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RECOMMENDATIONS FROM ELASTICITY SUBGROUP

Introduction

This paper aims to address recommendations abeertat@lasticities parameters in the GTAP
model used by the California Air Resources BoardR8) to estimate land use emissions from
biofuels as part of the Low Carbon Fuel Standaf@R8) regulation. This document was
produced as part of the effort of several othegsoilps of the LCFS Expert Workgroup to assist
CARB in refining and improving the land use andiiadt effect analysis of transportation fuels.

The information and recommendation in this pap@ress the final findings of the “Elasticities
Value Subgroup” after several months of researchdiscussions. As will be shown, the
findings are not conclusive but express the bé&ttewledge available found by subgroup
members. We expect that continuous research mdirooor improve our recommendations in
the future.

This document has three parts. The first part suzesthe recommendations from the LCFS
Expert Elasticities Subgroup. The second part adeethe requests from CARB and other
expert members from the October meeting. The tard provides detail of the investigation
about the Elasticity with respect to area expansion



Part | - Recommendations

1. “Must do as Part of Near Term Modeling” Recommenlations
1.1 Elasticity with respect to area expansion

CARB should adopt the version of GTAP that vartes\alue of this parameter by region as
documented in Tyner et al (2010).

Rationale

The initial CARB GTAP runs varied the ratio of néamd yield to current land yield from 0.5 to
0.75. For each run the particular value of thisapaater was fixed across all regions and all
crops. No data-based analysis existed that cayddast any particular setting of this parameter.
Since those initial runs, however, some evidenceiglwhat this ratio might be has emerged and
Tyner et al have developed a data-based methdbbwo this ratio to vary across regions.
Babcock and Carriquiry (2010) found no supporitf& hypothesis that the yield of newly
converted land is less than the yield of existiogbgan land in Brazil. UNICA (2009)
calculates the ratio between yields in new anccadgland in Brazil as between 0.9 and 1.05.
And new analysis of U.S. data conducted as pahisfexpert workgroup found that counties
that expanded cultivated land in response to highegy prices beginning in 2007 had, on
average across crops, about the same yield aggxtsopland. This empirical evidence strongly
suggests that setting this parameter value atgperdimit of the current range of values (0.75)
would dramatically underestimate crop yields on fewd. The Tyner et al method uses a bio-
process-based biogeochemistry model (the TerreB@system Model - TEM), which is well-
documented and has been used in peer-reviewedestablout the patterns of land carbon
dynamics across the globe considering multipleoiacsuch as Cg{fertilization, climate change
and variability, land-use change, and ozone paolfutThe Tyner et al approach results in yields
on new land brought into production that are muoker to yields on existing land. Hence, the
Tyner et al method is much more consistent with(lihdted) empirical data than what was used
in the initial CARB GTAP runs.

Other considerations

For sensitivity analysis, use as the central vileenumbers in Tyner et al (2010) from TEM.
We cannot recommend alternative values for usesgnaitivity analysis because there are no
data that provides evidence that could suggestgertor this elasticity. The differences in the
parameter at the AEZ level is a much better apprdia@n a single number for all regions, which
prevents us from recommending a common upper cerldevel everywhere.




The time frame associated with this parameteréddhg run. The estimates come from the TEM
model, which compares net primary productivity (NIBBtween new areas and current cropland
areas. NPP in TEM is estimated using data from E8@0D2000, which is consistent with a long
run approach.

1.2 Yield elasticity with respect to price

Keep the central value of the yield elasticity widispect to price at 0.25 if only one value can be
used for all crops and all countries. If this a@tast can be varied, then is should be increased fo
crops-country combinations that can be double-adgmd it should be decreased for
combinations that cannot.

Rationale

Early studies that attempted to estimate the melahip between crop yields and price have
relied on observations of annual changes in treepf fertilizer relative to the expected crop
price to explain changes in national yields (Chad &lelmberger (1993); Houck and Gallagher
(1976); and Menz and Pardey (1983). A more redeiysdoy Huang and Khanna (2010) use
both cross section and time series data to estithateelationship between yields and price
controlling for weather, trend, and the price otifieer. The overall conclusion of these studies
is that the short-run response of yields to cropegris quite inelastic. Houck and Gallagher
(1976) found a relatively large response in somieif estimates, but Menz and Pardey’s
subsequent analysis demonstrated that the Houclksaltagher estimates were not likely robust.
Choi and Helmberger estimated that fertilizer dethiaereased with expected crop price, but
they were not able to show a yield response tdifent use when a trend was included in their
variable because fertilizer use and other technyolsg were highly collinear. They argue,
however, that there must be a response of yieldcteased fertilizer use, why else would
farmers increase fertilizer applications when qoapes rise? Choi and Helmberger conclude by
arguing for a positive but quite inelastic yieldpense to crop prices. Huang and Khanna
estimated price-yield elasticities of 0.06, 0.1 8.43 for soybeans, corn, and wheat
respectively. The overall conclusion that one eke tfrom the literature is that the short-run
(one year) response of U.S. yield to price is gui&astic with an average value of somewhere
between 0.05 and 0.2.

The long-run responsiveness of yield to price wdlgreater than the short-run response if there
are lags in the adoption or development of new mament practices or seed varieties. Hence,
to the extent that existing studies provide rebathe-year estimates, they underestimate the
long-run response of yields to price. There atmddheoretical reasons for believing that there
are lags in the response to higher crop pricesné&a have an incentive to adopt higher-yielding
seed technologies and other management technigtiekigher prices. Switching from one



seed variety or technology such as seed-plantipglptions, may require more than a single
season to accomplish. And there are likely fivéGoyear lags involved in developing new seed
varieties and new management techniques that mawligerofitable under high prices.
However, it must be recognized that seed compaineasys have an incentive to develop higher-
yielding varieties in a competitive environment. &vVs important for the long-run elasticity of
yield to price is the additional incentive or atyilio develop higher-yielding varieties because of
current higher prices. Perhaps a reasonable incretméhe short-run elasticity to account for
long-run response is 0.05, which brings the avevafige between 0.1 and 0.25.

Finally, higher prices give farmers a greater in@nto double crop. For example, Babcock and
Carriquiry demonstrated that the share of U.S. saglproduction grown on double cropped
acres has tracks the price of soybeans (see figuod their report). Because higher prices
induce additional production from the same land &s if yields had increased. Babcock and
Carriquiry conclude that the incentive to doublepcsoybeans with corn and cotton in Brazil
justifies use of a yield elasticity of 0.24 by ifseThe smaller share of U.S. double cropped
soybeans supports a smaller yield elasticity inemrenthan 0.24. Thus, for countries that have
the opportunity to double crop, such as the U.8&azB Argentina, and some Asian rice-
producing countries such as Thailand that can gutipte rice crops per year, and for crops that
are subject to double cropping, such as U.S., Baaziand Argentine soybeans, corn and wheat,
an additional increment should be given to thegayield elasticity.

It is not clear if GTAP can assign different eleies to different crops in different countriei.

not then if the long-run price-yield elasticity raatcounting for double cropping is set at 0.175,
and if South America and the United States arethmtries that contribute the most incremental
commodity production in response to higher pritiesn a mid-point value of 0.25 for the price-
yield elasticity seems reasonable. If differemiaican occur by country, then setting the price-
yield elasticity to 0.175 for countries with no dd& cropping, 0.25 for the U.S., and 0.3 for
Brazil and Argentina will provide a more reasonadgd@roximation to reality.

Other considerations

For sensitivity analysis, the central value ofragke parameter setting should be 0.25. The lower
bound on this elasticity should not be zero becafistrong theoretical considerations (input use
responds to crop price) and the reality of doubdgping. But there is no empirical basis to
choose either a lower limit or an upper limit fensitivity analysis that applies to all countries
together. If it is desirable to see what the risswbuld be if all countries’ yields are responsive
to price and if all countries could double crogeriran upper limit of 0.35 could be used. If it
desirable to see what the implications would beeld response were quite low and if double
cropping did not exist, then a value of 0.05 cdutdused




1.3. About Land Transformation Elasticity (CET eladicity)
Keep the same values used before, -0.2 as ceatrsd.v

Rationale

The only country for which this elasticity has beafibrated is the United States. The
calibration was done by Ahmed et al. (2008) basettansition probabilities matrix from
Lubowski (2002) and Lubowski et al. (2006).

Other considerations

For sensitivity analysis, central value should ®& -lower bound -0.3 and upper bound -0.1
The central value for this elasticity (-0.2) isateld to a five year response in the case of pasture
cropland and a revenue-share weighted average & #ind use categories. The lower response
value (-0.1) is associated to responses expectbe 8tyear time frame and the higher response
value (-0.3) would be associated to 10 year tiramé& responses. From this, the central value
seems to be associated to medium term and the uplperto a medium to long term response.

1.4. About the combination of elasticities used idifferent biofuel pathways

The version of GTAP used, the combination of patanseused and the number of scenarios run
should be the same for all biofuel pathways. dfwas done in the past, the average result across
the sensitivity runs is taken as the emission ‘stof the biofuel pathway, then the average

value of the parameter used across the scenanoddsiat a minimum, equal the central value of
the parameter.

Rationale

The purpose of running different scenarios is twsthe sensitivity of model results to chosen
parameters. The model used for each pathway siheulde best model available for the
exercise and it is the model’s treatment of cresationships between commodities and land
cover types that should determine model resulte. @drameterization of the model should not
depend on a particular biofuel being examined bee#uen it is not the model that is driving
results but rather the particular parameterizatibor consistency and transparency of results,
the same model and the same parameters shouleéthe us

1.5 About a newer GTAP version
If possible, CARB should adopt the newest versib@ BAP, used by Tyner et al. (2010).

Rationale



The new version of GTAP, used by Tyner et al. (3Gleady considers all recommendations
about elasticities listed before:

- yield elasticity with respect to price at 0.25;

- elasticity with respect to area expansion base@tEM as described in Tyner et al (2010);

- land transformation elasticity as -0.2

This new version of GTAP has also other improvemesiated to land use categories (added
two new categories: the cropland-pasture and CRdPuae types) and to the representation of
byproducts.

2. Short Term Work/Research

Additional work is needed to calibrate GTAP preics of land use change with the reality of
land use changes that we have seen in respondeuo year period of high crop returns in the
United States and around the world. A four yeaetperiod approaches a medium-term
response that should be reflected in GTAP resWithat we have seen in the United States is a
quite inelastic cropland response, almost no dsfatien in response to higher crop prices, some
movement out of CRP, which could be taken as a mewe of pasture to crops, and a mixed
response around the world. Are these responsesstemt with what is being predicted by
GTAP? If not, then how can we adjust the elaséisiised by GTAP to make it more consistent
with the observed changes in land use.

3. Long Run Recommendation
3.1 Parameterization of GTAP’s CET Function

Develop a better method to increase flexibilitghe function that determines own and cross
price substitution elasticities across land coypes.

Rationale

The CET function in GTAP has but one parameters parameter, together with the baseline
share of returns to land of different types, deteenthe own and cross price elasticities of land
cover type. Babcock and Carriquiry demonstratetittiia method leads to cross price elasticities
that are not consistent with common sense and eralpastimates. For example, the cross price
elasticity of forest land in the United States witspect to crop returns is an important factor in
GTAP determining how much forest land is convettedropland in response to biofuels-
induced crop price increases. The value for tarameter in GTAP is -0.174: a 10% increase in
crop returns decreases forest land by 1.74%. Bateésponsiveness is 35 times as great as the
maximum response of forest land to crop returns aviss year time period using the response of
forest land to changes in own forest returns amagtd by Lubowski (2002) and Lubowski,



Plantinga, and Stavins (2006). This suggests@Gia#P’s estimate of how much U.S. forest land
is converted to cropland in response to increasagl grices is too large.

Adding more flexibility to the CET function to allobetter calibration of the own and crop price
elasticities is a longer run recommendation becthere does not seem an easy and
straightforward method of accomplishing this taskossible approach is to use the same as Al-
Riffai et al. (2010), where the CET function ha tivels of substitution with two different
elasticities of transformation. The upper levelsiders the substitution between forest land and
total arable land, with country specific elastestiranging from 0.1 to 0.13, and the lower level
considers the substitution between pasture andasrdpwhich elasticities varies from 0.02 to
0.25. It allows a better calibration of CET elaisiés to estimated own and cross price
elasticities.



Part Il - Answers to Requests from CARB and expertvorkgroup

At the October CARB Expert Workgroup Meeting somestions were raised that need to be be
addressed by the elasticity subgroup. Here we toeshswer each one.

Issues that were raised:

1. Considerations on the range of elasticity vatoasse in sensitivity analyses

2. Should unmanaged land be added to the CET @umotodel structure and if so, how?

3. Address/respond to issues raised in presentayi@teve Berry (yield response to price)

4. Look at issue of Armington trade elasticitiesSMAP and the effect on LUC results.
Compare to models like FAPRI which assume homogengoods and predict a much higher
percentage of land conversion outside of the cgumkrere biofuel is produced (and its primary
trading partners).

5. Discuss/determine which time frame is represkhyevarious elasticity values — is the model
consistently looking at a short, medium, or long response

6. Discuss how the price yield elasticity may affeemissions due to higher use of inputs

Our answers are below.
1. Considerations on the range of elasticity valugs use in sensitivity analyses

Yield elasticity with respect to price (crop yield elasticity)

For sensitivity analysis, the central value shdagd.25. The lower bound on this elasticity
should not be zero because of strong theoreticaiderations (input use responds to crop price)
and the reality of double cropping. But there isentno empirical basis to choose either a lower
limit or an upper limit for sensitivity analysisefaps 0.05 and 0.35 if we want to see what the
model will predict when yields are quite unrespwagp price and when yields and double
cropping are quite responsive to price..

Elasticity with respect to area expansion.

For sensitivity analysis, use as the central vileenumbers in Tyner et al (2010) from TEM.
We cannot recommend alternative values for usesenaitivity analysis because there is no
evidence that if this elasticity is biased, it iaded in a systematic direction for all AEZ’s. The
differences in the parameter at the AEZ levelisuech better approach than a single number for
all regions, which prevents us from recommendicgmmon upper or lower level everywhere.
It is not clear how a sensitivity analysis to tha&gameter which changes across space could be
accomplished. We suppose that the value of thismpeter could be increased by, say, 15% for
all AEZ’s and then the model could run. But ag#nere is no rationale for believing that there



is a systematic bias in these parameters acro8&dls. If there was, then the whole approach
should be recalibrated to reflect this bias. Thubearly could be a bias in the value for any
particular AEZ, but the bias is just as likely t® jpositive as negative. Thus, we recommend that
until a better method is developed for estimathgyriatio of yields on new land to old land then
no sensitivity analysis be conducted with respecthis elasticity.

Elasticity of land transformation

Central value: Keep the same as in current GTAPainEd.2)

Alternative values: the same as used before (+8d1-@.3)

The main problem about this elasticity is the taett the constant elasticity of transformation
function used in GTAP assumes that all three las®dtypes can be substituted under the same
elasticity. This is not satisfactory because thliedaiand cross price elasticities derived from this
parameter regarding forestland are too high contp@areconometric estimates. It means that the
better approach, suggested here as an improveh&©ARB should seek at the long run, is to
change the technological tree at GTAP to allow suwhi®n between pastureland and cropland at
a lower level, and at an upper level between faedtand the aggregate arable land. Besides
that, the range used by GTAP (0.1 to 0.3) was estichby Ahmed et al. (2008), based on the
results from Lubowski et al. (2006). We are not menaf any other estimates, what make us
believe that is better to keep using the valugSTAP.

2. Should unmanaged land be added to the CET funcin model structure and if so, how.

It is important to know that a share of the fotastd in GTAP is unmanaged land, since the
forest land area is a category built from the tindel area from Brent Sohngen model, as
documented in Lee et al. (2005). In his model,gbland is a composite of common managed
forest areas, natural forest land that is alreadydoused to supply timber, and natural forest area
that is accessible to supply timber. What is left @f the GTAP model could be classified as
“unaccessible” natural forest aréa.

To be able to increase the amount of forest ar€&liAP from unmanaged or inaccessible area
for CARB analysis, it is important: a) to understamhat the forest land and unmanaged land
categories in GTAP are representing and how thatribote to the total potential arable land in
a region; b) understand how more land may affexzntbdel.

About a):

' As example, the U.S. Forest Service (http://www.fia.fs.fed.us/) reports that the total forest area in U.S. is around
750 million acres (303.5 million ha), from which the total of unproductive unreserved private and public area is
around 500 million acres (202,3 million ha), and the harvested annual area is 9.85 million acres (almost 4 million
ha). The forestland area in GTAP amounts 337.8 million ha, even larger than the unproductive unreserved area
declared by the U.S. Forest Service. In Brazil, the Brazilian Association of Planted Forest Producers (ABRAF)
reported the area of commercial forests as 5.2 million ha in 2005 (http://www.abraflor.org.br/estatisticas.asp).
The forestland in Brazil in the GTAP model is 157.6 million ha.
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As it is not clear how much of the forestland catggn GTAP is managed forest and how much
is accessible but not explored natural forestfitBetask should be to access the amount of
natural forest already considered in the forestlzatdgory in GTAP. All the exercises carried by
CARB at the moment were not able to convert comalnle shares of the forestland category in
any country in GTAP, which suggests that it wilt neake a noticeable difference to include
more unaccessible forest areas in GTAP.

It is important also to note that, when comparinigA® data and official statistics, we may
realize that the land cover classification is hygiétermined by interpretation of data. As
example, an article at The Economistt://www.economist.com/node/1688644#ed that

FAO considers the potential arable land in Brazibeound 400 million ha, while the official
data in the country considers 320 million ha. GTdhs®a shows that the total land available to
agriculture in Brazil (adding forestry, croplandddivestock categories together) is around 389
million ha, already too high if compared to officBrazilian data, but close to FAO numbers. As
GTAP numbers about cropland and pasture land iniBage fine compared with national and
FAO statistics, it seems that the forestland categothe one we need to look carefully. That
said, we can deduce that GTAP is already overestigthe potential agricultural land in Brazil
given official country data (maybe due to consitieraof accessible forest some areas not able
to become arable land), or it is considering a wengall amount of inaccessible forests given
FAO data.

Adding to this discussion, it is possible to damagh comparison of the GTAP unmanaged land
area in AEZ 5 in Brazil and the official Braziliglata about Savannas in the country. The
geographical distribution of Brazilian savannasiitually inside the AEZ5 geographical
distribution in GTAP, if we compare the GTAP AEZ psaand the country official maps about
large ecosystems distribution. The official savaarea in Brazil in 2000 was 113,778 thousand
ha, considering the natural area not convertedicw@ture. The total amount of Brazilian
unmanaged area in GTAP in AEZ5 is 57,750 thousand hose numbers suggest that a big
proportion of the Brazilian savanna was not magmsednmanaged land, maybe due to
interpretation of satellite data, classificatioregsbsystems, heterogeneity of vegetation on
ground, etc. It means that, at least for AEZ5 iaddr a considerable share of the savanna area is
available to conversion in GTAP, maybe as forastl lar even as pasture land. It just illustrates
that it is necessary first to better understandtughaccounted in the GTAP unmanaged and
forest land data at the country level before recemario CARB to increase the area of
“managed” forest.

So, we suggest that it is necessary first to detailéd investigation about the land cover data in

GTAP. It includes a careful comparison of the ant@irpotential agricultural land available in
each GTAP region (pasture + cropland + forestlavitt) the local and world statistics about
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potential arable land. In doing so, we can betteniify the need to include unmanaged or
accessible areas into the forest category in GTAP.

About b):

It is important to think how an increase in theaaoé forest land can affect GTAP results. It will
increase the share of forest land in some AEZ, wiilballow higher conversion of forests to
cropland under a biofuels shock, since the congtlasticity of transformation (CET) function
tends to convert more of that land category thatase available. But, the CET elasticity
regarding forest land conversion is too high, wheleds to be fixed in the long run changing the
CET structure (see “3. Long run Recommendationte €stimated value of such elasticity is
smaller than 0.05 (Ahmed et al., 2008), but thareémalue used by GTAP is 0.2, since GTAP
considers the substitution of the three land ugedyforest, cropland and pasture) at same time.
If someone increases the area of forest land in B TtAwill contribute to a parameterization that
already tends to convert more forest than the petenzation suggested by the literature.

3. Address/respond to issues raised in presentatidry Steven Berry (yield response to

price)

Steven Berry has advocated giving a higher weighawer values of the yield elasticity with
respect to price. Berry argues that the paperd byeKeeney and Hertel (2009) are flawed
because they do not account for possible simultaequations bias. Berry also cites Roberts
and Schlenker (2010) as using a better methodmsintal variables) to estimate agricultural
supply and demand elasticities. He then arguesRbberts and Schlenker’s results “argue
against a large effect of prices on yields becapisees are highly serially correlated while
yields are not and that prices are set in worldketarbut the cross-country spatial correlation of
yields is low.” (Berry 2010). But of course yieldee not serially correlated: they mainly reflect
weather which is not serially correlated. The @leof price on yield is likely much smaller than
the effects of weather on yield for the types @fps being modeled by GTAP. Furthermore, it
would be extremely unlikely that yields would beosigly correlated across countries because
again, they mainly reflect weather, not pricesl Rdberts and Schlenker were trying to do in
this part of their analysis was to rule out stremgultaneity bias in their main econometric
results which were to supply and demand elastifibiey were not trying to estimate the yield
elasticity with respect to price. Given the donmiile that serially uncorrelated weather plays
in determining crop yields, it would have been sisipg if Roberts and Schlenker (2010) had
found serially correlated yields or if they hadriouspatially correlated yields in countries that
are separated by thousands of miles. The RobadtSehlenker (2010) results provide no
evidence that there is not a price-yield relatigmsthey just find evidence that any short-run
price yield relationship is overwhelmed by variagan yields caused by weather. With respect
to the Roberts and Schlenker findings that yiehdhe two largest producing countries for each
crop are not correlated, it is important to not @@hina is one of the countries that is useden th
comparison in three of the four crops (corn, whaat rice). The argument used by Roberts and
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Schlenker is that if yields respond to price, tHeorices rise, yields in the largest-producing
countries should rise at the same time. If prfaisthen yields should fall. Thus yields should
be correlated across countries over time. Butcassary condition for this to be true is that
farmers in both countries face the same set oégffior incremental output in each country. But
China’s farmers have been largely isolated fromlavprices for most of the time period that
Roberts and Schlenker use in their analysis. Aweingthat China was used in three of the four
crops means that a finding of no cross-countryetation provides no insight into the response
of yields to expected price.

Turning to Berry’s argument about simultaneous &goa bias in the estimates cited by Keeney
and Hertel (2009). Papers that regress realizgd gin realized price are subject to
simultaneous equations bias because weather aféadized yield, realized yield affects supply,
and supply affects price. Furthermore, realizedepalso reflects movements in demand so a
straight regression can give nonsensical restitavever, Choi and Helberger (1993) estimate a
yield-price relationship based on estimating theaed elasticity of fertilizer. Fertilizer demand
is made a function of expected price. Furthermiamnti)izer rates are based on planned output
rather than actual output, so a regression oflifmtiapplications on expected price (or expected
output) is not subject to the same criticism. Phecision with which they estimate this
relationship may be subject to criticism, but nopbdlieves that fertilizer demand is
unresponsive to expected output price. Nor is thagedisagreement that there is a zero average
yield response to increased fertilizer rates. Caomnigi these two must result in a positive
relationship between yields and expected pricee tfibk, of course, is being able to precisely
measure the relationship.

Berry also cites the paper by Huang and KhannaQ(R@ho correct for simultaneous equations
bias and find a positive price-yield relationshipo while the early studies cited by Keeney and
Hertel (2009) may be subject to simultaneous eqgoatbias, the paper by Huang and Khanna
(2010) is not.

Lastly, there are strong reasons supporting the tidiet farmers have control over their average
yields. They can choose to scout and control éstgor not. They can test their soils for
fertility or not. They can choose to apply addiabfertilizer or not. They have choice over
which seed variety to choose. All of these deasimvolve a tradeoff between cost and the
value of higher average yield. The likelihood ttreg value of higher yield exceeds the cost
depends on the level of output price. Thus morthede yield-increasing actions will be taken
the higher is output price. The difficulty in me&sg the relationship between price and yield is
we do not have data measuring farmer actions: athave is what happens to yield. And yields
in any year are primarily driven by weather. Farthore, it is difficult if not impossible to
conduct a cross-section analysis because farmeéiffenent regions face essentially the same
price.
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That farmers have control over their yields wased®d by Foster and Babcock (1993) who
found that flue-cured tobacco farmers dropped tyieids by 12% in one year in response to a
change in the marginal value of yield caused bglecypchange. Yield growth following the
policy change was 1/8as large as before the change. Figure 2 fromeFast Babcock is
reproduced below. The policy change first took @ffeith the 1965 crop. The dashed line is the
average actual yield across 10 counties. The Bobds the average yield after controlling for
weather. As can be seen, both the yield levelthadubsequent growth rate in yields shows that
tobacco farmers had a strong and measureable toméotheir yields.

In summary then, Berry is correct that studies prtipg to find a strong relationship between
yield and price may be subject to simultaneous sgudias. But the Roberts and Schlenker
(2010) study that he cites as providing no eviderfcerelationship between yield in price used
a method that has very low power; that is, the @bdliy that Roberts and Schlenker (2010)
could have found a price-yield relationship if &cf it exists is extremely low. Furthermore,
Berry cites Huang and Khanna (2010) as not beibgestto simultaneity bias and these authors
actually find a positive price-yield relationshipnd lastly, there are strong reasons for believing
that such a relationship exists, and if the changecentives is strong enough, then it can be
found in the data, as demonstrated by Foster abddg& (1993).

Figure 2. Predicted and Average North Carolina Tobaceo Yields
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Note: Predicted yields were calculated at the mean values of the rainfall variables,
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4. Look at issue of Armington trade elasticities ilGTAP and the effect on LUC results.
Compare to models like FAPRI which assume homogengoods and predict a much higher
percentage of land conversion outside of the cgumtrere biofuel is produced (and its primary
trading partners).

Armington Trade elasticities

Recommendation: keep the original GTAP values.

Rational: Sensitivity analysis in the first versiohCARB document has shown an impact of a
minus 2% change in carbon intensity when movingiftbe lower to the upper bound of such
elasticity (plus or minus one standard deviatidime Armington trade elasticities were estimated
by Hertel et al. (2004). The literature is quitauge on this parameter. Based on trade data from
US, corn exports trends have changed little inrdoent expansion of biofuels and the 2008 food
price crisis, suggesting that world markets in@agtural commodities are not as flexible as
assumed in partial equilibrium models as FAPRI,chgonsiders agricultural commodities as
homogeneous goods. This rigidity in export markesomewhat of a puzzle because world
prices for the major agricultural commodities avéejintegrated. But if corn and other crops
are homogeneous goods, we should have expectegea saupply response outside the United
States and a resulting drop in imports becauskeoliigher prices in recent years. That we have
not seen such a response can be explained by aitbeser supply response in the rest of the
world than is assumed by FAPRI or that the Armingtade elasticities assumed in GTAP are
appropriate. Given that GTAP is the model chose@ARB for analysis of biofuels, we
recommend that to maintain the use of the Armingtade elasticities in GTAP. A scenario that
greatly increases these elasticities could beauwtetermine how sensitive results are to the
underlying assumption that agricultural commodities not homogeneous goods in the long run.

5. Discuss/determine which time frame is represerdeby various elasticity values — is the
model consistently looking at a short, medium, ordng run response

We believe that GTAP parameters should reflect omadp long run responses, since the
calculation of a carbon coefficient need to refath time frame. Although it is not easy to
determine the exact time frame for some parameggidence exists to believe that much of the
elasticities discussed here are reflecting medwfartg run responses.

Crop vield elasticityWe should be using a long-run elasticity andregommendation is based
on long-run considerations.

Elasticity with respect to area expansitre estimates come from the TEM model, which
compares net primary productivity (NPP) between aesas and current cropland areas. NPP in
TEM is estimated using data from 1900 and 2000 twgheonsistent with a long run approach.
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Elasticity of land transformatiohmed et al. (2008) describe this elasticity amb estimated
based on transition probabilities matrix from Lulsti(2002) and Lubowski et al. (2006), based
on plot level data from USDA (2000), which tracke amount of land of each quality in each
use at each point in time, and ultimately an atagtestimate that is more appropriate for a
longer time frame. The central value for this etist (-0.2) is related to a five year response in
the case of pasture, cropland and a revenue-steaghted average of the 3 land use categories.
The lower response value (-0.1) is associatedsjporeses expected at the 3 year time frame and
the higher response value (-0.3) would be assattat&é0 year time frame responses. From this,
the central value seems to be associated to meeitnmand the upper value to a medium to long
term response. However, for forest land the apjmigpelasticity value would be lower than 0.05
even under a 100 year time frame. It means thhadh -0.1 is not appropriate for a medium-
long term analysis in the case of cropland andupalsind, it is already too high for forestland.
Unless the model can be improved in the futuredpagating the CET nests of forestland from
the one for pasture and cropland, it is more appatgpto keep using the range -0.1 to -0.3.

6. Discuss how the price yield elasticity may affeemissions due to higher use of inputs

CARB has shown some concern about the price ylektieity inducing higher use of fertilizers
or other process that could increase emissionspiibe yield elasticity is a parameter which
affects the substitutability among land and otheuis. Actually, the technology representation
of crop production in GTAP does not allow substitntbetween land and fertilizers. Figure 1 in
Keeney and Hertel (2009), reproduced below, shbegbssibility of substitution among inputs
and factors in crop production in GTAP. The prieald elasticity affects theya elasticity.
Fertilizers are part of “Purchased inputs” in thggire. So, higher substitution possibilities
among land and other inputs induced by the prieldlyglasticity does not increase the use and
emissions from fertilizers. However, it may incredlse use of energy inputs, which include
fossil fuels, since land can be substituted forGagpital-Energy bundle.

To be able to assess how the price yield elasiietrease emissions through a higher use of the
capital-energy composite when substituting lant, rtecessary to run a biofuel scenario in the
GTAP model with and without the price yield elagyi@and calculate how much more energy is
being used in the feedstock production for biofuklghis way, we will not double count
emissions from life cycle analysis. GTAP is abledport CQ emissions from energy use in
each sector (coefficients CO2DF and CO2IF undedérsaCODF and COIF, respectively, in the
view base and updated core data in GTAP). We haxfenmed such exercise for the Corn
Ethanol scenario A in the document “Proposed Réigul@ao Implement the Low Carbon Fuel
Standard — Volume I” (table 1V-10 page IV-31). Thizenario assumes the price yield elasticity
as 0.4. Below we show the results.
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Figure 1. Nested CES production function for crop ompuot
From: Keeney and Hertel (2009)

Global CQ Emissions from energy use by agricultural sedtofSTAP, in Mt of C (Price yield
elasticity = 0.4)

CrGrains OthGrains Oilseeds Sugarcane Livestock Forestry Total

Baseline 24.26 32.92 13.39 5.3 85.32 27.22 188.41
Scenario A With PYE* 26.03 32.63 13.46 5.3 85.43 27.39 190.24
Scenario A Without PYE 25.89 32.53 13.45 5.3 85.42 27.43 190.02
Absolute Change from

Baseline with PYE 1.77 -0.29 0.07 0 0.11 0.17 1.83
Absolute Change from

baseline without PYE 1.63 -0.39 0.06 0 0.1 0.21 611.
Diference between Scenario

with and without PYE 0.14 0.1 0.01 0 0.01 -0.04 0.22

*PYE: Price-yield elasticity

The table shows that the amount of emissions froengy use in agricultural production is
slightly higher when the price-yield elasticityastive. In the corn ethanol scenario A crop grains
increase emissions from energy use by 1.63 Mt iof tGe world when the price yield elasticity

is not considered in the model, and by 1.77 Mt afltgn the price yield elasticity is in place. It
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means an increase of 0.14 Mt of C due to the ceriibn of the price yield elasticity of 0.4.
Considering all the agricultural emissions fromh@genergy use due to land substitution in the
corn ethanol scenario, the extra emissions dueet@adtivation of the price yield elasticity is 0.22
Mt of C. Although not negligible, it seems GTAP guzes a small substitution between land and
the capital-energy composite. If we convert thimmbar to Mg of CQ and add it to the emissions
from land use changes the LUC carbon intensity doéshange.

We performed the same exercise in the Sugarcanadtbcenario A. We observed that the
ethanol shock generate more emissions (0.3 Mt dfdl) energy use in agriculture than the
baseline scenario. However, the model didn’t predarty difference in global energy use
emissions in agricultural sectors between the saswith and without the price yield elasticity.
The smaller value for this elasticity in that saam@0.25) compared with the corn ethanol one as
also the smaller shock (2 billion gallons) helgigplain the virtually no difference in emissions
due to higher substitution between land and th&alagnergy composite.

We decide to perform one more simulation with tbencethanol scenario, changing the price
yield elasticity in the scenario A from 0.4 to 0.&esults are shown in the table below.

Global CQ Emissions from energy use by agricultural sedtofSTAP, in Mt of C (Price yield
elasticity = 0.25)

CrGrains OthGrains Oilseeds Sugarcane Livestock Forestry Total

Baseline 24.26 32.92 13.39 5.3 85.32 27.22 188.41
Scenario A With PYE* 25.94 32.57 13.45 5.3 85.43 27.42 190.11
Scenario A Without PYE 25.89 32.53 13.45 5.3 85.42 27.43 190.02
Absolute Change from

Baseline with PYE 1.68 -0.35 0.06 0 0.11 0.2 1.7
Absolute Change from

baseline without PYE 1.63 -0.39 0.06 0 0.1 0.21 1.61
Diference between Scenario

with and without PYE 0.05 0.04 0 0 0.01 -0.01 0.09

*PYE: Price-yield elasticity

With the price elasticity of 0.25 the increase mrlibn emissions from energy use in agriculture
due to this elasticity is 0.09 Mt of C. Again, ieveonvert this number to Mg of G@nd add it

to the emissions from land use changes the LUGCocariiensity does not change.

Considering that, we believe that the price yid&$#city is not able to increase emissions from
inputs substituting land in a way that will chartge LUC carbon intensity.

This is not to say, however, that yield increases t a higher price will not increase emissions
through purchased inputs, such as fertilizers just that GTAP cannot be used to account for
these additional emissions. Without a good undedshg of exactly which management
practices and input decisions are used to incrgatis, it is not possible to estimate the extent,
if any, that emissions will increase as yields éase.
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Part Il — Detailed Investigation about the Elastiaty with Respect to Area Expansion

1. Literature Review

One important GTAP model parameter used in thef@ala LCFS calculation by CARB is the
“elasticity of crop yields with respect to area arpion”. It expresses the yields that will be
realized from newly converted lands relative tddgseon acreage previously devoted to that
crop. In page IV-20 of the Staff Report, it is asse that: “...because almost all of the land that
is well-suited to crop production has already beamverted to agricultural uses, yields on newly
converted lands are almost always lower than cporeding yields on existing crop lands.”

It can be true in the United States and the Eunofuraon, however, in many other parts of the
world, as in Latin America, there is considerali¢eptial well-suited agricultural area for crop
expansion. Some studies have shown this potenttarins of land available to agriculture or
biomass production, as Chou et al. (1977), EdmandsReilly (1985) and Bot et al. (2000).
Such research suggests that the elasticity of yisdg@s with respect to area expansion is
potentially larger in those regions witharger land availability.

More importantly, the GTAP model is highly senstito the value of this elasticity since the
indirect land use change carbon intensity can waske than 75% when this elasticity is changed
from 0.25 to 0.75. We note that CARB staff choskie@saranging from 0.5 to 0.75 (except one
scenario for sugarcane ethanol in which 0.8 wad tmeBrazil) to be used in the GTAP model
runs though there is no explanation to the basssiofi decision. In fact, from a microeconomic
perspective, we would hardly expect investmentsei areas if the yield of the new crop would
be half of the traditional area, as assumed withlasticity of 0.5 proposed by CARB staff.

We intend here to investigate the literature fasgdlole estimates or evidences about the CARB
assumption about this parameter. We notice thatths not something the literature has cared
about, and the references about it are, in thengjavorking papers or research reports not yet
published in peer review journals.

Babcock and Carriquiry (2010) have investigatedviddeaity of the assumption made by CARB
about land converted to cropland being less pradeithan traditional cropland areas. They
build an econometric model to test the hypothelkdeoreasing yields in soybean production in
Brazil related to expansion of soybean area andwdgiral land. They conclude that the
hypothesis that the yield of newly converted lasitess than the yield of new soybean land in
Brazil can not be confirmed, and so there is nough evidence to conclude that land expansion
has affected yield growth in that country.

Al-Riffai et al. (2010) have investigated the elvimental impact of the EU biofuels mandate
using IFPRI general equilibrium Mirage model, a midolilt in part based on GTAP. They
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followed the GTAP and CARB assumptions that maidderad productivity in all regions is half
the existing average productivity, but did not presany rationality about such assumption.
Curiously, they increase this ratio to 75% for Bltaz

Tyner et al. (2009) have estimated the land usegdsand carbon emissions related to a US
corn ethanol program using the GTAP model. Theyehmproved the GTAP model to better
represent byproducts from ethanol production anvé lassumed that the ratio of average and
marginal productivities (the elasticity of crop lge with respect to area expansion) is equal to
0.66. This value is higher than the 0.5 value asslby CARB. The same number is used by
Hertel et al. (2010), who affirms that there isstimng evidence about such value, and such lack
of evidence is a lacuna that needs do be investigay the scientific community.

Tyner et al. (2010), keeping the investigation abypacts of a US corn ethanol program, have
improved the GTAP model in several ways. The mogtartant change has to do with the ratio
of marginal and average productivities, what CARB denominated as elasticity of crop yield
with respect to area expansion. As they explaimgasures the productivity of new cropland
versus the productivity of existing cropland. Theeyne up with a set of regional values for this
parameter, at the AEZ level, which is obtained ftmo-process-based biogeochemistry model,
known as the Terrestrial Ecosystem Model (TEM) @fyiet al., 2003) TEM is well-
documented and has been used to examine pattelarsdofarbon dynamics across the globe
including how they are influenced by multiple fastsuch as C&fertilization, climate change

and variability, land-use change, and ozone poitutiSo, the elasticity of crop yield with

respect to area expansion in the Tyner et al (200P)oved version of GTAP vary across the
world and among AEZs. They found that this appraacluces the impacts on land use changes,
since the land conversion factors in several AEE2shegher than the single conversion factor of
0.66 used in earlier work. The conversion factoosifthe TEM model are shown in table A2. In
this table zero means no land is available ancbfvsthat the marginal and average
productivities are equal. Table A2 indicates thattS land conversion factors range from 0.51
to 1, depending on the AEZ. Table A2 shows thaBtazil land conversion factors range from
0.89 to 1, and most of them are around 0.9. Thisn®i¢hat previous estimates were
underestimating the marginal productivity of landegions as Brazil.

TEMis a process-based ecosystem model that uses spatially referenced information on climate, elevation, soils,
vegetation and water availability to estimate monthly vegetation and soil carbon and nitrogen fluxes and pool sizes
at the 0.5 by 0.5 degree of latitude and longitude.

> TEM has been also applied in combination with an economic model in some peer reviewed integrated analysis of
biofuels inpacts on the global emissions. See for example Melillo et al. (2009).
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Table A2. Regional land conversion factors obtained from NPP data for a generic C4 |:mp1

:E'\EZZ".Regicm2 R1 R2 R3 R4 RE RE RFT R8 R9 RI0 RI11T R12Z R13 Ri14 R15 R16 R17 R18 RI19

1 000 000 091 000 00O 0ODO 093 100 095 000 00O 000 100 000 000 00O 068 061 1.00
2 000 000 0S92 000 00O 0OOO 089 100 081 000 00O 000 00O O0OO OO0 00O 05% 100 1.00
3 000 000 093 000 00O 0OO 086 100 0S0 00O OOO 000 100 00O OO0 OO0O 1.00 089 074
4 000 100 089 000 00O 100 093 100 088 000 0288 089 100 000 000 OO0O 086 082 092
5 000 000 093 000 000 090 098 088 09 000 050 091 058 000 000 00O 000 100 0985
6 000 000 091 OO0 OO0 O0OB8 098 057 08 000 088 095 Ov¥8 000 000 00O 000 100 O.88
7 0.73 000 000 085 000 08B0 090 059 100 100 00O 000 043 100 098 000 046 080 065
8 071 0590 000 0591 000 100 071 0¥2 050 100 000 000 060 084 064 000 071 079 086
9 1.00 100 000 085 100 098 083 100 0591 100 000 000 100 094 082 000 077 084 083
10 093 09 088 088 096 084 100 089 100 053 000 100 052 083 085 087 098 088 092
" 0% 083 100 100 094 09 090 100 087 0B84 000 100 O¥9 083 100 00O 000 OF7 098
12 089 086 091 000 095 092 090 100 084 000 OOO 100 100 00O OB5 00O 000 100 098
13 092 100 000 055 000 100 100 00O 100 100 00O 000 100 063 097 000 000 000 O0.00
14 051 089 000 080 000 092 100 000 100 100 00O 000 100 050 100 0855 000 000 O0.00
15 071 0590 000 083 100 100 100 000 O&4 100 00O 100 100 050 100 087 0.00 000 1.00
16 1.00 08% 000 1.00 00O 100 100 000 092 00O OO0 100 100 085 100 1.00 000 O0.00 1.00
7 000 000 000 00OO 00O 100 000 0OOO 100 00O OOO 000 OQO OOO OO0 OOO 000 000 1.00
18 0.00 000 000 000 000 000 000 000 100 000 000 000 000 000 000 000 0.00 000 0.00

1 In this table zero means no land is available and 1 means that the marginal and average productivities are egqual.
2 Rows are AEZs from AEZ1 to AEZ1S.

3 Columns are regions and regions are listed in Appendix B.

Source: Tyner et al. (2010). Regions and AEZ cpoadence are described in the paper.

Besides the use of the TEM model to calculate kasgtieity of crop yields with respect to area
expansion, the only other attempt to estimateghrameter was documented in a letter from the
Brazilian Sugarcane Industry Association (UNICAQ2Daddressed to CARB regarding its
impressions and recommendation about the LCF3ugrdtter, UNICA affirms that empirical
data in Brazil suggests that crop yield elastigitth respect to area expansion should be around
0.90.95. To calculate this number they have separatedand traditional areas in Brazil
according to the growth in planted area for cropthée time horizon from 2001 to 2007, based
on microregional data, and compared the yields éetvthese two types of area.

2. New Estimates of the Productivity of New Land v®Id Land in the United States

One of the crucial assumptions for the calculatibthe LUC carbon intensity of biofuels is the
so-called elasticity of crop yields with respecatea expansion. This elasticity attempts to
capture differences in yields from newly conveftattls and established areas of the same crop.
The basic premise of CARB is that "all of the ldhdt is well-suited to crop production has
already been converted to agricultural uses, yiefdeewly converted lands are almost always
lower than corresponding yields on existing croglafor the CARB analysis, this input for the
GTAP model was selected in the range of 0.5 to.®Béhsitivity analysis indicates that a change
from 0.5 to 0.75 results in a 38% reduction in Lin€nsity.

Figure 1 shows that since 2006, the prices of cmpbeans, and wheat have risen dramatically.
In response to stronger prices, aggregate cropigeteas increased in the United States. NASS
reports acreage of principle crops. The averageagerover the 2004 to 2006 time period was
2.95 million acres lower than the average over 2002009 time period. Thus the 60 to 80%
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increase in prices has led to about a 1% incrieasereage. Over the same two time periods,
average corn ethanol production increased by niname % billion gallons.

250

200

100 ——

50

2004 2005 2006 2007 2008 2009

—Wheat —Corn Soybeans

Figure 1. Index of Prices Received by U.S. Farmefser Corn, Soybeans, and Wheat (2004 =
100).

Figure 2 shows crop acreage of the top 15 (in terihagreage) U.S. crops. From 2006 to 2009,
crop acreage of these 15 crops increased by abwouli&dn acres. As shown, acreage is
dominated by corn, soybeans and wheat, all of whindwed an increase.
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Figure 2. U.S. Crop acreage in 2006 and 2009

Figure 3 shows the change in acreage for statéslhlbaed the most change from 2006 to 2009.
Perhaps not surprisingly, large agricultural statesv the most change in acreage. The acreage
decreases in North Dakota, lllinois and Indianali&edy due to adverse planting season weather
that prevented farmers from entering their fieligure 4 presents the same data but on a
percentage basis.

The data demonstrate that U.S. crop acreage exgaheto higher crop prices. This expansion
should give some insight into whether crop yieldareas that expanded are higher or lower than
crop Yyields in regions that were already being fgdrbefore the large increase in crop prices.

One method for determining the extent to which gneds in expansion regions are lower than
in regions that were previously planted would bewverlay the location of expansion regions on
a soil and climate map and to determine any inhealiffierence in productivity. Due to
limitations in time, resources, and expertise onsulb-group, an alternative method was
devised.
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Figure 3. State Level Change in Crop Acreage of Ibop U.S. Crops
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A good metric of productivity of an area that isgispecific is the average crop yield in a
region. If all areas that expanded crop acreage lmaver average yields than areas that were
previously planted, then we can say that land orchwvbrop expansion occurred is less
productive. Thus all one needs to do is to fireldheas that expanded, estimate average crop
yields in those regions, and compare the yield>xgraesion areas to the average yield that would
have occurred had the expansion not taken plabes iF a fairly straightforward exercise and

we use NASS county data to make the calculations.

3. Data and Methods

Data of yield and planted area for each county efdained from the National Agricultural
Statistics Services (NASS) from 2000 to 2008 fertibp 15 principal crops, which account for
approximately 80% of total planted area for pritigrops in the United States. The 15 crops
are corn, soybeans, wheat, cotton, sorghum, cateyhrice, sunflower, beans dry edible, rye,
sugar beets, peanuts for nuts, potatoes, and cargfl@9 data for wheat has not yet been
released by NASS so we only use the 2007 to 2008 pieriod to measure acreage expansion.

The first step is to measure crop yields for eamimty. To minimize the effects of weather
variations, trend yields for each county were eated for each crop and county. These trends
were then used to estimate what yield would bedi®O2 This 2009 trend for each crop is used to
measure the crop-specific productivity of each ¢pdn

The second step is to identify those counties whepansion occurred. This was accomplished
by comparing average planted acreage of the 15a¢nop007 and 2008, and comparing this
acreage to average planted acreage in the per@sltd@®006. If planted acreage in the latter
period was higher, then the county is designatexhasxpansion county. Figures 1 and 2 show
the change in acreage on both an acreage bas&s@ardentage change basis.

* Alfalfa is actually in the top 16 crops, but county level data for alfalfa is not available.

> Ideally more time would be spent collecting data from further back and to ensuring that all estimated trend yields
give good estimates of productivity differences. But time and resource constraints being what they are, such an
effort could not be done. Thus the county productivity measures reflect average growing conditions from 2000 to
2008 in each county and trend yields may be affected by yield outliers that occur either early or late in the sample
period.
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Figure 1 Percentage Change in Total Planted Acreage
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Figure 2 Change in Total Planted Acreage
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[ 5000.00001 - 10000.00000
I 10000.00001 - 25000.00000
B 25000.00001 - 95550.00000

Not all crops in expansion counties increased thaieage levels. We want to measure crop-
specific productivity only for those crops thatuwdty increased acreage in the expansion
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counties. Thus the next step was to identify thaweps that increased acreage in each expansion
county.

For those crops that increased in acreage in eikpaosunties, the 2009 trend yield for the
county is taken as the yield that occurred on ¥p@aeded acreage. This may overstate the
productivity of the land that was newly plantedhe crop within a county, but this is as fine a
geographic resolution that we will be able to abiaging county data.

The average yield for a crop across all expansiamites was estimated by weighting the 2009
trend yield for the crop in each county by the ceim crop acreage in the county.

The average yield that would have occurred witlequansion was estimated by weighting each
2009 county trend yield for the crop by the averplgated acreage across 2005 and 2006. This
measures what U.S. average yield would be in 2@@%lereage not changed.

The ratio of the average yield across all expansaumnties to the average yield that would have
occurred without expansion is an estimate of thstality of crop yields with respect to area
expansion. The results are shown in Table 1.

Table 1. Results

No
Expansion Yield in

Commodity Yield  Expansion CountiesRatio
Wheat (bu) 40.5 49.8 1.23
Potatoes (cwt) 426.9 519.8 1.22
Peanuts (Ibs) 3244.8 3622.6 1.12
Barley (bu) 60.3 63.4 1.05
Canola (Ibs) 1537.3 1567.3 1.02
Rice (pounds) 7141.3 7014.0 0.98
Cotton (lbs) 914.3 886.4 0.97
Corn (bu) 158.7 151.4 0.95
Rye (bu) 19.3 18.0 0.93
Beans (Ibs) 1726.7 1584.4 0.92
Sugarbeets (tons) 26.8 24.0 0.90
Sorghum(bu) 70.8 60.8 0.86
Oats (bu) 62.3 52.6 0.84
Soybeans (bu) 43.5 35.7 0.82

As shown, the results vary quite a bit across cr@ps aggregate measure would be to weight
the ratios by 2009 planted acreage. The resultighted average is 0.98.
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