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1. Introduction!

MSG-6 is an Applied General Equilibrium (AGE) model for the Norwegian econ-
omy developed at Statistics Norway. As its five predecessors the sixth generation
of the MSG model is designed in order to calculate consistent long run projections.
However, the sixth version is in several respects very different from its predeces-
sors. Most of these changes have been motivated by the need for improving the
relevance of the model as an analytical tool in policy analyses focusing on effects
on welfare and resource allocation. In particular, the model has been designed in
order to address issues such as taxation, trade policy, various types of industry
subsidies, environmental and energy policies. MSG-6 has become considerably
larger and, in several respects, much more complex than MSG-5. Accordingly,
there is a need for revising the documentation of MSG-5 given in Holmgay, Nordén
and Strgm (1994).

However, a complete documentation of such a large model as MSG-6 is a very
time consuming job. From our experiences there is a great risk that further model
developments have made the documentation obsolete when it is finally finished.
For documenting MSG-6 the team working on the model will therefore follow an-
other approach. Rather than publishing one large comprehensive documentation,
the most important sub models, such as the modelling of consumer and pro-
ducer behaviour, will be described in separate papers. These papers are intended
for readers who are interested in the economics of the model. In addition, the
equation structure will be described accurately but rather technically in a paper
intended primarily for readers who are operating the model or have interest in
the accurate technical details. More general overviews of the model will also be
presented in papers presenting results from applied modelling work, see e.g. Bye
(1996) and Holmgy and Strgm (1997).

The present paper is confined to describe the empirical properties and the
working of a special version of the MSG-6 model by reporting and discussing
computed endogenous responses to exogenous shifts in some important variables.
The endogenous responses are hereafter referred to as ” General Equilibrium Mul-
tipliers (GEM)”. GEM based on MSG-5 were reported in Holmgy and Strgm
(1994). The version of MSG-6 used to compute the elasticities reported in this
paper, is the one which has been used by the Norwegian Ministry of Finance,
inter alia when preparing the recent Long Term Programme, see Ministry of Fi-
nance (1997). We will refer to this version as the static one. Compared to the
dynamic version used by e.g. Bye (1996), Holmgy and Strgm (1997) and Holmgy,
Olsen and Strgm (1998), the static MSG-6 is simplified in the following respects:
First, intertemporal household behaviour is neglected. Rather, the consumption-

'Thanks to Jgrn-Arne Jorgensen for helping us carrying out the model simulations. He also
pointed out an error in a previous version of the model.



savings behaviour accommodates passively to firms’ investment demand and an
exogenous time path for the current account deficit. Second, labour supply is
exogenous. Third, the intertemporal producer behaviour is characterised by ex-
ogenous expectations. In addition, the computations reported in this paper are
based on the particular assumption that the Government meets an exogenous
restriction on the public budget deficit by adjusting Government consumption.
This assumption has often been preferred in simulations carried out by the Min-
istry of Finance. As will be demonstrated, this assumption may have serious
impact on the long run effects of changes in exogenous variables.

The purpose of this paper is mainly pedagogical, and it is of course primarily
intended for those who prefer to apply the static MSG-6 model. We have cho-
sen to focus our interpretations on the macroeconomic results. Only changes in
the broad patterns of reallocations of resources between industries are explained.
MSG-6 is relatively disaggregated with respect to industry and commodity clas-
sification and offer a great amount of details to the model user. Explaining what
happens in all markets specified in the model would require a disproportionate
amount of the resources of the model-team and render a large and unfocused
paper. The relevance of MSG-6 in sector studies is probably better demonstrated
in separate papers based on concrete simulation experiments of policy reforms or
long term projections.

The pedagogical content in this paper is presented in two different ways cor-
responding to different levels of analytical precision. Readers trained in micro-
economic calculus will probably obtain most insight from studying the formal
analysis of a stylised one-sector version of the static MSG-6. The stylised model
is solved and reduced down to a two-dimensional system that can be used to show
the qualitative macroeconomic effects of those changes studied in this report?. A
similar way of illuminating what otherwise might appear as a black box was taken
in Johansen (1960) when the first version of the MSG model was presented. Jo-
hansen motivates his formal analysis of the one-sector version of his model as
follows (Ch. 2, pg. 24): ”This chapter is inserted for expository purposes. Expe-
rience indicates that it can be difficult to see the macroeconomic implications of a
multi-sector model. At the same time these implications are of great importance
in judging the reasonableness of the model. I have therefore found it appropriate
to present a one-sector model which corresponds to the multi-sector model which
we are going to use later. I do not think this one-sector model is of particular
interest on its own account.” The quotation also expresses our view on the useful-
ness of a formal analysis of a ”model of the model”. Recently, a similar approach
has been taken by Bovenberg, Graafland and de Mooij (1998), when explaining
the main mechanisms of the dutch CGE model MIMIC.

In addition to the formal analysis, we offer a less technical, and less precise, in-
terpretation of the simulated elasticities. It is our intention that the non-technical

2The stylised analytical model does not incorporate the effects caused by the assumption that
the public budget is balanced through adjustments of Government spending.



explanations should be self-contained in the sense that the reader should be able
to understand them without having read the analytical discussion.

The paper is organised as follows. Section 2 provides a brief and non-technical
overview of the static MSG-6 model. Section 3 sets up the stylised one-sector
model which is transformed from its structural form into a reduced form in two
dimensions. We then use a combination of analytical and graphical techniques
to find and explain the macroeconomic adjustments to shifts in the following
(sets of) exogenous variables: 1) labour supply, 2) labour tax, 3) tax on capital
income, 4) total factor productivity, 5) labour productivity, 6) world interest rate,
7) export price, 8) prices of import and the tariff rate, 9) oil price. The qualitative
discussion is supplemented by relevant elasticities computed on the static MSG-6.
Section 4 offers the non-technical explanation of the macroeconomic as well as
some important sectorial effects. Whereas the elasticities presented in Section 3
and 4 are computed relative to a basically static reference path for the simulated
economy, Section 5 describes a growth reference scenario. One may regard the
subject in this section as a sensitivity analysis of the elasticities with respect to
the initial conditions. We confine our comments in this section to those cases
where the two elasticity concepts take on significantly different values. Tables
reporting the simulated effects in greater detail are put in the appendixes and a
reader’s guide to these tables is found in Section 6.

The authors have shared the work in the following way: Holmgy has written
Section 1, 2, 3 and 4.1, 4.2., 4.4, 4.7, 4.8 and 4.10. Avitsland has written Section
4.3, 4.5, 4.6, 4.9 and, in cooperation with Holmgy, 4.11, organised the tables in
the appendix and carried out several of the simulations. Strgm has had the main
responsibility for simulating the model. He has also revised the model when errors
were found.

2. A bird’s eye on the structure of the static MSG-6 model

MSG-6 represents the sixth and latest step in a continuous research programme
in which policy changes or exogenous conditions for Norway are analysed by
AGE-models. Among several other aspects, the design of MSG-6 gave particu-
lar priority to analyses of welfare effects of a wide range of trade and industry
policies within a consistent intertemporal framework. The Norwegian National
Accounts (NA) constitute the main empirical data source for both calibration
and estimation of behavioural and technology parameters.

2.1. Aggregation

MSG-6 provides a relatively disaggregated description of the Norwegian economy.
The model specifies 60 commodity groups, including 9 that are non-competing
imports and 12 Government services. Varying proportions of the remaining 39
goods are produced in the private business sector, which is split into 32 indus-
tries. 25 of these are main producers of primary goods, manufactures and ocean



transport which are tradable internationally. Moreover, the description of tax-
ation and subsidization is detailed in order to make the model operational for
policy analyses. The model is a CGE-model in the sense that the behavioural
relations are derived from optimising behaviour by individual rational agents, and
all markets clear due to flexible relative prices. Commodities and primary factors
are perfectly mobile across different sectors and kinds of absorption.

Labour is perfectly mobile across industries. So are stocks of capital goods,
which are also malleable.

2.2. Household Behaviour

The household behaviour in the static version of MSG-6 is confined to the en-
dogenous determination of the composition of aggregate consumption. The model
specifies 19 types of consumer goods, each being a Leontief composite of the spec-
ified commodities in the model. The substitution possibilities are constrained
according to a separable structure of origo adjusted CES sub utility functions.
The origo adjustment of the CES functions allows for non-homotheticity. The es-
timation of the parameters has been based on panel data from household surveys
and is documented in Aasness and Holtsmark (1995).

2.3. Market Structure and Producer Behaviour

MSG-6 distinguishes between the behaviour of the individual firms and the ag-
gregate industry behaviour. Output and input in an industry can change both
because of changes at the firm level and as a result of entry or exit of firms.
Entry (exit) takes place in an industry if the variable after tax profit increases
(decreases) relatively to the net fixed cost associated with entry. We refer to
Holmgy and Hzegeland (1997) for a detailed analysis of the production model in
MSG-6.

All firms in the private business sector are run by managers seeking to max-
imise the firm value, which is assumed to equal the present value of the cash-flow.
However, contrary to the dynamic version of the MSG-6 model, this static ver-
sion of the model assumes that the expected price of the capital goods in the
next period is exogenous. The private profitability is affected by indirect taxa-
tion of inputs and the system of capital income taxation. In addition various kinds
of commercial policy instruments are specified, including a detailed description
of transfers and government subsidies. In order to capture the impact of these
measures on the entry/exit incentives, the model distinguishes output dependent
transfers and subsidies from neutral ones, the magnitude of which is independent
of the firm size. Trade policies affect producer prices on both outputs and inputs
and thereby maximum profits. These impulses generate both substitution effects
and scale effects. The scale effects take place both at the level of the individual
firms as well as on the aggregate industry level due to endogenous entry and exit.



The model of the entry/exit mechanism in MSG-6 differs from the standard
text-book model of monopolistic competition, see e.g. Helpman and Krugman
(1985). While the standard model assumes that all firms have the same tech-
nology, which generates a symmetric equilibrium, MSG-6 generates an asymmet-
ric equilibrium because the model allows for productivity differentials between
firms within the same industry. There has long been strong empirical evidence
that such differences are both substantial and persistent, see for example Sutton
(1996). Klette (1994) and Klette and Mathiassen (1995, 1996) confirm that this
conclusion indeed also applies to Norwegian manufacturing industries. For com-
putational reasons the modelling of productivity heterogeneity relies on restric-
tive simplifying assumptions. In particular, the relative productivity differentials
between any two adjacent firms are assumed to be constant. The reward for im-
posing this restriction is that the equilibrium differentials between firm variables
can be represented by exponential difference equations which make it straight-
forward to carry out the relevant integrals defining the corresponding aggregate
industry variables. Incorporating this kind of productivity heterogeneity implies
that variation of the activity of an industry through changes in the number of
firms exhibits decreasing returns to scale. However, this effect will be modest as
long as the changes in the number of active firms are not very large, see Holmgy
and Haegeland (1997).

Producers of manufactures and tradable services allocate their output between
the domestic and the foreign market, which are assumed to be segregated. It is
assumed to be costly to change the composition of these deliveries. This aspect
of the technology is captured by assuming that output is a Constant Elasticity
of Transformation (CET) function of deliveries to the export market and deliv-
eries to the domestic market. Aukrust (1970) and Bowitz and Cappelen (1994)
find empirical evidence supporting the view that Norwegian firms behave more
like atomistic price takers on the export market than they do in the domestic
markets. Thus, the model assumes that exports from Norwegian firms are sold
at fixed world prices. The underlying reason for this may be that foreign con-
sumers consider imported products from other countries to be perfect substitutes
for Norwegian ones, and that Norwegian firms in general are too small to exercise
any market power abroad. Contrary to models adopting the Armington assump-
tion to justify a declining world demand function for domestic products, there is
no possibility to obtain endogenous terms-of-trade gains in any of the specified
commodity markets.

On the other hand, domestic consumers are assumed to regard products
from different firms within the same industry, as close but imperfect substitutes.
MSG-6 employs the model of the Large Group case of Monopolistic Competition
(LGMQ) to formalise the market structure for domestic deliveries. The demand
function facing each firm in a differentiated industry is derived through deci-
sions at several stages for firms and households. For all agents on the demand
side separability assumptions imply that an industry composite can be defined



as a symmetric CES-function of the quantities of the different products produced
by the industry. The symmetric domestic demand functions for each of these

products then take the form X7 = (PiH /PH ) "% DH where DH and PH are,
respectively, the CES volume and price indexes for the domestic demand for the
industry composite, and X and P/ are, respectively the domestic demand for
the product produced by firm no. i, and the price of this product. The elastic-
ity of substitution, o, is calibrated to be consistent with the estimated mark-up
ratios between the output price and marginal costs in Klette (1994). None of
the mark-up ratios exceed unity by more than 5 percent, which implies that the
scope for love-of-variety effects on aggregate welfare is relatively small.

For inputs, the separability assumptions allow all inputs to be perfectly ag-
gregated into one index of aggregate input through a system of nested constant-
returns-to-scale CES-functions. Labour is homogeneous, whereas the capital
goods and intermediaries are Leontief aggregates of the commodities specified
in the model. Firms are assumed to be price takers in all factor markets. The
production function for the firm is assumed to exhibit decreasing returns to scale.
The scale elasticities range from 0.85 - 1.00, which implies a small negative bias
compared to those estimated in Klette (1994). This bias was introduced in order
to avoid unrealistic specialisation patterns of the industry structure. Moreover,
firm technology is assumed to be separable in such a way that the determination
of the optimal supply of exports and deliveries to the domestic market can be
separated. This separability is obtained through a restrictive assumption relat-
ing the scale elasticity to the elasticity of transformation between exports and
domestic deliveries. In result the variable cost function is additively separable
in a cost function for exports and a cost function of the same form for domestic
deliveries.

2.4. Imports

The Armington assumption is supposed to hold for manufactures and a few trad-
able services, i.e. imports are considered as a close but imperfect substitute
for the corresponding differentiated product supplied by the domestic industry.
Commodity specific Armington composites of imports and domestic deliveries are
defined by linearly homogeneous CES-functions. From these functions standard
unit demand functions are derived through cost minimisation. The import shares
depend negatively on the ratio between the price of imports and the price of corre-
sponding domestic deliveries. The share parameters in the Armington composites
are calibrated to the NA in the base year. They will in general vary between both
commodities and the source of absorption. The elasticities of substitution have
been set in accordance with the long-run time series estimates reported in Naug
(1994).

Commodities produced by primary industries, including Agriculture, Forestry,
Fishery, production of Electricity, Crude Oil and Natural Gas are assumed to



be regarded as homogenous by both Norwegian and foreign consumers. In the
absence of any trade restriction the prices of these commodities would be equal to
the corresponding exogenous world prices, and the model would determine only
net imports as the residual between domestic production and domestic demand.

MSG-6 distinguishes three main categories of protective trade policies:

1. Nominal tariffs. Computed on ad valorem bases, these tariff rates are
typically small.

2. NTBs which generate additional costs for foreign producers when export-
ing to the Norwegian market. One category of such NTBs is specific technical
standard requirements and home preferences in government procurement. The
costs associated with such NTBs will have an impact on the domestic producer
price equivalent to that of a nominal tariff. Accordingly they are labelled tech-
nical tariff rates and have been estimated on ad valorem bases, see Faechn (1997)
and Feehn and Haegeland (1996).

3. NTBs that imply quantitative restrictions on trade flows such as import
quotas and voluntary export restraints. Such import barriers are found for agri-
cultural products, meat and dairy products. Prices of these commodities are de-
termined independently of world market prices. The relative difference between
the domestic producer price and the c.i.f. price of potential imports is defined as
an equivalent tariff rate or a quota rent associated with the import quota.

2.5. Closing the model

Closure rules are restrictions in the model that ”determine variables”? that are
endogenous in the economy, but unexplained by the model. In the static ver-
sion of the MSG-6 model one can distinguish two kinds of closure rules. First,
some variables are fixed exogenously because implementation of the most relevant
theoretical relationships would render the model too complex measured in terms
of transparency and/or technical computer requirements. Until the last decade,
consistent forward looking intertemporal behaviour was not built into numeri-
cal models for the latter reason. The second category of closure rules apply to
those variables that are not well explained by economic theory. Most Government
policy instruments represent such variables.

The empirical properties of the model may be highly dependent on these as-
sumptions. We will therefore describe the closure rules in more detail below. The
determination of the static version of MSG-6 is further clarified in the analytical
analysis of an aggregate stylised version of the model in Section 3.

3In a simultaneous model, it is of course not correct to say that one particular equation
determines one particular endogenous variable. In practice, however, such associations between
equations and variables often turn out to be useful when communicating intuitively the main
mechanisms in the causal structure of the model.



2.5.1. Closure rules due to simplified dynamics

In the dynamic version of MSG-6, household behaviour is modelled as if one price
taking representative consumer maximised an intertemporal utility function over
an infinite time horizon with perfect foresight and access to a perfect capital
market. The budget constraint facing the consumer implies that the present
value of expenditures is equal to initial net wealth, which includes the value of
real assets, financial claims and human capital?. This intertemporal behaviour
generates demand for consumer goods and leisure in all periods as functions of
the present and future relative consumer prices and the value of initial net wealth.
Firms are also assumed to have perfect foresight when they maximise the value
of the firms. The solutions meet the transversality conditions that ensure that
the firm values are finite, i.e. the present market value of the capital stock in a
future year t approaches 0 when t is increased beyond all limits.

With respect to dynamics, the static version of MSG-6 is simplified in two
respects. First, the static version contains no household demand for consumption
in different years. Instead, aggregate private consumption is basically determined
from the supply side of the economy. It equals the residual amounts of domestic
production and imports that are left after satisfaction of the demands for invest-
ment, government consumption, intermediate inputs and exports. The transver-
sality condition associated with the net foreign debt in the dynamic version, is
replaced in the static version by an exogenous constraint on the current account
surplus in each year. This constraint may be implemented in different ways. The
most popular one is to impose an exogenous ratio between the current account
surplus and the nominal gross national income. The most important effect of this
closure rule is that investment in real capital primarily crowds out private con-
sumption. On the other hand, the dynamic version of MSG-6 will allow Norway
to finance the investment by trade in time, i.e. through an increase in the net
foreign debt.

Second, producers’ expectations are determined exogenously. Effectively, this
implies that changes in the market price of capital goods, showing up in the user
cost of capital formulas, are exogenous rather than endogenous.

2.5.2. Labour supply

Labour supply is exogenous in the static version of the model. The endogeneity
of private consumption and the wage rate makes it possible for the economy to

*In the model, this budget constraint is specified in an indirect way. The accumulation of
public net debt is determined exogenously in such a way that it does not explode. The dynamic
model imposes an intertemporal budget constraint for the total economys net borrowing from
abroad, which ensures that the present value of future trade deficits equals initial net foreign
wealth. Since the model assumes equilibrium in all markets in all periods, it follows from
Walras’ law that the consolidated sector consisting of domestic households and companies obeys
the same kind of intertemporal budget constraint. Financial transactions between companies
and households do not affect the equilibrium of the model.
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meet the exogenous annual requirements related to employment and the current
account surplus.

2.5.3. The public budget constraint

The public budget surplus, or the net financial savings of the Government sector,
may be determined in different ways in MSG-6. The calculations reported in this
paper are based on a specific determinative rule that has often been used by the
Norwegian Ministry of Finance. This rule is characterised by

- an exogenous time path of the net financial savings by the Government,

- endogenous and proportional adjustments of real Government purchases of
commodities and services and employment. However, the capital stocks in the
government sectors are fixed exogenously.

As will be explained in Section 4, the actual time path of Government net
financial savings as well as the particular way of meeting this constraint have
important consequences for some of the multipliers produced by the model. In
particular the closure rule affects both the ratio between private and Government
consumption and the average capital intensity for the economy as a whole. This
is explained in detail in Section 4.2 where we interpret the simulated results of
a reduction of the interest rate. In this simulation experiment the closure rule
associated with the public budget constraint creates explosive dynamic forces,
which makes the long run effects highly unrealistic and even meaningless.

We will stress that the choice of closure rule must be determined by the set of
problems that the analyst wants to study. Some of the long run results reported
in the tables in Section 4 and in the appendixes, are obviously not credible, and
indicate that the chosen way of balancing the public budget is far from a real
world policy. More generally, model multipliers such as those presented in this
report, are the result of mechanical simulations. They give information about the
marginal properties of the formal equation system that constitutes the model. In
practical policy simulations, however, results are generated both by the formal
equation structure and by the way the model has been used by the analyst. The
contribution from the latter is rooted in the way the analyst fixes the values of
the exogenous variables. In mechanical computations of multipliers exogenous
variables play exactly the same role as constant parameters in the model. In
applied studies, however, the values set for exogenous variables are typically the
result of numerous revisions. The choice between alternative closure rules is a
part of this process, in which multipliers provide important information.

3. A stylised one-sector version of the static version of the MSG-6
model

In this section we set up a very stylised one-sector version of the static MSG-
6 model, which is solved analytically. The main purpose of this exercise is to

11



highlight the general equilibrium mechanisms that are the most important de-
terminants of the macroeconomic behaviour in the static version of MSG-6. In
spite of the many simplifications compared to the implemented version of the
model, the comparative statics results that are derived from this stylised version
are qualitatively consistent with the simulated effects. Accordingly, and as stated
in the introduction, our experience is that such a "model of the model” is an
important tool when interpreting the simulated results.

3.1. Definition of symbols

The simplified model makes use of the following symbols.
¢ = price index for the composite input of labour and capital
71 = 1 + the effective tax rate on labour
Tk = 1 + the effective tax rate on capital
71 = 1 + the effective tariff rate on imports
wy, = the pre-tax wage rate
r = the world interest rate
Py = the price index for the composite of domestic varieties
Py = the price of the variety produced by the most efficient domestic firm
P; = pre-tariff price of imports measured in domestic currency
Py = world price of exports (common to all domestic varieties/firms)
m = mark-up factor >1 (common to all domestic firms)
s = elasticity of scale, 0 < s < 1 (common to all domestic firms)
ay, = productivity parameter for labour
ak = productivity parameter for capital
Xog = deliveries to the domestic market from the most efficient domestic firm
Xow = deliveries to the export market from the most efficient domestic firm
Xw = total exports
D = aggregate domestic final demand
L = total employment = labour supply
K = total capital stock
C = total consumption
O = oil revenue measured in domestic currency
p = elasticity of substitution in domestic demand between domestic varieties
o = elasticity of substitution between the composite domestic product and
import
t = relative productivity differential between two adjacent domestic firms
b,d = constants

3.2. Equation structure

e (TLwL’ 'rK'r'P> (3.1)
ayg, aK

12



defines the minimum cost of acquiring one unit of the composite input being
an aggregate of labour and capital. The user cost reflects that both physical and
economic depreciation are neglected in this stylised version of MSG-6.

PH:bPOH=b%(XOH)*,o<b<1,>\=§—1 (3.2)

is an index of the prices set on domestic products in the domestic market,
where each product is priced as a mark-up above marginal cost of domestic de-
liveries. The constant b reflects that when the number of domestic firms and
products is large, the relevant index of the different domestic prices is related to
the domestic price set by the most efficient firm by a constant factor, see Holmgy
and Haegeland (1997) for the derivation of this result.

P =P (Py, 7P (3.3)

is the price index for the composite good absorbed by final domestic demand.
It is a composite of the heterogeneous domestic product and imports. Imports
are an imperfect substitute for the domestic product.

_ (Pou\7* (Pa\"" (P77
() () () o

defines the demand function for the product produced by the most efficient
domestic firm. In this stylised model, the number of domestic firms and products
is large enough to allow the market share, d, of product 0 in total domestic supplies
to be determined by exogenous variables, see Holmgy and Hezegeland (1997) for
the derivation of this result.

1
A A (sPw\ X
Xw = T Xow =+ ( . ) (3.5)

is the approximate aggregate export function. The approximation is improved
the larger is the number of firms, see Holmgy and Heegeland (1997).

D= L[ (755) Gm? + ()] (3.6)

is the labour market equilibrium condition. The right hand side calculates
the approximate aggregate labour demand from applying Shephard’s lemma to
the unit cost of all domestic firms. The approximation is improved the larger is
the number of firms, see Holmgy and Haegeland (1997).

oy
PyXw +0=P; (Tf1> D (3.7)

implies balanced trade, which is the particular way in which the exogenous
requirement w.r.t. the current account surplus is specified in this stylised version
of the static MSG-6 model.
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ac(m.a KWK
We have used the notation ¢; = b K
of TL2L
ar
determine, assuming existence and uniqueness, the following seven endogenous
variables: ¢, Py, P, Xog, Xw, D, was functions of parameters and the exogenous
variables r, Pr, Pw,7T1,Tk,T1,0,L,ar,ak. In addition we find the recursive so-

lutions for the capital stock and the composition of aggregate final demand

) above. These seven equations

I | 1+pA 1 X [sPy\%
_ %k +pA 1. A 3.8
K =% [(t(“_l))ocm) 3 (587, (3.8)
D= C+K—K(_1), (39)
TLYL TKWK
where ¢ = ac( LK
()

3.3. Reducing the model into a two-dimensional system

By substituting (3.1) - (3.5) into (3.6), this labour market equilibrium condition
becomes a locus in D and wy, which we shall refer to as the labour market
locus, or in short, the L-locus. By substituting (3.1) - (3.5) into (3.7), this trade
balance constraint becomes a locus in D and wy, which we shall refer to as the
trade balance locus, or in short, the T-locus.

3.3.1. Properties of the labour market locus

We will now examine the properties of the labour market locus, i.e. how it is
sloped in a D, wr-diagram, as well as the shifts in its position caused by changes
in exogenous variables. Let L denote the logarithmic differential and similarly for
the other variables. Logarithmic differentiation yields

- . . . R . 1.~
L = 06xy [—UK(TL+1UL—GL—C)—'CLL+§XOH]

1 5 .
+0xw [“O'K (fr+wp —ar — &) —ag + (1 — 8) (Pw - c)] ,(3.10)

where 0x g is the share of production delivered to the domestic market, and
Oxw = (1 — O0xp) is the remaining export share of output. ok is the elasticity
of substitution between labour and capital. Utilise that é =0 (1 + WL —ar) +

Ok (f‘K+f'+p—&K) , 13=0H]3H+9[ (7"1-{-]5]), PH =P0H =é+/\X0H and
Xon = —016; (PH - 77— 151> + D. From these relations the change Py can be

expressed in terms of changes in exogenous variables and D and wy:
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PH = 0L (fr+wr —ar)+ 0k [7A'K+f‘+9HPH+91 (7A'1+P1) —dK]
+A [-0’19] (PH - 77— p]) + ﬁ] ,
where 6y is the budget share of domestic goods in total domestic demand,
6 = (1 —0y) is the remaining import share, and oy is the elasticity of sub-

stitution between domestic and imported products. Solving with respect to Py
implies

o 1 R ) A )
Fa = <1 — 0Oy + /\0191> {071 + Ok Tk) — (6rdL + Oxik)
+6 + Ok7 + (8x + A1) 6 (71 + Pr) + 2D}, (3.11)

It is useful to pause here and interpret the price-cost multiplier m
which equals the relative increase in Py caused by a one percent rise in the
factor price index c¢. The multiplier has taken into account both an ”input-
output” effect and a scale effect in the price-cost relationship. The ”input-output”
effect refers to the fact that a rise in Py leads to higher capital costs when
capital goods are produced domestically, and that higher capital costs cause a
second rise in Py and so on. The infinite but converging series of these price
increments adds to (1 — 66 H)_1 > 1. Thus, the ”input-output” effect magnifies
the relative impact on Py of a given percentage increase in c¢. The last term
in the denominator of the price-cost multiplier captures the scale effect on the
domestic price-cost relationship. When Py rises, consumers substitute imports
for domestic deliveries, which, cet. par., reduces the marginal cost, and thereby
the price, of domestic deliveries as firms slide down the upward sloping marginal
cost curve. This scale effect contributes to reduce the impact of ¢ on Py. If
capital were not produced domestically, a one percent increase in c increases Py
by (1+ Aoz0;)~! < 1 percent.

Inserting (3.11) into the expressions for & and Xz, (3.10) can be rewritten as

i = UKGK(?K—’T’L)
OOk — [OXH (i)0'191+9xw( )(1-{-)\0'191)}
1—0g6yg + Xojb;

+ OL7L + 0k TK)

+o bk (P — L)
oxOrb — [9XH (1) orbr + Oxw ( ) 1+ /\0191)]

1—60k0y + Xorbr (9101 + Oxc7)

+

—ar, + ok (dL — &K)
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0x8n — [0xm (1) o161 + 0xw (£ 9
_aK KOH [ XHSS_)Z;0;++ /)\(:;9(11—5)(1+/\01 1)} (Oras + Oxax)

1 1
+ {UKGK + [QXH (;) or —Oxw (:) 9}{]

oxOxOn —Oxr (1) o181 — Oxw (1) 0x0u| Ok +2o1)) .
+ [ KVKVH XH( )].—IQIKQH)_{:I;(E;OI) K H] K I }91(71+P])

1\ . oxOx0r — [0xu (1) o181 +0xw () 6x0n] .
+{9XH (—) + 7 1—0x0y + Ao0; : AP

+O0xw (%) Pw (3.12)

Let us clarify the interpretation of the terms in (3.12). Each line in (3.12)
includes effects of shifting the corresponding set of variables on labour demand,
conditional upon the assumption that all other exogenous variables are kept con-
stant, and that repercussions due to the current account balance are not taken
into account.

1) Changes in taxes on labour and capital: The labour demand effect can
be decomposed as in the first two lines in (3.12):

oxfk (Tx —71)
okOkOn — [QXH (i) o101 + Oxw (115) (1+ )\0191)]
+ 1—-0k0y + \ob;

(0L7L +0kTK)

The first term o6k (7x — 71) represents a factor substitution effect, when
factor prices net of taxes, i.e. wy and 7P, are constant. In this hypothetical case,
(7x — 71) equals the change in relative factor prices, and o6k is the conditional
demand elasticity for labour (conditional in the sense that output is fixed). A
rise in the relative price of capital will bring about a more labour intensive factor
composition.

The next term, including the fraction, is more complicated. First, note
that the primary effect on marginal costs is captured by the term in the right-
most parenthesis (0171 + 60x7k). From the derivation of (3.11) it follows that
% is the resulting increase in Py caused by a one percent rise in the
factor price index c¢. Keeping this in mind, the three terms in the numerator
are easy to interpret: First, o x0x 6y measures the substitution effect on labour
demand caused by the fact that the growth in Py is carried over to a rise in the
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capital cost. Second, labour demand is reduced, cet. par., by the substitution
from domestic products to imports, which follows from the rise in Py. However, a
one percent reduction of domestic deliveries, reduces output only by the fraction
of domestic deliveries in total output, i.e. §xg. Moreover, a one percent reduc-
tion in total output reduces labour demand by % > 1 percent due to decreasing
returns to scale. The third term in the numerator captures the effect on labour
demand from the change in exports. Export supply declines due to the increase
in ¢, which is affected directly by the factor taxes as well as by the indirect growth
in capital costs. (A one percent increase in (617 + 6x7 k) can be seen to raise
¢ by the direct effect (=1) and the indirect capital cost effect 1_—0:‘-9%. The
total increase in ¢ becomes 1 + 1—9,(061;05-1,\0,01 = 1_9;’@;\{"3{719[ .) This completes
the interpretation of the first line in (3.12).

To summarise: An increase in the labour tax has a negative impact on labour
demand, because both the factor substitution and the loss in international com-
petitiveness pull in the same direction. (Note that the modification of the factor
substitution effect due to endogenous capital costs, can not alter the sign of this
substitution). On the other hand, whether or not a rise in the effective tax rate
on capital will increase labour demand, provided that D and wy, are constant, is
an empirical matter.

2) Changes in factor prices and factor productivities: From (3.12) it is
easily seen that the effects of changes in wy and r are completely analogous to
the changes in the corresponding factor taxes. Thus, provided that D and wy, are
constant, a higher wage rate will reduce labour demand, whereas the effect of a
rise in r is ambiguous.

With one exception the same analysis also holds for changes in factor produc-
tivities. The only difference is the direct impact on labour demand of a change
in the labour productivity; for fixed prices and output, the relative reduction
of labour demand is of course equal to ar. Note that the weighted average
(0rar + Ok ak) is a proper measure of the total factor productivity (TFP) effect
of the factor specific productivity changes. In the special case of Hicks-neutral
productivity change, i.e. a4y = dx = a, the direct substitution effect vanishes.
However, the remaining terms capture the fact that Hicks-neutral productivity
shocks are not neutral when general equilibrium effects on prices and quantities
are taken into account. Even when D and wy, are constant, the model captures
that:

i) labour productivity is increasing in capital intensity which grows because
the price of capital goods is reduced when they are produced by domestic firms.

ii) labour productivity is scale dependent, and output is affected by changes
in the import share and export supply.
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3) Changes in world prices on imports and exports and the tariff rate:
First, note from (3.12) that changes in the import price and the tariff rate have
identical effects, and that the effect on labour demand of a one percent growth
in the (tariff included) import price is decomposed into the following effects:

i) o0k measures the effect on labour demand due to factor substitution,
as long as Py is held constant. The rise in the capital cost equals 07, and o0k
is the elasticity of the conditional labour demand provided that wy, is constant.

il) Oxp (%) o107 measures the effect on labour demand due to import substi-
tution; o0 equals the conditional direct (=Slutsky) price elasticity. Only the
domestic deliveries are affected by the change in the import share. Consequently,
the output growth is found by weighting the demand effect by the share Oxp.
Finally, decreasing returns to scale causes labour demand to adjust by the factor
% times the relative change in output.

iil) Oxw T{—; 06 measures the effect on labour demand due to changes in
exports. The export supply is negatively affected by a rise in the price of the
imported capital good. This effect is obviously stronger the higher is the cost
share of imports in the capital good. Moreover, this effect is stronger the closer
s is to unity, because the export supply then becomes increasingly price elastic.

Now, consider the terms in the fraction [UK9K9H —0Oxy (%) orbr

—Oxw (l—i—s) 0x0 H] X 1—_(2:—;—;‘3_’,\%7. From the explanation of the domestic price-

cost multiplier above, it is clear that the term % captures the relative
increase in Py of a one percent increase in the consumer price of imports, provided
that wr, and D is constant. The three terms in the brackets are then easily inter-
preted as modifications of the three effects i) - iii) just discussed. Growth in Pg
reinforces the factor substitution in favour of labour, counteracts the substitution
of domestic varieties for imports, and strengthens the export reduction.

All in all, a higher import price has an ambiguous effect on labour demand,
provided that wy and D are constant. The reason why it may become negative,
is that exports may be strongly reduced.

A rise in the export price by one percent will increase labour demand by
Oxw (-1%-;) This response is completely symmetric to the export adjustment to

changes in c.

4) Changes in domestic demand D: As long as endogenous changes in the
wage rate are ruled out, labour demand is affected by growth in D in two ways.
First, for fixed prices, labour demand will increase by 6x g (%) Second, for a
fixed ¢, the partial elasticity of Py with respect to Xog is A, and T:?K—Oz;\_%-m{
represents the change in Py caused by a one percent change in D when endoge-
nous cost effects have been accounted for. The terms in the numerator of the
fraction in the multiplier relating L and D in (12), have been interpreted above.

The sign of this multiplier can not be determined theoretically. If A = % -1
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is sufficiently large, i.e. if marginal costs are sufficiently sensitive to output, the
loss in international competitiveness may dominate the direct effect on domestic
deliveries and labour intensity. However, such a possibility will be ruled out. The
empirical properties of MSG-6 are consistent with a positive dependency L and
D in (3.12).

(3.12) implicitly determines the slope of the L-locus along which the labour
market is in equilibrium. Solved with respect to wy, , the L-locus can be written
in the form

nptg = {9XH (1) N oxOxOn — [9XH (%) o101 + Oxw (ﬁ) GKGH] )\} b

s 1 —0x0y + M6

+0’K9K(‘7'K—’T’L)
o0y — {OXH (%) or0r +Oxw (ﬁ) (1+ AO’]&I)]

+ 1—0x60yg + Aoj0;

(91,’7'[, + OK’f'K)

oxOrOy — |0xu (L) o161 + Oxw —1— (1+ Xorfr) X
+{UK+ [ Ss_>0K9H+)\019(11 S) ]}0;{7'

—ar + ok (ar — ax)
o0ty — [GXH (%) orbr +0xw (ﬁ) (1 + >\0'191)]
- 1— 0k + Aab;

1 1
+ {O’KQK + [HXH (;) or —Oxw (m) GKJ

(0rar + Oxak)

[UKGKHH —Oxy (%) o101 — Oxw (1—1;) 9K9H] (6 + Aor) o (3.4 P
+ 1— 00y + \oj0; I(TI+ I)
. 1\ -
—L+0xw <T——S—> P, (313)
o - e 1
where 1, = ok -0 |l oS )Crel] 5 0 s the

absolute value of the negative multiplier between @z, and L in (3.12). (3.13) can
be represented as a positively sloped curve in a D, wy-diagram, see figure 1 below.
This curve shifts in the diagram when the exogenous variables change.
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3.3.2. Properties of the trade balance locus

Logarithmic differentiation of the T-locus yields

(106313) (PW - Sé) +000 =P — 00y (PH-%; —PH) +D.

After inserting the expressions for é and Py derived above, one obtains:

. sow 8k O >
60LwL—{1+< 1—s +JI> (1—<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>