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ABSTRACT

The Bogor Declaration of 1994 proposed free trade in the Asia Pacific region by the year 2020. If
implemented as announced, this program will have important implications for the world economy over
the next few decades. This paper uses a new dynamic multi-sector global model called the Asia-Pacific
G-Cubed Model (APGCUBED) to evaluate the economic impacts of the Bogor Declaration. The focusis
on the adjustments between 1995 and 2020 in many of the APEC economies. A key aspect of the study
istherole of international capital flows, expectations and physical capital accumulation in determining
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presented at a seminar at the Japanese Economic Planning Agency. | thank participants at that seminar
for helpful comments. Financial support from the Korea Foundation is gratefully acknowledged. The
views expressed are those of the authors and do not in any way reflect the views of the above mentioned
individuals or institutions nor the staff or trustees of the Brookings Institution or the Australian National
University.



the size and distribution of income gains from this ambitious program of trade reform. The paper
compares the implication of full APEC trade liberalization with liberalization between APEC members
on apreferential basis and with liberalization that is restricted to ASEAN member economies. Itis
found that the largest gains for participating economies are realized by full non-preferential
liberalization. Preferential liberalization only between APEC economies by discriminating against non-
APEC economies only yields two thirds of these gains.

JEL Classification F15,F17,F36



1. Introduction

Since 1989, the member countries of the Asia Pacific Economic Cooperation (APEC) forum
have been meeting regularly to discuss measures for greater economic cooperation. This forum which
now has eighteen members from around the Pacific has been argued to be a potentially important
vehicle for significant trade reform in the region®. The 1994 Bogor Declaration made by APEC
members proposed ambitious goals to achieve free trade in the Asia Pacific region no later than
the year 2020 and by 2010 for industrialized members of APEC. If thisgoal isachieved thereare
likely to be significant implications within the APEC economies as well as throughout the world.
These implications will begin to be felt well before 2020. | ndeed a key aspect of the APEC
program is a commitment to trade and investment liberalization well in advance of
implementation of the policies. If this commitment is taken to be credible, the role of expectations
will be crucial during the adjustment phase from now until 2020. Depending on the extent to
which the reforms are deemed to be credible, economies will begin to adjust well in advance of the
actual implementation of the program. In particular it is shown below that international capital
flows may respond to the program well in advance of the trade adjustment and thiswill be very
important for the nature of the adjustment process. Thisiscrucial because, as shown below, in
some cases the short run adjustment are the opposite in sign to the long run equilibrium which
has important implications for the adjustment of other policies over the next several decades.

To explore therole of expectations, international capital flows, physical capital
accumulation and the time path of the liberalization process this paper analyzes the APEC Bogor
Declaration using a newly developed dynamic intertemporal multi-sectoral model. Thismodel is
used to evaluate the long term implications of alternative paths of trade reform as well asthe
short run dynamic adjustment process to these reform. Full APEC trade liberalization on a non
preferential basisis compared to preferential trade liberalization between APEC members. In
addition this paper considersthe case in which only ASEAN economies liberalizein order to get a

measure of the size of gainsfrom ASEAN economies being a part of the APEC process. It is

1 See EPG (1994). Some authors argue that the regional forum can promote global trade reform if
pursuing “open regionalism “ (See Drysdale and Garnaut (1994)). Others argue that the incremental
gain from APEC is small given the existence of the WTO (see Fane (1995).



found that for all APEC economies considered, full liberalization leads to larger gainsthan
preferential liberalization. Full liberalization as part of APEC also leads to greater gains for
ASEAN economiesthan liberalization within ASEAN alone.

It isimportant to stress that the main focus of this paper isto get an empirical measure of
the gain to trade liberalization rather than a measure of the incremental gain dueto APEC. This
paper does not compare APEC liberalization to trade liberalization under a multilateral GATT
process. Theresults are likely to be similar as argued by Fane (1995). The issue of whether APEC
gives additional gainsrelative to the GATT/WTO multilateral process or whether the APEC
process would deliver the form of trade liberalization modelled in this paper isnot addressed in
this paper.

This study can be distinguished from other studies of APEC and trade liberalization of a
more general nature such asin Dee and Walsh (1994), Hertel et al (1995), Huff et al (1995)
Martin et al (1995) or Murtough et al (1994) because the model used in this paper is not from the
class of static CGE models that have been used in these earlier studies. This study follows the
alternative intertemporal macroeconomic approach focussing on the dynamic approach to trade
reform evaluated in Manchester and McKibbin (1995), McKibbin (1994a,1994b) using the MSG2
model and McKibbin and Salvatore (1995) using the GCUBED model.

The model used in this paper is derived from the GCUBED model developed by McKibbin
and Wilcoxen (1992, 1995, 1996). Because of thislink, thisnew model is named the Asia-Pacific
GCUBED model (AP-GCUBED). Aswith the GCUBED model, this new model captures
simultaneously the macroeconomic and sectoral linkagesin a global model with partially forward
looking asset market and spending decisions. The extension in the AP-GCUBED model isthe
extensive country disaggregation in the Asia-Pacific region. The AP-GCUBED model has
country/regional disaggregation of: Korea, Japan, Thailand, Indonesia, China, Malaysia,
Singapore, Taiwan, Hong Kong, Philippines, Australia, United States, Rest of the OECD, Oil
exporting developing countries, Eastern Europe and Former Soviet Union and all other
developing countries. Each country/region has an explicit internal macroeconomic and sectoral
structure with sectoral disaggregation in production and trade into 6 sectors based on data from

standardized input/output tables. McKibbin and Sundberg (1995) showed elsewhere using an



extension of the MSG2 model that the sectoral composition of trade and production can be
important for the nature of the transmission of shocks within the Asia-Pacific region. This paper
supports and significantly extends that earlier analysis.

I n this paper the modelling approach is developed in some detail. Because the innovative
approach of this new modelling strategy may be unfamiliar to readers from particular schools of
economic modelling, Section 2 gives an overview of where the new approach fitsinto the various
traditional streams of modelling. The theoretical basis of the AP-GCUBED model isthen
summarized (further details and some evaluation of model properties including macroeconomic
and sectoral policy changes can be found in McKibbin and Wong (1996).

The alternative scenarios for trade liberalization are analyzed in section 3. This paper
considersthree alternatives for trade liberalization under the assumption that significant financial
liberalization isalready in place. Therole of financial liberalization will be examined in a future
paper. Thefirst scenario isfull APEC liberalization of trade in goods (excluding services) with
industrialized economies removing trade barriers by 2010 and devel oping economies removing
barriers by 2020. The second scenario istrade liberalization between APEC memberson a
preferential basis. The final scenario istrade liberalization among the ASEAN economies alone.
Thisindicates the gainsfor ASEAN economies of being part of the APEC process.

A conclusion is presented in section 4. Trade liberalization whether through an APEC
process or through multilateral negotiations at the WTO will likely lead to significant gains for the

economiesin the Asia Pacific region over the next 25 years.

2. Integrating Macroeconometric and CGE models for Examining Trade Policy
|. Alter native Approachesto Economic Modeling
Until recently, computable general equilibrium (CGE) models® and macro-econometric

(ME) models® co-existed with very little interaction between the modelersin the two modelling

2 These are also referred to as Applied General Equilibrium (AGE) models. Hereafter | will only use
the term CGE models. See de Melo (1988), Robinson (1989) and Shoven and Whalley (1984) for an
overview of CGE models. Examples of this approach include models by Dixon et a (1982),
Whalley (1985), Deardorff and Stern (1985), Hertel et al (1995).



streams or very little cross fertilization of the two approaches'. Both modelling techniques have
made significant contributions to understanding various empirical aspects of economies yet
attempts to combine existing models from the different approaches have been unsuccessful.

The distinction between the two approaches is much the same as that between
microeconomic and macroeconomic theory. However, as the distinction between microeconomic
and macroeconomic theory has blurred, so has the distinction between CGE models, which have
begun to incorporate dynamics’, and a new generation of macro-econometric models which are
more firmly based on optimization theory’. In addition to the theoretical basis of the modelsthere
isalso a significant range of techniques for parameterizing both schools of models. Parameters
are either based on econometric estimates by the modelers or are " calibrated” by creating
parametersthat are based on " empirical evidence" .

CGE models are derived from microeconomic optimization theory, with considerable
attention to individual behavior whereas macro-econometric models are based on aggregate
behavior with reliance placed heavily on correlations found in time series of aggregate data. There
is by now a vast literature containing applications of computable general equilibrium models. The
reader isreferred to papers by Derviset. al. (1982), de Melo (1988), Robinson (1989) and Shoven
and Whalley (1984) for a detailed overview of CGE models.

3 See Bryant et a (1988) for a summary of the major multi-country macro-econometric models and a
list of references relating to each model.

4 Attempts have been made to reconcile the two approaches. See for example Powell (1981) and
more recently Parsell, Powell and Wilcoxen (1989).

> A number of attempts to link macro-econometric models and CGE models do exist. See Cooper
and McLaren (1983) for one such attempt using Australian models.

® The treatment of dynamics varies considerably across CGE models. Some are very simple while
others are integrated more completely into behavior. Examples of dynamic CGE models include
Burniaux et a (1991), Goulder and Eichengreen (1989) and Jorgenson and Wilcoxen (1990).

" The Multimod econometric model at the International Monetary fund outlined in Masson et a
(1988) and the M SG2 multi-country model in McKibbin and Sachs (1991) are examples. 1t should
be noted that the MSG2 model is very different to the MSG model that appearsin Bryant et al
(1988). That earlier model was atypical macroeconomic model whereas MSG2 is more like a
dynamic CGE model.



The CGE modeling work descends directly from the work of Arrow and Debreu (1954).
These models use the Walrasian general equilibrium framework together with real world data to
attempt to explain economic behavior. They contributed quantitative results to the theoretical
literature on microeconomic general equilibrium analysis. Given the focus on individual
optimization, the key parametersin these type of models are parameters such as expenditure
shares and the elasticities of substitution of households and firms. These parametersare
sometimes " calibrated” to a data set given an assumption about functional form of utility and
production functions. Or they are estimated from extensive cross sectional data on households and
firms. In addition to parameter calibration, it is often the case that the data behind the model is
adjusted to be consistent with the equilibrium of the model.

The applied aspects of CGE modelling descend from the fixed coefficient work of Wassily
Leontief. By using input-output tables constructed for fixed coefficient models, introducing
relative prices and empirical evidence on substitution in production and consumption, the CGE
approach added a new dimension to this earlier modelling strategy. An early example of thistype
of work is Johansen (1960).

With the focus on micro-economic theory, CGE models are particularly well suited to
analyzing questionsin tax policy and international trade (see Shoven and Whalley (1984)). In
addition they have played an important rolein the literature on economic development (see the
survey by de Melo et. al. (1982)).

The advantage of this approach is the transparency of the key mechanismsin many of the
models. Also considerable sectoral detail can be handled and even the results from the larger
models can be understood from theoretical intuition. One problem with this approach is
interpreting the time horizon over which theresults arerelevant. This partly relatesto how long it
takesfor marketsto clear. The early static CGE models were used for comparative static analysis
of the change between equilibria given a change in some policy. They were particularly useful for
analyzing the long run effects of policies. Recent work has attempted to incorporate dynamics to
allow for simple adjustment between equilibria (e.g. Bourgignon et al (1989), Burniaux et.al.
(1991), and Feltenstein (1986)). However these extensions have usually had macroeconomic

closures which are considered unsatisfactory by macro-economists. The absence of an aggregate



pricelevel or any role for money (or nominal exchange rate fluctuations) in particular isan
important omission from most CGE models.

Other attempts to introduce dynamics through explicit intertemporal optimization of
agents, such as papers by McKibbin (1986), Goulder and co-authors (1989,1990), Jorgenson and
Wilcoxen (1990), McKibbin and Sachs (1991), McKibbin and Wilcoxen (1992), Laxton and Tetlow
(1992), and Servin and Schmidt-Hebbel (1992) are more promising. The approaches by
McKibbin and Sachs (1991) and McKibbin and Wilcoxen (1992) form the basis for the remainder
of this paper.

In contrast to the approach taken in CGE models, the standard approach in
macr o-econometric models developed during the 1960s and 1970s was for macroeconomic theory
to be used as a guide as to the appropriate variables to use in regression equations. These
variables were then tested and either included or excluded based on various tests of statistical
significance. Because of the focus on aggregate relationships, it was rare that these models
imposed the types of constraints across equations to satisfy conditions from microeconomic
optimization theory. 1n some cases, the conditions of homogeneity were not even imposed. With
fewer theoretical constraints or seldom any imposition of steady state conditions to impose
stability, the larger econometric models tended to be explosive over long periods and were only
really useful for ssmulations over short time horizons. Thiswas less of a problem when the
models were used for short term forecasting but was a fundamental problem for medium term
policy analysis.

These macro-econometric models broke down empirically in the 1970s, in part because
they relied on data periods in which events such as supply shocks were relatively unimportant.
While these models were criticized for their poor tracking performance in the face of shocks that
were not in their estimation sample, the Lucas Critique dealt a theoretical blow by pointing out the
role of expectations and the need to worry about theoretical structure and policy regimes®. The
modelling profession responded to this challenge by introducing rational expectationsinto a

number of models. The multi-country models that incorporated the assumption of rational

8 See Lucas (1973).



expectations such asthe Liverpool, Taylor, MSG and Minimod (parent of Multimod) tended to be
small models with relatively smple dynamics. Thiswas partly due to the size constraints placed by
the numerical techniques used to solve RE models. It was also because the long distributed lag
structuresin the traditional macroeconometric models made it virtually impossible to numerically
solve these modelsincluding rational expectations. The main problem was that in many, if not all
cases, these models were basically unstable. The instability which gradually appeared over a
simulation horizon of a decade or less, manifested itself into the first year when attempting to
introduce rational expectations. To give the saddle path stability that isrequired in rational
expectations models required a tighter structure and more careful constraining of parameter
estimates. Even today it is not a matter of size of models that prevents the use of rational
expectations. The key problem isrelated to model stability. It isnot that rational expectations was
necessarily a desirable assumption to incorporate into these models. However, attemptsto
implement this assumption showed that the conventional style of macroeconometric model
building produced models with medium term properties that were less transparent and less stable
than more theoretically constrained models.

Global macro-econometric models that have been developed in the 1980s spanned the
spectrum of macroeconomic and microeconomic theory with a variety of reliance on estimation
versus calibration techniques. Models such as Multimod®, Liverpool model*°, the Taylor Model**
and perhaps GEM are closer to the microeconomic theory part of this spectrum than the
derivative models of the large scale models of the 1970s such asthe DRI, EPA, INTERLINK,
LINK, MCM or WHARTON models?. The MSG model is close to the macroeconomic theory part
because it is based on macroeconomic theory and is calibrated to a data set. The MSG2 model in

contrast, lies closer to the microeconomic theory end of the spectrum because it has explicit

® See Masson et a (1988).
10 See Minford et al (1986).
11 See Taylor (1988).

2 For an overview of these models see Bryant et al (1988).



structural parametersand it is calibrated to a data set rather than estimated over a time series of
data.

I'n building a new model such as undertaken for this paper, it is natural to ask which
approach should be followed? Total or excessive reliance on aggregate data with very little regard
to theoretical structureisthe wrong modelling strategy to follow for a number of reasons. Firstly,
the data at the aggregate level are so poor that theoretical restrictions are required for any useful
analysis of the information contained in the data. Secondly many shocks we care about (e.g.
German unification, the breakup of the Soviet Union, regime changes such as shifts from fixed to
floating exchange rates, moving into or out of the EMS or the shift from exchange controlsto free
capital mobility etc.) are not in our data samplesor at least not with sufficient numbers of
observations. Thirdly, for a model to be useful in a practical sense, it must be able to adequately
replicate the data to a significant extent but it also must be understandable so the user gets
guantitative information and a better intuition of the main issuesin any analysis. Thissuggestsa
tradeoff between constraining a model to a tight theoretical structure and following data-intensive
approachesto modelling. Thereisalso an apparent tradeoff between capturing macroeconomic
phenomena and sectoral detail although we will show below that recent developments in dynamic
general equilibrium modelling have apparently resolved this tradeoff. Estimated modelsthat are
to be used for policy work should, in full model simulation, be able to explain recent major events
rather than just give a good single equation fit on average over a thirty year sample. We also need
to understand the intuition as to why the results come out as they do. Theoretical models should
be subject to these same evaluations. |f they do not explain statistical relationshipsin the data or

the consequences of large observed shocks then they are not so useful for applied policy.

ii. The Theoretical Structure of the AP- GCUBED model

The AP-GCUBED multi-country model is based on the GCUBED model developed in
McKibbin and Wilcoxen (1992, 1995, 1996). It combines the approach taken in the MSG2 model of
McKibbin and Sachs (1991) with the disaggregated, econometrically-estimated, intertemporal
genera equilibrium model of the U.S. economy by Jorgenson and Wilcoxen (1989). The MSG2

model had one sector per country. The Jorgenson-Wilcoxen model breaks the economy down into 35



separate industries, each of which is represented by an econometrically estimated cost function. The
GCUBED model was constructed to contribute to the current policy debate on global warming, trade
policy and international capital flows, but it has many features that make it useful for answering a
range of issues in environmental regulation, microeconomic and macroeconomic policy questions. It
isaworld model with substantial regional disaggregation and sectoral detail. In addition, countries
and regions are linked both temporally and intertemporally through trade and financial markets. Like
MSG2, GCUBED contains a strong foundation for analysis of both short run macroeconomic policy
analysisaswell aslong run growth consideration of alternative macroeconomic policies.
Intertemporal budget constraints on househol ds, governments and nations (the latter through
accumulations of foreign debt) are imposed. To accommodate these constraints, forward looking
behavior isincorporated in consumption and investment decisions. Unlike MSG2, the GCUBED
model also contains substantial sectoral detail. This permits analysis of environmental policies
which tend to have their largest effects on small segments of the economy. By integrating sectoral
detail with the macroeconomic features of MSG2, GCUBED can be used to consider the long run
costs of aternative environmental regulations yet at the same time consider the macroeconomic
implications of these policies over time. The response of monetary and fiscal authoritiesin different
countries can have important effects in the short to medium run which, given the long lagsin
physical capital and other asset accumulation, can be a substantial period of time. Overall, the model
is designed to provide a bridge between computable general equilibrium models and macroeconomic
models by integrating the more desirable features of both approaches. The AP-GCUBED model
differs from the GCUBED model because of the focus on the Asia-Pacific region as well as having 6
sectors compared to 12 for GCUBED.

The AP-GCUBED moded is till inthe very early stages of development but it isaready a
large model. Inits current form it contains 7,100 equations and 140 intertemporal costate variables.
Nonetheless, it can be solved using software developed for a personal computer*®. In addition, an
extensive set of software exists that will permit the AP-GCUBED model to be used for game
theoretic analysis of how one or more countries might respond strategically to unilateral policies

adopted by other nations.

13 See the Computer manual by McKibbin (1995).
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The key features of AP-GCUBED are summarized in Table 1. The country and sectoral
breakdown of the model are summarized in Table 2. It consists of sixteen economic regions with
Six sectorsin each region. The sixteen regionsin AP-GCUBED can be divided into two groups. 13
core countries/regions and three others. For the core regions, the internal macroeconomic
structure as well asthe external trade and financial linkages are completely specified in the
model. We begin by presenting the structure of a particular one of these economies. the United
States. Theother countries have similar structure and differ only in the values of behavioral
parameters, so our description of the United States applies to the other industrial regions as well.
Thisismore problematic for the countriesin the Asia-Pacific Region. Our approach for these
countriesisto first model them assuming the theoretical structure we use for the " generic"
country but calibrating each country to actual country data. We then propose to proceed country
by country to impose institutional features, market structures, market failures or government
regulations that
cause certain aspects of these economiesto differ from our generic country model. In this paper
we have only just begun this process, therefore the countries we represent in the region are
endowed with resources, trading patterns, saving and investment patterns etc that are based on
actual data for these countries but in many important ways may not be truly representative of
these countries because of ingtitutional factors that we are still implementing into the model.

Each core economy or region in the model consists of several economic agents:
households, the government, the financial sector and the 6 production sectorslisted in table 2. We
now present an overview of the theoretical structure of the model by describing the decisions
facing these agents. The reader isreferred to McKibbin and Wilcoxen (1995,1996) for more
details on the GCUBED model and McKibbin and Wong (1996) for the AP-GCUBED Model. A
key aspect of the model isthe integration of data from input-output tables with conventional
macroeconomic data. An example of an interindustry accounting matrix and the relationship
between sectoral and aggregate data is shown in figure 1. Thisdata mapping lies behind the
behavioral assumptions which follow. In the top left hand quadrant isa 6 X 6 matrix which
tracks the flows of goods between the 6 sectorsin country k. The first column contains the number

of each industry. Each row correspondsto the use of an industry's output. Thefirst six elements
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of therow isthe use of an industry's output in each of the twelve industries. To theright of thisis
the use of each industry's good for Consumption (C), Investment (1), Government purchases (G),
exports (X) and imports (IM) from foreign countries of the same good to satisfy domestic demand.
For example thefirst row isthe production of sector 1 good. Thisoutput isused by the industry
columns 1 through 6 representing use by each other sector and also for final demand. For each
industry thereis a row which gives similar information. Below the six sectorsin the lower |eft
hand corner, are the uses of the primary factors of production: sector specific resources (R),
Capital (K) and labor (L). Notethat some capital and labor are used in final consumption,
investment and government spending. Gross output of sector 1 isthe sum of each element along a

row. The
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Table 1. Summary of Main Features of AP-GCUBED

pecification of the demand and supply sides of economies;

tegration of real and financial markets of these economies;

tertemporal accounting of stocks and flows of real resources and financial assets,

position of intertemporal budget constraints so that agents and countries cannot forever borrow or lend without

dertaking the required resource transfers necessary to service outstanding liabilities,

hort run behavior is aweighted average of neoclassical optimizing behavior and ad-hoc "liquidity constrained” behavio
he real side of the model is disaggregated to allow for production and trade of multiple goods and services within and
ross economies,

ull short run and long run macroeconomic closure with macro dynamics at an annual frequency around along run
low/Swan/Ramsey neoclassical growth model.

he model is solved for afull rational expectations equilibrium at an annual frequency from 1995 to 2100.



Table 2: Overview of the AP-GCUBED Modée

agions

United States

Japan

Australia

Rest of the OECD

Korea

Thailand

Indonesia

China

Maaysia

Singapore

Taiwan

Hong Kong

Philippines

Oil Exporting Developing Countries
Eastern Europe and the former Soviet Union

Other Developing Countries

ctors

Energy

Mining

Agriculture



Durable Manufacturing
Non-Durable Manufacturing

Services

m across the columns of final demand for each row gives the value added of that sector. Gross output for sector 1isal

sum of each element of a column, since the value of inputs equals the value of outputs.
Firms

Each of the six sectorsis represented by a single firm in each sector which choosesitsinputs and its level of

estment in order to maximize its stock market value subject to a multiple-input production function and a vector of
ices it takes to be exogenous. The nesting for the production decision is set out in Figure 2. For each sector h, output (Q
produced with inputs of capital (Ky), labor (Ly), energy (Ep), materials (My) and a sector-specific resource (R,). The
ture of the sector specific resource varies across sectors. For example in agriculture and mining itisland whichis
bstitutabl e between these two sectors.:. Energy and materials are an aggregate of inputs of intermediate goods. The
termediate goods are, in turn, aggregates of imported and domestic commodities which are taken to be imperfect
bstitutes. Due to data limitations we assume that all agentsin the economy have identical preferences over foreign
d domestic varieties of each particular commodity. We represent these preferences by defining twelve composite
mmodities that are produced from imported and domestic goods. For commodity h the production function for
mposite good Yy, in terms of domestic output Q, and imported good I My,. For example, agricultural products
rchased by agentsin the model are a composite of imported and domestic agricultural products. By constraining a
entsin the model to have the same preferences over the origin of goods, we require that (for example) the agricultu

d service sectors have the identical preferences over domestic energy and energy imported from the middle east.? T

n the version of the model in this paper there is assumed to be an infinite supply of these resources but in future papers
authors intend to explore the implications of exhaustible resources and sequestration of land for tree planting etc.

his does not require that both sectors purchase the same amount of oil, or even that they purchase oil at al; only that th
th feel the same way about the origins of oil they buy.



cords with the input-output data we use and allows a very convenient nesting of production, investment and
nsumption decisions.

Following the approach in the MSG2 model, we assume that the capital stock in each sector changes accordin
the rate of fixed capital formation and the rate of geometric depreciation. The investment processis assumed to be
bject to rising marginal costs of installation, with total real investment expendituresin sector h equal to the value o

ect purchases of investment plusthe per unit costs of installation. These per unit costs, in turn, are assumed to be
ear function of therate of investment. One advantage of using an adjustment cost approach is that the adjustment
st parameter can be varied for different sectorsto capture the degree to which capital is sector specific.

The goal of each firmisto choose inputs of labor, energy, materials and sector specific resources to maximize
tertemporal net-of-tax profits. For analytical tractability, this problem is assumed to be deterministic (in other word
efirmisassumed to believe its estimates of future variables with subjective certainty) subject to constraints on capit
cumulation and cost function. Solving the optimization problem facing this representative firm, gives the set of
rived demands for factors of production. These factors (L, E, and M are hired to the point where the marginal
oductivity of these factors equals their pricesrelative to the output price of the sector. We can also use these factor
mand equations together with the production function to rewrite the model in terms of cost functions. In thiscase
ice of the output at each level of thetier structure will be a function of the price of variable inputs and the quantitie
available fixed factors (such as capital).

The price of labor is determined by assuming that labor is mobile between sectorsin each region, but isimmob
tween regions. Thus, wageswill be equal across sectors®. The wage is assumed to adjust according to an overlappi
ntracts model where nominal wages are set based on current and expected inflation and on labor demand relative t

or supply. Inthelongrun, labor supply is given by the exogenous rate of population growth, but in the short run,
e hoursworked can fluctuate depending on the demand for labor. For a given nominal wage, the demand for labor
Il determine short run unemployment in each industry. Thiswill vary across industries depending on the composit
demand for each sectors good.

The solution of the optimization problem also gives that the rate of grossinvestment in sector h isa function o

obin'sqg" for that sector. Following the MSG2 model, it isassumed that investment in each sector is a weighted

erage of forward looking investment and investment out of current profits.

n future developments of the model we propose to introduce an adjustment cost model of labor mobility.



So far, we have described the demand for investment by each sector. | nvestment goods are assumed to be
pplied by a firm facing an optimization problem similar to those of the twelve industries described above (and not
peated here). Like other industries, the investment sector demands labor and capital services aswell asintermediat
puts. The investment column in the input-output table is used to parameterize the investment sector's production
nction. Aswith the discussion above, thereisa shadow " " associated with investment in the investment goods

ctor.

Households
Househol ds consume a basket of composite goods and services in every period and also demand labor and capita
rvices. Household capital services consist of the service flows of consumer durables plus residential housing.
useholds receive income by providing labor services to firms and the government, and from holding financial assets.
dition, they also receive transfers from the gover nment.
The behavior of a representative household can be thought of as a sequence of decisions. Householdsfirst decide
aggregate consumption for each period. Once thisis determined expenditure is allocated across goods and services
sed on preferences and relative prices. We use a nested constant elasticity of substitution utility function, so income
sticitieswill be unity and price elasticities can differ from unity.* Aggregate household consumption is nested as
own in Figure 3. Total private consumption is allocated between capital, labor, a basket of energy goods and a bas

non-energy goods. Materials are a sub-aggregate of intermediate goods.

n the preliminary version of the model presented here, the elasticities of substitution are assumed to be unity. We arei
process of estimating the elasticities econometrically using along time series of input-output data.



Aggregate consumption is chosen to maximize an intertemporal utility function subject to the constraint that
esent value of consumption be equal to human wealth plusinitial financial assets. Human wealth in real termsis
fined as the expected present value of future stream of after tax labor income of households. Financial wealth isth
m of real money balance, real government bonds in the hand of the public, net holding of claims against foreign
sidents and the value of capital in each sector. The solution to this maximization problem is the familiar result that
gregate consumption is equal to a constant proportion of private wealth, where private wealth is defined asfinancia
alth plus human wealth. However, based on the evidence cited by Campbell and Mankiw (1987) and Hayashi (198

follow the approach in the MSG2 model and assume that only a portion of consumption is determined by these
tertemporally-optimizing consumers and that the remainder is determined by after tax current income. This can be
terpreted as liquidity constrained behavior or a permanent income model in which household expectations regardin
come are backward-looking. Either way we assume that total consumption is a weighted average of the forward
king consumption and backward-looking consumption.

Oncethelevel of overall consumption has been determined, spending is allocated among goods and services.

useholds demand each of the model's 12 commaodities and also demand labor and capital services. Household
pital services consist of the service flows of consumer durables plusresidential housing. The result is a system of
usehold demand equations which depend on the level of aggregate consumption and the price of the individual goo
lative to the price of the consumption basket.

The solution for the consumption of capital servicesisa little more complex. Here we assume that consumers
vest in household capital in order to generate a desired flow of capital services subject to the accumulation equation
r capital and a cost of adjustment model. Solving this problem yields results similar to those discussed for firms abo

wever, since no variable factors are used in producing capital services, thefirst order conditions for the problem gi
vestment as a function of the shadow price of capital. The demand for capital servicesarisingin the household
nsumption problem determines the price of capital services given the supply of services. The stock of household
pital at each point in timeis determined by the initial stock of capital, the rate of depreciation and the rate of gross
vestment in the stock of capital. In the same way that investment by firmsis determined, the investment by househo

pends on the Tobin's g associated with the stock of household capital.

Government



We take each region's real government spending on goods and services to be exogenous and assume that it is
ocated among final goods, services and labor in fixed proportions, which we set to 1987 values. Total government
tlays include purchases of goods and services plus interest payments on government debt, investment tax credits and
nsfers to households. Government revenue comes from sales, corporate and personal income taxes, and by issuing
vernment debt. We assume that agents will not hold government bonds unless they expect the bonds to be paid off
entually. This transversality condition impliesthat the current level of debt will be equal to the present value of future
dget surpluses.®

Theimplication of these constraints isthat a government running a budget deficit today must run an
propriate budget surplus as some point in the future. Otherwise, the government would be unable to pay interest on
e debt and agentswill not be willing to hold it. To ensure that the constraint holds at all pointsin time we assumet
e government levies a lump sum tax in each period equal to the value of interest payments on the outstanding debt.'
effect, therefore, any increase in government debt is financed by consols, and future taxes are raised enough to
commodate the increased interest costs. Thus, any increase in the debt will be matched by an equal present value
crease in future budget surpluses. Other fiscal closurerules are possible, such asrequiring theratio of governmen

bt to GDP to be unchanged in thelong run. These closures have interesting implications but are beyond the scope

IS paper.

Financial Markets and the Balance of Payments

The sixteen regions in the model are linked by flows of goods and assets. Flows of goods are determined by the
port demands described above. These demands can be summarized in a set of bilateral trade matrices which give the
ws of each good between exporting and importing countries. Thereisone 16 by 16 trade matrix for each of the six
ods.

Trade imbalances are financed by flows of assets between countries (except where capital controls arein place).

assume asset markets are perfectly integrated across the OECD regions. With free mobility of capital, expected retu

trictly speaking, public debt must be less than or equal to the present value of future budget surpluses. For tractability
assume that the government isinitially fully leveraged so that this constraint holds with equality.

n the model the tax is actually levied on the difference between interest payments on the debt and what interest paymen
uld have been if the debt had remained at its base case level. The remainder, interest payments on the base case debt,
anced by ordinary taxes.



loans denominated in the currencies of the various regions must be equalized period to period according to an
covered interest parity condition. While we allow for exogenous risk premium in the calibration of the model thereis
owance for endogenous risk premia on the assets of alternative currencies. For the experimentsin this paper we
sume open capital marketsin each of the APEC countries. This therefore assumes a good deal of financial liberalizatio
part of the trade reforms.
Determining initial net asset positions and hence base-case international capital flowsis non-trivial. We assume
t capital flows are composed of portfolio investment, direct investment and other capital flows. These alternative form
capital flows are perfectly substitutable ex ante, adjusting to the expected rates of return across economies and across
ctors. Within an economy, the expected return to each type of asset (i.e. bonds of all maturities, equity for each sector e
e arbitraged, taking into account the costs of adjusting physical capital stock and allowing for exogenous risk premia.
cause physical capital is costly to adjust, any inflow of financial capital that isinvested in physical capital (i.e. direct
estment) will also be costly to shift onceitisin place. The decision to invest in physical assetsis based on expected
tes of return. However, if there is an unanticipated shock then ex-post returns could vary significantly. Total net capita
ws for each economy in which there are open capital markets are equal to the current account position of that country

e global net flows of private capital are constrained to zero.

We treat the OPEC region differently to the regions which have full internal structures. We assume that OPEC

oosesitsforeign lending in order to maintain a desired ratio of income to wealth.

ata, Parameterization and Model Solution

The data used in the AP-GCUBED model comes from a number of sources. Unlike the GCUBED model we have
t yet estimated the CES production elasticities of substitution. We currently assume the production function are Cobb-
uglas.

The input-output tables for the Asia-Pacific economies are from the Institute of Developing Economies. The
stralian table is from the Australian Bureau of Statistics. In lieu of obtaining input-output tables for the aggregate
ECD region, we currently create the tables for this region based on the U.S. table and adjusted for actual final deman

mponents from aggregate ROECD macroeconomic data. In effect, we are assuming that all countries modeled share
me production technology but differ in their endowments of primary factors and patterns of final demands. This

sumption is a temporary necessity while we complete construction of the AP-GCUBED database.



Trade shares are based on the United Nations S TC (Standard Industry Trade Classification) data for 1987 with
ctors aggregated from 4 digit levels to map as closely as possible to the S C (Standard Industry Classification) used in
U.S input/output data’. Thisdata isfrom the I nternational Economic Databank at the ANU.
The parameters on shares of optimizing versus backward looking behavior are taken from the MSG2 model.
ese are based on arange of empirical estimates aswell as a tracking exercise used to calibrate the MSG2 model to
perience of the 1980s.
AP-GCUBED is solved using the same software as the MSG2 model The model has approximately 7,400

uationsin its current form with 140 jumping or forward looking variables, and 263 state variables.

Resultsfor Trade Liberalization
In this section we use the model described above to simulate three scenarios. The first scenario is non discriminat
uction in trade barriers by APEC economies (MFN liberalization). It is assumed that each industrialized economy in
EC cuts protection on goods beginning in 1995. The cuts in each period are gradually phased in such that our measure
protection are equal to zero by 2010. For developing economies we assume the same linear reduction but with atermin
te of 2020. The size of cuts depends on the initial levels of tariffs. These are shown in table 3 and are based on the

TO/World Bank database. This table shows that there are significant differences in the level of protection across

full mapping of SITC and SIC codesis contained in atechnical appendix available from the authors by request.



bl e 3:

Initial Tariff Rates

Agriculture Energy Mining Durable; Non Durable

Manufacturing { Manufacturing

United States 6.7 0.5 0.0 8.5 26.2
Japan 148.8 11 0.6 4.9 59.4
Australia 1.9 0.7 0.7 13.9 15.2
Indonesia 11.0 1.5 2.4 16.4 114
Malaysia 104.0 2.5 35 13.7 57.4
Philippines 104.0 5.8 10.2 24.1 63.3
Singapore 9.9 21 0.0 0.2 9.6
Thailand 107.6 6.9 10.9 334 70.5
China 16.7 14.0 18.7 45.1 435
Talwan 12.6 14.3 235 39.3 42.1
Korea 105.0 2.8 4.4 16.0 41.0
Hong Kong 0.0 0.0 0.0 0.0 0.0

urce: Centre for International Economics aggregations based on WTO/World Bank data.




wuntries as well as across sectors within a country. This asymetry in the cuts suggests that relative
ice changes within economies will be important in the adjustment process and therefore a sectoral disaggregation is
portant for analyzing APEC trade policy.

The second policy isthe same as the first except that the cuts are made on a preferential basis (APEC free trade

a). Thus the tariff rates remain unchanged for trade with non APEC members but are reduced the same as in scenario 1
r APEC members only. The third scenario iswhere only ASEAN members cut their level of protection in anon
eferential way (Asean Free Trade Area).

Results for each scenario are presented in Table 4 through 8 for full liberalization, Table 9 through 13 for
eferential liberalization and Table 14 through 18 for ASEAN liberalization. Some comparative results are also present
figures4 and 5.

The results in each table are the percentage deviation of arange of variables from what otherwise would have
curred along the baseline projection of the model without any trade liberalization. This assumes that the GATT/WTO
gotiations do not lead to any changesin rates of protection along the baseline path which is obviously acrucia

plification. Indeed the results of scenario 1 of this paper could equally be interpreted asaWTO induced liberalization
her than APEC liberalization.

The variables presented are: real gross domestic product (GDP); real consumption; real investment; real exports;
d the current account expressed as percent of baseline GDP deviation. In figure 4 and 5 we present the results for asing
ar, 2020, for GDP and consumption across each of the three scenarios. This gives a comparison of the distribution of
insin production and consumption at a point in time. Thisis not the long run result that compares with static studies bu

point at the end of the liberalization process.

It isimportant to stress that macroeconomic policy is assumed not to respond to undesirable fluctuations in short
onomic activity. Monetary policy is assumed to be targeting a stock of nominal money balances in each economy. Fisc
licy isdefined as a set of fixed tax rates and government spending constant in real terms. With higher output, tax

enues rise implying a move towards fiscal surplusin each economy. Although not examined in this paper, some of the
ger term gainsin real activity would be reduced if the endogenous rise in government saving was offset by greater
vernment spending.

Now consider the results presented in Table 4 through 19. Table 4 contains result for real GDP. For example th
ows that real GDP in Japan by 2020 is projected to be 0.1 percent higher than otherwise would have been the case. Th

ameasure of the production implications of the APEC trade reforms. It is not a measure of welfare because income



ates to the ownership of factors of production and not where athey are use in production. As part of the ssimulation
pital flows from Japan to the other Asian economies raising income for owners of capital in Japan but not necessarily
sing production in Japan, since the production will occur where the capital has located. Thus real consumption present
table 5 is a better measure of welfare sinceit is more closely related to income.

Severa points emerge from tables 4 and 5 which are supplemented by the other tables for scenario 1. By 2020,
oduction in all economiesis higher as aresult of APEC. The size of the change varies across countries but it islinked t

degree of trade reform. Those countries that undertake the most trade liberalization realize the largest gains in terms o

P and consumption. Secondly the consumption gains are larger than the production gains because of the fall in the pr

t consumers pay for products. Thirdly although the longer run gains are positive (consistent with other studies) in the
ry short run there are negative effects in some economies. This occurs because in the short run factors of production ar

ocated in response to the policy announcements. However, this cannot be done instantly and therefore thereis short ru

location of production in some economies. Our assumption of macroeconomic policies are crucia here becauseit is
sumed that the macroeconomic policies are not adjusted in response to the fluctuations in economic activity. With an
justment of macroeconomic policies, some of the short run negative effects could be offset.

Apart from the domestic reallocation of factors of production, the policy announcement causes achangein
pected rates of return within different sectors within economies. This leads to movements of domestic factors of
oduction and arapid movement of international financial capital. The financial flows lead to changes in physical

estment which over time raises the capital stock in a number of sectors. In particular financial capital flows from the
untries that are not undertaking large reforms, in particular the United States, into the other economies that are
dertaking large reforms. This leadsto a depreciation of the US dollar in real and nominal terms which improvesthe US
de balance and the current account. Indeed the improvement in the current account is the mirror image of the capital
tflow. This capital outflow from the United States which aso occurs from Japan and Australiais a capital inflow for th
id liberalizing developing countries in the APEC group.
The extent of gains from APEC depends on the size of the liberalization, the linkage between sectors within
onomies, the extent to which goods from certain sectors are demanded by other economies whose incomerrise, the
ction of macroeconomic policies and arange of other channels which are captures through empirical relationshipsint
del.
Preferential liberalization is presented next in table 9 through 13. In this case only tariff s on goods from other

EC members are reduced over time. The adjustment story is very similar to the previous simulation except the



gnitude of results are reduced. This partly reflects the smaller fall in consumer prices aswell asthe smaller fall in the
ice of imported capital goods that come from Europe and other non APEC economies. Thusincomes and capital
estment rise by lessin the preferential APEC case.

Finally results for liberalization in ASEAN economies are presented in tables 14 through 18. In the ASEAN
onomies, the gains are still substantial although less than for full APEC liberalization. Thisimpliesthat ASEAN
onomies gain from other liberalization in other economies but most of the gains are from their own actions. It isaso cl

n GDP of non ASEAN economiesisonly very dlightly affected by ASEAN liberalization. There is more effect on non

EAN consumption because again of the higher returns to foreign capital that is repatriated to non ASEAN economies
d used for consumption. Again there are positive effects on real exports of all economies but this does not necessarily
d to significantly higher output in these economies because exports are arelatively small share of GDP.

A comparison of the three scenarios for GDP and consumption in the year 2020 are shown in figures4 and 5. It is
ar from these figures that full APEC liberalization is better for each country shown that the other alternatives. It isalso
ar that the consumption gains are larger and more evenly spread that the production gains. Thisis not surprising given
t the production reallocations follow the improvements in resource alocation in different sectorsin different economi

ereas the consumption gains accrue to the owners of factors of production wherever they are located.

Conclusion

We have presented aframework for analyzing macroeconomic and sectoral linkages within the Asia-Pacific regio
d the global economy. We still have agood deal of work ahead in adapting the model to replicate the particular
titutional and market features of the individual countriesin the region, but we feel that the results to date form a usefu
nchmark from which to proceed.

Using this new dynamic framework several insights emerge. Thefirst isthat apolicy such as APEC trade
eralization announced in advance of implementation can have significant effects on international capital flows and
ough this mechanism affects real exchange rates and trade flows. Allowing for the adjustment international capital flow
ows that some common perceptions in industrial economies of the effect of opening up to trade with developing
onomies need to be re-evaluated.. Rather than experiencing a flood of low cost goods from devel oping countries, the
justment of financial capital into these developing economiesin anticipation of significant return to liberalization, can
d to areal exchange rate appreciation in these economies which results in atrade balance surplus for the countries

oviding the capital and trade deficit in the countries attracting the capital. This phenomenawas apparent in Mexico afte



89 inresponseto NAFTAS®. Thusfor example, the US and Japanese current accounts improve as a result of a weak
llar and yen as capital flows out of these economies. Trade volumes nonethelessrise as a result of the trade
eralization even though there are very different net balance effects. The more efficient allocation of resources leads
me dispersion in production in different regions but more uniform income gains.

In thelonger run asfound in other studies, incomes throughout the world rise as a result of trade liberalizatio
the short run however there are offsetting factors at work. The process of reallocating factors of production in
onomiesin response to the change in price signals can lead to short run underutilization of resources. Whether this
ect dominates depends on the extent of rigiditiesin economies and the extent of factor reallocation required. Toth
tent that there are short run adjustment problem, there isroom for adjustment of macroeconomic policies. We have
t focussed on that in this paper but the reader should refer to McKibbin and Wong (1996) for an analysis of fiscal a

netary policy using this model.

The other lesson from this paper isthat to the extent that the Bogor Declaration (or trade liberalization in
neral) istaken as credible, international financial markets may well begin adjusting in advance of the actual
plementation of the policies. Policy makerswill need to be aware of these adjustments which could imply large
angesin current account balances and real exchange rates. To the extent that the financial capital flowsinto
onomies undertaking large policy reforms, the accumulation of physical capital that results from this process can h
ooth the adjustment to a new long run equilibrium and indeed this can bring forward some of the gains of the APE
ocess. To the extent that countries place barriersin the way of these international flows of capital, the gainsare
stponed.

This study illustrates that the major gainersfrom the reduction of barriersto trade are the consumersin the
untriesthat reduce the barriers. There are positive spillovers from liberalization but most of the gains depend on th

tent to which a country reduces trade barriers.

ee Manchester and McKibbin (1995).
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ble 5: Real Consumption Consequences of Full APEC Liberalization
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ble 6: Real Investment Consequences of Full APEC Liberalization
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ble 9: Real GDP Consequences of Preferential APEC Liberalization
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ble 10: Real Consumption Consequences of Preferential APEC Liberalization
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ble 11: Real I nvestment Consequences of Preferential APEC Liberalization
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ble 13: Current Account Consequences of Preferential APEC Liberalization

of baseline GDP from baseline)
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ble 14: Real GDP Consequences of ASEAN Liberalization

deviation from baseline)
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ble 15: Real Consumption Consequences of ASEAN Liberalization

deviation from baseline)
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ble 16: Real I nvestment Consequences of ASEAN Liberalization

deviation from baseline)
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ble17: Real Export Consequences of ASEAN Liberalization

deviation from baseline)
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ble 18: Current Account Consequences of ASEAN Liberalization
of baseline GDP from baseline)
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Fi gure 2: Production Nesting
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Figure 3: Consunption Nesting
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Figure 1: Stylized Interindustry Accounting Matrix for country k.
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