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Non-stationary risk in agriculture

A Compare pas& future distributions from ensembles
of global crops models produced AgMIP/ISMIP

I Extreme {) percentiles, variance & skewness of distributions
generally getting worse

I Global 1in-100 year historical event occurs almosini30 years
by midcentury
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A US maize,-n-200 year event ~25% worse in nd¢arm
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A China maize, no change at extreme tail, though skewnes
becomes much more negatlve
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Integrated analysis of climate and extrem

A Resourceavailability
I Water constraints will increasailnerability in keyegions
I Need Improved reps oirrigation, collaboration with
hydrological and groundwater modelers
A Management, technology and adaptation

I Tech trends and adaptation interact w/ extremes and resource
demand toimpact systerawide risk

I Need Better data and models of technological change and
detailed scenario analysis

A Better understandtlimate and extremes

I Especially presentoincident, and noistationary risk

I Need Historical analogs for future extreme conditions and large
fixed-forcing climate model ensembles (>1000 years)
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Integrated analysis of climate and extremesy

A Resourceavailability

I Water constraints will increasailnerability in keyegions

I Need Improved reps oirrigation, collaboration with
hydrological and groundwater modelers
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Global water and climate

Compare ensembles of 11 global hydrological models (GHMSs)
and 6 global gridded crop models (GGCMs) driven by climate
change scenarios from 5 GCMs under RCP8.5.

A With [CO2, direct
lossesnf 400-1400
Pcal(8-24%o0f
presen

A W/o [CO2 =1400
2600 Pcal

Elliott et al (2014)
PNAS111 (9): 323%B244.

A Freshwatelimits implyreversion 0f20-60 Mhaof irrigated
cropland to rainfed by 2100, and a further los660-2900Pcal
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Irrigation and groundwater

A Groundwater accounts for 60% A
of irrigation and 40% of
drinkingwater in the US

A We find that warming
management, and adaptation
pressures are expected to
Increasedemand for irrigation
In groundwater regions

A Working with groundwater
modelers to create high J; : :
resolution scenarios for future " Scanonetalzo12.
irrigation availability o
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Integrated analysis of climate and extrem

A Management, technology and adaptation

I Tech trends and adaptation interact w/ extremes and resource
demand toimpact systemwide risk

I Need Better data and models of technological change and
detailed scenario analysis



Technology and development

A Trends in planting date and season length
expected to continue in absence of climate

I ~20% Iincrease in maize season from 12860
I Accountdor > 1/20of yield trendfrom 19802012
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Technology and adaptation (e.g. maize)- ,..:5
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A W/o warming, yield growth continues through 2050

A W/ perfect adapt, most impact removed until 2040s
I -13.9% loss in yield in 2040s relative toalionate baseline

A Big %incr. inCanada andlorthern states
A Decliningyieldsacrossmost ofthe southernstates

2040s yield, warming+adaptation
VS. no- cllmate baseline (%)
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Thirstier crops (technology and water):!

A 19802012 yield incr.almost70%, HO only +8%
I WI/o climate change, trend projected to continue

A But w/ warming and adaptation, water use accelerate:
A Tech development and adaptatimosts water

I +6.3% Increase In irrigation demand without avgrming
I +16% Iincrease with climate change and adaptation
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A Better understandtlimate and extremes

I Especially presentoincident, and noistationary risk

I Need Historical analogs for future extreme conditions and large

fixed-forcing climate model ensembles (>1000 years)
13



Extreme drought risk 2lcentury

A CMIP5 ensemble projects persistent severe drought
conditions in US in the 2Xentury

A By midcentury,
unprecedented In
1000 year record

A Use worst persistent
drought in 2@
century (1930s

dustbowl) to NN

CMIP5 Drought Projections (RCP 8.5, 2050-2099 CE)
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The next dustbowl?

histogram density
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Almpact of dustbowl w/ 2012 and 2035 tech

I 1936 drought today would be 50% worse than 2012

| 2035earlier/longer season incr. avg. yield and slightly
reduces drought impact
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I Results confirmed with empirical model
A Higher temps makes much worse
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Temp/frecipsensitivity

A T-P sensitivity plot for simulated crop yields using
the median yield for the 20005

ATemperature expected
to increase significantly,
preciplargely same

A At extremes, damage
from high T dominates

ultiplier (%)

precip m

(lines get more vertlcal) -

A By ~midcentury, a
typical year as bad as
1936 (w/o adaptation)
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Longterm LUC vulnerability

A Assume some threshold of loss/§over 5 year
period) will lead to londerm LUC

I Invest in irrigation, switch crops, CRP, or abandonment
A Best (1930s w/ 60% loss threshold): little LUC risk

A Worst (1930spT3 w/ 40% threshold): 85% wfinfed
production at risk for longerm LUC
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Conclusions

A Extreme shocks to global and regional food systems likely
become more frequent and more severe
I Must include climate, tech, and resource changes to captgke

A Tech and management will push yields higher in coming ye
I But not without more water
I CC slows yield growth, demands munbre water
I Adaptation possible, but not withouhore water
I Some crops (e.g. sorghuiahp better than others (e.g. cotton)

A Optimistic climate models give 45 years breathing room

A Systemlevelresilienceimprovesvery slowly; still highly vulnerable
to large scaland especially persistent drougévents

A CC offerexploitableopportunities, usedo offsetlosses
18
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A Largescale droughtind heat events accounted for 12%
of all billiondollar disaster events in the US from 1980
2011 but almost 25% of total monetatfamages

A The1988 US drought is estimated to have cH&d
billion (2013 USDhehind only Hurrican&atrina aghe
most costlyweatherrelateddisastenn US history.

A Warming temperatures and shifting
precipitation patterns may exacerbate =
the problem, increasing the frequency g o o
and/or severity of largescale droughts # i
in sensitive agricultural regions e




GGCMI Phase 3 and-MlIP2.0 (2016)

A Focus on extreme
events

A Adding many sectors,

Including forestry

A Improving cross
sector interactions
and landuse change
and water.

A Addinga regional
focus at the
watershed level

A Adaptation to climate

B Edad
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