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CLIMATE CHANGE AND GRAIN PRODUCTION IN THE
UNITED STATES:. COMPARING AGRO-CLIMATIC:
- AND ECONOMIC EFFECTS - .. .

The analysis is based on an mtegrated chmatzc, agronomic and. economic model of
gram produetwn in the midwestern region of the U. S.: The model represenfs a typical
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Climate’Change and Grain Production in‘the United States:
Comparing Agro-Climatic and Economic Effects

s .,

Chmate places unportant censtramts ona gnculmre Research efforts to analyze

1960’5 (Thompscm 19'6%, 196% and 1970) Recent stuches by econ@mzsts have;

exammed the econmmlc mpacts of chmafe change on. agrmulture at the mtemationalf

»s"i et al zmdf

’Ievel (Kane et’al - and Rasenzwelg et aI ), afe the natwnal'levei (Ad

hi ,et al) at the regmnal Ievel (Crosson Katz and ngard) and a’c the farmv

leVeI (Katser et ali 1993 and 1995) Most @f these studies slmphfy the hnkages befween._

farmers deasmns and chmate

rewew of these stu:zhes) _The- model mciudes a st@chasnc weafher generater

(Rlchardson and anht) the General Purpose Ahnosphenc Pl,ant ,Sods Medel (GAPS
Buttler and Riha) to predict yields of individual cultivars, and a farm decision model to
select cropping patterns. This model (the integrated model thereafter) has been used to

study how farmers adapt to climate change at selected sites in the midwestern United



agr'g,-clhnat,in andeccmmw Varm?;é;les a@d:, zthegr :mte;raeffionsin explaining yields,
production, and net return.

There; are two. ob;egtives of the reggarch,,repqrtgd.m this paper. The first

explammg the vanabxhty &f pmducﬁan and net return gver the ranges of values
observed for.these variables in the Midwest. The second. objective is toextend the
estimation .of the response surfaces to cover a w1der range of temperature and

precipité;tian, and to predict the effects of prbjected ehang’es in climate developed for

Midwest- L




* A ‘general approach to dpproximatitigia complex madel is t6 generate output
vatues for differenit input configutations, and then to useé regression techniques o fit

r’e’épciﬁ%séf surfaces -:(Morga"ﬁ “éﬁd ”Hén:fi-@nﬁ. “Methods differ by the :pii“:cjciéiﬁ;i'é used to’

inputs are selected randomly from a factorlal design.

The pseuén data technique’ gwes dirett estimates of the marginal effects of each

mput but it 1gn0res mteracﬁons among mputs (e g I'ngher temperature ma’fy decrease

Ietiélé‘*ifiéféééés ‘Therefore, a Hia-levet "des1gn is-ofteni used’ iri apphcatmns even
though it is inadequate for estimating the shape of the surface. A Latin hypercube
requires fewer observations, but does not automatically preserve orthogonality. It
provides better information about surface shapes, but is less suitable for assessing the
relative importance among variables. Since the first objective of this research is to
assess the relative importance of variables, a two-level factorial design was chosen for

the analysis.



- - The:aine: input-variables used:in the analysis include four climate varigbles’
(temperature, solar radiation, average precipitation, and precipitation variability), one
agronomic. variable {seil),»and: four-economic variablés (prices of: ﬁméziZe, -soybeary,
sorghum, and wheat). For this design, a total of 512 (29).observations were generated.)
The high and low values for:the agre-climatic variables were determined from.

observed ranges of values in the midwestern United States (Table 1) to ensure that the

deszgn encompa&ses typuzal conditions for this. regmn The lugh and low values for the

explazja—‘at‘ory power thati th‘;éy‘ would in’ reahty When they are posmvely correlated. The.
agro-climatic-and economic input'values were used to simulate the yield of cultivars,-
production by erop,and net returp. . . RPN

The data are generated by running the clmatic-agren@mxc*economc models-in,

a sequem:e ‘“Fn'stﬁ ‘#hie chmatlc companent g ) ,daﬂy Values fcrr mmxmum and

maximum temperature, prec1p1tatmn and solar radxaﬁnn These three outputs plus
soil characteristics are inputs into the agronomic component that determines grain
yields and moisture content"fér a set-of different cultivars, and’ field time (i.e., the

amount of tirﬁe~f permit%éd 3By"-ithé W-éa:thér*fér:ﬁeld»oﬁéréﬁﬁns)f> ThéSEvixiaﬁa‘blé‘éfiﬁ tarn

set.of me-teumiagtcal cond.mons. Coxxseqﬁenﬂy, y1e1ds are sgaledzdown in a;ppheat:gons

to represent actual experience at a selected site. For this research, different scaling

1A smglé observation required simitlating 30 gmwihg seasons for 27 cultivars and took. overvthree hours
on’'a 486 machine. In this study; the term "cultivar” is-defined to include information- abeut the planting
and haivesting dates as well as the variety of a crop. -
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factors aré specified for the high and: low temperatures? {see bottom:of Fable 1) using
the values derived by Kaiser et al. (1995) for Lir coln, Nebraska and Redwood Falls; -

Minnesota.” Due-to the ﬂeﬁbilitj&:pf@vided;by;;thé six/i%tegrateds:madei;ih'o:t‘-h agr@ngmiic:

. The: deﬂxgn in ;des 32 dlfferent ?Sets of* valués. f@r the  five agwﬂfchmatxci

Vaﬂabfes (2% and 16 sets for- ﬁie f@ur ecananuc va:rlab]‘:es € Fere- are ten pasmblef -
pairwise interactions (C}) among the agro-climatic variables, 6 (C;) .among. the
econiomic variables; and 20 interactions betweervthe two groups of variables (4x5).-In.
total, the model has 46 variables (an iﬁtem‘efpt, 9:main-effects ;and 36 pairwise
mterachnns) -and-512. observations..(32x16)... . To: simplify..the -way: inputs . are

 coded tobe 1 and -1,

;Ievel for. each mput are

respeeﬁvely The: full modelin. mamx natahbn can be written as follows:

coot Y = XsﬂxffﬁMxr FUgpia 3 RS
,where‘ E(‘U) = 0 ‘and Vi ar(UU&} )= o”él;r,lz Due to the orthogonal des,lgn the matrix
(X‘X) is diag@rta} and. equals 512% 1y, . The OLS eshmator is:

o Do 4 -1 X’Y
- BE OUXYIXY = &5

and the total sum of Squares carbe parﬁﬁeneﬁ mto

2 Temperature is important because it sets the length of the growing season in the model (specifying a
‘high average temiperature corresponds toincreasing the temperatures in all months), ‘Clearly there are an
infinite numberof ways. of specifying weather pattérns for a growing season. An-advantage of using a
stochastic weather generator is that weather patterns can be characterized by relatively few parameters.

5



where U = Y=X§ .. : This-demonstrates the key feature of -using :an orthogonat:
d‘esig:n. - Since the matrix (X'X) iisz.d%iagonal; the ;explainedvaria;bﬂityz of the regressian is
levels of the variables-because they are generally correlated together in some way.
Under normality, standard F tests can be used to determirie whether sets of effects are:
zero.. ..

4 :@iigxpaiiﬁg~ﬁg;:of-?@i’iméfi;c:éiﬁ&{Ecaneiﬁiééﬁiffééts e Hen

o The ﬁi’iaééii*ou;’cpt’xté?;}éﬁébl”essfw}xniﬁie-:ifiteéra%édmbdék include the scaled-yields of
individual Culﬁvars,~ the acreages for cuiltivars selected, and net return. Net return is
part of the objective functionin the ecoriomic component, anid is directly observable in
" the:solutiornvset.. Production is computed by multiplying the yield:of each cultivar with
~ the carrespandmg acreage. However, the yield representmg a parﬁcuiar crop, or the
best: ywld depeﬂcis an which cultwazs are. selected in the soiumm of the econemw
model.: When'hone of the cultivars-for a crop-are selected, the observa,ﬁan onbest yield
is missing. ‘To compute missirig observations, the average acreages of cultivars in the
comélét?éusét--of;.éblﬁﬁcﬁsare used: as weights for zaaleulaz’{h?é‘g the best yield whenever a
crop is notselected in the eeonomlccampaﬁentefthemedel o

- The optimal solutions for acreage {and production) by kemp include many corner

solutions.: Most-of these:occur when one or:more crops are not selected, but in a few.
cases, the entire-acreage is allocated to asingle crop. The existence of ¢orner solutions
implies that- the standard-Ordinary ‘Least-Squares (OLS)  estimator ‘of the statistical
model is biased.” Although appropriate two=tail Tobit models -have been developed to
analyze these data, an associated problem is that the orthogonal structure of the design

is lost (see Li 1995). Consequently, the explained variability of acreage and production



by ‘crop- can not be assigned uniquely to individual: regressors. To citcumvent this.
problem, average production for the four grains is used 4s an alternative dependent..
variable.: This variable is-measured-in-terms of volume (bushels), weight and calories.
- The-Best Yield; Average Production and Net Return were analyzed ‘using-the
model specified in Section 3. The results are shown in Tables 2-and 3. Due to the.
orthogonal design structure, the total variability for these variables is uniquely-
allocated among the main effects for agro-climatic and economic variables and the two-

‘way mteractwn& To. szmphfy the. presentahon, three graups of twa»way interactions

F ! e’t.LS resuits for Best Yzeld in Table 2 show that femperattireis the- d@mmant -
variable for soybean, sorghum and wheat. :(Soil is also important for wheat.) For.
maize, however; -precipitation and the water-retention: capacity of the soil are.

1mp0rt31‘lt Inaddition, the interactions am@ﬁg:;preei;pitaﬁm;»Sei-kiam&fztemperamre are”

eontnbutevvery httle tothe' ffc of thé medel Thxs is conﬁmed by the small camputed F
statistics for- tes’e:mg that the 6 economic main-effects and the- assoaated 26 interactions-

are all zero (see Table 2)-

the effec;’ts of the economic vm&bztésfa*rg:mme nr:pm‘f:ant than t:hey are :vfe,r*zBe’st Yields:
Since sorghum is the Ieasi sensitive of the four crops to-adverse weather-conditions, it
is typically selected when agrosclimate conditions are bad; regardless of price levels.
Therefore, Net Return :depends’ ’étron;glzy» on the price of _saﬁghum. - The F statistic for.
compared to a critical value of 1.7 at the 1% level of significance. In this case, the null

hypothesis that the economic effects are zero is rejected.-



other but dlfferent frorn those for Net Re’curn Wh11e temperature is stﬁl the most
important variable for Average Production, other effects also matter, soil and
precipitation an}éng‘ :the agﬁro-ciyimgtic/va)ryigblgevs and the pﬁée of maizé amoﬁg: the
economic variables. In gd-ditien, agro climy;ajti.c two-way interactions and three-way
interactions céﬁtribute to the fit, and in genéral in‘teractions are more important) than

they are in the other models In splte of mcludmg three—way interactions, a larger

(or Best YteIds) Tl'us - may nnply that the madel s results are more complex in stmcture i
for Average Productmn Consequently, results can not be exp}amed sunply in terms of
mam effects arcd seCond—order mteractmns Thlrd—arder mteractxons matter, and
hx,gha»or;ie:mte)rgctwns may account for pﬁa}xft)qf,the unexplamggi variability.

While the range of values selected for the input variables is adequate to address
the firgt objective of this papér, ééenarios used by other stpéiies on ;:Iffnate ci{ange
. typically involve more extreme temperatures and precipitation. Furthermore, a
companson of results with ather smdxes ina separate paper (Li et al) shows that it
may be important to allow for non-linear responses: when evalua’nng condmons under
a warmer climate. For this reason, the analysis was extended to estimate response
surfaces over wider ranges of temperature and preapltatmn for a given soil (The
results in this paper imply that the effects of other agro-chmatxc variables are relatively

u;}important.).



5. Specifying Temperatire and Precipitation under Climate Change

e IPCC antegernmempanl for Chmt Chngum scnes

Model (UK) Tx{éfr‘eamés“ 'féf‘ftémiaefam%é' f;;n*a:

mm) i

4 The GCM predwtmns of thé "current” decade are inconsistent with the Base values (16 44 aC and 71.71
mm per month) used in this study. Furthermore, the variability among different GCM results'is laiger
than the variability through time within each GCM. Coarse grid resolution is always a problem with
GEM's, and probably accounts for the differences in px:edmhans For this research, the GCM results are
normalized so that the predicted temperature and precipitation for the “"current” decade are equal to the
Base values.

5 The origin in Figure 1 corresponds to the mean of the original design (all variables set to zero). The
"high" temperature in Table 1 is one grid point up from the origin in Figure 1, and the "low" precipitation
in Table 1 is two grid points to the right of the origin in Figure 1. In the original design, temperature and
precipitation both ranged from -1 to +1, and in the new grid, temperature ranges from 0 to +4 and
precipitation from @ to -2.

6 Due to its tolerance to heat and drought, sorghum dominated production throughout the grid when the
prices were set at the average values, making the analysis uninteresting. Therefore, a modified set of
prices was specified to ensure a realistic mix of crops at the Base point.

9



precipitation are all relatively sinall.? ‘For this reason;‘another more éxtreme scenatio is:
defined (Worst Case; WC) in. which the climate gets substantially drier as well as
warmer. The results for this latter scenario are nuich more ominous than they are for

the other three scenarios.

6.-Response Sutfaces-for Climate Change -

The 25 observaﬁons for fhe gnd in Figure 'l were used to fit-a. response surface:'

for Best Yxelds, Average Prod'/ ction: '»and--Net»Retum«m terms:of tempem’cure and.

prefcipitatxtm usmg & thxfd«;rder palsmormal model® The fitted' polynormals were then:
used to generate 3-dimensional surfaces (Figure.2). The.vertical axes in.Figure 2.
measure the percentage differences from the .value at the.Base.  (The range is fromi’
--100% to +50% for all'plots.) Since the surfaces: for both types. of soil exhibit similar:
/.-beh-avior, only those for the good soil (Ves) are presented.9 o

temperature and prempltatmm The yxeld mcreases mmalfy with temperature but then.
decreases. - Themaximum yield i5.38% above the Base. The adverse effects’of less.

prec:1p1tat10n are. mmally small ‘but beconie more severe as it gets'drier. For example,

......................

makes it easier to mterpret the three-d enswnal surfaces shown in Fzgw:e 2
8 If t and p denote temperature and. precipitation, the third-order p&lynormal model is

¥, = BQ +ji1t ¥ ﬁzp +;33fp +§4t2 +Bsp +B6t1p-}ﬁ?tp +{38t3 +139pr 'I'he it of the model is qmte good ‘for

9 To provxde addxtlonal mformatmn about the role cyf agmnemm adaptaﬁon to chmate change, one set of
runs was conducted with all-cultivars as possible choices, while another included only:the dominant
cultivar for each crop at the Base for all grid points. However, as the climate becomes warmer and drier,
the cropping patterns quickly switch to one cultivar of sorghum, and the differérices between the two sets
of runs are small. Therefore, only the results for multiple cultivars are presented.

10



as precipitation-decteases by 40 mm -from the left axis‘in Figure 1 “(highest
precipitation), the decrease i yield is.30%. However, as it drops by an additional 20
mm, the yield decreases by another 40%....= - = =« % -

The yield of soybean is sensitive to temperature, but relatively. insensitive to.
precipitation. Like maize, the yield initially goes up and then goes down as
temperature increases. Unlike maize, however, the yield of soybean is relatively

insensitive to chan:ge—s of precipi:ta.tion. In fa;:t,;:-the ‘maximum :’yield‘.s(zl“’/o -above:the:

qmte stable within.
Wheat, like maize, is sensitive to ptee»’ipitéﬁama'espeeialrlys under the driest ;cqndiﬁoa& ;
The yield:does not vary-muchi when precipitation is'more than 30. mm below the base,
but ~decrease’sszzdiasti’ca:ﬂyfbel?owi that-level. - Wheat: is, however, less sensitive to
temperature than maize.

The patt msfof Average Prod, : ,cncn arid Net Remm are mareggcomplex because
it reﬁects the mtéfactmns between agro-chmatlc and economic: forces ,,,,, Variability in:

7 praductmn can be caused by either changes in yield (agro-climatic effect) OF cropping

pattern {ewnomzc effect) To unclerstand this behavior, it is helpful to divide. the

T

y (20 mm above,

10 These dlfferences appear t@b@ small in Figure 2 because the vertxcal scaie is the same as 1t is for maize.

11



incrﬁe,gise::‘z_vi)glgynessf on vghe,at}’ However, it then increases due fo a crop-shift from wheat
to sorghum, which has higher yields than wheat. |
Netfﬁetu;phiys:p‘rgmarily determined by the yield of maize for the normal
precipitation region. Like maize, the peak level (45% above the Base) ha?éené ét
around +1.5 °C and +25 mm. However, as the yield of maize dgeclings/_wivt«h{drier

conditions, the cropping pattern changes, first to wheat and then to sorghum. This

7. A Comparison with Other Studies

A common implication of other studies of global warming is that.overall
agricultural productivity will decrease in middle-latitude countries (such as the United
States) and increase in higher-latitude countries (such as Canada and Russia) under the
climate warming induced by a doubling of greenhouse gases. For example, according
to Kane et al., a 3.71 °C increase in the median temperature in the summer months will
reduce average yields in the United States for maize, soybean, and winter wheat by
23.8%, 34:6%, and 16.0%, respectively.

At the national level, . Rosensweig et al. and Adams et al., estimated the yield
effects of climate change for different regions of United States through simulations of
crop models. In another study, Kaiser et al; (1993) examined farmers' adaptability
under three scenarios of climate change for a southern Minnesota farm using the same
basic model as the one used for this research. The different specifications for climate
change in these three studies are summarized in Table 4. The levels of temperature and

precipitation are well within the ranges of the grid in Figure 1 except for the increase of

12



the initial levels of temperature and preapxtaﬁcm are set at pomt BP. Consequently, fhe

predicted changes of the dépehde‘n’c’vafiablfes‘airé defined consistently and represént the

ei‘féétsbf’ }:I'igﬁia’ce"cliahigé in fﬁé"é@ééfﬁéd' sceﬂ:aiﬁézsn ﬁ%i’iﬁgﬁfhézéa\irﬁe mgael (i*é’spbhs‘é

; note that dlfferences in the predxcted effeds of a scenario between the response ¢ surface
and the orlgmal study may be caused by differerices in the mltzal conchhons as Well as
by differences in the characteristics of the models. ' )
The results are consistent with those of Kaiser et al. (1993) for the yield of
soybeary (Table 5). The discreparicy for the yield of sorghum is dueto updating the
version of tlie‘s&rghﬁm model used in GAPS. Howeﬁér, tﬁe*predziéﬁibﬁsforithé Yiéld of
climate would ‘be-less serious in a-cooler region (i:e. Minnesota) compared to the
‘Average Midwest. The explanation relates to the specifications made about the length
of the" érowing season: In this study, a longer growing season is specified and this in
turn implies that a wider arféy of late maturing cultivars of maize can be grown
suiccessfully. The predicted iricréases in'Net Retutn are small it all sceniarios compared
to Kaiser et al. In-this study, hiowever, prices are held constant, and in Kaisér et-al.'s
:s{?ﬁay- & éﬁfjpiy’ réspéﬁsé is -iiwérpé}ateda In gértefal, the rankings of the variables for
The results from this 'Tstukiy are quite different from with those’in Adams et al.'s
and Rosensweig et al.'s studies (Table 6 and Table 7). A fundamental difference is the

way that yield responds to precipitation in a warmer climate.” In Adams et al., yield is

13



even when precipitation increases (Scenarios I and IIl). In :szm@@sb, ,the, yleld of maize

increases in this $tudy in Scenanos Tand Il and decreases in Scenario II. The yteld of

mcrease in temperature is generaiiy beneﬁclal unless it is assoc:lated w1th a substanual

déc_rease in, pI'EClpltatIOn, and in this latter situation, the mcreased sensmvﬁy of y1e1ds to

14



8. Predictions Based on the IPCC Sceriarios

Table 8. For GF, the yield of maize incréases for the next exghty years. The increase is
large for the first thxrty years but Iévels off from that pomt onward. Initially the rise in

femperatire and strall decrease in prec1p1tat1on are beneficial for maize, but as

dowrtt after 2000 as rainfall contififes to decrease. Under WC the yield of maize goes
down subs*tantiaﬂy after 2010 and is reduced by 50% by'204()’

and MP climate change scenarios. The incréases are 1arge mxtlaliy and’ get smaller
toward the'end. Under the UK ‘seenario, saybean yield ‘increases even riiore in the first
three decades, but then decreases. Th}s 1s not surpnsmg, since the température increase
increase for the first three decades, but decrease thereafter. The reduction from the Base
is over 15% by 2060.

Sorghum yields for the GF and MP scenarios show little change over the entire
eight decades. The increases in temperature implied in the two models are too small to
have a large impact on sorghum. In addition, sorghum yields at the end of the
simulation period for the GF and MP scenarios are similar, even though the

precipitation levels are different. This is due to sorghum being relatively insensitive to

15



tr;anslates, intq inc;reas&d A&@eta;ge Emdugﬁon ;fa;,r GF ;(25% nabqve the Base,by» 206}0;&;—11

The increase in temperamre.m UK, which benefits maize initially, causes the

prec:tpxtatzen scon become more. lmpertant and then producncm falls, As precxplta’aon

decreases further, more acreage is allocated to wheat. As a result, Average Production
falls. However, when precipitation in UK starts to increase, maize becomes. the
dominant crop again, and Average Production for UK goes back up to over 15% above

the Base in 2060.(see Figure 3).

. MP.predicts the lowest precipitation among the three IPCC scenarios, 'Ihe drler
climate 1mp11:edabysMF has two singfzfn—;:rxé@n,t~nsegatzwe,sz%ife@t&mgrndu@mn over time, First,
maize to. whe,ast., As a consequence, Average VPiqui;ugtwn :under the MP scenario m.20§(}

is almost 15% below the Base (see Figure 3).

16




ate quite different. Sifice WC i the waritiest and driest scenario; the switch from triaize

to wheat occurs quickly, causing large initial reductions of Average Production. Ini the

last-decade, a switch fo sorghum résults in increased Average Prodtiction. ™

eturn

yield of maize under drier conditions.” However, the éffect of WC is

Under extremely dry eonditioné, :sm‘;g(hum becomes the dominant crop: This'keeps

much bigger problem than increased tempetatiire. For'the three IPCC scénarios, Net

et only falls below the Base (2020 to 2040 for UK; and 2040't6 2060 for MP) in: the

driest periods. In fact, the analysis shows thatd moderate iricreasé in temperature s

generally beneficial (as in GE), as long as it is not accompanied ‘by” decreases in

precipitation (as in'MP). - Nevertheless, the iivdest changes irf précipitation predicted
by the three TPCC Seendrivs miay hide the real danger. A relativély smalladditional
‘dominant crop in WC, Average Production in 2060 is only two-thirds of thé level at the

Base, and Net Return is reduced by almost one half. -

17



< .. This paper describes the performance of an integrated.climatic-agronomic and,

economic model-of grain production in the Midwest, which has been used extensively
to study the effects of gradual global warming on the-production and yields.of maize,

soybean, sorghum and wheat (e.g. Kaiser et al. 1993 and 1995). The model contains.

attern to meet economi

the orthogonal design, total variability can be partitioned. uniquely among the
individual regressors. For yields, as.expected, economic variables. are not important.
~Temperature is the dominant variable for the yields of soybean, sorghum and wheat.
Soil and precipitation are both important for the yield of maize. . For net retumn and.
average p;rdﬁuctién; tempéxafeyre is the 'mas}'tf important variable, but economic
variables and interactions.also contribute. . For production, the price of maize is the

most important economic variable because the yield of maize is generally high

for- yields, average production and net return.  These results show that the yields of
maize and to a lesser extent wheat are adversely effected by lower precipitation. The

yields of soybean and sorghum are relatively insensitive to precipitation over the range

18



specified. With high precipitation, maize dominates the cropping pattern. Under diier

conditicvns, wheat substitutes for maize,, and finally, under the driest conditions,

initially and then decréases yields: “This phienomienion is also sxhibited By average

pfdductifdn? and net ”ré‘tu’i'h: ‘and for these variables, lowering ptecipitation has miich

pfecié‘itaiﬁdﬁ*tﬁaﬁf they are in Adams et al., and yields are less a&v’efs’ely affected by
hlgher temperatiirés than they are in Rosensweig; etal” v
Thie effects of thtes TPCC scenatios for climate are evaluated together with an’

exfreﬁiély *”dryahf& Hot scenario. Two of *thef*’chrééf IPCC scenarios show géri‘eféﬂf

of raize (+17% a-nd +12%). The ather IPCC scenario’ shawsmoderate ﬁegaﬁve effects
on ‘production (-14%) due to a lower yield of maize (-5%). In coritrast, the Worst Case’
shows a 34%;”rédfucitidn‘ in production (and an 88‘:’({:) reduction in the yield of maize).
The riain reason for these different resuls is the assurmiption made abott precipitation.
The relatively positive ‘conclusion for the IPCC ‘scenarios are conditional on the

assumptian that higher tempera:tu;res are not assaciaté&’*vﬁ"E}i-’?I:bWér»’”ﬁfécipita“ifi:énf In

Midwest, results are very sensitive to the assumptions about precipitation. Utider dry’
conditions, relatively small changes in precipitation have substantial effects on the'

yields of maize and wheat, and thetefore, on grain prodiiction compared to the

19



among different climate models about temperature increases, even the direction of
change of precipitation for a specific location is uncertain. This uncertainty about
changes of precipitation presents a major limitation in our ability to understand the

potential effects of climate change on gr‘ai’l‘lﬁpmduéﬁqn.
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InputVanables S ~ High

’I‘emperamrc (Celsms) 17.69
il Type .- V : Ves
. Large

o o 13399

19:28
3.01
7.68

486
4.18

High

Ui — 537156
Yxeid of’ Saybean o 30/52
Yield of Sorghum 100/122

36.1/48
60.2/108
35/86.2

Ylalci of Wheat - 55/83

24

1 Defined jointly by Po1, the probability of a wet day following a dry day, and py;, the probability of a wet day
following a wet day. The values of py; and pyy are 0.22 and 0.48 for the large variability, and 0.20 and 0.36 for the
small variability. The two probabilities for the large variability always imply a larger variance of precipitation than
those for the small variability for any given average level of precipitation.

2 High cerresponds to the high temperature (Lincoln, NE) and Low to the low temperature (Redwood Falls, MN).
Each scaling factor corresponds to a ratio of yields in bushels per acre.



Table 2. Analysm-ovaanance fm' Best Yreld and Net Retum

Return

53.98
0.67
0.19

- 0.54
0.93
1.02
0.03

21.71
-0.14

Two-Way Hiteractions
Agroﬁchma&c (10) 1272 3.35
no 6) T 0.34

.04 10.73
7”35 6.36

3 Test statistics are obtained under the null hypothesis that prices have zero impact. The critical F-values at 5% and
at 1% significance level are 1.46 and 1.70, respectively.

25




Table 3. Analyss-of‘Vaﬁance for Average Production
(Allecatwn crf Vanabxhty around the Mean in Percent)

Man Effects o
Temperature

Seil

Pr&c;pttatmn vanabihty

merma»(é}
Cross (20)

Three-way interactions (84) 8.13 8.06 7.94

Unexplained 2193 2176 2293

Sidies Tempeture(c)

Scenarios
" Kaiser -

4250 “ 7300

=izhe

U AdamsT. b AR L 120
i +5.09 2.40

GISS is Goddard Institute for Space Sciences;
GF and UK defined in Figure 1.
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Kai:ser et al. i SR Thsztudy |
__ :Minpesota |  Average Midwest
r ..o m ] 1 oo

N/A - values not reported.

Studies Adams et al. (rmd-pomt vaInes) o This Study
,,,,, Upper : ‘Central .. . Lower ... Av&rage

Reglons . mrdwest _midwest ~ midwest |  Midwest

45 -,;1:5 15  -15  -15 5. 19 12
Soybgan 45 5 25 5 25 -5 157 14
Sorghurn . N/A N/A NIA N/A . N/A NAl. -5 -6
Wheat = .. 5  -25 5 25 5 25 -3 -2
Production N/A N/A N/A NA ' NA NIAF T 32 14
Reurn .. - N/A NiA NA  NA . NIA _ NIA 26 13

Lower midwest: Kentucky
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Table 7. A Camparisnn with Rosenswmg et al
‘{Percentage:Change from the Base) -

Studies .. V Rosensweig et al. : ThlS Study

Regions , Towa - Nebraska Average Midwest
Scenarios 1 Tm w1 oW m | 1 0 W

Muize Ay iy oy r sl 1s e 19
Seybean -7 <26 c-12 -18 -31 24 19 14
© Sorgh CNIA T NIA T NIAT O NI N b 2 2 6
R . -18 0 =36 33 1 11 -3 4
U NA NIE . NIA 3 .°-31 33
_NA L NIA WA | 28 .15 25

Table 8. Predictions for 2060 tmder leferent Climate Scenarios: 2/
(Percentage Chaﬂge from 1990)

= Muttx-cumvars .. VIO

Best Yield , :
- Maize- 17.27. 12 08 . -4.61 -88.50
Soybean 16.88 <1245 19.17 -16.13
Sorghum <255 - -712 -1.5% -12.04
Wheat 018 -3.12 239 -54.94

Average Production  © 7 “25005 ¢ 1612 7 -HALL0 -34.25

NetRetun 2230 13.91 -1.87, -46.59

2/ The four scenarios are deﬁned{i,nﬁgig-pre; 1.

28



Warmer (Degrees Celsiusy -~ oo

Base| ...

20 " Base 20 40

3 .- Drier -> (mm of Pl'eClPitﬂtma)

BP - Base Point (16 44°C, 71.71mm) ,
GF - Geophysical Fluid Dynamxes Laboratory
- Max Plank Institute

UK - United Kingdom Hadley Center

WC - Worst Case

Figure 1. Alternative Scenarios for Temperature and
Precipitation
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Figure 2. Estimated Response Surfaces
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Figure 3. Average Production and Net Return under
Alternative Climatic Scenarios
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