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Water and Land Breakout Session: Land
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%Reglonally Differentiated Crop Markets with Global
Pacific Trade:. Simple Schematic

: L Northwest

?; a : ; ? Region 1 Region 2 Region 3

oo

;é !3.' Corn Production Corn Production Corn Production

$383°:s \ W;—

TR ' Sa aZ —
i.:zg.s Corn Domestic Supply -4 Traded Com - Corn Domestic Supply Corn Domestic Supply

i l l l
ff;;!;f Com Demands Corn Demands Cormn Demands

B

:3;;555 e Regional corn production is split between providing domestic supply and being
fg;é;-f sent to a global traded corn market.

;'EE;E o Correspondingly, regional demand is supplied by both own-regional production

g:08:¢ and imports from the global traded market.
: * An Armington-style distinction between domestic and imported goods.

e Gross trade Is tracked as regions both import and export.



<7 Separating planting and harvesting decisions iIn

Pacific

Northwest (G CAM

@

;;,;:3 * Instead of having perfect foresight, farmers make decisions based on their
gsggﬁ% expectations of prices and yield

;:.;,  Adaptive expectation was incorporated into GCAM to separate planting and
e harvesting decisions

i33::3: ¢ The model is used for studying the interannual variability of climate impacts on
HI agriculture

@'i-" = The trend and variability of climate impacts can be more useful than point estimations
:;2-5;;,‘ » Interannual variability in climate and biophysical shocks are transformed and

$3e8:38 transferred to crop market, and magnified by endogenous market fluctuations.
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1 Future weather impacts on crop yields:
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Pacific

Northwest  Persephone

 AgMIP Coordinated Climate Crop Modelling Project (C3MP) emulator (site-
specific crop models)

 Rainfed and irrigated impacts

= C3MP models show more negative response for irrigated corn in UMRB than for rainfed in HadGEM_ES
RCP 8.5 (2050)

e Four crops
= Corn
= Rice
= Soybean
= Wheat

e Long-term trends
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X7 Future weather impacts on crop yields:

Pacific

Northwest  Empirical (global)

2.01

o Country-level data, weather variables weighted by 15
harvested area

e Aggregate to any regional definition 1o P
* Projections for multiple ESMs, RCPs o5
e Many crops (currently 12) L continent
. - - 80.0- — Africa
 Interannual variability | R ~ Australi
] 201 20 — Ealijtriﬁp):meripa Caribbean
e Aggregated rainfed and — North America

Irrigated yield shocks
 Reduced form: quadratic

max, min, mean growing Lo W e e e S

season temp and

precipitation 051 051

e Crop- and region-specific 5

. Q.01 U7
growing seasons 2025 2050 2075 2100

Year
Waldhoff ST, | Sue Wing, J Edmonds, X Zhang, G Leng. (in revision) Env. Research Letters.
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Pacific
Northwest

NATIONAL LABORATORY

US county-level data

Many crops
(potentially)

Interannual variability

Utilizes rainfed data to
predict irrigated yields

Structural design, crop-
specific biophysical
stages, temp and soll
moisture

= Corn: emergence,
silking, denting

» Wheat: heading, jointing
Projections to ROW?

25-

0- e
-25- :
-50-

-75-

Detrended Yield (bu/acre)

Largest Producing Counties. 1963-2001

A. MCLEAN COUNTY, IL B. IROQUOIS COUNTY, IL
Mean Production = 42.51 Mil. bu Mean Production = 34.47 Mil. bu

F. KOSSUTH COUNTY, IA G. BUREAU COUNTY, IL
Mean Production = 31.71 Mil. bu Mean Production = 30.52 Mil. bu

K. LEE COUNTY, IL
Mean Production = 24.13 Mil. bu Mean Production = 24.01 Mil. bu

25-

1 A\
-25-
-50- !
-75-

L. DEKALB COUNTY, IL

o

P. WHITESIDE COUNTY, IL
Mean Production = 23.6 Mil. bu

Q. CHRISTIAN COUNTY, IL
Mean Production = 22.43 Mil. bu

[43]

o

1970 1980 1990 2000 1970 1980 1990 2000

C. LASALLE COUNTY, IL

i i

H. HENRY COUNTY, IL

Mean Production = 23.9 Mil. bu

R. LOGAN COUNTY, IL

uture weather impacts on crop yields:
Empirical (USA)

D. CHAMPAIGN COUNTY, IL
Mean Production = 34.06 Mil. bu Mean Production = 33.91 Mil. bu

|. SANGAMON COUNTY, IL
Mean Production = 27.03 Mil. bu Mean Production = 26.06

sl

1. POTTAWATTAMIE COUNTY, It

N. SIOUX COUNTY, IA
Mean Production = 23.9 Mil. bu

Mean Production = 22.05 Mil. bu Mean Production = 21.96 Mil. bu

1970

1980
Year

1990

2000

1970

1980

1990

2000

E. LIVINGSTON COUNTY, IL
Mean Production = 31.9 Mil. bu

fr

J. VERMILION COUNTY, IL

Mil. bu Mean Production = 24.38

Mil. bu

Q. OGLE COUNTY, IL
Mean Production = 23.78 Mil. bu

s gukiandly

S. PLYMOUTH COUNTY, IA

T. RENVILLE COUNTY, MN
Mean Production = 21.5 Mil. bu

1970

1980

T N

1990

2000

~ obs_detrend
— pred_detrend
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X7 Future weather impacts on crop yields:

Pacific
Northwest

NATIONAL LABORATORY

e Out of sample
validation testing

« Rainfed: predictive
value very good at
capturing interannual
variability, both training
and testing

» Effects of flooding are
difficult to capture

* lrrigated: model less
responsive than
observed data

= Explore uncertainty

ranges around optimal
value of soil moisture

Detrended Yield (bu/acre)

25-

-25-

Empirical (USA)

Irrigated Yields, 1963-1993. Largest Producing counties CO r n , I r r | 9 ated

A. HAMILTON COUNTY, NE B. PHELPS COUNTY, NE
Mean Production = 21.58 Mil. bu Mean Production = 19.46 Mil. bu

F. HALL COUNTY, NE G. BUFFALO COUNTY, NE
Mean Production = 17.55 Mil. bu Mean Production = 17.07 Mil. bu

A , ,"'\. [ 1
A Y, N A
\ f
f i
.

K. MERRICK COUNTY, NE
Mean Production = 13.49 Mil. bu Mean Production = 13.26 Mil. bu

L. WELD COUNTY, CO

P. CASTRO COUNTY, TX Q. CUSTER COUNTY, NE
Mean Production = 12.79 Mil. bu Mean Production = 12.72 Mil. bu

-25-

1970 1980 1990 1970 1980 1990

C. YORK COUNTY, NE DAWSON COUNTY, NE

Mean Production = 18.77 Mil. bu Mean Production = 18.42 Mil. bu

H. HOLT COUNTY, NE |. KEARNEY COUNTY, NE
Mean Production = 16.12 Mil. bu Mean Production = 15.95 Mil. bu

M. ADAMS COUNTY, NE
Mean Production = 13.24 Mil. bu Mean Production = 13.07 Mil. bu

N. FILLMORE COUNTY, NE

/1

R. HASKELL COUNTY, KS S. LINCOLN COUNTY, NE

Mean Production = 11.45 Mil. bu Mean Production = 11.17 Mil. bu

1980 1990 1970 1980 1990

Year

1970

E. YUMA COUNTY, CO

Mean Production = 18.08 Mil. bu

J. PARMER COUNTY, TX

Mean Production = 13.8 Mil. bu

0. CLAY COUNTY, NE

Mean Production = 12.97 Mil. bu

T. ANTELOPE COUNTY, NE

Mean Production = 11.08 Mil. bu

1970

1980

1990

- obs_detrend
— pred_detrend
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Pacific

Northwest

NATIONAL LABORATORY

* Energy inputs to agricultural production

Currently, agricultural energy use is accounted under the industrial sector

Upcoming land development

We have development branches in which crops directly consume liquid fuel inputs in all time periods

Future development tasks
v Include an electric option in future time periods

v" For future modification, research linking yield level and energy intensity of crop production

* Yield gap implementation
Currently, maximum potential yield levels within any region/crop/basin are capped at 10% higher than the baseline assumed yields

Significant yield gaps exist at present, and even by 2050 in the assumed baseline yields

Our approach will use the Global Gridded Crop Model Inter-comparison (GGCMI) to estimate maximum attainable yields for each
region/crop/basin, and parameterize the economic response for consistency with literature on yield price elasticity

 Food demand

Endogenous response to price and income
Different demand response for staples (grains, root/tuber) and non-staples
Calibrated to historical data

k Calories/Capita

3,000

2,000

1,000

TOTAL |

:
.

Staplesj

0 10 20 30
Income/Capita $1,000/yr
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