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I t d ti R h Obj ti Model Specification D tIntroduction Research Objectives Model Specification DataIntroduction Research Objectives Model Specification Data
F ’ l d d i i b d th l ilib i W t l l d t fClimate is expected to change in Pacific Northwest (PNW) with Using data from the PNW region this paper contributes to Farmers’ land-use decisions are based on the long-run equilibrium We use county-level data from: Climate is expected to change in Pacific Northwest (PNW) with Using data from the PNW region, this paper contributes to g q
expected profit

y

increased mean annual temperature and reduced precipitation in the literature on climate change impacts on agriculture in expected profit, • Census of Agriculture from 1982 to 2007 for shares of land use netincreased mean annual temperature and reduced precipitation in the literature on climate change impacts on agriculture in • Census of Agriculture from 1982 to 2007 for shares of land use, net 
summer A substantial degree of this change is inevitable and is several dimensions: ( , ( , )) ( , ( , ))c c c l l lMax A R p y W CC A R p y W CC    returns of crop and livestock production, irrigation rate and percent of summer. A substantial degree of this change is inevitable and is 

t d t ff t i lt l d ti hi h i t ill hift
several dimensions:  

,
( , ( , )) ( , ( , ))

c l
c c c l l lp y W CC p y W CC

 
   p p , g p

land enrolled in conservation programsexpected to affect agricultural production, which in term will shift T t th h th i th t b th d th h k d (1 ) ( ( )) ( )A R p y W CC TC      
land enrolled in conservation programsp g p ,

land t th t i i th t t l d Th f it i
• Test the hypothesis that both random weather shocks and (1 ) ( , ( , )) ( , )c l f f c lA R p y W CC TC   

The CMIP5 projections for historical and f t re climate ariablesland to uses that maximize the returns to land. Therefore, it is 
yp

climate shifts may affect the land use allocation using the where R is the revenue of crop livestock and wood production p p and p
• The CMIP5 projections for historical and future climate variables 

important to examine how land use among crop pasture and forest is
climate shifts may affect the land use allocation using the where R is the revenue of crop, livestock and wood production, pc, pl, and pf , including 10-year averaged and annual growing season degree daysimportant to examine how land use among crop, pasture and forest is fractional multinomial logit model (FMLOGIT) and yc, yl, and yf are the corresponding commodity prices and yields; yield is a

including 10 year averaged and annual growing season degree days, 
t t l i it ti th i d ti t d i it ti i t it i daffected by climate conditions including a single year weather

fractional multinomial logit model (FMLOGIT) and yc, yl, and yf are the corresponding commodity prices and yields; yield is a 
function of random weather shocks W and climate shifts CC ; TC is the total total precipitation, their quadratic terms and precipitation intensity index affected  by climate conditions including a single year weather 

fl t ti d l t li ti hift Simulate how land use allocation changes under future
function of  random weather shocks W and climate shifts CC ; TC is the total p p q p p y

S f ffluctuation and a long-term climatic shifts. • Simulate how land use allocation changes under future costs which is  a function of land use shares. • The U.S. Bureau of Economic Analysis for population density and per g
climate scenarios

y p p y p
capita incomeFarming decisions are not made for a single year alone but with

climate scenarios
In an econometric context the reduced form model is written as

capita incomeFarming decisions are not made for a single year alone, but with 
U t d l d li t d t f PNW f 14 Gl b l

In an econometric context, the reduced-form model is written as, 
Deschenes and Greenstone (2012) and Fish et al (2012) for soilclimate shifts. When making economic decisions of land use, a farmer • Use recent down-scaled climate data for PNW from 14 Global ( )W CC p p p  1 2j M 1 2i N

• Deschenes and Greenstone (2012) and Fish et al. (2012) for soil climate shifts. When making economic decisions of land use, a farmer 
f li t h b t h / h d littl if th Climate Models (GCMs) and 2 emission scenarios (RCP45

( , , , , )ij ij c l fW CC p p p  1, 2,...,j M 1, 2,...,i N characteristic variables which is constant over time but vary acrosscan prepare for climate change but he/she can do little if a weather Climate Models (GCMs) and 2 emission scenarios (RCP45 characteristic variables, which is constant over time but vary across 
ti

p p g
shock occurs However previous literature can only reveal the impacts and RCP85) that are part of the fifth phase of the Coupled Considering the property of the dependent variable we[0 1] 

counties.shock occurs. However, previous literature can only reveal the impacts and RCP85) that are part of the fifth phase of the Coupled 
M d l I t i P j t (CMIP5) f th f t

Considering the property of the dependent variable,               , we [0,1]ij 
f f Sof either one on agriculture production and land use changes Model Inter-comparison Project (CMIP5) for the future estimate a FMLOGIT model

j
The growing season is defined from April to September. Thus, within of either one on agriculture production and land use changes 

(S hl k d R b t 2006 Fi h t l 2012 M t l 2012)
p j ( )

prediction
estimate a FMLOGIT model, The growing season is defined from April to September. Thus, within 

the growing season a single year climate is defined as annual(Schlenker and Roberts 2006; Fisher et al. 2012; Mu et al. 2012), prediction e x p ( )
[ | ] i jx

E


 1 2i N
the growing season, a single year climate is defined as annual ( ; ; ),

rather than both
p ( )

[ | ] i j
i j i ME x


 


1, 2,...,j M 1, 2,...,i N random weather shocks and a 10-year averaged climate is defined asrather than both. e x p ( )i mx  random weather shocks and a 10-year averaged climate is defined as 

1

p ( )i m
m



 climate shifts.climate shifts. 

C l iE ti ti R lt ConclusionsEstimation Results Projection under Future Climate Change ConclusionsEstimation Results Projection under Future Climate Change
I thi fi t i h hi t i l li t ditiIn this paper, we first examine how historical climate conditions From the table below we interpret results from Model 1: For future projections we aggregate future climate data into three time periods (2030 2050 and p p ,
affect agricultural land use shares using a fractional multinomial logit

From the table below, we interpret results from Model 1: For future projections, we aggregate future climate data into three time periods (2030, 2050 and 
2090) f h GCM d i i i (RCP45 d RCP85) t t th h t di affect agricultural land use shares using a fractional multinomial logit • As more days with temperature between 8 and 32 oC, which is suitable for cropping, there is less land used for 2090) for each GCM and emission scenario (RCP45 and RCP85), to represent the short-, medium- g g g

model and then predict how future climate change will shift land use
As more days with temperature between 8 and 32 C, which is suitable for cropping, there is less land used for 
pasture The elasticity of pastureland shares corresponding to the 10 year averaged degree days is 0 71

2090) for each GCM and emission scenario (RCP45 and RCP85), to represent the short , medium
d l t li t hift i PNW d di t l d h b t lli ll th i bl model, and then predict how future climate change will shift land use pasture. The elasticity of pastureland shares corresponding to the 10-year averaged degree-days is -0.71. and long-term climate shifts in PNW, and predict land use shares by controlling all other variables 

using projected climate data from 14 GCMs and 2 emission• Increase of 10-year averaged precipitation in growing seasons is likely to benefit crop production and reduce
g , p y g

constant Comparing to the predicted land use shares using baseline climate data we find that: using projected climate data from 14 GCMs and 2 emission Increase of 10 year averaged precipitation in growing seasons is likely to benefit crop production and reduce 
t l d ith l ti iti f 0 52 d 0 53 ti l

constant. Comparing to the predicted land use shares using baseline climate data, we find that: 
scenarios.pasture land use, with elasticities of 0.52 and -0.53, respectively. scenarios.

• More intense or frequency of rainfalls will cause soil loss and increase the risk of soil erosion which is harmful for • From Fig.1 & Fig. 2, future cropland shares are slightly decreasing in the early period when projected climate change is not
L d ll ti b t d li t k i b t ti ll

• More intense or frequency of rainfalls will cause soil loss and increase the risk of soil erosion, which is harmful for 
b h d li k d i

From Fig.1 & Fig. 2,  future cropland shares are slightly decreasing in the early period when projected climate change is not
serious in PNW and pastureland shares are slightly increasing in some cases by 2030 As time goes by we expect a big Land use allocation between crops and livestock is substantially both crop and livestock production. serious in PNW, and pastureland shares are slightly increasing in some cases by 2030. As time goes by, we expect a big 

C f f
p y

affected by 10 year climate shifts Pastureland shares decline if there are
p p

When livestock production becomes more profitable relative to crop production farmers move land to the use with change in temperature and precipitation in PNW. Correspondingly,  we find cropland shares increase significantly, while affected by 10-year climate shifts. Pastureland shares decline if there are • When livestock production becomes more profitable relative to crop production, farmers move land to the use with g p p p p g y, p g y,
pastureland shares decrease and changes in land use is much larger under the worse emission scenario (i e RCP85) more days with 10-year averaged temperature between 8 and 32 oC orhigh returns. In addition, cropland share is increasing with irrigation. With more irrigation, less land is used for pastureland shares decrease, and changes in land use is much larger under the worse emission scenario (i.e., RCP85) more days with 10 year averaged temperature between 8 and 32 C or 

d i 10 d i it ti C di l l d
high returns. In addition, cropland share is increasing with irrigation. With more irrigation, less land is used for 
pasture and more land is used for cropping On a erage across all GCMs and emission scenarios Fig 3 and Fig 4 sho s the changes in cropland and past reland decrease in 10-year averaged precipitation. Correspondingly, cropland pasture and more land is used for cropping • On average across all GCMs and emission scenarios, Fig.3 and Fig. 4 shows the changes in cropland and pastureland y g p p p g y, p

shares increase Higher precipitation intensity is harmful for both crop• Estimated results are consistent across model specifications and we do see different impacts from random weather shares in each county, respectively, and there is large variation across counties and time periods shares increase. Higher precipitation intensity is harmful for both crop Estimated results are consistent across model specifications and we do see different impacts from random weather 
shock and climate shift variables (Comparison between Model 3 and Model 4)

shares in each county, respectively, and there is large variation across counties and time periods

and livestock productionshock and climate shift variables (Comparison between Model 3 and Model 4)
P di t d l d h b 2030 P di t d l d h b 2050 P di t d l d h b 2090

Predicted pastureland shares by 2030 Predicted pastureland shares by 2050 Predicted pastureland shares by 2090 and livestock production. 
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economic models as well as climate models. 
Fi 2 P l d h h d GCM j d liFig.1  Cropland share changes under GCM projected climates Fig.2  Pastureland share changes under GCM projected climates
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