 Cold Phase
10. 2001 24% 1998-2001 Cold Phase

USDA

et

e
e




A a Nifia increases the risk of winter wheat
abandonment on the Great Plains (e.g. 1951,

1955, 1989, 2001), often the year following
development

ALa Nifia is not a consistent indicator of low corn
yields, but low yields sometimes do occur (e.g.

1954, 1964, 1974, 1988)0 often during the year
of onset

AHot, dry Midwestern conditions immediately
following a wet El Nifno regime (e.g. 1983, 1995)
can be devastating to corn because shallow-

rooted crops suffer as previously soggy soils are
baked into concrete.



Using the forecast

37



