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Adaptation to Climate Change: Land Use and Livestock

Management Change in the U.S.

Abstract: This paper examines possible climatptdi@ns in a U.S. land use and
livestock context. By using a statistical modeireated over census and other data, we
found that as temperature and precipitation in@gasoducers respond by reducing crop
land and increasing pasture land. Our projectindgate that more cropping land would
shift to pasture/grazing land under climate chahgeaddition, we find that cattle
stocking rates decrease as summer Temperaturewandlity Index (THI) increases and
they are declining under climate change.
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1 I ntroduction

Climate change impacts land use and livestock ne&nagt altering crop, forage
and livestock growth and yield plus water supplgweéver, climate change has been
projected to cause higher temperatures along Weheal precipitation and water supply
(IPCC 2007a). It appears that a substantial degfrekmate change is inevitable and thus
adaptation strategies are necessary (Rose and M2G@8). Agriculture is a highly
vulnerable sector to such changes and this raisesd@ for producers to adapt operations
S0 as to improve performance and profits.

Producers can adapt to climate change by altergmgagement while maintaining
or by changing animal species or crop mix amongrplossibilities (Hoffmann 2010).
For example, adaptation might involve substitutimgstock for cropping in marginal
mixed crop-livestock systems as they become eamddtlgiand socially more marginal
(Jones and Thornton 2009) or shifting livestockcggealong with other possibilities
(Herrero et al. 2008). However, studies have noadly quantified the degree to which
such adaptations have occurred in the U.S. angé#pser reports on research that
attempts to do so.

Specifically, this paper examines the degree takwhlimate adaptations occur
based on observed U.S. land use, climate and dglestata. Namely, we
econometrically examine how climatic factors sgtiand temporally impact land
allocation decisions between crop and livestock@hith livestock stocking rates. In
turn, based on our estimated results, we projectiitections and magnitudes of likely

adaptation under selected IPCC 2007 climate chaogearios.
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2 Literature Review

A number of studies have been done on livestocktatian to climate in the
context of Africa and South America (Seo and Mesaoleh 2008a; Seo and Mendelsohn
2008b; Seo et al. 2009; Seo et al. 2010). For elargo et al. (2010) find that the
probability of a farm having livestock increaseshmvarming but decreases when it
becomes too wet. In terms of crop livestock shieso et al. (2009) find that in Africa a
hot and dry climate causes a greater incidenceedtbck as opposed to crop production
in high elevation areas. However, as the climatolmes wetter, livestock ownership
falls dramatically in all areas (Seo and MendelseB®8a; Seo and Mendelsohn 2008b).

In the context of the U.S., however, aggregateyseal of direct impacts of
climate change on livestock production are rareddat al. 2009). Adams et al. (1999)
predict that livestock in the U.S. would be onlydty affected by warming because most
livestock receive both protection against the emmmnent and supplemental feed. Hahn et
al. (2005) find that changes in climate would dietead to reductions in summer
season milk production and conception rates inydaws; Amundson et al. (2006) find
that minimum temperature had the greatest influemcthe percent of cows getting
pregnant, and Nienaber and Hahn (2007) find thehabanimal behavioral,
immunological, and physiological functions aremtentially impaired as a result of
thermal challenges.

Earlier studies of how climate may impact livestpec&duction illustrate the
potential for more significant consequences wheralkdity in weather patterns and
extreme events increase (Hatfield et al. 2008)nlEe al. (2001) find swine and beef

production were affected most in the south-cerstnal southeastern U.S., and dairy



production was affected the most in the U.S Midveest northeast regions. CCSP (2008)
presents evidence that increased temperature m wagions would result in reduced
feed intake and affect feed efficiency, animal gaiilk production and reproduction,
disease susceptibility, and death. Mader et aDgp€@ind that an increase in air
temperature will reduce milk production level irttentral U.S., while swine producers
in northern areas may experience some benefittats effects and beef producers
would need to feed cattle up to 16% longer.

The literature discussed above largely estimateslimate effects on livestock
management in the U.S. without considering theipdiyg of adaptation in management
practices or technological change (Adams et al91B@illy et al. 2003; Mader et al.
2009). We also cannot find few studies focusedhertopic of climatic conditions and
livestock stocking rate. To contribute to the htierre, we examine how climate change
causes farmers to adapt through land allocatioradingst livestock stocking rate and

predict the potential changes assuming global wagmi
3  Modd and Data

3.1 Mode
Following the standard assumption of many agro-esoa studies, profit7 is
modeled as a function of climate variables (Schéemt al. 2006). Assuming the net

revenue from agriculture operatignis written as,
7 =U; + ¢
WhereU; is a function of exogenous characteristics ofdisérict including temperature,

precipitation, drought index, extreme hot days @egional dummiesg indicates



individual heterogeneity and=1, 2, 3 represents land use of cropping, livestock
operation and other land usage, respectively.
Adapting McFadden’s random utility maximization neb@icFadden, 1981),

farmers will choose land usg=1 over all other land usage if,

P(j=1) = P(r, = max(r,,,,11;))
=P(mg, > 1, 11, > 1))

The probability for thd ™ district to employ land use=1 is calculated by

integrating the appropriate indicator function akofwvs:
Pilzj.cb(giz_gil<uil_u| ) [P(g :—&§,<U -y a) f(s)de.

where @ is the indicator function anfis the probability density function of the error

term.

If we assume that a) the density functibrfollows an identical and independent
Type | Extreme Value distribution ; and b) the aliable component); can be written

as a quadratic function of temperature and preatipit* plus a linear form of other
independent variables, then the probability of cog land usej can be derived as,

el
P=—e — [j=123
eUikﬁk
k=1

Based on this equation, we construct a log-likelthtunction and parameters can
be estimated using a Maximum Likelihood Method. Séhestimates are consistent and
asymptotically normal (Papke and Wooldridge 19@6particular, we employ a

Fractional Multinomial Logit Model as developed adended by Sivakumar and Bhat

!t is reasonable since inputs like climate varialilave positive marginal effects that diminish and
eventually turn negative.



(2002), Mullahy and Robert (2010) ,Ye, et al. (200&nd Mullahy (2010 proposes an

extension of the fractional regression methodolégy.all analyses, we assume the

3
Independence of Irrelevant Alternatives (IIA) hylpesgis holds and require thEt: P =1

j=1

The impacts of climate on the district choice afdaise can be measured by
examining how the selection probabilities for lars® are altered by climate and the
profitability implications thereof ( Seo et al. ZI)1 Specifically, if land use in cropping
is less profitable than livestock operation undaoaclimate, farmers will prefer raising
livestock to cropping, which reflects itself in@ner choice probability for cropping and
a higher one for livestock operation.

The overall profitability of the livestock produeti system is also impacted by
stocking rate through its major impact on animafgenance. According to Redfearn
and Bidwell, Figure 2 indicates that maximum indiv&l animal performance occurs at
light stocking rates because there is little comtipetfor the best forage plants in the
pasture. As stocking rate is increased, the leflvahonal performance is reduced due to
increased competition. Figure 2 also indicates dsagtocking rate increases, the amount
of weight gain produced per acre is increased wpttweshold and then declines. For the
analyses of cattle stocking rate, we compare efain OLS regression and Quantile
regression.

3.2 Data

Data needed for this study involve land use datastock density and climate
variables. We decided to use data from the censaisyof 2007, 2002, 1997, 1992 and
1987 as we think longer period between observationeeded to allow adaptive land
use adjustments plus have the cross section tovabadaptation land use patterns across
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regions characterized by different climates. A# developed at the crop reporting

district level. Major data types and sources are:

Land use data were drawn from the Agriculture Cemscluding total acres of
farm land, crop land and pasture land, market watierop and sold livestock
products (both in $1000).

Crop reporting district-level inventory numbersbafef cows, milk cows, beef
cow replacement, milk cow replacement and calveg weawn from the USDA
National Agriculture Statistics Service.

Climate data for temperature and precipitation vadr@ined from the NOAA
Satellite and Information Service, National ClingdData Center. We use
seasonal mean temperature and precipitation feagsypreceding each census
year2.

Given the IPCC (2007a) evidence and projectioretive to climate variability,

we assembled data reflective of climate variabgipgcifically on drought, extreme heat

waves and precipitation intensity.

For data describing the incidence of drought, weethe Palmer drought index
drawn from the NOAA's National Climatic Data CentdiCDC). The Palmer
drought index is a measurement of dryness baseeoamt precipitation and

temperature. A negative Palmer index means droughtvalues below-4
reflecting extreme drought and those abovénéicating extreme wetness.

For heat waves, we counted the number of days glaryear that the maximum

temperature was higher than’G2~90 F).

2 For example, when the dependent variable in outaiis from 1987, we use the seasonal averaged
climate over 1985-1987, and similarly with the atfaur census.
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For precipitation intensity, we constructed an mdéprecipitation intensity
following that in IPCC (2007a), adding up the patoaf annual total precipitation
due to events exceeding the 1961-1990 95th pekegnti

For the latter two indicators, we were only abledastruct state-level

information which was insufficient for a panel aysa$ but enough for a pooled

estimation.

To capture differential effects at different latles and regions, we added

dummies for sub-regional effects using USDA regiditeey include,

Region 1: Corn Belt (CB) which includes statesllafidis, Indiana, lowa,
Missouri and Ohio;

Region 2: Great Plains (GP) which includes staté&osas, Nebraska, North
Dakota and South Dakota,;

Region 3: Lake States (LS) which includes statddiohigan, Minnesota and
Wisconsin;

Region 4: Northeast (NE) which includes stateMlafyland, New Jersey, New
York, Pennsylvania, Vermont and West Virginia;

Region 5: Rocky Mountains (RM) which includes stat& Arizona, Colorado,
Idaho, Montana, Nevada, New Mexico, Utah and Wyanin

Region 6: Pacific Southwest (PSW) which includetf@aia. We use it as the

base level since it has the fewest sample.

® The equation for calculation the precipitationdrds,

preint =

(total precipitation that exceed 95 pentile)*100
total yearly precipitation
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* Region 7: Pacific Northwest east side (PNWE) whingfiudes sates of Oregon
and Washington;
* Region 8: South central (SC) which includes stafdéentucky, Tennessee,

Alabama, Arkansas, Louisiana, Mississippi;

* Region 9: Southeast (SE) which includes statesigfinda, North Carolina, South

Carolina, Florida and Georgia;

* Region 10: South west (SW) which includes statedldédhoma and Texas.
Additionally, we needed data on the livestock stogkate and needed to

construct it from the other data we collected. Mathtically, stocking rate is defined as
the number of animals on a given amount of land aweertain period of time (Redfearn
and Bidwell). We also needed to account for herdpasition. To do this developed a
district level number of equivalent animals basedh® Animal Unit Month (AUM)
requirements and inventory numbers of beef cowsnaifidcows, beef cow
replacements, milk cow replacements, and calveaah district.

Following Redfearn and Bidwell and Pratt and Raseng 2001) we assume
that AUM requirements for milk cows, replacemerftb@ef cows and cows, and calves
are 1.5, 0.7, 0.8, and 0.6, respectively. Henaestbcking rate (SR) of cattle in each
district is calculated as follows,

ae > AUM, * Inventoty
- Pastureland

S

wherei =beef cows, milk cows, replacement of beef cowdapnent of milk cows,

and calves, respectively amhsturelanc is the total acre of pasture land in each district

* Pratt and Rasmussen(2001) give full informatiodefining and calculating the stocking rate forteac
animal
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However, there are missing observations as thedtatet report inventory of cattle or
there is no cattle inventory in some districtsyaouse the log term of cattle stocking rate

as follows,

> AUM, * Inventoty
| + 1

log(SR) = log(
9(SR 9t Pastureland

According to agronomic studies, plant growth istlyaronlinear in weather
(Black and Thompson 1978; Adams et al. 1999; Séleleand Roberts 2009).
Specifically, Schlenker and Roberts (2006) find that plant growth is linear in
temperature only within a certain range, betweeati§ip lower and upper thresholds,
beyond which higher temperature becomes harmfuin 8us paper, we impose the
squared terms of temperature and precipitationeadigcussed in previous part.

For animal stocking rate analysis, we introducetémeperature-humidity index
(THI) index to determine the effect of summer caiodis on animal comfort, combining
temperature and humidity and measured by respirasite. For example, if
74<THI <79, it indicates that the respiration rate of livestoeach the range between
90 and 110, which is the threshold for alertimgditock’s safety; ifTHI > 79, the
respiration rate will reach the range between 11080 which is dangerous for farm
animals. Therefore, the THI have been used to geoguides for environmental
management and assessment of risk for losses thiimkgges with responses related to
animal performance (Mader et al. 2006; Bohmanow. &007). Since it is difficult for
us to get the THI directly, it could be computedading to previous literatures using
the following formula,

THI = 08* Ta+(RH/10Q * (Ta-14.3) + 464

and,
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RH=(6.112)*e"(8678-Ta/2345)(Ta/(25714+Ta))

whereTa = temperature, °C ariRH is the relative humidity.

We have 1034 observations in total and the sunmnogf land use and pasture land
use takes amounts to over 90% of total land in $agloring 1987-2007. Descriptions and
Statistical characteristics of variables are listedable 1 for each census year as well for
the pooled sample. Figure 1 shows that both theepésige of crop land use and pasture

land use exhibits a decreasing trend from 19870ay 2
4  Estimation Results

Now we turn to the estimation results and robusttest. Due to difference in
cropping patterns and livestock management acudssegjions, we estimate models with
and without sub-regional dummre8y testing model specification, we report regi@ss
results coming from models that passed the lodHi&ed ratio test. In other words,
models with sub-regional dummies are presentedrdaarpreted.

4.1 Landuseallocation and climate

Table 2 reports marginal effects of continuous amatory variables from the
estimated Fractional Multinomial Logit (FMNL) modef land use choices with the
marginal effects of regional dummies omitted. Simeehave five agriculture census
years and each has a five-year gap, we reportsgigreresults for each census year and
for the pooled sample.

Although the significance levels vary between thaations estimated over the

different data sets, we find consistent signsrgoartant climate variables, such as

® Regression results of model without sub-regionmhohies are reported in appendix to save pages.
Similarly, we put results of other land use in apgi®g as well since it is out of the purpose of ihéper.
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precipitation and temperature across the variots skts, which suggests that our model
specification is robust for different samples.

Cropping and livestock operation compete for lagé as signs of climate
variables in their respective regression equatwaopposite. Results indicate that crop
land increases when precipitation increases buedses when there is excessive spring
and winter precipitation. The response to preatfwh reaches its peak at 15.2 inches for
the pooled group which is about half of the 31 exbstimated on a smaller regional
basis by Schlenker et al. (2086 contrast, the percent of pasture land shrirskspring
and winter precipitation increases; however, itéases when rainfall exceeds 16.5
inches. The mean precipitation is about 9.32 inahepring and 8.69 inches in winter,
which is lower than the peak point, so the charfgarml use between crop and pasture
would be very small due to precipitation changes.

Figure 3 shows the predicted probability of usiagd for livestock as annual
mean precipitation varies. It could be seen thatrétationship between precipitation and
land use allocation is consistent with our regassesults that effects of precipitation
has inverted-U shape for crop land use and U stoapestock operation.

Effects of temperature on choices of land use dapending on season with the
signs of the coefficients following our expectaso®n one hand, cropping growing in
spring needs temperature rises, however, when tatope increases beyond a threshold
of 18C, it will become harmful and not suitable for cymduction. On the other hand,

temperature in summer is harmful for crop growimges the mean temperature in

® Schlenker et al. (2006) stated that 31 inchefisedo the water requirement of many crops althdabgir
results were adjusted for the length of the groveiegson. However, they consider the case for é#st o
100" meridian rather than the whole U.S.
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summer is already 3C. Under hot temperature, livestock is more hatrant compared
to crop, which causes farmers to switch land tediweck production.

In general, effects of annual mean temperaturepaoiobbility of land use
allocation are nonlinear as shown in Figure 4effperature rises in the future, farmers
could adapt to climate change by early plantinggnng or switching crop land to
pasture land if it is too hot in summer.

The probabilities of land use depend on regionuilei shows the predicted
probability of land use allocation between crop padture for various regions. Region 1
— the Corn Belt - has the highest probability afctand use. In contrast, region 5 —
Rocky Mountains- and 10 -South West- have the sgpebabilities of pasture land use.
These land allocation patterns are consistent euithrent land use.

The Palmer drought index is also important for latidcation. We find that
increased drought incidence in summer tends to raneeinto livestock uses and reduce
crop land. Additionally, an increase in the numbknot days in summer also causes a
shift into livestock.

We examine results for each census group so a®widp an alternative robust
test for model specification (Schlenker et al. 200@&st results show that there is little
change of estimated coefficients. However, the lpegafor pairwise Chow-test reveal
that we cannot reject the null hypothesis at thecb¥idence level, which means there is
no difference in any of the five tests. In othards, our estimations for different sample

groups are consistent and our model specificagnbust.

14



4.2 Cattle stocking rate and climate

Forage production and stocking rate records atiearin making timely
management decisions (Redfearn and Bidwell). Sbignpart, we will focus on the
analysis of cattle stocking rates. Table 3 showsalte from OLS and Quantile
regressions. For most independent variables, te#icents from the two models exhibit
the same signs. However, we interpret results fleOLS model since it has a relative
higher R-square.

Moisture is generally the most limiting factor réla to forage production, which
would in turn, impact stocking rates. Results frdable 3 shows that coefficients of
precipitation are significant and show an incraasmoisture in summer and winter
initially decreases the amount of land needed penal but peaks at 15 inches in
summer and 26 inches in winter in where open theuatof land increases. These
numbers change across regions since vegetatiorpartieular site varies in composition
and production largely because of changes in ptatign (Redfearn and Bidwell).
Higher precipitation intensity increases the newddnd and reduces cattle stocking
rates.

Though only spring temperature is significant ia @LS model, we use the
temperature humidity index (THI) in the analysiscs it is a commonly used index in
livestock production studies (Mader et al. 2006hB@anova et al. 2007). In particular, a
higher THI index in the summer is harmful for litesk perform by reducing their feed
intake, energy saving and weights, which induckesvar number of animals per acre,
and a heavier stocking rate in the spring or wirlesults from our analysis are

consistent with previous studies (Hahn et al. 200Bnaber and Hahn 2007), that have
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shown climatic factors, such as temperature andditynaffected to livestock
production.

Based on the OLS estimation, we simulate 500 tiimggt parameters of summer
precipitation, its square term and the THI inde® ahow their effects on cattle stocking
rates in Figure 6 and 7Particularly, summer precipitation in Figure ®sls a positive
impact on cattle stocking rates with declining nia@values; in contrast, its square term
shows a negative effect with increasing marginéles Their combination presents an
inverted-U shape correlation as the results ind&bFigure 7 plots effects with
confidence level in region 1, 3 and 8 plus thereziee level. It can be seen that as
summer THI index increases, cattle stocking rateglavdecline, which suggests a
negative and significant relationship between sumhill index and cattle stocking rates.

Since the ability to calculate stocking rates arsketimely management
decisions is vital to maximizing net returns frame fivestock operation, cattle stocking
rate is also influenced by the market value of $kktock products. In other words,
they have a positive and significant correlatidrivestock is more profitable, stocking
rates will increase until reaching the frontieFigure 2, after the maximized point, the

net return from livestock production will decling stocking rates increase.

" According to our regression results from two megdehly region 1, 3 and 8 are statistically siguifit,
we plot effects of summer THI index on cattle singkrate only in these regions plus in the bas®reg
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5  Projection of land use allocation and stocking rate under

climate change

In previous sections, we have shown that regresamatels used in this paper not
only follows the economic theory, but also fits ttegaset so as providing credible and
robust results. Before going to the conclusion,paettake one more step for considering
whether famers’ expectation of climate change wamlolact their behaviors on land use
allocation and livestock management.

We use the estimated coefficients from our regoessand the climate model
used in IPCC 4th Assessment Report (2007) to etetha impacts of climate change.
We choose the third version of Hadley Center Calpedel (HadCM3), which has a
stable climate in the global mean (Collins et B0P) and also is a mid-sensitivity model
(Schlenker et al. 2006).Basically, we use the ptep changes in temperature and
precipitation for three standard emission scenatedmed in IPCC Special Report on
Emission Report (SRES) (Nakicenovic et al. 2000 Thoice of climate scenarios is
important because it can determine the outcomecbifreate impact assessment, so we
choose three scenarios range from the lower-emiSSIRES scenario B1 to a higher
emission scenario A2, and also include the medioms&on scenario A1B given their
assumptions on greenhouse gas concentrations (20C1a).

We use historical data of 1961-1990 mean monthlyesas the base for
calculating the average projected temperature agxgtation for the years 2010-2039,
2040-2069 and 2070-2099. We emphasize how climétesnce the changes of stocking
rate, land for pasture or crop in current terrmear the medium term and in a long term.

Table 4 shows the annual mean temperature changdes different emission scenarios.
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Projected changes in temperature falls within gree of 1-4.2C (i.e. 34-39 Fahrenheit),
which is close to the “likely” range for climaterstivity in IPCC 4" Assessment Report
of 2-4.5C. More specific, Table 4 also gives the seasadmahges of maximum,
minimum and mean temperature and precipitation veaaill use the mean temperature
for calculating their marginal effects on stockiage and land use for pasture and crop.

To get the changes of land use allocation underaté change, we hold other
independent variables at mean and use the chahtggsmerature and precipitation from
climate model across three time periods. TableeSgnts marginal effects of changes in
temperature and precipitation on the probabilitjaoid use allocation and livestock
stocking rate under different emission scenarios.

To get changes of cattle stocking rate under cknchbinge, we use the same way
to get changes of temperature and precipitatioadtition, we calculate the changes of
the THI index under climate change according toftheaula in data part and get the
percentage changes of cattle stocking rate adrassaind emission scenarios.

Under current condition, the probability of landeder crop, pasture and other
usage is 0.6, 0.29 and 0.11, respectively. By titead 2£' century, the likelihood of crop
land use declines with the probability of crop |dalling 0.3 under scenario B1 and 0.44
under A2 emission scenarios. By contrast, the gty of pasture use increases 0.28-
0.41 under B1 scenario and 0.35-0.53 under A2 sitena

Currently, cattle stocking rate is about 0.25 atiraere. Under climate change,
Table 5 also shows cattle stocking rate decreasktha percent change of cattle
stocking rate range is about 35%-49% under thedoemission scenario, and 48%-70%

under the highest emission scenario.
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Based on our estimation results, we also competethnges of probability of
land use for each region. Figure 8 and 9 showsethdts. It can be seen that the
probability of land use for livestock is increasimgtemperature increases, which in turn,
induces a decreasing probability of land use foppmg. The changes in land use vary

across regions, for example, Corn Belt region haddrgest increase in pasture land.
6  Concluding Comments

In this paper, we have analyzed forms of US livelstfaroduction adaptation to
climate change econometrically using district-leagficultural census data. Specifically,
we first examined how land use between crops astlipaland plus cattle stocking rate
are adapted across climatic conditions. After eatiiom, we find climate change leads to
reductions in cattle stocking rates, and land agéssdrom crops to pasture.

Results found in this paper are consistent witlviptes studies (Schlenker et al
2005; Schlenker and Robert 2006), that is, clinmtdfecting the allocation of land use
by reducing crop land and increasing pasture langmaperature and precipitation
change. Additionally, cattle stocking rates asmaleclining under climate change

projections.
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Variable
crop

pasture
other
sppcp
sppcp2
smpcp
smpcp2
wtpcp
wtpcp2
sptmp
sptmp2
smtmp
smtmp?2

wttmp

Table 1 Statistical Characteristics of Variables

Mean
0.61
0.22
0.27
0.22
0.13
0.10

11.41
5.19
156.92
126.88
10.48
4.84

133.17

127.34
8.60
6.23

112.62

199.60

51.98
9.63

1010.79
74.00
5.06
5500.86
739.19

Interpretation Mean Mean Mean
Percent of crop land  0.58 0.58 0.58
0.25 0.26 0.24
Percent of pasture land 0.33 0.33 0.31
0.25 0.26 0.25
Percent of other land usage 0.09 0.09 0.10
0.08 0.07 0.08
Spring precipitation 8.04 8.19 10.40
3.08 3.03 5.83
Squared spring precipitation 74.12  76.24 142.09
53.59 50.07 160.49
Summer precipitation 10.53 12.24 10.94
4.47 5.59 4.23
Squared summer precipitation130.77 181.03 137.40
102.26 145.16 96.06
Winter precipitation 8.79 7.87 9.00
6.11 5.29 6.11
Squared summer precipitation114.51  89.73 118.13
142.38 126.83 162.45
Spring temperature 54.67 52.63 51.32
6.74 8.07 9.63
Squared spring temperatur8034.02 2834.71 2725.55 2793.82
753.19 868.46 1014.41
Summer temperature 73.75 70.29 7191
5.60 6.28 5.64
Squared summer temperaturgd70.60 4980.33 5202.79
823.05 893.74 820.10
Winter temperature 35.51  36.01 34.42
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36.11

Mean Mean Min Max
0.56 0.58 0.00 0.96
0.23 0.24
0.30 0.31 0.01 0.98
0.23 0.24
0.14 0.11 0.00 0.53
0.11 0.09
8.71 9.32 0.12 37.57
3.54 4.46
88.36 106.78 0.01 1411.51
70.19 107.11
10.72  10.97 0.04 33.47
4.84 4.84
138.26 143.62 0.00 1120.24
109.97 117.86
9.05 8.69 0.27 44.99
5.05 5.76
107.35 108.63 0.07 2024.10
145.83 156.70
5448 53.07 32.07 73.80
7.78 8.51
3028.07 2889.14 1028.49 5446.44
850.12 909.93
7395 72.83 57.77 85.80
5.39 5.77

5497.98 5337.35 3337.37 7361.64
790.94 837.88
32.61 34.82

6.53 64.53



9.71 1061 11.57 8.97 1230 10.85

wttmp2 Squared winter temperaturd354.77 1408.82 1318.05 1384.32 1214.15 1330.17 42.64 4164.12
737.41 792.26 820.84 666.57 830.45 777.09
sppmdi Spring Palmer drought index -0.17 -0.33 1.68 -0.31 0.02 0.19 -7.35 6.72
1.80 2.26 1.66 2.28 2.22 2.19
smpmdi summer Palmer drought index -0.54 0.59 1.55 -0.61 -0.61 0.06 -90.47 9.37
2.07 2.28 1.73 2.25 2.26 2.29
wtpmdi Winter Palmer drought index  0.58 0.54 1.68 -0.19 0.50 0.63 -5.48 5.98
1.43 1.93 1.22 1.63 1.89 1.75
preint Precipitation intensity index  0.18 0.19 0.17 0.16 0.15 0.17 0.00 0.70
0.08 0.16 0.07 0.06 0.08 0.10
hd32 Number of hot days with 34.54  16.74 2411 37.18 33.72 29.42 0.00 125.00
temp>32C 29.14 2431 2852 25.08 26.65 27.83
lcv Log term of crop value 11.62 11.85 12.11 1240 13.34 12.30 792 16.12
1.27 1.27 1.25 1.33 1.10 1.38
Isv Log term of livestock value 11.92 1196 12.08 1246 13.36 12.39 8.47 16.71
0.99 0.99 1.06 1.12 0.97 1.17
Insr Log term of stocking rate  0.22 0.22 0.22 0.32 0.29 0.26 0.00 1.90
0.21 0.21 0.25 0.24 0.24 0.23
spthi Spring temperature-humidity index 63.00 62.61 62.58 62.71 62.89 62.76 61.92 68.07
0.98 0.90 1.06 1.14 0.88 1.00
smthi Summer temperature-humidity 68.46 66.57 67.31 6851 68.46 67.89 62.02 77.39
index 3.47 3.45 3.40 3.08 3.33 3.43
withi Winter temperature-humidity index 61.98 61.99 6198 61.96 61.99 6198 6192 64.25
0.20 0.22 0.23 0.16 0.23 0.21
Observations 203 192 209 190 240 1034
Census Year 1987 1992 1997 2002 2007 1987-2007
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Year
variable
sppcp

sppcp2

smpcp

smpcp2

wtpcp

wtpcp2

sptmp

sptmp2

smtmp

smtmp2

witmp

wttmp2

Table 2 Marginal Effects from the Factional Multmial Logit Model

1987
crop pasture
0.0684**  -0.0533**
(0.0229) (0.0227)
-0.0026%*  0.0021*
(0.0011) (0.0011)
0.0277*  -0.0454%+
(0.0166) (0.0168)
-0.0005  0.0011**
(0.0005) (0.0005)
0.0050 -0.0169*
(0.0107) (0.0108)
-0.0001 0.0005
(0.0004) (0.0004)
0.1072 -0.1351
(0.1207) (0.1139)
-0.0007 0.0011
(0.0012) (0.0011)
-0.1960  0.2998**
(0.1732) (0.1570)
0.0014  -0.0022*
(0.0012) (0.0011)
-0.0226 0.0222
(0.0255) (0.0254)
0.0000 0.0000
(0.0004) (0.0004)

1992
crop
0.0099
(0.0279)
0.0002
(0.0011)
0.0084
(0.0188)

0.0000
(0.0005)
0.0089
(0.0172)
-0.0002
(0.0006)
0.1024*
(0.0802)
-0.0012*
(0.0008)
-0.0838
(0.1240)
0.0009
(0.0009)

-0.0484%%*
(0.0200)

0.0005**
(0.0003)

pasture
-0.0135
(0.0274)
0.0002
(0.0011)
-0.0134
(0.0188)
0.0001
(0.0006)
-0.0121
(0.0172)
0.0003
(0.0005)
-0.1149*
(0.0802)
0.0014*
(0.0008)
0.1772*
(0.1199)
-0.0016**
(0.0009)
0.0390**
(0.0188)
-0.0005*
(0.0003)

1997
crop
0.0267*

(0.0134)
-0.0006*
(0.0004)
-0.0314*
(0.0201)
0.0012**
(0.0007)
0.0211*
(0.0121)
-0.0004
(0.0004)
0.1171%*
(0.0464)
-0.0016%**
(0.0005)
-0.2411*
(0.1137)
0.0021**
(0.0008)
-0.0356%**
(0.0153)
0.0006***
(0.0002)
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2007
pasture crop
-0.023* 0.0210
(08)13  (0.0181)
0.0006* -0.0013**
(0400  (0.0007)
0.0435* 0.0084
(0821  (0.0183)
-0.0018**  0.0002
(08)00  (0.0007)
-0.0198*  01BY*
(0D12  (0.0121)
0.0002  -ALB0O0
(0400  (0.0003)
-0.0535  .0457
(0345  (0.0714)
0.0008*  -0.0005
(05)00  (0.0007)
0.1798*  -0.1342
(0717  (0.1341)
-0.00%6 0.0012
(0900  (0.0009)
0.088 -0.0330%**
(0914  (0.0115)
-0.0002  .0003*
(0100  (0.0002)

pasture
-0.0128
(0.0168)
0.0010*
(0.0006)
-0.0355**
(0.0176)
0.0008*
(0.0006)
-0.0305%**
(0.0112)
0.0006**
(0.0003)
-0.1356**
(0.0671)
0.0016**
(0.0007)
0.4997**
(0.1237)
-0.0038***
(0.0009)
0.0374*
(0.0114)
-0.0005***
(0.0002)

87-07
crop pasture
0.0212%*  -0.0165**
(0.0077) (0.0064)
-0.0007**  0.0005**
(0.0003) (0.0002)
0.0160*  -0.0287*+
(0.0080) (0.0076)
-0.0003  0.0008***
(0.0003) (0.0002)
0.0076* -0.0121**
(0.0054) (0.0049)
-0.0001  0.0002**
(0.0002) (0.0001)
0.0390**  -0.0223*
(0.0124) (0.0123)
-0.0006%*  0.0004**
(0.0001) (0.0001)
-0.1283%*  0.1588**
(0.0473) (0.0438)
0.0011**  -0.0013**
(0.0003) (0.0003)
-0.0110%* 0.0068
(0.0056) (0.0058)
0.0002** -0.0001
(0.0001) (0.0001)



sppmdi -0.0230 0.0123 -0.0344
(0.0212) (0.0215) (0.0309)

smpmdi -0.0249* 0.0165  -0.0328*
(0.0168) (0.0177) (0.0152)
wtpmdi 0.0390* -0.0297* 0.0463*
(0.0216) (0.0225) (0.0319)
preint 0.6246**  -0.6234*+ 0.1088
(0.2419) (0.2471) (0.1462)
hd32 -0.0032%*  0.0036%*  -0.0042**

(0.0015) (0.0014) (0.0017)

0.0206
(0.0309)
0.0345%*
(0.0143)
-0.0306
(0.0318)
-0.1329
(0.1329)
0.0036**
(0.0017)

-0.0111 0.0222 0.9814 -0.0802***

(0.0220) (0423  (0.0211)
-0.0316**  0.028*  -0.0409***
(0.0143) (0314  (0.0135)
0.0244  -0.0404* -0.0253*
(0.0206) (0D19  (0.0180)
0.2632 -0.1706 -0.3873*
(0.2826) (0B64  (0.1796)
-0.0044%*  0.0057**  -0.0024**
(0.0013) (0301  (0.0012)

(0.0225)
0.0473%+

(0.0137)

0.0190
(0.0184)

0.3313*

(0.1756)

0.0015
(0.0012)

-0.0054
(0.0083)
-0.0212%**
(0.0070)
0.0184%+
(0.0071)
0.1256**
(0.0589)
-0.0034***
(0.0007)

0.0015
(0.0084)
0.0258**
(0.0067)
-0.0167***
(0.0071)
-0.0515
(0.0599)
0.0029%
(0.0007)

Note: Marginal effects of each independent varialléand use of cropping and livestock operati@raported in this Table. Effects

of regional dummy variables are omitted and rolstestdard errors are in parentheses; Asterisk af*and * represents

significance at 1%, 5% and 10% confidence levepeetively; Regression results of census year 200@ropped because of

collinearity of two sub-regional dummies.

27



Variable
cb

ap

Is

ne

rm
pswe
sc

se

sw
sppcp
sppcp2
smpcp
smpcp?2
wtpcp
wtpcp2

constant

Table 3 Regression Resultsfor Cattle Stocking Rate

oLS
0.1673*
(0.0710)
0.1014
(0.0705)
0.3307*
(0.0765)
0.1182
(0.0758)
0.0699
(0.0505)
0.0282
(0.0401)
0.0917
(0.0553)
0.1455%
(0.0541)
0.1410%
(0.0672)
-0.0017
(0.0042)
0.0003
(0.0001)
0.0091*
(0.0051)
-0.0003*
(0.0002)
0.0210%
(0.0048)
-0.0004**
(0.0002)
-3.6922
(3.4528)

Quantile
0.1404***
(0.0487)
0.0478
(0.0535)
0.2938***
(0.0503)
0.0981**
(0.0476)
0.0523
(0.0415)
0.0282
(0.0380)
0.0729
(0.0448)
0.1005**
(0.0437)
0.0391
(0.0505)
0.0031
(0.0040)
0.0000
(0.0001)
0.0123***
(0.0044)
-0.0003**
(0.0001)
0.0126***
(0.0030)
-0.0002**
(0.0001)

-1.8639 R-Square

(3.2979)

variable
sptmp

sptmp2
smtmp
smtmp2
wttmp
wittmp?2
sppmdi
smpmdi
wtpmdi
preint
hd32
Isv
spthi
smthi

witthi

oLS
0.0613***
(0.0145)
-0.0009***
(0.0002)
-0.0315
(0.0479)
0.0005
(0.0004)
0.0039
(0.0053)
0.0001
(0.0001)
-0.0104
(0.0072)
0.0007
(0.0061)
0.0066
(0.0079)
-0.1992%*
(0.0619)
-0.0007**
(0.0004)
0.0502#*
(0.0084)
0.1627*
(0.0290)
-0.0590**
(0.0258)
-0.0707
(0.0484)
0.3601

Quantile
0.0425***
(0.0133)
-0.0006***
(0.0002)
0.0131
(0.0418)
0.0000
(0.0004)
0.0010
(0.0038)
0.0001
(0.0001)
-0.0069
(0.0057)
-0.0021
(0.0042)
0.0034
(0.0055)
-0.0900*
(0.0473)
-0.0009***
(0.0003)
0.0415***
(0.0039)
0.0918***
(0.0204)
-0.0157
(0.0190)
-0.0807*
(0.0444)
0.2631

Note: Coefficients are reported in this table. Toleust standard error of OLS
model and the bootstrap standard error of Quaautdan parentheses; Asterisk of ***, **
and * represents significance at 1%, 5% and 10%dm®mce level, respectively.
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Table 4 Predicted changesin temperature and precipitation under different scenariosfrom HadCM 3 model

2010-2039 2040-2069 2070-2099
Variable Mean Std. Dev. Min Max Mean Std. Dev. Min Max Mean Std. Dev. Min Max
HadCM3-B1 emission scenario
sptmp 1.36 0.60 0.30 2.96 1.84 0.71 0.30 3.62 2.28 0.94 0.30 4.55
sppcp 0.06 0.18 -0.47 0.44 0.05 0.20 -047 0.61 0.08 0.23 -055 0.86
smtmp 1.68 1.01 0.30 455 2.11 0.82 0.51 455 2.53 0.72 1.06 4.55
smpcp 0.03 0.18 -0.44 0.55 0.03 0.20 -047 0.61 0.06 0.24 -055 0.86
wttmp 1.32 0.59 0.30 3.11 1.82 0.73 0.49 3.62 2.22 0.99 0.49 455
wtpcp 0.10 0.18 -0.44 0.50 0.10 0.20 -047 0.61 0.12 0.22 -055 0.86
HadCM3-A1B emission scenario
sptmp 1.91 0.79 0.81 4.00 2.61 0.85 0.96 4.73 3.14 1.25 0.96 6.22
sppcp 0.06 0.22 -0.56 0.87 0.10 0.26 -0.56 1.10 0.14 0.32 -056 1.16
smtmp 2.33 1.38 0.81 6.22 2.93 1.06 1.27 6.22 3.43 1.05 1.27 6.22
smpcp 0.00 0.21 -0.56 0.82 0.06 0.25 -044 1.10 0.13 0.31 -044 1.16
wttmp 1.89 0.75 0.81 3.92 2.58 0.83 0.81 4.73 3.15 1.25 0.81 6.22
wtpcp 0.09 0.23 -056 0.77 0.14 0.24 -0.33 1.10 0.18 0.30 -0.44 1.16
HadCM3-A2 emission scenario
sptmp 1.60 1.05 -0.08 4.37 2.32 1.00 0.25 4.37 3.26 1.61 0.25 6.88
sppcp 0.04 0.19 -0.46 0.52 0.08 0.23 -054 0.72 0.09 0.30 -054 1.25
smtmp 2.10 1.73 -0.08 6.88 2.68 1.41 0.92 6.88 3.57 1.36 0.92 6.88
smpcp -0.01 0.18 -054 0.50 0.04 0.21 -054 0.72 0.07 0.30 -054 1.25
wttmp 1.55 0.96 -0.08 4.23 2.21 1.05 -0.08 4.23 3.18 1.72 -0.08 6.88
wtpcp 0.10 0.19 -0.33 0.73 0.12 0.21 -054 0.73 0.14 0.29 -054 1.25

Note: We got data of monthly changes of temperadnceprecipitation for years of 2010 to 2099 frdra IPCC data

distribution center. In order to get seasonal glearof temperature and precipitation, we use thenmoétheir changes.
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Table 5 Changes of Land Use Allocation and Cattle Stocking Rate
Base 2010-2039 2040-2069 2070-2099
HadCM3-B1 emission scenario

Crop 0.60 -0.22 -0.28 -0.33
Pasture 0.29 0.28 0.35 0.41
Other land use 0.11 -0.06 -0.07 -0.08
Cattle stocking rate*(animal/acre) 0.25 -35.48 -41.86 -48.87
HadCM3-A1B emission scenario
Crop 0.60 -0.31 -0.38 -0.43
Pasture 0.29 0.39 0.46 0.52
Other land use 0.11 -0.07 -0.09 -0.09
Cattle stocking rate*(animal/acre) 0.25 -49.89 -58.01 -66.34
HadCM3-A2 emission scenario
Crop 0.60 -0.28 -0.35 -0.44
Pasture 0.29 0.35 0.43 0.53
Other land use 0.11 -0.07 -0.08 -0.09
Cattle stocking rate *(animal/acre) 0.25 -47.72 -54.63 -70.27

Note: For land use allocation, this table showsctienges of predicted
probabilities that are calculated from the FMNL rabaith pooled sample and sub-
regional dummies;

For cattle stocking rate, this table shows the ipted changes of cattle stocking
rate that are derived from the OLS model with pddample.
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I ean of percent of crop land use
I mean of percent of pasture land use
mean of other land use

Figure 1 Trend of land use among cropping, livdstmueration and other usage
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Figure 2 Influence of stocking rate on individualraal performance, gain per acre, and
net return per acre.
(Source: Redfearn and Bidwell,
http://pods.dasnr.okstate.edu/docushare/dsweb/&wdifton-2172/unknown)
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Figure 3 Probability of Land Use Allocation as Amhivlean Precipitation Varies
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Figure 4 Probability of Land Use Allocation as Amhivlean Temperature Varies
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Figure 7 Summer THI Index Effects on Cattle Stogkitate as Region Changes
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Figure 8 Changes of the probability of crop andyrasland use as Region Changes

under B1 Scenario
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Figure 9 Changes of the probability of crop andyrasland use as Region Changes
under A2 Scenario
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