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CROSS-HAULING OF DIRECT INVESTMENT*

Fumio Drr**

I. Introduction

Since Caves (1971) used the specific-factor model developed by Jones
(1971) to analyse direct foreign investment, the specific-factor approach
has prevailed in the literature! The reason is that this approach captures
the two characteristics of direct foreign investment, namely, sector-
specificity and cross-hauling. Direct foreign investment usually takes the
form of international capital flows between the same sectors in different
countries. And when this occurs in one sector, another sector often
experiences the reverse capital flows.

An important contribution to the analysis of two-way capital flows
was made by Jones, Neary and Ruane, henceforth JNR (1983). They con-
sidered a small open economy using labour and two types of sector-specific
capital to produce two commodities, one of which is a traded good and the
other a nontraded good. They examined the effects on capital flows of
various exogenous shocks such as the introduction of a production subsidy
in the traded sector and an increase in the labour force.

This paper will present another model to examine the phenomenon of
cross-hauling in a small open economy. Instead of assuming a nontraded
good, we introduce land into the model in addition to labour and two types
of capital. Land is assumed to be nationally mobile between sectors but
immobile between countries like labour? These factors of production are
susceptible of several interpretations. Land and labour may be called skilled
and unskilled labour. In a different context, sector-specific capital may be
regarded as managerial resource and land-as real capital.

* This is Chapter II of my dissertation at the University of Rochester. I would like to thank my
adviser, Professor Ronald W. Jones, for his encouragement.

** Associate Professor, Kobe University.

1. See, for example, Amano (1977), Berglas and Jones (1977), Burgess (1978), Falvey (1979), Dei
(1979), Jones (1979), Batra and Ramachandran (1980), Neary (1980), Das (1981), Khandker
(1981), Jones, Neary and Ruane (1981, 1983), and Jones and Dei (1983).

2. JNR (1981) developed the model in which two types of “land” with sector-specificity exist.
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We will consider the effects of changes in endowments of labour and
land and tariff changes on international capital flows and derive conditions
under which cross-hauling occurs. JNR (1983, pp. 364-365) suggested the
connection between the occurrence of cross-hauling and changes in rentals in
the case of capital being immobile. This topic will be discussed.

1I. The Model

Imagine the home country producing two commodities, 1 and 2, import-
ing commodity 1 and exporting commodity 2. This country is a small
country in world markets for commodities and faces constant world prices.
The home government imposes tariffs on imports of commodity 1, while
commodity 2 is freely exported. Therefore, the domestic price of com-
modity 1 is higher than its world price and is altered by a change in the tariff
rate. The domestic price of commodity 2 comes into line with its world
price. Each commodity is produced by the use of two generic factors of
production, labour (L) and land (T"), and sector-specific capital (K;). Labour
and land are internationally immobile, but each type of capital has inter-
national mobility. The home country is also a small country in world capital
markets and is given constant rentals on capital (7;). There are no taxes on
capital movements, so that domestic rentals are nailed down to world
rentals.

The equality between unit costs and prices in a competitive equilibrium
is represented by

nH ap,w tap tt+ag 1, = py,
2) ap,w taryt +ag,7, = Py,

where a;; denotes the quantity of factor i required per unit output of
commodity j, w and ¢ the wage rate and the rent respectively, p; the
domestic price of commodity 1, p, the domestic and world price of
commodity 2. Under constant returns to scale, a;; that firms must choose
is determined by factor prices:

(3) a;; = hii(w> Z, f}) .

Assuming that labour and land are inelastically supplied and fully em-
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ployed due to price flexibility, we have
“) a1 X1 tapX, =L,
&) ar Xy tarpX, =T,

where X; denotes the domestic production of commodity j, L and T the
home country’s endowments of labour and land respectively. Let K; and
K, represent the domestic demand for each type of capital. They are cal-
culated as

(6) Ky = ag, X, ,
(7) K2 = aK2X2 .

If p, is given, equations (1) — (3) determine w, ¢, and g;. This
implies that a;; remains constant when p; is unchanged as we will assume
in the next section. Since a;; is known, equations (4) and (5) determine
X, and X, if L and T are given. Finally, equations (6) and (7) deter-
mine K; and K,.

The purpose of this paper is to show how K, and K, are affected by
changesin L, T and p,. When K, and K, conversely change, we say
that cross-hauling of direct foreign investment occurs. Note that we are not
concerned with the difference between capital stocks owned by the home
country and those demanded at home, i.e. the pattern of lending and
borrowing each type of capital. We focus our attention on the possibility
that capital in one sector flows out of the home country and capital in the
other sector flows into this country, whether home capital or foreign capital.

III. Changes in Labour and Land

In this section, it is assumed that the tariff rate is kept constant and p,
is fixed: Hence a;; is also fixed. As equations (4) and (5) show, the effects
of changes in L and T on outputs are identical with those in the standard
Heckscher-Ohlin model. Differentiating equations (4) and (5) totally, we get

(8) ar1dX, + a;,dX, = dL,
9 ardX, +ar,dX, = dT.
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Solving these yields
(10) (My —my)ap,dX, = ppdl —dT,
(11) (uy — py)ag,dX, = dT — u,dL,

where M3 and M, denote the land/labour ratio in each sector, and are
defined as

i = ari/apy, My = arp/ap, .

In what follows we assume, without loss of generality, that commodity 1 is
labour-intensive and commodity 2 is land-intensive in the sense that

(12) My > M.

If dL and dT are given, equations (10). and (11) determine dX; and
dX,. The Rybczynski theorem is easily checked. For the home country to
be incompletely specialized, the aggregate land/labour ratio must lie between
#; and M2

Since ax; and ag, are constant in equations (6) and (7), outputs
and capital stocks move in the same direction. Therefore, when labour
grows and land is unchanged, capital flows into sector 1 whose production
increases and capital flows out of sector 2 whose production decreases.
When land expands and labour is unchanged, the reverse inflow and outflow
are caused. If both labour and land change, outputs in both sectors can
increase or decrease, leading to inflows or outflows of both types of capital.
Cross-hauling of direct foreign investment occurs whenever changes in labour
and land increase one sector’s output and reduce the other sector’s output:
capital flows into the expanding industry and capital flows out of the con-
tracting industry.

IV. Tariff Changes

In the preceding section, we have analysed the case in which L and T
change, with p, held constant. We assume here that L and 7T are
unchanged, and consider the case in which p; changes due to a raise or a
reduction in the tariff rate.
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A change in p, causes changesin w and f. Let us assume that p,
changes by a small amount. Total differentiation of equations (1) and (2)
yields

(13) 0pW + 07,7 = Py,
(14) 9L2‘2’+6T2f =0,

which show how w and ¢ change. §;; refers to the share of factor i’s
cost in the unit cost of commodity j. A hat (°) indicates the relative
change in a variable, e.g. w = dw/w. Since each industry uses three factors
of production, 8; + 67; <1. In deriving equations (13) and (14), we have
used wday; + tdap; + rjdax; = O which is implied by the firm’s cost-
minimization behaviour.

Equations (13) and (14) are drawn as in Figure 1 when p; > 0 due to
a raise in the tariff rate. The slope of equation (13) can be rewritten as
—071/0ry = —u t/w, and the slope of equation (14) as — 04,/0;,, =
— uyt/w. Under the assumption about intensity (12), the line p, which
represents equation (14) is steeper than the line p, which represents
equation (13). The intercept of the line p, on w-axisequals p,/8.,. The
line p, passes through the origin. It is clear from Figure 1 that we obtain
the relationship,

(15) w>p,>0>¢F.

Figure 1. Relative Changes in the Wage Rate and the Rent.
w

D2
D1
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If p; < 0, though not illustrated, we have
(16) w<p,<0<¢.

(15) and (16) state that a rise in p, raises w and reduces ¢, while a
fall in p, reduces w and raises f. Note that we keep p, fixed to obtain
this result. (15) and (16) show that the Jones’s magnification effect in the
2 x 2 model, i.e. W (Z) P (z) Da (2) f also holds in our model if p, isset
to zero.

Such changes in w and ¢ affect a; via equation (3). X; and X,
change so as to maintain equations (4) and (5). Keeping L and T constant
and differentiating equations (4) and (5) totally, we get

a7 apdX, *ap,dX, = — (X da, + X,da;,),
(18) aTlXm +aT2dX2 = — (deaTl + X2daT2) .

Noting that equations (17) and (18) correspond to equations (8) and (9)
respectively and using equations (10) and (11), we have

(19 (2 — mr)agsdXy = X, (- pyday, + dary)
+ X5 (—ppdag, + dar,),
(20) (uy —my)ap2dX, = — X (—uydag, + dary)
—X3(—mdag, + dary) .
Once day; and dap; are known, dX; and dX, are determined by

both equations. Total differentiation of equation (3) yields

dhy; dhy;
(21) day; = a;l aw + atLJ dt,

Ohry Ohr;
dw + dr .
ow o ot

(22) daz;

As is well known, the own substitution terms, 04, ;/0w and 0hr;/0t are
nonpositive. Consider here the case in which p; > 0. Then dw >0 and
dt < 0. Labour and land can be complements in our model where each
sector uses three factors of production. Suppose that 0k ;/0f (= 0hr;/0w)
is negative and has a sufficiently large absolute value. The above sign of
equality comes from the symmetry of substitution terms. In this case,
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da;; > 0 and dar; < 0. Equations (19) and (20) show that dX; <0 and
dX, > 0.

If the firm’s cost-minimization behaviour is considered, however, it will
be clear that such a case can never happen. Let variables without a prime
denote values before a change, while let variables with a prime denote values
after a change.

w'ap; + t'ar; + Fag; < wag; + t'ap; + rjag;

wayp; + tar; + fjag; < wayp; + tar; + Fag;,
both must hold. Therefore, adding these inequalities yields

W' —w)(ag;—ar) +(t'— t) (apj—ar) <0,

which also has to be satisfied. Rewriting this inequality for a small change,
we have

(23) dwday; + didar; < 0.

(23) reveals that when dw > 0 and dt < 0, thereis no case in which
day,; > 0 and dagp; < 0. In other words, it is impossible that the demand
for expensive labour increases and the demand for cheap land decreases.
This warns us that it is misleading to discuss under the ad hoc assumptions
about substitution terms. ‘

When p, >0, the case in which daz; >0 and dar; <0 never occurs.
Even so, is there the possibility that dX; <0 and dX, > 0? Profit maxi-
mization by each firm implies profit maximization for the whole economy.
Hence we obtain

pi Xy + D, X5 —WL —t'T—7, Ky — LK,
>pi X, +p, X, — WL - t'T-1 K, —hK,,
P1 X+ DX, —wWL —tT —F K, —1L,K,
> p X1+ p, Xy —wL —tT -1 K, — 7K, .
Adding both inequalities yields
(ry —py) (X1 - X;) 20,

which turns to
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(24) dp,dX, 2 0.

(24) says that it never happens that dX; <0 when dp; > 0. Arise in the
price of commodity 1 does not decrease its domestic production at all. On
the other hand, it is clear that a decrease-in the price of commodity 1 does
not increase its output. The price of commodity 2 is assumed to be con-
stant. We cannot have a general restriction on a change in the output of
commodity 2.

Next, we will investigate changes in a;; and ag; which are consistent
with (23) and (24) and make the variation of outputs definite from
equations (19) and (20). Suppose that a;; and ar; change as shown in (25):

ap ¥ (M, ant (), ag, >t (=),
25 W),
a2y (), ar2 T (), ag2=> 31 (= 1),

where an arrow attached to a; indicates the direction of its change caused
by a change in p,. ag,; = 1, forinstance, denotes that ag, is constant or
increases. In this case, outputs react as follows:

(26) pitd), XLitT@), XL 1M,

The constraints (23) and (24) are fulfilled.
Therefore, if ag; changes as in (25), we obtain

(27) rit), K1), K4 (D),

which implies the occurrence of cross-hauling of direct investment. That is,
when a;; changes as in (25), a raise in the tariff rate causes an inflow of
capital into the import-competing industry and an outflow of capital from
the export industry, while a reduction in the tariff rate leads to an outflow
of capital from the import-competing industry and an inflow of capital into
the export industry.

Let us adduce examples to consider the case in which g;; actually changes
as in (25). The simplest example is one in which capital-output coefficients,
ax,1 and ag,, are fixed, and each sector’s a;; and ar; construct a
smooth unit isoquant which is convex to the origin as in 2-factor model.
Labour and land are substitutes. In response to a change in p;, ar; and ar;
move as (25) shows.
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Observe that ar; and ag; can change in the same direction in the
first row of (25), and suppose that land and capital are used at a fixed ratio
in sector 1, i.e. ag,/ar; = C, ¢ : a constant. The cost-minimization
problem for the firm is reduced to choosing a;; and ar; so as to minimize
ap,w +ap (¢t +cry). If we regard one unit of land and ¢ units of capital as
one unit of the composite factor, its factor price is ¢ + ¢7;. If this com-
posite factor and labour give the regular isoquants, an increase in p, raises
w and depresses f, leading to a decrease in a;; and an increase in ap;
and ag;. Accordingly, the first row of (25) is satisfied.

With respect to the third row of (25), we can consider the case in which
ar, and ag, change in the same direction. If labour and capital are
utilized at a fixed ratio in sector 2, an argument similar to that in the above
example will show that the third row of (25) is fulfilled.

As we have seen, outputs change as in (26) and cross-hauling of direct
investment occurs as in (27), if capital-output coefficient is fixed or land and
capital are used at a fixed ratjo in sector 1, and if capital-output coefficient
is fixed or labour and capital are employed at a fixed ratio in sector 2.

Needless to say, (25) is a sufficient condition for cross-hauling to occur.
There are other cases that give rise to cross-hauling. Equations (19) and (20)
say that if a;; changes as follows:

ap ¥ (M, ar T (), ag > 161,
28) nt),

a2 > (), ar; > (), ag, > (1),

then outputs change as in (26). In this case, the inequalities (23) and (24)
are satisfied, and capital stocks change as in (27). We can see cross-hauling
again.

Since the first row of (28) is the same as that of (25), the previous
analysis is applicable to sector 1. Therefore, we only have to consider sector
2 here. The case in which all input coefficients in sector 2 are fixed is easily
thought of. Alternatively, we can assume that labour and land in sector 2
are used at a constant ratio. In the latter case, we have ar,/a;, = 1y, U,:
a constant. Equation (14) is equivalent to a;,dw + ar,df = 0, so that
dw + u,dt = 0. This implies that if one unit of labour and 1, units of land
are regarded as one unit of the composite factor, its factor price does not
change. Since the remaining rental on capital is also constant, the input
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coefficients of the composite factor and capital become constant and all
input coefficients in sector 2 are held constant.

So far we have discussed the examples which cause cross-hauling. Next,
we will adduce the example which does not lead to cross-hauling. As argued
just above, when labour and land in sector 2 are used at a fixed ratio, day,
= darp, = dag, = 0. Furthermore, assuming that labour and land are used
at a fixed ratio (j1; ) in sector 1, we have — u,da;, + day; = 0, sothat
dX, = 0 from equation (20). Equation (19) can be rewritten as (u, —
i) apdX, = X,{(—j, + py)dag,. Noting that dw + u,dt = 0, we obtain
dw + jpdt = (—u, + uy)dt. If one unit of labour and p; units of land in
sector 1 are regarded as one unit of the composite factor, its factor price
equals w + u,¢. This price rises when p; rises, w rises and ¢ falls. Thus
a;, and ar, decrease and ag; increases, leading to an increase in X, and
K;,. X, and K, are kept constant. For sector 2, the equality sign holds in
(23). For sector 1, the left-hand side of (23) can be written as da;;(dw +
i,dt) = dap(—u, + py)de. This will ensure that the inequality (23) is
fulfilled. (24) also holds.

This example shows that when labour and land are used at a fixed
ratio in each sector, capital in sector 1 changes in parallel with the price of
commodity 1, while capital in sector 2 becomes constant, so that cross-
hauling does not occur.

V. Immobility of Capital

In the model discussed above, the rental on capital is fixed and the
demand for capital is endogenously determined. If capital were immobile
internationally, the rental on capital would be endogenously determined.
JNR (1983, pp. 364—365) pointed that the phenomenon of cross-hauling
is strongly connected with asymmetric changes in rentals on capital which
loses international mobility: one type of capital whose domestic rental
falls will escape abroad and the other type of capital whose domestic return
rises will pile into the home country.

In this section, we will use a more general model which can include
our previous model and the model of INR (1983) as special cases to examine
such a connection. We maintain, as before, the assumptions that the
economy consists of two sectors and each sector uses sector-specific capital



CROSS-HAULING OF DIRECT INVESTMENT 63

as one of factors of production.

In general, factor prices depend upon commodity prices and factor
endowments. The rentals on sector-specific capital, therefore, can be written
as r; = r;(Ky, K,, Z), where Z denotes the vector of variables other than

or;
K, and K,. Let dr;| g g, Tepresent TZ’dZ, i.e., a change in the

rental when K; and K, are kept constant3 The total change in the rental
is given by
or i or i

di= dK+
T oK, T ek,

dK, + drz, g,

When capital is mobile at a fixed rental, dr; = 0. In this case we obtain

I or; 0ry | FdK | (d o |
aKl aK2 1 rl IKUKz
(29) =
or, 0r,
2 dkK dry g &
aK] aK2 2 N rlel’Kz_‘

Define the adjustment mechanism in the capital markets as, with a given Z,
K = a(r(Ky, K, Z)—F),
K, = B(rn(Ky, Ky, Z)— 7)),

where o and § are positive constants, and the dot denotes a time deriva-
tive. We linearize this system in the neighbourhood of an equilibrium and
assume the linear approximation system to be stable. The necessary and
sufficient conditions for the stability are

or, or,
30 + 8 <0
(30) 3K, 3K,
3. In our previous model
or; ar; or;
dryx g = dp,+ —tdL+ L dr
rl|K1us ap, P oL oT ’
ar; or; ar;
hile in JNR (1983) dr;jz7 # = ——dp, + ——dp, + —--dL.
while in ( ) rl|Kl,K2 %, Dy 27, P, oL
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and
ory ar,
8K, 3K,
3D A= >0.
ar, or,y
3K, oK,

Equations (29) can be solved with respect to dK; and dK,:

ory
ri 1k 8, =%
(32)  dK, = — L oKz
A ar, ’
dry |k, K, K,
or
| aKl dri\g &,
(33) dK, = ——
2 A or,
3K, dry\k,,k,

As shown by equations (32) and (33), the information that dr, KL K,
(2) 0 and dryig,, k, (§) 0 does not necessarily mean that dk, (2) 0 and
dk, (§) 0. However, there is a sufficient condition to give such a relation-

ship. If

r T r T
ar, ary . o
oK, 0K,
(34) = ,
or, or,
0K, 0K, o o |

that is, if the effects of a change in the endowment of each type of capital
upon the returns to both types of capital have the same pattern as in the
simple specific-factor model of Jones (1971), the strong connection
suggested by JNR (1983) is obtained? As equations (29) show, we cannot
pin down the sign of dr)g g from the information that dK, (z) 0 and

4. By assumption, the matrix (34) must satisfy condition (31). Condition (30) is automatically
satisfied.
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dk, (§) 0, even if the sign pattern (34) is assumed.

V1. Concluding Remarks

We have analysed the effects of changes in labour and land which are
immobile internationally and the tariff change on international flows of
sector-specific capital in a small open economy. Changes in labour and land
cause a parallel movement of the output and the capital stock in each sector.
In the case of :che tariff change, we have shown the sufficient conditions for
cross-hauling to occur and the examples in which capital flows out of the
export industry and flows into the import-competing industry when the
tariff rate is raised?

JNR (1983) suggested that cross-hauling can be inferred from asym-
metric changes in rentals in the case of capital being immobile. By using a
more general model, we have shown that this inference becomes valid when
an increase in each type of capital stock reduces the rentals on both types
of capital.

Received May 15, 1986.

5. Falvey (1979, p. 81) showed that when a tariff on imports is introduced, this pattern of capital
flows is the inevitable result in his model with a two-tier process.
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