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1 Introduction

Do guestworkers threaten the jobs of native workers? Do foreigners, willing to
work for low wages, drive down domestic wages? These and similar questions
have long preoccupied workers, policymakers and economists, in Switzerland and
elsewhere, and they have become particularly pressing at a time when global-
ization is likely to increase exposure of workers from industrialized countries to
competition from low-wage nations.

One line of research that has proven useful to address this type of question is
what has become known as the production-theory approach to migration.! This
approach, introduced by Baldwin Grossman (1982), treats foreign labour services
as an input to the technology. Moreover, due to differences in characteristics and
attributes, foreign labour is treated as being conceptually different from domestic
labour. This makes it possible to determine whether immigrants and natives
are substitutes or complements in production. One can then also assess the job-
displacement and income-redistribution effects of international labour mobility.?

It is quite surprising, however, that none of the studies based on the production-
theory framework has modeled international migration within an open-economy
setting. That is, no allowance has been made for possible links between inter-
national factor movements and foreign trade.® Many additional questions thus
remain unanswered. Does immigration reduce or enhance a country’s foreign
trade? Who benefits most from international movements of labour in an open-
economy context? How does a change in the terms of trade affect the distribution
of income in the presence of international labour mobility? This lack of empir-
ical evidence is all the more surprising that the theoretical trade literature has
examined the links between trade and factor movements quite carefully, without,

however, coming to a firm conclusion. Thus, for some authors, foreign trade can

!See Greenwood and McDowell (1986) for a survey of the economic impact of immigration.

2The production-theory approach has been applied to Swiss data by Butare and Favarger
(1992); see Biirgenmeier, Butare, and Favarger (1992) for a condensed version in English.

3Wong (1988) does discuss the impact of international labour mobility on the volume of
trade. However, he treats foreign labour as a perfect substitute for domestic labour. Hence,
there is no difference in his model between migration and a change in the domestic endowment
of labour.



be viewed as a substitute for international factor movements,* while for others
it acts rather as a complement.” The main objective of this paper is to attempt
to bring an empirical answer to some of these questions, and we shall see that
one has to be quite careful in defining in what sense trade and factor movements
might be complements or substitutes. In what follows, we will model the produc-
tion sector of the Swiss economy, taking into account the input of foreign labour
together with the input of intermediate products of foreign origin. This paper can
thus be viewed as a contribution towards the integration of the production-theory
approach to migration and the production-theory approach to modelling foreign
trade.’

The production-theory approach to modelling foreign trade views imports as
an input to the technology.” Imports are used together with primary factor ser-
vices to produce goods destined for domestic and foreign markets. This approach
recognizes the fact that most foreign trade is in raw materials and nonfinished
products, and that even most so-called finished goods must still go through a
number of domestic channels before meeting up with final demand, so that a
significant proportion of the final price tag is accounted for by domestic value
added. An attractive feature of the production-theory approach is that it rests on
solid theoretical foundations. Furthermore, it yields a wealth of results about the
substitution possibilities allowed for by the technology that cannot be matched
by traditional methods which typically rely on single-equation methods. Last but
not least, unlike many models of international trade theory, the production-theory
approach can easily be implemented empirically since the data it requires are of
the type contained in the National Accounts.® It is a simple matter then to extend
the production-theory approach to import determination to allow for international
labour mobility.

One unfortunate characteristic of the production-theory approach to immi-

gration is that it has involved a fair degree of confusion. Some of the empirical

4See Mundell (1957), for instance.

5See Markusen (1983) among others.

6This paper differs from our earlier work (Kohli, 1993) in several important respects, partic-
ularly the choice of specification and functional form, the derivation of the comparative statics
of the model, and the modelling of technological change.

"See Burgess (1974a, 1974b), Woodland (1982), Kohli (1991).

8See Kohli (1982, 1992) for estimates for Switzerland.



evidence is in terms of Allen-Uzawa elasticities of substitution, and some of it is
in terms of Hicksian elasticities of complementarity. Analysts have often failed
to fully appreciate this distinction when comparing results drawn from different
studies. Yet comparison of Allen-Uzawa elasticities of substitution and Hicksian
elasticities of complementarity is not a simple matter since the passage from one
set of elasticities to the other is far from being trivial, and it is not always well
understood. Two inputs, such as domestic and foreign workers, could be com-
plements in the Hicksian sense and substitutes in the Allen-Uzawa sense. One
objective of this study is to clarify this point by reporting both Hicksian elas-
ticities of complementarity and Allen-Uzawa elasticities of substitution between
resident and nonresident workers. By presenting our results for these alternative
settings, we will be better able to assess the effects of immigration on the income
of domestic factors of production, and to examine the effects of changes in the
payments to immigrants on the employment opportunities of resident workers.
However, we will argue that other sets of elasticities may be still better suited to
analyze the impact of immigration in an open economy context; this will make
it possible to assess the impact of changes in domestic factor endowments and in
traded good and service prices on immigration, foreign trade, production, and the
distribution of income.

Immigration has long been an important issue in Switzerland where a large
proportion of the resident labour force is of foreign origin, and where nonresident
workers have, at times, made up nearly a quarter of the labour force. Nonresident
workers either are holders of seasonal or yearly permits, or they live in neighboring
countries and cross the border on a daily basis to work in Switzerland. Asshown by
Figure 1, relative inputs have changed substantially over time. The use of resident
labour does not exhibit much of a trend throughout the postwar period. Increases
in the domestic labour force have been offset to some extent by reductions in
the length of the work week. The use of nonresident labour, on the other hand,
has increased very substantially throughout the fifties and much of the sixties,
but it has fallen dramatically in the mid-seventies. The input of capital has
increased steadily, whereas the use of imports has, on average, increased at an
even faster pace. The sharp reduction in the number of nonresident workers in

the mid-seventies is apparent in Figure 2 which shows an implicit Tornqvist index



of aggregate inputs (lower line), and it has had a marked effect on the level of
gross output (upper line). The difference between the two lines can be interpreted
as total factor productivity, and it has increased throughout much of the period.

Concern has been expressed recently that flexible functional forms may not
be flexible enough to adequately model technological change and productivity
growth; see Diewert and Wales (1992). This may be particularly relevant here,
given the shock which apparently — judging from Figure 2 — has affected the
Swiss economy in the mid-seventies. As suggested by Diewert and Wales, one way
of handling the problem is with the help of spline functions. In this paper, we
will innovate and experiment along an alternative route, by increasing the level of
flexibility of the aggregator function with respect to time.

The remainder of this paper is organized as follows. Section 2 briefly reviews
alternative descriptions of the aggregate technology. Section 3 discusses the com-
parative statics of the model, while Section 4 examines its empirical implementa-

tion. Section 5 presents our main empirical results, and Section 6 concludes.

2 The Production-Theory Approach to Modelling
the Demand for Imports and Foreign Labour
Services

The production-theory approach to migration treats immigrants as an input to
the technology. Similarly, the production-theory approach to foreign trade views
imports as intermediate products. We will therefore consider that aggregate out-
put is produced with the use of four inputs: imports (M), nonresident labour (N),
resident labour (L), and capital (K). The aggregate technology can be represented

by the following production function:

Yy = f(X), (1)

where y is the quantity of gross output, x = [z;] (j € M, N, L, K) is the vector of
input quantities. We assume that f(x) is increasing, quasi-concave, and linearly
homogeneous with respect to the components of x.

Variable returns to scale have become an important ingredient of many models,

in international trade theory as well as in growth theory. However, under variable
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returns to scale, aggregation over agents in order to get a representation of the
country’s technology may become next to impossible, due to departures from
perfect competition, and because intermediate goods no longer necessarily net out.
We do not believe that variable returns to scale at the plant, firm, or industry
level can be adequately accounted for by simply relaxing the linear homogeneity
assumption at the aggregate level. For the sake of coherence, we therefore prefer
to proceed with constant returns to scale as our maintained hypothesis.

Our treatment clearly rests on some heroic assumptions about aggregation.
For a start, we assume that all outputs can be aggregated into a single compos-
ite good, which can be either absorbed at home or exported to the rest of the
world.” Furthermore, considering four inputs only may seem restrictive as well.
The reader might feel that it would important to distinguish between skilled and
unskilled, resident and nonresident workers, and perhaps that one should disag-
gregate capital and/or imports. In truth, the theoretical model which we will
develop in this section and the next can easily accommodate disaggregation al-
most ad infinitum. It suffices to interpret y and the z;’s as vectors, and to use a
transformation function instead of a production function as a starting point. To
keep the empirical application manageable, however, one must obviously draw the
line somewhere. Degrees of freedom rapidly vanish as the number of inputs and /or
outputs increase, and difficulties meeting the required regularity conditions with-
out compromising flexibility rapidly becoming overwhelming. In reference to the
literature, our model of the aggregate technology, by considering four inputs, is
already more general than most.

It would of course also be of interest to disaggregate labour between native
and foreign-born workers, or between Swiss citizens and foreigners. This does
not seem to be possible, however, since the income data would not be available.
One can argue, however, that the distinction between nonresident and resident
workers, which is dictated by data availability, does make sense since it amounts
to distinguishing between recent and temporary immigrants ( “guestworkers”), on
one hand, and nonrecent and long-term immigrants on the other hand, the latter

being well integrated and similar to Swiss workers in most respects.

For an alternative treatment, albeit without international labour mobility, see Kohli (1991),
for instance.



The use of nonresident labour services is somewhat concentrated, both in terms
of industries and geographically. The number of transborder workers is naturally
largest in border areas, particularly so in Geneva, Basle, and the Ticino. The
“frontaliers” tend to be employed in a large variety of industries, in a wide range
of skills. Holders of seasonal and yearly permits, on the other hand, tend to be
more evenly distributed across the country, but they tend to be low-waged and
concentrated in particular industries, such as construction or food and lodging
services. This might militate in favor of using a two-sector model. However, as
argued previously, even though disaggregation of output could easily be handled
by the model, it would make the empirical application that much more complex,
and it is not clear that if some further disaggregation were indeed contemplated,
that this would be the most urgent direction in which it should be carried out.’

While international labour mobility is an important issue in the Swiss case,
one could argue that capital mobility is even more relevant. No attempt is made
here to model international capital movements. There are several reasons for this.
Some practical ones first: distinguishing between domestically- and foreign-owned
capital would increase the size of the model, and data on the quantity and the
price of both types of capital would be difficult to obtain. In fact, it is likely
that as far as production possibilities are concerned, the question of ownership is
largely irrelevant. This suggests that the return to both types of capital might
be same, in which case aggregation can be justified on Hicksian grounds. There
are also some conceptual reasons why the issue of international capital mobility is
not tackled here. By focusing on current production decisions exclusively, we do
not attempt to model the investment process. In any case, international capital
flows typically take the form of movements in equity and financial assets: it is
the ownership of the capital stock that is traded, rather than the physical capital
stock itself. Modelling international capital flows as exogenous changes in the
domestic endowment of capital seems very unsatisfactory. The dismantling of a

machine or a factory in order to rebuild it in a different country is the exception,

0The question would then arise as to whether the two (or more) outputs are produced jointly
or not; see Kohli (1991) for estimates of labour demand functions under both assumptions. It
is also noteworthy that there seems to be very little discussion of multiple output models in
the labour demand literature; for instance, this topic is not even raised in Hamermesh’s (1993)
otherwise very detailed book.



not the rule. Moreover, to the extent that international capital flows can have a
direct effect on the domestic endowment of capital, they should first impact on
the trade account — as part of imports or exports of capital goods — and on
gross output — as part of domestic investment or disinvestment.

Under cost minimization, the country’s technology can also be described by

the unit cost function defined as:

c(W)mein{ijxj cf(x) > 1}, (2)
J
where w = [w;] is the vector of input prices. Under competitive conditions, unit
cost is equal to the price of aggregate output (p).

By Shephard’s (1953) Lemma, the unit-output cost-minimizing demand for
inputs can be obtained by differentiation of (2):!!

xj  Oc(w) ,
— = M,N,L K}.
L= JE(MNLEK) ©

It is noteworthy that the demand for all inputs, including imports and foreign
labour services, will generally depend on all four input prices. A change in the
price of imports, for instance, is liable to affect the demand for foreign labour
services, just like a change in the wage rate of nonresident workers may impact
on the demand for imports.

To assess these price effects — and, more generally, the substitution possibil-
ities allowed for by the technology — it is useful to compute the Allen-Uzawa
elasticities of substitution between input j and input £, ;. It is of course well

known that:!?

_o(w)ejr(w)

= et jke{M/N,L K}, (4)

Ujk

where ¢j(w) = dc(w)/0w;, and cjr(w) = 0%c(w)/(0w;0wy); ok is positive if
inputs j and k are substitutes in the Allen-Uzawa sense, and it is negative if the
two inputs are complements. These elasticities are relevant if one wishes to assess
the impact of an increase in the price of one input on its quantity demanded, and

on the quantities of all other inputs. Thus, if o/ is positive, one can assert that

See Diewert (1974).
12Uzawa (1961).



a reduction in the wage paid to guestworkers will reduce the demand for native
labour services, and could thus lead to increased unemployment among resident
workers.

The Allen-Uzawa elasticities of substitution given by (4) are defined for given
input prices, and they are not to be confused with Hicksian elasticities of comple-
mentarity, 1,1, defined for given input quantities.'® If the production function is
known, the elasticities of complementarity can be obtained directly as:

wjk—w J,ke{M,N, L K}, (5)

L) fe(x)
where f;(x) = 0f(x)/0x;, and fix(x) = 0*f(x)/(0x;0x1); 1k, is positive if inputs
j and k are g-complements in the Hicksian sense, and it is negative if they are
g-substitutes. The sign of 1y is crucial in determining whether an increase in
immigration raises or reduces the return to domestic labour.

The Hicksian elasticities of complementarity can also be derived from estimates
of the cost function. Let us define ¥ = [0j;] as the Allen-Uzawa substitution
matrix and ¥ = [1);] as the Hicksian g-complementarity matrix. As shown by
Kohli (1991), the link between ¥ and ¥ is given by:

¥ =51n15"1 (6)
where:

) [T u ]

U o= (7)
- u’ 0 -

) [ Y u ]

Y = (8)
- u/ 0 -

Sis a 5 x 5 diagonal matrix with the four cost shares and a one as elements, and
u is a 4-dimensional unit vector. Thus, the passage from one set of elasticities to
the other is not trivial, and it involves the inversion of a bordered matrix. Note

that as soon as the number of inputs exceeds two, one cannot infer anything about

13See Hicks (1970). We use the terminology of Sato and Koizumi (1973), and Syrquin and
Hollender (1982).



the sign of o, from the sign of 1;;, alone.'* Thus, two inputs could be Hicksian
g-complements, and yet they could equally well be Allen-Uzawa substitutes or

complements.

3 Comparative Statics

3.1 The Cost-Function Setting

While both the Allen-Uzawa substitution matrix > and the Hicksian g-comple-
mentarity matrix ¥ are informative as to the relationships between the various
inputs, their elements — particularly their size — are somewhat difficult to in-
terpret. It is often more convenient to resort to ordinary price and quantity
elasticities. Consider demand system (3). The comparative statics of that system
can be captured by a matrix of price elasticities of demand E = [e;] defined as
follows:

Olnzx;(w,y)
Ejkh = —F .

(9)

It is well known that the elements of E can be obtained directly from the Allen-

0lnwy

Uzawa elasticities of substitution:'®
Ejk = OjkSk, (10)

where sy, is the cost share of the k-th input, s = wizi /(X w;x;). Moreover, it fol-
lows directly from (2) and (3) that 0lnz;(w,y)/0lny =1, that Olnc¢(w)/0lny =

0, and that dlnc¢(w)/0Inw; = s;. The full comparative statics of the model can

14This point is also made by Hamermesh (1993).
15See Kohli 1991, for instance.



therefore be summarized by the following system:

- EMM E€MN EmrL E€mix - 1 — -
T W g
TN ENM ENN ENL Enk 1 Wy
Ty | = | erm en ern frLx 1 wr |, (11)
JA,’K 12)[(
EKM E€KN EKL EKK 1
[ P _ L g
SMm SN sy, sk = 0

where the hats (7) denote relative changes.

3.2 The Production-Function Setting

Alternatively, if one departs from the Hicksian elasticities of complementarity, one
would naturally be led to the matrix of quantity elasticities of inverse demand,
H = [n;x], to describe the comparative statics of the model. These elasticities are
defined as:

_ O0lnw,;(x,p)

Njk = (12)

Olnxy,
The elements of H can be obtained directly from the Hicksian elasticities of com-

plementarity as follows:
Njk = PikSk; (13)
where s, is again the cost share of the k-th input. The full comparative statics of

the model can now be summarized in the following way:

L y 1 o
W Nvive NTMN NIML TIMK B
Wy nNM o NN NL Nk L N
WL | = | iy Moy Nr Nk -1 T |, (14)
w K i)K
Nxkm NN NMKL TKK 1 o
Ly , L P
i SM SN Sr, SK . 0 i
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where we have taken account of the first-order conditions for profit maximization
which imply that 0ln f(x)/0lnz; = s;. Moreover, 0lnw;(x,p)/0lnp = 1, and
In f(x)/0lnp = 0. It is immediately visible that the square matrix in (14) is

simply the inverse of the square matrix in (11); this illustrates our earlier result

(6).

3.3 The GNP-Function Setting

While both the price elasticities of demand (matrix F) and the quantity elastic-
ities of inverse demand (matrix H) are relevant in some circumstances, one can
argue that in an open-economy context, yet another set of elasticities is neces-
sary. Indeed, it is reasonable to assume that the endowments of domestic factors
(capital and resident labour) are given. At the same time, considering Switzer-
land as a small open economy, we can view the prices of output, imports, and
nonresident labour services as predetermined as well.'® In such a setting, which is
known as the GNP-function framework,!” the substitution possibilities allowed for
by the technology can be described by the following matrix of price and quantity

elasticities, £ = [ejx]:

- oA - €yy €vm €ynN ¢ €y €YK - oA
Y p

Tar €My €uvmm €MN ¢ €ML EMK Wy

IN | = | €Ny €vM €NN  €NL €NK wN | - (15)

wL : -%L

€Ly €M €N : €L €LK
| Wk | . | Tk
| €KY €KM €KN - €KL €KK |

16This differential treatment of resident and nonresident labour is made possible by our as-
sumption that the two types of workers have different attributes, and hence are separate inputs.

17See Kohli (1978, 1991), Woodland (1982); the GNP-function label comes from the fact that
this setting corresponds to the description of the technology by a variable profit function which
is the solution of maximizing GNP, for given factor endowments and given prices of traded
goods and services. In truth, because net labour payments abroad are taken into account, but
net capital payments are not, the function is a hybrid of GNP and GDP.
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These elasticities are defined for given prices of gross output, imports, and foreign
labour services, and for given domestic factor endowments. The elasticities in the
northwest corner of (15) are the price elasticities of output supply and variable
input demand. The elasticities in the southwest corner indicate the impact of
changes in the prices of output and variable inputs on domestic factor rental
prices (the Stolper-Samuelson effects). The elasticities in the northeast corner of
(15) capture the effect of changes in domestic factor endowments on the supply
of output and on the demand for variable inputs (the Rybczynski effects). In the
southeast corner, finally, we find the quantity elasticities of the inverse demand
for the domestic factors.

It is noteworthy that the homogeneity properties of the GNP function that is

dual to f(x) imply the following restrictions:
Zeih = 0, i,hE{Y,M,N}
h
Zﬁjk = 0, j,kG{L,K}
k
Zeij =1, 1€{Y,M,N},je{L K}
J

Sei = 1, je{L K} ie{Y,M N}

The signs of €,y and €y y are particularly important in determining the impact
of increased immigration on domestic factor payments; thus, if e,y > 0 a reduction
in wy, which leads to an increase in the demand for guestworkers, will tend to
reduce the rental price of resident labour. The sign of €,,y, on the other hand, will
indicate the impact of changes in the wage rate paid to nonresident workers on
the demand for imports. If €3,y > 0, immigration will tend to act as a substitute
for foreign trade in the sense that an increase in the cost of nonresident labour
would tend to favor imports.

The elasticities contained in (15) can easily be calculated from the estimates
of the price elasticities of input demands contained in (11). That is, it is a simple
matter to solve the system of equations (11) for g, s, Zn, Wy, and Wy, as functions
of p, W, Wn, 21 and Tx.** Of course, the GNP-function elasticities could be

obtained directly if one chose to use the GNP function to describe the aggregate

18See Kohli (1991) for additional details.
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technology, just like the elasticities in (14) could be obtained directly from the
production function, without having to rely on (6). In order to best illustrate the
difference between the various sets of elasticities, however, we want to derive them
all from the same set of econometric parameter estimates. That is, we do not want
to change the econometric specification as we move from one set of elasticities to

the next.

3.4 Immigration Quotas

One might argue that the GNP-function setting is inappropriate in that it treats
foreign labour services as a variable input, whereas, in practice, working permits
are not issued freely. This militates in favor of treating xy as a fixed, rather than
as a variable, input. Thus, compared to (15) there would now be three — rather
than just two — fixed inputs. The comparative statics of the model could then be

summarized by the following matrix of price and quantity elasticities, ® = [¢;x]:

RPN bvy dvym i yn by Ovk | o . -
Y p
T dnmy  Qum i Pun Sur Pk War
UN | = | dny Onm 1 vy Onp Onk TN |- (16)
w . x
v bry  Grm i PLN  PLL  PLk v
| wg ] , | Tk |
L ¢xy OrM ¢ QKN OKL OKK i

Matrix ® can easily be computed from estimates of E. The elements of ® will
indicate the impact of higher immigration on domestic factor rental prices, as well
as on imports and gross output. At the same time, they will yield information
about the impact of a change in the terms of trade on domestic as well as foreign
factor rental prices. A negative value of ¢,y would suggest that immigration and
trade are substitutes in the sense that a larger contingent of nonresident workers

tends to reduce the demand for imports.
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3.5 Domestic Workers Displacement Effects

One of our original questions was does immigration tend to reduce employment
opportunities for native workers? None of the settings examined so far makes it
possible to directly answer this question. Indeed, to address the domestic em-
ployment issue, one should treat the input of resident workers as variable. This
would be legitimate in the short run in the presence of domestic wage rigidities,
for instance. Thus, it would be of interest to examine the effect of higher immi-
gration when resident labour, together with imports and gross output, are treated
as variable. The comparative statics of the model could then be described by the

following matrix © = [0]:

SN Ovy Ovnm Oyr @ Oyn Oy | o . -
Y p
Ty Oy Omne Omr @ Oun Oux Wy
-%L = HLY HL]\,{ QLL HLN QLK UA)L . (17)
w . z
N Ony Onm One @ Onn Onk N
i Oky Oxkm Okr @ Okn Okk i

The price and quantity elasticities are defined for given output, import, and resi-
dent labour prices, and for given quantities of nonresident labour and capital. A
negative value of ¢,y would indicate that immigration and trade are substitutes,
in the sense that access to a larger pool of nonresident workers would tend to
reduce the demand for imports, given variable domestic employment.

At this stage, the reader might wonder which one of the five settings reviewed
here best describes reality, and which one is the most useful.!® In fact, all five set-
tings describe the same technology, and thus are equally “correct” or “incorrect”.
Yet, some settings may be more relevant than others, depending on the circum-
stances and on the problem which one wants to analyze. The cost-function setting

is probably the one that is best known, and it is useful in the short run, when

19The list is not exhaustive: there are many more combinations of endogenous vs. exogenous
treatments which we could have considered.
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input prices may be sticky and the level of output predetermined. In the long run,
on the other hand, the production function and the GNP-function settings may
be more useful. If immigration quotas are the issue, then clearly the elasticities
contained in (16) and (17) are more relevant. Thus, there does not exist a set of
elasticities that is to be favored over all other ones. Our point here was rather to
show that a custom-built set of elasticities that best suits the problem at hand can
easily be obtained. Furthermore, great care should be taken when comparing elas-
ticities drawn from different sources, since elasticities typically only show partial
— or ceteris paribus — effects, and it is essential to always keep in mind what the
other things being held constant actually are. The obvious implication of this is
that empirical estimates of a particular effect, e.g. the impact of an increase in the
number of guestworkers on the earnings of resident workers, might differ greatly
depending on which other variables are allowed to adjust, and which ones are held
constant. Finally, one should be aware of the fact that our approach, by focusing
on production decisions exclusively, merely offers a partial equilibrium treatment.
Imaginative use of this technique makes it possible to deal with a large variety
of circumstances, and to answer many questions, but there is no doubt that this
approach has its limits, and that ultimately only a general equilibrium approach,
endogenizing the prices as well as the quantities of all inputs and outputs, can
give complete answers. This is particularly true in the immigration debate, since,
for instance, the supply of migrants should probably be explained as well. Simi-
larly, one could argue that the supply of foreign goods, the work-leisure decision of
domestic workers, the level of capacity utilization, domestic investment decisions,

and intertemporal consumption behaviour should be modeled too ...

4 Empirical Implementation

4.1 Functional Form

Upon specification of a functional form, cost function (2) can be estimated. How-
ever, it is statistically more efficient to estimate instead the system of derived
demand functions (3). The estimates can then be used to recover (2), and to
calculate estimates of (4), (6), (10), (13), and (15)—(17).
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In what follows, we will use the Translog functional form; Christensen, Jor-

genson, and Lau (1973). It can be written as:
1
Ine(w,t) = ag+ Zaj Inw; + 3 ZZijlnwj In wy, +
J Jj ok

1
OéTt—f-Z(szlHU)jt—f- §5TTt2a ],k? € {M, N, LK}, (18)
J
where t is a time trend intended to capture the effects of technological change.
Symmetry implies vz = ;. Linear homogeneity requires >-; a; = 1, > v, = 0,
and Zj 5jT = 0.
As indicated by (3), the input demand functions can be obtained by differen-

tiation of (18). In share form:
S; = Qy + Zﬁ/jk In Wy + 5jTt, (19)
k
where s; is once again the cost share of the j-th input.

4.2 Smoothing

Some concern has been expressed recently that flexible functional forms may not
be flexible enough to pick up the ups and downs of technological change and
productivity growth; see Diewert and Wales (1992), for instance. Translog cost
function (18) provides a second-order approximation to an arbitrary cost func-
tion, with respect to prices as well as with respect to time. This means that total
factor productivity is modeled as a quadratic function of time, or that the rate of
technological change, which can be obtained by differentiating (18) with respect
to t, is a linear function of time. That is, except for the influence of changing
relative prices, the rate of technological change is either monotonically increasing
or decreasing throughout the entire estimation period. This may be too restric-
tive an assumption, and some additional flexibility might be needed. One way of
handling this problem is with the help of spline functions; see Diewert and Wales
(1992), and Fox (1994). An alternative may be by focusing on total factor produc-
tivity and applying a number of filters; see Fox (1994), Fox and Kohli (1998). In
this paper, we will experiment along an alternative route, by increasing the level

of flexibility of the aggregator function with respect to time. That is, while we
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continue to assume that the cost function provides a second-order approximation
with respect to prices, we increase the degree of the approximation with respect
to time to a degree 7 > 2. In what follows, we consider values for 7 equal to three

and four. In the 7 = 4 case, the Translog cost function becomes as follows:

1
Ine(w,t) = ozo—i-Zozjlnwj+§ZZijlnwjlnwk+
J ik

OéTt -+ Z 5jT In wjt -+ Z 5jTT In wjt2 + Z 5jTTT In wjt3 -+
J J J
1 2 1 3 1 4 .
§5TTt + 65TTTt + ﬂCSTTTTt ;. Jke{M,N, LK}, (20)

where ;0,77 = 0 and > ;0;7rr = 0. The case 7 = 3 requires d;rrr =
orrrr = O,Vj € {M, N, LK} If, moreover, one imposes 5jTT = drrr = O,Vj €
{M,N,L.K}, one is back to the 7 = 2 standard flexible specification (18). In the

general case, the input demand share equations become:
sj = aj + > vk Inwg + djrt + Srrt’ + Srrrt’ (21)
k

One could obviously keep increasing the flexibility with respect to time almost
ad infinitum, or at least until all degrees of freedom are exhausted. However,
there seems to be little point in doing so. For one thing, while one wishes to
make the model sufficiently flexible with respect to time, one also wishes to keep
it as parsimonious as possible. The 7 = 4 version of the model allows for two
inflection points in the path of total factor productivity, as opposed to none with
the standard specification. This should be enough to pick up the major trends
in factor productivity developments over a thirty- or forty-year period, and it
is precisely the number advocated by Diewert and Wales (1992) in their study.
Another reason why one may not want to increase the value of 7 beyond reason
is that, while it will tend to increase the goodness of fit, it will gradually squeeze
out any role for economic variables such as relative prices. One knows, indeed,
that any economic time series can be exactly explained by a polynomial of time

of sufficiently high degree.
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4.3 Data

The cost function is estimated for Switzerland with annual data covering the
period 1950-1986. We require price and quantity series for all four inputs and
for gross output. Gross output and import figures are derived from the National
Income and Product Accounts, together with the income shares of labour and
capital. The price of imports is inflated by import duties, whereas the price of
gross output is net of indirect taxes, but it includes subsidies.

The quantity of labour is obtained by multiplying employment figures by the
average length of the work week. The quantity of capital is calculated as a Torn-
qvist quantity index of structures and equipment. Both stocks are obtained by
cumulating the corresponding real investment series, subject to exogenous rates of
depreciation; this was accomplished over an extended period of time (starting in
1914) so that by the beginning of the sample period the figures are essentially in-
dependent of initial values. The price of labour and capital services were obtained
by deflation.

The disaggregation of employment between resident and nonresident labour
is based on Favarger (1992). The resident worker category comprises natives as
well as foreign workers who are residents of Switzerland. Nonresident workers
are holders of seasonal permits, annual permits, or transborder permits. Data on
the number of nonresident workers are readily available, whereas as their income
can be derived from the Swiss balance of payments which records payments to
nonresident workers. All prices are normalized to unity for 1980. Quantities are
expressed in million 1980 Swiss francs; ¢ is defined as a time trend with unit annual
increments and normalized to zero for 1980. Summary statistics of the input data
are shown in Table 1; additional details, and the series themselves, are available

upon request.

4.4 Stochastic Specification and Estimation Techniques

We assume that demand functions (21) are exact, except for errors in optimization.
We specify a vector of additive disturbances which we assume to be identically
distributed, serially independent, normal random vectors with mean vector zero.

The model is estimated by using the algorithm of Berndt, Hall, Hall, and Hausman
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(1974); this is essentially an iterative version of Zellner’s (1962) method for seem-
ingly unrelated regressor equations, and it is numerically equivalent to maximum

likelihood.

5 Empirical Results

Estimates of (19) are reported in Table 2, column 1. We verified that the esti-
mated cost function satisfies all required regularity conditions (monotonicity and
concavity) for all observations.?’ Asymptotic t-values are shown in parentheses.
We next reestimated the 7 = 3 and 7 = 4 versions of the cost function — see (20)
above. The corresponding parameter estimates are shown in columns 2 and 3 of
Table 2; again, we verified that all regularity conditions are met for all observa-
tions. It is apparent that the additional flexibility with respect to time leads to a
significant improvement in the goodness of fit: conducting a likelihood-ratio test
for the hypothesis 7 = 2, conditional on the alternative hypothesis 7 = 3, pro-
duces a test statistic of 61.96 for a y? critical value of 9.21, at the 99% confidence
level with two degrees of freedom. The test for 7 = 3, conditional on 7 = 4, yield a
test statistic of 30.64 for the same Y? critical value. The lower levels of flexibility
with respect to time are therefore decisively rejected, and we proceed with the
T = 4 estimates shown in Table 2, column 3, as our preferred set of estimates.?!
The parameter estimates in Table 2 can be used to calculate Allen-Uzawa
elasticities of substitution (¢;;) and Hicksian elasticities of complementarity (1;x);
these are reported for selected years in Tables 2 and 3, respectively. It is apparent

from Table 3 that nonresident workers are Allen-Uzawa complements for imports

20Monotonicty and concavity are an integral part of our theoretical framework, and they must
be satisfied for the econometric estimates to be economically meaningful. Regularity condition
failures have plagued previous work in the immigration literature; thus, a little known fact about
Baldwin Grossman’s (1982) widely cited study is that her estimates fail to satisfy concavity. In
the Translog case, curvature conditions can be imposed locally if needed. However, there is no
guarantee that this will be sufficient for the conditions to be met for all observations. Moreover,
imposition of curvature conditions often leads to a reduction in the rank of the Hessian matrix.
It is therefore fortunate that these conditions were met here at the outset, since a rank reduction
would rule out some of the manipulations described in Section 3.

210ne can see that the estimates of some of the 7;;’s change substantially as 7 is allowed to
increase; this is not surprising since our test results indicate that restricting the value of 7 does
violence to the data.
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122 All other pairs of inputs are Allen-Uzawa substitutes

as well as for capita
for each other. Judging from Table 4, nonresident workers and resident workers
are Hicksian g-substitutes for each other,”® whereas all other pairs of inputs are
Hicksian g-complements for each other, except early on in the sample when one
finds some evidence of g-substitutability between imports and capital.?* Thus,
trade and labour mobility are complements in the Swiss case, both in the Allen-
Uzawa sense and in the Hicksian sense. Nonresident and resident workers, on
the other hand, are substitutes in both settings. Imports and capital, as well
as resident workers and capital, are substitutes in the Allen-Uzawa sense, but
complements in the Hicksian sense for most of the sample period.

To get a better feeling of the magnitudes involved, we move to Tables 4 and 5
which report 1986 estimates of matrices £ and H. Consider the price elasticities
of input demands shown in Table 5 to begin with. The own price elasticity of the
demand for imports is estimated to be -0.449 — which may seem quite low —
while the own price elasticity of the demand for nonresident labour is found to
be rather large in absolute value, at -2.094. Remember though that these price
elasticities are defined for given input prices and a given level of gross output.
The estimate of ;5 shows that a 1% increase in the cost of nonresident labour
services would reduce the demand for imports by about 0.2%, but increase the
demand for resident labour by about 0.4%. A 1% increase in the price of imports,
on the other hand, would reduce the demand for foreign labour services by about
1.3%.

Looking at the estimates of the 7;;’s shown in Table 6, one sees that a 1%
increase in the number of nonresident workers would increase the marginal product
of imports by about 0.3%, the marginal product of capital by about 0.4%, but
reduce the marginal product of resident workers by about 0.3%. An increase in
the endowment of capital, on the other hand, would enhance the marginal product

of all three other inputs, not least nonresident workers.

22Butare and Favarger (1992), on the basis of a three-input Translog production function
that excludes imports and for which 7 = 2, also find that nonresident workers are Allen-Uzawa
complements for capital.

23This is contrast with the findings of Butare and Favarger (1992).

?4The finding that the Hicksian elasticity of complementarity between imports and capital
changes sign, even though the Allen-Uzawa elasticity of substitution does not, once again un-
derscores the fact that the passage from one set of elasticities to the other is not trivial.
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As argued earlier, it might be more appropriate to consider the prices of goods
and of nonresident labour services as predetermined, together with the endow-
ments of domestic factors. This brings us to the GNP-function setting, and to the
corresponding elasticity estimates (matrix £) shown in Table 7. The own price
elasticity of the demand for imports is now found to be -1.056, while the own
price elasticity of the demand for foreign labour services is -1.274. These elastici-
ties cannot be compared directly to the ones reported in Table 5, since €5, and
enyny — contrary to €3/, and ey —— are defined for variable gross output and
fixed endowments of capital and domestic labour. Of considerable interest are
the so-called Stolper-Samuelson elasticities (e;;,7 € {Y,M,N},j € {L,K}) and
Rybczynski elasticities (e;:,j € {L, K},i € {Y, M, N}). These show, for instance,
that an increase in the price of imports hurts capital relatively much more than
labour, whereas an increase in the price of nonresident labour actually favors resi-
dent labour. An increase in the endowment of capital will tend to heavily increase
the demand for nonresident labour services. Looking at the negative signs of the
cross price elasticities €,y and €y, one can conclude that trade and labour mo-
bility are complements in the sense that, for given domestic factor endowments,
an increase in the price of either foreign input will tend to reduce the demand for
both.

We next turn to the question of the effects of exogenous changes in the number
of nonresident workers. The relevant elasticities (matrix ®, 1986 figures) are shown
in Table 8. If the number of nonresident workers is held constant, the own price
elasticity of imports is now found to be quite a bit closer to zero than otherwise
(compare the estimate of ¢y with that of €,y shown in Table 7), which is an
illustration of the Le Chatelier Principle. Of special interest is the estimate of
¢y which shows that, as one might have expected it, an increase in the number
of nonresident workers depresses the wages of resident workers, but the impact
is very small.?> Looking at the Stolper-Samuelson effects, it is interesting to
note that nonresident workers are relatively more hurt than the domestic factors
of production by a worsening in the terms of trade. Once again, we find that

imports and foreign labour services seem to work hand in hand.

25This result confirms the findings obtained for other countries; see Greenwood, Hunt and
Kohli (1996, 1997) for recent findings for the United States.

21



We now turn to the estimates of matrix © shown in Table 9. Remember
that these price and quantity elasticities are valid for given prices of output,
imports, and resident labour services, and given quantities of nonresident labour
and domestic capital. They are thus relevant in the short run, if domestic wages
are sticky. With resident labour services variable, the demand for imports is
found to be quite price elastic.?’ The demand for resident labour is found to be
quite price elastic as well. The estimate of 67y indicates the effect of an increase
in the number of nonresident workers on the demand for resident workers. Its
negative value shows that, as expected, foreign workers displace native workers.
The effect is not as small as it seems since the number of resident workers is about
five times larger than the number of nonresident workers. An elasticity of -0.214
thus indicates that the replacement effect is almost one for one. However, what
is crucial here is the assumption of a fixed domestic wage rate. The relatively
large price elasticity of the demand for resident labour reveals that not much of a
reduction in domestic wages would be needed to restore full employment. Indeed,
this is confirmed by the very low estimate of ¢,y shown in Table 8. Thus, if
immigration causes unemployment, then the prime culprit will be domestic wage
rigidity. One again, we find that trade and labour mobility are complements, in
the sense this time that an increase in the number of nonresident workers will
tend to increase the demand for imports.

Comparing our results with those reported in Kohli (1993), we find some in-
teresting similarities, in spite of the differences in specification, functional form,
and modelling of technological change. Thus, both studies found that nonres-
ident workers are substitutes for resident workers, and complements for capital
in the Allen-Uzawa sense. Both studies also found that imports are Hicksian
complements for capital and both types of labour, and that nonresident workers
are Hicksian substitutes for resident workers. There are some differences, however.
Thus, the earlier study did suggest that imports might be Allen-Uzawa substitutes
for foreign labour, and that nonresident labour may be a Hicksian substitute for
capital. However, it is rather remarkable that in spite of these differences all

€jr elasticities — i.e. those consistent with the GNP-function setting — have

26The comparison of 87y with ¢ provides another illustration of the Le Chatelier Prin-
ciple.
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the same signs. In particular, both studies concur that imports and nonresident
labour services are complements in the sense that an increase in one input will
reduce the demand for the other, and that an increase in the cost of nonresident

labour services will favor resident workers, but penalize capital owners.

6 Total Factor Productivity

Our econometric results can also be used to model total factor productivity. A
state-of-the art measure of the change in total factor productivity is given by the

following index:*7

1, t—1 ,t—1
Rt,t—l = J C(Wt ! )C(Wt )7 (22)

c(wy_1,t) c(wy, t)

where the subscripts indicate the time period. This index shows the cost reduction
that results from the passage of time, using either period-t or period-t — 1 input
prices as weights. It can be shown that if the cost function is Translog, then R;;_;

can be calculated from knowledge of the data alone as follows:

Wit
Ry 1 =——, 23
el ti—1 (23)
where W;; 1 is a Tornqvist input price index:?®
1
Wt,tfl = exXp Z é(sjt + Sjtfl)(h’l Wit — In wjt,l) s (24)
J
and P, ;_; is the output price change factor:
p
Pyqg=——. (25)
Pt-1

27See Caves, Christensen and Diewert (1982), and Diewert and Morrison (1986), for instance.
28Given that the cost function is Translog, Wy —1 can also be interpreted as the geometric
mean of two indexes, both measuring the cost implications of changes in input prices, but
one doing it with reference to time-t — 1’s technology, and the other one refering to time-t’s

technology:
W _ e(w,t—1)  c(wy,t)
bl = c(wy_1,t —1) ¢(wy_1,t)’
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Since the construction of the data ensures that the value of gross

the total cost of inputs:

Pyt = ijtxjt,
J

it follows immediately that R;; ; can also be calculated as:

Yie 1
Rt,t—l - ; )
tt—1
where Y;;_; is the output change factor:
Yt
Yie1=—,
Yt—1

and X/, ; is an implicit Tornqvist index of input quantities:

output equals

(26)

(27)

(28)

(29)

Thus, as suggested in the introduction, total factor productivity growth can be

deduced from Figure 2 by looking at the difference between the two lines. The

cumulated index of total factor productivity is also shown in Figure 3. One sees

that total factor productivity has increased substantially during the postwar pe-

riod, although the index fell very dramatically in the mid-seventies. An entire

decade had elapsed before it had fully recovered.

We can also follow an econometric approach to measuring total factor produc-

tivity growth. That is, we can obtain R;; ; from the estimates of the structural

parameters of the cost function. We begin by introducing (20) into the logarithmic

version of (22). This yields:

1
In Rt,tfl = ar-+ 5 Z(Sj;p(ln Wi — In wjt,l) +

1
5 Z(SjTT(ln Wit — In U)jt_l)(Zt - ].) +

1
5 Z(SjTTT(ln Wit — In wjt,l)(3t2 —3t+ 1) +

1 1
§5TT(2t —1)+ 65TTT(3t2 —3t+1)+

1
ﬁ5TTTT(4t3 — 6% + 4t —1).
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Computation of (30) requires estimates of ar, dr, and — in the higher-order
flexibility cases — dpp and d7pp. These estimates can be obtained by regressing
the so-far unexplained portion of the price of output on ¢, 2, t* and t*. For this

purpose, we have estimated the following equation:

1 1 1
In Uy = Qg + OéTt -+ _5TTt2 + _5TTTt3 + _5TTTTt4; (31)

2 6 24

where

1
Inu; = Inp, — Zaj Inw;; — 3 ZZ%;@ In wj; In wy, —
J j ok

Z 5jT In wjtt — Z 5jTT In wjttQ — Z 5jTTT In wjtt?’. (32)
J J J

Our results are summarized in Figure 3 which shows the econometric estimate of
the index, based on (30), using the second-order, third-order, and fourth-order
approximations, respectively. One sees that the second- and the third-order ap-
proximations do a rather poor job at tracking the total factor productivity index.
Both curves are concave, and they indicate a severe slowdown in the rate of techno-
logical progress. The second-order approximation actually suggests technological
regress towards the end of the sample period. The fourth-order approximation,
on the other hand, performs much better, and it indicates a resurgence of techno-
logical progress towards the end of the sample period, after the downturn of the
mid-seventies.

The two-stage approach which we have followed here to estimate the rate of
technological progress is somewhat similar to the one used by Fox and Kohli
(1998). There is one major difference, however. Thus, in the present treatment,
the first stage already takes account of the type of smoothing which will be applied
in the second stage. That is, if a fourth-order approximation is selected, this
impacts on the estimation of the input share equations since, as shown by (21),

these will then be functions of ¢, as well as of ¢* and 3.

7 Conclusions

The main purpose of this paper was to combine the production-theory approach
to modelling immigration with the production-theory approach to modelling for-

eign trade. Indeed, it is rather odd that until now international labour mobility
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and international trade were essentially modeled separately in empirical work.
Yet immigration is clearly an international phenomenon; the production-theory
approach to immigration must thus be compatible with the production sector of
an open economy.

An attempt was made here to increase the flexibility of flexible functional
forms with respect to time. A second-order approximation with respect to time
does not allow for any inflection points in the path of total factor productivity.
Given the ease with which our approach can be implemented, it may be viewed
as an attractive alternative to the spline method proposed by Diewert and Wales
(1992).

Among our main empirical results, we have found that the displacement effects
of immigration into Switzerland could be very severe in case of downward wage
rigidity. If wages are flexible, increased immigration will lower the income of
domestic workers, but only weakly so. Capital owners are the beneficiaries of
immigration; it is therefore not surprising that the call for increased access to
foreign labour markets generally emanates from business leaders.

Imports and nonresident labour are found to be complements for each other,
in many different meanings of the word. They are Allen-Uzawa complements, and
they also are Hicksian g-complements. Furthermore, they are also complements
in the sense that more nonresident workers tend to lead to more imports; this
is true whether or not resident labour services are held constant. Moreover, in
the GNP-function setting, a reduction in the price of nonresident labour services,
which tends to favor the demand for such services, also pulls along the demand

for imports.
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Table 1: Input Data — Summary Statistics

mean  1980-value stand. dev. minimum maximum

wyr  0.77652 1.00000 0.17273 0.56926 1.12891
wy  0.59952 1.00000 0.40951 0.11137 1.42308
wr,  0.60442 1.00000 0.40484 0.13611 1.46850
wr  0.80162 1.00000 0.18901 0.58467 1.25165

xy 40214.2 71760.7 23703.0 9707.8 86606.9
ry  12520.9 8963.9 9075.9 4500.2 20925.9
xr,  80794.0 91691.4 8017.2 67127.4 91691.4
rrg  30126.0 43794.3 13832.5 8918.7 50798.1

sy 0.27931 0.33190 0.02498 0.22901 0.33190
sy 0.06451 0.04146 0.02651 0.02523 0.11093
sr, 0.42359 0.42408 0.03667  0.36734 0.50230
sk 0.23259 0.20255 0.01688 0.20114 0.25374
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Table 2: Parameter Estimates
(asymptotic t-values in parentheses)

05,73

an

arg,

YMM

TMN

TML

YNN

INL

YLL

51\/] T

5NT

5LT

T=2

0.30889
(71.22)

0.04511
(11.01)

0.43342
(54.45)

0.08138
(2.82)

-0.10102
(-4.67)

0.07754
(2.42)

-0.10114
(-3.50)

0.25804
(6.72)

-0.42431
(-6.52)

0.00345
(3.78)

-0.00793
(-9.14)

0.00732
(4.31)

T=3 T=4
0.30778  0.30748
(67.28) (62.49)
0.05015  0.04089
(14.27)  (15.42)
0.42502  0.43595
(72.68) (77.65)
0.07127  0.07439
(1.86) (2.03)
-0.05914 -0.07482
(-2.41)  (-4.08)
0.03797  0.04292
(0.98) (1.17)
-0.04785 -0.05360
(-1.68)  (-3.10)
0.12210  0.16097
(3.17) (6.45)
-0.11577  -0.18427
(-1.86)  (-3.78)
0.00292  0.00355
(3.48) (3.68)
-0.00724  -0.00604
(-11.09) (-11.44)
0.00586  0.00379
(5.37) (3.42)
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Table 2, continued

5MTT

5NTT

5LTT

5MTTT

5NTTT

5LTTT

LL

351.01

-0.00001

(-0.39)

-0.00014

(-5.48)

0.00029

32

(6.67)

381.99

-0.00003
(-0.30)

0.00022
(4.09)

-0.00018
(-1.61)

0.00000
(0.63)

0.00001
(6.92)

-0.00001
(-4.49)

397.31



Table 3: Allen-Uzawa Elasticities of Substitution
for selected years

1950 1960 1970 1980 1986

oMM -1.906 -1.721 -1.613 -1.465 -1.432
oyn  -13.810 -2.734  -2.100 -4.951 -4.078
OML 1.353 1.401 1.390 1.320 1.316
OMK 0.202 0.368 0.377 0.359 0.344
onn -161.943 -21.471 -17.976 -55.513 -44.574
ONL 15.506 6.232 5.813  10.030 8.914
ONK -5.709  -0.683 -0.569 -2.692 -2.358
OLL -1.623  -2.589 -2.770  -2.263 -2.293
OLK 0.832 0.810 0.793 0.791 0.780
OKK -1.571  -1.466 -1.515 -1.601 -1.623

Note: These estimates are based on the parameter values shown in Table 1, column
3.

Table 4: Hicksian Elasticities of Complementarity
for selected years

1950 1960 1970 1980 1986

Yun -21.928  -6.243  -5.266  -5.529  -4.984
Yun 44668 5982  4.821  8.970  7.368
YL 9.752  1.806  1.572  2.620  2.238
Yy -3.712 1.809  1.885  0.885  1.203
Yy -118.381 -15.491 -13.190 -33.162 -27.604
Yy -24.268  -3.225  -2.776  -7.561  -6.245
Ynkg 20226 3.547  3.533 8.782  8.188
YL -5.815  -1.824 -1.790 -2.796  -2.495
VYLK 5.447  1.991  2.039  3.350  3.255
Y -10.510  -6.095 -6.728  -9.698 -10.519

Note: These estimates are based on the parameter values shown in Table 1, column
3.

33



Table 5: Price Elasticities of Input Demand
(Cost-Function Setting, Matrix E, 1986 estimates)

Emn = O by, (y, war, wn, WL, W) /01N 2,
]’Lm c {IM,IN,IL,IK},Zn - {U)]\,{,U)N,UJL,U)K}

Zn =Wpn Zp = WN Z2p =W 2Zpn = WK

€Mn -0.449 -0.192 0.570 0.071
ENn -1.279 -2.094 3.860 -0.487
€Ln 0.413 0.419 -0.993 0.161
EKn 0.108 -0.111 0.338 -0.335

Note: These estimates are defined for a given quantity of output and given input
prices. They are based on the parameter values shown in Table 1, column 3.

Table 6: Price Elasticities of Input Demands
(Production-Function Setting, Matrix H, 1986 estimates)

Nmn = 01In hm(p, Ty, TN, XL, xK)/aann
hm € {wMawNawLawK}7Zn € {]fM,xN,xL,xK}

Bp =TM 2Zn =TN Zpn =L Zp=7TK

e -1.563  0.346  0.969  0.248
e 2.311  -1.297 2704  1.690
NLn 0.702  -0.293 -1.080  0.672
NKn 0377  0.385 1409  -2.171

Note: These estimates are defined for a given price of output and given input
quantities. They are based on the parameter values shown in Table 1, column 3.
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Table 7: Price and Quantity Elasticities
(GNP-Function Setting, Matrix £, 1986 estimates)

€mn = 01n hm(p, Wp, WN, XL, JUK)/é’ln Zn
hm € {y;wM;-??NawL;wK};Zn € {pa wMawNaxLaa:K}

Zpn =P Zpn =Wy Zp=WN 2Zn=2TL 2Zn=2ITK

eyn  0.568 -0.420 -0.148 0.439 0.561
enn 1338 -1.056 -0.282 0.261 0.739
€nn  3.157 -1.883 -1.274  -1.620 2.620
€Ln 1.014 -0.189 0.176  -0.422 0.422
€xn  2.719 -1.123 -0.596 0.885 -0.885

Note: These estimates are defined for given output, import and nonresident labour
service prices, and for given domestic factor endowments. They are based on the
parameter values shown in Table 1, column 3.

Table 8: Price and Quantity Elasticities
(Immigration-Quotas Setting, Matrix ®, 1986 estimates)

¢mn Ealnhm(p,QU]\/[,ZEN,ZEL,ZL’K)/aann
h/m S {y,fEM,wNwawa},Zn S {p,/lUM,xN,IL,ZL'K}

Bfp =P Zp=Wp Zpn=TN Rp=2L ZRp=TK

dyn  0.201 -0.201 0.116  0.627 0.256
dnn - 0.640 -0.640 0.221 0.620 0.159
Onn 2478 -1.478  -0.785  -1.272 2.057
¢rn  1.449 -0.449  -0.138  -0.645 0.783
¢rn  1.241 -0.241 0.468 1.643  -2.111

Note: These estimates are defined for given output and import prices, and for
given quantities of labour (nonresident and resident) and capital. They are based
on the parameter values shown in Table 1, column 3.
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Table 9: Price and Quantity Elasticities
(Variable-Resident-Employment Setting, Matrix ©, 1986 estimates)

gmn = alnhm(p,/lUM,wL,fEN,xK)/a].nZn
hm € {y;wM;mL;wN;wK};Zn € {pa wMawLaa:Naa:K}

Zn =P Rp=Wpy Zp=W[ Zp =TN Zn=7TK

Oy,  1.610 -0.637 -0.972 -0.018 1.018
Orim  2.032 -1.071 -0.961 0.089 0.911
Orn 2.246 -0.696 -1.550 -0.214 1.214
Onn  -0.378 -0.593 1.971 -0.513 0.513
Okn  4.931 -1.385 -2.547 0.117 -0.117

Note: These estimates are defined for given output, import and resident labour
service prices, and for given quantities of nonresident labour and capital. They
are based on the parameter values shown in Table 1, column 3.
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