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The impact of biofuel policies on the Brazilian daiy sector
Abstract

Brazil is the fourth largest country in milk prodiem and both production and consumption of
dairy products are growing fast. However, it is wmolwn how the dairy sector reacts to
exogenous shocks. A structural econometric modethef Brazilian dairy sector is used to
analyze the consequences of biofuel policies omptbhduction, consumption, and price of milk.
The paper aims to evaluate how the Renewable Raekd&rd policy in the U.S. and the sugar
cane policy in Brazil affect the dairy industry Brazil. The policies are analyzed relative to a
ten-year baseline scenario ending in 2022. Data fi®80 to 2012 are used to estimate the
Brazilian dairy sector model. Annual equilibriumiges are solved by minimizing the squared
difference between supply and demand for four cbfie markets: cheese, butter, milk powder,
and fresh dairy products. Both RFS and sugar careage expansion have negative impact on
milk production in Brazil and positive effect onnsmmer price. However, the impact of US’
RFS program is small. The model estimates appeaetimrm well in representing the actual
dairy sector. The milk production forecasts wersomable and the effects of shocks were well
supported by the economic theory.

Keywords: policy analysis, dairy market, structural econamehodel, partial equilibrium.
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Introduction

Studies related to market analysis have playedmooitant role in understanding price
dynamics, supply, and demand behavior. Those stindiee assisted policy makers and the dairy
industry in terms of strategic decisions regardimgestments and policies. In Brazil, the dairy
sector is an important segment of the agribusinéssn the supply side, Brazil is the fourth
largest producer in the world according to the Fand Agriculture Organization (FAO, 2014),
and the whole sector is composed of nearly 1.3ianilfarmers. From the demand side, dairy
products account for approximately 11.5% of houkklexpenditure for food (IBGE, 2010).
Therefore, Brazilian’s families are relatively maensitive to changes in dairy prices than in
other types of food.

The Brazilian dairy sector has changed signifigantter time. Until the early 1990s, a
price controlling policy by the Brazilian federalowernment was in place. Government
regulations were not favorable to the developmenthe local dairy sector because price
instability caused reluctance for investment at fdren level. Therefore, during the regulation
period a low production per cow, small producticer farm, inferior milk quality, and high
production costs were observed. However, most ebkdhproblems are still in place, thus



inhibiting the local industry to become more in@fanally competitive (Rodrigues, 1999). As a
consequence of those factors, there has been arsdédrease in the number of operating dairy
farms. In 1996, around 1.8 million dairy farms wer@peration compared to 1.3 million in 2006
(IBGE, 2009).

The dairy sector is one of the most complex segsnehthe agribusiness. The raw milk
flows to a bundle of products that uses differesmsformation methods, packages and inputs. At
the farm level, the complexity of managing dairya is also increasing due to recent policies
like biofuel promotion around the world and the ampon feed cost, land price, among others.
Such policies have different drivers depending achecountry where the policy is implemented.
In the United States, for example, new uses fon eeere observed after the Renewable Fuel
Standard (RFS) program regulations in 2005, whistaldished the renewable fuel volume
mandate in the US. In Brazil, the sugar cane expankas increased land competition on
agricultural fields mainly inSdo Paulostate, which hold most of the sugar cane acreade a
ethanol industry. The future of the dairy sectopetels also on how these policies are managed
over time.

In terms of impacts of biofuels mandates on livelsta general equilibrium approach
was used by Taheripour, et al. (2011) to studyittsge. They suggested that biofuel policies had
important implications for the global livestock ustry, mainly by raising the cost of feed grains.
They also found that growth in the US and E.U. loétd industries had greater negative impacts
on livestock production overseas than in thoseoregyiThe biofuel mandates increase the price
of pastureland because more pastureland is coavertie crop land. Therefore, the changes in
the US’s Renewable Fuel Standards impacted cocegand livestock production in the United
States and in other places as well (Miljkovic, 2012

Dumortier, et al. (2009) used a partial equilibriumodel to measure the impacts of
biofuel policies on food prices. The change in b&fpolicies and energy prices leads to changes
in corn prices and the prices of other crops tlabmete with corn for land. Moreover, part of
this change in price will be transferred to constamgince it impacts the prices of dairy,
livestock, and bakery products. In addition, byr@&sing corn prices in the US, they found that
the soybean acreage in the US will decrease, gassigbean price. A spillover effect will also be
expected, increasing corn and soybean acreageail Bargentina, and other countries.

In the case of the Brazilian sugar cane expansimnyelationships between the ethanol
industry and the dairy industry were studied by dlost al. (2010). As the authors mentioned,
the sugar and ethanol industry expansion is definitot new since it started in the early-1970’s
in Sdo Paulostate. However, predominance of relatively smaliryd farms contrasts with a
strong ethanol industry with dynamic and fast glow#loreover, while historically the Ethanol
industry has been promoted by a range of publicigs| such as tax benefits and mandatory use
of blending ethanol and gasoline, public policies the dairy sector were much less directed
toward the development of the sector, and usuaixehserved other interests, such as inflation
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control (Martins (2004), Novo, et al. (2010)). Nowt al. (2010) concluded that many dairy
farmers inSao Pauladecided to stop production to sell or rent thaid to the sugar cane sector.
Increased land prices and high rents offered bystigar cane/ethanol industry attracted farmers
to this new opportunity.

An econometric model that attempts to replicatedhiey sector in Brazil, and capture
important decision points, is developed in thisdgtuJnderstanding how milk flows from raw
materials to the final products, and how the supqige responds to price and cost changes,
provide insights of impacts for future dairy poéisiand social planning. A system of equations is
built to simulate how well the entire system représ the sector over a historical period. As for
specific interest, the research evaluates impactsthe dairy sector to changes in RFS
requirement in the US, and sugar cane acreageadnilBPolicymakers and the dairy industry
may benefit from the research.

Data and Background

Collecting Brazilian data to build the model wasalldnging. Different sources were
combined due to a strong limitation in organized aomplete datasets. Annual data from 1980
to 2012 were used to estimate the model and theig®lwere analyzed relative to a 10-year
baseline scenario ending in 2022.

As for the number of dairy cow and total milk pratdan, data from Organisation for
Economic Co-operation and Development (OECD)-FAQ@ tre Bureau of Statistic of Brazil,
namely Brazilian Institute of Geography and Statss{IBGE) were used. Retail price index for
dairy products is also published by IBGE. Data absupply and demand of dairy products
(cheese, butter, milk powder and fresh dairy), loa ather hand, was offered only by OECD-
FAO.

In terms of raw milk prices, corn, and soybean gwitheFundacdo Getulio Vargas
(FGV) were the main source. In some cases thosesseere merged with more recent data
provided by the Center for Advanced Studies on AsgpbEconomics (Cepea), ahastituto de
Economia AgricolgIEA-SP). Cost of milk production and minimum mipkices were given by
the National Food Supply Agency (Conab). Macroecaicodata is published by a number of
different sources such as IBGE, the Brazilian G#nBank, and the Institute of Applied
Economic Research (IPEA). Finally, historical camd soybean prices in the US was provided
by USDA, while forecast were offered by the Agricué and Food Policy Center (AFPC),
located at Texas A&M University, according to thesnewable fuel standard scenarios (Rhew,
2014).

The total milk supply is estimated on a state-latesbasis and considers the top six states
in the Brazilian milk production. Dairy farms in &1il are very heterogeneous in terms of size,



management, and use of technology. There are aofmiarms with professional management
and good technical and financial control, contragtivith other farms where the cost of milk
production is still unknown. Similarly, in some regs of the country a higher yield per cow is
observed, while in other regions the production g@wv does not reach 1,000 kg of milk per
year. On average, the three states located indh#hern Brazil Parang Santa Catarinaand
Rio Grande do Sylhave a more homogeneous production system aiel Ibehtnagement tools.
The production of these is also growing relativialster than in the other regions.

Figure 1 presents the spatial distribution of nphoduction in Brazil. Basically, dairy
farms are located throughout the country. Two npaiimts can be noticed in Figure 1. First, the
production has consistently increased as the dadc became more visible in 2012. By pointing
out that the city limits did not change over tintlee production per acreage has increased as
well. Second, the total milk production has beemwmgng in both traditional and nontraditional
areas with few exceptions. The top six states,ligigted in the map, represented 76.5% of the
total milk production in 1980. In 2012, the samate$ accounted for 77% of the total
production. Therefore, the top six states keptstmme share of the total milk production despite
the weak performance &io Paulpwhere the share of the total production decre&sed 16%
to 5% in the same comparison. As cited by Novaale(2010), the expansion of sugar cane
acreages played an important role in explainingé¢dection in milk production i®&o Paulo
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Figure 1. Milk production in Brazil: 1980 to 2012.

The sugar cane cultivation is not new in Brazil faet, the first fields were introduced
during the colonization of the country. The maiatstin production iS&o PauloIln 1980, 49%
of the total sugar cane production was locate®ao Paulo This share increased to 56% in
2011. Figure 2 shows the sugar cane productiorugivaut the countrySao Paulohas always
been the leading state in sugar cane cultivatiahtle production increased very fast during the
2000s. A spillover effects is also observed in hb@ing states, where the expansion of sugar
cane was strong as well. The ethanol policies azBronsist of mandatory blend level (18% up
to 27.5%) of ethanol in gasoline, credit offershngpecial interest rate, and tax rebate.
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Sugarcane Production - Brazil (1990)
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Figure 2. Sugar cane production in Brazil: 1980 t@011



As for the RFS-requirement, the program was createder the Energy Policy Act
(EPAct) of 2005, and established the renewable yakime mandate in the United States. The
RFS sets mandatory blend levels for renewable foetgsnning with 9 billion gallons in 2008
and ending at 36 billion gallons in 2022. The cbased ethanol is the most popular renewable
fuel in use. Such a policy creates new use for eochcorn-based feed and those inputs account
for the majority of grain-based diets in a dairgnia

Methods

The entire model consists of a partial equilibrigpproach to estimate structural supply
and demand functions for the Brazilian dairy setboreplicate the actual sector. The equations
are estimated using least squares criterion foligwihe classical multiple linear regression
model as described in Greene (2008). For each iequtitat contains the lagged dependent
variable, the Breusch-Godfrey Lagrange multiplesttwas run to test for the presence of serial
correlation. This procedure was applied becauserer€2008) shows that in the presence of
serial correlation, all coefficients on the riglaina side are inconsistent.

As for the other equations, without lagged depenhganables, the coefficient estimates
are consistent but not efficient. Neverthelesssame equations where inference was important
the first order serial correlation problem was fixgsing the Prais-Winsten estimator described
in Prais and Winsten (1954) and Greene (2008).rimédion criteria, such as Schwarz loss
(Schwarz, 1978) and Akaike information criterionn@ers, 2003) were used for selection
between different specifications.

As for the empirical model, the milk production asresult of production per cow,
multiplied by the number of dairy cows in each y@agure 3). The equations used to estimate
the number of dairy cows are expressed as a funofidairy cows lagged one year, deflated net
revenue lagged one year, and exogenous varialibewing Greene (2008), a Breusch-Godfrey
Lagrange multiplier test was run to check for thespnce of serial correlation. Milk production
per cow depends upon time trend, and costs deflagtdrevenue. The time trend variable
represents the effects of technology over time. méerevenue variable, on the other hand,
considers the effect of relative profitability ofggucing milk. The total milk production is
determined by the number of dairy cows on the famd the production per cow. The total
supply of milk is an aggregation of each region estesents the entire country.

The structural model incorporated the RFS policycbynecting the corn and soybean
prices in Brazil to the US corn and soybean priGzsn and soybean prices in Brazil are part of
the net revenue indicator, and therefore, are itnp@the estimated number of dairy cows and
production per cow equations. These two equatioes used to calculate the total milk
production.



Sugar cane acreage is incorporated into the modeugh the number of dairy cows
equation only in S&o Paulo. The inclusion of sugame acreage in the number of dairy cow
equations in other states of Brazil did not provatey benefit in terms of goodness of fit.
Moreover, the variable was not statistically sigraiht at the 10% confidence level.

As for dairy products, the total raw milk supplpwis to different products and the total
supply of each product is defined as the sum oflygcbon, imports, and beginning stocks. On
the other hand, the total demand is calculatecbtat tonsumption, exports, and ending stocks.
For both the supply and the demand side of the modernational trade is mostly marginal in
the Brazilian dairy sector. Brazil is historicaldy net importer country, and trade is still not
consolidated in the dairy industry. Most of thenactions are sporadic and usually happen to
fulfil eventual gaps in the supply or demand.
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Figure 3 - Milk production estimation on a state bais
Note Adapted from Brown (1994).

To complete the structural procedure, a non-liregdimization method is used for the
partial equilibrium model, which solved for fourffdgrent dairy markets: butter, cheese, milk
powder, and fresh products. The objective of eaalket is to minimize the squared difference
of the excess supply in a given year as describeduation 1.



Obj. function = Min X, (supply, - demand,,)? 1
where, k = butter, cheese, milk powder, fresh pct&lu

The method is dynamic and recursive where each gamimus variable is explicitly
followed over time. The entire model is solved sagially, one period at a time, for the 10-year
forecast. The model is exercised by running difieszenarios with the baseline as the reference
scenario. The baseline considers stetus quoof the exogenous variables and current policies.
The sugar cane acreage is set constant at 201Rdedethe RFS policy refers to the current
requirement. Alternatives scenarios are used ttrasinwith the existing conditions and consider
a 30% increase in sugar cane acreage in Sao Rawldhe absence of RFS policy in the US.

Results

The total milk production in Brazil is presentedTiable 1. The baseline forecast is in
between the scenarios developed by both OECD/FATA3R and the Brazilian Ministry of
Agriculture (MAPA, 2013). It is worth mentioning dhin our baseline scenario the world’s
economy is assumed to perform somewhat worse iméxé ten years compared to the last
decade. For that reason, the overall growth ratewer than that of the previous period. The
production per cow is expected to grow a littletdaghan before, but it is still very low, with
annual production smaller than 2,000 kg/cow by 2@2Pexpected lower number of dairy farms
and greater competition with alternative agricidturactivities may cause management
improvement for the coming years, inducing betts of technologies.

Table 1. Total milk production in Brazil: 1,000 ton

2012 2022 (forecast)
Baseline OECD-FAO (1) MAPA (2)
33,055 41,649 38,839 44,514

Note (1) OECD-FAO outlook 2013-2022; (2) MAPA: Braaiti Ministry of Agriculture.

Conceptual evaluation

Figure 4 represents a negative shock in the miiplyuat farm level. Some examples of
negative shocks in the context of the study areease in feed cost, and expansion of sugar cane
acreage. Suppose, for example, the increase inclegicdbecause of the new demand for corn to
produce ethanol. Such a policy would shift the $ypprve to the left reaching the new
price/quantity equilibrium at P'and Qrasrepresented in Figure 4. The total milk produci®n
now represented by S’ and the wholesale and retiges by Ry and Pg, respectively.
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Therefore, an increase in the cost of milk productivould lead to a lower supply and higher
prices in the entire supply chain. On the otherdhanreduction in the cost of milk production
would have the opposite impact, with higher susiyg lower prices.

The expansion of sugar cane acreag8adn Paulocan be analyzed in the same manner
described in Figure 4. However, the shift of thgmy curve to the left is caused by the
reduction of the number of dairy cows on a farmdad of the increase of the cost of milk
production. Therefore, the shrink in the milk sypplould end up increasing the milk price
throughout the supply chain.

Price

Retail P’R
PR )

Wholesale

Farm

Q:Q: Quantity

Figure 4. Negative supply shock on the dairy chain
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No-RFS Requirement

The RFS regulation, established in 2005, openedhayp uses for corn and soybean,
which have affected the grain prices as pointed lyutDumortier, et al. (2009). The basic
hypothesis about the impacts of such a policyas tine RFS requirement has positive effects on
input prices (corn and soybean) for the dairy sec@mnsequently, a negative impact on the
Brazilian milk production is expected. Since the SRprogram is already in place it is
incorporated into the baseline forecast. Therefiie alternative scenario considers the effects of
the absence of the US’s RFS program. The structmel integrates the RFS policy by
connecting the corn and soybean prices in BraziheoUS corn and soybean prices. Corn and
soybean prices in Brazil are part of the net reeeimdicator, and therefore, are impacting the
estimated number of dairy cows and production per equations. These two equations are used
to calculate the total milk production.

In terms of results, a positive impact on feed eodBrazil was observed as reported in
the baseline scenario (Figure 5). The absence &f Bf the other hand, would reduce the feed
cost compared to the baseline. Actually, the feest vould be around 5.3 % lower than the
baseline cost, on average.
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Figure 5. Feed price in Brazil and the RFS requirerant effects

The impact of such a change in feed cost, causedebgbsence of the RFS requirement,
slightly alters both milk production and pricesdtiie 6). A possible reason is twofold: first, feed
cost is just a component of the total cost, andriagnitude of the feed cost variation was not big
enough to cause significant changes in the milldpecton and prices. Second, only the direct
effect of RFS requirement on feed cost is accoufdedby the dairy model, while the indirect
effect, described as the RFS policy impacts orBtfazilian corn and soybean sectors as a whole,
is not considered. A more accurate evaluation ef RS requirement would be possible by
integrating the Brazilian dairy model and the Bliami grain and oilseeds models since the
connection would allow feedback.
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In the case consumption and retail prices of daipducts, the RFS influences were just
marginal. The small effects of RFS on dairy prodae summarized in Figures 7-10.
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Figure 6. No RFS requirement effects on the milk prduction and price
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Figure 7. No RFS requirement effects on the buttemarket
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Figure 8. No RFS requirement effects on the cheessarket
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Milk powder consumption Milk powder price
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Figure 9. No RFS requirement effects on the milk peder market
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Figure 10. No RFS requirement effects on the frestlairy market

Sugar Cane Expansion

In the case of biofuel policies in Brazil, the skaonsists of a 30% increasing in sugar
cane acreage ibdo Paulofrom 2012 to 2022, reaching almost 7 million heesa Such
expansion is based on the Brazilian Ministry of idgiture forecasts (MAPA, 2013). It is worth
remembering thaBdo Paulois the main state in ethanol production, and ttwvth in sugar
cane acreage must negatively affect the milk prbdign that state as suggested by Novo, et al.
(2010).

Sugar cane acreage is incorporated into the mddelgh the number of dairy cows
equation. The results indicate that a 30% growtlsugar cane areagcéteris paribus, will
decrease the number of dairy cowsSi#o Pauloby around 16.5% compared to the 2012 level,
and 17.6% with respect to the baseline scenar0a® (Figure 11). Similarly, the total milk
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production in S&o Paulowill shrink by 15.9% compared to the 2012 prodwati When
contrasted with the baseline scenario, the prodnaecreases by 17.5% in 2022.
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Figure 11. Sugar cane expansion effects on numbef dairy cows and milk production in
Séo Paulo
Note Sugar cane acreage increasing 30%, linearly.

Considering the entire country, however, the sucmme expansion is not strongly
decreasing the total milk production since, his@lty, the importance o5do Pauloas a milk
supplier has diminished. In the early-1980s theegteoduced around 15% of the Brazilian milk
production. In 2012, on the other hand, the couatrdn of SGo Paulowas only 5% of the total
production. Nevertheless, some effects of the maluén milk supply are observed in the price
level throughout the supply chain. The nationaifgarice is expected to increase around 1% on
average (Figure 12). Dairy prices would also ris@ @&onsequence of the ethanol policy, mainly
the cheese and fluid milk prices. The effects onsomer price would be relatively small,
increasing about 1% to 3%, on average (Figuresg)3-1
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Figure 13. Sugar cane expansion effects on the battmarket
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Figure 14. Sugar cane expansion effects on the ceeanarket
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Figure 15. Sugar cane expansion effects on the miiowder market
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Figure 16. Sugar cane expansion effects on the fredairy market

Conclusions

The study presented has many important charadtsristat contribute to policy makers
and private companies understanding the Braziliairydindustry. The 10-year forecasts
provided important insights in terms of trends.dddition, the model helps to identify the
sensitivity of the entire system of equations taraes in specific variables. Those are the major
contributions of this research to the Brazilianrgaector.

The dairy sector in Brazil is not very responsivelhanges in biofuel policies, mainly the
US’s RFS program. The milk production suffers omigrginal changes compared to the baseline
scenario. Most of the dairy farmers are not profesdly managed and the effects of changes in
feed prices are not fully known by those farmersrébver, corn and soybean represents only a
component of the total cost and the changes iretpases were not significant enough to cause
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greater impact on total cost and net revenue. Simgsults were found when studying the
effects of biofuel policies on Brazilian milk pre

Nevertheless, changes in sugar cane acreage ceemergmpact on milk production
compare to the US’s RFS program. The total milkdpation is negatively related to sugar cane
acreage because the expansion of sugar cane adraageegative impacts on the number of
dairy cows and therefore, on the milk productione Tmpact of sugar cane acreage on total milk
production was not strong because the sharg@aof Pauloon milk supply has decreased over
time.

Most of the limitations of the study were related data constraints. Different data
sources had to be merged and generate problenaandng supply, demand, and price. Some
data are also published with two years delay, ocagusiifficulties to incorporate up to date
information. Another limitation is related to datggregations. The dairy sector is composed of a
wide variety of products that are produced from railk, but data are not available for most of
the products. The model was built to solve for fdairy markets: butter, cheese, milk powder,
and fresh products. The fresh market, howevergsgmts a group of products, which generates
drawback in terms of conversions, elasticities, aadsumer preferences. If more milk prices
and costs components were available, the suppéyafidhe model could also incorporate more
Brazilian States and not only the top six as careid in the research. The final limitation in
terms of data refers to the inexistence of whokedavel information that penalizes a more
detailed evaluation throughout the supply chaingd®eing the limitations, the model estimates
appear to perform well in representing the actuatydsector. The milk production forecasts
were reasonable and the effects of shocks wereswpflorted by the economic theory.
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