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ABSTRACT
 

Traditional estimates of the welfare effects of trade policies were made within 
a static framework, whether using partial or general equilibrium models. Here 
we construct a dynamic g.e. model with full intertemporal equilibrium in order 
to assess the impact on g,'owth as well as the usual static effects. We fifid that 
even a mild tariff rate of 3% will result in a consumption gain of 0.8% in the 
long run compared to the 0.15% static gain. When the effects of quotas are 
included the effects are even more dramatic. The GNP growth rate over the 
first 20 years *ises form 2.34% to 2.38% due to the elimination of tariffs and 
some quotas. Unlike other g.e. models, ours allows for full substitution among 
inputs in the production and consumption functions. Furthermore, technical 
chage is endogenous, i.e., it'" affected by input prices. 
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1. Introduction 

Two of the more striking features of the postwar U.S. macroeconomy are the sharp 

downturn in growth after the early 70s, and the slowdown of productivity growth. In 

parallel with this are the large sectoral shifts of output, the doubling of the trade share in 

GNP. and the changing nature of government microeconomic policies. 1 Among the latter 

we would include taxation, environmental regulation, energy policies and foreign trade 

regulation. The interaction between public policy and economic performance is obviously 

a complex web, given the expected increase in import penetration, here we shall focus 

only on U.S. trade policy. 2 We restrict our attention to two aspects of U.S. trade policy -­

tariffs and quotas on imports, and examine the welfare and growth implications. 

Over the recent decade U S. commercial policy, and the world's in general, have 

turned from tariffs to quantitative restrictions. In 1980 U.S. tariff revenue was a mere 

2.9% of the value of commodity imports. The coverage and severity of quota.s and 

"voluntary export restrictions," Lowever, has grown substantially. Hence, while the 

effects of tariffs are small, and will keep getting smaller with the continued international 

agreements, the effects of the new policies are bigger and may well increase. 

Traditional analyses of trade barriers have been pursued along two lines. One is the 

detailed partial equilibrium estimates such as Hufbauer, Berliner and Elliot (1986), and 

the other uses large general equilibrium models such as the "Michigan Model" of Deardoff 

and Stern (1986). 3 While each of these approaches have many desirable features, they are 

both static in nature which ignores the dynamic effects on growth, capital accumulation 

I Annual GNP growth declined from 3 7% (1948'13) to 2 3% (1973 85) The private sector 
productivity growth rate fell from 1 15% (1947 73) to -0.3% (197385) (see Jorgenson 1984). The 
agriculture and manufacturing sectors shar. of private GNP wu 4.7% and 31 4% in 1980, by 1985 they 
were 2 8% and 22 8% respectively Commodity imports (excluding factor payments) was 4 4% of GNP in 
1060. 10 0% in 1985 

" Elsewhere, Jorgenson and colleagues have examined the effects of capital taxation and 
environmental regulation. See Jorgenson and Yun (1987), Jorgenson and Wilcoxen (1989). 

I Another well known U.S trade model is Whalley (1985). Srinivuasn and Whalley (1988) contains 
reports of nine general equilibrium models 
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and productivity change. 

In parallel with the introduction of such computable models over the last fifteen 

years was the development of numerical dynamic general equilibrium models to analyse 

the effects of taxation on growth. Among these are Auerbach, Kotlikoff and Skinner 

(1983), Goulder and Summers (1989), Jorgenson and Yun (1986). These earlier dynamic 

models, however, are highly aggregated with just one or two sectors and are thus not use­

ful for detailed analysis. 

In this paper we tie these two strands of applied research by constructing a dynamic 

multi-sector model with full intertemporal equilibrium. By sacrificing country detail that 

the static models have, we put in the time dimension which allows us to capture the 

effects of policy shocks on savings, investment and productivity change. We of course still 

track shifts among our 35 domestic sectors. 

We find that if world tariffs are eliminated beginning in 1980 consumption is 0.22% 

higher in the long run although leisure consumption falls initially. The consumption of 

goods rises by 0.16% in the first period and the welf-re gain increases to 0.82% in the 

steady state. The GNP growth rate for the first 20 years rises from 2.34% per annum to 

2.37% due to this elimination of a mere 2.9% U.S. tariff rate. 

When some quotas are eliminated the welfare gains are even more substantial, the 

GNP growth rate (1980:2000) rises to 2.38% per annum. The steady state consumption 

is some 0.31% higher compared to the initial gain of 0.10%. 

One can thus see the importance of including dynamic features to bring out this 

increase in the welfare effects. The only other multisector dynamic equilibrium models 

that we are aware of is Goulder and Eichengreen (1989) which utilizes a q-theoretic model 

with 10 sectors and 2 countries. 4 It, however, like most other numerical models incliding 

4 A smaller model is Go (188), which is implemented on the World Bank's GAMS computer p~ckage. 
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the Michigan one, uses very simple functional forms for the producers and consumers, in 

particular there is no substitution among material inputs. 

In our production functions not only is there a rich set of substitution possibilities, 

but also endogenous non-neutral technical change. Given the sharp swings in commodity 

prices and the parallel changes in input mix in the 70s and 80s, this flexibility is of great 

importance. Also, unique among such models, our consumption sector is represented by a 

non-homothetic function that incorporates demographics. We feel that these features are 

clearly demanded by the data. Even a cursory examination of the data will reveal the 

non-linearity of the Engel curves. A slightly more careful look will show the change in the 

input mix of the producers. Our model is estimated econometrically over a consistent set 

of post-War U.S. data which differentiate it from most numerical models that use param­

eter estimates from various sources. 6 

Our model thus complements much of the existing g.e. analyses of U.S. trade poli­

cies. While it does not yet have a fully endogenous rest-of-the-world structure, it does 

however, combine intertemporal equilibrium with the kind of multisectoral approach of 

the traditional models. 

Because of the limitations in GAMS it is a 3-Bector model that runs for only 20 periods. Model 
implementation using such a high-level language is of course far more convenient. 

" Our data covers the period 1947-85 and uses all official benchmark input-output tables. The 
Michigan Model and Whalley's model, in cnrstrast, use pre-1g73 1-0 tables. 



2 A Simplified Version of the Model 

The degree of 
/ 
disaggregation of our model with its 35 industries and elaborate con­

sumptio, and government sectors make it rather difficult to exposit in a straightforward 

manner. The important contrast between static and dynamic models, i.e. the role of capi­

tal accumulation, however, can be made with a bare-bones version of the model. It also 

provides us with phase diagrams that we shall use later. 

Consider an infinitely-lived consumer who supplies labor inelastically, and is initially 

endowed with a capital stock K 0 . He maximizes an intertemporal utility function, 

(2.1)f e-PtlogCt di 

subject to k/= I- 6K. 

C and I are the rates of consumption and investment, p is the pure rate of time prefer­

ence and 8 the rate of depreciation of the capital stock. The dot above a variable 

denotes the time, t, derivative. Capital and labor are used to produce the consumer good 

-ind exportables, X:5 

C = F(K,L,X) Fk >0, FL >0 F, <0 (2.2) 

For simplicity assume that capital goods are made wholly from imports and that 

there is balanced trade every period (wheat for steel, say). We therefore have: 

PrX (2.3)PmI = 

where Pm and P. are the prices of imports and exports respectively. The only role for the 

government here is that it has imposed "voluntary export restrictions" (VER) on the 

trading partner, raising Pm above the competitive world levels. 

6 This formulation is chosen merely to simplify the exposition It's the production possibility frontier 

of C- C(K,,L,), XfX(K.,L.) and K,+K.'X, L,+,L. 



-6-

The Hamiltonian for this dynamic problem is 

H = e -PlogC, + qf e- t (Ii -8K) (2.4) 

/ 

= C-PtlogF(Kt,E,Xt) - q e-Pt(P,Xt/P, -Kt) 

The costate variable qt gives the marginal utility of an extra unit of capital. 

Differentiating w.r.t. the control variable, Xt, we get the "within period" first-order con­

dition: 

Fr P,+ qt-P-- 0 (2.5) 

and the costate equation' 

q-pq = _ F q8 

Rewriting the costate equation yields: 

Fk(K.L,X)
4-)q -F(K,LY)=(p (2.6) 

which has the usual interpretation that the marginal product of capital less depreciation
 

plus capital gains is equal to the rate of interest, which in this equation is p .
 

The state equation is:
 

K= 1-BK 

=PX/PM - 8 K (2.7) 

Imposing the transversality condition 

lim e-Ptq = 0 (2.8) 

For concreteness, take F to be C = F(..)= f(K,L)-OX. From (2.7) and (2.5) we thus 

have : 
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= . (f(K,L)- - 8K (2.9) 

Putting the two dynamic equations (2.6) and (2.7) in a phase diagram one cun see that 

this is a saddle path stable set of differential equations. 

K 

The dashed line represent the unique stable arm of the system where the transver­

sality condition is met. The steady state capital stock is attained when q= 0, i.e., when 

the ',narginal product of capital less depreciation is equal to the rate of time preference. 

Another representation, of this economy using C and K, will be useful. Rewriting 

equation (2.5): 

F. = - qC (2.10)P..
 

In the case of F=f(K,L)- X, F, is a constant, and differentiating (2.10) w.r.t. time 

gives 

0 = 4C - qC 

and substituting into (2.6) we get the alternative Euler equation: 

- =- ((p+6) - FA P21 (2.11)
C F,,Pr 
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can then be represented as,7 
Equations (2.7) and (2.11) 

C/ 

/
 

K 

The effects of lifting the VER on the imported capital good can now be seen easily. 

Assume that the economy is initially in equilibrium at K,, and consider an elimination of 

the VER announced in advance. This leads to an anticipated reduction in P', which will 

shift the klocus towards a lower price and higher consumption. 

0C 

K., K1 K k 

The price of capital goods will jump downwards immediately, and continue to fall 

This diagram is almost identical to the one derived from the dynamic models in Chamley (1981) and 
Jorgenson and Yun (1988) 
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until it reaches the new stable arm at the time of the price reduction. During this time, 

before the actual liberalization, the capital stock will decumulate. This is due to the con­

sumer feeling richer and therefore raising his whole path of consumption. The rate of con­

sumption jumps up and savings down, that is, less exportables are produced and traded 

for investment goods. When the import price is actually reduced the economy will move 

along the saddle path, and accumulate capital to a higher steady state stock, and to 

reach a higher rate of consumption. 

One can thus see that all the welfare gains from liberalization in this economy come 

through the dynamics. In a static model with exogenous savings, this channcl would not 

exist and there will be no change in the first period welfare. While there are no numerical 

models that are so simplistic, this is just a matter of degree. It should be pointed out 

that some 60% of U.S. merchandise imports are durable goods in the eighties and if 

these goods do not all enter the welfare function then the model will miss this channel. 
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3. The Structure of the, Model 

3.1 Key Features and Assumptions
/ 

The most notable feature of our growth model is the forward looking behavior. 

Expectations are realized in equilibrium, and since there is no uncertainty it reduces to a 

perfect foresight model. In this regard this is similar to the Jorgenson and Yun (1986), 

and Goulder and Summers (1986) models, and unlike Hudson and Jorgenson (1974) which 

have myopic expectations. However, like the latter it has a rich sectoral structure. 

The "static" part of our model is quite standard, we have an aggregate household, a 

business sector, the government and rest-of-the-world. The business sector covers all of 

private GDP and is divided into 35 industries.8 The production functions of the indus­

tries are assumed to be characterized by constant returns to scale with capital, labor and 

materials as inputs. There is an aggregate capital stock owned by the household which is 

freely mobile across the producers. 

With constant returns to scale and mobile capital producers need not have foresight, 

output prices can be deterrrined given current input prices. This makes the model far 

easier to solve, in a model with sector specific capital, like Goulder and Eichengreer for 

example, each firm must have its own costate variable that must be solved for dynami­

callv. if there are scale economies one must specify some oligopoly model which, if at all 

realistic, must involve dynamics. The few general equilibrium models which have 

are static in nature.9economies of scale 

The treatment of capital in g.e. models is a much debated issue and deserves further 

comment. Models with sector specific capital include the Michigan Model and those of 

" Included in the business sector are government enterprises (mainly the Postal Service) 

" The pioneer in this field is Richard Harris's (1g83) model of Canada. Another model with scale 
economies is Devarajan and Rodrik (1g9) ApLrt from the dynamics there are other difficulties with this 
approach Firstly, the equilibrium is not unique, secondly, there are few reliable estimates of scale 
economies for most sectors. 
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Goulder & Co., while the Whalley and Harris models, like this one, has mobile capital. 

The "real" world is surely characterized by both. Nuclear power generators can only be 

used in the utilitie!' industry, but on the other hand, automobiles and office buildings are 

easily transferred. We view our model as a long-run one whereby capital can reasonably 

be assumed to have accumulated and depreciated in the appropriate industries. 10 The 

two approaches should be regarded as complementary, with one or the other being pre­

ferred depending on the question asked. 

A key assumption to allow such a flexible model to reach a steady state is that 

technical change is deterministic and forced to go to zero over time. If productivity 

growth is positive in the steady state then equal rates of growth must be imposed on all 

industries, otherwise the price of the output of the "smartest" industry will fall to zero 

and its quantity increase without bound."1 

However, even if equal rates are imposed there is a further restriction that is 

required. If technical progress goes on forever, per capita incomes will rise indefinitely, 

and thus, to have a well defined steady state, the consumption function in the end must 

be riomothetic. Otherwise the ;'ising incomes will drive all but one demand to zero. In 

order to use the more realistic non-homothetic function we therefore impose zero long-run 

12 
technical progress. 

On the household side, consumption and savings are determined endogenously in 

10Itshould be noted that dynamic models with sector specific capital requires some sort of 

adjustment/tire-to-build function Such functions have not been very successfully estimated, in the q. 

theory models for example, the variation of q is simply too large More traditional investment adjustment 

forms does not have foresight 
I I At the same time, some quantity will be vanishingly small a.sa fraction of total output. While thip 

may well approximate the economy a thousand years hence, this is not acceptable for the purposes of 
the next 30 or so years, for computationalsolving the model Our goal is to simulate the economy for 

reasons the 'steady state* must be somewhat similar to the system then The realism of the model after 

this time frume is not the goal of this, or any other dynamic model 

12 An alternative solution would be to modify the consumption function so that is it progressively 

approach given the difficulty of estimating all the productionhomothetic Wt have not taken this 

functions simultaneously and imposing a common rate of change. See discussion below.
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this model. However, the allocation of savings between domestic capital formation, 

acquisition of foreign assets, and investment in government bonds is set exogenously. 

This means that the public deficit and current account are set exogenously. 13 Endogeniz­/ 

ing portfolio choice would be more useful in a world model with endogenous trading 

par'tners. This however, must be left to future research, the estimation of a set of equa­

tions for the rest-of-the-world parallel to our domestic model is a quite formidable task, 

as will be obvious. Further, this is predicated on being able to specify and estimate port­

folio choice models, otherwise one would be back in the world of approximately 

parameterized models. 

In essence, this means means that, in the current form, this is a one-country model 

where there is no free capital movements across borders. World interest rates do not 

enter in a significant way, the "budget constraint" depends on domestice interest rates 

unlike open economy models. 

The last major feature of this model is the treatment of imports. Commodity 

imports are divided into competitive and non-competitive types. Non-competitive imports 

enter directly as an input into the production functions and the final demand functions. 

Competitive imports are regarded as imperfect substitutes for domestically produced 

goods, i.e., the usual Armington assumption. 14 rotal supply of each commudity therefore 

is the sum of domestic production and the competitive import. 

Our model also distinguishes between industries and commodities. 35 industries are 

identifed, each producing a primary commodity (under which it is classified) and several 

13 This is unlike the McKibbin & Sachs (1985), and Goulder & Eichengreen models which have an 

endogenous rest-ct-the-world sector This restriction simplifies the model tremendously by redudng ,he 
number of state and costate variables -- the major determinant o! computat:onal difficulty of the system. 
Given that our focus is not on international savings znd investment flows, nor on monetary variables like 
exchange rates, but rather on productivity and structural change, this seems to be a workable 
simplication 

14 We shall not repeat the oft-cited arguments why this is the only workable assumption at the level 
of aggregation used here See Petri (1g84) page 15, for example 
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secondary products. These are listed in Table 3.1. To preserve the dimensionality of the 

system there are also 35 dist-inct commodities, each corresponding to a primary product 

of the industries 	 and may include the secondary products of other industries.15 Each 

uses these 35 intermediate commodities and the 3 non-produced inputsindustry buys and 

-- capital, labor and non-competitive imports. The supply of commodities is sold to inter­

mediate and final demands, i.e., the 35 producers, and, household current consumption, 

government, investment and exports. 

We shall explain the distinction between "current consumption" and investment 

below. In our model all household durables are considered to be part of the aggregate 

capital stock. For example, the household does not buy automobiles or housing directly 

but rents them from the "bank" which manages the capital stock. All users of capital -­

the 35 producers 	 and the household -- rents them from this "bank" that decides the 

investment dernands. 16 

for quanti-The input-output structure is given in Figure 3.1. The notation there are 

ties. there are or course corresponding matrices for values and prices. In the following 

shall describe the model briefly and give the details in the Appendix. Thesub-sections we 

data is described in §A.6. 

1.' For example, most of the output of "Textile Industry' ip allocated to the 'Textile Commodity' but 

a fraction is also allocated to 'Apparel Commodity' and 'Misc Manuf Commodity ' Conversely, the 

the 'Textile Industry' and the 'Apparel Industry.' This"Textile Commodity' consists of output from 

distinction is made according to the official input-output tables 

'" Such a treatment of household capital differentiates this from most other c.ge models where all 
We regard thisgoods, durables and non-durables, enter symmetricily into the consumption functions 

durables purchases was some 17% of all non-bousingas a rather important refinement, consumer 
Consumption expenditures in 1985 

http:industries.15
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Table 3.1 Industries identified in the model. 

NO. Industry Value added 
1985 $ bil. 

90.1
1 Agriculture 

3.52 Metal mining 
15.03 	 Coal mining 

4 	 Oil & gas extraction 87.4 
5.95 	 Non-metal mining 

243.76 Construction 
7 Food & kindred products 	 68.4 

7.5
8 	 Tobacco 
14.19 	 Textile mill 
26.110 	 Apparel 
22.111 	 Lumber & wood 
13.712 	 Furniture 

13 	 Paper & allied products 34.4 

14 	 Printing & publishing 50.7 
54.115 	 Chemicals 
23.416 	 Petroleum refining 

17 	 Rubber & plastic 36.3 
3.518 	 Leather 

24.919 	 Stone Clay & Glass 
20 	 Primary metal 41.7 

63.521 	 Fabricated metal 
97.422 	 Machinery 
88.123 	 Electrical machinery 
51.524 	 Motor vehicles 
57.125 	 Transportation equipment 
31.226 	 Instruments 
12.127 	 Miscellaneous manufacturing 

133.128 	 Transportation 
89.229 	 Communications 
81.030 	 Electric Utilities 
25.431 	 Gas Utiilties 

503.532 	 Trade 
33 	 Finance, Insurance & Real Estate 382.6 

645.634 	 Services 
35 	 Government Enterprises 57.8 

Note: 	 Industry 33, "Real estate" excludes owner-occupied housing. 

This is allocated directly to households. 
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Figure 3.1 Intersectoral flows. 
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Figure 3.1 Continued. 

A Use matrix: commodities used by industries
 

N4 Make matrix: Industries contribution to commoditiy supply.
 
/ 

C Household consumption of nondurables and services only. Service flow 

from durables enter in the capital row of that column. 

I Investment in the domestic capital stock. 

G Government purchases of goods and services. 

X Exports of commodities (interest receipts are accounted separately) 

NI Competitive imports (entered as a negative column) 

NC] Non-competitive imports 

KD Capital demanded by producers 

LD Labor demanded by producers 

T Sales tax on industry output 

NCI',KD',LD' are factor inputs allocated directly to final demand 

QI Industry output 
QC Commodity output of domestic producers 

QS = QC--M = Total commodity supply 

VA Total value added = GDP 
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3.2 The Household Sector 

The economy is essentially driven by the optimizing behavior of the household sec­

tor. We assume thO existence of an infinitely lived aggregate household who consumes 

goods and leisure, and owns all government debt and all private foreign assets, and a 

"bank" (which owns the capital stock). The consumer has an endowment of time (for 

index of the actual and projected U.S. population. 17 

work and leisure) equal to an 

Given the difficulty in estimating a function that simulataneously decides commo­

we have chosen to represent householddity consumption, labor supply and savings, 

first stage, the aggregate consumer maximizesbehavior by a 3-tier choice model. At the 

"full-consumption" and sav­an intertemporal utility function to allocate income between 

ings. At the next stage, full-consumption is allocated between leisure and a commodity 

the various commodities.basket. The final choice distributes this basket over 

the util-Stage 1. We write the objective function in the utilitarian form which multiplies 

ity per household by the number of households 

i 1-­]Vt 


(3.1)max I' (Ft /At) 0 

t~i (I + p)t 

subject to the lifetime budget constraint: 

LHI + misc>c" + PF F, 

e=1 s-i 

is an index of the number of households.1 8 WF
F is full consumption and PF its price. Nj 

is full-wealth. the sum of tangible assets and human capital. W0 is the initial tangible 

17 The construction of this population index is described in detail in Ho (1989) Appendix C
 

age and educational attainment, and an economy wide index

Essentially the population is divided by sex, 


is then constructed by Divisia aggregation over these demographic groups using wages u weights
 

IPThis is computed using the 'household equivalent meuure" in Jorgenson & Slesnick (1987) which
 

tot&J number of households by a price-weighted composition index. See Ho (1g99)

adjusts the simple 

Appendix B
 

http:households.18
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wealth, the sum of capital, government debt and foreign assets (all in net terms). W_is the 

after-tax wage and LH the aggregate household's time endowment. misc are miscellane­

ous exogenous itetns like government transfers.19 r denotes the after-tax nominal rate of 

return on capital. 

As shown in the Appendix, we can derive the Euler equation, and hence consump­

tion and savings, from maximising (3.1). The Euler equation is forward looking, current 

consumption incorporates expectations about future prices and interest rates. 

Stge 2. Full consumption is allocated to leisure and the commodity basket via an aggre­

gate indirect utility function: 

'V(PCC,w,MF;t) = max F(CC,LEIS) s.t. MFPCC.CC+ w.LEIS (3.2) 

where CC is the quantity of commodities, LEIS is leisure, and PCC, w are their prices. 

AfF=PF.Fis "full expenditures." 

Given prices, we can solve for consumption, CC, and labor supply, LS (see Appendix): 

LS t = LH - LEIS, 

Stage S. At the final step the commodity basket is allocated to the 35 commodities and 3 

non-produced inputs (non-competitive imports, 20 capital and labor). Unlike other numeri­

cal models our consumption function is a richly specified one that allows for non­

homotheticity, a high degree of substitution among the components, and incorporates 

demographic characteristics. Given that we are concerned with policies that affect the 

prices of consumption goods directly this is an important feature of the model.21 

At this stage households are treated as consuming units and allowed to have their 

, These are included in order to have a consistent set of accounts that matches the official data. 
They play no significant role in the simulations 

2o Mostly foreign tourism and military related expenditures abroad 

"I Most other c.g.e. models specify Cobb-Douglas or Leontief demand systems, and Lre not estimated 

http:model.21
http:MFPCC.CC
http:transfers.19
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own utility function. For each household j we have the indirect utility function: 

VI(pj') = max UP(C)) s.t. Y -p.C' (3.3) 

where Y, is the total expenditures of j, p and C' are the price and quantity vectors of 

' the 38 inputs. C' = (C',...CJs.Ckc,Ck,CI). Given the large number of goods 

demanded, this function is assumed to be separable into a tier structure. 22 At the top tier 

YI is allocated to five commodity groups, and in the subsequent tiers these aggregates are 

further broken down until we reach the 3z basic commodities. We write the top tier 

function of V in the translog form, 23 

In V = ln(-P--)'a + tln(P )'B In(- ) + In(- 2-YBpAAi 
Ij I Ij I 

where 

ln(p/Y,) = (ln(pl/Y,), ln(p 2/Y,),..ln(ps/Y,))' vector of logarithms of prices. 

5 

1= .4-"p,C,9' total expenditures of j. 

p, price of commodity group n. 

CO, quantity of commodity group n demanded by j. 

A, vector of attributes of household j. 24 

The vector a and the matrices B and BpA are estimated coefficients. 

From this individual household function we can derive aggregate consumer demand 

by exact aggregation. This is shown in the Appendix. The resulting aggregate expenditure 

share equations are: 

piC9/PCC.CC n i kd L 

shr ¢ = IPC/CC = a + B lnp - BL + BpA (3.5)
-I +~ CBlInpPSCgIPCC-CC 

Two-stage allocation in the context of consumer behavior is discussed in more detail by Jorgenson, 

Slemnick and Stoker (1988) 
23 The econometric model and estimates we use are from Jorgenson and Slesnick (1987). 
24 The elements of vector Aj are one-sero dummies that classify bouseholds by the following 

http:piC9/PCC.CC
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where Ed is a measure of expenditure ("income") distribution (VY InY,/XY )and kL is 

a vector summarizing the dembgraphic characteristics of the aggregate household. Aggre­

that the function is notgate expenditures is given by PCC.CC= ,'. Note 

homothetic, this .s very important given the huge increase in income in the post-War 

period. The neccesity of imposing zero long-run productivity growth can be seen clearly 

rises and thus some share will turn negative if this is allowedin (3.5). As income rises, Ed 


to go on long enough. This is obviously not admissable.
 

Equation (3.5) gives the consumption demand for the commodity groups given 

tier structure with an indirect utilityprices. These demands are then broken down via a 

we impose homotheticityfunction at each node of the tier. 25 At the tiers below the top 

and ignore the demographic characteristics. From these aggregate demand functions we 

total consumption by commodities, C=(C,...C3 5,CNcICKCL)', corresponding toderive 

the C column in the use table in Fig. 3.1. 

does not buy durable goods directly. These areAs mentioned, the household sector 

rented from the aggregate capital stock (the demand for household C'.?ital is denoted 

an imputed flow of capital services andCA.). That is, the "consumption" of durables is 

100.% within the period as in most other models.not depreciated 

3.3 The Producer sectors 

An ideal production function would allow substitution among all inputs, however, 

as agiven the large number of inputs the typical approach have been to specify output 

added and a material aggregate. The material aggregate is almostfunction of value 

always a Leontief function of its components. In our model we have specified a relat:'ely 

region, race and urban/rural With this classificationdemographic characteristics family size, age, 

system we distinguish a total of 672 household types
 

functions are reported In Ho 
26 The details of the tier structure and the estimates of the demand 

(Ige8) 
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rich system of input demand functions allowing substitution among capital, labor, cinergy 

That is, if thie price of oil is raised by an oil import fee for example, thenand materials. 


our functional for4n allows, firstly, for the substitution of coal for oil among the energy
 

aggregate, and secondly, substitution of capital for energy. In almost no other models is
 

there such a degree of flexibility.
 

Each of the 35 industries consist of one column of the "use table" in Fig. 3.1. That 

is. the Jth industry output QI,, is made from the 35 commodities (Aj i=,..35), as well 

8 as. non-competitive imports, 2 capital and labor: 

(3.6)QIj = QI1(A 1,,...A35,.NCI ,KD,,LD,) 

As in the consumption function, to have an implementable producer model, we assume 

that (3.) is separable into a nested structure, 27 where at the top tier we have 4 aggregate 

the energy aggregate isinputs -- capital, labor, energy, and materials. At the next tier 

composed of all 5 "energy commodities" (coal, crude, oil, electricity, gas), while the 

material aggregate is gradually broken down to the remaining 30 commodities and NC!. 

of input demands are estimatedSubstitution at all levels of the nested structure 

econometrically as opposed to the usual calibration procedure. 28 The production func­

tions for each industry are estimated over an annual time series of input-output matrices 

running from 1947-85. 21 Such a procedure allows us to track the historical .experience of 

the U.S. economy far better than the calibrated models 

A important feature of our model is that productivity is allowed to change over 

21 Mostly raw materials like coffee, rubber and various metallic ores
 

27 See Jorgenson (1986) for a discussion of the restrictions required for two-stage allocation in the
 

context of producer behavior
 
Essentially parameters are
21 The calibration method is described in Mansur and Whalley (19B4) 


the functi,)ns fit a single year'. input-output matrix In practice this has meant
determined by making 

taking some estimate of capital-labor substitution elasticity and imposing fixed coefficients for everything
 

else This precludes substitution among materials and between m3terials and, capital and labor
 

"I The details of the data are given in Wilcoxen (1988) while the estimation results are in Ho (1989) 



time and in response to changes in input prices. Again, this allows us to track the large 

changes that have occurred in the input structure of U.S. industry over the past four 

/ 

decades. 

Top tier The top node of industry j's production function is therefore written as 

QI = QI'(KD,,LD,,E1,fj,t). As explained in Jorgenson (1986) we use the cost dual 

instead of the primal function. PO, = PO'(PKD,,PLD,IPEPPM).PO) is the price of 

output,30 PKD, PLD, PE, PM are the prices of the input aggregates. The price func­

tion is written in the translog form: 

In PO, = cOJ4 lnPI'al -I 'lnPl'B' lnP' - lnP'Bl 9 '(t) + at g(t) + 3g'(t)2 (3.7) 

%%here the input price vector P'=(PKDPPLDPPE,,PM,)'.The scalars acx0, Rt,, the 

vectors oa.Bpt, and the matrix B are estimated parameters. g(t) is an index for the level 

of technology. 

Differentiating, we obtain the share equations for input demands: 

hrl= a ' -*- B In,P Btg'(t) (3.8) 

wPKDKD, PLDLD, PEE, PMM
 

PO QI, PO QI, ' PO QIj , PO QIj
 

Differentiating w.r.t. time we get the (negative of) rate of productivity growth: 

=u [arI- B1,InP, 4 Pg(t)] '(t) (3.9) 

As discussed in §3.1, in a dynamic model such as ours, there must be restrictions 

placed on the productivity term in order to have a sensible steady state. The restriction 

that we impose is that there is no technical change in the long run. To achieve this in a 

smooth manner we chose to write g(t) in the logistic form: 

30 The notation PO i meant for the price of output received by producers, while P1 denotes the 
.industry price,' which is the purchase price inclusive of sales tax, PI=(I+T)PO 
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gt = I 

i+ 

Notice that = 0()0, i.e., technical progress (or regress) disappears. Note also that techn­

ical change t is a function of input prices. Appendix A.2 gives a fuller discussion of the 

restrictions on, and interpretation of, the parameters. 

Bottom tiers Demands for the energy and material aggregates are decomposed into 

demands for commodity inputs by regarding them as "output" of a "production func­

tion" with the components of the aggregates as inputs. Thus for each node m of the tier 

structure below the top we have a price and share equations parallel to eqns. (3.7) and 

(3.8). except that the time terms are ignored. See Appendix A.2. 

Industry and commodity output Each industry sells a primary product which goes to the 

commodity with the same name, and secondary products which belong to other commo­

dity classes. Instead of modelling this multiple output explicitly in the production func­

tion, we take a simpler approach and regard the industry products in a given commodity 

class as imperfect substituts. Again one cin regard the supply of a commodity as the 

output of a production function that takes the industry products as inputs, 

QC, = QC'(M1 ,,...,M 35,). M, are the elements of the "make matrix" in Fig. 3.1. 

3.4 Capital supply and investment demand 

We have described the model so far in terms of the dynamic behavior of the aggre­

gate household with regard to consumption and savings. Optimal savings is optimal 

investment in this one-consumer one-capital economy. Strictly speaking the consumer 

problem (eq. 3.1) should have been written as maximising the discounted static utility 

subject to the technology embodied in the production functions of §3.3, the demands and 

supplies of the rest-of-the-world, the initial capital stock and the capital accumulation 
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equation: 

Kt = (1-5)K _1 + 11 (3.10) 

/ 

To complete the description of the economy we need to append to (3.1) the behavior of 

an optimizing investor -- the "bank." The bank maximizes the present value of the capi­

tal stock by choosing an optimal path of investment given the price of investment goods 

and interest rates. This is described in Appendix A.3. Essentially there must be an arbi­

trage equation between investing in bonds that pay the interest rate r, or in investment 

goods that can be rented out to the producers at a rental rate PKD. Ignoring taxes, this 

condition is given by: 

(I- r)PII = PKD, + (I-B)PIIj (3.11) 

where P11 is the price of the capital goods. This just says that the interest foregone is 

equal to the gross rental receipts, less depreciation plus capital gains. 

The next step of the "bank" is to allocate the aggregate investment I to the indivi­

dual commodities (mostly construction and the manufactured durables). This is done in a 

way parallel to the allocation of consumption demands, i.e., splitting l=I(1U,...,1351 cI) 

via a nested structure of translog price frontiers. 

Conceptually we treat it like another industry whose "output" is this aggregate 

investment good I,, and the "inputs" are bought from the other industries in a way simi­

lar to the demand for material inputs in the producer model above. There are of course 

no capital and labor inputs. This "production function" is described in §A.3. 

3.5 The Government 

The public sector, as in all numerical G.E. models, is treated in a simple, exogenous 

fashion here. The government deficit is set exogenously since there is no equation (e.g. a 

portfolio choice model) to determine it in the steady state. That leaves us with two 
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taxpossible closures for the model, either endogenizing government purchases given fixed 

rates, or, fixing public spendirrg and adjusting tax rates/lump sum taxes. Both methods 

are used depending 9n the simulation. 

-- sales tax, import tariffs, capi-On the revenue side the government 	 imposes taxes 

tax and wealth (estate) tax; and collects fees -­tal income tax, labor income tax, property 


"non-tax revenues" and surpluses of government enterprises.
 

Government spending falls into 4 major categories -- purchases of goods, transfers 

on debt (to domestic and foreign(to household sector and foreign aid), interest payments 

bondholders), and subsidies to producers. The first three are set to actual data in the 

regarded as negative sales taxes. Transferssample period (1947-87) while subsidies are 

and interest payments are projected outside the sample period. 31 

The value of goverment total purchases, VGG, are distributed over the 35 commo­

dities, and imports and labor, via an exogenous share function: 

(3.12)VG, = aG VGGt 

in the sample period and and kept 	 fixedThe shares a,, are set to 'the actual data 

thereafter. The government does not rent from the aggregate capital stock. All purchases 

are regarded as current consumption. 3 2 VG, corresponds to the elements of the 0 column 

in the use matrix in Fig. 3.1 

Given our closure assumptions the government expenditures must satisfy: 

VGG = Exog. Deficit + tax revenue - interest - transfers (3.13) 

would be to link interest rates to the 'ate of return on real
.'' The seemingly more natural approach 


capital, This however is not practical, the holy grail of explaining risk premia is still eluding empirical
 

the real economy, exogenizing the debt and interest

researchers Since the focus of the model is on 


payments seem to be the most straight-forward simplification
 

that public capital affects welfare directly, and indirectly through enhancing

3' We are well aware 


private sector productivity. Unfortunately there is as yet no implementable model of demand and supply
 

of public capital. 
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The stock-flow relation of government debt is given in the Appendix. 

3.6 Commodity Supply, Imports and the Rest-of-the-world.
/ 

Supply and imports Total supply of commodities in the economy comes from the output 

of domestic producers and "competitive imports." The purchasers of these commodities 

regard them as imperfect substitutes, i.e. the Armington assumption. We model the 

demand for the domestic commodities (QC,) and imports (M,) using a translog price 

dual: 

lnPS, = lnp 'a I + !4Jnp''B'lnp' (3.14) 

where PS denotes the price of the composite good QS=QS(QC,M) that is supplied to 

the market. p is the vector of prices of domestic commodity i and the competitive 

import, (PC,,PM1,)'. The matrix B gives the elasticity of substitution between the two 

goods, while c is the base share vector. The corresponding share equations are: 

[PCQC,/PS,QS, 1 B' 
h PM, M,/PS, QS, = + lnp' (3.15) 

Unique among numerical models we have subscripted a with the time index. The 

reasons for this are given in detail in Ho (1989). Basically price movements cannot 

explain the large secular increase in import penetration that the U.S. experienced in the 

post-War period without untenable substitution elasticities. This "unexplained imports" 

has been noted earlier by Petri (1986). 33 

A common approach to estimating import demands has been to put income as an 

explanatory variable. We however, like Petri, have not chosen to do so, but put in time 

.1-Petri in Srinivasan aiAd Whalley page 227, ' .important historical changes in trade shares are 
plainly inconsistent with conventional price elasticities and observed relative price changes. Between 
1960 and 1980, for example, Japan's share of the US steel market grew so tut that the Armington 
elasticity would have had to be (against of 1.4).... is32 the Michigan usumption Something not right, 
and we need more micro level data work and historical validation to identify the source of the problems.' 
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on the right hand side instead. 34 We find that this not only simplifies the model but 

fitted the data quite well too. Appendix A.4 give the details of (3.15). 

/ 

Prices of imports The domestic price of imports is the foreign price multiplied by the 

"exchange rate" plus the tariffs: 

PM,i = (1+ tr,t)etPM,t (3.16) 

PNCI, = (1+ tr,")ePNCI, 

In the construction of the data the terms of trade e, is normalized to one. In the model it 

is endogenous as explained below. 

Ezports Without an explicit endogenous model of the rest-of-the-world we assume a sim­

ple form for the demand for U.S. exports. Commodity exports X, is a function of world 

income Y* and the price of U.S. goods PC,: 

X, = EX,0( Y*)[(1-" tr, ")PC,/eI" (3.17) 

EX,O( Y*) are the actual exports in the historical data and projected out of sample. The 

"exchange rate" e correspondng to this is similarly normalized to one in the data. We do 

not have the world import data to estimate the price elasticity i*, and hence took it as 

the average of import price elasticities of the major trading partners of the U.S. found in 

the literature. 

Non-commodity flows To complete the income accounts we include factor income and 

payments to foreigners. These are interest and dividends an U.S. private net claims on 

the ROW, BF,, and U.S. official net liabilities, BG*. This net factor income, eaiBFi.­

and -iBG 1 1 -, is set exogenously to the historical data in the current version of the 

.3'Petri (1984), 'high income elasticities is probably spurious, and is explained by the rapid growth 
and rising market shares of developing countries ... Unfortunately these extraneous trends are highly 
correlated with income, And their effects cannot be estimated separately.' 
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model. 

e" and the current account balance Adding over the foreign trade and income flows we 
/ 

get the current account surplus: 

CA = 7PCX,- VPM, M, - 7PNCINCI, + ei*BF - iBG1 - transfers (3.18) 

This current account balance is set exogenously in the current model in a way identical 

to the other trade models (e.g. the Michigan Model). From above we see that Xi and M, 

isa function of the "exchange rate" e,. This is an endogenous variable in the model 

which adjusts commodity flows so that the exogenous current account is met.35 The non­

commodity components of (3.18) are set exogenously. 

3.7 Equilibrium Conditions and Solution of Model. 

In our model with constant returns to scale and perfect competition all markets 

clear at zero profits in every period. There are four types of markets and one definitional 

"market". The first category are the markets for the 35 commoditites: 

PS,QOS, = 'PS,A,: + PS,(C, +, + G,) + PC,X, i=1,..35 (3.19) 

Total supply is allocated to intermediate demands of j=1,..35 industries and the final 

demands of the consumer, investor, government and exports. These markets are cleared 

by the prices of domestically produced commodities PC,. 

The next two markets are the factor markets for capital and labor: 

PKD1K - = NPKDoKDt, (3.20) 

wtLS, = (1- tl m )PLDtLDj, 

',See Whalley and Yeung (1984) for a discussion of the implications and pitfalls of using such a 
method of closing the model 
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As described in eq. 3.2, w is the price of leisure. tl- is the marginal tax rate. There is 

only one aggregate capital and one aggregate labor supply in our model. However, the 

historical factor Inputs have varied a great deal across the industries in terms of their 

compositions (e.g. more or less equipment vs. structures, or highly educated vs. less edu­

cated workers). This means that the time series for PKD,, PLDj over our sample period 

have evolved differently among the 35 industries. We reconcile the data with our model 

assumptions in a simple way using adjustment coefficients: 

PKD,, = ',uPKD, (3.21) 

PLD,, = i w,/(1 - tl ) 

The %Dcoefficients are determined from the data by reversing the above equalities. The 

aggregate factor prices PKDi and w, are of course the ones that clear these markets. 

The last market is the foreign one where the "exchange rate" e,, moves to hit the 

current account balance as given in (3.18) above. 

The final equality for savings and investment is not a market as such in our model 

as discussed in §3.4: 

PIII, = S,-.(BG,-BG,,)- (BF1 -BFt_ ) (3.22) 

Optimal savings determined from the intertemporal equation is allocated to the exo­

genous government deficit (domestic portion only), the exogenous current account 

surplus, and investment in physical capital. 38 

Solving the Model To recall from the simplified version of the model in §2, the economy 

moves along the saddle path from a given initial capital stock to a steady state defined 

by ;=0 and k=0. Within any period t, consumption, exports, factor demands, etc., 

:1 The interest rate r is determined from the cost of capital equation (3 11), it is not a variable that 
clears this 'market'. 
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can be calculated given the costate and state variables, q and K. 

The actual model is similar with only one pair of state and costate dynamic equa­
/ 

tions. We find that the most convenient formulation of the model is to have full con­

sumption as the costate variable. (Any other endogenous variable could of course have 

been used.) In the numerical implementation of the model of the model we obviously use 

the discrete form of these inter-period equations, eqns. (A.2) and (3.10):

I F t/N t - r, PFt-, 
F_/---, I-p P-1 

(3.23) 

K1 = + It 

In the steady state (SS), which is stationary since there is neither long-run technical pro­

gress nor population growth, we therefore have: 

rss = p (3.24) 

Iss= 8 Ks 

These two equations and the equilibrium conditions above are sufficient to determine all 

variables in the steady state. 

The dynamic path of the economy is solved next by iterating on a guess of the 

37whole path of the costate variable {PFtFtI/t=1,..T}. At any year t, given PFtFl/a 

and K-, we can solve the intraperiod equilibrium using the market clearing equations 

above. (See Appendix A.5) That is, all endogenous prices and quantities, including con­

sumption and investment. The capital stock is given by cumulating investment from the 

initial period where K0 is taken from the data. The interest rate from t-Ito t is calcu­

lated from (3.11) using the intraperiod solution of those periods. 

3' We found that setting T=2100 was sufficiently far out that the difference between the equilibrium 
at T and the separately calculated steady state was sero at FORTRAN single precision. 
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The guesses of the costate variable are revised by using the Euler equation (3.23) 

backwards from the steady state. The k + Ith guess is given by the interest rate from the 

kth guess (if (o I) 

PFFt-jI) = PFFt ( + i = T.... ,2,1 (3.25) 

with rT=rss and PFFP-k)=PFFss.38 The iterations are repeated until convergence. The 

algorithm used is Wilcoxen's (1988) algorithm whcih combines the best features of the 

Fair-Taylor (1983) and "multiple shooting" methods. 

Comment 

The size of the SS economy is effectively determined by the stationary time endow­

ment. The rate of return rs.5 is independent of government policies, the capital stock is 

determined by the cost-of-capital equation linking the marginal product of capital and 

tax policies with r,. In this sense the supply of capital is perfectly elastic in the long run. 

This should be compared with the Cass-Koopmans neoclassical growth model with the 

same independence of rss. In our model policies affecting sectoral allocation (e.g. rates of 

tariffs and quotas) will result in different levels of capital intensity -- all correspcnding to 

the same rate of return. This is impossible in the one-sector Cass-Koopmans model. 

In the short run the supply of aggregate capital is fixed, however, under our mobil­

itv assumptions the sectoral allocation of factors may be affected by government policies 

within the period. This will result in different prices of the goods, in particular the price 

of investment. The transition path is thus affected directly, and indirectly through the 

price of capital goods. 

"' In the actual implementation, the k+I th guess is a weighted sum of the expression in (3.26) and 
the k th guess 

http:PFFP-k)=PFFss.38
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The dynamic path depends also on the other exogenous variables. If the initial stock 

of capital (per household) is lbwer than the steady state's then ri <rSS and the household 

will postpone consnmption and k>o. This is the situation depicted in Fig. 2.2. Con­

versely if Ko>Ksq the economy will move down and to the left along the saddle path. 
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4 Effects of Trade Barriers 

In this section we shall examine the effects of U.S. trade policies on economic growth 

and welfare. Specifically, we shall consider a multilateral reduction in tariffs, a unilateral 

reduction, and quotas. 

The methodology of the analysis here is the typical approach taken by applied gen­

eral equilibrium models. A base case is first computed using historical policies and actual 

data for the exogenous variables, and then the model is solved for again but with the 

counterfactual parameters. The results of the two simulations are then compared. 

Trade restrictions have long been in effect, to illustrate the use of our model to 

track the time path of tariff shocks we shall focus on the Tokyo Round Negotiations, 

which is the latest cycle of tariff cuts within the General Agreement on Tariffs and Trade 

(GATT) framework. We choosen this in part because of the large number of empirical 

studies of it that we can compare our results to. 

4.1 The Tokyo Round Negotiations. 

The seventh round of i, '\teral negotiations completed in Tokyo in 1979 was 

unusual in that it included agreements on nontariff barriers. Tariff rates were already 

quite low in 1979 after the repeated reductions of the previous Kennedy Round. In this 

section however, we shall concentrate only on the tariffs. 

In Table 4.13 we present the tariffs that were in place in 1980. Most of the rates 

were quite low, the highest taxed sectors were Textiles, Apparel, Leather (mostly 

footwear), Glass, and Primary Metal (mostly iron and steel). As an aggregate, total cus­

tom duties collected on U.S. imports were $7.2 bil. compared with some $251 bil. of 

commodity imports (2.9%) and a GNP of $2732 bil.4 ° 

" 
Tables are presented at the end of each sub-section 
4) These rates are calculated from data provided by the US. International Trade Commimion (see

Appendix H of Ho 1989) The rest-of-the.world rates are taken from Deardoff and Stern (1980). Our 
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asIn this counterfactual experiment we eliminate all domestic and foreign tariffs 

listed in the first two columns of Table 4.1 beginning in 1980. This is almost, but not 

quite free trade. th quotas and other quantitative restrictions are still in place. In our 

consist of setting the capital stock and all other state vari­procedures, this experiment 

1980 equal to the actual data. Both the base, and counterfactualables at the start of 


simulations, are then run from 1980 to T=2100.
 

In the base case the government deficit and tax rates are exogenous with govern­

ment spending on commodities endogenous. 41 In the "zero-tariffs" case we set government 

and equal to the values from the base simulation. Theexpenditures, VGG. exogenous 


lump sum tax variable is then changed to be an endogenous one.
 

The results of comparing the two simulations are summarized diagrammatically in 

Figures 4.1 and 4.2. The vertical axis of the graphs in Fig. 4.1 is the percentage change of 

"zero tariffs" from the base. The impact effect of this tariff cut is to raise consumption of 

goods by 0.16% and reduce the consumption of leisure by 0.09%. The aggregate full­

consumption, F, falls by 0.02%. This can be understood by using the phase diagrams of 

§2: 

F w 

both models work at the '2.digit level'.
classifications do not exactly match with theirs but is very close, 

payments remain exogenous in both41 Other items like government transfers and interest 
simulations 
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The reduction of tariffs raises the P0 and K0 locus to a higher level of capital and 

consumption. The fall in prices is large enough to shift the P0 locus so much that the 

saddle path cuts the original equilibrium point at a lower level of full-consumption. In 

other words the marginal utility of investment rises by so much that the desired aavings 

imply greater work effort. 

In the first panel of Fig 4.1c we can see that the price of capital is lower than the 

base case (0.5% lower in the first period), and keeps falling. 42 This is in line with the 

tariff reduction, tariffs were some 0.26' of GNP in 1980 This leads to an increase in 

investment and higher capital stock growth as shown in Fig. 4.lb. By the year 2000 the 

stock is 0.49% higher. 

In parallel with this greater investment demand is the higher labor supply. With 

the lower prices of commodities (Fig 4.1c) the real wage (price of leisure) rises and this 

induces a lower leisure demand. There are thus two reinforcing factors for labor, the 

lower future prices shift aggregate goods-leisure consumption forward in time, and within 

the period the higher wages shift demand towards goods and away from leisure. This, of 

course, is not a necessity, the income effect could have dominated given a different 

parameterization. 

Lower prices and the investment boom induce higher import demands. On the other 

side, exports also boom with the reduction of taxes on U.S. goods. Note from Table 4.1 

that the world tariffs are generally higher than the American's. Given the elasticities 

used, the initial effect of this therefore is a tendency for exports to exceed imports. The 

current account, however, is set exogenously, the "exchange rate" thus have to appreciate 

a little to achieve the required higher imports. The appreciation is quite substantial 

4- The numeraire in the model is the wage rate, w Given that there is capital accumulation and 
productivity growth, the real wage rate rises over time In comparing simulations, a falling price gap for 
capital means that the real wages rise even faster in the counterfactual, 



- 36 ­

relative to the other magnitudes -- 0.6%. Real commodity exports increases by 6.7% 

while real imports rises 7.5%'in the first period. 

Over time the differences between the simulations increase due to the higher capital 

stocks. By 2000 full-consumption is 0.17% higher, which is made up of 0.74% higher 

commodity consumption and -0.1., change in leisure. The consumer price index (relative 

to w) is 1.0% lower. The "exchange rate" appreciation becomes bigger due to the exo­

genous foreign price of imports. 43 As U.S. prices falls due to capital accumulation but the 

import prices are not adjusted. this means in increase in competitiveness. If the effect of 

foreign productivity of this multilateral tariff cut is greater than in the U.S. then e will 

depreciate instead. The effect of this improvement in the terms of trade is that real 

exports are only 6.5%c higher in 2000, while imports are 9.7% higher. 

The average GNP grc vth rate between 1980 and 2000 rises from 2.34% per annum 

in the base case to 2.37% in a no tariff world. When the system reaches the stationary 

steady state, K is 0.59% higher, full-consumption 0.22%, consumption 0.82%, exports 

7.1%. and imports 8.8%. Adding over the whole transition path, the welfare effects of 

this world cooperative move, in equivalent variation, is some 0.04% of full-wealth, or 

3.5% of GNP in 1980. 

Sectoral Effects 

The industry effects are given diagrammatically in Figure 4.2 for the steady state, 

and in Table 4.2 we report the effects in the initial period. Table 4.3 shows the effects 

after 20 periods of additional capital accumulation in the U.S. (Base case values are also 

given in T4.3, the relative sizes of the sectors are quite similar between 1980 and 2000 

given the small changes involved.) 

1. As described in the Appendix, the projections of prices after the sample period is done by simply 
setting to the lst year of the sample 
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Firstly, the raw material industries (mining) have small trade flows and the 

decreases in exports are due to the appreciation of e. Agriculture trade is largely 

governed by quantAtative rules. not to mention trade embargoes, which is not explicitly 

modeled. The small changes reported should thus be interpreted with that in mind. Simi­

larly. the "non-tradeable" industries (Trade, Finance, Services) have largely intangible 

exports and imports with unit elasticities, and the small declines in exports noted are 

again due to the appreciation of e. 

Turning to the more usual tradeable sectors, the most heavily taxed items are obvi­

ously the biggest gainers -- Textiles, Apparel, Rubber, Leather, (these two contains the 

large footwear imports), and Glass -- show the biggest increase in imports. For exports, 

Chemicals, Electrical Machinery (computers) and Instruments have the highest foreign 

tariffs and the biggest increase in volume among the non-trivial sectors. (There are some 

small exports of Textiles and Glass). 

The output and employment effects parallel these shifts. Chemicals, Primary metal, 

Machinery, Electrical machinery and Instruments show the biggest increase in output and 

factor employment. Given that the capital stock is fixed initially unlike the labor supply, 

capital must be drawn away from the other sectors towards these export oriented indus­

tries. The biggest loser of capital is the household sector. 

Import penetration is so high in the Food, Furniture and Leather industries that 

domestic output falls. With the reduction of high tariffs on these items factors shift out 

of these "import" sectors to the more competitive export sectors. 
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Table 4.1a Tariff rates and quota equivalents in 1980 

NO. Sector Tariff rates Tax equiv. 
ROW U.S. of VERs 

1 Agriculture 0.035 
2 Metal mining 0.000 
3 Coal mining 0.000 
4 Oil & gas mining 0.000 
5 Non-metal mining 0.003 
6 Construction 0.000 
7 Food S_ kindred 0.027 
8 Tobacco 0.111 
9 Textile mill 0.107 0.108 0.030 

10 Apparel 0.207 0.218 0.063 
11 Lumber & wood 0.027 0.020 
12 Furniture 0.103 0.035 
13 Paper 0.058 0.005 
14 Printing & publishing 0.029 0.008 
15 Chemicals 0.094 0.041 
16 Petroleum refining 0.000 
17 Rubber & plastic 0.058 0.067 
18 Leather 0.045 0.097 0.056 
19 Stone Clay & Glass 0.105 0.091 
20 Primary metal 0.058 0.030 0.048 
21 Fabricated metal 0.090 0.057 
22 Machinery 0.067 0.041 
23 Electrical machinery 0.096 0.055 
24 Motor vehicles 0.077 0.023 *0.047 
25 Transport. equipment 0.077 0.026 
26 Instruments 0.078 0.065 
27 Misc. manufactures 0.078 0.058 
28 Transportation 
29 Communications 
30 Electric Utilities 
31 Gas Utilities 
32 Trade 
33 Finance, Insurance 
34 Services 
35 Govt Enterprises 

U.S. tariff rates are aggregated from International Trade Commission 
data. Rest-of-the-world (ROW) rates are from Deardoff & 
Stern (1986). See following Table 4.1b for quota equivalents. 
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Table 4.1b Tariff equivalents of selected quotas 

Textile Apparel Leather Primary Motor v 

1973 0 0 0 0.032 0 
1974 0.030 0.063 0 0.032 0 
1975 0.030 0.063 0 0 0 
1976 0.030 0.063 0 0 0 
1977 0.030 0.063 0.056 0 0 
1978 0.030 0.063 0.056 0.048 0 
1979 0.030 0.063 0.056 0.048 0 
1980 0.030 0.063 0.056 0.048 0 
1981 0.030 0.063 0.056 0.048 0.047 
1982 0.071 0.09.5 0 0.048 0.047 
1983 0.071 0.095 0 0.048 0.047 
1984 0.071 0.095 0 0.048 0.047 
1985 0.071 0.095 0 0.048 0 

Tariff equivalents of "voluntary export restrictions" are calculated 
from Hufbauer, Berliner, Elliot (1986) by aggregation to the model's 
classifications. 

Table 5.1c Turner/Petri's Tariff-equivalents on US imports from Japan (% 

Sector 1970 1980
 
Textiles, Apparel 3.5, 1.3 
Primary Metal 6.0 7.0 
Electrical Macinerv - 0.8 

Taken from Petri (1984) page 138. 
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Figure 4j.la Dynamic Effects or Tariff elimination (%change) 
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Figure 4.1b Dynamic Effects of Tariff elimination 
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Figure .lc Dynamic Effects of Tariff elimination 
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Steady state sectoral effects of tariff elimination. 
Figure 1+.2 
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Table 4.2 Sectoral effects of eliminating all tariffs in 1980. (%change) 

Sector Output Capital Labor Exports Imports 

Agriculture 
Metal mining 
Coal mining 
Oil & gas mining 
Non-metal mining 

-0.32 
2.17 
0.36 
0.08 
0.75 

-0.44 
2.08 
0.26 
0.00 
0.59 

-0.47 
2.04 
0.17 
0.16 
0.35 

-0.34 
-0.43 
-0.44 
-0.56 
-0.42 

2.09 
2.31 
0.84 
0.69 
0.97 

Construction 0.23 0.05 0.22 -0.14 

Food & kindred -0.34 -0.45 -0.44 -0.31 1.62 

Tobacco -0.42 -0.47 -0.52 -0.30 20.56 

Textile mill 1.42 0.88 0.17 18.94 20.23 

Apparel 
Lumber & wood 

1.71 
0.25 

-0.26 
-0.06 

0.09 
-0.35 

29.07 
3.39 

31.06 
4.59 

Furniture -0.51 -0.66 -0.72 16.25 6.03 

Paper 
Printing & publishing 
Chemicals 

0.85 
0.70 
2.47 

0.71 
0.70 
2.39 

0.69 
0.57 
2.36 

8.64 
3.57 

14.58 

1.98 
2.27 
8.01 

Petroleum refining 
Rubber & plastic 
Leather 

0.17 
1.71 

-1.40 

0.10 
1.58 

-2.17 

0.12 
1.45 

-1.75 

-0.62 
12.74 

5.93 

0.75 
15.07 
16.93 

Stone Clay & Glass 
Primary metal 
Fabricated metal 

0.37 
2.34 
1.63 

0.23 
1.74 
1.17 

0.00 
1.74 
1.24 

18.04 
11.80 
15.56 

20.38 
7.48 
8.67 

Machinery 
Electrical machinery 
Motor vehicles 

2.51 
2.29 
1.84 

1.94 
1.84 
1.44 

1.87 
2.06 
0.85 

11.11 
16.77 
13.08 

10.52 
11.17 
5.76 

Transport. equipment 
Instruments 

,2.93 
3.78 

2.30 
3.62 

2.38 
3.50 

12.65 
15.35 

7.09 
9.81 

Misc. manufactures 1.44 1.23 1.07 12.94 11.23 

Transportation 
Communications 

0.26 
0.28 

0.15 
0.26 

0.15 
0.24 

-0.01 
-0.05 

0.78 

Electric Utilities 0.22 0.21 0.13 -0.06 0.09 

Gas Utilities 0.40 0.32 0.34 -0.03 

Trade 0.26 0.22 0.22 -0.02 

Finance, Insurance 
Services 

0.08 
0.02 

0.08 
-0.01 

0.07 
-0.09 

-0.07 
-0.11 

0.65 
0.61 

Govt Enterprises 0.30 0.31 0.27 -0.10 

Household -0.54 -0.27 

Govenrment 0.00 -0.82 

Entries are % change in the first period from base case. 

Output is Industry output (not commodity supply) 

Imports are competitive imports only. 
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Table 5.3 Sectoral effects of tariffs cuts after 20 periods. 

Sector Value $82 bil. % change from base 

Output Exports Imports Output Exports Imports 

Agriculture 296.73 26.75 5.33 -0.52 .1.40 2.53 
Metal mining 19.43 1.01 3.16 3.03 -1.62 3.06 
Coal mining 31.63 5.75 0.15 0.07 -2.07 2.40 
Oil & gas mining 278.60 0.89 40.23 0.02 -1.52 2.76 
Non-metal mining 26.00 0.60 2.11 1.42 -1.75 2.60 
Construction 691.57 0.16 0.00 0.25 -0.46 0.00 
Food & kindred 290.25 14.88 15.41 -0.70 -1.02 3.23 
Tobacco 33.03 3.27 0.22 -0.72 -1.26 18.88 
Textile mill 74.28 2.81 2.38 1.21 16.06 26.52 
Apparel 125.52 2.92 40.94 2.58 34.46 26.14 
Lumber & wood 63.22 4.70 4.82 0.15 1.04 6.86 
Furniture 38.44 0.7 4.3 -0.10 13.81 6.93 
Paper 148.53 6.81 9.79 1.03 6.02 4.40 
Printing & publishing 214.63 2.12 2.06 0.95 1.09 4.39 
Chemicals 277.97 35.17 24.56 3.37 12.46 10.05 
Petroleum refining 340.84 19.40 16.03 0.54 -2.49 3.28 
Rubber & plastic 131.93 19.31 7.50 2.04 9.02 16.33 
Leather 18.80 0.97 13.10 -1.47 8.42 16.54 
Stone Clay & Glass 91.21 3.14 7.61 0.61 15.46 15.44 
Primary metal 236.17 9.92 32.89 2.72 8.71 10.40 
Fabricated metal 165.97 9.13 9.88 1.94 12.62 8.00 
Machineryv 434.94 96.62 25.92 3.18 8.33 13.59 
Electrical machinery 217.47 42.98 43.60 3.38 14.54 12.63 
Motor vehic.es 213.08 36.81 45.83 2.75 11.25 10.34 
Transport. equipment 202.95 46.70 6.81 3.66 9.51 9.06 
Instruments 81.53 20.91 9.81 4.80 12.36 11.23 
Misc. manufactures 36.83 3.18 17.55 1.92 12.05 10.26 
Transportation 272.90 19.59 3.53 0.46 0.02 2.87 
Communications 29.5.22 1.81 0.00 0.60 -0.12 0.00 
Electric Utilities 158.29 0.65 1.24 0.74 0.24 1.16 
Gas Utilities 230.99 0.51 0.00 0.91 0.18 0.00 
Trade 908.17 29.95 0.00 0.25 -0.07 0.00 
Finance, Insurance 689.19 9.43 0.26 0.26 .0.12 2.73 
Services 910.16 12.14 0.07 0.05 -0.26 2.62 
Govt Enterprises 150.18 0.51 0.00 0.50 -0.15 0.00 

Counterfactual simulation ran 1980:2100. 
Entries in last 3 cols. compare variables at 2000. 
Output is industry output. Impor~s are competitive imports only. 



- 46­

4.2 Quantitative restrictions on trade. 

Trade regulation has, over the last fifteen years, shifted away from tariffs to quanti­

tative restrictions like quotas and "voluntary" export restraints. We have not explicitly 

modelled these quotas and have assumed that the realized import prices reflect the effects 

of these restrictions. 

The reason for this approach is primarily simplicity. To take a concrete example, 

world trade in apparel is governed by the Multi-Fiber Agreements which allocate quotas 

to each exporting country. These quotas are very detailed covering many categories of 

"apparel". Some countries hit the limits of these quotas while others are constrained in 

some, or none, of the categories. Putting a constraint like 

Mf't -< M It i = 1,..,35 

too, . merely an approximation at our level of aggregation. 44 Since we do not distinguish 

imports by origin, the "reality" cannot be described very simply. 

We therefore, take a simpler approximation by assuming that the quotas result in a 

higher world price of impors PA!'. There *are a few studies that provide estimates of 

tariff equivalents of quotas, notably Hufbauer et. al. and Turner. While bearing in mind 

the many possibilities of non-equivalence, 46 using these effective taxes is quite consistent 

with the framework of constant returns to scale and perfect competition in our model. 

This counterfactual experiment therefore consist of eliminating all the tariffs in 

Table 4.1b -- the nominal tariffs in the U.S. and the rest-of-the-world -- and the tariff 

equivalents for textiles, apparel, shoes, steel and automobiles from Hufbauer et. al. 

(1986). These are the more significant but by no means all of U.S. quotas. We have 

4 Another example is motor vehicles, Japanese exports to the U.S are under VERm, while those from 
Europe are not 

4, See Krimhna (I86) for example 
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ignored restrictions on agricultural products and other types of vehicles. The tax 

equivalents are eliminated b.V reducing PM, ', i.e. foreigners losing the quota rents. Again 

this simulation is started in 1980 and ran forward till T=2100. We have chosen co com­

bine both restrictions to give an estimate of all trade restrictions. Simulating separately 

with quotas alone, and adding the effects to §4.1's would be a little different given the 

non-linearities of the model. 

At the aggregate level the results are broadly similar to the case of tariff cuts alone. 

The shape of the curves in Figure 4.3a and 4.3b are the same but more pronounced in 

their deviations from zero. (Recall that the graphs are the difference between the counter­

factual and the base case.) The only exception is the graph for the terms-of-trade e. 

In the case of quota elimination we have not implemented it as a multilateral 

liberalization. The effect of this is as though relative import prices for these goods have 

moved down. Given the exogenous trade balance the "exchange rate" has to depreciate in 

some years to induce higher exports to cover this increased demand for textiles, steel, 

autos, and shoes. In the initial year for example, the appreciation is only 0.53% versus 

0.61% in the "no tariffs" case. 

Thus by the year 2000 the welfare improvements are substantially larger than the 

case of tariff elimination alone. The % changes for the major variables are 

No tariffs No t. & quotas 

Capital 0.50 0.54 
Full consumption 0.17 0.26 
Consumption 0.74 0.96 
C.P.I. 1.00 1.25 
Exports 6.54 7.19 
Imports 9.72 10.68 
Price of capital -. 72 -1.30 

These dynamic gains come directly from the reductions in import prices of all the five 



- 48 ­

quota items, and indirectly from the reduction in the price of capital. Investment goods 

are big users of steel and motor vehicles, and thus are substantial gainers. For the econ­

omy as a whole this means more of output can be devoted to consumption. The effects on 

GNP growth is summarized below. 

Base case 

Annual GNP growth rate % 
1980:1990 3.47 3.48 3.50 
1980:2000 2.34 2.37 2.38 

With the sharp drop in the price of capiLal goods due to the elimination of auto quotas in 

the 1980s the rate of investment and GNP growth rose substantially. (see Table 4.1b) 

These quotas were lifted in 1985 and the increase in the growth rate became smaller. 

The sectoral effects of this experiment are given in Table 4.4. This should be com­

pared with Table 4.2 for the case with only tariff cuts. The industry effects are quite simi­

lar except for the four items under quotas. 46 Apparel imports, for example, rises by 42% 

compared to the previous 31% gain. For iron and steel it's 15% vs. 7%, and for the 

leather (shoes) sector 28% vs. 17%. These shifts translate into parallel output changes, 

the leather industry's output falls by 2.5% (vs. 1.4%), while textiles rises only 1.2% (vs. 

1.4%). Resources move out of apparel, but since its main intermediate input, textiles, 

also fall in price, output of apparel rises. 

In sum, even though only few goods are under quotas are considered the effects are 

substantial. The five items alone would produce a consumption gain a quarter higher 

than the complete elimination of world tariffs. A multilateral reduction of non-tariff bar­

riers would have even greater effects given the widespread belief that the rest of the 

world's restrictions are even tighter than the U.S. 

40 Motor vehicle imports were restricted only beginning in Ig81 



Figure 4-.3a Dynamic effects of eliminating tariffs and quotas. (% change) 
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Figure L.3b Dynamic effectv of eliminating tariffs and quotas. 
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Figure 4.3c 
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Table 4.4 Sectoral effects of eliminating tariffs and selected quotas. 

Sector Output Capital Labor Exports Imports 

Agriculture -0.34 -0.43 -0.51 -0.14 1.97 
Metal mining 2.10 2.09 1.86 -0.18 2.20 
Coal mining 0.30 0.24 0.02 -0.27 0.60 
Oil & gas mining 0.07 0.00 0.15 -0.32 0.56 
Non-metal mining 0.50 0.32 0.03 -0.23 0.68 
Construction -0.15 -0.30 -0.17 -0.21 
Food & kindred -0.50 -0.56 -0.62 -0.13 1.37 
Tobacco -0.54 -0.54 -0.73 -0.09 20.06 
Textile mill 1.19 0.61 -0.24 19.91 25.64 
Apparel 2.01 -0.46 -0.09 33.60 42.31 
Lumber & wood -0.12 -0.45 -0.83 3.81 3.91 
Furniture -1.20 -1.35 -1.49 16.81 4.93 
Paper 0.81 0.67 0.62 8.94 1.75 
Printing & publishing 0.90 A93 0.72 3.89 2.29 
Chemicals 2.45 2.38 2.31 15.13 7.74 
Petroleum refining 0.18 0.19 0.09 -0.44 0.62 
Rubber & plastic 1.30 1.21 1.01 13.44 14.38 
Leather -2.52 -3.59 -3.04 11.27 27.56 
Stone Clay & Glass -0.04 -0.16 -0.47 18.83 19.56 
Primary metal 2.40 1.33 1.32 13.57 15.09 
Fabricated metal 1.66 0.86 0.95 16.42 8.23 
Machinery 2.36 1.59 1.45 11.96 9.87 
Electrical machinery 2.02 1.46 1.72 17.94 10.52 
Motor vehicles 1.58 1.13 0.29 13.95 5.02 
Transport. equipment 2.87 2.15 2.10 13.15 6.70 
Instruments 3.56 3.40 3.21 16.41 9.42 
Misc. manufactures 1.50 1.28 1.02 14.58 10.89 
Transportation 0.10 -0.01 -0.03 0.00 0.49 
Communications 0.21 0.20 0.14 -0.07 
Electric Utilities 0.23 0.25 0.05 -0.02 0.12 
Gas Utilities 0.35 0.31 0.25 -0.03 
Trade 0.10 0.06 0.05 -0.04 
Finance. Insurance 0.04 0.09 -0.01 -0.09 0.46 
Services -0.01 -0.04 -0.15 -0.15 0.45 
Govt Enterprises 0.23 0.28 0.18 -0.14 
Household -0.40 -0.50 
Government -0.99 

Entries are % change from base case in the first year 1980 
Imports are competitive imports only. 
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4.3 Unilateral tariff cut 

While the option of a unilateral U.S. tariff reduction has seldom been discussed 

among official circles, it is analysed by economists, in particular those using the applied 

general equilibrium models. To show how this model compares with the others we shall 

run the counterfactual experiment of a unilateral elimination of all tariffs by the U.S. in 

1980. 

The results of comparing this simulation with the base case are given in Figure 4.4 

and Table 4.5. Both full-consumption and Commodity consumption falls by 0.1% ini­

tially, with real exports rising 4.9% and imports 5.7%. The capital stock also falls, reach­

ing the biggest gap in 1991 before recovering some ground. 

The cause of this welfare loss can be found in the bottom panel of Figure 4.4. The 

"exchange rate" e, i.e. the terms of trade, deterioriates severely. The initial depreciation 

is some 4.8,r, falling to 3.5% by the year 2000. This loss in the terms of trade comes 

about from the rel:.'ively inelastic import demands of the rest-of-the-world. When import 

prices fall due to the tariff cut, import demand rises. However, the trade balance is fixed 

and e has to adjust to induce greater exports to pay fo, these increased imports. The 

magnitude of this adjustment is governed by the U.S. export demand elasticities as given 

in Chapter 4. 

With our assumed parameters the required depreciation is so large that prices rise 

morerelative to wages. This cuts domestic consumption and factors move towards the 

given in Table 4.5. The income effect on lei­profitable export sectors. Sectoral effects are 

sure is so large that it outweighs the price effect and labor supply rises. We thus have the 

same initial capital stock, greater labor input, lower consumption, higher exports, and 

be due to the movement of factorssurprisingly, lower aggregate output. This could 

towards the less efficient industries. 



- 54 -

The imports of the previously more heavily taxed items rise sharply -- textiles, 

apparel, leather (shoes), and. glass -- while the depreciation of e reduces the imports of 

oil. paper and vehicles. On the export side there is a rough even gain across the manufac­

turing industries. The combination of these shifts in trade and the reduction in demands 

of the poorer households resulted in the output changes given in the first column of Table 

5.5. The Textile and Leather industries reduce their output with the increased imports, 

while Chemicals, Plastics, Machinery, Electrical Machinery, Transportation equipment 

and Instruments raise output for the higher export demands. 
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Figure t-,4 Dynamic effects of a unilateral tariff cut. (% change) 
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Table 4.5 Sectoral effects of a unilateral tariff cut. 

Sector Output Exports Imports 

Agriculture 0.66 3.26 0.04 
Metal mining -0.21 2.90 -1.40 
Coal mining 1.35 4.25 -3.16 
Oil & gas mining 0.27 2.72 -3.66 
Non-metal mining 0.35 3.91 -0.79 
Construction -0.03 -0.19 
Food & kindred -0.12 2.42 -1.22 
Tobacco (1.19 2.87 11.22 
Textile mill -0.04 7.77 9.65 
Apparel 0.35 7.92 21.51 
Lumber & wood 0.64 6.41 -3.87 
Furniture -0.10 6.67 -1.98 
Paper 0.47 6.54 -4.03 
Printing & publishing 0.64 6.41 -3.77 
Chemicals 1.07 6.37 0.59 
Petroleum refining -0.51 4.38 -4.16 
Rubber & plastic 1.34 10.10 5.11 
Leather -0.87 7.08 7.62 
Stone Clay & Glass 0.26 7.51 9.18 
Primary metai 0.99 8.64 -0.93 
Fabricated metal 0.64 7.36 1.96 
Machinery 1.65 7.38 0.75 
Electrical machinery 1.08 7.61 2.35 
Motor vehicles 0.58 6.63 -2.71 
Transport. equipment 1.21 7.21 -1.46 
Instruments 1.97 8.99 3.47 
Misc. manufactures 0.95 7.47 2.81 
Transportation -0.11 -0.07 -4.39 
Communication.- -0.01 -0.04 
Electric Utilities 0.01 -0.36 0.27 
Gas Utilities -0.15 -0.49 
Trade 0.12 0.00 
Finance, Insurance 0.03 -0.05 -4.45 
Services -0.00 -0.02 -4.43 
Govt Enterprises 0.08 -0.05 

Entries are 5c change from base case i. the initial year. 
Output is industry output (not commodity supply) 
Imports are competitive imtorts onlv. 
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4.4 	Sensitivity Analysis 

Given the imprecision of the price elasticities in the import demand equations and 

in the export elasticities taken from the literature, we repeated the experiment in §4.1 

using different values of these parameters. 

The strong feeling in the literature is that these substitution elasticities are biased 

downwards. 47 One problem as pointed out by Orcutt (1950) is that aggregates Are dom­

inated by the low elasticity-high price volatility components, which would bias .he esti­

mates downwards. Following Deardoff and Stern (1986) we therefore, simply doubled all 

elasticities. 48 We used the 1985 shares to calculate the more elastic parameters. The 

export elasticites -q, are simply doubled. 

In the steady state the capital stock gain due to a multilateral tariff elimination is 

0.75%. in contrast to the 0.59% gain for base elasticities. Aggregate commodity con­

sumption is 1.07% higher compared to 0.829 previously. Leisure falls 0.07% with the 

higher real wage. The real price of capital is 1.36% lower vs. 0.68%. 

The steady state sectoral results of eliminating tariffs beginning in 1980 for the two 

sets of parameters are given in Table 4.6. The first three columns of numbers are the % 

changes in the §4.1 experiment, the last three columns are the changes with the doubled 

elasticities. The differences are unfortunately large (or fortunately depending on one's 

emphasis). The elasticities obviously have a significant effect on the estimates of output 

response, it may even change the sign. 

41 See Chapter 4 of Ho (1989), and Golstein and Khan (1985) 

'0 The elasticity of substitution is . E = B + thare -1 

where B is the price coefficient of eqn 3 15 
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Table 5.6 Sensitivity test using more elastic trade parameters. 

Sector / Base elasticities Doubled elasticities 

Output Exports Imports Output Export Import 

Agriculture -0.56 -0.88 1.85 -1.59 -2.94 5.71 
Metal mining 2.74 -1.13 2.39 2.91 -3.72 2.68 
Coal mining 0.29 -1.37 1.83 -0.32 -4.20 3.92 
Oil & gas mining 0.08 -1.12 2.19 -0.47 -2.56 3.63 
Non-metal mining 1.32 -1.15 2.01 1.23 -3.76 3.12 
Construction -0.05 -0.53 0.00 -0.02 -0.63 0.00 
Food & kindred -0.98 -0.66 2.48 -1.68 -2.27 5.30 
Tobacco -0.83 -0.78 15.08 -1.48 -2.54 32.51 
Textile mill 1.04 17.44 22.83 -2.55 34.31 39.56 
Apparel 2.54 31.52 24 59 -2.28 66.07 39.73 
Lumber & wood 0.22 2.17 4.89 -0.55 2.12 9.60 
Furniture -0.22 15.03 5.55 -0.04 28.84 11.36 
Paper i.00 7.09 3.45 0.87 12.30 7.33 
Printing & publishing 0.96 2.18 3.45 1.01 1.83 6.55 
Chemicals 3.31 13.56 8.97 4.74 25.76 16.41 
Petroleum refining 0.54 -1.70 2.63 0.56 -4.02 5.65 
Rubber & plastic 1.99 10.78 13.85 1.23 18.51 23.16 
Leather -1.56 9.09 14.76 -12.87 13.47 22.39 
Stone Clay & Glass 0.51 17.05 12.38 -0.39 32.60 21.65 
Primary metal 2.76 10.23 Y.13 2.91 17.73 15.83 
Fabricated metal 1.83 13.91 7.00 2.49 26.43 12.40 
Machinery 3.54 9.63 11.79 6.43 16.58 40.20 
Electrical machinery 3.55 15.84 11.53 4.24 29.95 20.00 
Motor vehicles 2.89 12.52 8.93 2.78 23.14 17.94 
Transport. equipment 3.77 10.79 7.87 6.10 19.62 17.07 
Instruments 4.70 13.82 10.38 8.42 24.65 21.46 
Misc. manufactures 1.90 13.21 8.93 -1.11 23.24 13.91 
Transportation 0.32 0.01 1.99 0.33 0.02 2.86 
Communications 0.55 -0.14 0.00 0.71 -0.17 0.00 
Electric Utilities 0.76 0.22 0.65 0.86 0.41 0.56 
Gas Utilities 0.84 0.13 0.00 1.22 0.37 0.00 
Trade 0.11 -0.07 0.00 0.11 -0.09 0.00 
Finance, Insurance 0.24 -0.12 1.91 0.26 -0.15 2.85 
Services 0.02 -0.27 1.82 0.03 -0.34 2.75 
Govt Enterprises 0.45 -0.16 0.00 0.55 -0.20 0.00 

Entries are % changes between "no-tariffs" and "base" case. 
Base trade elasticities are those estimated in Ho (1989). 
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noOverall, the magnitudes of export and import changes are increased and with 

changes in sign. Output resp~onses are different, despite the increased aggregate labor sup­

ply some sectors show a reduction in output in response to the increased import competi­
/ 

tion. That is, in the more elastic case the Textile, Apparel, Lumber, and Miscellaneous 

manufactures industries have negative output responses to tariff reduction, while in the 

base elasticities case they are positive due to stronger export effects. 

The positive aspect of this imprecision is that the welfare gains are higher in the 

more substitutable case. That is, our base calculations give the conservative estimates of 

welfare gains of trade liberalization. This degree of uncertainty is quite typical, and point 

to the obvious need for better data. 

4.5 Comparisons with other studies 

The major studies of tariff reductions for the U.S. using numerical general equili­

brium models are Deardoff and Stern (1986), Whalley ( 19 85 ),49 and Goulder and 

Eichengreen (1989b). While the results of these studies and ours are not completely com­

parable due to different classifications and maintained hypotheses, it is still useful to 

examine them together to see how the differences might be accounted for. 

At the aggregate level for the same experiment of eliminating all post-Tokyo round 

tariffs D&S reports a static welfare gain of 0.1% of GNP. Their simulations are based on 

50 a 1976 reference year. Whalley reports a similar 0.1% gain with 1977 as the base 

year.51 The most recent major partial equilibrium study is by Cline et. al. (1978) and 

they report a 0.07% welfare gain from a 60% tariff cut in 1973, again roughly 0.11% of 

GNP for a completc -ut. 

40 Short versions of their results are in Srinivasan and Whalley ("g86) 

" Deardoff and Stern (1986) page 68 
41 Whalley in Srinivasan and Whalley page 205 The estimate reported is $1.1 bil. for a 60% 

multilateral cut I multiplied this by two and divided by the 1977's GNP. 
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In our dynamic model the increase in consumption in the first period is 0.16% which 

is about 0.1% of GNP in l80. This must be considered together with the 0.87% increase 

in investment and the 0.09%c reduction in leisure. Discounting at the low interest rates 

generated by the model (real interest rates about 3%), the present value of the gains in 

full-consumption is 0.04 %, of full-wealth or 3.5% of annual GNP. 

The sectoral effects of a multilateral reduction in tariffs of the three models are 

given in Table 4.7. Besides the differences noted in the previous sections regarding the use 

of flexible functional forms, these models use very different working assumptions, the 

constant, capi-Michigan model has endogenous aggregate spending to keep employment 

tal is fixed for each sector. Whalley's model is highly aggregated, and has mobile capital 

and a fixed labor supply. In our model labor supply is endogenous, and as described 

above, there is an increase in total labor input in the "tariff cut" case. In the other stu­

dies labor input is measured simply as the number of employed workers (or manhours), in 

our case labor is adjusted for compositional effects when it is moved across sectors. Also 

included in Table 4.7 for comparison are results from one of the most detailed partial 

equilibrium studies, that by Cline, Kawanabe, Kronsjo and Williams (1978). 

One of the biggest difference between these models is that the others use pre-1973 

use areinput-output tables whereas ours use 1985 data. The import elasticities that they 

from the much cited bibliography of Stern, Francis and Schumacher (1976) which col­

lected results estimated from data before the early 1970s. 

There is broad agreement among the models that tariff reductions will induce move­

ments of factors from the non-tradeable sectors to the manufacturing industries. There is 

clear majority (Whalley's aggregation makes comparisons more difficult) opinion abouta 

the Lumber, Furniture, and Leather (footwear) industries. Laborthe negative effects on 

to be Paper, Chemicals, Machinery, Electricalincreasing industries are generally agreed 
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Machinery and Transportation Equipment. 

Our different results for-Primary Metals is due to our allowance for the demand for 

investment goods t o rise. and the possibility of increased aggregate labor input. A minor 

effect comes from the very high world tariffs on this item which are eliminated in the 

experiment. A similar effect may be working in the Apparel sector, the income and export 

effects may dominate the price effect. 

For the sectors usually considered to be "non-tradeable" we have some minor 

exp6rts in our accounting framework and few imports. The small increases in labor input 

in these industries is probably due in part to our specification of these exports. The major 

reason for this increased labor use in "non-tradeables" is the extra labor supply and 

corresponding higher output demand. 

Studies of quotas 

Comparisons of studies of quotas present yet extra diffculties. Deardoff and Stern 

reports only estimates of agriculture restrictions. Whalley uses the UNCTAD data from 

Yeats (1976) and m.:-'ellanecus "product-specific sources" but does not report the magni­

tudes. His experiments are global, i.e., the removal of all the non-tariff barriers he 

identified. 

We have not done such a global quota removal simulation since we do not have the 

estimates of current tariff equivalents for many commodities. We therefore are only able 

to compare our results with Hufbauer et. al. from whom we took the tariff equivalents. 

For textiles and apparel combined they reported a reduction of imports equal to 

15% of domestic production in 1981 due to quotas and tariffs. From our Table 4.4 the 

increase in imports in 1980 is only 5.3% of domestic output. The difference is due to (a) 

our broader commodity definition ($150 bil. vs $100 bil. of output) and lower estimated 
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on e in our general equilibrium model.
tariffs (b) the depreciation 

was 4.6% of domestic out-
In their estimates of steel. alone the reduction of imports 

our Primary Metals irdustry (of which steel constitutes only about 30%)
put in 1981. For 

This lack of compatibility in classification 
the reduction is equivalent to 2.1% of output. 

and scope is unfortunate, but these two studies serve quite different purposes. 

UnilateralReductions in Tariffs 

This is the area of most disagreement among the models given the asymmetry of the 

a 50% 
experiment. Using their dynamic model, Goulder & Eichengreen (1989b) simulated 

tariffs and reports a 0.04% increase in first period consump­
unilateral reduction in U.S. 

case of a complete elimi­
reduction in steady state consumption. In our

tion and a -0.12% 

are -0.16 and -0.08. These differences are due 
nation of tariffs the corresponding figures 

import 
to the capital mobility features, our higher labor supplied, and our less elastic 

parameters. 

For the static models, Whalley's 50% unilateral reduction produces a static loss in 

D&S on the other hand reports a welfare 
welfare equal to 0.25% of 1977 consumption. 

con­
of GNP.5 2 In the first period of our simulation the loss in commodity

gain of 0.03% 

at the peak 10 years later. In all the
of GNP, rising to 0.16%sumption was some 0.06% 

this is due to the loss in the terms of trade. The "endogenous
welfare losing models 

be the of theirfeature of the Michigan Model may cause 
spending to hit employment" 

results. 

62 Srinivuan and Whalley for both results p 178,205. 
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Table 4.7 Comparisons of sectoral effects (% change in labor input). 

Sector Michigan Whalley Cline Ours 
/ 

Agriculture 1.56 -0.08 - -0.47 
Metal mining -0.03 0.64 0.23 2.04 
Coal mining -0.03 0.64 0.23 0.17 
Oil & gas mining -0.03 0.86 - 0.16 
Non-metal mining -0.03 0.64 0.23 0.35 
Construction 0.02 -0.30 - 0.22 
Food & kindred 0.06 -0.08 .0.17 -0.44 
Tobacco 0.06 -0.08 -0.17 -0.52 
Textile mill 0.75 0.28 -2.76 0.17 
Apparel -1.33 0.28 -2.76 0.09 
Lumber & wood -0.06 0.28 -0.25 -0.35 
Furniture -0.01 0.28 -0.25 -0.72 
Paper 0.10 0.28 0.58 0.69 
Printing K,publishing -0.02 0.28 0.58 0.57 
Chemicals 0.42 0.28 0.52 2.36 
Petroleum refining 0.10 0.86 - 0.12 
Rubber & plastic -0.57 0.28 -0.15 1.45 
Leather -1.84 0.28 - -1.75 
Stone Clay & Glass -0.41 0.28 -0.12 0.00 
Primary metal -0.26 0.28 -0.30 1.74 
Fabricated metal 0.07 1.56 - 1.24 

Machinery 0.24 1.56 0.82 1.87 
Electrical machinery 0.52 1.56 0.82 2.06 
Motor vehicles 0.40 1.56 0.00 0.85 

Transport. equipment 0.40 1.56 0.00 2.38 
Instruments -0.41 1.56 - 3.50 
Misc. manufactures -0.41 1.56 - 1.07 
Transportation -0.04 -0.30 - 0.15 

Communications -0.04 -0.30 - 0.24 

Electric Utilities -0.12 0.86 - 0.13 
Gas Utilities -0.12 0.86 - 0.34 

Trade 0.07 -0.30 - 0.22 

Finance, Insurance -0.08 -0.30 0.07 

$ervices -0.06 -0.30 - -0.09 

Govt Enterprises - - 0.27 

Government - - -0.82 

"Michigan" is Deardoff & Stern (1986) page 75.
 
"Whalley" is from Srinivasan & Whalley p 208. [Reported effects of a 50%
 

cut is multiplied by 2. Only 6 ! ectors are distinguished] 

"Cline" is from Cline et. al. (1978) p 132. [Reported effects of a 60% 
cut is scaled up linearly] 

"Ours" is taken from Table 4.2 above. 
See text for details. 



5 

64 -

Conclusion 

In this paper we have presented an implementation of a forward-looking dynamic 

on
multi-sector general equilibrium model to analyse the effects of government policies 

growth and welfare. By incorporating the intertemporal aspect we can capture important 

dynamic effects of shocks on savings and investment that static models ignore. Very often 

and thus the welfare impact calculated in the tradi­these effects dominate in the long run 

tional models may be substantially understated. 

In our examination of the effects of government imposed trade barriers we found 

to be half an order of magni­that the undiscounted consumption gain rapidly builds up 

to on multilateral elimination of
tude greater due the savings effect the capital stock. A 

1980 the rate 2.9%) raised run con­
tariffs alone beginning in (when average was long 

sumption by 0.82% compared to 0.16% initially. The present value of all gains in full­

consumption is some 1.7% of GNP in 1980. 

the long run gain in consumption isWhen both tariffs and major quotas were lifted 

to the static 0.36%. The reduction in the price of capi­
estimated to be 1.08% compared 

tal goods (steel and vehicles) spurred investment and savings resulting in a higher rate of 

2.38% 2.34%. While the increase may seem small, the magnitude of
growth of GNP -- vs. 

should be kept in mind. Tota! tariffs collected was only 0.26% of GNP
the experiment 

with an even smaller reduction in quota equivalents. It should also be pointed out again 

we see
that 	these are the estimates using the "pessimistic" elasticities. From these figures 

the ratio of welfare cost to the tariffs is thus about 2. With more comprehensivethat 

we have ignored here the welfare and
estimates of tax equivalents of the quotas that 

growth effects would of course be higher. 

rates and sectoral allocation is captured by
These changes to the aggregate growth 

the forward looking consumer, savings and
the flexible specification of the model. With 
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labor supply changes ir response to shocks. Investment is further 	affected by the reduc­

by distinguishing thetion in the relative price of capital goods, a feature captured 

different commodities unlike the aggregated models. This model can thus be used to 

analyse many other policies like capital taxation and environmental regulation, as well as 

exogenous disturbances like the oil shocks of the 1970s. 
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Appendix 

A.1 Household sector. 
/ 

Stage 1. The aggregate household objective function (eqn. 3.1) may be rewritten as: 

1 

t=tt (i+p)l ' + X(wF - N - Fi r (A.1)
fl I 

ti=1 

where X is the Lagrange multiplier on the budget constraint. Differentiating w.r.t. F, 

and F't_ 1 we obtain the Euler equation 

I 

Ft/INi ] +r, PFt_1 (A2 
F=-I/Nj - I I + p PFt 

Given last period's F and PF and the current prices the Euler equation gives this period's 

full-consumption, F,, and hence savings, 

St = YFT - PF(Ft (A.3) 

where YF is "fu!l income." the sum of capital income and "human income," @LH+ misc. 

misc is government transfers less lump sum taxes, fees and private transfers abroad. 

Stage 2. Full consumption is allocated to commodities (CC) and leisure (LEIS) using a 

homothetic, no "price illusion," translog utility function: 

-In VV = lnp'a + lnp'Blnp - InMF (A.4) 

where Inp = (InPCC,lnw)' is the vector of log prices. We refer the reader to Jorgenson, 

Lau and Stoker (1982) for details on the derivation and restrictions. Homotheticity 

implies that B' L= 0 and Slutsky symmetry gives B' =B. Assuming the usual regularity 

conditions the inequality in (3.2) holds exactly, i.e., MF=PF.F=PCC.CC+ w.LEIS. 

http:MF=PF.F=PCC.CC
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From Roy's identity we can derive the share demand equations: 

shr = tPCC.CC/MF]1 f + B lnp (A.5)w.LE1S/MF = 

With the homothetic restriction one can see that the price terms of (A.4) correspond 

to the translog cost function of a constant returns to scale production function (see §A.2 

below): 

InPF = Inp'a + ti21np'Blnp (A.6) 

where we have used the suggestive notation PF to denote the price of "output," which in 

this case is full consumption, F. 

Substituting (A.6) into (A.4) we have VV = F. That is, F is the level of "static util­

ity" in any given period. From (A.5) and (A.6) we can derive the consumption demands 

(CC and LEIS) and the price PF, given input prices, and by the definition of MF we then 

get the quantity of full consumption. 

Equations (A.5) and (A.6) are not used in the way as written. A closer examination 

of the data showed that the~non-price component of the shares, a, changed considerable 

over our sample period. In particular the leisure share dropped dramatically with the 

heightened entry of women into the labor force beginning in the early 70s. Given the lack 

of easily available micro estimates we took a simple direct approach by putting a as a 

logistic function of time. This fitted the data quite well and still allow for a steady state. 

Stage 3. Household j's utility function over the 35 commodities and 3 non-produced 

"inputs," are assumed to be separable into nested functions. At the top tier we have 5 

commodity groups, CF i=1,..5 (energy, food, non-durables, services, capital), and the 

indirect utility function is written as : 

lnV' = In(- 2-)'a + %1n(-y ),B ln(--)y + In(L)B 
j 3J 3j 3 
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Again using Roy's identity we can derive the expenditure share equations 

shr' = -- (a + Bin-
Y 

- BpAAI) (A.8)D ) 

where hr =(pICf1)'J, ..., p5C?/1Y,)' and the denominator Di is: 

D J =L'a + LBln -- + 'BpAA J 

From the conditions of exact aggregation,6 3 the shares must be linear in Aj, hence: 

L'B = 0 

t' BpA =0 

Since (A.8) is homogenous in the coefficients we normalise by choosing L'a = 1. The share 

equations are thus reduced to : 

shrl = -(a + Blnp - BLInY, + BPAAj) (A.8') 

where the denominator is now independent of j, D - L'Blnp. 

The aggregate share equations are the weighted sum of the individual shares 

.5/ (a + Blnp - B' I + ) (A.9) 

- (a + BInp - BLgd + BpA kL)
D 

where shr = (piCOIPCC.CC,..., p 5Cg/PCC.CC)'. The value of aggregate commo­

dity consumption expenditures is PCC.CC= 7Y,. The term kd is a measure of the dis­

tribution of expenditures over the households, and tL is the vector of shares of aggregate 

expenditure spent by each of the 672 demographic groups that are identified. The esti­

mation of these terms and the coefficients are described in Jorgenson and Slesnick (1987), 

while Ho (1989) describes the projections of Ed, EL after the sample period. 

43 See Jorgenson, Lau and Stoker (1982) for details. 

http:5Cg/PCC.CC
http:piCOIPCC.CC


- 69 ­

we have the price frontier for PCCCorresponding to this aggregate share equation 

which is written as the social cost-of-living index in Jorgenson (1988): 

InPCC = LBInpInPCC.CC/N - alnp + 'Anp'BInP (A.10) 

In the tiers below this top one these five commodity groups are allocated to the indi­

vidual commodities. The details of the nested structure is given in Ho (1989 p. 48). For 

these sub-tiers we use the same functional form as (A.7) and (A.8') but ignore the demo­

graphics, i.e. BpA=0. We also impose homotheticity, which implies BL=O. The share 

* 1) thus reduce to a simple:equations at the mth node (m 

(A.11)shr" = a' + B m lnp" 

where pm is the vector of prices of the components of the mth node, and shrm is the vec­

of value shares. Thus given prices and the value of total consumption from Stage 2tor 

derive the demands for the individual commodities.we can 

A.2 Producer Sector 

For our model of producer behavior we have modified the translog cost function 

that is discussed in detail in Jorgenson (1986) to eqn. (3.7), repeated here with the indus­

try superscript suppressed 

In PO = c- - a P'lnP + lnP'BlnP + lnP'Bptg(t) + ajg(t) + %Rtng(t)2 (A.12) 

a logistic function g(t). Differentiating w.r.t.That is, instead of a linear trend we have 

the log prices we obtain the share equations: 

(A.13)Shr = ap'lnP + BInP + Bptg(t) 

for details, here we shall merely describe the
The reader is referred to Jorgenson (1986) 

we assume constant returns to scale,restrictions that are imposed. As mentioned in §3.1 


also impose Slutsky symmetry and local concavity. These restrictions imply that:
 we 
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ap B't = 0 BP(L= 0 

B'=B 

The local concavit,y restriction (i.e. concave at historical price ratios, not any random 

prices) is applied on the B matrix in the estimation (see Ho (1989)). 

The vector ct, gives the input value shares at unit relative prices (i.e. shares in the 

base year), while matrix B is the share elasticity matrix which gives the elasticity of sub­

stitution between any pair of the four ii:puts. When B is zero the production function 

reduces to a Cobb-Douglas one. BP, are -he biases of technical change, changes in rela­

tive input prices may speed up or slow down technical progress. Given the highly 

significant estimates of B., that we found, this is an important improvement over most 

models which ignores this. 

Equations (A.12) and (A.13) are used to characterize the top tier of the production 

functions where we identify four inputs -- capital, labor, energy and materials. The 

energy and material inputs are aggregated from the 35 commodities and imports. The 

demands for the individual commodities are derived by "cost functions" arranged in a 

nested structure. 

For the tiers below the top, the cost function used is simplified to: 

mInPm = lnP m 'c 4 '4tlnP"B'lnP (A.14) 

at each node m 6 1. P, is the price of the input aggregate m, Pm is the vector of prices 

of the components at node m. The corresponding share equations are: 

shr' = a + B"m lnP m (A.15) 

While ignoring the time trends we still allow full substitution among the components of 

nt. Incorporating time is an involved exercise given that there are 12 tiers for each of the 

35 industries. 
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The sub-model embodied in (A.12-A.15) is implemented for each of the 35 indus­

tries. There is, however, a modification for the Oil and Gas Extraction sector. This indus­

try was tightly reulated for much of the sample period with both price and quantity 

controls. !; particular prices for domestic producers were kept down far below world lev­

els in the 70s. Modelling the complex web of regulations is beyond the scope of the 

pre'sent study, we simplify them by setting the capital stock, which consist mostly of oil 

wells, equal to the historical data and allow the cost of capital to adjust differently from 

the other industries. (See Ho (1989) for further details). 

The transformation of industry outputs (QI) to commodity supply (QC) is done 

quite simply via a Cobb-Douglas formula: 

PC,QC, = ,,PI,QI, i= 1,...,35 (A.16) 

where M,, are the row shares of the "make matrix" in Fig. 3.1. PIis the price after sales 

taxes fl-J=(I+TJ)POI. 

A.3 Cost of capital and Investment 

The cost of capital equation (3.11) may be derived following the approach of Hall 

and Jorgenson (1967) and Hayashi (1982). The investor maximizes the discounted stream 

of net rental income by choosing a path of investment: 

(Ix-(-k)[Ph'D,K,_- - ipPKi - Kj - 11- PII, A.7 

max(A17 
t=U l+r, 

subject to 

Kt = (I-6)K, 1t 

PKD is the aggregate rental price and P11 is the price of aggregate capital goods. K and 

I are the aggregate capital stock and investment. tk is tax rate on capital income, tp is 

http:A.12-A.15
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the property tax rate, where we have simplified the tax detail by ignoring investment 

credits and depreciation allowvances. Such an elaboration is straightforward and is used in 

Jorgenson and Yurv(1986). 

Setting up the Hamiltonian for this dynamic problem, and differentiating, we 

obtain: 

(1--r)PIIt_ = (1-tk)[PKDt -tpPK_-1] + (1-B)PIi (A.18) 

This equation (the correct form for 3.11) relates the rental cost of capital to the nominal 

interest rate and must be satisfied along the dynamic equilibrium path. 

Investment demand by commodities Aggregate investment, PIIIl, is allocated across the 

35 commoditites and non-competitive imports via a nested structure of demand func­

tions. At the first tier this is divided into fixed and inventory investment using historical 

shares.5 4 At the nodes of each of the subsequent tiers the disaggregated demands are 

derived from a translog price frontier: 

mlnPIIm = lnP"a I- 1nP m 'Blnpm (A.19) 

shr' = a + BmlnPm 

where PI,,m is the price of sub-aggregate m, and pm is a vector of the component prices, 

and shrm is the value shares vector. 

The tier structure and parameter estimates are reported in Ho (1989 p. 96). 

A.4 Government and Rest-of-the-world. 

Stocks and flows of debt In our model government and current account deficits are care­

fully cumulated into the stock of assets. Government debt is owned by domestic 

"I Our non-stochutic model obviously cannot explain the well known fluctuations in inventories. 
Using actual shares seems to be the most straightforward approach for our purposes. 



- 73­

households (BGI), and foreigners (BGj *). The public deficit AGI is financed by issuing 

these two bonds, and through seignorage APiG :56 

BGi = Bt -I4 . G, + GFI +APGB 	 (A.20) _ 

t -1 * - GFI - IPBGBGBG1 = 

GFI denotes government foreign investment, i.e. the negative of the flow of government 

debt to foreigners. 56 The government deficit is eqn. (3.13) written out in full: 

A Gt 	 VGGj + W t - + iBG, + transfera (A.21) 
-'t, POQI, - 1tr, PM,M, - T trPNCI,NC, 

- tk(PKD.KD + i.BG - e.i*BF) - til.w.LS - tp.PK.K - fees - TLUMP 

where fees are exogenous governtment revenues and TLUMP is the lump-sum tax vari­

able used in the simulations. 

The current account surplus goes into the accumulation of private net foreign assets 

BF. and government net foreign claims -BG* 

BFt = BFt -I + CAI - GFIj + ApBF 	 (A.22) 

where ApBF is the capital (exchange rate) gain on the foreign claims. The equation for 

the government stock is course equation A.20 above. 

All the variables described so far in this section are set equal to the historical data 

or projected exogenously. In a revised version of the model the current account and stock 

claims will be endogenized by a simple asset demand model. 

Trade flows In eqn. (3.15) we have represented the demand for imports by the share 

" The notation is meant to suggest the devaluation of the value of government bonds through 

inflation The definition of BC is given in Christensen and Jorgenson, it includes money and Sasets of 
social insurance funds. 

16 All stocka and flows are in net terms. In the official data the government is both borrower and 
lender. 

http:til.w.LS
http:tk(PKD.KD
http:foreigners.56
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equations derived from a translog price frontier. A close perusal of the share data show a 

rapidly rising trend for almost all commodities with little change in relative prices. One 

may regard this a the result of a non-homothetic demand function where imports are 

luxuries. Alternatively, as Petri (1984) suggested, it may be due to structural factors, e.g. 

the emergence of manufactured exports fro: the more advanced developing countries. It 

is not the goal of this paper to solve this important puzzle, one would need detailed 

"micro" data on imports. Pending a more convincing model for these trends, we chose a 

simple functional form that turned out to fit the data very well. We write the share equa­

tion as a logistic function of time: 

__i__B_[PC,QC,/PS,QS, 1 
ahT' [PM,A,/PS, QS, I= + e l (.1 

where p' is the price vector (PC,,PM,)'. The value of total supply to the market is sim­

ply PS,QS, = PC, QC, + PM,QM,. Equation (A.23) was estimated for all the non­

service industries over the sample period 1964:85. s 7 

The base exports EX,0(1'*) in equation 3.17 are set to the historical exports in sam­

ple period, and projected out of sample via: 

InEX,, = a'+XIlnY* (A.24) 

This equation was estimated for all commodities using our data for the period 1964:85.58 

World income Y* is assumed to grow initially at 2% and slowing down to the presumed 

steady state of zero growth in 2050. 

The results are reported in Chapter 4 of Ho (1989) 

The omitted variable bias of A has the same sign as corr(Y',P,d1Pu) on which we can put no 
clear priors. We believe that the magnitude of this bias is small enough for (A.24) to be a usable starting 

point for the projections. 

"7 


http:1964:85.58
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A.5 Solution of model and Exogenous variables 

As described in §3.7 the model is solved by itcrating on a guess of the path of the 

costate variable. Here we shall describe how the intraperiod equilibrium is solved given 

the capital stock K, _1 and the guess of PF1 Fi. 

For each period, variables regarded as exogenous include the stocks of debt, 

BF.BG,BG '; public sector deficit, government interest payments and transfers, 

AG, iBG: the current account balance, foreign factor income, import prices and base 

exports, CA, e.t**BF, PM, PNCI,EX; the number of households and time endowment, 

N, LH; the composition adjustment coefficients, %K, ,pL. These variables are set equal to 

the data during 1947:85 and projected after that.69 

The population is projected using a more elaborate version of the Social Security 

a stationary population in the steadyAgency's population projection model. We impose 

state by adjusting the rate of immigration to fit the base fertility and mortality assump­

of households and adjust it bytions of the SSA. From the model we derive the number 

the distribution indices kd, EL from Jorgenson and Slesnick. We also derive a forecast of 

tothe population by educational attainment groups and adjust them by relative wages 

wegive the time endowment. Since the population converged rather slowly, and in waves, 

simplified by stopping all demographic changes in the year 2050. 

reach their targets in 2050. As mentioned,In line with this, all exogenous variables 

the terminal date for the simulations is 2100, this allows 50 periods for the system to 

"settle down" (i.e. converge to the steady state ratios of consumption, investment, etc.). 

The point to note about these projections is that they play no important role in compar­

ing the results of two simulations. They matter, of course, to the base simulation. 

'.9 The details of the projections are given in Appendix F in Ho (1989). 
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Projections of government variables are taken in part from Anderson et al. (1987). 

\'e follow them by assuming, a long run inflation rate rr of 4%. The only point where 

inflation matters in our model is that the government deficit in the steady state is set to 

this seignorage. We assume that the government deficit declines steadily towards 'rTBG in 

2025 and remain at this fraction thereafter. From this deficit we obtain the stocks of 

public debt. The external accounts are projected by setting CA, to rise gradually to zero 

by 2000, after which it is set to a surplus so that the steady state stock of foreign assets 

bear the same relation to total wealth as that in 1982.60 

Relative import prices are set to the latest data available, the absolute price are 

these exogenous prices multiplied by the "exchange rate." Base exports are described in 

eqyi. (A.23). 

Intraperiod Equilibrium Given the dynamic variables and these exogenous variables 

we can now solve the intraperiod equilibrium. Our model is homogenous of degree zero in 

prices and obe.5 Walras' Law. The labor supply-demand equation is dropped and we 

chose the wage rate as the numeraire. The static model was "triangularized" into two 

loops: 61 in the outer loop there are 4 unknowns-- PKD,PII.I,VGG,e -- and, 4 equations 

-- capital market ( .20), savings-investment (3.22), government deficit (3.13), current 

account (3.18). The inner loop consist of 35 unknowns -- POj - and, 35 equations -- the 

price frontiers (3.7). 

Given the outer loop variables, the input-output matrix can be solved by iterating 

on a guess of POJ.52 Given the i-o matrix the total demands and supplies can be 

60 These are arbitrary assumptions Since there is no successful model of the current account or ssets
 

let alone in a model without stochastic elements, we chose the most strsaightforward
demands, 
assumptions 

61 The model as written above has thousands of equations and endogenous variables Fortunately the 

dimension can be reduced to a manaseable number Instead of solving f(x)=O directly for the whole 

vector x, it is first rewritten as f(z'(V).y)=0, where y is a small sub-vector of x 

"^ In the notation of the previous footnote, f is a vector of the price frontiers, y=PO, and x consist of 

the price and value i-o matrices, including tle whole tier structure 
Given the non-linearities of the consumption function there is another inner loop with I unknown --

PCC, and equation (A 10) 
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calculated and then the 5 unknown equations of the outer loop can be used to revise the 

guesses of the 5 unknowns.6 3 

A.8 Data and Pa-rameters 

The data for this model covers the period 1947 to 1985 and follcws the methodology 

of Christensen and Jorgenson (1973) and Jorgenson, Gollop, and Fraumeni (1987) (JGF). 

The goal of the exercise is to construct a time series of input-output tables (both "use" 

and "make' matrices' over which one can estimate the production and demand functions. 

In addition we also need financial accounts that are not in the i-o tables. 

The construction of the i-o matrices are described in Wilcoxen (1988), basically, the 

official tables published every 5 years are interpolated using annual industry data.6 4 The 

capital and labor inputs (the value-added rows in the i-o table) are updated with some 

improvements following the approach in JGF.85 The detailed investment data from the 

BEA is cumulated into stocks of capital by Divisia aggregation, the rental price of capital 

is calculated from National Income Accounts (NIA) using an equation similar to A.18. 

Labor input is aggregated dver the labor force cross-classified by sex, age, educational 

attainment and industry. With the Divisia aggregation we take into account the different 

productivities of the various groups, instead of a simple sum of hours. 

The final demand columns are estimated from the NIA and "bridge tables" from the 

official i-o tables. Imports are aggregated from trade data classified according to the 

SITC, 66 and price indices from the BLS are used where available (unit values are used 

6.1The iterative procedure for solving f(x)=0 is Wilcoxen's implementation of Broyden'a modification 

of the Newton method. 
84 1-0 data are from the Bureau of Economic Analysis, the latest version is described in the Sureey of 

Curremt Bumpiese May 1984. Annual industry output and prices are from the Bureau of Labor Statistics 
database Time Serie on Otput, Price and Employment. 

6" These are described in Ho (1989) We made use of more recent estimates of depreciation rat*e and a 
more refined clusification. For the labor data we incorporated the 1980 Census of the Population. 
e8At the 4-digit level and supplemented by more detailed data where necessary to get a better price 

index. The former are from the OECD database and the 7-digit data from the Census Bureau's US 
Import# by SITC 
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otherwise). The financial accounts (stocks of debt, government accounts, tax rates, etc.) 

are from the US Worksheets which are revised versions of Christensen and Jorgenson. 

The top tier of the production functions are estimated using the "use matrix," while 

the bottom tiers are from Hudson and Jorgenson. The first two stages of the household 

model are estimated from aggregate data in the US Worksheets. The top tier of the Con­

sumption function is from Jorgenson and Slesnick, while the bottom tiers are estimated 

from the i-o table, as are the invesment functions. The import share equations are 

estimatesestimated from the "import" and "total output" columns of the i-o table. All 

are reported in Chapters 4 and 5 of Ho (1989). 
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