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Research Questions

 What are the impacts of climate change on plant water use
efficiency of field crops in the United States?

— biophysical effects on crop yields (precipitation, temperature, CO,)

* How do adjustments in water use efficiency affect irrigation
demand under changing growing conditions?
— Regional farmer adaptation
z — Irrigation as an adaptive response

"
'hf,’l?

h.

=
-
-
-
-

J

]
]
",

* How might shifting water regimes under a warming climate
affect water-supply availability for irrigation?

 To what extent is irrigation a constraint to adaptation and
national production under climate change?

— Regional variation
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REAP Model Production Regions

267 Model Regions

Combination of:

* USDA Farm Production Regions
* NRCS Land Resource Regions

* Assessment Sub-Regions (ASRs)

[ | AP:Appalachia [0 NE:Northeast
CB:Corn Belt - NP:Northern Plains
[ ] DL.Delta States [ PA:Pacific

- LA:Lake States |:] SE:Southeast
- MN:Mountain ‘:\ SP:Southern Plains

-- HEL and NHEL land types (NRI)

-- Predominant soil type per roughly
1 mill. acres by land type (SSURGO)
USDA -- Tiled and non-tiled

sl United States Department of Agriculture, Economic Research Service

»

The views expressed are those of the author(s) and should not be attributed to the Economic Research Service or USDA. N J
-

4

Q0000000 R I I s



Change in Growing
Season T-max Relative
to Reference (May-
October, °C)
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Factors Driving Productivity Impacts

e Moisture stress

— Increased moisture stress where rising evapotranspiration (ET)
demands are not satisfied.

— Reduced stress where higher precipitation offsets rising ET demand.

* Temperature stress

— Reduced biomass and grain-yield production where temperature
exceeds optimal growing conditions; offsetting decline in crop ET
demand.
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* Atmospheric CO,

— Increased plant-water use efficiency, reducing crop ET demands.
— Increased yield through photosynthesis on C, crops (wheat, hay, cotton,

rice, soybeans); vyield effect for C, crops (corn, sorghum) more limited. ¢

.
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Corn Yields, 2060
| | | PercentChangein CornYields, 2060 | |

Ref  CGCM_ CSIRO_ HADN_ CGCM_ CSIRO_ MIROC_ CGCM_ CSIRO_ MIROC_
EIRR (bu/ac) B2 B2 B2 A1B A1B A1B A2 A2 A2 AVG
WD 2086 17 -108 223 7.8 221 -142  -87 -156 -22.7 -12.3
N1 2588 56 -108 -21.1 2 -188 214 -196 -201 -23.9 -15.9
JBND 2086 21 14 -115 26 -113 -223 -166 -103 -36.8 -12.5
T 2357 1 29 14 01 7 32 55 05 87 -08
Mo 2285 4 -123 -146 27 -137 -134 17 81 -161 -81
= W1 2861 08 97 -103 -15 -154 -118 73 -118 -106 -8.8
= Mo 95 44 13 316 266 -198 -21.5 83  -3.6 -295 -9.4
~= M1 2807 54 38 227 16 204 238 156 -128 -255 -14.6
M¥o 1413 27 239 335 181 234 222 71 18 -192 -10.3 |
NP [ 285 42 -104 311 14 -223 257 -174 -13.6  -26 -16.6 :
Wp 89 126 911 15 147 108 22 222 30 146 244
W 3019 10 168 226 -163 -102  -17 -4 8 -145 -14.4 :
BMo 1495 63 104 173 42 19 301 -105 -197 -30.7 -9.9 :
Bl 2169 16 28 -107 24 07 65 87 64 -153 -5.1 :
:
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Wheat Yields, 2060
| | | PercentChangein Wheat Yields, 2060 |

Ref ~ CGCM_ CSIRO_ HADN_ CGCM_ CSIRO_ MIROC_ CGCM_ CSIRO_ MIROC_
H IRR (bu/ac) B2 B2 B2 Al1B Al1B Al1B A2 A2 A2 AVG
o: 3 D 67.2 -1 7.4 -2.7 7.9 -10.9 3.6 0.6 -0.4 -2.8 -1
CB { 68.3 -5.7 11.4 3.8 3.8 -2.2 8.3 1.8 0.9 53 -5.7
DL b 65.1 -7.7 12.7 5.4 7.4 -2.6 2.3 2.5 10.9 25 -7.7
(] | 60.9 -6.6 17.6 3.9 5.1 -1 -0.3 -1.3 10.2 53 -6.6
m D 67.6 3.1 -0.1 -9.5 9 -17.3 -5.8 0.6 -2.2 -0.6 3.1
-_',:_a:s m | 77.3 2.1 3.4 -9.2 34 -5.8 -0.3 -6.6 -6 3.2 21
§:§ m D 39.6 14.4 8.1 -14.4 33.6 -9.3 -0.5 33.1 22.7 0.8 144
== [ 103.9 5.7 41 54 8.8  -17 7.5 5.3 7.1 56 5.7
m D 44.5 8.8 -7 -12.6 23.6 -20.9 -14.4 16.6 13.9 3.1 8.8
Np [ 747 36 23 82 55 71 29 13 46 24 36 :
pa [ 59.9 24 352 232 449 329 679 673 611 487 24 :
m | 162 3.7 8.4 9 11.2 7.6 7.2 -0.5 19.4 10.1 3.7 é
m D 33.1 8.5 0.3 -11.2 25.1 -1.5 -18.4 14.2 3.3 -16.3 8.5 E
sp | 534 07  -11 2.2 9 13 21 -11 94 54 0.7 :
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Crop Water Use Efficiency

Yield per unit ET (bu./in.)
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Crop Water Use Efficiency

Yield per unit ET (bu./in.)
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Precipitation and Irrigation Demand
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Factors Driving Adaptation Response

* Changing patterns of relative profitability among crops, crop
systems, and production systems under climate change

* Irrigation returns may be more sensitive than dryland systems to %
declines in crop yields; yield premiums are required to cover higher-
cost irrigated production systems.

* Possible constraints on adaptation due to irrigation shortages

— lIrrigation demand depends on changing patterns of precipitation as
well as adjustments in crops grown and changing levels of crop water
demand

e changing extent and intensity of irrigation
— Irrigation supply

e Surface water supplies under climate change: 2010 Resources
Policy Act (RPA) National Assessment produced projected water
shortages by hydrologic sub-basin

— Water yield, routing/storage models
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— Water demand by sector s

* Groundwater supplies: not climate-related 2
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Shifting Relative Profitability of
Irrigated Production, 2060

% change in ratio of returns to irrigated versus dryland production -
CGCM CSIRO HADN CGCM CSIRO MIROC CGCM CSIRO MIROC
B2 B2 B2 _AlB _A1B _A1B _A2 A2 _A2 AVG
1.6 0.8 -2.6 -3.2 -0.6 -2.5 8.7 1.4 -29 -1.9
-43 -2.9 0.4 -1.9 4 -8.3 -109 -6.3 -1.9 -3.6

45 -23 135 214 17 415 413 16.1 65.2 24.2
-5.5 1.8 6.6 -8.1  -0.2 1.1 -6 -1.9 6.9 -0.6
-35 -219 969 -438 -11.2 -14.7 -27.1 -26.2 -9.9 -10.3
-7.2 36,5 164 -22.4 2.6 -41 -264 -16.1 -10.3 -34
-39 08 1.9 -4.9 0.1 44 0.7 41 11.8 1.7

-2.1 -17.9 1.3 -1.2 -19 -204 -12 -7.8 1.2 -7.5
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175 3 -176 -183 -13 -273 -7 -82 342 -2.8 :

-85 -27.2 -6.3 -223 -329 32.5 -19.9 54 174 -6.9 g
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Surface-water Shortages

MIROC A1B 2020 " MIROC A1B 2040
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Groundwater Withdrawal Reductions
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Change in Irrigated Acreage

(from Reference Case), 2060
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Increase in Value of Water
Under Climate Scenarios (S/af)
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Regional Change in Value of Water (S/af)

(average over climate futures)
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Change in National Production

(relative to reference production levels)
averaged across climate futures, 2060
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Change in Commodity Prices

(relative to reference price levels)
averaged across climate futures, 2060
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Conclusions

* Differential yield impacts across dryland and irrigated

production:

— Precipitation patterns, moisture stress, and irrigation requirements;
— Temperature, biomass heat stress, and ET response;

— CO,, water-use efficiency, and yield of C; crops;

* Irrigation demand declines beyond mid-century (relative to
reference case), due in part to shifting water productivity in
= crop production.
== e+ Relative importance of climate impacts on irrigation varies
regionally:

— Surface-water shortages restrict irrigated area in PA, MN regions;
— Relative profitability of irrigation the primary driver elsewhere.

* Price and production impacts of surface-water supply

reductions small relative to initial biophysical impacts of :
lisDAchangmg climate conditions. :
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