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Abstract
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Cross-Price Elasticitiesfor Oilsand Fatsin theUS and the EU

1. Introduction

The global supply of vegetable oils has been expanduickly in recent years, due to
increasing demand from the food sector and fromftied and other nonfood industries. As an
emblematic example, it should be noted that, fr@m51to 2010 the annual growth of vegetable oils
consumption has been conspicuous: palm oil (+8.3%ybean oil (+5.1%); sunflower oil (+3.0);
rapeseed oil (+6.2%); palm kernel oil (+8.0%). Therld vegetable oil demand for food and
nonfood uses, during the period 1975-2010, hasased, respectively, from 22 to 105 million
tonnes, and from 2 to 36 million tonnes: a clegnal that nonfood uses are increasing in terms of
share of total uses. Since thearrival of biodiggelthe early 1990s), oil demand growth has
increased rapidly and the interrelations among etar&f vegetable oils and fats have become tight.
As a result, there is a growing attention on theashyics of oils and fats markets. Two main factors
help to understand why these markets are undesgb#ight: first, the increasing use of these
commodities for biofuel production as an alternatio fossil fuel has increased the competition for
land; second, the potential interactions across anld fats’ supplies are modifying the economic
equilibria in those markets. In addition, the expan of the biofuel industry, which represents a
potential solution to climate challenges and greesk gases(GHG) reduction, put vegetable oils
and animal fats end uses in competition with prégldestined for human and animal consumption
(Dogruer, 2016; Kojimat al, 2016).

The United States (US) and the European Union @¥/)eading producers of biodiesel and
biofuel feedstocks. The biofuel policies implemehie the US and the EU aim at reducing GHG
emissions in the transport sector. To this endoresffgo towards the promotion of biodiesel
production, such as vegetable oils, animal fatd, racycled oils and fats (Dogruer, 2016; Cui and
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Martin, 2014). However, as mentioned above, theelbgment of biofuel productions from biofuel
feedstocks leads to a set of concatenated effaaggsowing demand for land to support crop and
livestock production; an increase in oils and fptges; the rise in prices of closely related
commodities and thus a resultant displacement tefiecoss commodities. The magnitude of
substitution effects or dynamics of complementad&pend on commodities’ price sensitiveness,
and the flexibility of producers to switch from ofemdstock to a different one. These dynamics are
therefore characterized by the elasticities of sugpogruer, 2016; Cui and Martin, 2014; Qiu,
2014).

The analysis of the elasticities of supply for vedée oils and animal fats from the
perspective of large biofuel producing countrias;isas the US and the EU, sheds light on the
characteristics of markets of oils and fats. Irt,ffte assessment of the elasticities of supplgsascr
different combinations of vegetable oils and fadsuseful to evaluate the impact of policy
interventions on the biofuel industry or on fatsl ails markets.

Although several studies on the issue provide exideon the price elasticities of demand,
there is a lack of studies on the price elastgitésupply. We provide a systematic review of the
existing literature on own- and cross-price eldstie for vegetable oils and animal fats, in the US
and in the EU. Furthermore, we estimate the suplasticities of selected commodities through a
Seemingly Unrelated Regression Equations (SURE)mioda Two-Stage Least Square (2SLS)
fashion. We also perform sensitivity analyses foolaustness check: in particular, we estimate the
own-price elasticity of soy oil in the US with highfrequencies data, and assess cross-price and

own-price elasticities using an Autoregressiveriisted lag (ARDL) cointegration approach.



2. On dilsand fats marketsin the US and the EU

Oils and fats markets generally refers to productiad trade of vegetable oils and animal
fats. Vegetable oils may derive from annual crapg.(soybean, sunflower, rapeseed, etc.) or from
perennial or tree crops (e.g. palm), while catilegs, and poultry are the main sources of animal
fats. All of them are generally classified either edible or inedible, on the basis of their own
specific technical and economical characteristecsvall as of the relationships with other fats and
oils (i.e. substitutability and complementarity)dd@@lard and Glance, 1989; Labys, 1977).

As regards the non-food uses of oils and fats, days a popular end use is the conversion
of biomass feedstock into biodiesel, employed assuatainable alternative to traditional
transportation fuels. The US and the EU are theldvtgaders in promoting biofuels as an
alternative to conventional fuels (Qiu, 2014). Tinereasing domestic consumption for major
vegetable oils in these regions supports this terydedomestic consumption for soybean oil has
mainly increased in the US, while there is a growtidomestic consumption for canola and palm
oils in the EU (Kojimeet al, 2016).

Table 1 shows the decomposition of domestic consiompf vegetable oils and animal fats
into its main parts (production, imports and exgprfor the US and the EU in 2015. As regards
palm oil, both the US and the EU are not produdenports cover all domestic consumption. The
US and the EU produce a large quantity of soybelarinoparticular, the EU imports and crushes
large quantities of whole soybeans in order to pcedsoybean oil: domestic consumption is mainly
due to domestic production. Canola (rapeseed inElg oil has different profiles in the two
markets: the EU is a great producer, while the W& ektic consumption is essentially based on
imports. The EU widely consumes sunflower oil, amghorts compensate insufficient domestic
production. The US and the EU are leading produoéranimal fats: domestic consumption is
entirely covered by domestic production. Table Ih{soout trends of vegetable oils and animal fats

in the US and the EU over the last 25 years, ¢ladsn 7-years periods.



Table 1.Decomposition of domestic consumption in its parthe US and the EU in 2015.

Production Imports Exports Domestic consumption
Q) (B) ©) (A+B-C)

us
Vegetable oils
Soy oll 111% 1% 12% 100%
Crude Palm oil 0% 101% 1% 100%
Canola oil 27% 7% 4% 100%
Animal fats
White greasé 100% 0% 0% 100%
Inedible tallow" 90% 33% 23% 100%
EU
Vegetable oils
Soy oll 136% 15% 51% 100%
Crude Palm oil 0% 102% 2% 100%
Rapeseed oll 101% 2% 3% 100%
Sunflower oll 79% 30% 9% 100%
Animal fats and raw materials
Animal fats 111% 0% 11% 100%
Inedible tallow™ 99% 5% 4% 100%

Source: Authors’ elaboration on NRMarket Report (2016) and USDA FAS PSDQ016).

" Production, Imports and Exports are expressegaeptage with respect to domestic consumption.

™ Data for the US market regard values for animl, feollected from NRA Market Report (2016).

™ Because of the lack of data for animal fats forEhk values refer to raw materials, from which aalifiats are derived, collected
from USDA FAS PSDO (2016).

* White grease refers to inedible pork fat.

** Inedible tallow refers to beef fat.

Table 2.Production, imports and exports of vegetable aild animal fats in the US and the EU (from 1992G066).

1992-1999 2000-2008 2009-2016

unit Production Imports Exports Production Imports Exports Production Imports Exports
usS
Soy oil min Mt 72,793 266 8,805 86,886 367 8,356 93,098 886 10,666
Canola ol min Mt 2,009 4,723 904 3,720 6,741 1,588 6,038 15,034 1,805
Palm oil min Mt 0 1,313 46 0 4,986 141 0 11,489 209
White grease min Mt NA NA NA NA NA NA 0.59 0 0.001
Inedible tallow min Mt NA NA NA NA NA NA 1.43 0.57 0.50
EU
Soy oil min Mt 25,793 298 7,490 27,444 4,333 5,363 24,665 4,116 7,848
Rapeseed oil min Mt 31,233 169 7,591 57,073 2,091 1,554 96,609 3,515 2,906
Palm oil min Mt 0 19,309 724 0 39,336 938 0 62,365 1,383
Sunflower oil min Mt 21,685 1,554 2,454 22,200 8,714 1,520 28,828 10,039 2,821
Animal fats” min Mt NA NA NA NA NA NA 23.00 0 2.45
Inedible tallow”  min Mt NA NA NA NA NA NA 7.62 037 0.30

Source: Authors’ elaboration on NRA Market Reportli@0and USDA FAS PSDO (2016).

" Data for the US market regard values for anim), feollected from NRA Market Report (2016). Theyeothe period 2010-2015.
™ Because of the lack of direct data for animal fatarket shares for the EU refers to values for maaterials, from which animal
fats are derived, collected from USDA FAS PSDO @0They cover the period 2012-2016.

!National Renderers Association.
2United States Department of Agriculture’s ProduttiBupply, and Distribution Online, Foreign Agritural Service.



Vegetable oils markets present a steadily growieqd, except for soy oil in the EU, which
shows a setback in the last period (Table 2). Dubé increasing demand for vegetable oils used in
biodiesel, a rise of their prices and substitutiogonsumption are expected (Qiu, 2014).Figures 1
and 2 show price trends of the main vegetableanits animal fats that are employed as biodiesel

feedstocks, respectively for the US and the EU etarkver the last 25 years.

Figure 1. Vegetable oils and animal fats prices in the USkeiafrom 1992 to 2016.
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Source: Authors’ elaboration on USDA AMSJSDA ERS (2016).

During the last 25 years, prices for soy, palm, eamabla oils, and for inedible beef and pork
fats in the US market exhibit similar, although ndéntical, patterns. This might indicate the
possible existence of a high degree of integradimong these commodities in the US. In particular,
they show very strong co-movements in the long-amd a stable growing trend since 2000,
interspersed by diverse spikes, denoting remarkeablatility. In general, canola oil prices are
slightly higher than other prices over the periadd palm oil tend to be cheaper than soy oil

(Figure 1).

% United States Department of Agriculture’s Agricuéil Marketing Service.
4United States Department of Agriculture’s EconoRésearch Service.



Figure 2. Vegetable oils and animal fats (impligiprices in the EU market from 1995 to 2012.
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Source: Authors’ elaboration on Eurostat (2016).
" EU prices have been obtained by comparing theevalproduction with the quantity produced of a cumdity (see the paragraph
Data descriptiorfor more details).

The EU market for vegetable oils and animal fatseaps less integrated, over the same time
span (1992-2016). Among vegetable oils, price mam@nof palm oil is clearly different with
respect to soy, canola, and sunflower oils thasgmea quite comparable trend. Palm oil exhibits
noteworthy market downward (1996) and upward (2608l 2007) peaks during the analyzed
period. Regarding inedible animal fats, prices haveelatively stable trend that differs from
inedible tallow, but they move jointly with vegetalwils prices (Figure 2).

Because prices of vegetable oils and animal fatgemeral tend to move closely together,
even a slight differential in price among themuffisient to alter markets dynamics. This tendency
adds to the importance of understanding the degfregbstitutability and complementarity between

each of them, to understand the functioning of m@rkf oils and fats.



3. Review of the existing studies on vegetable oils and fats price elasticity

As preliminary analysis, we have systematicallyieexed the existing literature on own-
price and cross-price elasticities for selectedetage oils and animal fats in empirical studies on
the issue. The literature has predominantly focusegrice elasticities of demand rather than on
price elasticities of supply. We provide evideneetbe responsiveness of vegetable oil domestic
consumption to changes in price of the same aif @ther oils and fats.

Literature on price elasticity of demand relatedvégetable oils and fats is extensive and
data employed in this work include numerous studies estimates on own-price and cross-price
elasticities. By using a previously defined listkefywords, the search has been conducted through
the most relevant database of economics literdtlee JSTOR, ISI Web of Science, Scopus). We
considered also other online sources, such as é@&ujiolar, the website of the US Department of
Agriculture, the FAO, and the FAPRHatabase, to cover grey literature (working papserd
discussion papers).

A broad set of abstracts and full texts has beeayaed in order to extract information on
own-price and cross-price elasticities of demand Vfegetable oils. The set includes studies
conducted in developed and developing countriesa Rad information on publication, data type
and frequency, methods used, and price elastiafielemand have been collected and organized
into a database in Exéel

Collected information has been analyzed througtpkindescriptive statistics: in particular
we considered values on own-price and cross-piegtieties of demand for different types and
combinations of vegetable oils in the US and the maarkets. We selected 33 studies in total,
nevertheless the number of observations is largeressome studies include several estimates
differing for type of estimation or the commoditygad use. The selected values for price elasticity

of demand include only Marshallian (uncompensaaed) short-run elasticities.

SFood and Agricultural Policy Research Institute.
®See the Annex for more details.



3.1 The US market

Tables 3 and 4 summarize descriptive statisticsrags-price and own-price elasticities of
demand respectively, for the US market of vegetaliteand fats. We analyzed the responsiveness
of palm oil, soy oil, and canola oil consumptioncttanges in their prices (Table 4) and in prices of
substitute vegetable oils (Table 3).

Regarding the cross-price elasticities of demaondihe best of our knowledge in the
economic literature there is no consensus on hogeteble oils in the US behave in terms of
substitutability or complementarity in consumpti@ross-price elasticities of demand allow one to
characterize the goods in terms of substitutabadiyl complementarity. In particular, a positive
value of cross-price elasticity indicates that tiwe goods are substitutes (e.g. the price of good A
increases and the consumption of good B increasesrassumers substitute good A with good B),
whereas a negative value of cross-price elastietticates that the two goods are complements (e.qg.
the price of good A increases and the consumpti@ood B decreases as consumers complement
the consumption of good A with good B). This intetation of sign is due to the fact that we

consider only elasticities of demand.

Table 3.Descriptive statistics for cross-price elasticitéslemand in the US vegetable oils and animalrfatskets.

Price Quantity Mean Min M ax Obs References
Soy oll Palm oil 1.06 0.67 1.44 2 [7], [64]
Canola oil Palm oil -1.92 1 [40]
White grease Palm oil NA
Inedible tallow Palm oil 2.12 1.85 2.39 2 [14], [64]
Canola oil Soy oll 0.59 1 [40]
White grease Soy oll NA
Inedible tallow Soy oll -0.07 -0.08 -0.05 2 [1464]
Soy oll Canola oil NA

"It is not straightforward if values of cross-priglasticity between palm oil and tallow and betwsepbean oil and tallow, included
in Table 2, refer to edible or inedible beef fatoN from Goddard and Glance (1989) - [14] -, areh¥and Chern (1992) — [63]
report “tallow” in general terms.
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The average values reported in Table 3 highlight ralm oil and canola oil (-1.92) are
complements in consumption to each other (Tabldn3pther terms, consumers tend to consume
palm and canola oils as complements. Cross-pragtieities of demand suggest that soy oil and
canola oil are substitutes in consumption (0.5%)emgas soy oil and tallow are complements in
consumption (-0.07) (Table 3).

The evidence on all combinations between palm md ather vegetable oils indicates that
palm oil demand tends to be cross-price elasticséggested by Cui and Martin (2014), when
demand for vegetable oils is highly elastic, insmeg their use for biodiesel could lead to the
reduction in the use of vegetable oil for food atider uses: “This is the so called food versus fuel
trade-off that raises ethical concerns about theseguences of expanded biodiesel use” (Cui and
Martin, 2014, p. 22). Soy oil and canola oil aress-price inelastic. These relationships depend on
different interconnection of the industries: thgher the interconnection (in terms of similar end
uses or use of by-products of one industry in agroittdustry) the larger the elasticities. The cross
price elasticity of demand between soy oil andotallhighlights that they are complements in
consumption and cross-price inelastic. The comphtang between tallow and soy oil “is probably
due to the relatively low price of soybean oil whassures that its demand will always rise with the
demand for other fats and oils” (Labys, 1977, p).Bte inelasticity of tallow and soy oil is
probably due to the low interconnection of theipgly chains: in fact, tallow production occurs in
the livestock industry, whereas soy oil is produfrech an open field crop.

Own-price elasticities allow one to characterize tommodities in terms of elasticity of
demand: being demand negatively sloped, we expeiohd only negative values, as stated by the
Law of Demand (the higher the price, the lowerdbantity demanded should be). In addition, the
own-price elasticity of demand is informative oretbegree of elasticity: values of own-price
elasticities (in absolute value) lower than 1 sggieat the demand is inelastic (consumption reacts

less than proportionally to price changes), whenedaes of own-price elasticities (in absolute
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value) larger than 1 suggest that the demand &iel@onsumption reacts more than proportionally

to price changes).

Table 4. Descriptive statistics for own-price elasticitefsdemand in the US vegetable oils and animalrfasket.

Price Quantity Mean Min M ax Obs References

[7], [8], [14], [15], [17], [19], [22],
(23], [25], [26], [29], [34], [35], [48],

Soy oll Soy oil 0.47 128 -0.09 24 [60], [62], [64]
Canola oil Canola oil NA
Palm oil Palm oil -1.16 -157 -0.11 9 [71, [14], [17], [49], [60], [64]

As regard own-price elasticities of demand, vaineFable 4 show that the demand for soy
oil is relatively price-inelastic (-0.47): increasé soy oil price are associated with (less than
proportional) decreases in soy oil domestic congionp This may depend on the fact that the US
is a net producer of soy oil (Table 1) a and lowssiution effect occurs with other vegetable oils
(e.g. canola oil) (Table 3). Palm oil demand tetal¥e price-elastic and more sensitive to price
changes.This may depend on the fact that the @&t importer of palm oil (Table 1), which is a
substitute of other vegetable oils (e.g. soy diBkle 3). It is clear from the analysis of therkteire

that own price-elasticities of demand are negative.

8n Tables 2 and 4 for at least all the commodities,observations are greater than the listedatitee (in the “References” column).
The observed values include elasticities of denfeord the literature, reported by other authors.(thg average own-price elasticity
of demand includes values from Ghaffer, Wescott, Afoo as reported by Goddard and Glance (1989kdgbean oil in the US
market; from Ghaffer as reported in Goddard anch@a(1989) and Reed et al. (1985), for palm oilhe US). In some cases,
observations also involve more than a single vafusommaodity own-price elasticity of demand for #eme author, because of the
use of different methodologies for estimating paeters (e.g. Houck and Meilke (1968) - [24] - andilkeand Griffith (1981) -
[33] -for soybean oil in the US market; Suryana8@p- [47] - for soybean and palm oils in the USYae to the distinction between
food and industrial use (e.g. FAPRI Elasticity Datsd- [11] - for soybean and rapeseed oils in the E

% This feature is probably due to the low correlati@tween soy oil and soybean markets (in that 8% of the processed soybean
is soy oil and accounts for less than half the miavialue of the soybean market; indeed most of/éihee of processed soybeans is
represented by the protein-rich soy meal that églus livestock feed), whereas the soybean masketare responsive to soy meal
price.
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3.2 The EU market

Tables 5 and 6 show descriptive statistics respalgtiof cross-price and own-price

elasticities of demand for the EU market of vegletalils and fats. The analyzed vegetable oils are

palm oil, soy oil, rapeseed oil, and sunflower oil.

Regarding the cross-price elasticities of demahd, dverage value reported in table 5

highlights that palm and soy oils (-0.28) are caenpnts in consumption (Table 5).

Table 5. Descriptive statistics for cross-price elastictod demand in the EU vegetable oils and animalfadrkets.

Price Quantity Mean Min M ax Obs References
Soy oil Palm oil 028 -037 -018 2 [71, [34]
Rapeseed oll Palm oil NA
Sunflower oll Palm oil NA
Inedible tallow Palm oil NA
Animal fats Palm oil NA
Rapeseed oll Soyoll NA
Inedible tallow Soy oil NA
Soy oll Rapeseed oll NA
Inedible tallow Rapeseed oil NA
Animal fats Rapeseed oll NA
Soy oll Sunflower oil NA
Rapeseed oll Sunflower oll NA
Palm oll Sunflower oil NA

Palm oil and soy oil price tend to be complememid melastic to each other (in that the

coefficient of the elasticity is less than onealrsolute value). According to Labys (1977, p. 80),

this complementary suggests that probably the ddrf@anvegetable oils (e.g. palm oil) rises when

soy oil demand increases, depending on how itg mampares to the price of its complements.

Table 6. Descriptive statistics for own-price elasticitefsdemand in the EU vegetable oils and animalfzdsket.

Price Quantity Mean Min M ax Obs References
Soy oil Soy oil 054 -1.66 -0.13 5 [7], [11], [34]
Rapeseed oil Rapeseed oil -0.33 -0.38  -0.25 3 (11]

Palm oil Palm oil 055 -0.83 -027 4 (7], [11], [34], [41]
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Regarding own-price elasticities, values in Tablgh6éw that the demand for EU soy oil (-
0.54), rapeseed oil (-0.33), and palm oil (-0.55)alatively price-inelastic. The price inelastam
demand of soy and rapeseed oil may depend on ¢héhtat the EU is a net producer of these oils
(Table 1). The price inelasticity of palm oil magpnd on the fact that the EU is a net importer of
palm oil (Table 1), which is a complement in congtion with respect to other vegetable oils (i.e.

soy oil) (Table 5).

3.3. General remarks

The evidence we provide suggests a mixture of cemehtarities and substitutabilities in
consumption among products. According to GriffithdaMeilke (1979), and Labys (1977), the
substitution effect occurs essentially between tadge oils and fats with similar characteristics or
end uses, while the complementarity arises whersupply chains are somehow integrated and/or
by-products of an industry are inputs in anotheustry. The reviewed literature provides opposing
evidence between the US and the EU vegetable midsaimal fats markets. For instance, palm and
soy oils are substitutes in consumption and crosepelastic in the US, while they are
complements in consumption and cross-price inelastthe EU. Own-price elasticities for these
vegetable oils are quite different in the US arel BU. In the US, soy oil is price inelastic, while
palm oil is price elastic. In the EU soy oil is racglastic than palm oil, which is quite inelastic.
Demand of soy oil tends to be relatively more patastic and more sensitive to price changes than
what has been observed in the US. Apart from palpnwre elastic in the US than in the EU
(Table 7), the range of elasticities is not diffdéréor the US and the EU (the former ranges from -
1.28 to -0.09, whereas the latter ranges from -106®.13): we conclude that there are no major
differences between the US and the EU.

As regard price-elasticity of demand (Table 7),hange in price does not have a large

impact on quantity demanded, as attested by thdl salae of own-price elasticities in absolute
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terms. Among other factors, this effect may balaitable to the existence of substitute oils ansl fa
from the demand side, as in the case of EU sograll rapeseed oil (Dogruer, 2016). An opposite
consideration may be made for palm oil in the Elpse demand is price-inelastic, and whose

consumption goes as complement with respect ta otlseand fats.

Table 7. Characterization of own-price elasticities of dechén the US and the EU.

Vegetableoil Own-priceelasticity Characterization Rationale

us

Soy oil 047 Price inelastic The QS is a net pr_oducer. EX|s.tence of low level of
substitution effect in consumption.

Canola oil NA

Palm oil 116 Price elastic The US is a net importer. Existence of substitiries
consumption.

EU

Soy oil 054 Price inelastic The EU is net producer. Existence of substitutes in
consumption (Dogruer, 2016).

Rapeseed oil 033 Price inelastic The EU is net producer. Existence of substitutes in
consumption (Dogruer, 2016).

Palm oil 055 Price inelastic The EU is net importer. Existence of complements in

consumption.

In general it appears that the US market is maspamsive than the EU to changes in other
vegetable oils prices, at least for palm oil. Tisisiot surprising, considering the larger sizehaf t

US economy, and an integrated and dynamic unigukena

14



4. M ethodological framework
4.1 Data description

The empirical model relies upon annual countrylelasa, referring to the US and the EU
markets and covering a period of 25 years, fron211®2016. The comprehensive dataset involves
both vegetable oils and animal fats: namely soy ailde palm oil, canola oil, inedible pork fat
(white grease), and inedible beef fat (inedibléot@) for the US and soy oil, palm oil, canola oil,
sunflower oil, animal fats, and inedible beef faefible tallow) for the EU. Different data sources
were used for variables of each matket

Annual data for vegetable oils market fundamentaigrred to the US and the EU markets,
were collected from United States Department of i@dture’s Production, Supply, and
Distribution Online, Foreign Agricultural Service $DA FAS PSDOY and they are expressed in
thousand metric tons (1000 Mt). In order to estariadth cross-price and own-price elasticities of
supply, a new variable has been defined for eagletable oils and it has been used as a proxy of
net domestic consumptith

Regarding inedible animal fats for the US, becaatdhe lack of data on produced
guantities for the inedible fats before 2004, ahada referred to the production of raw materials,
from which they are derived, were used to integtiadse series. In detail, data for inedible potk fa
concern “pork” production from ICCT documents, frd@92 to 2003 (Nelson and Searle, 2016),
and to “white grease” production from NRA Marketeet, since 2004; data for inedible beef fat
refer to “beef” production from ICCT documents, frd992 to 2003 (Nelson and Searle, 2016),
and to “inedible tallow” production from NRA MarkdReport, since 2004. These produced

guantities are expressed in 1000 Mt. ReferringheoEU production of animal fats, annual data for

10 See Table in Appendix for more details.

1 Available at https://apps.fas.usda.gov/psdonlinatcessed in September 2016. Specifically, celealata concern annual
production, domestic consumption, export and impant! oil crush, for the US and the EU markets. Riégg the EU, data refer to
“EU-15" from 1992 to 1998 and to “European Uniondrh 1999 to 2016, as reported in the USDA database.

12 starting from collected data about vegetable gilantities, net domestic consumption variable heenbobtained as the sum
between production and imports, reduced of expfatsach oil.
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other animal fats and for inedible beef fat (tal)bimvere collected from Eurostat databdsend
they are expressed in 1000 Mt.

The dataset also considers annual prices of velgetdlb and animal fats, all expressed in
US dollar per metric ton (US$/Mt). For the US mdyleSDA Economics, Statistics and Market
Information SysterT provides both synthetic tables for prices of sibyamd canola oil, and reports
on oilseed trade where palm oil pritkare reported; while USDA Agricultural Marketingr@iee
(USDA AMS) Livestock, Poultry & Grain Market Newsé made available prices for inedible pork
and beef faf<. For the EU market, Eurostat database provides tatiue of good produced and
total quantity produced per CounttyVegetable oils and animal fats prices are preseas the
ratio between value of productitnand produced quantfy of the good: the resulting price,
expressed in euro per tons (€/t), has been thepa@d to the exchange rate between euro and US
dollar (EUR/USD), provided by the Federal ResenaniB', to obtain the price expressed in
US$/Mt.

Table 8 summarizes the basic statistics of the efpewntioned variablés

13 In the Eurostat database the reference is to ‘tGthienal fats and oils and their fractions not cheradified” for other animal fats
and to “Lard stearin; lard oil; oleostearin; oleband tallow oil (excluding emulsified, mixed otherwise prepared)” for inedible
beef fat (tallow).

14 Available at:http://ec.europa.eu/eurostat/web/prodcom/data/dagabccessed in September 2016. Data refer to “EUfBH
1995 to 2002 and to “EU-28" from 2003 to 2012, egarted in the Eurostat database. These seriesstdpl2, year of the last
database update.

15 Available athttp://usda.mannlib.cornell.edu/MannUsda/viewDocntio.do?documentID=129@ccessed in September 2016.
16 Data refer to annual prices for Palm oil, Malays@B; RBD; PORLA & Oil World.

17 Data refer to annual averages, obtained by peifigrithe simple average of the monthly values pregitty USDA AMS. In
particular, prices for used cooking oil refer toellbw Grease” prices from FOB Central US (exceptgwirom CAF GULF in
1997, 2000, 2002, 2004-2016); prices for inedildekdat concern “White Grease” prices from FOB CahttS (except prices from
CAF GULF in 2000, 2004-2016); prices for inediblebillow refer to “Packer Bleachable Tallow” pridesm FOB Central US.

18 Available at:http://ec.europa.eu/eurostat/web/prodcom/data/databccessed in September 2016. Also in this case,rdfer to
“EU-15" from 1995 to 2002 and to “EU-28" from 20@8 2012, as reported in the Eurostat databasethaydare update only until
2012.

¥9n the Eurostat database the reference for “Vafugoduction” is to the value of production in Bur

20 |n the Eurostat database the reference for “Predigeiantity” is to the volume of production in t.

21 Available athttps://research.stlouisfed.org/fred2/categoriesé@Bessed in October 2016. The Federal Reserve [@anides a
monthly time series for EUR/USD from 1999-2016: #iere annual values for the exchange rate have tietamed by performing
a simple average of the monthly values. Moreoves,exchange rate EUR/USD for 1999 has been usedaatsansform Eurostat
data from 1995-1999, because EU operated in regfrfieed rates in the period “ante euro” (until 200

221t is worth mentioning that crush represents thaltweight of the whole oilseeds, therefore thartities shown for crush tend to
be higher than those shown for production.
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Table 8. Descriptive statistics for quantity and pricefir@992 to 2016.

Variable Measure units Min Max Median Mean Std. Dev. Obs.
us
Production min Mt 62.5 102.17 85.68 84.36 10.33 25
Imports min Mt 0.05 1.39 0.37 0.50 0.39 25
Exports min Mt 4.25 15.24 9.22 9.24 3.07 25
Soy oll Domestic consumption min Mt 58.57 93.21 76.43 77.18 9.73 25
Net domestic consumption min Mt 55.92 92.87 74.98 75.63 10.10 25
Crush min Mt 347.16 530.7 452.30 446.01 47.82 25
Price US$/Mt 310.63 1,172.85 600.42 658.02 246.69 24
Production min Mt 0.00 0.00 0.00 0.00 0.00 25
Imports min Mt 0.99 13.04 3.49 5.89 4.60 25
Exports min Mt 0.02 0.42 0.09 0.13 0.11 25
Palm oil Domestic consumption min Mt 0.91 12.75 3.28 5.71 4.52 25
Net domestic consumption min Mt 0.93 12.89 3.40 5.76 4.52 25
Crush min Mt 0.00 0.00 0.00 0.00 0.00 25
Price US$/Mt 235.00 1,154.00 523.00 586.13 245,51 23
Production min Mt 0.59 7.10 3.78 3.91 1.82 25
Imports min Mt 3.96 17.92 5.55 8.75 4.77 25
Exports min Mt 0.07 3.01 1.23 1.44 0.76 25
Canola oil Domestic consumption min Mt 4.50 23.72 8.49 11.22 6.27 25
Net domestic consumption min Mt 4.48 23.71 8.05 11.22 6.23 25
Crush min Mt 0.36 17.40 9.01 9.27 4.4 25
Price US$/Mt 377.21 1,447.10 681.00 774.01 288.50 24
hi Production min Mt 0.002 0.009 0.001 0.005 0.004 25
White grease Price US$/Mt 192.90 1.020.53 408.78 479.49 21723 25
Inedible tall Production min Mt 0.002 0.012 0.003 0.007 0.005 25
nedible taflow Price US$/Mt 255.56 1,098.11 420.94 508.92 21936 25
GDP Gross Domestic Production min US$ 6,539,299 17,946,996 11,892,799 12,028,308.56 3,487,221,62 25
EU
Production min Mt 22.20 32.45 25.82 26.03 2.34 25
Soy oil Imports min Mt 0.04 10.38 1.82 2.97 3.30 25
Exports min Mt 2.44 10.52 7.11 6.84 2.61 25
Domestic consumption min Mt 16.94 34.12 20.40 22.15 4.56 25
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Net domestic consumption min Mt 16.86 34.28 20.71 22.26 4.97 25

Crush min Mt 122.00 180.29 140.96 142.37 14.30 25

Price US$/Mt 800.77 1,483.36 963.17 1,010.43 160.40 18

Production min Mt 0.00 0.00 0.00 0.00 0.00 25

Imports min Mt 15.30 69.69 40.31 40.30 18.52 25

Exports min Mt 0.46 2.00 0.92 1.01 0.42 25

Palm oil Domestic consumption min Mt 14.68 68.50 38.74 39.23 18.32 25

Net domestic consumption min Mt 14.45 68.07 39.29 39.28 18.24 25

Crush min Mt 0.00 0.61 0.15 0.21 0.18 25

Price US$/Mt 1.05 1,929.77 902.91 902.93 437.06 18

Production min Mt 23.11 106.03 53.75 61.46 28.22 25

Imports min Mt 0.03 7.28 0.34 1.93 2.14 25

Exports min Mt 0.52 9.44 3.00 3.92 2.76 25

Rapeseed oll Domestic consumption min Mt 17.84 103.50 52.47 59.46 31.41 25

Net domestic consumption min Mt 17.34 105.08 53.05 59.47 31.45 25

Crush min Mt 57.67 253.65 129.49 148.45 66.33 25

Price US$/Mt 786.72 1,389.50 946.87 983.42 147.43 18

Production min Mt 18.08 32.32 23.30 24.16 4.05 25

Imports min Mt 1.08 13.00 8.17 6.85 4.25 25

Exports min Mt 0.87 4.58 1.90 2.24 1.02 25

Sunflower oll Domestic consumption min Mt 18.49 40.90 29.38 28.79 6.80 25

Net domestic consumption min Mt 18.46 40.77 28.97 28.77 6.77 25

Crush min Mt 43.71 76.50 56.12 58.37 9.25 25

Price US$/Mt 926.79 1,637.08 1,045.37 1,137.11 211.83 18

Animal fats Production min Mt 428.55 1,087.20 749.51 723.37 199.28 18

Price US$/Mt 533.67 1,151.53 707.71 740.48 156.57 18

. Production min Mt 85.40 1,280.00 144.70 233.11 269.38 18
Inedible tallow .

Price US$/Mt 378.48 1,900.46 710.97 757.70 323.79 18

GDP Gross Domestic Production min US$ 6,168,830.584,113,385.89 9,500,420.06 9,736,201.88 2,836,277.94 25
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4.2 Estimation method

The empirical model provides own-price and crossepelasticities of supply for vegetable
oils and animal fats in the US and the EU markktsonsists of regressing prices on output to
estimate the price elasticity of supply. We adoptva-Stage Least Squares (2SLS):by mean of an
instrumental variable (V) regression we predie #ariable with respect to which the elasticityl wil
be estimated, and then we use the predicted valesssess the price elasticity of supply
(Santeramo, 2014).

We estimate the equations for the different commnexlin a system of multiple equations.
By using the IVs, we aim at avoiding the identifioa problems that may affect the estimation of
price elasticities (Santeramo, 2015). Following &b and Schlenker (2013), we use past
production shocks and commodity consumption asunsgnts for the supply side. The first stage is

as follows:
P, = f(Shocki,t_l; Consumptioni,t_l) (1)

where the current price of commodityP;, is a function of shocks occurred in the past potion
of commodityi and of domestic consumption of commodityn the previous period. The second

stage reveals how changes in price affect the guppe model in the second stage is as follows:
Qi = f(P;:’p]-\t) (2)

where the current supplied quantity of commodjtg; ., is a function of its priceP,Tt, and of the
price of related commodity Fft both estimated in the previous stage. The make§ defined, is

used to estimate both cross-price and own-pricstieiges of supply for the US and the EU
markets.
Following Nerlove (1956), we use a double-log regren: we use the logarithms of

guantities on the left hand side (LHS) and the fitlgan of prices on the right hand side (RHS).
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Using a double-log equation allows us to interptet estimated parameters directly as price

elasticities of supply. The empirical specificatmithe first stage is as follows:
1n(Pi'ft) =a; + B; ln(Shock{ft_l) +y; ln(Cons{ft_l) +v; 3)

where i indexes the commodity, and the RHS is the logauithform of the current price of
commodityiin marketk, In(P/,), and is function of past production shodkgShockf,_,), and of
past domestic consumptiom(Consf,_,), in marketk. Shockf,_is computed as the difference
between produced quantity of commoditin marketk at timet-2 andt-1, namerShock{‘ft_1 =
Qf._, — Qf._,. The model provides estimates for the constantthe coefficientg;andy;, and
allows for the error term;.

For the second stage, we use a rational expectiiarework (Nerlove, 1972, 1979), and
further postulate that the expected price equaspifice observed in the previous period. This
assumption is reasonably in line with the plantiegision (which occurs a year before harvest) and
import decision (in that prices of imported comn@di tend to reflect the expected price at
destination). The specification takes into accquugsible issues due to the endogeneity of prices

and quantities, and is as follows:

ln(Q{‘) =@;t+&; ln(Et_l[ﬁ]) + € ln(Et_l[ﬁ]) +v; (4)
where the logarithm of the dependent variable (suppthei-th commodity in markek), In(QF),
is a function of the expectation (at tiraé) of its price,In(E,_,[P¥]),and the price of relateeth
commodity, ln(Et_l[éT‘]), that have been both estimated in the first stdge. model provides
estimates for the constan;, the coefficients; ;, which is the own-price elasticity of interestdan

&; j, which is the cross-price elasticity of interestd allows for the error term.

The model is estimated through a Seemingly Unrél®egression Equations (SURE)

system, so to obtain more efficient estimates ef plarameters of interest with respect to the

20



estimates provided by an equation-by-equation esitim via the Ordinary Least Squares (OLS)
model.

From Equation (4), we derive the SURE system ferll$ as follows:

(In(QYS) = @, + 14 1n (Et—l [Pzﬁs]) +&,1n (Et_1 [P}TSD +&3ln (Et—l [P;ﬁs]) +&,41n (Et_1 [P}TSD +&5ln (Et—l [P/Sﬁs]) +v;
In(QY5) = ¢, + &5, 1n (Et_l [P}TSD +&531n (Et_1 [P;ﬁs]) + &40 (Et—l [P?SD +&51n (Et_1 [P?SD + v, (5)

In(Q¥*) = @3 + &331n (Et—l [P;ﬁs]) té3z1n (Et—l [P;ﬁs]) + Vs

where the commodities are indexed by ordinal nusloersubscript: in particular,1 (standing for

palm oil), 2 (standing for soy oil), 3 (standing fmanola oil), 4 (standing for white grease), and 5
(standing for tallow). From Equation (4), we alside the SURE system for the EU as follows:

(In(Qf”) = @1 + €14 In (Et_1 [P;EU]) +&,1n (Et_1 [P;EU]) +&3In (Et_1 [P;EU]) +&,41n (Et_1 [P?U]) +&51n (Et_1 [P;EU]) +&6ln (Et_1 [l
{' In(QEY) = s + £201n (Eecs [PFY]) + 0510 (Ees [PV]) + 250 (s [PEV]) + ,(6)
I
\

In(Q5Y) = g3 + e331n (Et—l [P;E\UD +é&3,1n (Et—l [P;E\UD +&341n (Et—l [P;E\UD + &351n (Et—l [P/SE\UD + vg
In(QEY) = g + €66 In (Et—l [P?UD + g1 1n (Er—1 [P;FUD + g621n (Et_1 [P;FUD + g631n (Et_1 [P;EU]) + v,

where the commodities are indexed by ordinal nusloersubscript: in particular,1 (standing for
palm oil), 2 (standing for soy oil), 3 (standing fiapeseed oil), 4 (standing for animal fats), 5
(standing for tallow), and SUN (standing for sumféy oil). The cross-equations relationships
captured by the SURE, due to the correlation ofettier termsy;, increases the efficiency of the

estimates (Zellner, 1962).

4.3 Results interpretation

The price elasticity of supply measures how thepbeg@ quantity reacts to changes in price.
We distinguish own-price and cross-price elasésitiThe own-price elasticity;() quantifies how

the supply of a commodity reacts to a change iows price:
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__ %AQ;
gl'l - %AP; (7)

wheresg; ; is the own-price elasticitYoAQ; is the percent change in quantity supplied of coatity
I, and%AP; is the percent change in price of the same comtyadrhe cross-price elasticity;(;)

guantifies how the supply of a commodity reacta thange in price of a another commodity:

__ %AQ;
gl'] - %AP]' (8)

where ¢; ; is the cross-price elasticityfoAQ; is the percent change in quantity supplied of
commodityi, and%AP; is the percent change in price of the commadity

Both for own-price and cross-price elasticitiespy is said to be price elastic when the
percent change induced in the supplied quantityréster than the percent change in price; vice-
versa the supply is said to be price inelastibéf percent change induced in the supplied quaistity
smaller than the percent change in price. The gabfecross-price elasticities also reveal if the
commodities are substitutes or complements. Leelaborate more. For a certain country of
interest, let’; andQ;be the price and the quantity of the commodigndP; andQ;be the price and
the quantity of the commodifys; ande;be the own- and cross-price elasticities. The coditiesi
andj are defined as substitutes or complements depgrudirthe sign of the elasticity and on the
net trade position of the country. We distinguiglo ttases: the case in which the country is a net
importer of the commodity, and the case in which the country is a net egpaftthe commodity

(Table 9).

Table 9. Methodological framework for the interpretationestimated coefficients.

Country is net importer of commodity Country is net exporter of commodity
&,j>0 i andj are substitutes i andj are complements
& <0 i andj are complements i and] are substitutes
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Let us elaborate on the rationale of the methodcéddgramework. Consider the country as
net importer of commodity (say of soybean oil): if the (import) price jofaises, the imports gf
(IMP;) are likely to go down, a positive estimate £py (i.e. the supplied quantity of commaodity
increases) characterizes commoditiesd]j as substitutes; conversely, a negative estimate; fo
(i.e. the supplied quantity of commodity decreases) characterizes commodiiieand j as

complements:

P, 1= IMP; 1 A&;; > 0= Q; T= i and j are substitutes (9)
and

P, 7= IMP; | A¢;j < 0= Q; = i and j are complements (20)

Now consider the country a net exporter of comnygdiif the (export) price of raises, the
export ofj (IMP;) are likely to go down, a positive estimate &y (i.e. the supplied quantity of
commodityi increases) characterizes commoditiesmdj as complements; conversely, a negative
estimate fore; ; (i.e. the supplied quantity of commoditylecreases) characterizes commodities

andj as substitutes:

P, 1= IMP; | A\g;j > 0 = Q; 7= i and j are complements (12)
and

P; 7= IMP; L N¢;j < 0= Q; 1= i andj are substitutes (12)

The next section presents the results of the ecetramestimation, and gives interpretations

according to the above-mentioned framework.
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5. Results and discussion

Tables 10 and 11 show results of the first staggsSafS, respectively for the US and the EU.

Table 10. 2SLS estimation for the US — results of the fitsige.

VARIABLES Soy oll Canola oil Palm oil White grease Inedible tallow
Soy oil shock 0.701
(1.405)
Soy oil consumption 1.148
(0.683)
Canola oil shock 0.109
(0.291)
Canola oil consumption 0.473***
(0.142)
Palm oil shock 0.643**
(0.281)
Palm oil consumption 0.316***
(0.0704)

White grease shock

Tallow shock

Constant -17.45 -4.048* -1.439
(12.39) (2.282) (1.055)

Observations 22 22 21

R-squared 0.146 0.401 0.555

-0.110
(0.221)

3.021 %%
(0.0975)

23
0.012

-0.172

(0.255)
3.101%*
(0.0864)

23
0.021

Standard errors in parentheses. *** p<0.01, ** B8).* p<0.1.

$%past shocks for palm oil were computed on impogteshtity because the US is a net importer of palm o

Past production shocks, consumption of commoditied domestic price show positive

relationships: a 1% increase in consumption of zani leads to a price increase of 0.47%; a 1%

increase in consumption of palm oil stimulates i@gpmcrease of 0.64%; a 1 percent increase in

consumption of palm oil imports lead to a 0.32%@iincrease (Table 10).
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Table 11. 2SLS estimation for the EU — results of the fitsige.

VARIABLES Soy oil Rapeseed oil Palmbdil Sunflower oil Animal fats Inedible tallow
Soy oil shock -0.263
(0.416)
Soy oil consumption -0.0198
(0.179)
Rapeseed oil shock 0.268
(0.298)
Rapeseed oil consumption 0.162***
(0.0536)
Palm oil shock 0.464
(1.169)
Palm oil consumption 0.313
(0.277)
Sunflower oil shock 0.517*
(0.293)
Sunflower oil consumption 0.316
(0.183)
Animal fats shock -0.309
(0.241)
Tallow shock 0.0182
(0.0955)
Constant 4.148 0.954 -1.712 -1.461 3.478*** 3.644*
(3.033) (0.946) (4.784) (3.126) (0.0514) (0.986)
Observations 18 18 18 18 16 17
R-squared 0.028 0.391 0.083 0.292 0.105 0.002

Standard errors in parentheses. *** p<0.01, ** p8).* p<0.1.

§ Price of palm oil here refers to crude palm aitpbrted in the EU. The model was estimated alsogugtice series for the EU
refined palm oil, but it seems that using the tasieries is less reliable for several reasonst,Rirs use crude data for all other
vegetable oils. Second, crude palm is imported evidfined is produced and exported so using therlatould change the
interpretation: as documented by Eurostat, in 202EU produced 3,100,340.45 tonnes of refined galimversus only 120,000
tonnes of crude palm oil, while it imported 4,67&460 tonnes of crude palm oil, versus 1,033,20vhde of refined palm oil
(available at: http://ec.europa.eu/eurostat/web/prodcom/data/databaccessed in December 2016). Taking everything int
consideration, it is preferable to exclude pricéesefor refined palm oil from the analysis.

85past shocks for palm oil were computed on impogteghtity because the EU is a net importer of pdlm o

In the EU, past consumption and domestic priceaptseed oil as well as past production
shocks and domestic price of sunflower oil showositfve and significant relationship: a 1%
growth in past consumption corresponds to 0.16%ease of rapeseed oil price, while a 1%
increase in past shocks in sunflower oil producteads to a growth in prices of 0.52% (Table 11).

Table 12 shows results of the second stage of ZStifiated as a SURE model, for the US
market. Own-price elasticities are positive andistiaally significant at a 1% level. The crossegri
elasticity between palm and soy oll is statisticalignificant and positive, and show that palm oll

supply (net import in this case) is elastic withgect to variation in price of soy oil.
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Table 12. SURE results for the estimation of cross-price awd-price elasticities of supply in the US market.

SUPPLIED QUANTITY

Soy oll Canola oil Palm oil
Soy oil 0.356*** 0.471 3. 157
(0.122) (0.372) (0.654)
Canola oil 0.120 1.814*** 0.923
(0.0756) (0.233) (0.714)
Palm oil 1.040**
ESTIMATED PRICE (0.409)
White grease 4.286 -10.86
(2.940) (13.99)
Inedible tallow -3.990 6.717
(2.457) (11.67)

Standard errors are in parentheses. *** p<0.01p<6.05, * p<0.1.

The methodological framework presented in the mevisection allows us to interpret the
elasticities and characterize the commodities asptements or substitutes. Since the US is a net
importer of palm oil (Table 1), we conclude thalnpail is a substitute for soy oil: a 1% growth in

the price of soy oil leads to an increase in thgpiead quantity of palm oil of 3.16% (Table 12).Soy

oil quantity is not affected by changes in priceéhe other commodities.

The own-price elasticities for soy, canola, andnpails are positive and statistically
significant at a 1% level (Table 12): increaseprices expand the supplied quantity.

Table 13 shows results of the second stage of ZStifated as a SURE model, for the EU

market. Only the own-price elasticity of rapese#gdsqositive and statistically significant.
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Table 13. SURE results for the estimation of cross-price awd-price elasticities of supply in the EU market.

SUPPLIED QUANTITY

Soy oll Rapeseed oil Palm oil Sunflower oll
Soy oil -4.960** -3.869* -1.947 -0.236
(2.307) (2.032) (1.569) (1.313)
Rapeseed oll -0.624 4.055*** 3.015%** 0.931*
(0.679) (0.593) (0.569) (0.488)
Palm oll 0.698 0.517
(0.472) (0.386)
ESTIMATED PRICE Sunflower oil 0.305 -0.145
(0.425) (0.331)
Inedible tallow -3.495 -3.021 0.223
(2.886) (2.636) (1.359)
Animal fats -0.352 -0.541*
(0.622) (0.313)

Standard errors are in parentheses. *** p<0.01p<0.05, * p<0.1.

The EU is a net importer of palm oil (Table 1): aesults suggest that palm oil is a
substitute of rapeseed oil and a complement of alniats. A 1% increase in the price of rapeseed
oil leads to a 3.02% increase in the supplied quaat palm oil, while palm oil supply decreases
by 0.54% with a 1% increase of animal fats pricgerestingly, a 1% increase in price of soy oil
leads to a decrease in rapeseed oil supply of 3 @&lle 13): the EU is a net exporter and a major
producer of rapeseed oil (Table 1), so we conchageseed oil is a substitute for soy oil. The EU
share of production plus export of sunflower oilgkly exceeds its share of imports, hence our
results suggest that sunflower oil is a complenoémépeseed oil (Table 13): a 1% increase in price
of rapeseed oil increases the supplied quantityuoflower oil by 0.9%. The supplied quantity of
soy oil seems not affected by changes in prick@ther commodities. Lastly, we found a positive
and (statistically) significant own-price elastycibr rapeseed oil: an increase in its price ldadm
increase in its supply. An odd result is foundtfoe own-price elasticity of soy oil, which shows a
negative and statistically significant param&tardowever, it is has to be reminded that The Ebl is
major importer of whole soybeans, that are crudbgaroduce (i.e. to supply) soy oil: being a net

exporter of soy oil, and, more important, an impodf soybeans, for the EU an increase in soy oil

2 This result is not in line with expectation, butis robust to different specifications of the mbdriggesting it needs further
investigation that is beyond the scope of the preapalysis.
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price is likely to reflect an increase price of whsoybeans, a decline in imports of whole
soybeans, and thus a decline in the supply of 8oy o

In general, the supplies of soy and rapeseedroilse EU are more responsive to changes in
prices of vegetable oils and animal fats than thieglkee US (this is particularly evident for rapede

oil)?*,

5.1 Sensitivity analyses
5.1.1 Estimation of own price elasticity for US sily using monthly data

In order to test the robustness of estimates ta ftaguency, we estimate the own-price
elasticity for US soy oil (through a 2SLS procedwéh data at a higher frequency. We are able to
provide a sensitivity analysis only for soy oil ime US due to the lack of sufficient and reliable
monthly (or quarterly) data for quantities (prodant imports, exports, and domestic consumption)
of the other vegetable oils and animal fats. Wemsathly prices for US soy oil collected from the
USDA FAS “Oilseed: World Markets and Trade” rep&tt@nd monthly production, imports, and
exports for US soy oail, collected from Table 8 bé& t‘Soybean Oil: Supply and Disappearance, by
month, U.S.” report provided by the Annual Crop Memk USDA ER®’. The period of analysis
starts in October 2007 and ends in September 20kdrder to compute the variable “net domestic
consumption” we sum production and imports, andragb exports. First and second stages of the

econometric model are as follows:
1n(PS%SY,t) = Asoy + Bsor ln(ShOCkggy,tq) + Vsoy (13)

where the logarithmic form of the current monthticp of soy oil in the USin(P%;}, ), depends on

the past shocks in production of soy oil in the W$Shock%y .4 ).

24 The opposite is true for demand elasticitiefs. (previous sections). This is not surprising givieattthe EU is a net producer of
rapeseed oil, while the US is a net importer (Tdble
25 Available athttp://usda.mannlib.cornell.edu/MannUsda/viewDocntirdo.do?documentlD=149@ccessed December 2016.

26 Available at:https://www.ers.usda.gov/data-products/oil-cropargeok.aspxaccessed December 2016.
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In(Q45y) = Psoy + €soy In (Et—l [Pslc])“i']) + Vsoy (14)

where the logarithmic form of the monthly outputsofy oil in the USIn(Q%,), is a function of the
soy oil price in the US, estimated in the previstegye F;_, [P;‘T(f;]. &soy IS the own-price elasticity

of interest, whilevs,y is the error term.
The own-prices elasticity for soy oil (table 14)sististically not significant: our previous
results are not contradicted.

Table 14 shows the results of 2SLS estimation.

Table 14. Results of 2SLS estimation using quarterly datdf8 soy oil.

VARIABLES | STAGE Il STAGE
Soy oil price Soy oil supply
Soy oil production shock 0.113
(0.446)
Estimated soy oil price -1.597
(1.652)
Constant 6.835*** 24.25**
(0.0368) (11.29)
Observations 46 45
R-squared 0.001 0.021

Standard errors are in parentheses.*** p<0.01,20 05, * p<0.1.

5.1.2 Autoregressive distributed lag (ARDL) coinédign approach

We also estimate the cross-price and own-pricdi€l@ss of vegetable oils and animal fats
in the US and the EU using an autoregressive biggd lag (ARDL) co-integration approach. The
results are compared to previous results (tabl&.12)

Since our analysis is based on annual data, wet adpprsimonious model that takes into
account the autoregressive structure of quanainesprices, yet is limited to a two-year periodeTh

second stage of our model, estimated accordingetd\RDL approach takes the following form:

*’The ARDL cointegration approach has been used irirerapresearch (i.e. Frey and Manera, 2007; Skttal., 2012), and shows
good statistical properties (Ponce and Neumanr42@lallows to use stationary 1(0) and non-stadicy I(1) variables thus limiting
issues of spurious results due to the non-staiiynair the time series data (Yule, 1926; Newbold &ranger , 1974). The ARDL
approach is also able to provide precise estimatethe long-run parameters and valid t-statistitspiesence of endogenous
explanatory variables (Inder, 1993; Pesaran and, 38095).
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In(Qf) = ¢; +6; ln(Qf‘)t_1 +&; ln(Et_l[ﬁ]) + &/} ln(Et_z[ET‘]) +¢f; ln(Et_l[ﬁ]) +
el ln(Et_z[ﬁ]) +v; (15)
where the logarithm of the output of commodifp marketk, In(Qf), is a function of the output of
commodityi in marketk in the previous perioth(Q{‘)t_l, of the lagged prices of commoditgnd
of related commoditiesestimated in the previous stage. We inteqéfais the own-price elasticity
at timet-1, ¢/} as the own-price elasticity at time2,e/; as the cross-price elasticity at tirhe

2,anct]; as the cross-price elasticity at ti2. The SURE system is obtained following equation

(4):

+&51n (Er—1 [P/Sﬁs]) +v,
In(QY5) = ¢, + 6, In(Q¥%);_1 + &322 1n (Et—l [P;ﬁs]) +&31n (Et_l [P?SD + &541n (Et_1 [P?S]) + &51n (Et—l [P?SD + 1,(16)
l In(Q¥®) = ¢34+ 65In(Q¥")¢—1 + €331n (Et—l [Pgﬁs]) +&3,1n (Et—l [P’zﬁs]) + V3

jln(Qfs) =@, +6; ln(Qfs)t—l +é&1ln (Et—l [P?SD +é&,In (Et—l [P;ﬁs]) +é&3ln (Et—l [P?SD +ée14ln (Et—l [P?S]) +

where the commodities are indexed by ordinal nuslrersubscript: in particular,1 (standing for
palm oil), 2 (standing for soy oil), 3 (standing fmanola oil), 4 (standing for white grease), and 5

(standing for tallow). For the EU the system iga®ws:

In(QfY) = g1 + 6, In(QFY);_1 + &1 1In (Et—l [PIE\UD +é&51n (Et—l [P;E\UD +&3ln (Et—l [P;E\UD + &4l (Et—l [P;E\UD +
+&5In (Et—l [P;FU]) +&6ln (Et—l [P?UD + v
In(Q5Y) = ¢, + 6, In(Q5Y);1 + &35 1In (Et_1 [P;EUD +&531n (Et_1 [P;FUD +&51n (Et_1 [P;EU]) + v, (17)
In(Q%Y) = @3 + 65 In(Q5Y);1 + £531In (Et—l [P;EU]) +&,1n (Et—l [P;FUD + &541n (Er—1 [P?UD + &351n (Et_1 [P;FU]) + V3
In(QEY) = g + 66 In(QEY) ;1 + 66 In (Et—l [P;E\UD +&611n (Et—l [PIE\UD +g621n (Et—l [P;E\UD + g631ln (Et—l [P;E\UD + vy

where the commodities are indexed by ordinal nusloersubscript: in particular,1 (standing for
palm oil), 2 (standing for soy oil), 3 (standing fi@peseed oil), 4 (standing for animal fats), 5

(standing for tallow), and SUN (standing for sumféy oil).
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Table 15. SURE results for the estimation of cross-price anth-price elasticities of supply in the US marléth
ARDL approach.

SUPPLIED QUANTITY

Soy oil Canola oil Palm oil
1 20.134 0.593 1.142%
. (0.197) (0.417) (0.691)
Soy oil -2 0.00207 -0.355 1.122
(0.158) (0.407) (0.704)
Net NA NA 1.142
t-1 -0.352% 0.0103 -1.128*
_ (0.160) (0.501) (0.614)
Canolaoil 0.434%+ 0.609 -0.743
(0.163) (0.442) (0.531)
Net 0.082 NA -1.128
t-1 0.909*
, (0.321)
ESTIMATED PRICE Palm oil o L Gocer
(0.477)
Net NA NA 1.935
t-1 3.263 -2.565
_ (2.426) (11.83)
White grease , , -0.0280 -7.031
(2.767) (9.504)
Net NA NA
t-1 -2.597 0.764
_ (2.057) (9.347)
Inedible tallow -2 0.149 4134
(2.324) (7.725)
Net NA NA

Standard errors are in parentheses. *** p<0.01p<0.05, * p<0.1.

Table 15 shows results of SURE model for the seatage of 2SLS for the US, estimated
with the ARDL approach.

We found that supply elasticities of soy oil witBspect to canola oil are statistically
significant: the cross-price elasticity at tintel is negative (-0.352), whereas the cross-price
elasticity at timd-2 is positive so that the net elasticity is 0.082\close to that obtained with the
previous approackcfr. Table 12). It has to be noted that the differeincelasticites (0.082) is not
statistically significant, compared to the standarr of 0.16, hence the results are in line with
those presented in table 12. Palm oil (whose netprice elasticity is 1.935) shows substitutability

with soy oil, confirming previous findingeff. Table 12), as well as complementarities with tano
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oil. As expected, the own-price elasticity of pabhis positive and the coefficient is very cloge t
the value presented in table 12. All in all, the RIDconfirms previous findings and allows us to

conclude on the robustness of our findings.

Table 16. SURE results for the estimation of cross-price amah-price elasticities of supply in the EU markéth
ARDL approach.

SUPPLIED QUANTITY

Soy oil Rapeseed oll Palm oil Sunflower oll
1 3.220% -0.315 26.330" 1175
Sov o (1.417) (0.814) (0.883) (0.889)
y t-2 -0.590 -1.353* 5.010%* -1.620*
(1.535) (0.742) (0.547) (0.844)
Net -3.220 -1.353 -1.329 -1.620
t1 0.392 -1.462% 2471w -0.413
_ (0.934) (0.579) (0.256) (0.409)
Rapeseed oil , , -1.016 2.345%% -0.989%+ 1,287
(0.894) (0.517) (0.297) (0.356)
Net NA 0.883 1.482 1.281
t-1 -0.506* -0.147
. (0.267) (0.266)
Palm oil -2 2,297k 0.425
(0.169) (0.277)
ESTIMATED Net 1.791 NA
PRICE
t-1 1.443% 0.264
. (0.192) (0.246)
Sunflower oil -, ., -1.455% -0.0420
(0.175) (0.259)
Net -0.012 NA
t-1 2.423 -3.049%+ 0.172
_ (2.168) (1.177) (0.501)
Inedible tallow 1.200 1.268 3.628%
(1.997) (1.166) (0.393)
Net NA -3.049 3.628
t-1 0.399 -1.208%+
. (0.274) (0.106)
Animal fats -0.503* 0.539%++
(0.283) (0.152)
Net -0.503 -0.759

Standard errors are in parentheses. *** p<0.01p<0.05, * p<0.1.
Table 16 shows results of SURE model for the sectage of 2SLS for the EU, estimated

with the ARDL approach.
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The net own-price elasticity of supply for rapesaad palm oils is significant and positive,
as expected, and is in line with previous resulis Table 13). An odd result is found for the own-
price elasticity of soy oil, which is statisticalgignificant and negative: it has to be noted that
similar results are presented also in table 13mRal shows complementarities with soy oil and
animal fats (also in line with previous results, Table 13), as well as with sunflower olil; it sheow
substitutability with rapeseed oil and inediblddal (again, in line with previous resultsfy. Table
13)%. Rapeseed oil shows substitutability with soy amild tallow, while sunflower oil shows

substitutability with soy oil and complementaritiggh rapeseed oilcfr. Table 13).

28It is worth stressing that results, in terms df elasticities (computed as sum of statisticalgnificant coefficients) the results are
in line with previous findings.
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6. Conclusions

The global supply of vegetable oils has increasehéndously during the last decades: the
increasing demand from the food sector and fromfuleéand other nonfood industries has led to
stiff competition for land, and has tightened thieiconnections across markets.

On top of this, the prominent role fats and oilaypin the new biofuel era, and the attention
to increasing levels of GHG emissions associateld thie transport sector, highlight the importance
of understanding how the markets of vegetableanits animal fats are interrelated (Dogruer, 2016;
Kojima et al, 2016; Cui and Martin, 2014; Qiu, 2014).

We investigated the relationships among suppliegegktable oils and fats in the US and
the EU. In particular, we examined the effects lsfrges in the price of one commodity on the
supply of different vegetable oils and animal fatée estimated, via a 2SLS SURE model, the
cross-price elasticities and the own-price eldstiei and conclude on substitution and
complementarity relationships.

We found that increases in prices of vegetableteild to increase the net import of palm oil
in the US and the EU. In addition, we found thataa/rapeseed and soy oils are substituets: for
instance, decreases in price soy oil stimulatepttoeluction of canola/rapeseed oil. In line with
Griffith and Meilke (1979) and Labys (1977), andaalith Kojimaet al(2016) we found that the
supplied quantity of canola/rapeseed oil is seresito changes in soy oil price in the US and the
EU. Similarly, the supply of sunflower oil in theJBs positively correlated with the price rapeseed
oil: increases in prices of rapeseed oil tend fmaexl the production of sunflower oil.

The analysis is not exempt from limitations: firse found odd results for inedible tallow
and other vegetable oils that encourage furtheestigation for these two categories of products;
second, we cannot detect any relationships amangupply of soy oil in the EU and the price of
other vegetable oils, a conclusion that deservescpkar cautiousness in its interpretation andscal

for further research.
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AppendixA.l - List of data

Table 17. Data description and source of adoption

Variable description Country  Unit Frequency TimemspaSource
Quantity
Soy oil production in U.S. us 1000 Mt Annual 19928 USDA FAS PSDO
Soy oil imports in U.S. us 1000 Mt Annual 1992-2017 USDA FAS PSDO
Soy oil exports in U.S. us 1000 Mt Annual 1992-2018 USDA FAS PSDO
Soy oil domestic consumption in U.S. us 1000 Mt Aah 1992-2019 USDA FAS PSDO
Soy oil net domestic consumption in U.S. us 1000 Mt Annual 1992-2020 USDA FAS PSDO
Soy oil crush in U.S. us 1000 Mt Annual 1992-2021 SDA FAS PSDO
Palm oil production in U.S. us 1000 Mt Annual 192222 USDA FAS PSDO
Palm oil imports in U.S. us 1000 Mt Annual 1992-302 USDA FAS PSDO
Palm oil exports in U.S. us 1000 Mt Annual 1992202 USDA FAS PSDO
Palm oil domestic consumption in U.S. us 1000 Mt  nAal 1992-2025 USDA FAS PSDO
Palm oil net domestic consumption in U.S. us 10@0 M Annual 1992-2026 USDA FAS PSDO
Palm oil crush in U.S. us 1000 Mt Annual 1992-2027USDA FAS PSDO
Canola oil production in U.S. us 1000 Mt Annual 291028 USDA FAS PSDO
Canola oil imports in U.S. us 1000 Mt Annual 199229 USDA FAS PSDO
Canola oil exports in U.S. us 1000 Mt Annual 19982  USDA FAS PSDO
Canola oil domestic consumption in U.S. us 1000 Mt Annual 1992-2031 USDA FAS PSDO
Canola oil net domestic consumption in U.S. us 1000  Annual 1992-2032 USDA FAS PSDO
Canola oil crush in U.S. us 1000 Mt Annual 1992203 USDA FAS PSDO
White grease production in U.S. us 1000 Mt Annual 992-2016 ICCT/NRA Market Report
Inedible tallow production in U.S. us 1000 Mt Anthua 1992-2016 ICCT/NRA Market Report
Soy oil production in U.S. us 1000 Mt Annual 199218 USDA FAS PSDO
Soy oil imports in EU EU 1000 Mt Annual 1992-2017 SDA FAS PSDO
Soy oil exports in EU EU 1000 Mt Annual 1992-2018 SMA FAS PSDO
Soy oil domestic consumption in EU EU 1000 Mt Anhua  1992-2019 USDA FAS PSDO
Soy oil net domestic consumption in EU EU 1000 Mt nnéal 1992-2020 USDA FAS PSDO
Soy oil crush in EU EU 1000 Mt Annual 1992-2021 USBAS PSDO
Palm oil production in EU EU 1000 Mt Annual 1992220 USDA FAS PSDO
Palm oil imports in EU EU 1000 Mt Annual 1992-2023 USDA FAS PSDO
Palm oil exports in EU EU 1000 Mt Annual 1992-2024 USDA FAS PSDO
Palm oil domestic consumption in EU EU 1000 Mt Aahu 1992-2025 USDA FAS PSDO
Palm oil net domestic consumption in EU EU 1000 Mt Annual 1992-2026 USDA FAS PSDO
Palm oil crush in EU EU 1000 Mt Annual 1992-2027 DJFSFAS PSDO
Rapeseed oil production in EU EU 1000 Mt Annual 292928 USDA FAS PSDO
Rapeseed oil imports in EU EU 1000 Mt Annual 19922  USDA FAS PSDO
Rapeseed oil exports in EU EU 1000 Mt Annual 1903@ USDA FAS PSDO
Rapeseed oil domestic consumption in EU EU 1000 MtAnnual 1992-2031 USDA FAS PSDO
Rapeseed oil net domestic consumption in EU EU MO0 Annual 1992-2032 USDA FAS PSDO
Rapeseed oil crush in EU EU 1000 Mt Annual 1992203 USDA FAS PSDO
Sunflower oil production in EU EU 1000 Mt Annual 482034 USDA FAS PSDO
Sunflower oil imports in EU EU 1000 Mt Annual 199P35 USDA FAS PSDO
Sunflower oil exports in EU EU 1000 Mt Annual 192036 USDA FAS PSDO
Sunflower oil domestic consumption in EU EU 1000 Mt Annual 1992-2037 USDA FAS PSDO
Sunflower oil net domestic consumption in EU EU Q0m Annual 1992-2038 USDA FAS PSDO
Sunflower oil crush in EU EU 1000 Mt Annual 1992380 USDA FAS PSDO
Animal fats production in EU EU 1000 Mt Annual 199616 Eurostat
Inedible tallow production in EU EU 1000 Mt Annual 1995-2016 Eurostat
Prices
Soy oil price in U.S. us U.S.$/Mt  Annual 1980-2015 USDA ERS
Palm oil price in U.S. us U.S.$/Mt  Annual 1992-2014 USDA ERS
Canola oil price in U.S. us U.S.$/Mt  Annual 1991180 USDA ERS
White grease price in U.S. us U.S.$/Mt  Annual 1294:6 USDA AMS
Inedible tallow price in U.S. us U.S.$/Mt  Annual 82016 USDA AMS
Soy oil price in EU EU U.S.$/Mt  Annual 1995-2016  rBstat
Rapeseed oil price in EU EU U.S.$/Mt  Annual 199320 Eurostat
Sunflower oil price in EU EU U.S.$/Mt  Annual 1999156 Eurostat
Palm oil price in EU EU U.S.$/Mt  Annual 1995-2016 urhstat
Animal fats price in EU EU U.S.$/Mt  Annual 1995-B)1 Eurostat
Inedible tallow price in EU EU U.S.$/Mt  Annual 199916 Eurostat
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