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International Factor Movements in the Presence

of a Fixed Factor

1. Introduction

Despite the well-known efficiency gains to factor mobility,
considerable restrictions on factor flows currently exist between countries,
These include policies such as severe restrictions on emigration (Warsaw-pact
countries), capital export taxes (the US interest equalization tax (IET)
and DISC programs), skill-based quota systems for immigrants,and government
reviews of all foreign direct investments (Canada's immigration laws and
Foreign Investment Review Agency (FIRA)),

One possible explanation for the existence of these restrictions is
that, while lowering total world output, they represent policies which
maximize the national income of the country imposing them.I (given whatever
policy response, if any, is expected from other countries), If this is
true, then economic theory should be able to supply a number of testable
propositions concerning the incidence of mobility restrictions and their
relationship to other national policies, In particular, predictions
concerning the relationship between a country's relative factor endowment
pattern, its relative size, its fiscal treatment of mobile factors
(i.e., is it able, or does it choose to discriminate against foreign
factors by paying them only their opportunity wage?), and other policies,
such as its trade policy, will in principle exist,

One model which currently provides a set of predictions of this kind
is so simple in structure to have earned the title of the "basic model"
(Ramaswami (1968, 1970), Webb (1970), Calvo and Wellisz (1983), Bhagwati and

Srinavasan (1983), Jones, Coelho, and Easton (1984)). It considers a world



of two countries producing the same output2 using identical constant-returns-
to-scale production functions with two factors, fixed in supply. The
predictions of this model, while interesting, are less than satisfying

for at least two reasons, First, they depend on several highly restrictive
and unrealistic assumptions, including the absence of any optimizing
behaviour by one of the two countries, the absence of any trade, and a

set of assumptions about technology that makes it irrelevant, from a world
efficiency point of view, whether production occurs in one country or the
other.3 Second, the optimal policies they predict can be so extreme--
including in one case, the total absorption of one country by the other--
that they do not correspond well to any observed policies.

This paper examines whether some of these problems with the basic
model can be remedied by making one of its assumptions more realistic--
namely, by introducing a third, fixed factor into the model (for example,
land, climate, or a relatively immobile group of skilled workers who are
a politically powerful force) that makes the physical location of the other
two factors of product ion economically relevant, The answer to that
question turns out to be both yes and no: while some of the extreme policies
predicted by earlier versions of the model no longer exist, the variety
of policies that are consistent with national income maximizing policy is
greater than before, making the model more difficult to test.

Section 2 of the paper summarizes what is currently known about
optimal labour and capital mobility in the context of the "basic model',
Section 3 outlines the structure of the model, while Sections 4 and 5 describe
the optimal non~discriminatory and discriminatory policies respectively,

Conclusions are summarized and compared to previous results in Section 6,



2, Optimal Factor Mobility in the Basic Model

As noted above, the "basic model" of factor-mobility considers a
two-country world in which both countries possess identical CRS production
functions, in which the "home" country actively designs policy and the
foreign country remains passive,5 factor supplies are fixed, and (without
loss of generality) at autarky the home country is relatively capital
(K)-intensive, and the foreign country relatively labour (N)-intensive,

This situation is illustrated in Figure 1, where the diagonal represents
the set of world-efficient loci (embodying equal factor prices) and E
represents the endowment point,

If the home country is able to discriminate against foreign factors
by paying them their opportunity wage, the following is known about national-
income maximizing factor mobility policies. If only capital can move,
less-than-full mobility of capital (at a point like a, where not enough capital
leaves the home country to equate factor prices) is optimal, Similarly,
if only labour can move, a point like b is best, Simple monopoly and
monopsony effects, in which trasnactions are restricted to avoid '"spoiling
the market'", explain these results, If either capital or labour may move,
but not both, Ramasﬁami (1968) has further shown that optimal imports of the
scarce factor always dominate optimal exports of the plentiful factor
(i.e., point b is always preferred to point a), The intuition behind this
result is that optimal (restricted) export of capital involves an efficiency
loss borne by the home country--its own capital is being used more intensively
abroad than at home--which does not occur when it imports labour (all of
its own imports are then being employed at the same K/N ratio), Finally,
Jones et al, have shown that the global optimum combination of capital and

labour mobility implies not, as one might expect, some combination of



restrictions on capital outflows and labour inflows, but instead is at
point 0%, Thus, when discrimination is possible, fhe home country's
optimal policy is always to import both labour and capital until the other
country is completely absorbed, To see why this occurs, consider moving
along a ray from E to 0*, This leaves factor prices abroad unchanged and
hence keeps foreign national income at the autarky level., The home country
gains as its factor proportions move closer and closer to the world average, and
it appropriates all the efficiency gains to free factor mobility at 0%,
which is consistent with global efficiency, While this result is interesting,
itis clearly very dependent on the assumption of CRS technologies and
seems too extreme to describe any real-world policies,

If the home country cannot discriminate, and oply capital is mobile,
a is again the optimal point, If only labour is mobile, however, the
optimum is free immigration at b, This occurs because, while each
successive immigrant is paid his marginal product in the host country, his
entry bids down the wages of ali previous migrants, Thus, even though the
home country is "large", its national income increases monotonically with the
number of immigrants, (Rather than bidding up the wages of previous immigrants,
an additional immigrant now bids this wage down.) If the home country
must choose between labour and capital mobility, Calvo and Wellisz have
shown that now, in contrast to the discrimination case, optimal export of
the plentiful factor (point a) dominates optimal import of the scarce
factor (point b), Intuitively, this occurs because the home country is
equally well off at d as at c (a. simple redrawing of national boundaries
without any change in allocation shows this equivalence) where it exercises

no monopoly power; restricted capital imports at point a are clearly



better than this, Finally, Jones et al, have shown through an involved
argument that, if any combination of labour and capital mobility at all can
be chosen, the globally optimal policy is still at (a) (an absolute
prohibition of immigration and limited capital exports), The proof depends
heavily on CRS, and it is interesting to ask if such an extreme policy is

still predicted by a more general model,

3. Model Description

The present model retains all the assumptions of the basic model
except for the presence of a third, immobile factor, Thus we now suppose that
each of two countries, home and foreign, produces the same good using three

factors according to identical constant-returns-to-scale technology

Q = FIK,N,S] (1.a)

Q* = F[K*,N¥,S*] (1.b)

Q is the home country's output of the good, K (say,capital) and N
(say, unskilled labour) are variable factors which are internationally mobile,
while S (say, skilled 1abou:r:)6 is fixed in place in each country. Variables
with asterisks denote the foreign-country counterparts. Each country is
endowed with a stock of each factor, K, N, S and K¥, N*, S*, Due to the
assumed immobility, S =‘§, S* = S*, The other factors will, if so permitted,
migrate from one country to another until international factor prices are

equalized. Let the size of the migrant population be designated by a "hat":

, Kk=TKk-K (2)

tak}

+

tall

K =

N* = N* - N (3)

|
‘.Z:)

N=N+



National income is equal to national output together with the net
income of migrant factors
Y =Q - wﬁ - rﬁ 4)
Y* = Q% + wN + 1K (5)
where w and r are the factor payments made to migrant unskilled labour and
capital, respectively. It is assumed that the foreign country pays all immi-

grants their marginal products. Thus if:

K<o, r=F§;

N<O, w = F§;
where FE and F§ are the partial derivatives of the foreign production function
with respect to ﬁ and ﬁ, respectively. Were the home country not to discriminate
between domestically-owned and foreign-owned factors, then if:

K=>0, r = FK;

N >0, w = FN;
where FK and FN are the appropriate first derivatives. However, the home
country may have the ability to discriminate against a factor if there is net
immigration of that factor (or, perhaps, both factors) to the extent of paying
the immigrant its opportunity cost, rather than its marginal product. For

the factor thus discriminated against, irrespective of the pattern of international

migration, either (or both) r = Fﬁ or w = F§.

World income is the sum of the two countries' incomes,
Y¥ = Q + Q* = FIK,N,S] + F[K¥,N*,5%], (6)
and is maximized when the marginal physical products of each factor are the

same in the production processes of both countries. This can be achieved



by the free mobility of any two factors, The free mobility of one factor

alone will result in the equalization of its return in both countries. However,
in contrast to the '"basic model", unless the other factors are being

utilized in the same proportions in both the domestic country and the foreign
country, the movement of the one factor will not be sufficient to yield
internationally identical factor proportions and so world income would be
sub-optimal, This may be illustrated in diagrams., Consider figure 2,

a cuboid representing the world stock of factors, The allocation between
countries may be measured with respect to the home country and foreign

country origins, 0 and 0*, respectively. 00* is the locus of combinations of

factors such that each factor is used in the same proportion in production
in each country (%* = %} = gk)' As a result, factor payments are equal across
countries and hence world income must be maximized.

The fixed allocation of skilled labour between countries is known and
the plane of figure 2 corresponding to that allocation is shown in figure 3.
0’ 0’ is the locus of identical capital-unskilled labour ratios (§-= 5;5.
This line intersects at one point, W, with 00*% of figure 1 at which point

capital and unskilled labour are allocated between countries in the same

proportion as is skilled labour,

K _N _§
K* N* §-*

Given the international allocation of skilled labour, this is the unique point

at which world income is maximized. Additionally,

= %
FN FN
= F*%
FK Fk
F, = F*



the marginal physical products of each factor are equal internationally.

If the initial allocation of capital and unskilled labour were W, there

would be no incentive for any migration, as the rewards available abroad would
be no different from those being earned at home.

Although W represents the only point on the plane at which all factor
prices are equalized, other points correspond to factor allocations at which the
marginal product of one factor is the same in both countries. The loci of
capital and unskilled labour combinations yielding the same rentals on capital in
either country and the same wages to unskilled workers in either country can be

derived. Wages in both countries are equalized when:

FN[E +K,N +N,5] = Bg R - R,N* - N,S*]

Differentiating with respect to the variable factors,

“~

a ~ ~
= =F% -
FNKdK + FNNdN rNKqK FﬁNdN

&g - oy T .
Thus EﬁJFN=F§ = ?E;;;FEET 2 0, by standard assumptions,

Similarly, rentals on capital are equalized when:
F X + K,N + H,5] = FE[R* - K,N* - §,5%].
Differentiating with respect to the variable factors,

a “=—*A-*a
FKKdK + FKNdN FKKdK FKNdN

Using F, =F, . and F% =F§K,

KN "NK KN
dﬁl - (P TRy)
= —==_2N_ 5
=% L3
ay FeoFE (R tFE)



Comparing the slopes of the loci,

2
E3 ~
ak et a&
=F% % % =F¥%
aN F Py (FtFi) (F D) dx Fy~Fk
2 2
(F.. +F%) F
KN KN KN
At W, o = < 1, by concavity.
(P T Py Ty FrePaw

Thus the relative slopes of the contours where they intersect is
=F% =
aN' Fy =F% EFK P
They are illustrated in figure 4 ,in which they form the boundaries to four

zones. The relative factor payments in each zone are listed in table 1.

Iable 1
> & > Pk < %
Zone 1 FN FN FK FK FS FS
% < F* > F*
Zone 1II FN < EN FK FK FS FS
> Fk F. < F* F zF*
Zone II1 FN N K X S S
>
> F* < Fx
Zone IV FN < F§ FK ] FS FS

It is clear that, unless the initial allocation is on either axis
AA* or BB*, movement of a single factor will not be sufficient for factor price
equalization. However, it is less clear that it would necessarily be in a
country's best interests to have free factor mobility, with production
at W. It is well known in models of international good trade that, although
free trade results in the most efficient world production, it is often in the
interests of an individual country to restrict trade. Similarly, succeeding
sections of this paper will investigate whether a country might choose to

restrict factor mobility.
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Before proceeding, however, we briefly note the substantial richness
and complexity the third, immobile factor adds to the model. In the basic
model, if the returns to capital were higher in one country than the other,
wages had to be lower, and an adoption of free trade would lead (under
standard assumptions about adjustment processes) to factor movements in
opposite directions. This can happen here only in Zones III and IV, which
we call the "traditional" case. In the present model, the new possibility
arises that both factors are cheaper or dearer in one country than the other
(Zones I and II). Thus, the model can serve not only to generalize earlier
results in the "traditional" case, but can analyze some entirely new issues
as well, such as the optimal restrictions on both capital and labour inflows
adopted by, say, a resource-rich country like Canada, that would be very

difficult to generate in the "basic" framework.

4, Non-discriminatory Policies

The home country can limit international migration but is assumed to
treat equally all factors employed in domestic productionm, paying them their mar-
ginal products. Factors cannot be coerced to migrate and will only be willing
to move if the rewards in the other country are at least as great as in the
first country. Thus the potential factor flows are determined by the initial

allocation of the mobile factors between nations. Consider then the different

possibilities.

4.1 Zone I. Payments to both mobile factors greater in the home country

than in the foreign country. National income in the home country is

Y = F[KH,N+N,5] - FK - BN for K,N 2 0 (N
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Consider the effect on the home country's income of permitting immigration
of only one factor, say unsgilled labour,

%]ﬁ = - FNN(ﬁ.+ FI\;!-; ) (8)
For zero capital mobility, this has a minimum at N=0. As workers enter
domestic production, they are paid their marginal physical product. However,
due to diminishing returns to a factor, the immigration drives down the total
wage bill paid to immigrant labour, yielding benefits to the home country.
Should there also be immigrant capital, the benefits of labour immigration
are less unalloyed. Increasing quantities of unskilled labour in domestic
production raises the productivity of other factors and so the payments to

foreign capital, F ﬁ, rise. Income is minimized where

K
F ~
N=';.E7mK>o. (9)
NN

Increasing immigration beyond this level yields higher amounts of income.
However the departure of unskilled workers from the foreign country

raises the wage rate., Eventually the factor payments in the two

countries are driven to equality and no further migration would voluntarily
occur. In Figure 5, the optimal labour immigration in the face of zero capital
migration would be EN .

Similarly, if only capital migrates

F

d o a
) =R R+ o)
dK N KK

which has a minimum at

alg”

(11

R
I}

'
2
\Y
e
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In the absence of labour mobility, national income is maximized by free
immigration of capital. This is shown on Figure 5 as EK .

Consider, though, the choice of the optimal combination of capital
and labour iﬁmigration, given the adverse effects of immigration of one factor
on the costs of the other immigrant factor's services. Even though it maxi-
mizes world income, is free mobility of both necessarily optimal from the
home country's standpoint? Differentiating domestic income totally (equation 4)

and setting it to zero yields the slope of equal-income contours

N (F ~ +F h)
S (12)
dN Y (FKKF'+ FKNN)
Note that this is zero when equation 9 holds and is infinite when equation 11
holds. The two lines are shown on Figure 5 passing through the endowment
point where, because of the concavity of the production function, the slope of

(Q%‘“'z 0) us greater than that of (g%‘ﬁ = 0). Examples of equal income contours
dN K dK

are also illustrated.

At this point, the authors are unable to determine which of three policies
would yield the highest income to the home country: free labour immigration

alone; free capital of immigratigon alone; free immigration of both factors.
4.2 Zone II. Home country factors could earn higher returns in the foreign
country. National income is:
Y = PR, W,5) - B3R, - BN for §,8 < 0 (13)
Consider the migration of one factor,say unskilled labour, and the

consequent impact on national income.
Fle - R + el + R a4
=) +) (=)
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Increasing emigration (ﬁ«:()) causes reduced domestic production but this

is compensated for by the higher marginal product of labour abroad. However
the inflow of labour to foreign production drives down the wages of existing
emigrants but raises the return on any domestic capital used in foreign

7
production,

Now (13) reaches a maximum at
2 {(r-Fp) + Pk} <0, for K <0 (15)

If there were no capital migration, the optimal quantity of labour emigration
from the country's perspective would be less than free emigration. Instead,
labour would be allowed to migrate to the point at which the differential

in wages for the marginal emigrant is offset by the induced reduction in the
wage bill of the other migrants. If there is home country capital employed
in foreign production, the optimal labour emigration will be higher, possibly
being beyond the free labour mobility frontier.

Corresponding results may be found for capital mobility:

—,.|.» = (F -FH) + FER + FKNﬁ (16)

with a maximum at:

K= - F* e -F*)+F*N}<o for K < 0 (17)

The slopes of equal-income contours may be calculated as:

(F -F*) + F* 4 +FNNN

dy=0 ~ \\(F -F*) m F;&K m FKNN (18)

dKl

This 1s zero when equation (15) is satisfied and is infinite when (17) holds.

National income is maximized when both (15) and (Ll7) are satisfied.
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= F* (F_ - F%) + F% (F. - F%)
R
FiFh - FE
2 ~F% (F_ - F%) + F% (F_ - F¥%)
- KK N N
N = NK 2K K. <o (20)
FiFhy - P

a point of non~free factor mobility (except where the endowment point is at
W: The solution is illustrated in Figure 6. E is the endowment point, while
P is the optimal international deployment of the mobile factors, from the

home country's perspective.

8
4.3 Zome III. Prior to any factor movements unskilled labour is paid

relatively more, and capital relatively less, in the home country than in the
foreign country. National income, when labour immigrates and capital emigrates,
is

Y = FIRH,NHLE] - B3R - rN, for £ 20, N 50 1)
capital emigration is bounded by the free-capital-mobility frontier while
the inflow of labour is bounded by the free-labour-mobility frontier.

Differentiating home country income by mobile capital yields,

dy » ~
Az -F% % -
i = TP + K - Ry 22)

For ﬁ equal to zero, income is maximized by less than free emigration of capital.
As before, this results from the immiserizing effects on already emigrant

capital of further emigration.
A 1 ~
= - —— - -
K= - o—{(F-Fp) - F N} (23)

The departure of capital from the home country makes domestic production

relatively more labour-intensive, lowering the marginal product of immigrant
unskilled workers, and thereby reducing their cost to the country. Thus,
as Jones et al, noted in the basic model, the capital emigration has two

offsetting "terms of trade" effects.
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Differentiating (21) with respect to labour immigration yields:

dy ~ o
———l A = * -
dN'K FNKK FNNN ' (24)

When there has been no capital movement, income is minimized with zero inflow
of unskilled workers and is unconstrained as immigration increases. However
the immigration of labour makes foreign production increasingly capital
intensive, reducing earnings of any of the home country's capital employed
abroad. Therefore, the minimum-income level of labour-immigration is:

F¥ n
N=F—N51<>o,if1<<o (25)
NN

Equal-income contours have slope

e - ik

Tlav=0 = Tomy TFER (26)
dN'dy=0 ~ (F -F¥) + Ff -FKNﬁ

This is zero when (25) holds and infinite when (23) holds. Some are illustrated

in Figure 7. The directions of increasing income are indicated by arrows.
Income is maximized either by permitting free immigration of unskilled labour
(point N ) alone or by allowing the optimal emigration of capital alome (such
that (23) is satisfied). Unlike the basic model, where optimal emigration
of capital was preferred to point N', it appears impossible at this stage

to rank these two alternatives unambiguously.

5. Discriminatory Policies

For simplicity, we assume throughout that the home country can
discriminate against both of the immigrant factors by paying them the factor
payments made in the foreign country while paying their native factors the
(higher) marginal physical product in domestic production.9 Thus migrant
factors will in all cases be paid their marginal products in foreign production

irrespective of the flow of migration, National income is therefore always
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Y =F[K + K, N + N,5] - Fféﬁ - Fﬁﬁ (27)
dYI

o= (Fy = Ff) + FAN + F (28)
e A ik
4, | - F% % K + F% N 29
dKIﬁ (Fg = Ff) + FEK + FEN (29)

As a factor moves internationally, it captures the difference between its
marginal product in the two countries but depresses the payments made to other
factors of the same type; its impact on the other mobile factor depends on
the direction of the migration flow. That is, national income may rise more
or may rise less as a result of the induced change in the other factor's
terms of trade.

National income is maximized when capital and labour migration amount

R [
to K and N, respectively, where

PR (g - BE) + FE (Fy - FR)
2
K = K NK2 N N (30)
i - Tk
=F% - F% kil - F%
& P (Fy = R + B (R - F) 1)
o i

Iﬁ zone I, where the marginal products of both factors mobile in the
home country are greater than in the foreign country, and in zone II, where
the opposite is the case, the optimal policy would be to restrict migration
of both factors.
For the other two zones, where in each country the marginal product
of one of the mobile factors is relatively higher than in the other country,
this need not be the case. If the cross marginal products (F§K) were negligible,
then the optimal policy would always be to restrict migration. However, sufficiently

large cross-products might offset the factor's own terms’ of trade effect (by
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causing a relatively greater change in the other factor's terms of trade)
such that the best policy would be to permit free migration of ome or both
factors.

Unlike the Jones et al, result, for the basic model, the optimal
policy will not in general result in an import of all the other country's
factors, This is because, in their model, 0*' was consistent with world
efficiency and allowed the home country to appropriate all the gains from
efficient world production. Here, movements from W towards 0*' can conflict
with world efficiency, resulting in a complex interaction of efficiency
and terms-of-trade effects. In fact, it is easy to generate numerical
examples in which the optimal factor mobility policy from point E involves
importing both factors, importing labour and exporting capital, and indeed
exporting both factors, The only possibility that can be ruled out is
emigration of N and immigration of K; the authors hope soon to develop
conditions under which the wvarious directions of optimal factor flows will

arise,

6. Summary and Conclusions

The addition of a third, immobile factor adds considerable richness

to the basic model of international factor mobility. Entirely new cases

of policy, such as optimal restrictions of both capital and labour imports
(exports) by a resource-rich (poor) country, which were incompatible with

the basic model, now arise. As well, analysis of the "traditional case"

(one country is labour-rich, the other capital-rich) becomes more realistic

when the fixed factor is added. It is no longer in the interest of an active coun-
try which can discriminate against foreign factors to employ all of the other coun-

try's factors; a wide variety of optimal policies, including emigration of both
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factors from the active country, is now possible, In the case where
discrimination is not possible, the only change to the conclusions appears
to be that, while the solution can still be shown to involve optimal
mobility of one factor alone, it is no longer possible to determine
unambiguously whether emigration of the plentiful factor or immigration of

the scarce factor is preferred,
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Footnotes

1Alternative hypotheses are that distributional effects of factor
mobility are also considered by the policy-making country, or that it is
domestic, rather than national income, that matters to the formulators of
national policy. Relevant to the latter possibility is the literature on
the "brain drain" (e.g., Berry and Soligo (1969), Bhagwati and Hamada

(1979), and Rivera-Batiz (1982)), which considers effects of emigration on
the income of remaining residents.

2This, of course, makes trade in products irrelevant. The interaction
between trade and factor mobility policies has been developed by Kemp (1966),

Jones (1967), Brecher (1982), and Wong (1983), among others.

3As long as factor proportions are equalized in the two countries,

world output is invariant to where production takes place.

4Short, of course, of territorial conquest., This is, however, somewhat
incongruous with the model's assumption of a minimum, autarky consumption

level for the "passive' country.

SNot only does this country never restrict factor flows, it also never
discriminates against any foreign factors by only paying them their opportunity
wage.

6Particularly when comparing the conclusions of this model to the "basic"
one, it may be more helpful to think of S as "land", and K and N as capital
and labor, respectively. We shall at times use this nomenclature.

7Jones et al termed the gain from differences in marginal products the

Myolume of trade" effect' and the fall in return to the emigrant factor the
11

Mearms of trade" effect'. Note that there is here an additional "terms of trade

effect resulting from the impact of labor migration on the return to capital.
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8Analysis of Zone IV would be symmetrical to that of Zone III
and so, for the sake of brevity, is omitted.

9Note that, in zone I, another possibility arises: the home country

may be able to discriminate against immigrant capital but not against immi-
grant labor (or vice versa). Preliminary analysis of this case in an |
earlier draft of this paper shows that free immigration of labor (capital),
combined with restricted, positive immigration of capital (labor) is the

optimal policy here.
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