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18.C.1 Overview and Motivation

Inversions 1 - 3 of the GTAP Data Base', there was only one type of natural resource endowment
identified, namely agricultural land. Because this factor was only used in agricultural production,
it was also, by default, a sector-specific factor. The presence of a specific, or fixed, factor servesto
dampen the supply responsein the sector in question. When demand increases, part of that increase
is translated into increased land rents. Indeed, the only way to increase agricultural output is to
substitute other factorsof production for land. Thistype of situation standsin sharp contrast to some
manufacturing activities, say the production of wearing apparel, where supply can be increased
indefinitely — provided the demand is there — by simply building new factories and hiring more
workers. Theonly thing that forcesthe supply curvefor such asector to slope upward isthefact that
as additional workers are bid away from other activities, wages will rise. This is a general
equilibrium supply constraint.

Of course the presence of non-producible natural resource inputs arisesin other sectors as
well. Coal, ail, natural gas, mineras, fisheries and forestry are all examples of sectorswhere partial
equilibrium supply response is constrained by the underlying natural resource input. As the range
of GTAP applications has broadened, the supply response of these sectors has been called into
guestion. In recent work conducting projectionswith GTAP, we have introduced specific factorsin
these sectors in order to restrain the responsiveness of supply to increases in the economy-wide
capital stock (Dimaranan, 1996). Others conducting simulations of trade liberalization in resource-
abundant economies have commented about the very large increases in production and export of
extractive productsfollowing trade liberalization. It became clear that steps needed to be taken here
aswell.

Havingidentified the need to constrain supply responseinthe other natural resource sectors,
it remains to determine how the relevant cost share was to be obtained. In the case of agriculture, a
widerange of studiesexist which estimate these cost shares— often aspart of an econometric study
of the sectoral cost function. However, such studies are not common in other natural resource
sectors. Thuswe decided to take amoreindirect approach to the problem. We begin with the desired

!Editor’s Note: This chapter documents changes in the treatment of primary factor shares in agricultural and natural
resource- based industriesthat were implemented in the GTAP 4 Data Base (McDougall, et al., 1998). We continueto use
the same assumptions in the GTAP 6 Data Base.
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outcome, i.e. what isthe target, partial equilibrium supply elasticity? We then compute the natural
resource cost share which isimplied by that target elasticity.

In partial equilibrium, with fixed prices for all mobile factors of production (non-natural
resource inputs) and a fixed quantity of the natural resource input, supply response equals the
negative of the own-Allen-Uzawael asticities of substitution (AUES) for the natural resourceinput,
so that:

M)g=-n0p

where: g and p stand for the percentage change in quantity and price of the sectoral output
respectively, and 7, the supply elasticity, is equal to the negative of the AUES:

(2) ns = _GRR*

The sectoral supply response is simply determined by the industry’s ability to substitute
away from the fixed factor. If ogz = 0, then no amount of price increase will be able to induce a
supply response. But how does this Allen elasticity relate to the parameters in GTAP? This
relationship is a function of the cost shares and elasticities of substitution in the nested CES
production function. Specifically:

3) 0z = - Oy |05
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where o,,, corresponds to the elasticity of substitution among components of value-added and o
correspondstothee asticity of substitution between value-added and intermediates. Thelatter iszero
in the standard GTAP model, so that the second term in parentheses falls out. The parameter 6,
correspondsto the cost share of the natural resourceinput. 6, refersto the cost share of value added,
and the last parameter, 0, , isthe cost share of all inputs — or output — which is simply equal to
one.

Assuming 6,,, and o; are given by the GTAP Data Base, we can solve equations (2) and (3)
for thenatural resource shareimplied by agiven supply elasticity. Thisisthe general approach taken
here. Of course, it may bethat therequired cost share exceedsthe share of capital intheoriginal data
base— or even the share of all value-added! In order to eliminate such outcomes, we havetaken two
steps. First of al, rather than just taking the resource share out of capital (which is highly volatile
and may even be negative in abad year), wetake it out of all value-added. Secondly, the elasticity
of substitution in value-added is reduced fromits value in the GTAP 3 Data Base. In the GTAP 4
DataBase we have set thisval ue equal to 0.2. When implemented, this procedure resultsin lessthan
one-third of value-added going to the natural resource input in most cases. Of course there are il
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afew instances where a very low share of value-added in the source data results in a much higher
share of value-added being assigned to natural resource inputs. Future refinements of this approach
to calibrating supply response should seek to take into account regional variation in the targeted
elasticity.

18.C.2 Non-Agricultural, Natural Resource-Based
Sectors

Forestry: The first question which arises when one turns to specific sectors is. how large is the
partia equilibrium supply response? In the case of forestry, we draw on econometric estimates as
reported in column one of table 1 in Catimel (1996). The estimated supply elasticities are for the
Canadian softwood timber industry and they range from 1.6 to 5.8, depending on the region of
Canada and the nature of the product supply (e.g., logs vs. pulpwood). Discarding the high and low
estimates and averaging the remaining el asticities gives a mean supply response of 2.5. Thisisthe
targeted eladticity in version 4 of GTAP, and it is imposed in every region of the data base.
Therefore, equations (2) and (3) are solved for acost share of natural resourceswhich satisfiesthem
in each region.

Fisheries: The case of fisheriesis more difficult due to the fact that the response of supply
to price varies depending on the management regimein place. Campbell (1996) explores thisissue
in considerable detail for the case of tuna. In the case of an “open access’ fishery, anyone seeking
to come and harvest the stock of fish can do so. Open access leadsto essentially an infinite discount
rate, over-fishing, and hence avery low supply response to price (0.29). On the other hand, some
fisheries are managed by an industry group. When such a group operates as a single, profit-
maximizing entity, supply ismoreresponsiveto price. In thistype of “private management” regime,
reductions in the discount rate will increase the responsiveness of supply. In the case of a zero
discount rate and private management, Campbel | computesasupply elasticity for tunaof 0.76. These
represent the two extremes for the tunaindustry. For purposes of GTAP 4, we average the two and
obtain an elasticity of supply equal to 0.525. Someone studying aquestion in which fisheries supply
response is a crucia parameter could specify a distribution of supply elasticities, based on the
Campbell study (e.g., triangular distribution with minimum value 0.29 and maximum value 0.72),
thereby generating a distribution of possible outcomes (see Arndt and Pearson, 1996, for more
details on how to conduct such systematic sensitivity analysisin GTAP).

Fossil fuels and mining: Whalley and Wigle (1991) spend considerable time studying the
supply response of the fossil fuels sector in their attempt to assess the implications of taxation
designed to reduce global carbon dioxide emissions. Because of the importance of this parameter
to their study, they conduct a systematic sensitivity analysis for which they set the minimum value
to 0.1 and the maximum to 1.5. Their centra caseis 0.5. This is the value which we choose as a
target for version 4 of the GTAP Data Base.
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Unfortunately, asimilar study was not available for the other mining sectors. However, in
the case of many minerals, extensive deposits exist around the world and the owners are ready to
bring some of these mines back on line (or temporarily shut some down) when pricesrise (or fall).
This suggestsahigher supply response. We have adopted the value of 2.5 here, based on experience
in Australia (Robert McDougall, personal communication).

18.C.3 Agriculture

Having goneto the trouble to target supply response in the non-agricultural, natural resource-based
sectors, we found ourselves asking whether this might not also be a good idea in the case of
agriculture. Of coursethesituation issomewhat different here, sincewe have additional information
intheform of independent estimates of primary factor sharesobtained fromasurvey of theliterature
(see table 18.C.1). Since these are deemed more reliable than the estimated elasticities of
substitution, we adjust the latter in order to achieve the targeted supply response. Furthermore, we
only target the global supply elasticity for agriculture as awhole.

What degree of supply response is appropriate for agriculture? Despite the extensive
literature onthistopic, theagricultural economicsprofessionisstill far from agreement. Some argue
that supply responseisvery low, even in thelong run, while others argue that once full adjustment
of labor and capital has occurred, the scope for sizable responses to price changes is considerable.
Given the propensity of governments to intervene in agricultural markets, the degree of supply
responseismuch morethan an academicissue. Sizablelong run supply elasticitiestransglateinto high
costs for government price support schemes and distorted world markets. In this study, we target a
globa supply response for agriculture of 1.19, based on Peterson’s (1988) cross-section,
international study. Thisislarger than what some of the supply pessimists might like, but smaller
than what the supply optimists would argue for. When applied to equations (2) and (3), using
average shares for world agriculture, this yields a value of 6,, = 0.23.This is substituted in the
parameter filefor the previousvaluewhichwaslarger (0.56inversions 1 - 3). Thissmaller elasticity
of substitution in production resultsin asmaller agricultural supply responsein modelsbased onthe
GTAP 4 DataBase.

There are two areas of agricultural supply response where broad agreement exists. We
accommodate both of them in GTAP. First of all, supply response is relatively smaller in less
industrialized economies, where agricultureisless commercialized. This feature comesthroughin
GTAP, viatheoverall shareof value-added in costs. In Sub-Saharan Africa, where purchased inputs
arefar lessimportant, the share of value-added, and hence land, is much higher than in the United
States. Consider the case of rice production. The global cost share of land in this sector is about 22
percent. However, in the US and Australia, this figureis only 10 percent, whereasin Indiait is 28
percent and the Indonesian rice sector has a cost share of land equal to 43 percent. Based on
equations (1) - (3), supply response in the US and Australiawill be much higher than in Indiaand
Indonesia, given acommon elasticity of substitution in production.
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A second point of general agreement is that supply response at the level of individual crops
is much higher than for agriculture as a whole. This makes sense, since agricultural land (and
farmers as well) can shift from one crop to another much more readily than they can shift into
another sector, such as wearing apparel. Since agricultural land is sector specific in the GTAP
model, those who choose to disaggregate agricultural subsectorswill find that this proposition also
holds. Namely, the supply response of individual agricultural activitiesislarger than for the sector
as a whole. Land is no longer a fixed factor for individual crops as it may be bid away from
competing crop or grazing activities. The degree of land mobility across subsectors is determined
by the elasticity of transformation (ETRAE in GTAP notation), as discussed in the GTAP book
(Hertel, 1997).

The shares of primary factorsin agricultural value-added for the 87 regions of the GTAP 6
Data Base given in table 18.C.2 were generated from the factor splits obtained from the literature
and summarized in table 18.C.1. The factor shares data in table 18.C.1 were assigned to the 226
standard countriesinthe GTAP 6 Data Base (see chapter 3) by mapping the regionsto the standard
countries. Thefactor sharesfor the 87 GTAPregionsin GTAP 6 were then obtained by aggregating
the factor shares for the 226 countries using GDP weights.

18.C.4 Summary

In summary, these changes substantially alter the performance of the natural resource-based sectors
in applied GE modelsdrawing on the GTAP 6 Data Base. With less el astic supply, we expect larger
price changes and smaller quantity changesfor natural resource based products. These changes can
also have macro-economic implications in economies which are heavily dependent on natural
resources. Consider for example, the adjustment of an oil-exporting economy to acut in itsimport
tariffs. In order to pay for the increased imports, more oil must be exported. However, if supply of
that product is less responsive, then the process of reestablishing external balance will be quite
different. We will expect more of the adjustment to occur in the form of higher resource rents, and
lessin the form of higher exports and depressed product prices.
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Table 18.C.1 Shares of Primary Factorsin Agricultural Vaue-Added (Survey of Literature)

Region Land Labor Capital Reference Document

Australia 021 051 028 ABSI-Otablefor labor, Ball (1996) for others

New Zealand 014 062 024 NZIER I-O table

Japan 0.18 051 0.31  Kuroda(1995) for labor, Ball (1996) for others

Korea 051 040 0.09 Ban(1996)

Philippines 041 055 004  Crisostomo and Barker (1979)

Southeast Asia 051 042 0.07 OECD (1993) - GREEN Model

China 029 059 012 Martin(1993)

Taiwan 038 054 0.08 LeeandChen (1979)

India 044 038 0.18 Chadha, et. a. (1997)

Canada 0.17 039 044  Narayanan and Kizito (1992)

United States 0.28 0.38 0.34  Ball (1998) for labor, Ball (1996) for others

Brazil 0.16 024 0.60 Brandao et. a. (1994)

Latin America 0.28 047 025 Haey (1991)

United Kingdom 0.14 0.68 0.18 Heinrichsmeyer et. a. (1998) for labor, Ball (1996) for
Germany 0.15 0.68 0.17 Heinrichsmeyer et. al. (1988) for labor, Ball (1996) for
Denmark 0.13 040 047 DIAFE

European Union 011 0.68 021  Heinrichsmeyer et. al. (1988) for labor, Ball (1996) for
European FTA 0.27 035 0.38 OECD (1993) - GREEN Model

Central Europe 035 053 012 OECD (1993) - GREEN Model

Former Soviet Union 0.28 0.60 0.12  OECD (1993) - GREEN Model

Middle East 011 057 032 Haey(1991)

South Africa CU 015 040 045 Masters(1994)

Southern Africa 015 0.60 025 Masters(1994)

Sub-Saharan Africa 0.12 0.72 0.16  Haley (1991)
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Table 18.C.2 Shares of Primary Factorsin Agricultural Vaue-Added

GTAP Land Labor  Capital GTAP Land Labor  Capital
Region Region

AUS 0.21 0.51 0.28 IRL 0.11 0.68 0.21
NZL 0.14 0.62 0.24 ITA 0.11 0.68 0.21
XOC 0.44 0.41 0.15 LUX 0.11 0.68 0.21
CHN 0.29 0.59 0.12 NLD 0.11 0.68 0.21
HKG 0.38 0.54 0.08 PRT 0.11 0.68 0.21
JPN 0.18 0.51 0.31 ESP 0.11 0.68 0.21
KOR 0.51 0.40 0.09 SWE 0.11 0.68 0.21
TWN 0.38 0.54 0.08 CHE 0.27 0.35 0.38
XEA 0.47 0.44 0.09 XEF 0.27 0.35 0.38
IDN 0.51 0.42 0.07 XER 0.32 0.55 0.13
MYS 0.51 0.42 0.07 ALB 0.35 0.53 0.12
PHL 0.41 0.55 0.04 BGR 0.35 0.53 0.12
SGP 0.51 0.42 0.07 HRV 0.35 0.53 0.12
THA 0.51 0.42 0.07 CYP 0.11 0.57 0.32
VNM 0.51 0.42 0.07 CZE 0.35 0.53 0.12
XSE 0.51 0.42 0.07 HUN 0.35 0.53 0.12
BGD 0.44 0.38 0.18 MLT 0.11 0.68 0.21
IND 0.44 0.38 0.18 POL 0.35 0.53 0.12
LKA 0.44 0.38 0.18 ROM 0.35 0.53 0.12
XSA 0.44 0.38 0.18 SVK 0.35 0.53 0.12
CAN 0.17 0.39 0.44 SVN 0.35 0.53 0.12
USA 0.28 0.38 0.34 EST 0.28 0.60 0.12
MEX 0.28 0.47 0.25 LVA 0.28 0.60 0.12
XNA 0.22 0.53 0.24 LTU 0.28 0.60 0.12
COL 0.28 0.47 0.25 RUS 0.28 0.60 0.12
PER 0.28 0.47 0.25 XSU 0.28 0.60 0.12
VEN 0.28 0.47 0.25 TUR 0.11 0.57 0.32
XAP 0.28 0.47 0.25 XME 0.11 0.57 0.32
ARG 0.28 0.47 0.25 MAR 0.11 0.57 0.32
BRA 0.16 0.24 0.60 TUN 0.11 0.57 0.32
CHL 0.28 0.47 0.25 XNF 0.11 0.57 0.32
URY 0.28 0.47 0.25 BWA 0.15 0.40 0.45
XSM 0.28 0.47 0.25 ZAF 0.15 0.40 0.45
XCA 0.28 0.47 0.25 XSC 0.15 0.40 0.45
XFA 0.28 0.47 0.25 MWI 0.15 0.60 0.25
XCB 0.28 0.47 0.25 MOZ 0.15 0.60 0.25
AUT 0.11 0.68 0.21 TZA 0.15 0.60 0.25
BEL 0.11 0.68 0.21 ZMB 0.15 0.60 0.25
DNK 0.13 0.40 0.47 ZWE 0.15 0.60 0.25
FIN 0.11 0.68 0.21 XSD 0.14 0.64 0.22
FRA 0.11 0.68 0.21 MDG 0.12 0.72 0.16
DEU 0.15 0.68 0.17 UGA 0.12 0.72 0.16
GBR 0.14 0.68 0.18 XSS 0.12 0.72 0.16

GRC 0.11 0.68 0.21
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