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Abstract

This paper reports the results of a series of simulations that evaluate the general equilibrium
effects of substituting crude oil by biomasgecifically switchgrass, in the production of
petroleum in the USA. The simulations are inspired by debates over the implications for
developing countries if agricultal policies in the USA are chged so that agricultural land

is transferred from the pduction of cereals and otherops to biomass production. The
results confirm expectations that such a pos$ibift would raise cereand other agricultural
prices, due to a general redoctiin food production in the USAdowever, the reduction in

the demand for crude oil in the USA causes teoinisade effects that more than offset any
potential benefits for developingountries due to the deprem of their exchange rates,
causing a general decline in economic welfdviareover, the declines in welfare are
proportionately greater for dewgling countries due to their athlevels of production of the
commodities whose pricesarease with the change WSA agricultural production.
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INTRODUCTION

The last 20 years has witnessed a growing lefvebncern about the role of carbon emissions
from the use of fossil fuels and the consequraptications for globawarming. While there
remain doubts about the conclusiveness otthdence linking fossil fuel use to global
warming, a broadly based consensus has emergeth#hlevel of global use of fossil fuels is
dangerously high. The most vighinanifestation of this cons&uss is the Kyoto agreement.
The analysis reported in this paper evalutiteseffects of substitutg a biomass product, in
this case switchgrass, for crude oil in thedurction of petroleum in the USA. Specifically the
analyses focus upon the global general equilibimplications; this isachieved by using a

multi-region computable general equilibriumGE) model with detailed commodity markets.

If the USA adopts a policy of encouragithe substitution of crude oil by biomass
products this may have substantial effects uperatiricultural industry since an expansion of
switchgrass production will affecther agricultural sectors in the economy through factor
market, particularly land, linkages. Programs that expand biomass production may allow the
USA to adopt agricultural policies thatomide support for farmers through avenues that
introduce a lower level of distortion to globakiggltural markets. Indeed, since the USA is a
major exporter of agricultural commodities) increase in bioass (e.g. switchgrass)
production may also involve a reduction in greduction of traded agricultural commodities
that will affect global agricultural markets. @érticular interest are the implications for
developing countries that haaeguably been most adversely affected by the agricultural
support policies of developed market economies.

A priori it might be expected that the withdravef land from conventional agricultural
production for use in biomass production woldtve beneficial effects upon developing
countries; provided it allows a reduction in agttural support in the USA. Specifically a
reduction in the land area in the USA useddonventional agricultural production might be
expected to contribute to an increase in adjtical commodity prices, and thereby to welfare
gains in developing countries. However, substituting biomass for crude oil will have direct
effects on the market for crude oil, and mayehmdirect effects on the global markets for
agricultural products. It is thisteraction betweethe markets for agricultural commodities
and crude oil upon which the analyses reportetigipaper focus. The results indicate that
the general equilibrium effects realised throtigh crude oil market are substantial and that

they are typically sufficiently large as to owdelm the initially pogive price effects for
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agricultural producers. But the welfare measwfegains and losses are based on changes in
household expenditures and therefore do notidecthe potential environmental gains from
reduction in global use of crudd; rather they are indi¢&e of the economic costs of

substitution crude oil with biomass.

The rest of the paper is organised as fWdoThe next section veews the Global Trade
Analysis Project (GTAP) databa used for this study and prdes a series of descriptive
statistics that describe many of the key econaeiationships. This is followed by a general
description of the global CGE model used tocaut the analyses, and then by an analysis
section that details the policy simulations carried out and summarises the main results. The
main body of the paper ends with a seriesafcluding comments. The paper also contains

an appendix that provides addital information about the data.
DATABASE

The database used for these analyses isialacounting MatrixSAM) representation of

the Global Trade Analysis Project (GTA#tabase version 5.4 (see McDonald and
Thierfelder, 2004a, for a detailed descriptioritad core database). The GTA project produces
the most complete and widely available @hatse for use in global computable general
equilibrium (CGE) modeling; indeed the GTARtabase has become generally accepted as
the preferred database for glbbrade policy analysis and is used by nearly all the major
international institutions and many natibgavernments. Hert€lLl997) provides an

introduction to both the GTAP détase and its companion CGE mddel

The precise version of the database usdbestarting point for i study is a reduced
form global SAM representation of the GTARta developed (McDonald and Thierfelder,
2004b, for a detailed description of the procesbdiscussion of the advantages of using a
reduced form). The structure of the global SAMllustrated by a representative SAM for one
region, which is given in Table 1; the st of the SAM for each and every region is

identical® In general terms the SAM structure &alls the conventions of the System of

While Hertel (1997) remains the best single sourcgdoeral descriptions of the GTAP database and
model it is now quite dated; for up to date descriptions of the database and the GTAP model it is
necessary study a number of technical documents available from the GTAP web site.

For a general description of a SAM see King, 1985; Sadoulet and de Janvry, 1995; Pyatt and Round,
1977; Pyatt, 1991; and Reinert and Roland-Holst, 1997.
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National Accounts for 1993 (UN, 1993), with adjusints in light of the limited data on intra-

institutional accounts.

SAM TRANSACTIONS

The SAM reports total demand for compogiee below) commodities (reading across the
rows of the commodity accounts); as originatirgirfive groups of agés: activities, private
households, government, investment and othgroms. These transactions are valued at
purchasers prices, i.e., inclusive of all commodity specific taxes. The supplies of commodities
are reported in the commoditylamns; these are made updimestic production, valued at
sellers prices, plus imports, valued free loward (fob) in the source region, trade and
transport margins on imports (see below for more detail) and all commodity specific taxes.
Note how for imported commodities the selleriegs are the pricegceived by the exporting
region plus the per unit transport costs plesgar unit tariff rates (reading down the columns

of the commodity accounts), while for domedticproduced commaodities sellers prices are
the (producer) prices receivdry domestic activities; note hoexport taxes are recorded.
Domestic producer prices are derived frora groduction costs, which are made up of the
costs of intermediate inputs valued at purehsgrices, plus theaftor use and production

taxes and payments to primary inputs.



Table 1 Transactions in the Social Accoumg Matrix for a Representative Region
1 2 3 4 5 6 7 8 9
N o Private Taxes _ Trade Rest of Total
Commodities  Activities Factors Government  Capital _
Household Margins World
_ _ Exports of Total
- Intermediate Private Government Investment
Commaodities _ Goods and Demand
inputs demand demand demand _
Services
Activities Supplymatrix Total Outpult
Payments to Factor
Factors
Factors Incomes
Private Payments for Household
Household factor use Income
Import taxes, Production  Factor Tax
Taxes Export duties, Taxes, Income Income taxes Revenues
Purchase taxeBactor taxes Taxes
Government Governmen
Government income from Income
taxes
_ o ) , Trade Total
Capital Depreciation Savings Savings )
balances | Savings
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All factor incomes, after the payment &dctor income taxes and allowances for
depreciation, accrue to the private househole ptivate household then spends its income
on consumption, the payment of income taaad savings. Government income is simply
defined as the aggregate of @le tax incomes; and this inoe is used to fund government
consumption and government savihgsthese can be negative, i.e., government borrowings
used to fund current consumption. Domestidregs are made up of depreciation allowances,
private savings, government savings and rmaa on the current account of the trade

accounts.

Trade transactions consist of two elements; expenditures on commodities and
expenditures on transport margins. Expores aalued ‘free on board’ (fob) and after the
payment of any export dutiesxjorts of transport seices to the globalransport pool are
recorded as exports to a glolmdol of transport services, wihids recorded as a separate
‘region’. Imports of commodities are also vetl fob, with transport services recorded
separately. The sum of the two representgessiture on imports inclusive of carriage,
insurance and freight (cif). Consequently, ¢hare two types of trade balances. The first
represents the trade balancaethweach and every region on go@isl services that are valued
fob, while the second are the trade balancesaoh and every region with the global transport

pool with respect to the transport services.

SAM DIMENSIONS

The dimensions of the SAM are determineddmgounts identified in the GTAP database,
which has 57 sectors (commodities and activitiggactors, 4 institutions and 78 regions (see
Table 2). Hence the SAM has 57 commodity accounts and 57 activity accounts where
production by each activity involves the use oftafp factors. Since each production activity
can be charged factor specific taxes on factor use and an activity specific indirect/production
tax, these require another 6 accounts. Factarsatso be charged a tax on factor incomes,

which requires a single direct tax account.

3 In the GTAP database the sources of savings by diznagent are not identified. In this version of the

database the implicit presumption is that all domestic savings come from households with the implied
income tax rates on the private household baijgsted so that theye ‘net’ of government
savings/borrowings. McDonald and Sonmez (2004) report a method for overcomingithisolim



Table 2 SAM Dimensions

Description Code Base Multiples | Total
number

Commodities c 57 1 57

Activities a 57 1 57

Factors (incl factor specific taxes) f 5 2 10

Regions (trade data) k 78 6 474

Domestic Institutions and tax vectors i 6 1 6
Total 604

For trade relations, each regioan import from and export to all other regions, hence
there needs to be one accountdach of 78 regions, and sinak trade transactions can be
taxed, import duties and export taxes, there si¢edoe 156 trade tax accounts. With three
types of transport margins associated widtthetrade transaction dte needs to be three
accounts for each region that a regiam trade with to capturedde and transport costs (234
accounts). Trade with the global trade and trartgmool is captured by creating an additional
region. Finally, there are three domestic itnibnal accounts: th@rivate household, the

government and the capital (§ays and investment) account.

The most immediately obvious points abthé SAM are the laegynumber of accounts
and the relative scarcity of entries in the SAMe large size of the SAM is a consequence of
the detailed treatment of trade relations ie tlatabase. Overall the dimensions of the SAM
indicate several very importafgatures of the GTAP database.

e Information is concentratl in the trade accounts.

e The within regional information empsiges inter-industry and final demand
transactions.

e The tax information relates omehelmingly to trade taxes.

e The only detailed inter-regional trams@ans are those associated with
commodity transactions, inclusieé trade and transport margins.

e There is very little information aboutlomestic institutions other than for

consumption.



AGGREGATION OF THE GLOBAL GTAP SAM

Global CGE models typically use aggregationthef GTAP database that reduce the number
of sectors and/or regions andfactors. There are two kegasons for using aggregations;
first, they allow the modeller to focus upon #extors and regions thate of particular
concern to the study in hand, and second, theyrerisat the model has dimensions that are
amenable to the derivation of practical solutidn this case the objective of the study
dictated the approach to aggation: it was necessary tdai® enough detail on agriculture
and food production to capture the effagt®n food and agriculture while keeping enough
detail elsewhere to identify other effects particular it is necessatg have both crude oil
and petroleum sectors to capture the subgiigifects of increasing the use of switchgrass
as a crude oil substitutBurthermore so as to provide somgghts into the potential range of
effects upon other sectors and regions it me&essary to keep enough sectoral detail
elsewhere in the model. The sectors in the model are identified in the first two columns of

Table 3, while the mappings from the GTARabase are reported in Appendix 1.

A similar rationale was applied to the choafaegional aggregation. The concern in the
study with the impact of a internal polishift in the USA upon, pécularly, developing
countries required the separatentification of the USA andeveral key developing country
regions — southern Africa, northern Africaguth Asia, east Asia — while maintaining a
balanced coverage of the waid major economies. The regions in the model are identified in
the last two columns of Table 3, while the maygsi from the GTAP database are reported in
Appendix 1.

4 In practice as the degree of aggregation decreasthe model size increases at an approximately

exponential rate.



Table 3 Model Sectors (Commodits and Activities) and Regions

Commodities/Activities Regions
Cereals Petroleum etc USA Japan and Korea
Other crops Chemicals etc European Union East Asia
Switchgrass Heavsnanufacturing| Restof Europe Australia and NZ
Livestock Electricity Southern Africa South America
Crude oll Gas and Water Northern Africa Rest of Americas
Other minerals Construction o8th Asia Rest of the World
Food Processing Trade and Transpart  China HK Taiwan
Textiles Services
Light manufacturing

ADDITIONS TO THE DATABASE

The GTAP database does not record switclsgaasa separate commodity/activity account,
rather switchgrass is part aflarger aggregate that includeseals and other similar field
crops. Since switchgrass is naded and it is not envisageatiswitchgrass production and
use will change elsewhere, there are no dinekages with respect to switchgrass between
the regions in the model. All the inter-regal effects will bendirect—as switchgrass
production in the USA expands, it draws land frotiner agriculturalectors which contract.
These production changes affect trade and tbexefther regions. Therefore, for purposes of
these analyses it is only necayd® add switchgrass commod#yd activity accounts to the
SAM for the USA.

Since switchgrass is a member of the gre® family and is harvested only once per
year its input mix is similar to that of otheereal crops. Howevdris a perennial and
therefore only requires perimdplanting and reduced usageimtermediate inputs. Based on
information in microeconomic studies, andfe absence of better information, it was
assumed that the primary input coefficients wbeesame as those for other US cereals and
that the intermediate input coefficients we&fkepercent of those for cereals in the USA. Al

output was assumed to be purchased astarmediate input by the petroleum activity.
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DESCRIPTIVE STATISTICS

An overview of the database used in thalgtcan be obtained by aidfrreview of some
descriptive statistics. Gross Destic Product (GDP), from thalues added side, indicates
the relative size of the regions in the globeonomy (see Figure 1). The USA, the EU and
Japan and Korea are by far the largest regiooth in terms of total GDP and GDP per
capita, moreover these three regions domigktieal trade accounting for 60 percent and 61.5
percent of global imports arekports respectively (see Figute Similar dominances by

these three regions are found fiade in cereals (58 and p8rcent of global exports and
imports, Figure 3), other crops (41 and 65 petof global exports and imports, Figure 4)
and livestock (47 and 67 percent of globaports and imports, Figure 5). For crude oil
however the situation is vedijfferent, while these reghs dominate import demand, 71
percent of global demand, they are respongdslenly a small share of exports, 6 percent
(see Figure 6). When the other developazhemies, Australia and New Zealand, Rest of
Europe and Rest of America are taken intooaat the extent of the dominance of world GDP

and trade is still more pronounced.

Figure 1 Gross Domestic Product (GDP) by RegiofPercent shares)

R of Americas
S America 4% Rest of World
5% 5%

USA
28%

Australia and NZ
2%

E Asia
2%

Japan and Korea
16%

China
5%

EU
26%

S Asia
2%

N Africa S Africa

1% 1% Rest of Europe

3%

Source GTAP/Model database

Combined the middle income regions, China, east Asia, south America and the rest of
the world, account for about 17 percent of gldBBP, but are relatively slightly more open

to trade than the developedjiens since they account for parcent of global import demand
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and 22 percent of global export supply. Theation for agricultural commodity trade is
slightly more pronounced with trade in ces2f0 and 28 percent gfobal exports and
imports, Figure 3), other crops (31 and 19 patof global exports and imports, Figure 4)
and livestock (21 and 22 percent of globgd@ts and imports, Figure 5) demonstrating, on
average, a slightly greater degree of opsartban found for the treeeconomically largest
regions. For crude oil however the situationesy different, while these regions dominate
export supply, 62 percent of global supply,iltonly accounting for 17 percent of global
import demand (see Figure 6).

Figure 2 Total Import Demand and Export Supply by Region

250

200

B import demand
M export spply

150

100

50 1

Source GTAP/Model database



Figure 3 Cereals Trade($(US) 10 billion)

Rest of World
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Source GTAP/Model database

Consequently the developing country regismithern Africanorthern Africa and
south Asia, are responsible for small proms of global GDP, 3.7 percent, and global
import demand, 4 percent, and export supply, 3rdgue. Their involverant in agricultural
commodity trade is equally small, with traidecereals (2.7 and 9.7 pent of global exports
and imports, Figure 3), other crops (14.3 and 4 percent of global exports and imports, Figure
4) and livestock (3.3 and 2.2 percent of globadagis and imports, Figure 5) demonstrating a
relatively high degrees of dependence on ceregdsrts and other crop exports. They are
also relatively substantial exporters of criwidle14.4 percent of gbal exports, but are less

prominent as importers, 4.2 percehglobal imports (see Figure 6).



Figure 4 Other Crops Trade ($(US) 10 billion)
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Source GTAP/Model database

The differentials in the stage of develogmmof the developed, middle income and
developing regions is also wdllustrated by the relative imptance of agricultural and food
commodities to these groups of regions (see Fi§urn general terms there is an inverse
relationship between the statedsfvelopment of regions ancdetproduction shares accounted
for by agricultural and food commodities. Wlgmost noticeable haaver are the large
production shares for agricultural commodities in south Asia and the substantially lower
shares for the two African remis; indeed in southern Africzreals production accounts for
a smaller share of total commodity productiban found in most middle income regions.
Most importantly it emerges that developingioms are net importers cereals and net

exporters of other crops.



Figure 5 Livestock Trade($(US) 10 billion)
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Figure 6 Crude Oil Trade ($(US) 10 billion)
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The USA, the EU, and Japan and Koreatlaeethree largest oil importing regions (see
Figure 7). More importantly from this perspectofethis study is the extent to which the USA
imports crude oil from all regions in the madeith 30 percent coming from the Rest of

Americas (primarily from Mexico), 21 perceinom the Rest of the World, and 20 percent



from South America (primarily from Venezuelage Figure 8. This caast with the other

large oil importing regions whose soas of supply are less diversified.

Figure 7 Production Shares of Agrcultural Commaodities by Region
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Figure 8

USA Crude Imports by Source Regior{Percent shares)
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THE MRT-GLOBE MODEL °

This model is a member of the class of coraplg general equilibrium (CGE) models that are
descendants of the approactfOGE modeling described by Dendtal., (1982). The
implementation of this model, using tGAMS (General Algebraic Modeling System)
software, is a direct descendantd development of the single country models devised in the
late 1980s and early 1990s, particulaHgse models reported by Robinsbal., (1990),
Kilkenny (1991) and Devarajaat al., (1990), and the multi-country model developed by
Robinson and co-workers to analy$&FTA in the early 1990s (see Lewasal., 1995, for a

later application).

The model is a SAM based CGE model, whetee SAM serves to identify the agents
in the economy and provides the database witich the model is calibrated. Since the model
iIs SAM based it contains the important assuamptf the law of one price, i.e., prices are
common across the rows of the SAM. The SABbaderves an important organisational role
since the groups of agents identified by 8#&M structure are also used to define sub-
matrices of the SAM for which behavioural id@ships need to be defined. As such the
modeling approach has been influenced bgtfy/‘SAM Approach to Modeling’ (Pyatt,

1987).

TRADE

Trade is modeled using a treatment detifrem the Armington ‘insight’; namely

domestically produced and consumed commodities are assumed to be imperfect substitutes
for both imports and exports. Import demandisdeled via series of nested constant
elasticity of substitution (CESyunctions; imported commodities, from different source
regionsw, to a destination region, (QMR.,;) are assumed to be imperfect substitutes for
each other and are aggregated to form composite import commoQitieg that are

assumed to be imperfect substitutes for their counterpart domestic comm@Qiitigs(éee

Figure 9 for an illustration for a typical regi with three trading ptners where the region
subscriptsr, have been removed for simplicity). The composite imported commodities and
their counterpart domestic commodities #ren combined to produce composite

consumption commoditieQQ.,). These are the commodities demanded by domestic agents

° The description of the model provided here shod intended only to provide brief overview of the

model’s structure and operation. A detailed description is available in McDeiradld(2005).
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as intermediate inputQ(NTD.,), and for final demand as priva®@(D.,), government

(QGDc,) and investment@INVD.,) consumption.

Figure 9 Quantity System for a Typical Region
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Export supply is modeled via series of eelstonstant elasity of transformation
(CET) functions; the compiie export commoditieSJE. ;) are assumed to be imperfect
‘substitutes’ for domestitlg consumed commoditieQD.,), while the exported
commodities from a source region to different destination reg@BR{,,) are assumed to
be imperfect ‘substitutes’ for each othereldomposite exported commodities and their
counterpart domestic commodities are thembined to produce composite production
commodities QXC,). The properties of models using the Armington ‘insight’ are well
known (see de Melo and Robinson, 1989; Deverdjah, 1990), but it is worth noting here
that this model differs from the GTAP madderough the use of CET functions for export
supply; this ensures that domestic produeelisadjust their export supply decision in
response to changes the relafiwviees of exports and domestiommaodities, which help to

moderate the magnitude of the termsratle effects in this class of model.

6 The terms of trade effects will prove to be imtpot determinants of the results produced by the

simulations reported below.
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Figure 10 Price System for a Typical Region
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The agents are assumed to determieé thptimal quantities of commaodities in
accordance with the relative prices of thenomodities; hence underlying the model’s quantity
system is a price system eesFigure 10. Each source regiongxports commodities) to
destination regionsa) at specific pricesRWE, ) that are valued free on board (fob), such
that each destination region imports commaosliffem source regions at specific fob prices
(PWMFOBg, ). These import prices need adjustingépture the cost incurred with trade —
trade margins — to yield carriage insuca and freight (cif) paid priceB\WM, v); the
underlying assumption is that fixed quantities of trade servinagy¢or., ) are incurred for
each unit of a commodity traded between each and every source and deStiflagaif
prices are the ‘landed’ prices expressed abgl currency units; to €se must be added any
import duties fm. () and the resultant price converiatb domestic currency unit®MR., )

using the exchange ratéR;) to get the source remn specific import priceRMR;w). The

! Bilateral data on trade margins are not availabtbénGTAP database. Insteaidide margin services are

assumed to be a homogeneous good; they are not differentiated by country of origin.
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price of the composite import commodi®Mc,) is then a weighted aggregate of the region
specific import prices anithe domestic supply pricPQS;;) is a weighted aggregate of the
import commodity price and the domestically produced commodity [@?dg; ).

The prices received by domestic producers for their ouRXE{;) are weighted
aggregates of the domestic prared the aggregate export pri€Ef, ) which is itself a
weighted aggregate of the pricesa®ed for exports to each regidPER: () in domestic
currency units. The fob export pes are then the determinedthg subtraction of any export

taxes {e.rw ) and converted intglobal currency units.

There are two important features of the pggstem in this model that deserve special
mention. First, each region has its own numérsairch that all prices within a region are
defined relative to the regionhumeéraire; the model code al®two standard options for
these numéraire — the consumer of the prodpiiee indices. Andexond there is a global
numeéraire such that all exchange rates apeessed relative to numéraire; the model

code allows the selection of any regsoaxchange rate as the numéraire.

PRODUCTION

The production structure is a two stage nest,Fsgure 11. Intermediate inputs are used in
fixed proportions ¢omactco. 5,) per unit of output@X,,) — Leontief technology. Primary
inputs are combined as imperfect substituaesprding to a CESuhction, to produce value
added.

Figure 11 Production System for a Typical Region
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In the current context it is useful to exam how changes in the use of switchgrass are
introduced to the production system. If the abswitchgrass as anput to the petroleum

producing industry increasesthe ‘expense’ of crude dihe technology change can be
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represented as an increaséhia intermediate input coeffmt for switchgrass and reduction

in the intermediate input coefficient for crudié Since the coeftients represent the

guantities of intermediate inputs used, on ager to produce a unit quantity of output it is
also necessary to determine the ratio by whiglichgrass use must increase to achieve a unit

reduction in crude oil use. This done in the simulations.

FINAL CONSUMPTION

Final demand by the government and for investnemodeled under the assumption that the
relative quantities of each commodity demand lagéhtwo institutions is fixed — this reflects
the absence of a clear theory that defineamomopriate behavioure¢sponse by these agents
to changes in relative prices. For the housettwde is however a welleveloped behavioural
theory; hence the model contains the assuwmnptiat households ardlity maximisers who
respond to changes in relative prices and theimmes In this version of the model the utility
functions for the private households are assutade Cobb-Douglas; this has the advantage
that with a standard, neoclassical, set ofurlesules that changes in household consumption
expenditure can be interpretedeapiivalent variations in welfe, and hence provides a useful

summary measure of the welfafféeets of the policy simulatiors.
ANALYSES

MODEL CLOSURE RULES

The closure rules adopted for these simulatamesrelatively strgihtforward. The foreign
exchange markets are cleared under the agsamtpat balances on the current accounts are
constant and the exchange rates adjustnidael is investment driven with household
savings rates flexible so as to maintairoastant level of investment; this ensure that
adjustments to a new equilibrium do not tgkace through changes in the volumes of
investment. All the tax rates are fixed witbnstant government spending and flexible
government savings. The factor marklosure is longun; all factors are assumed to be fully
employed and fully mobile across all sectors but are immobile across regions. In the

sensitivity analyses, the caseanf endogenous supply of landeatonstant price is evaluated.

8 The closure rules are: consumer price index numegfaied current account, flexible exchange rate,

fixed household savings rates and fixed tax rates.
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POLICY SIMULATIONS

The policy change simulated in the model isghbstitution of crudeil by switchgrass in the
technology of the petroleum aativ. Clearly a wide range afegrees of input substitution
may be technologically feasiblalthough the realistic rge of alternatives is likely to be
much more limited. The changes in the arekd used for switchgrass production and the
use of crude oil by the petroleum activity colesed in this study are those implied by the
partial equilibrium studies into the use of s\Wijcass as a crude oillsstitute (see De La
Torre Ugarte and Hellwinckel, 2004a and b); these studies indicate that if some 6 percent of
USA agricultural land were changed to switidsss production there would be a reduction of
some 4 percent in the use ofide oil by the petroleum activifyThe model is ‘calibrated’ to
achieve these targets by the delitva of a conversion factor thensures that the increase in
land used for switchgrass and the reduction éndinect use of crude oil are consistent with

the changes derived from partial equilibrium studies.

The policy simulations are carried out in fatiages so that theffdirent effects of the
proposed policy changsan be separated out:

1. Direct substitution of Crude Oil by Switclags — this involves a reduction in the
input-output coefficients for crude oil @by the petroleum activity and an equal
increase in the coefficient for switalags; this one-to-one substitution amounts
to an assumption that one unit of switchgrass substitutes for one unit of crude
oil. This simulation is called ‘Ont-One’ in the subsequent text.

2. Derivation of Switchgrass Conversioadtor — the first simulation produces
results where the land area in switchgrass is substantially less than indicated by
the partial equilibrium studies; this sitation produces an estimate of the units
of switchgrass required to replace a whicrude oil in petroleum production so
that some 6 percent of land isvdéed to switchgrass production. This
simulation is called ‘Calibrated’ in ¢hsubsequent text, and is the main
simulation.

3. Efficiency Gains in Petroleum Productierthe conversion factor in simulation
2 implies that there is a decline in the ‘efficiency’ of the petroleum activity; this

simulation estimates the extent to which efficiency in the petroleum activity

Since a partial equilibrium model will not capture thultiplier effects the simulations in this study
assume that 4 percent is the target reduction in the use of crude oil per unit output of the petroleum
activity.
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must increase to compensate for the change to switchgrass. This simulation is
called ‘With TFP’ in the subsequent text.

4. Endogenous Land Supply — the USA has enptnted various set aside policies
for agricultural land, which means that q@ssibility is that land restored to
agricultural production is usead produce switchgrastis simulation explores

this possibility. This simulation is calll ‘With Land’ in the subsequent text.

The first two reported simulations are cemed with achieving a replication of the
estimates from partial equilibrium studies wtihe last three simulations study the sensitivity
of the results to & calibration proces¥’ The results of these simulations are discussed

sequentially below.
RESULTS

Direct substitution Switchgrass for Crude Oil (One-to-One)

This simulation considers a changgnoduction technology, under the maintained
assumption that switchgrass ipexrfect substitute for crude ail the production of petroleum
in the USA™M The input-output coefficient for cradil use in petroleum production is
reduced by 4 percent, thereby @eslng a 4 percent reduction ihe use of crude oil in the
production of a unit of petroleum, and coefficient for switchgrasxreased by the same
amount. Once all the adjustments to a newldxiuim have been realised the welfare
implications, measured in terms of the eglent variations imousehold welfare, are
relatively small. The USA would experienceraall increase in welfare, $(US)1.10 bn (0.02
percent), with only one other region experi@gca non-negative changewelfare, i.e.,

South Asia, and that is less thauS)0.02 bn; overall the welfare impact is negative with a
global welfare loss of $(US)1.85 bn (-0.01 percehlthough the majority of the welfare loss
is concentrated in the developed and middle income reégie§JS)1.59 bn, the

proportionate welfare loss in developing regienfar greater, - 0.035 peent. This suggests

10 In one simulation, the results for which are not reported here, a situation of government revenue neutrality

was simulated where government revenues are held constant and the household (income) tax rates are
flexible. This produced results that were virtually identical to those for the second — calibrated —
simulation and therefore provided no additional insights.

Only a selection of the results generated by the simulations is reported in the text. A binary data file
(8MB) with results from 15 simulations is available from the authors upon request.

The developed regions are defined as Australia and NZ, European Union, Rest of Europe, Japan and
Korea, Rest of Americas and United States of Acaethe middle income regions as China HK Taiwan,
East Asia, South America and Rest of the World; and the developing regions as Northern Africa,
Southern Africa and South Asia.

11
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that not only might the substitution of crude oil by switchgrass slightly reduce global welfare
it is likely, overall, to have icome distribution implications #t are marginally regressive.
Welfare is however only a summary statistnd it is important to understand how, why and

from where these overall effects originate.

Table 4 Household Welfare ($US billions)
Simulations
pase (Changes in welfare)
Or(])?{eto' Calibrated \'/rv||:t|2 \L/\zgrtgl
USA 5,495.10 1.11 -2.02 0.70 0.19
EU 4,824.83 -0.79 -1.05 -0.82 -0.86
Rest of Europe 523.79 | -0.07  -0.09 007  -0.07
S Africa 10838 | -011  -0.14 012 -0.14
N Africa 266.66 -0.16 -0.19 -0.17 -0.17
S Asia 357.46 0.02 0.01 0.01 0.02
China 689.73 -0.06 -0.11 -0.08 -0.04
Japan and Korea 276995 | -0.33 053 043 021
E Asia 375.88 | -0.03  -0.05 002  -0.04
Australia and NZ 281.78 | -0.02 -0.03 -0.02 -0.03
S America 1,022.46 | -0.30  -0.33 030  -0.32
Rest of Americas (1241 | 081 -1.06 -0.80 -0.97
Rest of World 949.12 | 029  -0.36 030  -0.30
Total 1837755 -1.85  -5.95 243 2094

Source Model simulation results.

Given the changes in intermediate infrghnology, switchgrass production increases
(from a very low base) and crude oil protlor decreases by 4.83 pent. As switchgrass
expands, it draws land from othagricultural products, and th@sectors contract (see Table
5). Thus the substitution ofumle oil by switchgrass has the aiftated effect of reducing the
production of other agricultural commodities in the USA, by between 0.22 and 0.40 percent,
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and, as would be expected, this feeds thranotgha reduction indod commodity production
while having minor adverse consequenfoegproduction elsewhere. These production
declines increase the decline in crude addurction because they marginally reduce the

overall level of production.

Table 5 Proportions of Land in Different Agricultural Activities, USA
Base One-to-one Calibrated
Cereals 0.63 0.61 0.60
Other crops 0.24 0.23 0.22
Switchgrass 0.00 0.03 0.06
Livestock 0.13 0.12 0.12

Source Model simulation results.

A large part of the welfare gains for tb&A are due to second best effects as
production changes. There isigh production tax on crude oil the U.S. (23.5 percent) and
a high subsidy on cereals production (30 petjcas crude oil proddion declines so the
distortion effect of the productn tax declines while as cetle@roduction declines so the
distortions for the subsidies diee, these positive effects arlggbtly enhanced by the decline
in livestock production, on which there isala (small) subsidy. The overall effect
contributes to the marginal welfare gain ie tHSA. The decline in welfare in other regions
can be explained by terms of trade chang@bs. USA decreases demand for imported crude
oil, its total imports decline by 2.93 percent,ig) since the USA is a large country, affects
the world market price for crude oil; consedilethe crude oil cif import prices for the USA
from all regions decline while ¢éhexport prices of crude oil kall regions decline, i.e., export
revenues decline. Since the USA imports crutles@m all regions in the model, changes in

USA demand affect all regions.

A key consequence of the changes in theate for crude oil, especially imports of
crude oll, is the effect on eRange rates (see Table 7). Adgions experience a depreciation
of their currency relative to the USA e exchange rate (which measures domestic
currency/world currency) increasesnce the current account badas are held constant in

each region and oil imports by the USA decline theeexogenous change in input use, then
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other regions must increase expdrtShese changes affect theusture of production in each

region, causing shifts in factorputs to sectors with a higihare of exports in production.

Table 6 Production Taxes, ValuéAdded Shares, and Changes, USA
Base data Simulations
Indirect tax S\:]zltjeeoafldciggs Production (percent change)
rate 9 One-to-one Calibrated
output

Cereals -0.30 0.79 -0.28 -0.48
Other crops 0.01 0.55 -0.40 -0.69
Switchgrass 0.00 0.69 53,395.44 95,266.82
Livestock -0.01 0.18 -0.22 -0.40
Crude Oil 0.24 0.33 -4.83 -5.90
Other minerals 0.17 0.43 -0.06 -0.08
Food 0.00 0.32 -0.16 -0.30
Textiles 0.00 0.34 .0.07 -0.12
Light | 0.00 0.42 -0.10 -0.14
manufacturing
Petroleum 0.00 0.08 0.24 -0.64
Chemicals 0.00 0.39 -0.01 -0.05
Heavy . 0.40 -0.09 20.11
manufacturing
Electricity 0.00 0.47 0.00 -0.02
Gas and water 0.00 0.56 0.10 0.17
Construction 0.00 0.46 -0.01 -0.01
Trade and 0.00 058 .0.01 .0.05
transport
Services 0.00 0.69 -0.01 -0.03

Source Model simulation results.

The impact of these changes for food and agriculturecini¢iveloping regions
(southern Africa, northern Africa and southiddsare illustrated b¥figures 12, 13 and 14. For
southern and northern Africadd and agricultural imports dete (Figure 12) while exports
increase (Figure 13) and the total quantitiggpdied to the domestic market decline (Figure

14). In all cases the proportionatieanges are smaller, subdialty less than 1 percent, and

13 Since the USA’s exchange rate is a numéraire in the model then this could symmetrically be described as

being a consequence of an appreciation of the USA'’s exchange rate relative to all other regions.
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the declines in total supplieseavery small, less than 0.1 perteFhe situation for south Asia
is slightly different; although totaupplies of cereals declineryemarginally the supplies of
other food and agricultural commodities marginatigrease. Overall the implications for the
African region are overwhelmingly negativéthaugh very small, while for south Asia the

effects are marginally positive, although extremely small.

However it is noticeable that the prodoctiof petroleum increases slightly, which
although it seems to be a perverse result is aalatonsequence of amcrease in the relative
price of petroleum following from the decreaserice of crude oiand other relative price
changes. Moreover the share of land used ittBgrass only increasdo 0.03 (see Table 5),
which is substantially less than the share predicted by the partial equilibrium models. It is

these results that the subsequent &tans particularly focus on examining.

Table 7 Exchange Rate Effect§percent change)

ONe-10" Calibrated With TFP With Land
EU 0.20 0.25 0.19 0.22
Rest of Europe 0.21 0.26 0.21 0.24
S Africa 0.43 0.53 0.43 0.51
N Africa 0.42 0.50 0.41 0.49
S Asia 0.16 0.21 0.15 0.20
China 0.16 0.20 0.15 0.19
Japan and Korea 0.17 0.22 0.17 0.20
E Asia 0.16 0.21 0.16 0.20
Australia and NZ 0.18 0.23 0.17 0.22
S America 0.35 0.40 0.34 0.40
R of Americas 0.26 0.31 0.24 0.32
Rest of World 0.27 0.32 0.26 0.31

Source Model simulation results.
Calibrated Change in Switchgrass Production

The partial equilibrium estimates indicate thpproximately 6 percent of land area should be
converted to switchgrass production; this imptlest a one-to-one substitution of crude oil by
switchgrass is inappropriate and that the amotiswitchgrass substitudeor crude oil in the

production of petroleum should increase. Simataiindicate that the appropriate conversion

factor is approximately 1.8, i.e., for each 0.0duetion in the intermadte input coefficient
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for crude oil the coefficient for switchgrass should increase by 3%0mg:ffect, this amounts
to a decline in the economidfiefency with which the petroleum activity converts fuel stock

into petroleum when it substitutes switchgrass for crude oil.

As a result of the loss of productivitypusehold welfare declines by $(US) 2.02 bn (-
0.04 percent) in the USA and declines in aflestregions except south Asia where it just
remains positive (see Table 4). The globalfave impact is a loss of $(US) 5.95 bn (-0.03
percent), which is overwhelmingly concentrated in the USA due to the decline in the USA’s
economic efficiency; this is manifested irethreater proportionate reductions in production
by most activities, especially crude oil tligiclines by a further percentage point, and by
increased production Gas (and Water) attributabtbe changes in threlative prices of

competing energy products. Welfare declingglie other countries for the same reasons

described above.

Figure 12 Food and Agricultural Imports by Developing Regiongpercent
change)
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14 Note that because the conversion factor is dérfir@m a general equilibrium solution it will differ from
the partial equilibrium estimate because it will takte account the second and lower order effects of

substituting crude oil by switchgrass.
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Source Model simulation results.

Because there is an increased shift in lata sitchgrass in the USA, the increases in
producer prices for food and agricultural comitied in the USA areubstantially greater —
nearly twice as large. Eveso the impacts upon producer gsan the developing regions
remain marginally negative, and are accamepd by further increases in exports and
decreases in imports of these commodities bytwo Africa regions anfiirther reductions in
supply while the smaller benefits to southiaare further muted. Again the fundamental
driving forces are the exchangae effects, which result i further depreciation of the
exchange rates, and the role of the USAmajor exporter afgricultural and food
commodities and the limited altiés of the developing regions to compensate for these
exchange rate movements. The biggest gainetsrrms of global market share, are two of the
developed regions, the EU and Japan-Kased,the rest of America (a middle income

region).
Figure 13 Food and Agricultural Exports from Developing Regiongpercent
change)
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Source Model simulation results.
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Total Factor Productivity (TFP) Growth in Petroleum

The additional adverse implications for welfafea decline in the efficiency of the USA’s
petroleum industry could be offset if thererer@ compensating incrgathe total factor
productivity (TFP) in petroleum production. A p@rcent increase ihe efficiency with

which the petroleum industry uses its prignanputs — labour and capitais sufficient to
generate a small positive welfare effect in tH®A while retaining the 1.8 conversion factor

of switchgrass for crude oil and achieving tharshof (USA) land devoted to switchgrass at 6
percent> While this may seem like a large TFP shock, it is important to note that petroleum

industry has a low share of value addegroduction (8 percent, see Table 6).

This change certainly ameliorates the adwevslfare implications for other regions and
returns them to the order ofagnitude found in the first simulation. However, as reported in
Table 7 it makes no substantive difference tortéative depreciations the exchange rates
or the changes in producer prices, see Figuraridconsequently the welfare and structural

implications for the other ggons are virtually unchanged.

Figure 14 Food and Agricultural Commodity Supply for Developing Regions
(percent change)
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Source Model simulation results.

15 Since the intention with this simulation is indicatre¢gher than predictive the model was not used to find

the precise magnitude of the TFP shock associaitbche change in USA welfare. Such an exercise
could be easily implemented but would risk implying an inappropriate degree of precision.
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Endogenous Land Supply

Agricultural policies in the USA have for sortime made use of set-aside policies to restrain
production and thereby reduce the costdarhestic agriculturgbolicy interventions.
Consequently one possible pesise would be for the USA teduce the amount of land set-
aside by restoring it to use in the productioswitchgrass. When that is the case, the welfare
change in the USA is margilly positive and hough the changes in welfare are still
negative for all other regions except south Asiaythre marginally less negative than in the
calibrated case. Drawing land fewitchgrass production from‘reserve’ of set-aside land
has substantial impacts upon famd agricultural commodity pres in the USA; indeed it
nullifies nearly all the increases in produpeices found with the earlier experiments.
Nevertheless the impacts upon food and agriculppieés in developingegions are virtually
identical to those for the calibrated simuatialthough the effects are still sufficient to

produce small declines in food and agtiural production in southern Africa.

Figure 15 Producers Prices for Food iad Agricultural Commodities — USA and

Developing Regiongpercent change)
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Source Model simulation results.

As before the dominant effect is througle #iffect of the substitution of crude oil by
switchgrass upon demand for crude oil inti#&A and the resulting appreciation of the
USA'’s exchange rate. The provision of ese¢and for use in theroduction of switchgrass

marginally ameliorates the exchange rate effect, which confirms that a small part of the
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adverse exchange rate effectigimates from changes in aguitural land use, but further
strengthens the evidence tlta effects within food and agriculture are dominated by those
taking place in the crude oil and petroleum sesti.e., that they are genuine general
equilibrium effects.

CONCLUDING COMMENTS

The paper reports results from a general equilibrium analysis of the effects of substituting
switch grass for crude oil in the produstiof petroleum in the USA. The modeling
framework accounts for the direct effectanfincrease in demd for switchgrass and a
decrease in demand for crude oil. There arealyels to the domestic economy in the USA as
land is drawn out of other agricultural produgarticularly cereals, and into switchgrass
production. Since the USA is a major exporteagificultural productghere are changes in
production and trade in other regs as US exports decline. &iges in the global market for
food and agricultural trade reduce productiod emports in North Africa and South Africa.
Developed regions, particularly the EU and Japan-Korea, benefit from an increased in export
market share as the USA’s market share declivesmportant qualification of the results is
the welfare measures do not account forutiléy consumers derive from a cleaner
environment; that measure may offset the welfarst associated withproductivity loss as

switchgrass replaces crude oil inputs.

The results for agricultural sectors amnsistent with complementary partial
equilibrium analysis (see for example DeLare Ugarte, D, and Hellwinckel, C., 2004b).
However, dominant changes to the global econarise through the anges in the market
for crude oil. As the USA, a major consumeircaide oil, imports less, its exchange rate
appreciates relative to the currency inaglier regions; it demandisss foreign exchange
because it consumes fewer imports. Also as & leogintry in the global market for crude oil,
the terms of trade improve for the USA and detate for crude oil exporters. Since the USA
imports some crude oil from all regions irettnodel, the negative terms of trade effects
influence welfare in all regions. Consequently|fare declines for all other regions when the
USA substitutes switchgrass for crude oipnoduction; in the one-to-one simulation the
USA experiences a slight welfare gain througlosddest effects of changes in oil prices and
taxes as production changest Bulfare declines for the USA when allowance is made for
the quantity of switchgrass regeito replace a unit of cruael in the production of

petroleum since this involves a pratiuity loss in the petroleum sector.
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In addition alternative scenarios are analysgavay of sensitivity analyses. That seek
to answer the question, “whatastges in the economy would adfghe welfare loss observed
when switchgrass is substituted fore 0il?” Theults indicate that a 30 percent increase in
factor productivity in the pedteum sector would offset thproductivity loss associated with
the substitution of switchgrass for crude oil. Likewise, aneiase in switchgrass production

based upon land that was previously set asmddwffset the welfare losses in the USA
increases.
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APPENDIX 1ACCOUNT MAPPINGS

Model Sectors

Code Description GTAP Sectors

cer Cereals Paddy rice, Wheatr€& grains nec, Oil seeds

swgr  Switchgrass

ocrp Other crops Vegetables fruit nuts, Sugar cane sugar beet, Plant based fibres, Crops nec, Forestry

_ Bovine cattle sheep and goats horses, Aahiproducts nec, Raw milk, Wool il

Istoc Livestock o
worm cocoons, Fishing

mins  Minerals Coal, OIll, Gas, Minerals nec
Bovine cattle sheep and goat horse meat prods, Meat products nec, Vegetable oils

fod FoodProcessingand fats, Dairy products, Processed rice, Sugar, Food products nec, Bevedages an
tobacco products

text Textiles Textiles, Wearing apparel, Leather products

Other light o ) )
olman Wood products, Paper products publishing, Electronic equipment, Manufactures nec

manufacturing

pet Petroleum etc  Petroleum coal products
chem Chemicals etc  Chemical rubber plastic products
H Heavy Mineral products nec Ferrous metals, Metals nec, Metal products, Motor vehicles
manu
manufacturing and parts, Transport equipment nec, Machinery and equipment nec
cons Construction Construction
elec Electricity Electricity
gasw Gas and Water Gas manufacture distribution, Water
Trade ad _ o
trad Trade, Transport nec, sea tramtpAir transport, Communication
Transport
] Financial services nec, Insurance,sBwess services nec, Recreation and rothe
serv Services ] ] ]
services, PubAdmin Defence Health Educat, Dwellings
Model Regions
Code Description GTAP Regions
anz Australia and NZ Australia , New Zealand
) China [ )
chin China, Hong Kong , Taiwan

Taiwan
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easia

eur

jkor
nafr

rame

reur

row

same

sasia

safr

usa

East Asia Indonesia , Malaysia, Philippines, Singapore , Thailand, Viet Nam

Austria, Denmark, France , Germarynited Kingdom, Greece , Ireland, Italy,

Europeatynion ] .
Netherlands, Portugal, Spain, Sweden , Belgium, Luxembourg

Japan and Korea Japan, Korea
Northern Africa  Morocco, Rest of North Africa, Uganda , Rest of sub-Saharan Africa
Rest of Americas Canada , Mexjc@entral America and the Caribbean

Finland, Switzerland, Rest of EFTA , Cyprus , Malta, Hungary, Poland , Bulgaria,
Rest of Europe Czech Republic, Romania, Slovakia, SlaeerCroatia, Albania, Estonia, Latvia ,

Lithuania

Rest of th&ussian Federation , Rest of Former Soviet Union , Turkey , Rest of Middle East,

World Rest of World

Colombia, Peru, Venezuela , Rest ohdean Pact, Argentina , Brazil , Chile,

South America )
Uruguay, Rest of South America

South Asia Bangladesh, India, Sri Lanka , Rest of South Asia

Botswana, South African Customs Union ex Botswana , Malawi , Mozambique,

Southerm\frica ) ) ) )
Tanzania, Zambia , Zimbabwe, Rest of southern Africa

United States fo ]
. United States of America
America
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