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ABSTRACT

Brazil is the fourth largest country in milk prodien with numerous small scale
family farms. During the last three decades maagdformations were in place that
includes price regulation, dairy policies and intgronal competition on the entire
supply chain. Understanding how the dairy sectacteto exogenous shocks and policy
changes is of interest. This research aims to aaagonomic consequences of
exogenous shocks and policy changes in the Brazikéry sector. Impacts of changes
in gross domestic product, subsidized interest maik price support, renewable fuel
standard requirement in the United States, andrsuagee acreage in Brazil on the entire
sector is considered for a 10-year forecasts endi2g22.

A structural econometric model of the Brazilianrgiaector is used to analyze
the consequences of changes in policies and o#ntbles of interest on the production,
consumption, and milk prices. A stochastic appraa@iso developed that incorporates
risk into the model. Data from 1980 to 2012 areduseestimate the system of
equations. Annual equilibrium prices are solvedrbgimizing the squared difference
between supply and demand for four different marketeese, butter, milk powder, and
fresh dairy products.

This is the first model developed for the Brazil@gairy sector that allows for
policy analysis. The findings suggest that the@astnot very responsive to changes in
exogenous variables. Shocks from the demand sjueaapo have greater impacts on

milk prices and production than shocks from thepsppide. Contributions to the



agricultural economic literature, policy makerdyate companies, and future researches

are expected.
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CHAPTER |

INTRODUCTION

Studies related to market analysis have playedn@oitant role in understanding
price dynamics, supply, and demand behavior. Thas#ies have assisted policy
makers and the dairy industry in terms of strategicisions regarding investments and
policies. In Brazil, the dairy sector is an impattaegment of the agribusiness. From the
supply side, Brazil is the fourth largest producethe world according to the Food and
Agriculture Organization (FAO, 2014), and the wheéetor is composed of nearly 1.3
million farmers. From the demand side, dairy prad@account for approximately 11.5%
of household expenditure for food (IBGE, 2010). fEfiere, Brazilian’s families are
relatively more sensitive to changes in dairy mitean in other types of food. The
sector also generates around US$ 66.7 billion ear,yand it is one of the most
important segments of the food industry, accordm@onsoli and Neves (2006).

The Brazilian dairy sector has changed signifigaatler time. Until the early
1990s, a price controlling policy by the Brazilifaeral government was in place.
Government regulations were not favorable to thelbgpment of the local dairy sector
because price instability caused reluctance fagshment at the farm level. Therefore,
during the regulation period a low production pawgcsmall production per farm,
inferior milk quality, and high production costsmebserved. However, most of these
problems are still in place, thus inhibiting thedbindustry to become more

internationally competitive (Rodrigues, 1999). Asamsequence of those factors, there

1



has been a sudden decrease in the number of oyedairy farms. In 1996, around 1.8
million dairy farms were in operation compared 18 thillion in 2006 (IBGE, 2009). In
other words, approximately 50,000 dairy farms waaritof business every year over the
ten-year period. Nevertheless, both the total mitdduction and the number of dairy
cows increased, suggesting that production per famow higher than before.

Another observable characteristic on the supplg Edhe uncounted mergers
and acquisitions among processors. The consolidatas more notable after 2007 when
the National Bank of Social Development (BNDESRrazilian federal banking agency,
became a partner of the dairy firms. Despite tikememarket concentration among
processors, the Brazilian dairy industry is stdryfragmented.

The dairy sector is one of the most complex segsneinthe agribusiness. The
raw milk flows to a bundle of products that usdfedent transformation methods,
packages and inputs. At the farm level, the compl@t managing dairy farms is also
increasing due to recent policies like biofuel pation around the world and the impact
on feed cost, land price, among others. Such gslicave different drivers depending on
each country where the policy is implemented. Taieydarms are sensitive to changes
in corn price (and corn-based feed prices) bectgs® inputs account for the majority
of grain-based diets in the farm. Trade policied agricultural policies, such as rural
credit and price support, also affect the dairystdy, since those policies have direct
impacts on net revenue. Therefore, the future ®fdary sector depends also on how

these policies are managed over time.



An econometric model that attempts to replicatedduey sector in Brazil, and
capture important decision points, is developeithis study. Understanding how milk
flows from raw materials to the final products, drav the supply curve responds to
price and cost changes, will provide insights gbatts for future dairy policies and
social planning. A system of equations is builsitoulate how well the entire system
represents the sector over a historical periods Wodel may be useful for analyzing
internal reactions to exogenous shocks from thelgwgide, the demand side and public
policies. Major variables that likely have a prafidueffect on the entire industry are be
identified as well as those with very low impaathich may help policymakers to
outline a more oriented agenda to develop thisstigiuTherefore, policymakers and the
dairy industry will both benefit from the research.

The dissertation is organized into seven chaptetsding the introduction. In
chapter Il, a literature review considers strudtacmnometric models, history of the
Brazilian economy, dairy sector in Brazil, and sata@y policies. The chapter Ill offers
details about the model developed in the researsith include methodology, data
description and sources, and the main set of expgathat is estimated. The chapter IV
aims to present forecasts based orsthtus quaf dairy policies and other exogenous
shocks. A 10-year forecasts ending in 2022 areyaedl In the chapter V, alternative
scenarios are considered to contrast with the in@sfgrecast. The chapter VI has the
stochastic model as a core, and risk is incorpdrat® the study. Finally, the conclusion

is presented in chapter VII.



1.1. Objective of the Research

The main objective of the research is to develspuctural econometric model
to characterize the dairy sector in Brazil thagmibts to analyze economic consequences
of exogenous shocks and policy changes in the Brazdairy sector. As for specific
interest, the research will evaluate impacts ordtigy sector to changes in: GDP,
subsidized interest rate, milk price support, REQuirement in the US, and sugar cane

acreage in Brazil. A stochastic version of the nhedik complete the main objectives.



CHAPTER I

LITERATURE REVIEW AND OVERVIEW OF BRAZILIAN DAIRY SECTOR

2.1. Brazilian Macroeconomics

The main goal of this section is to provide a boeérview of macroeconomic
aspects of the Brazilian economy in recent decald®es Brazilian economy has gone
through many transformations. These include dabésrin the early-1980s,
hyperinflation, many tentative stabilization plaaesd frequent changes in currency. In
the mid-19904°lano Realas implemented, and it succeeded at keepingflaion
rate under control. The late-1990s were also dagihg period with economic crises
in Asian countries, Mexico, and Russia, all of whaffected the Brazilian economy. In
the early and mid-2000s, a better economic enviemiwas established. On the
political side, transformations took place over plast five decades. Brazil was ruled
under a military dictatorship from 1964 to 1985.ribg the mid-1980s, a democratic
president assumed the government under the fragideomic situation.

After a period of high industrial growth, Brazilded severe economic
difficulties in the 1960s. An intractable inflatioate and massive international debt
payments were in place. As pointed out by Markd®90), political conflicts linked to
the economic situation had become acute. In addlitiee oil shock of 1973 quadrupled
the price of petroleum. At that time, Brazil wagonting around 80% of its oil
consumption. The total import bill rose fast reachUS$12.6 billion in 1974 compared

to US$ 6.2 billion in 1973 (Baer, 2008).



The policy response came in 1975 with the Secortobhi Development Plan
(PND II, 1974-1979) focusing on import substituscnd a fast expansion of
infrastructure in general. However, the growth optand the investment program ended
dramatically by increasing the international dedstthe public sector. Moreover, the
second oil shock in 1979 contributed to a declimthe terms of trade and made the
economic situation more complicated. At that tithe, last military president took office
with a political program to restore Brazil to a d@racy. In December 1979, a package
of measures was adopted that included currencylubi@n and tax incentives, among
others. The government’s price control of actigtweas increased to avoid inflationary
pressures, but the inflation rate was rising faswvall as the external debt.

To complicate matters, in 1982 Mexico declaredlat deoratorium and
therefore, postponed payments to creditors. Thisrasent a negative signal to the
market players and closed international financeketarto Latin America. As a
consequence, Brazil had no option but asked fanftral support from the International
Monetary Fund (IMF). Simultaneously, the countrysviiying to roll over its own debt.
Many adjustments were suggested and implementéad, tecession period from 1981-
1983 was unavoidable. At the time, the inflatiote naas running above 100% a year
(Baer, 2008). From the political side, the dominsettors of the military were engaged
in democratic restoration. In 1985, Brazil expetieshthe re-democratization process. A
civil government assumed the presidency after aanilregime had ruled the country

from 1964 to 1985.



A common characteristic of the late-1980s was thayrattempts to control
inflation, which had been an extremely difficuloptem since the 1970s (Amann and
Baer, 2000). The many inflation stabilization plamsuded Cruzado (March/1986),
Cruzado Il (November/1986), Bresser (1987), Fegj@m Arroz (1988), Verao (1989),
and Collor (1990). None of these, however, achigliedjoal of controlling inflation.
While inflation as well as fiscal adjustment wetid the focus of these economic plans,
in 1990 the government began a process of graddatlseasing trade tariffs.

Meanwhile, in 1992 President Collor was impeachael td corruption and
undesirable economic policy decisions. The viceigent, ltamar Franco, took over as
interim, and in 1993 he named Fernando Henriquedd3aras his finance minister. At
that time, a successful economic plan for contgimmiation began to be prepared with
the help of a number of economists (Baer, 2008¢. dlan was later calldélano Real
In 1994 ,Plano Realkstablished the basis for long-term stability gralvth to reduce
Brazil's extreme socioeconomic imbalances. Thaiioih was brought down from a
monthly rate of 47.4% in June 1994 to 1.53% in Seyber of the same year. The plan
also had an effect on Gross Domestic Product (GDi®).GDP growth rate reached
5.3% in 1994 and an average of 3% during the egetyears. The fiscal problems
remained, and the government started a large @atain program to control the debt.

As for international trade, a rapid increase ofamp was observed mainly due to
the opening of the economy and a stronger exchiamtgeGiven the strong international
competition, both domestic and international fipongsent in Brazil at that time made an

effort to upgrade their technology. They did sgpliychasing capital goods overseas to
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modernize domestic industry. In addition, by redganflation, it seemed that the real
income of lower income people increased substéyaaldid their purchasing power.
Overall, thePlano Realkeemed to perform well at the beginning, evenidensg
international economic instability in Mexico (199495), Asia (1997), and Russia
(1998).

In 2003, a former trade union leader, Luiz InacidaLda Silva, won the
presidential election. He took office in Januar@20He was from Brazil's workers
Party, and a huge change in terms of governancexm@scted. People were clueless of
how he would manage inflation rate and fiscal resgulity, along with the expansion
in social programs and welfare. However, in genkisabecisions were a manner of
caution implementing similar policies that wereglace during the previous governors,
which helped him build a reputation of economicdamice. The macroeconomic
performance under his first government was impvessith GDP growing more than
5% in 2004. Other important factors that contribluie the economic growth after the
first year of Lula’s presidency were: more exteeditilization of existing capacity;
growth in capital formation; growth in consumpti@md international demand for
commodities which increased exports (Baer, 2008).

Family income also increased as a result of bettkrstrial wages and the rise of
the minimum wage. Moreover, the lower income fagsilnad an expansion of a
conditional cash transfer program (CCT) calBmlsa FamiliaBolsa Familiawas
created in 2003 by integrating previously develo@&il programsEolsa Escola, Bolsa

Alimentacgédo, Auxilio GdsandCartdo Alimenta¢&pinto one unified program, and it
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reached approximately 14 million households accgydd the Brazilian Ministry of
Social Development (MDS, 2013).

Overall, the 2000s were relatively favorable fag Brazilian economy. Brazil
underwent improvements in trade balance, per capitane, and expansion of social
programs. As a consequence, food consumption dssvdhiry consumption increased

substantially.

2.2. Policy and Trade

Agricultural policy in Brazil is primarily conductieby two ministries: the
Ministry of Agriculture, Livestock and Food SupgdMAPA) and the Ministry of
Agrarian Development (MDA). While MAPA deals witbmmercial agriculture, MDA
deals with small-scale family farms. Overall, Btazagricultural policy can be
described by three main mechanisms: minimum pru@eantees, rural credit, and
agricultural insurance (practically non-existent).

In regard to dairy policy, the rural credit is ti@st prominent policy instrument,
and it consists of providing financial support wathbsidized interest. Financial support
goes to both commercial farms and small-scale fafarins. For the commercial farms,
the National Rural Credit System (SNCR) providesding to commercialization, cash
flow, and investment. In 2012, commercial dairyrarreceived about US$1.54 billion.
For small family farms, a program called PRONAF Wwast to manage the offers of
credit and other agricultural policies. This pragravhich was created in 1996, was

designed to support small farmers by offering tiepecial financial provisions, such as
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low interest rates. In 2012, about US$1.64 billicas applied to the dairy sector through
PRONAF, with interest rate varying from 0.7% to%.% year, according to data from
National Rural Credit System (SNCR). As for the iminm price, the basic process of
providing market price support consists of regignahnounced minimum guaranteed
prices by the Secretary of Agricultural Policy.

In regard to trade policy, in 1991 Brazil estaldidlan economic and political
agreement along with Argentina, Paraguay, and UrygUhis agreement was called
Mercosul. In 2005, Venezuela joined the group. iflea of Mercosul was to encourage
trade among the country members. The majority ataljural imports from Mercosul
countries enter duty free. Moreover, a fixed comrarternal tariff (CET) was defined,
and it is usually designed to end re-exportatichiahibit imports from countries
outside the agreement. In 2012, the CET for daioglpcts was in the range of 0% to
28%, depending on each individual product.

Brazil is historically a net importer of dairy pnacts, and three main periods of
high dairy trade can be observed in the last tHesades. From 1980 to 2006, Brazil
was a net importer with huge volumes in 1986, &9@klto 1996. In these periods, a
relatively higher income expansion was observedbse of economic stabilization
plans and inflation control (Martins, 2004). In Z0&nd 2008, a positive trade balance
was reached due to high international prices. Haneafter 2009, a net import dairy

trade was registered again.
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2.3. Brazilian Dairy Sector

The Brazilian dairy sector has changed signifigaatler time. Regulation of the
dairy sector in Brazil started in 1945. At thatéinthe Federal government had strong
interventions over the price of some essential gpmdtluding dairy products. The main
purpose of the price intervention policy was totecolprices in order to maintain the
purchasing power of the Brazilian families. Sinedryl products have a relatively high
weight on household expenditure, as pointed owlastins (2004), those prices were
subject to strong intervention. However, the regoiaexperience did not contribute to
technology improvements, and thus the developmiethieodairy sector. In fact, milk
price policies, along with a closed economy, daflayeestments in the dairy industry.

Since the regulation goal was to keep milk prides law level, it did not provide
incentives to adopt new technology and managenresepses. In addition, milk
imports, stimulated by government policy, causedepinstability in some periods due
to the excess of supply. In the 1980s, the tot#! production increased, on average,
2.3% per year. In the 1990s, the milk productioawgat the rate of 2.5% a year,
reaching 3.0% a year in the 2000s (OECD/FAQ, 20Ii¢refore, a more dynamic
growth rate was observed in the post regulatioroder

Deregulation of the dairy market occurred from 1889993. Before that, most
of the main milk processing firms were very infltiahcooperatives. The liberalization
brought more price competition between processm,many cooperatives had

financial problems and went out of business (Fa2082). The market share of the
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dairy cooperatives in terms of milk intake decliriemim around 60% in the early-1990s
to less than 40% in the 2000s (Costa, et al., 2004)

At the same time, it was in place both the econatabilization provided by the
Plano Realwith positive impacts on income, and the Mercosesty, to promote
regional trade. Multinational companies also adiueBrazil, which made the
competition between dairy companies and cooperaBven greater. A new set of
strategies, such as product differentiation andcketesegmentation, became more
common. From 1993 to 2000, the consumer price oy gaoducts dropped by 32%.
Moreover, the introduction of the Ultra-high temgteire processing (UHT milk) in the
late-1980s broke regional barriers, since the UHIK oould be transported long
distances. The share of the UHT milk on fluid madades rose from 4.4% in 1990 to
68.8% in 2000 and reached 78.2% in 2011. Finalyydconsumption was stimulated
right after thePlano Realwhich kept inflation under control and increaseel
purchasing power of households.

Therefore, the deregulation process increaseddimpetition and opened
opportunities to adopt technologies and managesteategies. Some examples of
transformation that are still in place are citeddarvalho (2010); that is, milk transport
in more appropriate trucks, payment based on rnolikls, gain of scale (farm and
wholesale level), and international trade ambitidngact, when pre and post
deregulation are compared, an important distinasarbserved. In the former period,

the focus was on the production cost, which was bgehe government as a parameter
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to set farm price. In the latter period, howevke, tocus switched to the consumer as a
reference for new investments in technology andyets (Martins, 2004).

In 2002, the Brazilian Ministry of Agriculture, Léstock and Food Supply put in
place the Normative Instruction 51 that establish@inimum parameter of milk
transportation, hygiene, and other issues relatedlitk quality. At that time, a schedule
was defined such that all agents involved in theydsector would have time to adjust to
new rules. Payment per quality has been adoptexdime milk processors and it
stimulated investments at the farm level. Howewrelk quality is still very low
compared with other countries like New Zealand,Uné&ed States of America, and the
United Kingdom. The main difference was found itatdacterial count (TBC) where
the numbers from Brazil showed to be 16 times higinen New Zealand and 11 times
higher than the US (Carvalho, 2010).

Another thing that should be mentioned is relatedhianges in milk supply
across states and regions. In 1980, 51% of milklyctoon was in the Southeast region,
23% South, 14% Northeast, 11% Center-West, and a#hNHowever, in 2012 the
share of Southeast decreased to 36%, while théSwereased to around 33%. Center-
West also increased its share of milk supply toosini5%.

The milk production increased in basically all ssatexcepfao Paulplocated
in the SoutheasGoias located in Center-West, increased the supply fasty and it
accounts for the majority of the production in thegion. All three Southern states
(Parand, Santa CatarinandRio Grande do Skhave also shown an incredible

dynamic for growthMinas Gerais located in the Southeast, is the major Brazilian
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supplier. The production in that state is stillrgasing mainly in places close to the grain
production, such abriangulo Mineiro(Hott, et al., 2007).

Overall, the top six states in production accoontabout 77% of the Brazilian
milk supply, and their supply function are analyazedividually in the study. All other

states are aggregated into one single group ddatéoconstraints.

2.4. Drivers: Policies and Exogenous Relationship

The dairy sector is one of the most complex seatoagribusiness and involves
many different products across the supply chairthatfarm level, the complexity of
managing dairy farms has increased with some rgu#ities like the biofuel based on
grains and oilseeds. Such a policy has differeneds depending on each country. In
the United States, for example, new uses for carewbserved after the Renewable
Fuel Standard (RFS) program regulations in 2005¢hvestablished the renewable fuel
volume mandate in the United States. In Brazil singar cane expansion has increased
land competition on agricultural fields mainly$®&o Paulcstate, which hold most of the
sugar cane acreage and ethanol industry. In thepan Union (E.U.), the promotion of
biodiesel from oilseeds has also expanded demaimpuofs used by dairy farms.

In the case of the Brazilian sugar cane expansi@relationships between the
ethanol industry and the dairy industry were stdidig Novo, et al. (2010). As the
authors mentioned, the sugar and ethanol indugparesion is definitely not new since
it started in the early-1970’s Bao Paulcstate. However, predominance of relatively

small dairy farms contrasts with a strong ethandustry with dynamic and fast growth.
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Moreover, while historically the Ethanol industrgshbeen promoted by a range of
public policies, such as tax benefits and mandaiseyof blending ethanol and gasoline,
public policies for the dairy sector were much ldsscted toward the development of
the sector, and usually have served other intergsth as inflation control (Martins
(2004), Novo, et al. (2010)). Novo, et al. (2016hcluded that many dairy farmers in
Séao Pauladecided to stop production to sell or rent thad to the sugar cane sector.
Increased land prices and high rents offered bgtigar cane/ethanol industry attracted
farmers to this new opportunity.

Dumortier, et al. (2009) used a partial equilibriomodel to measure the impacts
of biofuel policies on food prices. The changeiofiel policies and energy prices leads
to changes in corn prices and the prices of ottmyscthat compete with corn for land.
Moreover, part of this change in price will be starred to consumers since it impacts
the prices of dairy, livestock, and bakery produkttsaddition, by increasing corn prices
in the US, they found that the soybean acreadeeitS will decrease, raising soybean
price. A spillover effect will also be expectedgiieasing corn and soybean acreage in
Brazil, Argentina, and other countries. Howevemsauthors do not agree that biofuel
production was the major factor driving food pricereases in 2007-2008. Mueller, et
al. (2011) found that food price increases weresalt of high petroleum prices, a weak
US dollar, and hedge fund investments.

In terms of impacts of biofuels mandates on livelst@ general equilibrium
approach was used by Taheripour, et al. (2011futdyshis issue. They suggested that

biofuel policies had important implications for thbal livestock industry, mainly by
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raising the cost of feed grains. They also fourad gnowth in the US and E.U. biofuels
industries had greater negative impacts on livéspooduction overseas than in those
regions. The biofuel mandates increase the prigastureland because more
pastureland is converted into crop land. Therefibre changes in the US’s Renewable
Fuel Standards impacted corn prices and livestoo#tyztion in the United States and in
other places as well (Miljkovic, 2012).

Another issue that should be mentioned is relaigatite variability. Not only do
the level of feed prices impact the livestock aadydindustry, but also the price
volatility. This issue was studied by Wright (201ahd he expects a less volatile
equilibrium price in the future, on a higher prigath than it would be without biofuels.
Nevertheless, the possibility of grain prices stgynigh and volatile was not discarded
if the political power of those who favored biofsiglolicies is still in place.

Martins and Guilhoto (2001) offered an input-outmatrix approach to capture
the link between the dairy sector in Brazil anddketor that provides inputs to it. Their
finding indicated that positive changes on familgame can stimulate the dairy
agribusinesses. Similarly, Martins (2004) pointeti that trade and macroeconomics
policies have strong impacts on the Brazilian daidustry. On the other hand, policies
to keep food prices at low levels have transfeimedme from the dairy sector to
consumers, causing a disincentive to invest inrteldgy. Other studies concluded that,
historically, public policies in Brazil have puneaththe dairy sector (Calegar (2001),

Martins and Vieira (2001), Tupy (2001)).
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As can be noticed above, a complex mix of decisimtduding macroeconomic
and microeconomic policies, have impacts on thealjural sector in general, and on
the dairy industry in particular. Moreover, thedatis an important issue for Brazil,
given its social and economic importance. Therefamairy model is built in such a
way that allows us to measure the effects of ingmirtlecisions over the whole dairy
industry.

Brown (1994) developed an econometric model fotdBedairy industry making
it possible to discuss and simulate how dairy poditfects the sector and how the sector
reacts to exogenous shocks. Castro, et al. (20@4¥suned the impacts of the Free Trade
Area of the Americas (FTAA) and Mercosul-E.U. oaegroup of agricultural
commodities, including dairy. By using a generaliglgrium model, they found that the
dairy sector in Brazil would benefit under the Mesual-E.U. free trade agreement.

Alvim (2010) examined the main impacts of free gagreements considering
Mercosul, E. U., U. S., and Canada on the dairfoséc Brazil. He offered a partial
equilibrium analysis that considers a multiregioaadl a multi-product dimension. Three
different scenarios were compared: 1) free tradeeagents between all countries; 2)
free trade between Mercosul and E.U.; 3) and fasetbetween Mercosul, US, and
Canada. In all three scenarios, dairy productioBraeil would increase. The most
favorable scenario assumes a free trade agreemwevedn Mercosul and E.U., where
excess supply in Argentina and Uruguay would beoeeg to the E.U.. The least

favorable option would be the Mercosul, US and @aria which the growth in milk
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production in South America Countries will be lovilean it would be under the other
scenarios.

Overall, there are many studies related to theiBaazlairy industry. However,
none of the studies have performed an analysiettdores structural equations to study
the interactions between supply and demand angplcate the sector over the
historical period. Moreover, most of studies hasedupartial and general equilibrium
models to analyze international trade, while litheearch has been conducted to model
dairy in such a way that can be used to evaluaagds in domestic policies, input

prices, and income among other variables.
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CHAPTER 1lI

BRAZILIAN DAIRY MODEL: DEVELOPMENT AND VALIDATION

3.1. Proposed Methodology

The entire model consists of a partial equilibriapproach to estimate structural
supply and demand functions for the Brazilian daggtor to characterize this sector.
Policy changes and pre-determined variables wéredaced into the model to evaluate
and quantify their impacts. It is important to $hat all the equations were based on
economic relationships between variables. Additiclanmy variables were introduced
to correct structural breaks, and to deal withiergl

As for the structural procedure, a non-linear optation method was used for
the partial equilibrium model, which solved for fadifferent dairy markets: butter,
cheese, milk powder, and fresh products. The dbgof each market is to minimize

the squared excess supply in a given year as dedadn equation 1.

Obj. function = Min X, (supply, - demand,,)? 1

where, k = butter, cheese, milk powder, and fresklycts.

The method is dynamic and recursive, and each emdog variable is explicitly
followed over time. The entire model is solved sadially, one period at a time, for the
estimation of a 10-year forecast. Moreover, the ehadll be exercised by running

different scenarios with the baseline as the ref@ecenario. The baseline considers the
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status quaf the exogenous variables and current policid®rAatives scenarios will be
used to contrast with the existing conditions arltlve described in detail in chapter V.

In terms of specification, the equations were et using least squares
criterion following the classical multiple lineaggression model as described in Greene
(2008). For each equation that contains the lagiggeéndent variable, the Breusch-
Godfrey Lagrange multiplier test was run to testtfe presence of serial correlation.
This procedure was applied because Greene (2008)ssihat in the presence of serial
correlation, all coefficients on the right handesate inconsistent. In all cases, we fail to
reject the null hypothesis, that there was no keoaelation at the 10% significance
level. Hence, serial correlation was not a probiertne equations with lagged
dependent variables set as covariates.

As for the other equations, without lagged depetdanables, the coefficient
estimates are consistent but not efficient. Newbeds, in some equations where
inference was intended, the first order serialaation problem was fixed using the
Prais-Winsten estimator described in Prais and ¥#mgL954) and Greene (2008). This
procedure was important in the demand side of tbeéeal where the price and income
elasticities were calculated and inference wasulisifformation criteria, such as
Schwarz and Akaike information criterion, were ugmdselection between different

specifications as described by Enders (2003).
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3.2. Data Description

As for data, different sources were combined dughtdlenging limitations in
organized and complete datasets. There is no ssogiee that provides all dairy
information, which challenges the model development

As for the number of dairy cows and total milk puotion, data from OECD-
FAO and the Bureau of Statistic of Brazil, nameha#alian Institute of Geography and
Statistics (IBGE), were used. Retail price indexdairy products is also published by
IBGE. Data about supply and demand of dairy pragl(ctieese, butter, milk powder and
fresh dairy), on the other hand, was offered oyl CD-FAO.

In terms of raw milk prices, corn, and soybeangwitheFundacao Getulio
Vargas(FGV) were the main source. In some cases, trergessvere merged with more
recent data provided by the Center for AdvancediSsuon Applied Economics
(Cepea), and thimstituto de Economia AgricoldeA-SP). Cost of milk production and
minimum milk prices were given by the National Fd&uapply Agency (Conab). Finally,
macroeconomic data came from different sources) asdBGE, the Brazilian Central

Bank, and the Institute of Applied Economic Rese4PEA).

3.3. Total Milk Supply

The total milk supply is estimated on a state-lafesbasis and considers the top
six states in the Brazilian milk production. Duelte unavailability of data, the other
states are grouped as one single region. Figureskpts the spatial distribution of milk

production in Brazil. Basically, dairy farms are#ted throughout the country. Two
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main points can be noticed in Figure 1. First,gh@luction has consistently increased
as the dark color became more visible in 2012. @wptpng out that the city limits did
not change over time, the production per acreagentacased as well. Second, the total
milk production has been growing in both traditibaad nontraditional areas with few
exceptions. The top six states, highlighted inrttap, represented 76.5% of the total
milk production in 1980. In 2012, the same statepanted for 77% of the total
production. Therefore, the top six states keptstrae share of the total milk production
despite the weak performanceS#o Paulpwhere the share of the total production
decreased from 16% to 5% in the same comparisonitéd by Novo, et al. (2010), the
expansion of sugar cane acreages played an impootann explaining the reduction in
milk production inSao Paulo

For model estimation, the milk production is a feetiproduction per cow,
multiplied by the number of dairy cows in each y@agure 2). The number of dairy
cows in Brazil is still growing. Therefore, thedabtnilk production has increased
considering its two components, number of dairy£awd production per cow. In fact,
by taking into account the whole period of the gt(tB80 to 2012), the total milk
production in Brazil increased by 128%, while thenier of dairy cows expanded by
76%. Hence, the number of dairy cows was the nmajtik production driver from the

early-1980s to now.
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Milk Production - Brazil (1980)

Milk Production - Brazil (1990)

Municipalities Municipalities
70'0.'0'VV SO‘O:O'W 50'0.'0'\0/ 40'0"0'W 70'I7I‘0‘VV SO'O:OW 50‘0:0'\N 40'0: ow
Guyana — French Guiana N Guyana  French Guiana
: \ %
Colombia ‘,\/zi’ﬂ”’""d/ Colombia -~ " Sqnamy
—" ot C b = C
5 LY T Y 5 5 e 7 Ry Ab
£ N 2 ~f \ Y g e £ g 1\ B
s \ { s s s
/
» { N o o *
2l Juov = 5 5 3
g L e £] B
Peru
Bolivia
*
£l B £
{ i 1 8
Chile
Argentina Argentina
£ £ E £
£ 8 £ 8
T T T T T
70°00'W 70°0'0'W 60°0'0W 50°00°W 40°0'0W
Milk Production - Brazil (2000) Milk Production - Brazil (2012)
Municipalities Municipalities
70'0:0'VV BO'O:O’W 50'qu 40'0I'O'W 70'0"0’W 60‘qu SO”U;U'W 40”0;0'W
W/')}G”Y""a Fne!}eh Guiana Guyana French Guiana N
3 Suriname 4 Suriname
s \\,/vf »\\,_/ Colombia A
b \ 5 3 5
21 e 21 v re
5 3 s S
[
4 [ 14 ]
5 5 5 >
21 e o1 o
e e e e
4 4 14 4
o1 2 e B
& 5 & {
Paraguay
Argentina » y Argentina »
4 2 £ ( £
21 e e ) =
8 8 3 £
70°00W 70°00W 60°00W

Municipal Mil‘k Production

(L*1000°)
Up to 5,000
Geographic Coordinate System
£:000-10,000 Datum: SAD69
10,000 - 20,000 Source: IBGE

I 20,000 - 40,000
I 40.000 - 80,000
I ~bove 80,000

Figure 1. Milk Production in Brazil: 1980 to 2012.
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As for the conceptual analysis, the simplified d&ag represented by Figure 3

provides an overall description of milk price andaqtity relationship. Dairy cows on

the farm depend upon stock of dairy cows in theiptes year and the profitability of

producing milk, given the milk price. Milk produoti per cow is dependent upon time

trend, and costs associated with producing mille fal milk production is determined

by the number of dairy cows on the farm and the&pction per cow. The total supply of

milk is an aggregation of each region and represtgt entire country.
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The manufactured milk price is determined by thergction between the total
milk supply and the different demands for milkfabd milk solids-nonfat (SNF)). Then,
for a given raw milk price, each of the demandsidkfat (milk SNF) depend upon the
price of the dairy product, the total milkfat (mBNF) available, and the cost associated
with manufacturing that specific dairy productithe case of the butter and the SMP
production, the prices of both products are impurtkecision points in the industry

since they are joint products.
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Figure 3. Simplified Diagram of Milk Price and Quartity Relationship.
Note Adapted from Brown (1994).
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As for the empirical model, the equations usedstor&te the number of dairy
cows are represented in Tables 1 to 7, and theseaxpressed as a function of dairy
cows lagged one year, deflated net revenue laggeg®ar, and exogenous variables.
Following Greene (2008), a Breusch-Godfrey Lagramgéiplier test was run to check
for the presence of serial correlation. The resutggested that the null hypothesis of no
serial correlation failed to be rejected at the 1@%fidence level in all equations.

The lagged dependent variable and the deflatecemehue, as expected, are
positively related to number of dairy cows in eatdite. The latter variable, however, is
not statistically significant in any state. Thedad depend variable is included to reflect
long-run partial adjustments associated with inwesit in this industry. Not
surprisingly, the states located in the southeazBrwhich have a more homogeneous
production system and better management tools, higher coefficient estimates. The
intercept shifter and dummy variables were necgdsaasccount for outliers in the series
and/or structural changes. Overall, the exogenauaes have high explanatory power
and are statistically significant. In the cas&éab PaulqTable 3), another variable
called sugar cane acreage was also included inutmder of dairy cows equation to
account for the effect of sugar cane expansiorherdairy sector. The sugar cane
acreage irsao Paulpas expected, is negatively related to numbeaof/adows in that
state. Moreover, sugar cane acreage has high extptsirpower, and it is significant at
the 99% confidence level. In 1980, 49% of the tetajar cane production was located in
Sé&o PauloThis share sharply increased to 56% in 2012.rEigushows the sugar cane

production throughout the counti§ao Pauldhas always been the leading state in sugar
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cane cultivation and the production increased Ya&syduring the 2000s. A spillover
effects is also observed in neighboring statesyavtiee expansion of sugar cane was
strong as well. However, the inclusion of sugarecacreage in the number of dairy cow
equations in the other states of Brazil did nowmte any benefit in terms of goodness of

fit.
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Figure 4. Sugar Cane Production in Brazil: 1980 t@012
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Figure 4. Continued

Sugarcane Production - Brazil (2000)

Municipalities
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Table 1. Dairy Cow in Goias

I 10,000 - 20,000
I 20,000 - 40,000
I ~bove 40,000

Dependent Variable

Coefficien T-statistics

Independent Variables

Dairy cow Goias

Intercept
Dairy cow Goias (t-1)
Net revenue (t-1)/CPIDEF
D81T82
D89

D96

217.23

0.93

39.81

-359.08

-332.35

-435.63

1.51

14.01

0.85

-5.61

-3.97

-5.36

Note Breusch-Godfrey LM Test

P-Value: 0.23
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Table 2. Dairy Cow in Minas Gerais

Dependent Variable Independent Variables CoefficierT-statistics
Dairy cow Minas Gerais Intercept 217.76 0.97
Dairy cow Minas Gerais (t-1) 0.97 18.49
Net revenue (t-1)/CPIDEF 38.48 0.38
D80T94 -68.62 -0.87
D96 -315.58 -3.38
SHIFTO03 88.25 1.54
Note Breusch-Godfrey LM Test  P-Value: 0.32 Ad:R.9815

Table 3. Dairy Cow in Sdo Paulo

Dependent Variable Independent Variables Coefftcien T-statistics
Dairy cow Séo Paulo Intercept 757.42 3.80
Dairy cow Séo Paulo (t-1) 0.67 7.53
Net revenue (t-1)/CPIDEF 15.99 0.41
Sugar cane acreage Sao Paulo-0.000073 -4.32
D80T90 -68.78 -2.62
D96 213.12 5.45
SHIFT10 121.95 3.50
Note Breusch-Godfrey LM Test P-Value: 0.24 Ad]:R.9401
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Table 4. Dairy Cow in Parana

Dependent Variable Independent Variables Coefftcien T-statistics
Dairy cow Parana Intercept 27.50 0.36
Dairy cow Parana (t-1) 0.99 14.27
Net revenue (t-1)/CPIDEF 8.82 0.31
D80T84 -39.93 -1.80
SHIFTO3 28.74 1.02
Note Breusch-Godfrey LM Test  P-Value: 0.78 Adj:R.9819

Table 5. Dairy Cow in Santa Catarina

Dependent Variable Independent Variables Coefftcien T-statistics
Dairy cow Santa Intercept 12.74 0.42
Catarina Dairy cow Santa Catarina (t-1) 0.99 18.11
Net revenue (t-1)/CPIDEF 21.40 1.03
D80T90 -23.28 -1.23
D05 -24.64 -1.02
SHIFTO04 40.37 2.04

Note Breusch-Godfrey LM Test P-Value: 0.24 Adj:R.9889
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Table 6. Dairy Cow in Rio Grande do Sul

Dependent Variable Independent Variables Coefftcien T-statistics
Dairy cow Rio Intercept 55.83 0.65
Grande do Sul Dairy cow Rio Gr. do Sul (t-1) 0.98 14.20
Net revenue (t-1)/CPIDEF 17.33 0.32
D80T90 -31.31 -0.70
D02T03 -40.51 -0.95
D05 -29.23 -0.51

Note Breusch-Godfrey LM Test  P-Value: 0.73 Adj:R. 9277

Table 7. Dairy Cow in Other States

Dependent Variable Independent Variables Coefftcien T-statistics
Dairy cow Other Intercept 742.95 2.15
States Dairy cow Other States (t-1) 0.92 22.07
Net revenue (t-1)/CPIDEF 239.32 0.81
D80T94 -433.17 -1.98
D97 -254.62 -0.96
Note Breusch-Godfrey LM Test P-Value: 0.28 Adj:R.9817

Dairy farms in Brazil are very heterogeneous imtof size, management, and

use of technology. There are a mix of farms withfggsional management and good

technical and financial control, contrasting wither farms where the cost of milk

production is still unknown. Similarly, in some regs of the country a higher yield per
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cow is observed, while in other regions the proiuncper cow does not reach 1,000 kg
of milk per year. On average, the states locateédarSouth of Brazil have higher levels
of production per cow. The output for estimatedagiuns regarding milk production per
cow is presented in Tables 8 to 14. The dependardbles were estimated as a function
of trend and deflated net revenue, excefaids where the trend was replaced by
lagged one year production per cow because ofl genieelation issues.

The time trend variable represents the effectedirology over time. The net
revenue variable, on the other hand, considersfthet of relative profitability of
producing milk. Since the average of milk productper cow is low in Brazil,
additional input, such as feed, can affect podititlee production per dairy cow. In fact,
supplementary feed is a common practice in damp$avhenever the output/input price
relationship is favorable.

As for the time trend, the impact of such a vaeain the production per cow is
higher for the states located in the Southern regampared to the rest. The coefficients
are also statistically more significant relativestates in other regions. Moreover, the
production per cow in Southern of Brazil is morastve to changes in net revenue.
Therefore, the production per cow responds betstn® trend (technology) and net
revenue in the regions where the milk productiom@e organized and the farms are
managed with relatively more professional technsqéénally, exogenous variables
were necessary to account for outliers in the se@werall, the exogenous variables

have a high explanatory power and confidence level.
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Table 8. Milk Production per Cow in Goias

Dependent Variable Independent Variables Coefftcien T-statistics
Production per cow Intercept 19.65 0.39
Goias Production per cow (t-1) 0.98 23.68
Net revenue/CPIDEF 104.32 2.08
D80T90 -83.34 -3.19
D82 116.68 3.87
D96 447.36 13.9

Note Breusch-Godfrey LM Test  P-Value: 0.66 Adj:R.9912

Table 9. Milk Production per Cow in Minas Gerais

Dependent Variable Independent Variables Coefftcien T-statistics
Production per cow Intercept 1275.89 28.75
Minas Gerais Net revenue/CPIDEF 13.12 0.24
Trend 9.29 6.36
D80T90 -34.82 -1.1
DO5T97 186.84 5.68
D9O8T04 92.76 3.86
Note Durbin-Watson statistic: 2.22 Adj R2 =0.9141
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Table 10. Milk Production per Cow in Sdo Paulo

Dependent Variable Independent Variables

Coefficien T-statistics

Production per cow Intercept 995.77 24.52
Séo Paulo Net revenue/CPIDEF 22.47 0.55
Log(trend) 39.85 3.51
D80T95 290.32 12.14
D97T01 107.21 5.12

Note Durbin-Watson statistic: 1.48 AdfR 0.9225

Table 11. Milk Production per Cow in Paran&a

Dependent Variable Independent Variables

Coefficien T-statistics

Production per cow Intercept 1,245.21 18.38
Parana Net revenue/CPIDEF 202.20 3.19
Trend 33.15 13.72
DO0TO6 -121.43 -3.43

Note Durbin-Watson statistic: 1.52 AdfR 0.9220
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Table 12. Milk Production per Cow in Santa Catarina

Dependent Variable Independent Variables Coefftcien T-statistics
Production per cow Intercept 1,320.00 38.79
Santa Catarina Net revenue/CPIDEF 76.52 1.66
Trend 36.41 25.46
D80T89 166.14 4.08
D03T04 69.43 1.99
Note Durbin-Watson statistic: 1.67 AdfR 0.9730

Table 13. Milk Production per Cow in Rio Grande doSul

Dependent Variable Independent Variables Coefftcien T-statistics
Production per cow Intercept 1,578.62 31.26
Rio Grande do Sul Net revenue/CPIDEF 145.69 2.48
Trend 28.25 14.29
D80T88 -148.33 -3.22
DO03T06 -176.75 -5.22
Note Durbin-Watson statistic: 1.88 AdfR 0.9528
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Table 14. Milk Production per Cow in Other States

Dependent Variable Independent Variables Coefftcien T-statistics
Production per cow Intercept 849.26 33.00
Other States Net revenue/CPIDEF 53.47 2.83
Log(trend) 7.33 0.88
D80T89 -39.57 -2.58
DO03T12 -54.81 -6.07
Note Durbin-Watson statistic: 1.47 AdfR 0.6279

The remaining equations in this section providerestes of Brazil's dairy cow
number, total milk production and production pewc&iven the number of dairy cows
calculated per each state, the total dairy cowsidded up in equation 2. A similar
procedure is used to determine the total milk petidn described in equation 3. Finally,
the equation 4 estimates the average productiongyein Brazil.

DYCOFpgyazit = DYCOFgoias + DYCOFyinas erais + DYCOFsz0 pauio + DY COFpgrans

+ DYCOFSanta Catarina + DYCOFRiO Grande do Sul + DYCOFOther states (2)

DYMKPRDg,q,ii = DYMKPRDgyiss + DYMKPRDinas gerais ¥ DYMKPRDgs0 pauio

+DYMKPRDParané + DYMKPRDSanta Catarina + DYMKPRDRiO Grande do Sul

+DYMKPRDOther states (3)
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DYMPPCaraz = DYMKPRDjgy 20 /DY COFgyazu )

3.4. Dairy Products

The dairy industry is one of the most complicatectars of agribusiness since it
involves the manufacture of a wide bundle of prasumost of them with short shelf
life. The total raw milk supply flows to differedairy products as described in the
previous section (Figure 3), and the total supplgach product is defined as the sum of
production, imports, and beginning stocks. On tikeiohand, the total demand is
calculated by total consumption, exports, and emdtocks. For both the supply and the
demand side of the model, international trade istipanarginal in the Brazilian dairy
sector. Brazil is historically a net importer cayntand trade is still not consolidated in
the dairy industry. Most of the transactions areragic and usually happen to fulfil
eventual gaps in the supply or demand.

This chapter aims to develop the structural retesingp across variables in each
dairy market and to present the main estimatedtamsa The sign of each parameter
estimated has to be consistent with economic theony the appropriate sign of each
coefficient is relevant for the forecast, whicloffered in the next chapter.

As for the conceptual analysis, Figure 5 describesimplified diagram of dairy
production and total consumption (disappearanc#jdrprice/quantity space. The
wholesale price is determined by the interactiomvben the total supply of each product
and the demand. However, since the wholesale ricet available in the dataset, it is

only theoretically presented in Figure 5 but wdrétmodeled in the research. The very
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last graph reflects the domestic demand for daiogpcts, and the price line is shifted
up to represent the retail added value, assumatghle retail price is always set above
the wholesale price. The consumption of each dainguct depends upon the price of

each good and income.

a - = \
z2 2 2 \
53 < <
A A A
P\\' _____ PR \

. \ D

“ D

Dairy production Dairy net exports Dairy total consumption

Figure 5. Simplified Diagram of Dairy Products Price and Quantity Relationship.
Note Adapted from Brown (1994).

3.4.1. Butter Market
The total supply of butter is represented by tha stibeginning stocks, imports,

and production, as described in Figure 6.

Butter supply

N

Butter imports Butter production Butter beginning stocks

Figure 6. Flow Diagram of Butter Supply
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As for butter imports, the amount purchased frowtla@r country is not relevant
compared to domestic consumption or production.exiéeless, Brazil holds a historical
position of net importer on the butter market. Frb®80 to 2012, the average imports of
butter represented around 8% of the butter prodaat the same period. The import of
butter in the mid-1990s was relatively more sigrafit than in the other periods. At that
time, favorable macroeconomics conditions, causeéléno real yielded strong
increase in consumption. As a result, almost ditte df the butter supply came from the
import component.

Regarding estimates, Table 15 summarizes the sesulthe butter import
equation. The total imports are explained by thedrhlagged one year and the deflated
butter price. Both variables are positively relatgth butter imports, as expected, and
statistically significant at the 98% confidencedke\Exogenous variables were also
incorporated at the equation due to spikes ondghess most of which representing
economic plans lik€ruzadoandCruzado Ilin 1986,Collor in 1990 andRealin 1994.
The Breusch-Godfrey LM Test was performed to testhe presence of serial
correlation. The results yielded a p-value of 0fa8ing to reject the null hypothesis of

no serial correlation.
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Table 15. Butter Imports

Dependent Variable Independent Variables CoefftcienT-statistics
Butter imports Intercept -6.47 -1.81
Butter imports (t-1) 0.32 2.48
Butter retail price index/CPIDEF 0.09 2.56
D869095 9.71 4.65
D0912 3.05 1.21
Note Breusch-Godfrey LM Test P-Value: 0.56 Ad] R0.4895

The production of butter as well as other dairydoais is represented by the
amount of milk fat used to produce butter multiglley the conversion rate (kilograms
of milk fat in one kilogram of butter). The conviens rate was based on Torres, et al.
(2000) and the LBR-Lacteos Brazil's experts (on¢heflargest dairy companies in
Brazil). The details of the content of each prodaret summarized in Table A-6 in the

Appendix. The simplified flow diagram of butter plikection is presented in Figure 7.

Butterfat (t-1)
Butter price l

Milk powder price ——>Butterfat ——  Butter production

Total milk ——> Milk fat / /

production Kg of milk fat in one kg of butter

Figure 7. Flow Diagram of Butter Production
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As for the estimation, the fitted equation of butieoduction is expressed as a
function of butter production lagged one year, atefll butter price, deflated milk
powder price and total milk fat available (Tablg.18l coefficients are positively
related with butter production, as expected, bly onlk fat available and butter
production lagged one year are statistically sigaift at the 90% level. The milk
powder price is part of the equation because skilk powder and butter are joint
products; that is, the milk fat left over from tildm milk production is used to make
butter. Similarly, the amount of solids-nonfat lefter from the butter production is used
to make skim milk powder. The Breusch-Godfrey Lidtteid not suggest the presence

of serial correlation at the 10% level.

Table 16. Milkfat used for Butter Production

Dependent Variable Independent Variables Coefficien-statistics
Milkfat used for Intercept 2.43 0.27
Butter Milkfat used for Butter (t-1) 0.46 2.58
Butter retail price index/CPIDEF 0.08 1.25
Milk powder price index/CPIDEF 0.02 0.15
Total milkfat 0.02 2.25
D93 -15.35 -2.59
DO6TO8 3.84 1.33
Note Breusch-Godfrey LM Test P-Value: 0.24 Ad] R0.8395

41



On the other hand, the demand for butter is reptedeby the sum of ending
stocks of butter, exports and domestic consump#smescribed in Figure 8. Since

Brazil does not have a policy to hold stocks, théirg stocks of butter are close to zero.

Butter demand

A \\
Butter exports Butter total consumption Butter ending stocks

/N

Per capita consumption Total population

Figure 8. Flow Diagram of Butter Demand

In terms of exports, the quantity of butter soldlso marginal and irregular.
Basically, the yearly average of butter exportednfrl 980 to 2012 was 1,000 metric
tons, which represented only 1.6% of the domestiteb production in the same period.
The export equation was estimated as a functi@xpérts lagged one year and deflated
retail price of butter (Table 17). The former isfiively related to butter exports, while
the latter has a negative effect on exports, asard. However, those coefficients are
not statistically significant. Exogenous dummy aates were included to account for
occasional peaks in butter exports. The Breuschi@pdM Test was run to check for
presence of serial correlation and it failed tecethe null hypothesis of no serial

correlation at the 10% confidence level.
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Table 17. Butter Exports

Dependent Variable Independent Variables CoefficienT-statistics
Butter exports Intercept 0.93 0.70
Butter exports (t-1) 0.24 1.39
Butter retail price index/CPIDEF  -0.01 -0.43
D81839701 2.54 3.92
D0811 1.10 1.11
Note Breusch-Godfrey LM Test P-Value: 0.12 Ad] R0.3630

The last component of the butter demand is repteddyy the total consumption,
which is the product of the per capita consumpéind the Brazilian population. The per
capita consumption of butter has been steady treeperiod of analysis. Therefore, the
total consumption had increased based on the poguigrowth.

The per capita consumption equation, summarizdable 18, is presented in
logarithm form to allow direct calculation of thevo-price and income elasticities. The
consumption is negatively related to butter pricd positively related with the per
capita GDP, as economic theory suggests. Morethveper capita consumption is more
sensitive to changes in GPD than to variationsuitel price. The own-price elasticity of
butter is also not significant at the 90% of coafide level. The income elasticity, on the
other hand, is significant and inelastic. Exogenaarsables were included to correct for
periods of relatively high level of consumptioncklas in 1986, witiPlano Cruzado,

and right afteiPlano Realin 1994.
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Table 18. Butter per Capita Consumption

Dependent Variable Independent Variables Coefficidnstatistics
Log (Butter per Intercept -3.78 -3.16
capita consumption)) log(Butter price index/CPIDEF) -0.14 -1.67
log(GDP per capita) 0.36 2.88
D86 0.19 2.52
D94t00 0.21 5.97
D11 -0.09 -1.13

Note Durbin-Watson statistic: 1.53 AdfR 0.5591

3.4.2. Cheese Market

The supply of cheese is represented by the suraghbing stocks, imports, and
production, as described in Figure 9. Brazil doashave any policy for holding stocks
and therefore, these are close to zero. Importalagenot very strong. Consequently, the

main component of the cheese supply is the proolucti

Cheese supply

RN

Cheese imports Cheese production Cheese beginning stocks

Figure 9. Flow Diagram of Cheese Supply
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The cheese imports represented, on average, aBb¥dof the total supply
during the 33 years analyzed. By looking into tietdnical cheese imports, no trend was
observed in the time series. However, sporadic paakmport were noticed, most of
which representing periods of relatively high eamnmogrowth. A greater volume of
imports was observed in the mid-1980s, mid-1990d,feom 2009-2012 period.

The estimated equation for cheese imports is regont Table 19. Similar to the
butter case, the cheese import depends upon impgged one year and the deflated
cheese retail price. Both coefficients are sta@édlly significant and have positive signs,
as expected. Exogenous variables were includdteiedquation to capture effects of
outliers. The intercept shifter intended to regkca relatively high volume imported
after 2009. As for the presence of serial correfgtthe Breusch-Godfrey LM Test was

performed, and the result suggested no seriallatioe in the import equation.

Table 19. Cheese Imports

Dependent Variable Independent Variables CoefficienT-statistics
Cheese imports Intercept -28.69 -2.47
Cheese imports (t-1) 0.67 6.36
Cheese retail price index/CPIDEF 0.31 2.80
D869095 24.18 5.20
DO8T10 7.70 1.63
SHIFT12 2.47 0.30
Note Breusch-Godfrey LM Test P-Value: 0.33 Adj R0.7012
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The production of cheese is the most dynamic corpioof the cheese supply. It
has been consistently growing over time. The siieplidiagram, described in Figure

10, represents the cheese production.

Cheese production

AN

Milk fat used for cheese Kg of milk fat in one kg of
/ T cheese
Cheese retail price Milk fat <——— Total milk production

Figure 10. Flow Diagram of Cheese Production

The estimated equation for the amount of milk fdito produce cheese is
reported in Table 20, and depends upon the deftdtedse retail price and the total milk
fat available. Both cheese price and milk fat aldé are positively related to cheese
production, but only the latter is statisticallgsificant. Exogenous dummy variables
were included in the equation to represent peraddslatively low growth rate. The
intercept shift was also incorporated to accountfcelatively high expansion in cheese
production right after the mid-1990s. Those vaeahbkere important for the appropriate
relationships of the entire system of equationgyhere not statistically significant,

though.
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Table 20. Milkfat used for Cheese Production

Dependent Variable Independent Variables CoefftcienT-statistics
Milkfat used for Intercept -61.94 -2.75
Cheese Cheese retail price index/CPIDEF 0.12 1.19
Total milkfat 0.19 10.04
D80T90 242 0.31
D91T92 5.64 0.96
SHIFT95 7.52 1.27
Note Durbin-Watson statistic: 1.65 AdfR 0.8409

The cheese demand has three main components: £xjotet consumption and
ending stocks. The exports of cheese are not titwattgs while the total domestic
consumption is the main component of the demare] sitlich is summarized in Figure
11. The ending stocks are close to zero and dplagtany important rule in the cheese

market in Brazil.

Cheese demand

| ™\

Cheese exports Cheese total consumption Cheese ending stocks
Cheese Total population

Per capita consumption

Figure 11. Flow Diagram of Cheese Demand
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The amount of cheese exported from Brazil repres@mirregular component of
the cheese demand. The country is historicallytanmgorter, and only in the late 2000s
has the export volume significantly risen. Shiprsesftcheese usually occur
sporadically rather than being a regular compooétite demand side. From 1980 to
2012, the average cheese exported representettides$% of the domestic production.

The export equation for cheese is estimated asdifun of the export lagged
one year, the deflated cheese retail price, anéxbkange rate measurediraisper
US Dollar (Table 21). The cheese price coefficismtegatively related to exports, as
expected. It is not statistically significant, tlypu However, both the cheese export
lagged one year and the exchange rate are signtitical positively related to cheese
exports at current time. Exogenous variables wis@iacluded in the equation to
capture time period with exports close to zeroi(@uthe 1980s) and peak in exports
(2005 to 2006). Serial correlation is not a problarthe cheese export equation as

indicated by the Breusch-Godfrey LM Test.
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Table 21. Cheese Exports

Dependent Variable Independent Variables CoefficienT-statistics
Cheese exports Intercept -0.71 -0.31
Cheese exports (t-1) 0.73 7.00
Cheese retail price index/CPIDEF -0.0006 -0.03
Exchange rate 0.75 1.97
D80T90 -0.32 -0.58
DO5T06 1.98 1.86
Note Breusch-Godfrey LM Test  P-Value: 0.26 Ad] R0.8404

The last component of the demand for cheese iddheestic consumption,
which is a product of per capita consumption artdl fgopulation. The per capita
consumption has increased firmly during the whaeqa of the study, reaching almost
4.0 kg per people in 2012 (over about 1.5 kg inchidy-1980s), for a growth rate
around 3% per year during the study period. Thecppita consumption was estimated
depending upon cheese price, retail butter prickepan capita GDP, all in logarithm as
reported in Table 22. The cheese price, as expastadgatively related to cheese
consumption, while butter price and GDP are pasiyivelated. Hence, butter enters as a
substitute for cheese. Moreover, both butter paiivé GDP per capita are statistically
significant. The income elasticity is relativelyghi(at 0.88), regardless of inelasticity. It
means that cheese consumption in Brazil is compahatmore sensitive to income than

other dairy products. Similar results were foundHmffmann (2000). A positive trend
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variable and other exogenous variables were atdodad in the estimated equation, all

of those strongly significant.

Table 22. Cheese per Capita Consumption

Dependent Variable Independent Variables Coefftcidnstatistics
Log (Cheese per Intercept -7.65 -4.53
capita consumption) log(GDP per capita) 0.88 4.90
log(Cheese price index/CPIDEF)  -0.22 -1.87
log(Butter price index/CPIDEF) 0.19 2.36
Trend 0.01 3.26
D80T84 -0.15 -4.99
D89T93 -0.08 -3.01
DO04TO06 -0.10 -3.48
Note Durbin-Watson statistic: 1.39 AdfR 0.9685

3.4.3. Milk Powder Market

The supply side of the milk powder market is congabsf imports, production
and ending stocks. In terms of procedure, the ptboluwas estimated for both the skim
milk powder (SMP) and the whole milk powder (WMRhports and beginning stocks,
on the other hand, were computed in aggregate beaHldata constraints.

The beginning stocks of milk powder are close 1@ znd the equation is
omitted for simplicity. Imports and production, hever, are described in more detail.

The simplified supply diagram for milk powder markepresented in Figure 12.
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Figure 12. Flow Diagram of Milk Powder Supply

In terms of international trade, the milk powdepornt and export are relatively
more developed than the other dairy products irziBr@n average, the total milk
powder imported represented almost one fourthetdkal production during the period
of the study, from 1980 to 2012. Neverthelessytiilame imported fluctuated
considerably over time. In other words, the imparés not consistent as a regular
component of the milk powder supply. Occasionalangwere always the case.

As for estimation, the imports of milk powder dedem imports lagged one year
and milk powder domestic price (Table 23). The fioeiht estimates are both positive,
as expected. However, only the lagged dependeratbkaris statistically significant.
Exogenous variables were incorporated in the eguabi correct for outliers in the data.
The Breusch-Godfrey LM Test suggested that seoaktation is not present in the

import equation.
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Table 23. Milk Powder Imports

Dependent Variable Independent Variables CoefficienT-statistics
Milk powder Intercept 17.22 0.24
imports Milk powder imports (t-1) 0.43 2.96
Milk powder price index/CPIDEF 0.27 0.36
D869095 109.61 3.31
D80T85 -24.47 -0.93
Note Breusch-Godfrey LM Test  P-Value: 0.17 AdjR0.4213

As for the production, milk powder was estimatedeirms of solids-nonfat
content. Moreover, SMP and WMP were fitted in tweparate equations. It is worth
remembering that WMP is the main milk powder prastim Brazil and it represents
around 80% of total production.

The simplified diagram of SMP production is desedbn Figure 13. The SMP
equation was estimated as a function of solids-ataded for SMP lagged one year,
deflated milk powder price at the retail level,teuproduction and total solids-nonfat
available (Table 24). All coefficients are positiveelated with solids-nonfat used to
produce SMP, but only butter production is sigmifitat the 90% confidence level. As
pointed out before, butter and SMP are joint presland SMP production has a close
relationship with butter production. Dummy variabigere included to account for
outliers, while the intercept shifter corrects iogher levels of production since 2002.
The Breusch-Godfrey test for serial correlation wagormed and the null hypothesis of

no serial correlation failed to be rejected at96&o confidence level.
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Figure 13. Flow diagram of SMP production

Table 24. Solids Nonfat used for Skim Milk Powder Fbduction

Dependent Variable Independent Variables Coefftcien-statistics
Solids-nonfat used Intercept -23.64 -1.70
for SMP Solids-nonfat used for SMP (t-1)  0.40 1.84
Milk powder price index/CPIDEF 0.01 0.04
Butter production 0.73 2.99
Total solids-nonfat 0.01 0.64
D828693 -9.71 -1.78
SHIFTO02 21.40 1.94
Note Breusch-Godfrey LM Test  P-Value: 0.34 Ad] R0.9554

As for the WMP production, the simplified diagrasnpresented in Figure 14. It
is similar to the SMP diagram with the butter proittn variable removed. Therefore,
the WMP production depends on solids-nonfat usetMIP lagged one year, milk
powder price, and total solids-nonfat available skaf the variation in the WMP

production is explained by the solids-nonfat used/¥MP one year before. A dummy
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variable representing the period from 1980 to 20@6 included to address a higher

growth rate of WMP production after 2000. Anothandny variable, included in 2009,
accounts for the sudden drop in WMP productionhBotogenous variables are highly
significant. Since the lagged dependent variabpgesent on the right hand side of the
equation, a test for serial correlation was perfmnThe Breusch-Godfrey LM test did

not find serial correlation.

WMP production
—
Kg of solids nonfat in one kg of WMP

Solids Nonfat used for WMP

/ |

Milk powder price Solids Nonfat «<—— Total milk production

Figure 14. Flow Diagram of WMP Production

Table 25. Solids nonfat used for whole milk powdeproduction

Dependent Variable Independent Variables Coefftcien-statistics
Solids nonfat used Intercept 14.25 0.57
for WMP Solids-nonfat used for WMP (t-1) 0.76 6.90
Milk powder price index/CPIDEF 0.13 0.61
Total solids-nonfat 0.03 1.73
D80TOO -42.75 -3.18
D09 -76.23 -4.43

Note Breusch-Godfrey LM Test P-Value: 0.33 Ad] R0.9829
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The demand side of milk powder consists of expaldsyestic consumption and
ending stocks. The main component of the dematiteidomestic consumption, which
represents around 98% of total demand. Domestiswoption was estimated in two
equations, representing SMP and WMP consumptispeaively. The simplified

diagram is described in Figure 15.

Milk powder
A den}‘\and \\
Milk powder Milk powder total Milk powder ending stocks
exports consumption

/N

SMP total consumption =~ WMP total consumption

S N/ N

SMP per capita Total population WMP per capita
consumption consumption

Figure 15. Milk Powder Flow Diagram

Similar to the other dairy products, the volumerolk powder exported from
Brazil is not relevant when compared to the domesinsumption. The late-2000s was
the only period with relatively more trade. Thatipd combined favorable facts to the
Brazilian exports, such as high international gj@competitive exchange rate, and
limited volume in important players like Argentirastralia and New Zealand. A

severe drought in New Zealand as well as in Auateaid in Argentina shrunk the
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global milk output in 2007-2008 raising interna@bdairy prices ((Piesse and Thirtle,
2009), (Von Braun, 2008)). The exported price oblghmilk powder in Oceania sharply
increased, going from US$ 2,000 per ton in mid-2@08S$ 5,000 per ton in 2007
according to the international dairy market regoi$DA, 2014).

The milk powder export equation was estimated dejpgnon exports lagged
one year, deflated milk powder price, exchange sdReaigUS dollar and other
exogenous variables as described in Table 26 ndépendent variable coefficients
report the correct sign. However, price and exchaate were not statistically
significant. The exports of milk powder basicalbibw the exports lagged one year.
The serial correlation was checked for consistemzy/the Breusch-Godfrey test did not

detect this problem with a P-value of 0.63.

Table 26. Milk Powder Exports

Dependent Variable Independent Variables CoefftcienT-statistics
Milk powder Intercept -4.17 -0.41
exports Milk powder exports (t-1) 0.25 2.35
Milk powder price index/CPIDEF  -0.01 -0.11
Exchange rate 3.78 1.83
DO7TO8 51.26 8.48
SHIFTO5 3.47 0.82

Note Breusch-Godfrey LM Test P-Value: 0.63 Adj R0.8170
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In terms of domestic consumption, SMP is not asviait as WMP. The per
capita consumption of SMP is about four times senahan WMP. Nevertheless, the
consumption of both SMP and WMP has been growirgg tine. The per capita
consumption of SMP depends on the milk powder it the per capita GDP as
reported in Table 27. The price is negatively eflab the per capita consumption, as
expected. The coefficient is not statistically giigant, though. It is worth mentioning
that the milk powder price represents both SMP\&iIP since the disaggregated price
is not available. Therefore, the own-price elastishould be used with caution. Per
capita GDP, on the other hand, is strongly sigarftic Although SMP is inelastic with
respect to income, the value is relatively higlkeamparison with other dairy products.
For that reason, it seems that the income effauiish more relevant to the milk powder
industry than the price effect. Other exogenougabéas were also incorporated in the

equation to correct for outliers.

Table 27. SMP per Capita Consumption

Dependent Variable Independent Variables Coefftcidnstatistics
Log (SMP per Intercept -9.29 -3.93
capita consumption) log(M. powder price index/CPIDEF) -0.03 -0.13
log(GDP per capita) 0.91 3.93
D86 0.93 5.77
D96 0.31 2.12
D82859200 -0.43 -5.32

Note Durbin-Watson statistic: 1.55 AdfR 0.7647
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As for the per capita consumption of WMP, the owitcgelasticity was
estimated as inelastic and the coefficient wasstadtstically significant (Table 28). The
per capita consumption was also inelastic to incantkenot significant. An intercept
shifter, on the other hand, is highly significantlavas included in the equation to
account for structural change in the series siheartid-1990s. Other exogenous

variables were added to capture specific trendoautiéers.

Table 28. WMP per Capita Consumption

Dependent Variable Independent Variables Coefftcidnstatistics
Log (WMP per Intercept -3.34 -0.69
capita consumption) log(M. powder price index/CPIDEF) -0.04 -0.25
log(GDP per capita) 0.37 0.76
log(trend06) 0.12 1.57
DO09T10 -0.06 -0.62
SHIFT94 0.73 11.07

Note Durbin-Watson statistic: 1.77 AdfR 0.9392

3.4.4. Fresh Dairy Products Market

Due to data constraints, fresh dairy products vaeadyzed as a group instead of
individually dairy products. The group includestlas name suggest, fresh dairy in
general, such as yogurt, fermented milk, fluid midkd some kind of cheese, likBnas

Frescal The main component of this group is the fluidkmih terms of price, data
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constraint also led to using the fluid milk priceaproxy to the entire group. As for
conversion, fat and solids-nonfat content were ictaned as fluid milk as well.

The supply side of the fresh dairy products is deed in Figure 16. The main
component of fresh dairy supply is production. Ybime of imports is marginal and

the amount of stocks is nearly zero.

Fresh dairy supply

RN

Fresh dairy imports Fresh dairy production Fresh dairy beginning stocks

Figure 16. Flow Diagram of Fresh Dairy Products

The total imports of fresh dairy products stayembelto zero until the early-
1990s. Then, it expanded until the late1990s andechback to a low level after that.
The import equation is estimated as a functioragfjed one year imports, deflated fluid
milk retail price, and exchange rate (Table 29)véttheless, the retail price is not
statistically significant. On the other hand, bthth import lagged one year and the
exchange rate are significant, and explain mogh@wariation on fresh dairy imports.
The import volume can be described as occasionabiits since it is easy to buy from
neighboring countries such as Argentina and Uruglihg null hypothesis of no serial
correlation was not rejected at the 10% confiddecel according to the Breusch-

Godfrey LM Test.
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Table 29. Fresh Dairy Products Imports

Dependent Variable Independent Variables CoefficienT-statistics
Fresh dairy imports Intercept 46.15 2.47
Fresh dairy imports (t-1) 0.70 8.68
Fluid milk price index/CPIDEF 0.08 0.43
Exchange rate -26.89 -6.14
D80T94 -13.28 -2.19
D95T04 30.54 3.66
Note Breusch-Godfrey LM Test  P-Value: 0.13 Ad] R0.9160

The most important component of the fresh dairybuis the production. The
simplified flow diagram of fresh dairy productionieported by Figure 17. The amount
of milk fat used to produce fresh dairy productswatimated depending on lagged one
year milk fat used for fresh dairy, deflated fludk retail price, and total milk fat
available. The retail price coefficient was notsiigant, while the other variables were
strongly relevant to explain variations on fresirylproduction (Table 30). Dummy
variables were included to account for outliergiégeorrelation was also checked, and

it was not present in the fitted equation accordothe Breusch-Godfrey LM Test.

60



Fresh dairy production
—
Kg of milk fat in one kg of fluid milk
Milk fat used for Fresh dairy

/ |

Fluid milk price Milk fat <— Total milk production

Figure 17. Flow diagram of fresh dairy products

Table 30. Milkfat used for Fresh Dairy Production

Dependent Variable Independent Variables Coefftcien-statistics
Milkfat used for Intercept 8.60 0.26
fresh dairy Milkfat used for fresh dairy (t-1) 0.63 4.48
Fluid retail price index/CPIDEF 0.13 0.52
Total milkfat 0.13 2.23
D94 -23.50 -1.30
DO6TO08 -28.65 -1.82
D09T12 13.10 0.81
Note Breusch-Godfrey LM Test P-Value: 0.14 Ad] R0.9331

In terms of demand, the simplified diagram for frekiry products is described
in Figure 18. Once again, the international trasl@monent is not relevant for the fresh
dairy market. The volume exported was very closeeto, on average. In fact, the
export was zero in many years of the 1980s andsL99évertheless, the export equation

was fitted in terms of retail milk price, exchamgée, and dummy variables (Table 31).
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The equation is slightly different than the othep@t equations because it did not
incorporate the lagged dependent variable as aiat&aSince observed zeros were
frequent on the series, the inclusion of the lagigukendent variable did not improve the
model for goodness of fit. On the other hand, tkehange rate explained most of the
variations on fresh dairy exports. The volume etgmbivas more relevant in some

specific periods such as in 2007 due to high irstiéonal dairy prices.

Fresh dairy demand

Froch dairv avnarte Fregh dairv total consumntion Fregh dairv ending stocks
4 dvol vany vapwvite uANTTAR AR TR wRAAwReAr e = SWATES WSSy YRaIRERtp) winsTeaR
Fresh dairy Total population
per capita consumption
Figure 18. Flow Diagram of Fresh Dairy Products Derand
Table 31. Fresh dairy products exports
Dependent Variable Independent Variables CoefftcienT-statistics
Fresh dairy exports Intercept -0.03 -0.20
Fluid retail price index/CPIDEF  -0.0003 -0.26
Exchange rate 0.06 2.30
D91 0.19 2.00
D07 2.04 22.17
Note Durbin-Watson statistic: 1.87 AdfR 0.9394
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Finally, the per capita consumption was also egaohalightly different than the
other dairy products, as can be observed in Tahlén3tead of having only price and
per capita GDP on the right hand side of the eqonathe lagged dependent variable was
included as well. Since the fresh dairy represargsoup of products, the behavior of the
per capita consumption in the previous year sigaiftly increased the explanatory
power of the equation. In fact, the lagged one gependent variable was the only
significant variable in the fresh dairy consumptegjuation. The own-price and income
elasticities were both inelastic. Moreover, thdssteities should be evaluated with care
because, again, the fresh dairy represents a gnetgad of an individual product.
Dummy variables were included as well to accounstauctural changes over time in
the series. Those changes are described by s#dinfizof the consumption during the
1980s, and decline in the mid-2000s and a fastresipa after 2009. The Breusch-

Godfrey LM Test was run and failed to reject thé hypothesis of no serial correlation.
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Table 32. Fresh Dairy Products per Capita Consumptin

Dependent Variable Independent Variables Coefftcidnstatistics
Log (fresh per Intercept -0.66 -0.41
capita consumption) log(fresh per cap. consumption)(t-1) 0.84 5.25
log(fluid price index/CPIDEF) -0.02 -0.18
log(GDP per capita) 0.14 1.15
D80T90 0.02 0.56
D04TO06 -0.04 -1.04
D09 0.13 1.82
Note Breusch-Godfrey LM Test  P-Value: 0.70 Ad] R0.6503

3.4.5. Residuals Market

The last part of this chapter is used to deschbeptocedure adopted to account
for the informal market in the model. This markepnesents the share of the milk
production that has been consumed without paskmogigh formal manufacturers, and
includes subsistence consumption at the farm l@velmilk or milk products sold
directly by farmers (or small companies) that dohreve a formal inspection (or it is not
reported in the milk statistics). The most commardpcts that compose the informal
market are cheese (like fresh cheese) and fluikl, mvihich do not require much
investment on the production process.

Figure 19 reports a simplified flow diagram of mgkoduction. As for the
residuals fat, first of all, the percentage oftibi@l milk fat that is represented by the

residual market was estimated. In 1980, around 8B#te total fat production flowed
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into the informal market. This share decrease®® i 1990 and then to around 26.5%
in 2012. Therefore, the informal market has dedioeer time because a greater share
of the total production has been incorporated ihéoformal market. As for the
estimation, the residual share equation was esuna the time trend variable, and the
results are summarized in Table 33. Outliers weeeanted for by including dummy
variables. The Durbin-Watson statistics, originatual 0.754, suggested first order
serial correlation. As pointed in Wooldridge (20@@der certain conditions the OLS
estimators are still unbiased, regardless of tlyeesdeof serial correlation in the errors.
However, the first order serial correlation problesss fixed using the Prais-Winsten
estimator described in Prais and Winsten (1954)Gmeene (2008). The new Durbin-

Watson statistic increased to 1.75 and no long#cates serial correlation

——> Butter production

—> Cheese production

Total milk
production

—> Milk fat Milk powder production

——> Fresh dairy production

——> Residual fat (informal market)

Figure 19. Flow Diagram of Milk and Milk Products Production
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Table 33. The Residual of Milk Fat as a Share of Tal Milk Fat

Dependent Variable Independent Variables Coefftcidnstatistics
Residual of milk fat (% Intercept 0.33 31.19
of the total milk fat) Trend -0.002 -3.78
D93T95 0.03 5.21
D96T97 -0.04 -5.72
D07 0.02 3.12
Note Durbin-Watson statistic: 1.75 AdfR 0.9362
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CHAPTER IV

DETERMINISTIC POLICY ANALYSIS

In terms of forecast and for policy consideratitiis study employs three
different approaches to investigate how the daagtar in Brazil reacts to exogenous
shocks. Those approaches include the baselinerszeth@ deterministic shocks
evaluation, and the stochastic shocks. The lastppooaches are discussed in chapters
V and VI, respectively. The baseline scenario aersi thestatus quaf the exogenous
variables, described in in Table A-1 in Appendikelsame variables are used for the
deterministic analysis, presented in the next @drapihe main exogenous variables are
defined as following:

1) The GDP growth rate: the actual growth ratesuaesl until 2013. After that, the
forecast is based on the scenario published byaSdet Bank, located in Brazil;

2) Nominal interest rate: the same level of 2012sisd to represent 2013-2022 and has
the Central Bank as the source;

3) Sugar cane acreage: the 2012 level is set tavlloée period and the data came from
IBGE;

4) Minimum price of milk: the 2013-2015 values wateeady defined and are
incorporated for that period. After that, the 2@itiee is set as the reference; and

5) Corn and soybean prices in the US: the foredatst is provided by the Agriculture
and Food Policy Center (AFPC), located at Texas A&Mversity, according to their

renewable fuel standard scenarios (Rhew, 2014).
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The exogenous variables, presented in Table Afdctahe behavior and level of
the endogenous variables for the 10-year forec&stise the whole model is composed
of a large number of endogenous variables, theysisak focused on some key variables
that represent the dairy supply, demand, and prildes total milk production in Brazil
is presented in Table 34. The baseline forecasthetween the scenarios developed by
both OECD/FAO (2013) and the Brazilian MinistryAgriculture (MAPA, 2013). It is
worth mentioning that in our baseline scenariovogld’s economy is assumed to
perform somewhat worse in the next ten years coaapt@r the last decade. For that
reason, the overall growth rate is lower than tiidhe previous period, as described in
Table 35. The production per cow is expected tavgadittle faster than before, but it is
still very low, with annual production smaller tha©00 kg/cow by 2022. An expected
lower number of dairy farms and greater competitath alternative agricultural
activities may cause management improvement focoh@ng years, inducing better use
of technologies. The details of the estimated tesuk summarized in Tables A-2 and

A-3 in the Appendix.

Table 34. Total Milk Production in Brazil: in 1,000 Metric Tons

2012 2022
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.
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Table 35. Baseline Scenario for Dairy in Brazil

2002 2012 2022 2012/2002 2022/2012
Variable (a) (b) (c) ((b)/(a)-1)*100  ((c)/(b)-1)*100
Dairy cow (1,000 heads) 18,792.70  23,482.70 264B7. 24.96% 13.86%
Yield per cow (kg/cow) 1,286.58 1,407.63 1,557.70 A41% 10.66%
Milk production (1,000 ton) 24,178.40 33,055.00 6&4B.00 36.71% 26.00%
Butter production (1,000 ton) 70.00 81.00 96.94 71% 19.68%
Cheese production (1,000 ton) 470.00 700.00 918.64 48.94% 31.23%
Milk powder production (1,000 ton) 462.00 691.00 799 49.57% 31.32%
Fresh dairy production (1,000 ton) 10,976.60 14991 18,240.67 36.58% 21.67%
Butter consumption (1,000 ton) 77.20 85.80 98.93 .14% 15.30%
Cheese consumption (1,000 ton) 478.60 726.40 931.35 51.78% 28.21%
Milk powder consumption (1,000 ton) 571.60 779.20 7380 36.32% 24.94%
Fresh dairy consumption (1,000 ton) 11,004.10 1®2ID 18,252.61 36.39% 21.62%
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As for the rest of this chapter, the baseline scensidescribed for different
groups of variables that compose the supply, dememdiprices. The first group to be
analyzed is made up of number of dairy cows, miidpction and production per cow.
These variables provide insights into milk availi&pifor the next ten years (Figure 20).
As can be observed, both the total milk productind the production per cow will grow
consistently. The number of dairy cows, on the obiaad, is expected to increase a little
slower. This result suggests that the contributibthe dairy cow expansion to the milk
production tends to decrease in the long-run. Thexethe adoption of appropriate
technology that impacts the production per cowtbdse accounted for by
policymakers. As for the milk price, the baseligersario suggests a slow increase over

the decade.
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Figure 20. Brazil: Milk Production, Dairy Cow, Production per Cow, and Milk

Price

Note The vertical line defined the first forecast26t.3.

In case of the butter market, both the productimhthe consumption are

expected to grow consistently during the forecasiog (Figure 21). On the other hand,

the net import and retail price seems to stay steaound recent levels. Moreover,

Brazil will still hold the position of a net impat in the butter market, but with a

smaller volume purchased. In fact, becoming a xgorer is an old ambitious for

Brazil. In 2012, the Brazilian Export and InvestrnBnomotion Agency (APEX-

BRAZIL) approved an international project for thary industry that includes
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investment in promotional materials for milk andkproducts abroad. However, our
findings indicate that the country is going to htilé net import position in all dairy

products. Updates of this model should, eventuatipsider future structural changes in

dairy trade.
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Figure 21. Butter Market: Production, Consumption, Trade, and Retail Price Index
Note The vertical line defined the first forecast28t.3.

The cheese market is one of the most importarttarBrazilian dairy industry.
Both cheese production and consumption have rdgutereased as can be observed in
Figure 22. One important characteristic of this ke&rs that cheese consumption is

relatively more sensitive with respect to incomartithe other dairy products. The
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behavior of consumption as well as production ésely related to the Brazilian
economy and domestic income. Coelho, et al. (260)d income-elasticity for cheese
in Brazil of 1.13, which supports the idea thateseeconsumption is closely related to
per capita income.

As for trade, the country is a net importer of deeand the volume purchased
will stay, on average, similar to the historicaldé Due to high per capita income, a
faster growth rate of cheese imports is expectent 2016. The consumer price of

cheese may reflect similar increase after 2016ek w
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Figure 22. Cheese Market: Production, ConsumptionJrade, and Retail Price
Index
Note The vertical line defined the first forecast28t 3.
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The milk powder market is growing as fast as theeslke market. Both the

production and the consumption will improve durthg coming years as reported in

Figure 23. Moreover, milk powder is more relevdrrt the other dairy products in

terms of international trade. The net import fostsauggest steady volume at recent
levels, which means that Brazil will hold the n@ipiorter position in the milk powder
market. Nevertheless, the ratio between net imgraattproduction is expected to decline
over time, reflecting greater expansion in the paticn relative to net imports. The

consumer price of milk powder, on average, wilysaathe historical mean level. It is

also expected to grow somewhat faster after 20&&ahigher per capita income.
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Note The vertical line defined the first forecast2at.3.

As for the group of fresh dairy products, both pineduction and the
consumption were flat during the 1990s and early08QFigure 24). However, in the
late-2000s, the fresh dairy market rapidly increlag&epansion of per capita income
boosts the consumption of yogurt, fresh cheeseotiret dairy products. Given the
perishable characteristics of the products indghtgip, international trade is not an
important component of this market. Except for semgorts in the middle and late-
1990s, overall the volume of fresh dairy purchasesmall and tends to stay at the low
level during the coming years. The consumer psaxpected to stay around the
historical mean, growing a little faster after 2@&k6a consequence of expected better

income.
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Figure 24. Fresh Dairy Products Market: Production,Consumption, Trade, and
Retail Price Index
Note The vertical line defined the first forecast28t 3.

The last part of this chapter consist of an exertosevaluates how balanced is
this dairy model. Basically, the model is well baded if the total milk fat left over, after
being used to produce milk products in both forara informal markets, is small. The
results give us some idea of how the model hartbke$orecast of milk fat supply and
use. The amount of milk fat left over was lowentt2a0% of the total milk fat available

(Figure 25). Therefore, the model seems to be badtinced. By taking into account the

76



scarcity of data in Brazil, and the effort to com#bdifferent sources of data to make this

model feasible, the result looks meaningful.
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Figure 25. Milk Fat Left Over as a Percentage of ta Total Milk Fat Available (%)

77



CHAPTER V

ELASTICITIES AND SENSITIVITY ANALYSIS

The objective of the chapter is to evaluate howddiey industry in Brazil reacts
to shocks, such as changes in feed cost, GDPestteate, minimum price, and sugar
cane acreage. The conceptual analysis is presentieel first part of the chapter to
clarify the impacts of shocks on the supply chaomsidering the price/quantity space.
The second section is devoted to developing tharemalframework that allows us to

measure the effects of policy changes.

5.1. Conceptual Analysis

The supply and demand analysis in competitive ntaiikehe basic analytical
tool throughout this section. Although the datated to wholesale prices and quantities
is not available, for completeness, most of th@ages take into consideration the
effects of shocks on the farm, wholesale, andIrietatls. By using the graphical
framework, the impact of shocks on the dairy indusain be easily observed in the
price/quantity space. Details and basic definitiabsut the analytical framework are

described in Gardner (1987).

5.1.1. Demand Shock
Figure 26 illustrates the impact of positive chageper capita GDP on the

supply chain, considering the price/quantity spd¢e impact on price/quantity can be
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analyzed considering different supply responsethérfirst case, the milk supply
responds to the price stimulus, while in the secmas® the supply curve is perfectly
inelastic to price changes.

Under the first case, the farm level price)(@1d quantity (@ represent the
initial equilibrium. The wholesale and the retaiices are defined asyRand R,
respectively. After the GDP shock, the demand c(®jeshifted to the right to a new
demand curve, illustrated by D’. The new equilibmiprice/quantity is now represented
by P’k and Qr. The wholesale price increased tg,Rnd the consumer price moved up
to Pr.

However, under the assumption of a perfectly ineasipply curve, the new
equilibrium prices would be somewhat higher, repnésd by P¢, P”y, and P’k.
Hence, the consumer would pay a higher price foygmoducts in Brazil if the per

capita GDP increases faster than in the base soenar
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Figure 26. Positive Demand Shock on the Dairy Supp/Chain

5.1.2. Supply Shock

Figure 27 represents a negative shock in the mipiply at the farm level, which
shifts the supply curve to the left. Some exampfasegative shocks in the context of
the study are an increase in feed cost, an expan$igugar cane acreage, and a rise in

interest rates for dairy farms. Suppose, for exantpe removal of the subsidized
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interest rate for rural credit, which would incredke actual interest rate and the cost of
milk production. Such a policy would shift the syppurve to the left reaching the new
price/quantity equilibrium at P'and Qrasrepresented in Figure 27. The total milk
production is now represented by S’ and the whidemiad retail prices by R’'and Pg,
respectively. Therefore, an increase in the costit¥ production would lead to a lower
supply and higher prices in the entire supply ch@im the other hand, a reduction in the
cost of milk production would have the opposite auip with a higher supply and lower
prices.

The expansion of sugar cane acreage in Sao Pauleecanalyzed in the same
manner described in Figure 27. However, the shifh® supply curve to the left is
caused by the reduction of the number of dairy comwa farm instead of the increase of
the cost of milk production. Therefore, the drogha milk supply would end up
increasing the milk price throughout the supplyicha

Another simplified diagram that helps to illustréhe impact of changes in the
cost of production on the dairy supply is describgdrigure 28. Let us consider the RFS
program in the United States, which has increasedi€mand for corn to produce
ethanol. In the corn market, the introduction & BFS mandate shifted the corn
demand to the right. The new price/quantity eqtilitm in the corn market is described
by P'c and Qc. On the other hand, a high corn price negativégces the corn
demanded by the dairy industry through the derdetiand function. In addition, the
lower use of input (corn) shrinks the level of gadutput, defined as the total milk

production. This move can be observed on the pitgsical product (TPP) graph, which
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is the total production of output by a firm basedtlee quantity of inputs used. The new
price/quantity equilibrium in the dairy market epresented by B’and Qp, which are

actually Prand Qf in Figure 27.
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Figure 27. Negative Supply Shock on the Dairy Chain
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Figure 28. RFS Requirement Program on the Dairy Indstry

5.1.3. Government Intervention

Government interventions have played an importaletin many countries with
a variety of objectives, such as encouraging fagapky, supporting farm revenue,
protecting domestic industries, and promoting etgodn Brazil, one of the dairy
policies in place refers to a price support, alted minimum price guarantee. Figure
29 illustrates this policy. Let us consider theigloium price/quantity represented by P
and @ in the bottom graph. The wholesale and retailgzriare represented by Bnd
Pr, respectively. The government sets the minimuroepait P~ and in case the market
price falls below the minimum, the government \giliarantee the minimum price
described by R Using such a policy the government limits th& psice because the

probability distribution function becomes truncafsam below. However, the policy has
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some costs and the government has to pay theeatfferbetween the minimum price
and the actual price if it goes below the minimimaddition, the government may have

to deal with the cost of holding stocks or trade ¥blume into the market.

Price
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D supported by a

i government
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Figure 29. Minimum Price Policy on the Dairy SupplyChain
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5.1.4. Production Research

The impact of technological advances that redueetist of production or
improve the efficiency has a strong effect on thire supply chain, and ends up
reducing the consumer price as well as expandiagldiry supply. Consider the initial
price/quantity equilibrium determined by, ), Ry, and R as presented ifigure 30.
Gains in efficiency at the wholesale level movesshpply curve from\gto Siy,. At
the farm level, the demand curve will be shiftedhe right from D to D’ and the
guantity from Q to Q’r. The new price/quantity equilibrium is now reaclad®r, Q'
P'w, and Pr. Therefore, the improvement in efficiency at theolkesale level leads to a
higher farm level price, higher quantity suppliedidower prices at retail and wholesale.

Similar results are observed if the gain in efficg happens at the retail level.
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Figure 30. Effects of Efficiency Gain at the Wholesle Level

Finally, suppose the efficiency gain occurs atfthren level as a result of genetic
improvement, a better production system, or angrtelogy that reduces the cost of milk
production. The initial price/quantity equilibriuis characterized by#PQr, Ry, and R
as presented in Figure 31. The use of new techgabthe farm level moves the supply

curve to the right, from&o St The total milk production increases up tg@hd both
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the wholesale and retail prices drop tg,Rhd Pg, respectively. Hence, technological
advances have the benefit of expanding the tota} dapply and reducing the consumer

price.
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Figure 31. Effects of Efficiency Gain at the Farm level
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5.2. Empirical Analysis
In this section, the empirical analysis of how tlaéry sector reacts to shocks is
performed. Basically, the alternative scenarioscargrasted with the baseline scenario.
The impacts of these shocks on price and quangtyneasured. It is worth
remembering that the baseline scenario repredemssatus qudor the policies and has
the following assumptions:
1) The GDP growth rate at 2.5% per year after 2016itastased on the scenario
published by Santander Bank;
2) The nominal 2012 interest rate for rural crediised to represent the 2013-2022
period;
3) The minimum prices of milk for 2013-2015 were atheg@ublished and are
incorporated for that period. After that, the 2@Qitke is set as the reference;
4) The forecast for corn and soybean prices in theté$ased on the Agriculture and
Food Policy Center (AFPC) scenarios; and
5) Sugar cane acreage is set at the 2012 level farttie period.
However, for the alternative scenarios, the stgtussof the exogenous variables
is replaced by the values presented in Table AthemAppendix. That is:
1) The GDP growth rate is assumed to be higher froh® 2hd after (3.5% per year);
2) The subsidized interest rate is replaced by thereate interest rate in the Brazilian
economy, calle®elig using the 2012 level to represent the 2013-2@2g;
3) The minimum milk price is set at 50% higher thaa 2012 value, and the same

value is used until 2022;

88



4) The US corn and soybean prices reflect the AFP@asein the absence of RFS
requirements; and
5) The sugar cane acreageSao Pauleexpands linearly 30% from 2012 to 2022.

In terms of model specification, changes in GDPcagured directly through
dairy consumption and therefore transmitted togzri@nd production. The subsidized
interest rate and the minimum milk price guaram@eeincorporated in the model
through the net revenue, which influences botmtnaber of dairy cows and the
production per cow. In the case of RFS, the maudldes only the direct effect of RFS
on the US corn and soybean prices. Then, by magithie grain prices in Brazil as a
function of US grain prices, the RFS effects aansmitted to corn and soybean prices
in Brazil. However, the eventual effects of RFScom and soybean acreages in Brazil,
which may change grain prices as well, are not@usal for. Finally, the sugar cane
acreage expansion B&o Paulas considered in the equation for the number afyda
cows. The details of the estimated results thatpamthe baseline and alternative

scenarios are summarized in Tables A-5 in the Agpen

5.2.1. GDP Shock

The first scenario analyzed is the GDP shock. Thmmifference between this
scenario and the baseline scenario is that thegioassumes an annual growth in GDP
of 3.5% starting in 2016, while the latter assu&86. A higher expansion of GDP
shifts the demand curve to the right and increttsesonsumer price. At the farm level,

Figure 32 illustrates the impacts of a higher GDRhe milk production and milk price.
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For a one percentage point increases of GDP, tlkepmaduction increases, on average,
0.4% considering the whole period. Moreover, thedpction in 2022 will be half of a
million tons higher than the production under tlasddine scenario. The milk price will

be, on average, 5.6% higher than the baseline poiesidering the 2013-2022 period.
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Figure 32. GDP Effects on the Milk Production and Mlk Price

As for the consumer point of view, the expansiothef GDP positively impacts
the total consumption of dairy products and their@rices as described in Figures 33 to
36.

The largest impact on consumption occurs on thesghenarket (Figure 34)
followed by the milk powder market (Figure 35) be®a the income elasticity of those
products is higher than the income elasticity efdther dairy products. Results
published by Coelho, et al. (2010) and HoffmanrO@®Goncur with the findings of this
research since they estimated high income-elasfmitcheese in Brazil.

The fluid milk price will increase, on average, and 11.6% compared to the

baseline mean price from 2013-2022. Milk powdecgsiwill be 10% higher, while the
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cheese price will rise 6.6%. Butter prices, ondtieer hand, are not very sensitive to
changes in GDP. Therefore, changes in income plasnportant role on the Brazilian
dairy industry by causing expansion in consumpt®ince the Brazilian per capita
income is relatively low, any gain in terms of imoe would be extremely important for

the consumption of dairy products (and food in gahe
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Figure 33. GDP Effects on the Butter Market
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Figure 34. GDP Effects on the Cheese Market
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Milk powder consumption Milk powder price
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Figure 35. GDP Effects on the Milk Powder Market
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Figure 36. GDP Effects on the Fresh Dairy Market

5.2.2. No Subsidized Interest Rate

One of the most common dairy policies in Braziisubsidized interest rate. The
policy consists of providing credit to farms withw interest. As for the model’'s
estimation, the cost of credit is accounted fahim net revenue, which is then used to
estimate equations for dairy cows and productiarcper. Since the baseline scenario
assumes the current policy (subsidized interes),rtite alternative scenario considers
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the absence of such a policy. The reference irttemgsfor the entire economy, called
Selic, is used as the cost of credit for the puedashock. The impacts of the removal are
somewhat underestimated because the actual costdif has additional transaction
costs not accounted for by the Selic interest rate.

Figure 37 shows the influence of eliminating thbsdized interest rate on the
milk production and price. As can be observed guFe 37, the negative effect of a
higher interest rate on milk production is just giaal. The total production decreases
slightly. The milk price, on the other hand, woulsk about 1.2%, on average, in the

absence of subsidized interest rate.
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Figure 37. No Subsidized Credit Effects on the MilkProduction and Milk Price

The elimination of subsidized interest rate hagsry low effect on total
consumption of dairy products as reported in Figld@to 41. In terms of consumer
price, the absence of such a policy causes a smedlase. The fluid milk price is the

most sensitive, and on average it goes up by 2Mé¢ertheless, the absence of the
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policy would not cause significant loss to the Blfaa dairy sector nor to consumers,

based on the procedures, assumptions, and findirtgss study.
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Figure 38. No Subsidized Credit Effects on the Bugr Market
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Figure 39. No Subsidized Credit Effects on the Chee Market
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Figure 40. No Subsidized Credit Effects on the MilkPowder Market

Fresh dairy consumption Fluid milk price

= o
g 8- g 8-
g « — Baseline ) =] — Baseline )
S o 7| 7@ No-subsidized credit & — ~® No-subsidized credit
= 9 =

(=T -
£ 2] g 21
: 8 g _W
2 9 °
c © =
g A g & 7

0
z 8- & 8-
- 3 T T T T T T T T T T
2014 2016 2018 2020 2022 2014 2016 2018 2020 2022
Year Year

Figure 41. No Subsidized Credit Effects on the FrésDairy Market

5.2.3. Minimum Price Guarantee
Another government intervention in the Brazilianrganarket is the price
support. Although the price support policy hasraglbistory in the Brazilian grain
market, it is relatively new in the case of therganarket. The minimum milk price
policy started in 2005 in Brazil, and since thadrythe policy has not been used because

the price support was consistently set way bel@wntlarket price.
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Theoretically, an increase of milk price suppofuegoositively impacts the total
milk production. The model incorporates the minimprnce through the net revenue
variable that affects number of dairy cows and potidn per cow. Since the current
minimum price is very low, the alternative polioynsists of increasing the minimum
price by 50% over the 2012 level. By doing thag thilk production would increase, on
average, by around 1.5% considering the 2013-2@#2¢ (Figure 42). The additional
quantity supplied would go up by 0.6 million torer year, on average. The market

price, on the other hand, would decrease by 6%verage due to a higher milk supply.
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Figure 42. Higher Minimum Milk Price Effects on the Production and Price

Changes in minimum milk price would also have @fam dairy consumption
and dairy prices of all products (Figures 43 to. &i)ce the total milk production
increases with the minimum price, the consumerephs to decrease to reach the
supply-demand equilibrium again, all other thingastant. Fresh dairy and milk powder

prices are relatively more sensitive to changdhkerprice support. The consumer price
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for these products would fall off, on average, By4% and 18.0% respectively. Cheese
and butter prices would experience only a smallicédn.

In terms of consumption, all dairy products wouidwmsitively affected by the
price support policy. However, the effects of prstgport on consumption are relatively

low. The total consumption would increase, on ageréess than 1%.
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Figure 43. Higher Minimum Milk Price Effects on the Butter Market
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Figure 44. Higher Minimum Milk Price Effects on the Cheese Market
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Figure 45. Higher Minimum Milk Price Effects on the Milk Powder Market
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Figure 46. Higher Minimum Milk Price Effects on the Fresh Dairy Market

5.2.4. No-RFS Requirement

The US’s RFS regulation, established in 2005, opemenew uses for corn and
soybean, which have affected the grain prices aggubout by Dumortier et al. (2009).
The basic hypothesis about the impacts of sucHieyge that the RFS requirement
positively impacts input prices (corn and soybdanjhe dairy sector. Consequently, a
negative impact on the Brazilian milk productioreipected. The structural model
incorporates the RFS policy by connecting the @nth soybean prices in Brazil to the

98



US corn and soybean prices. Corn and soybean pni¢aszil compose the net revenue
variable, and therefore, impacts both number afydaws and production per cow.
These two equations are used to calculate thertolialproduction.

In terms of results, the baseline scenario re@ohigher feed cost in Brazil
(Figure 47). The absence of RFS, on the other haadld reduce the feed cost
compared to the baseline. Actually, the feed caatld/be around 5.3 % lower than the

baseline cost, on average, considering the 2012-@é&od.
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Figure 47. Feed Price in Brazil and the RFS Requiraent Effects

The impact of such a change in feed cost, caus¢lkebgbsence of the RFS
requirement, slightly alters both milk productiamdgprices (Figure 48). A possible
reason is twofold: first, feed cost is a comporwdrihe total cost, and the magnitude of
the feed cost variation is not big enough to caugeificant changes in the milk
production and prices. Second, only the directoti¢ RFS requirement on feed cost is
accounted for by the dairy model, while the indireftect, described as the RFS policy

impacts on the Brazilian corn and soybean sectesvahole, is not considered. A more
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accurate evaluation of the RFS requirement woulddssible by integrating the
Brazilian dairy model and the Brazilian grain anideeds models since those
connections would allow feedback.

In the case of dairy consumption and retail prites,RFS influences are

marginal. The small effects of RFS on dairy produee summarized in Figures 49 to

52.
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Figure 48. No RFS Requirement Effects on the Milk ®duction and Price
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Figure 49. No RFS Requirement Effects on the Buttearket

100



Cheese consumption Cheese price

S 8

= , g T A

g - — Baseline. =] — Baseline

=1 -1 =—o— No-RFSinUS TR ) -o— No-RFS in US

- o a2

= O - =

o =) o

2 - 2 8-

E o >

z 8 2 g

g A 2

s g | & o |

s R T T T T T @ T T T T T
2014 2016 2018 2020 2022 2014 2016 2018 2020 2022

Year Year

Figure 50. No RFS Requirement Effects on the Cheesarket
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Figure 51. No RFS Requirement Effects on the Milk Bwder Market
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Figure 52. No RFS Requirement Effects on the Fredbairy Market

5.2.5. Sugar Cane Expansion

In the case of biofuel policies in Brazil, whichviegorompted sugar cane acreage
expansion, a negative effect on the number of daivys is expected. The policy in this
case consists of a 30% increasing in sugar caea@elinSao Pauldrom 2012 to 2022,
reaching almost 7 million hectares. Such expanisitbased on the Brazilian Ministry of
Agriculture forecasts (MAPA, 2013). It is worth rembering thaB&o Paulds the main
state in ethanol production, and the growth in sggae acreage must negatively affect
the milk production in that state (Novo, et al.10}

Sugar cane acreage enters into the model throegbagiiation of number of dairy
cows. The results indicate that a 30% growth iras@gne acreagegéteris paribus,
will decrease the number of dairy cowsSao Pauldy around 16.5% from 2012 to
2022. Compared to the baseline scenario, thedabtddiry cows would drop by 17.6% in

2022 (Figure 53). Similarly, the total milk prodiget in S&o Paulowill decrease by
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15.9% compared to the 2012 production. When caetlasith the baseline scenario, the

production fall off by 17.5% in 2022.
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Figure 53. Sugar Cane Expansion Effects on Numbeif ®airy Cows and Milk
Production in S&o Paulo
Note Sugar cane acreage increasing 30%, linearly.

Considering the entire country, however, the totdik production is not strongly
affected by the sugar cane expansion. This reselkpected because historically, the
importance oS50 Paulcas a milk supplier has diminished. In the earlgd®the state
produced around 15% of the Brazilian milk productim 2012, on the other hand, the

contribution ofSdo Paulovas only 5% of the total production. Neverthelsssne
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effects of the reduction in milk supply are obseérirethe price level throughout the
supply chain. The national farm price is expectethtrease around 1%, on average,
considering the 2013-2022 period (Figure 54). Dpniges would also rise as a
consequence of the ethanol policy, mainly the aheesl fluid milk prices. The effects

on consumer prices would be relatively small, iasieg between 1% to 3%, on average

(Figures 55 to 58).
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Figure 54. Sugar cane expansion effects on the mitkoduction and price
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Figure 55. Sugar Cane Expansion Effects on the Bt Market
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Figure 56. Sugar Cane Expansion Effects on the Ches Market
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Figure 57. Sugar Cane Expansion Effects on the MilRowder Market
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Figure 58. Sugar Cane Expansion Effects on the FrePairy Market

Overall, Brazilian milk production is neither seng to changes in the interest
rate nor the US’s RFS program. On the other hanmdgeseffects are observed when
changes in per capita GDP, minimum prices, andrstagge acreage are considered.
However, the impacts are small. The total milk prcitbn is positively related to GDP
and minimum price, and negatively related to sugawe acreage. Similar results are
found when studying the effects of those shockBmazilian milk prices. Again,
changes in interest rate and RFS requirement wantlthave a significant effect on the
milk price at the farm level. A higher GDP growtim the other hand, positively affects
milk prices through the demand side of the modidewise, high sugar cane acreage in
Sao Paulaslightly raises milk prices, but in this case bg supply side of the model;
that is, the expansion of sugar cane acreage mebaitnpacts the number of dairy cows
and therefore, the milk production.

In summary, the dairy sector in Brazil is not veggponsive to changes in
exogenous variables. The milk production suffedy amarginal changes compared to
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the baseline scenario. Moreover, shocks from tineadhel side appear to have greater
impacts on milk prices and production. A possilel@son is because changes in demand,
such as per capita GDP, directly affect the peitaa@onsumption, which is transmitted

to prices. In the case of the supply side, farmagament in Brazil is not homogenous
even between neighboring areas. In addition, manmypdrs don’t know their production
cost, which may cause very slow adjustments irptbduction systems. In other words,
since many dairy farms are not professionally madathe effects of changes in

policies and other exogenous variables are not krimpthose farmers. Consequently,

the total production is barely affected by thoseckis.

5.3. Welfare Analysis

The main objective of this section is to measueaviielfare effects of policy
changes on both consumers and producers. For censutime welfare analysis is based
on the consumer surplus. For producers, on the btral, the evaluation takes into
account the quasirent, as described in Just, €@04).

One of the most frequently used money measurenf¢hé @onsumer welfare in
empirical works is the consumer surplus (S). Ascdculation, the consumer surplus is
defined as the area under the Marshallian demarve @nd above the price line. The
consumer surplus is frequently used to measureucogiswelfare because the
Marshallian demand is often observed. Howeverctmsumer surplus does not exactly
provide a measure of gains in utility because ésdoot measure utility directly.

Alternatively, compensating (CV) and equivalenti@gons (EV) would be an
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appropriate measure of consumer welfare. For eagbworks, however, compensating
and equivalent variations are difficult to deteremlvecause actual utility levels are not
observed.

Figure 59 describes the consumer surplus, compegsatd equivalent
variations. Consider the initial price decreasenfi® to P, and total consumption
moving from @ to g over the ordinary demand curve D, for a given medevel ().
The Hicksian demand curves for both initial andfiutility levels are represented by
H(Ug) and H(U). The consumer surplus change is defined byarbaand the
compensating and equivalent variations are aaeasla+b+c, respectively. Therefore,
if the aread andc are negligible, the consumer surplus change carsée as an
approximation of compensating and equivalent viamast

For this study, the consumer surplus is considerde evaluating consumer’s
welfare changes. The choice is based on the fatigwrguments: 1) the actual utility
function is not observed; 2) if the proportion mfome spent on the good is small, the
changes in consumer surplus, equivalent variathwhcampensating variation are all
very close (Just, et al., 2004). The proportioexgenditure for all dairy products on the
average Brazilian family expenditure for all goasitess than 2% (IBGE, 2014), which
supports the use of consumer surplus to measudtiseimer welfare.

Another limitation of measuring consumer surplueiated to retail price. The
model developed in this study solves for four ddfg dairy markets, and the only price
available for the entire country is the percentalggnge in prices, which was used to

build the price indexes. To calculate the consusaeplus, the consumer prices for S&o
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Paulo are considered as a proxy for the Brazil@nygrices. Therefore, the consumer

surplus is measured as a sum of the four dairy edarkonsumer surpluses.

Q Q Quantity

Figure 59. Consumer Surplus, Compensating and Equalent Variations.
Note: Adapted from Just, et al. (2004)

As for producers, the welfare effect is measuredguguasirent (R), which is
defined as the excess of gross receipts (TR) dnetotal variable costs (TVC), that is,
R=TR-TVC. Moreover, quasirent is equivalent to proer surplus (P) as pointed out by
Just, et al. (2004). Alternatively, profit)(could be considered to measure the producer
surplus. However, one advantage of using quasiatinér than profit to measure welfare
is that profit understates the benefits by thedigest amount, whereas quasirent does
not (Just, et al., 2004). Therefore, both quasiaet producer surplus are given by profit

plus total fixed cost (TFC), that is, R= R£TFC.
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Measuring the producer welfare effects in the outparket is often performed
as long as data is available. Alternatively, oneld@btain the welfare estimates by
looking at the input market. Therefore, the chaimgguasirent can be completely
measured either in the output market or in thetimparket, as described in Figure 60.
Consider a simultaneous change in input (fidgto W) and output prices (frorRg to
P,), respectively. Based on the output market, tresgent is given by arearz atPy
andWp and by area+v at priced?; andWy. The change in quasirent is area x-z. The
input market surplus, on the other hand, is giveareae+g at pricesP, andWp, and by
areae+f at priced?; andWy. The change is arday, which is equivalent to areazin the
output market (Just, et al., 2004). The subsegqemiions describe details of estimating
the welfare change over the 10-year time horizoreézh policy change. The evaluation
only considers changes in consumer surplus, produecplus, and government

expenditure in the dairy markets.

Price

Sl(W11)

So(wy)

D, (Py)

Dy (Py)

(a) Output market Quantity (b) Input market Quantity

Figure 60. Welfare Measurement in the Output and Iput Markets
Note: Adapted from Just, et al. (2004)
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5.3.1. No Subsidized Interest Rate

The baseline scenario considers the subsidizeesiteate, which affects the
variable cost of milk production by the interessic@s for the alternative scenario, a
higher interest rate and interest cost is obsemlegteas the other costs are held
constant. By eliminating the subsidized interest plicy, the consumers end up paying
a higher price for a lower quantity (priBgin Figure 61). The consumer surplus is
represented by are@etb+c at pricePy and quantityQo and by area at priceP; and
quantityQ;. The consumer welfare is reduced by dreain Figure 61. From the
producers point of view, the output market prodwseplus is represented initially by
areav+z at pricesPy andW andx+v at pricesP; andW.. The change in quasirent is

measured as the area

So(wy)

Qs < Quantit;' ‘ . Quantit;
(a) Consumer surplus (b) Quasirent in the output market

Figure 61. Consumer Surplus and Quasirent: Welfardffects of a No Subsidized
Interest Rate
Note: Adapted from Just, et al. (2004)
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The monetary welfare effect on consumers and prrdus represented in Table
36. Both consumers and producers would be worsi thié government decides to stop
the subsidized interest rate policy. The total fosgproducers and consumers over the
10-year forecast is R$7.73 billion and R$13.75dnill respectively. The government, on
the other hand, would be better off due to the e&dn in expenditure with the policy
change. The total effect, however, indicates lnsselfare of around R$10 billion due to

stopping the subsidized interest rate policy.

Table 36. Welfare Effects of No Subsidized Intere®Rate, 2013-2022: in
Thousand Reais

vear Chan_ge in Change in Change in Gpvernment Net Change in
Quasirent ~ Consumer Surplus Expenditure Welfare
2013 -857,140 -519,591 1,003,234 -373,497
2014 -829,045 -747,127 1,036,259 -539,913
2015 -812,719 -955,678 1,077,101 -691,295
2016 -793,774 -1,151,760 1,109,408 -836,126
2017 -776,054 -1,333,085 1,138,255 -970,884
2018 -759,476 -1,502,822 1,164,175 -1,098,123
2019 -744,432 -1,662,955 1,188,192 -1,219,195
2020 -731,399 -1,815,258 1,211,380 -1,335,278
2021 -718,887 -1,959,975 1,232,290 -1,446,572
2022 -711,345 -2,100,998 1,256,953 -1,555,390

5.3.2. Minimum Price Guarantee

The minimum milk price policy is another agriculiipolicy used by the
Brazilian government. However, the effect of thidigy is not yet observed because the
minimum price is set at a very low level. As folipp evaluation, a shock of 50% over
the 2012 price level is simulated. The previousilteadicates that a high minimum

price positively affects the total milk supply amelgatively affects the consumer prices.
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In terms of welfare effects, both consumers andlypecers would be better off while the
government would face a loss due to higher expereditto implement the policy.

The consumer surplus is measured by the aeggriced?y and quantityQy and
areaa+b+c at priceP; and quantityQ; (Figure 62). The change in consumer welfare is
represented by the arba&c. In terms of producers, a higher minimum price ldou
stimulate the milk supply and the quasirent woulkteéase by the areaThe
government, on the other hand, would face a losglifare by paying the price

difference between the minimum support price amdntlarket price for the total milk

production.

Price
Price

Minimum price
V" «——supported by a
government

Quantit;'

¥ Q Quantity Q. X
(b) Quasirent in the output market

(a) Consumer surplus

Figure 62. Consumer Surplus and Quasirent: Welfardffects of High Minimum
Price Guarantee

The net effect of the policy is positive as obsdrweTable 37. The sum of
producers and consumers welfare overcomes thédo#se Government. The total net

welfare reaches around R$52.8 billion for the 18ryferecast. Moreover, the consumer
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welfare increases quickly over time because asdesinave an incentive to produce
more milk, the negative effect on consumer prisastensified in the long term.
However, a problem with such a policy arises beeatugnds to decrease the milk price

in the long-term, making the producers dependeohubpe policy.

Table 37. Welfare Effects of High Minimum Price Guaantee Policy, 2013-2022: in
Thousand Reais
Change in  Change in Consumer Change in Government Net Change in

Year Quasirent Surplus Expenditure Welfare

2013 3,800,666 2,382,358 -4,473,417 1,709,607
2014 4,225,694 3,782,739 -5,285,385 2,723,047
2015 4,642,686 5,197,850 -6,101,050 3,739,487
2016 4,482,349 6,357,040 -6,251,276 4,588,114
2017 4,256,334 7,379,622 -6,294,094 5,341,862
2018 3,964,517 8,268,651 -6,228,502 6,004,666
2019 3,610,966 9,021,747 -6,058,452 6,574,261
2020 3,190,786 9,630,909 5,777,696 7,043,999
2021 2,713,259 10,093,634 -5,395,508 7,411,385
2022 2,164,906 10,397,651 -4,898,035 7,664,522

5.3.3. No-RFS Requirement

Another welfare evaluation takes in to accountUi®s RFS policy, which is
considered under the baseline scenario. As foaltkenative scenario, assume the RFS
program is abolished. As was already discussedeviqus sections, removing the RFS
program and keeping other things constant wouldedee the feed cost, raising the total
milk production. The consumers would also faceveeloprice. In terms of welfare,
Figure 63 summarizes the effects of the absen&d-6fpolicy on the Brazilian
consumers and producers. The consumer surpluprssented by aremat pricePy and

guantityQo and by area-+b+c at price and quantit; andQ;, respectively. The change
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in welfare is positive and it is represented bydhegb+c. In the case of producers, the
analysis is less direct since it involves reductimboth output and input prices. The
producer surplus is represented by the ateeat pricesPy andW,” and by the area+z
at pricesP; andWl. The net effect of the abolishment of the RFS mogon the

Brazilian producers is, therefore, the azea

Price

Qo & Quantit;/ ' . Quantit;'
(a) Consumer surplus (b) Quasirent in the output market

Figure 63. Consumer Surplus and Quasirent: Welfardffects of No RFS Program
in the US

The welfare effect of the absence of RFS policgomsumers is reported in
Table 38. Since consumers face a lower price agitehiquantity, the change in welfare
over the 10-year forecast sums to R$4.5 billionkingathem better off. The producers
are better off as well and the positive impact oagrent is explained by the fact that the
marginal reduction in milk price is lower than tieeluction in feed cost. Therefore, the
net effect on the producers is positive. The tatlfare effect on both producers and

consumers over the 10-year forecast is about R$xlIEE.
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Table 38. Welfare Effects of No RFS Policy in the tited States, 2013-2022: in
Thousand Reais

Year Change in Change in Consumer Net Change in Welfare
Quasirent Surplus

2013 134,706 76,561 211,267
2014 122,540 102,283 224,823
2015 322,036 245,245 567,282
2016 345,946 337,333 683,279
2017 394,140 445,849 839,989
2018 387,923 530,617 918,540
2019 387,759 613,313 1,001,072
2020 362,616 677,716 1,040,332
2021 329,561 728,022 1,057,583
2022 282,302 759,301 1,041,603

5.3.4. Sugar Cane Expansion

The last welfare analysis is relative to sugar eaqEansion irSao PauloAs
previously mentioned, the sugar cane acreage exjpaimsSao Paulo negatively affects
the number of dairy cow and total milk productiarthat state. As a consequence, the
consumer price goes up and the total consumptioredses slightly. Therefore, in terms
of welfare, the loss in consumer surplus is represkeby the areb+c in Figure 64. As
for producers, the change in welfare carries sartezesting facts. First, the expansion
of sugar cane does not directly affect the inpideprand therefore, the total variable cost
is the same under both baseline and alternativeasios. Moreover, since the expansion
occurs only irSao Paulpthe number of dairy cows (and milk productiongrdases in
that state but not in the others states. The aearational milk price rises slightly and

positively affects the producers throughout thentguexcept those located 8&o
Paulo The number of dairy cows is representediyyin Figure 64. The producer

surplus is represented by the avea at pricesP, W, and quantityl,. After the sugar
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cane acreage expansion, the producer surplus &dlr+v at pricesP;, W, and

quantityW,!. The change in welfare is measured by the za

Siwwl) o
So(wy, wy)

Q e Quantit;/ ' . Quantit;'
(a) Consumer surplus (b) Quasirent in the output market

Figure 64. Consumer Surplus and Quasirent: Welfardffects of Sugar Cane
Acreage Expansion in Sado Paulo

Table 39 summarizes the welfare effect of the sugae acreage expansion in
Séo Paulgin thousands of dollars. The consumers, as discliabove, are worse off
with such an expansion. The total consumer losgeifare for the 10-year forecast is
about R$14.08 billion. The producers, on the ottaard, are better off. In fact, the
producers irBao Paulcare worse off, but a positive spillover effectlsserved for the
rest of the country; that is, producers in the p#iates face a higher milk price, which
increases the quasirent for the 10-year time horiadR$3.77 billion. The final change

in welfare, however, is negative due to the maglatof the consumer losses.
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Table 39. Welfare Effects of Sugar Cane Acreage Eapsion in Sao Paulo,
2013-2022: in Thousand Reais

vear Change in Change in Consumer Net Change in
Quasirent Surplus Welfare

2013 34,761 -123,786 -89,025
2014 91,415 -327,027 -235,611
2015 161,853 -579,541 -417,688
2016 240,318 -868,216 -627,898
2017 323,308 -1,178,626 -855,318
2018 408,764 -1,504,653 -1,095,889
2019 495,571 -1,842,578 -1,347,007
2020 583,196 -2,190,502 -1,607,306
2021 671,281 -2,547,640 -1,876,359
2022 760,408 -2,913,821 -2,153,413
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CHAPTER VI

STOCHASTIC ANALYSIS

The last part of this dissertation aims to incogperisk into the baseline
scenario of the Brazilian dairy model, which isnegented by the stochastic analysis. By
using a stochastic approach for modeling the daeotor, we are able to estimate the
probability distribution of many variables of inést, such as the total milk production
and price. Probability appraisal is important nolydor estimating the entire probability
distribution of some outcome, but also for focusimgrest on only the most likely
outcome (Reutlinger, 1970).

The stochastic variables considered are produgorcow in Brazil, corn and
soybean prices in the US and Brazil, and milk griceBrazil. The milk and feed prices
do not have a trend. However, the milk productiengow in each state follows a trend.
As pointed out in Richardson (2001), random vagasalthat have a trend can be
simulated as a normally distributed variable. Eaghation was fitted and the normality
of the residuals was tested using both Jarque-Bwte&Shapiro-Wilks tests, as discussed
in Judge, et al. (1988), and described in JarqdeBama (1987) and Shapiro and Wilk
(1965). The variables themselves are not distrtbategmally, but the residuals are
normal. The null hypotheses of normality were mpected at the 90% confidence level.
The stochastic equations were estimated such that,

17t:Il‘|‘ﬁXt‘|‘§t (5)
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where&; ~N (0, c?), which is the probability distribution of the rigkout the
deterministic component + £X,. Y, represents the group of stochastic variables
described above, ari is the set of covariates in each equation. Sineeetis risk in
the forecast for Y, the probability distributionoghd be used to forecast Y rather than
using a point estimate (Richardson, 2001). As ifmugation, 1,000 realizations were
used. The structural procedure for the partialldrium model that solves for four dairy
markets is the same and consists of minimizingth&red difference of the excess
supply in a given year. The only difference frora tteterministic model is the inclusion
of stochastic components into the dynamic and saeeimethod. As previously
described, the entire model is solved sequentiaiig, period at a time, for the 10-year
forecast.

By considering the production per cow and pricesdfand milk) as stochastic,
the majority of the dairy model becomes stochastiwell because other equations are
based on the stochastic variables. For exampleygheevenue becomes stochastic since
both feed and milk prices are stochastic. Theretfiieestochastic net revenue is plugged
into the dairy cow and production per cow equatiovtich makes them also stochastic.
Finally, the total milk production is based on tireduct for number of dairy cows and
production per cow, and the total milk productiams stochastic as well. Therefore, the
supply side of the model becomes completely stdhas

Table 40 summarizes the basic statistics for tatld production, which would
increase, on average, from 35 million tons in 2@il41.7 million tons in 2022. The

maximum of milk production would be around 43 naillitons in 2022. As can be
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observed in Table 40, the standard deviation irsggaver time and implies more risk.
However, the total milk production has a stationawgfficient of variation (CV), which
means that the relative risk does not increase taver.

In terms of probability, the cumulative distributitunction (CDF) of milk
production is reported in Figure 65. The estimaechbers for 2022 can be compared
with both MAPA and OECD-FAOQO scenarios. The MAPArs&eo0 is the upper bound
production (44.5 million tons), and the probabilifyoccurring is zero. On the other
hand, a 100% probability is calculated to achignee@ECD-FAO scenario (38.8 million
tons) in 2022. In fact, there is only a 17% probgbof milk production being below
38.8 million tons in 2019 already. In other wortlge production will be greater than
38.8 million tons in 2019 with 83% probability. A§2022, the total milk production
will be over 41.7 million tons with a 50% probabyli

The stochastic results for number of dairy cows pmdiuction per cow also
suggest an increasing outcome over time and staiiddV. The average number of
dairy cows should reach in 2022 about 26.7 milheads (Table 41) with an average of
1,558 kg per cow (Table 42). Therefore, the pradagber cow will remain at a very
low level during the coming years, suggesting éhdénsion programs focused on
technological information should be massively stated; otherwise the growth of milk
production will depend primarily on the expansidritee number of dairy cows.

As for milk price, the stochastic model suggestsearage value for the 10-year
period of about 80 to 90 centsRéaisper kg as described in Table 43. However, the

maximum price can exceed R$1/kg, but with low pholitg. The minimum milk price,
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on the other hand, is bounded by the minimum piarantee policy and, therefore, we
have a normal probability density function (PDFRinicated from below (Figure 66). The
probability of milk price at the minimum is 3.5%08%6, and 0.5% for the 2014, 2018,
and 2022, respectively. For the primary endogenausables (consumer dairy prices),
the summary statistics are described in Table® 44 1 Overall, the range and the
standard deviation of cheese and fluid milk pri@esrelatively higher than the other
two prices.

As for validation, by comparing the deterministiceécasts with the stochastic
forecast, it appears the model accurately fore¢hstentire system of equations,
including the range of minimum and maximum valukesaxh variable as recommended
to be checked by Richardson (2001). Moreover, festsiean and variance were
performed between the historical and the simulegsdiuals. The t-test and F-test was
used to verify the null hypothesis of equal mears egual variances respectively, as
reported in Tables 48 to 49. Both statistics fatkedeject the null hypothesis that means
and variances are equals, which suggests thatadelraccurately simulated the mean
and variance for the majority of the random vaeabl

Finally, there are limitations on the stochastiadeldhat should be pointed. First,
the error term is assumed to be independent nomath either over or understates the
risk over time. Moreover, since the correlation mxas not accounted for in the
simulation process, the correlation across simdleaadom variables may not match the

historical data. As mentioned in Richardson (200fL)ywo random variables are
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correlated and their correlation is ignored in dation, the model will either over or

understate the variance and the mean.”
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Table 40. Summary Statistics of Total Milk Producton in Brazil: in 1,000 Ton

Statistics 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Mean 34,221.75 35,046.98 35,862.23 36,664.08 37/891738,328.21 39,162.87 40,005.05 40,828.85 416671.
StDev 320.87 340.71 346.58 365.70 363.42 357.65 .2893 394.12 401.59 413.26
Ccv 0.009 0.010 0.010 0.010 0.010 0.009 0.010 0.010 0.010 0.010

95% LClI  34,198.97 35,022.80 35,837.63 36,638.12,48709 38,302.83 39,134.95 39,977.07 40,800.34642133
95% UCI  34,244.53 35,071.17 35,886.83 36,690.03548/69 38,353.60 39,190.78 40,033.03 40,857.35704100

Min 33,092.98 34,003.49 34,745.12 35,539.92 36U492.37,203.87 37,639.08 38,819.33 39,585.71 40,389.1
Median 34,225.00 35,052.39 35,866.20 36,673.44 0ZrA 38,324.15 39,173.52 39,989.67 40,828.89 271667
Max 35,224.78 36,018.82 36,963.70 37,749.01 38X2539,407.64 40,490.44 41,189.81 42,162.00 43,068.9
Skewness -0.02 -0.06 -0.11 0.02 0.16 -0.03 -0.04 11 0. 0.11 0.00
Kurtosis 0.20 -0.12 -0.17 -0.04 0.05 -0.19 -0.01 .090 0.08 -0.04
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Figure 65. PDF and CDF of Total Milk Production in Brazil
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Table 41. Summary Statistics of Number of Dairy Cow in Brazil: in 1,000 Heads.

Statistics 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Mean 23,883.07 24,253.92 24,605.70 24,936.75 2%)95525,567.38 25,870.42 26,163.34 26,453.01 2&740.
StDev 0.00 33.01 42.33 47.79 51.61 55.31 58.50 5%1.5 64.27 66.85
Cv 0.000 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
95% LCl 23,883.07 24,251.58 24,602.70 24,933.36255K32 25,563.45 25,866.26 26,158.97 26,448.45 3283
95% UCI 23,883.07 24,256.26 24,608.71 24,940.1425%m65 25,571.30 25,874.57 26,167.70 26,457.58 48632
Min 23,883.07 24,169.85 24,472.86 24,767.11 258311.25,397.45 25,697.92 25,964.78 26,262.52 26,544.1
Median 23,883.07 24,252.36 24,606.10 24,933.22 5398 25,567.48 25,870.57 26,162.75 26,453.94 26/03
Max 23,883.07 24,358.33 24,766.36 25,137.41 25]40625,740.42 26,075.16 26,379.32 26,656.21 26,932.0
Skewness -1.00 0.22 0.03 0.25 0.11 0.10 0.04 0.07 0.02- 0.02
Kurtosis -2.00 -0.09 0.15 0.25 -0.35 -0.22 -0.07 020. -0.09 -0.03
Table 42. Summary Statistics of Production per Covin Brazil: in kg.

Statistics 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Mean 1,432.89 1,445.00 1,457.48 1,470.28 1,4855499111 1,513.81 1,529.05 1,543.45 1,558.37
StDev 13.44 13.95 13.91 14.56 14.19 13.92 15.01 9514. 15.13 15.55

Cv 0.009 0.010 0.010 0.010 0.010 0.009 0.010 0.010 0.010 0.010

95% LCI 1,431.93 1,444.01 1,456.49 1,469.25 1,484.4,498.12 1,512.75 1,527.99 1,542.38 1,557.27
95% UCI 1,433.84 1,44599 1,458.46 1,471.32 1,486.9,500.10 1,514.88 1,530.11 1,544.53 1,559.48
Min 1,385.62 1,401.44 1,409.72 1,426.17 1,445.13454.59 1,447.24 1,486.20 1,496.26 1,503.97
Median 1,433.02 1,445.27 1,458.03 1,470.79 1,485.1]499.31 1,514.33 1,528.52 1,543.05 1,558.70
Max 1,474.88 1,48297 1,503.44 1,516.38 1,535.0953858 1,569.70 1,577.28 1,593.10 1,610.05
Skewness -0.02 -0.08 -0.11 0.03 0.13 -0.03 -0.06 130. 0.07 0.00
Kurtosis 0.20 -0.12 -0.08 0.01 -0.01 -0.23 0.21 080. 0.05 0.00
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Table 43. Summary Statistics of Average Real Milk fce in Brazil: in R$/kg.
Statistics 2013 2014 2015 2016 2017 2018 2019 2022021 2022

Mean 0.84 0.84 0.83 0.83 0.85 0.85 0.86 0.87 0.89 910
StDev 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.080.09
Cv 0.101 0.100 0.099 0.099 0.100 0.098 0.097 0.090.095 0.094

95% LCI 0.84 0.83 0.82 0.83 0.84 0.85 0.85 0.87 80.8 0.90
95% UCI 0.85 0.84 0.83 0.84 0.85 0.86 0.86 0.88 009 0.91

Min 0.62 0.67 0.69 0.69 0.69 0.69 0.69 0.69 0.69 690.
Median 0.84 0.84 0.82 0.83 0.85 0.85 0.86 0.87 0.890.91
Max 1.14 1.14 1.15 1.11 1.13 1.16 1.12 1.13 1.20 201.

Skewness 0.12 0.06 0.22 0.25 0.10 0.15 0.10 0.02 09 0. -0.02
Kurtosis 0.13 -0.30 -0.37 -0.34 -0.35 -0.25 -0.20 0.33 0.08 -0.13
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Figure 66. PDF and CDF of Deflated Milk Price in Bazil
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Table 44. Summary Statistics: Butter Price Index

Statistics 2013 2014 2015 2016 2017 2018 2019 2022021 2022
Mean 101.74 99.38 97.99 97.64 97.00 96.42 9579 1295. 94.48  93.81
StDev 0.83 0.88 0.90 0.96 0.95 0.93 1.01 1.02 1.031.05
CVv 0.008 0.009 0.009 0.010 0.010 0.010 0.011 0.010.012 0.011
95% LCI 101.68 99.32 97.92 9757 96.93 96.36 95.795.04 9441 93.74
95% UCI 101.80 99.45 98.05 97.70 97.07 96.49 95.865.19 9456 93.89
Min 99.16 96.75 9519 9485 9333 9357 9242 92.281.21  90.28
Median 101.73 99.36 97.97 97.63 97.04 96.44 95.765.10 9449  93.82
Max 104.66 101.94 100.99 100.50 99.92 99.25 99.638.49 97.73 97.12
Skewness 0.02 0.05 0.10 -0.03 -0.15 0.01 0.05 -0.070.10 -0.01
Kurtosis 0.20 -0.10 -0.19 -0.07 0.10 -0.22 -0.02 .110 0.05 0.02
Table 45. Summary Statistics: Cheese Price Index
Statistics 2013 2014 2015 2016 2017 2018 2019 2022021 2022
Mean 9436 93.79 9286 9491 96.10 97.72 99.14 5700.102.35 104.10
StDev 3.56 3.72 3.70 3.87 3.78 3.70 4.05 4.01 4.064.16
CVv 0.038 0.040 0.040 0.041 0.039 0.038 0.041 0.040.040 0.040
95% LCI 94.10 9352 92.60 94.64 9584 97.46  98.8500.29 102.06 103.80
95% UCI 9461 94.05 93.13 9519 96.37 97.98 99.4200.86 102.64 104.39
Min 83.72 8385 81.84 8356 8374 8680 86.17 88.789.64  90.97
Median 9426 93.70 9274 9475 96.15 97.72 98.900.700 102.33 104.01
Max 107.51 105.86 104.90 107.29 107.11 110.18 ™®5.812.66 11547 117.90
Skewness 0.12 0.16 0.19 0.09 -0.06 0.12 0.13 -0.0D.00 0.11
Kurtosis 0.23 -0.08 -0.13 -0.03 -0.03 -0.13 0.01 .160 0.06 -0.07
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Table 46. Summary Statistics: Milk Powder Price Inax

Statistics 2013 2014 2015 2016 2017 2018 2019 2022021 2022
Mean 89.72  84.63 79.33 80.73 81.69 83.20 85.00 087.089.29 91.62
StDev 2.01 2.19 2.23 2.44 2.52 2.54 2.74 2.83 2.933.04
Cv 0.022 0.026 0.028 0.030 0.031 0.031 0.032 0.038.033 0.033
95% LCI 89.58 84.48 79.18 80.56 8151 83.02 84.806.8B 89.09 9141
95% UCI 89.87 84.79 79.49 8091 8186 83.38 85.197.28B 8950 91.84
Min 83.51 77.99 72.65 73.43 71.56 76.16 76.08 78.880.03  81.78
Median 89.70  84.59 79.35 80.77 81.77 83.27 84.97 9686 89.40 91.58
Max 96.91 91.32 87.17 87.79 8956 90.58 9482 96.898.62 101.73
Skewness 0.04 0.05 0.10 -0.02 -0.08 0.01 0.10 0.000.07 0.01
Kurtosis 0.20 -0.06 -0.20 -0.13 0.09 -0.25 -0.04 140 -0.01 0.03
Table 47. Summary Statistics: Fluid Milk Price Index

Statistics 2013 2014 2015 2016 2017 2018 2019 202@021 2022
Mean 100.13 96.05 91.97 9218 91.76 93.23 94.64 4796. 99.35 102.19
StDev 8.52 9.01 9.09 9.46 9.28 9.03 9.89 9.78 9.851.0.06
Ccv 0.085 0.094 0.099 0.103 0.101 0.097 0.105 0.100.099 0.098
95% LCI 9953 9541 91.32 9151 91.10 92.58 93.935.7® 98.65 101.48
95% UCI 100.74  96.69 92.62 92.85 9242 93.87 95.397.17 100.05 102.90
Min 73.51 71.04  63.55 62.68  59.46 65.13 61.02 65.6466.43  68.82
Median 100.04 96.00 91.88 92.00 9199 93.30 94.196.8@ 99.45 102.20
Max 130.10 124.10 120.15 121.03 117.59 122.77 B8B32.124.09 129.71 13391
Skewness 0.02 0.07 0.10 -0.01 -0.16 0.04 0.01 -0.120.09 0.02
Kurtosis 0.20 -0.12 -0.18 -0.04 0.03 -0.17 -0.03 .080 0.05 -0.08
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Table 48. Two Sample t-test on Null Hypothesis ofd¢ual Means between

Historical and Simulate Residuals at the 95% Confidnce Level

Stochastic variables

P-value

2013

2022

Decision P-value Decision

Milk production per cow

Goiés 1.00 F 1.00 F
Minas Gerais 1.00 F 1.00 F
Séo Paulo 1.00 F 1.00 F
Parana 1.00 F 1.00 F
Santa Catarina 1.00 F 1.00 F
Rio Grande do Sul 1.00 F 1.00 F
Other States 1.00 F 1.00 F
Brazilian Milk price 1.00 F 1.00 F
Brazilian Corn price 1.00 F 1.00 F
Brazilian Soybean price 1.00 F 1.00 F
US Corn price 0.98 F 0.98 F
US Soybean price 0.99 F 0.99 F

Table 49. F test on Null Hypothesis of Equal Variaces between Historical and
Simulate Residuals at the 95% Confidence Level

Stochastic variables 2013 2022
P-value Decision P-value Decision

Milk production per cow

Goias

Minas Gerais

Sé&o Paulo

Parana

Santa Catarina

Rio Grande do Sul

Other States
Brazilian Milk price
Brazilian Corn price
Brazilian Soybean price
US Corn price
US Soybean price

0.19
0.27
0.31
0.41

0.30
0.36
0.32

0.37

0.27
0.02

0.45
0.40

0.00
0.31
0.34
0.38

0.43
0.25
0.41

0.37

0.34
0.01

0.40
0.47

F
F
F
F
F
F
F

F
F

R
F

F

R
F
F
F
F
F
F

F

F
R

F
F
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CHAPTER VII

CONCLUSIONS

The study presented has many important charaatsribtat contribute to policy
makers and private companies understanding thallradairy industry. The findings
may also provide support for future research initld@stry. This is the first model
developed for the Brazilian dairy sector that adar policy analysis, measuring effects
of policy changes and other variables of interespimduction, consumption, and milk
prices.

The 10-year forecasts provide important insight®rms of trends. Moreover,
the behavior of numerous groups of variables utftestatus quaof relevant policies
and key variables related to the Brazilian daigt@ewas studied and measured. By
using the determinist approach, the model cangilsofeedback when changes in the
base scenario are considered. Important shocksevateated in the demand and supply
side of the model. Changes in important variatdash as GDP, sugar cane acreage, US
RFS requirement, interest rate, and minimum milkgyrwere considered and the effects
on the entire system of equations were measurezlfdracast itself can offer relevant
references for decision makers. However, the msid@lld not be used to only identify
the forecast levels of key output variables. Ushrgmodel to measure the effects in the
current scenario to policy changes is much moevegit. Equally important, the

approach developed here helps to identify the Seigiof the entire system of
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equations to changes in specific variables. Thoséh& major contributions of this
research to the Brazilian dairy sector.

Another innovation of the research is the inclusba stochastic framework in a
sector level structural equation model. By incogpimg risk, the entire probability of
outcomes can be evaluated instead of only a pstimhates. The evaluation of different
shocks considering the stochastic approach, howeser not performed to avoid
repetition. Nevertheless, the actual structural @cdn and will be used for conducting
future studies and policy analyses of the sectbrofAhe work spent to build this model
is expected to derive numerous projects to furtteeelop the Brazilian dairy sector and
society will reap the benefits.

Models are just a tentative representation of #aword. Limitations are very
common in the modelling procedure, and numerousicesns were encountered in this
research. Because of data constraints, many solace® be merged, generating
problems in balancing supply, demand, and priceaésdata are also published with two
years delay, causing difficulties to incorporatetaplate information. Another limitation
of the model was related to data aggregations.déing sector is composed of a wide
variety of products that are produced from raw phllt data are not available for most
of the products. The model was built to solve tarrfdairy markets: butter, cheese, milk
powder, and fresh products. The fresh market, heweepresents a group of products,
which generates drawback in terms of conversidastieities, and consumer
preferences. If more milk prices and costs compwere available, the supply side of

the model could also incorporate more Brazilian&stand not only the top six as
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considered in this research. The final limitatiorierms of data refers to the inexistence
of wholesale level information that penalizes aenetailed evaluation throughout the
supply chain.

In terms of model structure, the integration ofesthgricultural models, such as
corn, soybean, and livestock, would allow feedkadknprove the structure and the
ability of the model. These were treated as exogemath respect to the dairy model.
As for the stochastic analysis, the main limitatiefers to the assumption of
independence between random variables, which itheqgtreferred assumption.

Regarding the limitations described above, the rhaplgears to perform well in
representing the actual sector. The milk produdiiwacasts are reasonable. The dairy
sector is more sensitive to shocks from the densatelthan from the supply side, which
must be a result of heterogeneous production system naive average farm
management in Brazil. The entire system of equatisestimated based on economic
relationships between variables. Moreover, thesatat statistical and regression
assumptions are considered by the econometric guoes. The dairy industry is very
dynamic and will continue to change over time. Aargge occurs, the model will need

to be updated to incorporate new information.
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APPENDIX

Table A-1. Selected Exogenous Variables under theaBeline Scenario.

Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Real GDP growth rate (%) 2.49 1.73 1.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Nominal interest rate in GO (%) 3.49 3.49 3.49 3.49 3.49 3.49 3.49 3.49 3.49 3.49
Nominal interest rate in MG (%) 4.83 4.83 4.83 4.83 4.83 4.83 4.83 4.83 4.83 4.83

Nominal interest rate in SP (%) 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37
Nominal interest rate in PR (%) 3.17 3.17 3.17 3.17 3.17 3.17 3.17 3.17 3.17 3.17
Nominal interest rate in SC (%) 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80
Nominal interest rate in RS (%) 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51
Nominal interest rate in OT (%) 3.22 3.22 3.22 3.22 3.22 3.22 3.22 3.22 3.22 3.22

Minimum milk price in GO, and OT
(R$/kg)

Minimum milk price in MG, SP, PR,
SC, RS (R$/kg) 0.64 0.69 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71

Corn price in US (US$/bushel) 5.73 5.72 5.92 5.69 5.56 5.36 5.18 4.98 4.78 4.74
Soybean price in US (US$/bushel) 14.64 1597 16.73 17.28 17.33 17.27  17.07 16.77 4116. 16.00
Sugar cane acreage (1,000 Ha) 5150 5,150 5,150 5,150 5,150 5,150 5,150 5,150 505,1 5,150

0.62 0.67 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69

Note GO = Goias; MG = Minas Gerais; SP = Sdo PauPb=AParana; SC = Santa Catarina; RS = Rio Gran@&uto

OT = Other states
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Table A-2. Number of Dairy Cows, Production per Cow Total Production and Milk Price per State: Baselhe Scenario

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Goias

Dairycow  2,789.47 2803.70 2,816.40 2,827.52 2,837.00 2[247.2,857.12 2,866.22 287509 2,883.83
Eé?i‘éﬁ\tl'on 1,313.70 1,317.48 1,31955 132176 1,324.48 19827.1,332.42 1,337.97 1,344.80 1,352.79
:;/'r'(')‘éuction 3,664.53 3.693.83 3,716.36 3,737.32 3,758.74 6781.3,806.87 3,834.91 386641 3,001.21
Milk price 0.73 0.72 0.71 0.72 0.73 0.73 0.74 0.75 0.76 0.78
Minas Gerais

Dairycow  5963.89 6078.84 6,189.44 6,29568 6,398.52 62298.6,595.00 6,689.06 6,780.55 6,869.64
Egr?dc‘é‘\’,;"’” 1,593.87 1,602.98 1,612.03 162136 1630.74 11640.1649.62 1,659.09 1668.60 1,678.09
Milk 050569 074425 997756102075 104343 106581 10879.2 11,097.7 113140 11527.8
production 5 2 3 2 7 0 7

Milk price 0.84 0.84 0.83 0.84 0.84 0.85 0.87 0.88 0.89 0.91
Sao Paulo

Dairycow  1,520.90 1524.84 1,527.26 1,52859 1,529.52 12830.1,530.88 153149 153211 1,532.78
Eé?‘i‘é‘\’/&'on 1,140.28 1,141.13 1,141.84 114299 114419 14B45.1146.71 1,147.99 114930 1,150.57
F'\)"r'(')‘fjucﬁon 1,734.26 1,740.04 1,743.88 1,747.15 1750.05 17852.1.755.47 1,758.14 1,760.86 1,763.57
Milk price 0.83 0.82 0.82 0.82 0.83 0.84 0.85 0.87 0.88 0.89
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Table A-2. Continued

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Parana
Dairy cow 1,710.45 1,756.79 1,802.71 1,848.16 1,893.32 129438.1,982.94 2,027.45 2,071.77 2,115.92

Production per , 1085 244127 2.470.86 2504.62 2.530.11 2474.2,600.75 2.645.63 2.681.93 2718.07

cow
:;/Irl(l)lj:luction 4,123.65 4,288.81 4,454.24 4,628.94 4,807.36 44989.5,174.99 5,363.87 5,556.32 5,751.22
Milk price 0.79 0.78 0.77 0.78 0.79 0.80 0.81 0.82 0.84 0.85

Santa Catarina
Dairy cow 1,167.06 1,222.09 1,276.78 1,331.01 1,385.31 17839.1,494.36 1,549.24 1,604.41 1,659.92

Production per ,, ceg 4a 260379 2.638.78 2.675.56 2.712.62 29249.2.787.39 2.825.01 2.862.80 2,900.53

cow
g/ll’lcl)lfjuction 2,997.57 3,182.08 3,369.13 3,561.21 3,757.80 31959.4,165.37 4,376.62 4,593.11 4,814.65
Milk price 0.74 0.73 0.72 0.73 0.74 0.75 0.76 0.78 0.79 0.81

Rio Grande do Sul
Dairy cow 1,588.25 1,612.81 1,636.55 1,659.42 1,681.88 10004.1,725.85 1,747.47 1,768.91 1,790.22

Production per , .25 31 250831 2623.66 2.652.72 2.682.31 24D12.2,742.85 277358 2.804.66 2.835.64

cow
g/ll’lcl)lf:iuction 4,085.47 4,190.57 4,293.75 4,401.97 4,511.32 49@21.4,733.74 4,846.76 4,961.21 5,076.41
Milk price 0.75 0.74 0.73 0.74 0.75 0.76 0.78 0.79 0.81 0.83
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Table A-2. Continued

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Outros
Dairycow 9,143.06 9,254.38 9,354.09 9,441.95 952406 9601.9,675.84 9,747.41 9,816.97 9,885.17
ggr"igs\t/'on 887.43 886.91  886.15 88654  887.10 887.83  888.68 9.688 890.66  891.65
F'\)"r'(')‘;uction 8,113.83 8,207.85 8,289.12 8370.64 844884 &824.8598.73 8,671.42 8,743.54 8814.08
Brazil

Dairy cow 23,883.07 24,253.4624,603.22 24,932.33 25,250.50 25,559.80 25,861.99 26,158.34 26,449.82 26,737.49

E;‘r"i‘c‘)s\t/'on 1,433.02 144505 1,456.88 1470.17 1,483.87 19497.1512.43 1527.22 1542.37 1557.70
m‘;uction 34,225.00 35,047.4335,844.04 36,654.78 37,468.42 38.287.78 39,114.40 39.949.49 40,795.45 41,649.00

Milk price 0.84 0.84 0.83 0.84 0.84 0.86 0.87 0.88 0.89 0.91

Note milk production in 1,000 metric tons; dairy cow1,000 heads; Production per cow in kg; Milk piic&eaisper kg.
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Table A-3. Dairy Market and Trade: Baseline Scenaw

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Butter Market
Production 84.08 85.93 87.29 88.67 90.02 91.38 2.7 94.14 95.53 96.94
Import 4.00 3.47 3.19 3.06 2.98 2.90 2.82 2.74 2.65 2.56
Export 0.45 0.52 0.55 0.55 0.56 0.56 0.57 0.57 0.58 0.58
Consumption 87.62 88.88 89.93 91.17 92.44 93.72 95.01 96.30 6197. 98.93
Price 101.73 99.38 98.03 97.67 97.13 96.54 9593 .2895 94.59 93.88
Cheese Market
Production 721.63 742.68 762.98 784.90 806.74 §28.6 850.78 873.12 895.75 918.64
Import 22.46 17.54 14.04 12.31 11.66 11.68 12.15 .932 13.92 15.07
Export 2.42 2.30 2.24 2.23 2.23 2.25 2.27 2.29 232 2.36
Consumption 741.67 757.93 774.78 79499 816.16 838.11 860.66 3.788 907.35 931.35
Price 94.26 93.73 93.00 94.95 96.56 98.06 99.54 0101 102.57 104.20
Milk Powder Market
Production 72099 748.16 771.74 793.67 814.22 833.7 852.67 871.13 889.34 907.39
Import 79.66 74.55 70.93 69.75 69.55 69.89 7054 381 72.34 73.36
Export 478 6.05 6.59 6.83 6.97 7.06 7.10 7.14 719 7.24
Consumption 795.87 816.66 836.08 856.58 876.80 896.61 916.11 5.393 954.49 973.50
Price 89.70 84.61 79.43 80.81 82.00 83.56 85.42 5187. 89.71 91.94
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Table A-3. Continued

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Fresh Dairy Market
Production 15,291.80 15,588.82 15,881.51 16,188.15 16,506.78,835.83 17,174.34 17,521.65 17,877.32 18,240.67

Import 19.74 21.11 20.61 19.32 17.80 16.34 15.15 .094 13.02 12.00
Export 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Consumption 15,311.49 15,609.89 15,902.07 16,207.42 16,524.48,852.12 17,189.44 17,535.68 17,890.29 18,252.61
Price 100.04 96.05 92.45 92.39 93.01 94.15 95.72 .6897 99.93 102.49

Notes production in 1,000 metric tons; Price index 2€d/2=100
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Table A-4. Selected Exogenous Variables under Alteative Scenarios.

Variables 2013 2014 2015 2016 2017 2018 2019 20200212 2022
Real GDP growth rate (%) 2.49 1.73 1.50 3.50 3.50 .503 3.50 3.50 3.50 3.50
Nominal interest rate (%) 8.49 8.49 8.49 8.49 8.498.49 8.49 8.49 8.49 8.49
Minimum milk price in GO (R$/kQ) 0.89 0.89 0.89 0.8 0.89 0.89 0.89 0.89 0.89 0.89
Minimum milk price in all other states o g5 092 092 092 092 092 092 092 092 092
(R$/kg)

Corn price in US (US$/bushel) 4.27 4.76 4.54 4.68 .594 459 4.54 451 4.46 4.56
Soybean price in US (US$/bushel) 14.63 14.77 1541532 15.29 15.07 1487 14.62 14.37 14.13
Sugar cane acreage in Brazil (1,000

Ha) 5,287 5,428 5572 5721 5873 6,029 6,189 6,354 236,56,697

Note GO = Goias
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Table A-5. Milk Production, Dairy Cow and Milk Pric e: Baseline and Alternative Scenarios

2022

2013 2014 2015 2016 2017 2018 2019 2020 2021
Milk Production (1,000 metric tons)
Baseline 34225 35047 35844 36,655 37,468 38,288 39,114 39,949 40,795 41,649
High GDP 34225 35047 35844 36,680 37,532 38,404 39297 40213 41,154 42,116
::?eh INerest 3,184 34988 35767 36,562 37,361 38,167 38981 39,804 40,639 41,482
High min price 34,414 35349 36262 37,166 38,063 38,954 39,842 40,725 41,607 42,484
No-RFSUS 34231 35056 35,863 36681 37,504 38330 39163 40,003 40853 41,709
CH;?]Z sugar 34215 35022 35798 36586 37,376 38,170 38971 39,779 40,599 41,425
Dairy Cow (1,000 heads)
Baseline 23883 24253 24,603 24932 25250 25560 25862 26,158 26450 26,737
High GDP 23883 24253 24,603 24932 25256 25577 25897 26217 26537 26,859
:l'?eh INerest 53983 24243 24584 24906 25217 25520 25817 26109 26397 26,681
High min price 23,883 24,289 24,676 25042 25392 25728 26,052 26,364 26,665 26,958
No-RFSUS 23883 24255 24606 24938 25260 25572 25877 26,176 26,470 26,759
High sugar
cane 23873 24227 24,556 24861 25,153 25435 25709 25975 26,237 26,493
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Table A-5. Continued

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Milk Price (R$/liter)
Baseline 0.84 0.84 0.83 0.84 0.84 0.86 0.87 0.88 0.89 0.91
High GDP 0.84 0.84 0.83 0.85 0.88 0.90 0.93 0.97 1.00 1.03
High interest rate 0.85 0.84 0.83 0.84 0.85 0.87 0.88 0.89 0.91 0.92
High min price 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
No-RFS US 0.84 0.83 0.83 0.83 0.84 0.85 0.86 0.88 0.89 0.90
High sugar cane 0.84 0.84 0.83 0.84 0.85 0.87 0.88 0.90 0.91 0.93

146



Table A-6. Content of Dairy Products and Raw Milk n Terms of Milk Fat, Water, and Solids-Nonfat

Products Milk fat Water Solids-Nonfat
Butter 81.30% 15.80% 2.90%
Cheese 26.00% 45.00% 29.00%
Skim milk powder 0.80% 3.50% 95.70%
Whole milk powder 27.00% 2.98% 70.02%
Fresh dairy products 3.10% 88.80% 8.10%
Raw milk 3.55% 87.80% 8.65%

Source: Torres, et al.(2000); LBR-Lacteos Brazil.
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