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ABSTRACT

According to the Heckscher-Ohlin-Vanek theorem, the net exports of a region
are determined by relative abundance of the immobile factors of production.
Empirical tests of this theory, usually at a high level of aggregation, have
frequently not supported it. We find, instead, that data on interstate trade in
wood products within the United States are in strong agreement with the
theorem. Other things equal, net exports of wood products are strongly and
positively related to the stock of forest resources. The simplest evidence is the
correlation of net exports with forest growing stock, per dollar of state prod-
uct. A more formal development of the theory leads to a linear model where
net exports are negatively related to gross state product and positively re-
lated to forest resources. The model predicts better the net exports of lumber
and wood products (SIC 24) than those of paper and allied products (SIC 26).
For both industries, and for their sum, the marginal effect of additional hard-
wood growing stock on net exports is larger than that of softwood. However,
given the variation in hardwood and softwood growing stock among states,
both types of resource were equally important in determining the variation in
comparative advantage. The empirical HOV models changed little from 1976
to 1991, except for a decrease in the relative importance of softwood growing
stock as a determinant of net exports.

Keywords: Heckscher-Ohlin-Vanek, trade, comparative advantage, lumber,
wood products, pulp and paper, competitiveness, econometrics, market, United
States, forest resources.

INTRODUCTION

Comparative advantage embodies a region’s endowment
of factor inputs, level of technological development, factor
productivity, transfer costs, and other variables (Harkness
& Kyle, 1975; Harkness 1983). According to the classical
Heckscher-Ohlin-Vanek (HOV) theorem of international
trade, the comparative advantage of a region can be traced
to its level of endowments of immobile factor inputs, other
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things being equal. For example, if the determinants of com-
petitiveness in the economies of two regions are equal in
every respect except endowment of land, the region with
the greater land endowment should be more competitive
in exporting products that use land intensively in produc-
tion.

This simple, almost intuitive idea has had mixed suc-
cess in empirical tests (Bowen et al., 1987; Tamor, 1987;
Noussair et al., 1995; Trefler, 1995). In forestry economics,
there have been few tests of the HOV hypothesis. UNIDO
(Anonymous, 1983) concluded, from a simple index of com-
parative advantage, that: “There can be no ambiguity con-
cerning the primary source of comparative advantage in
wood products: ...most of the major exporters have sub-
stantial natural forests.” Bonnefoi & Buongiorno (1990) did
econometric tests of the HOV theorem with international
forest products data and found that: “This simple model
explained a surprisingly large portion of the variation in
net trade... for all commodities forest endowment had a
strong positive effect on net trade.”

However, the study of Bonnefoi and Buongiorno can be
criticized for using roundwood production as a measure of
forest endowment. This can be justified by the argument
that resource endowment should be measured not by its
extent but by the flow of goods and services that derive
from it (Leamer, 1984). Still, Balassa (1979, 1986) preferred
not to investigate resource-based industries at all, due to
the difficulty of measuring resource stock.

But accurate data on forest resource stock are available
in some instances, and they can be used directly in a test of
the HOV hypothesis. Here, data from states within the
United States are used to that end. States are first ranked
with a simple index of revealed comparative advantage in
lumber and wood products and paper and allied products,
in 1976 and 1991. Next, Leamer’s (1984) formulation of the
HOV hypothesis is applied to explain comparative advan-
tage, and tested with interstate data for 1976, 1986, and
1991. The results support the HOV hypothesis and docu-
ment how the forest resource, and its composition in
hardwoods and softwoods, have influenced the compara-
tive advantage of the states in forest products. The rela-
tionships have changed little over time, thus forest re-
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sources continue to determine comparative advantage, de-
spite other changes in the economy.

INDICES OF REVEALED COMPARATIVE ADVANTAGE

A standard index of the comparative advantage of a region
in trade is the ratio of its net exports to a measure of the
size of the domestic market (e.g. GNP in the case of coun-
tries). This revealed comparative advantage (RCA) index
has been applied extensively in the past to rank economies
(Balassa, 1973 and 1977; Bowen, 1983a and 1986; Bowen,
Leamer & Sveikauskas, 1987). The intuition is that, if an
economy devotes more of its total resources in production
of a good than needed to meet domestic demand, it is re-
vealing that it has a comparative advantage over others in
the production of the good (Bowen, 1983b).

How well the RCA index measures comparative advan-
tage depends on the characteristics of the good in ques-
tion, geography, market efficiency, the resources used to
make the good, and the policies of interacting economies
(Baldwin, 1979; Leamer, 1984; Ballance, Forstner & Murray,
1985; Balassa, 1986).

Although the RCA is typically applied to countries, in
market economies it should also apply to smaller regions,
such as states. In fact, some of the assumptions of the
theory, described below, linking the RCA to the resource
base are more likely to be valid in free-trading states within
the same country than in countries separated by tariff or
non-tariff barriers.

Tables 1 and 2 rank states within the United States ac-
cording to their relative comparative advantage in the pro-
duction of lumber and wood products (SIC 24) and paper
and allied products (SIC 26). The tables show RCA indices
for the years 1976 and 1991, in dollars of net exports per
hundred dollars of gross state product. Positive values in-
dicate exports greater than imports and a relative compara-
tive advantage, while negative values indicate imports
greater than exports and a relative disadvantage.

Notable in these tables is how a few states dominate the
RCA rankings and how stable these rankings have been
over the period of observation. In lumber and wood prod-
ucts (SIC 24, Table 3), Oregon and Idaho clearly dominate,
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TaBLE1l. REVEALED COMPARATIVE ADVANTAGE FOR LUMBER AND WoOOD

Propucrts (SIC 24), BY STATE.

Oregon and Idaho clearly dominated the rest of the country in one measure of com-
parative advantage, the RCA index (dollars of state net exports of SIC 24 per hundred
dollars of gross state product), in both 1976 and 1991. A cohort of about five other

states showed lesser but also strongly competitive positions.

1976 1991

STATE RCA STATE RCA
Oregon 19.51 Oregon 13.55
Idaho 9.09 Idaho 7.11
Washington 6.81 Montana 4.96
Montana 4.59 Maine 4.69
Mississippi 3.94 Mississippi 4.66
Maine 3.76 Arkansas 3.52
Arkansas 3.67 Washington 3.21
Alabama 1.66 Alabama 2.34
Georgia 1.42 Vermont 1.29
Vermont 1.35 Wisconsin 1.08
South Carolina 1.34 North Carolina 1.01
New Hampshire 1.05 Minnesota 0.97
North Carolina 1.01 South Carolina 0.95
Wisconsin 0.50 Georgia 0.75
Virginia 0.30 Indiana 0.55
Minnesota 0.19 Alaska 0.47
Louisiana 0.11 Virginia 0.28
Indiana 0.10 Louisiana 0.26
South Dakota -0.07 South Dakota 0.24
California -0.08 New Hampshire 0.04
Tennessee -0.24 Kentucky 0.01
Alaska -0.26 Tennessee -0.09
Kentucky -0.37 Wyoming -0.15
Utah -0.60 Iowa -0.17
West Virginia -0.61 Pennsylvania -0.20
Arizona —-0.61 California -0.38
Texas -0.61 Ohio -0.39
Towa —-0.68 New Mexico -0.39
Pennsylvania -0.73 Arizona -0.46
Nebraska -0.74 Michigan -0.47
Colorado -0.76 Utah —-0.50
Florida -0.81 Florida -0.51
Missouri -0.83 Texas -0.56
New Mexico —-0.84 Oklahoma —-0.56
Kansas -0.89 Missouri -0.58
Michigan -0.90 Nebraska -0.72
Oklahoma -0.93 Maryland -0.83
Ohio -0.94 Illinois -0.88
Wyoming -0.95 Nevada -0.95
Maryland -0.98 Massachusetts -0.97
Illinois -1.04 Colorado -0.98
Nevada -1.09 Connecticut -0.98
Delaware -1.10 New York -0.99
Massachusetts -1.14 New Jersey -1.09
New Jersey -1.19 New York -1.20
Hawaii -1.27 North Dakota -1.31
Rhode Island -1.34 Connecticut -1.40
District of Columbia -1.44
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TABLE 2. REVEALED COMPARATIVE ADVANTAGE FOR PAPER AND ALLIED
Propucts(SIC 26).

Maine and Wisconsin had the highest comparative advantage in pulp and paper in the
United States, as measured by the RCA index (dollars of state net exports of SIC 26
per hundred dollars of gross state product), in both 1976 and 1991. Six other states
also expressed strong comparative advantages.

1976 1991

STATE RCA STATE RCA
Maine 17.96 Maine 13.53
Wisconsin 7.87 Wisconsin 8.55
New Hampshire 5.23 Arkansas 5.73
Alabama 5.17 Alabama 5.04
Arkansas 4.88 South Carolina 3.72
Georgia 3.90 Mississippi 3.48
South Carolina 3.61 Georgia 3.07
Vermont 3.31 Oregon 2.36
Washington 2.90 Tennessee 1.50
Oregon 2.79 Louisiana 1.46
Tennessee 1.61 Washington 1.39
Louisiana 1.55 Vermont 1.36
Minnesota 1.54 Minnesota 0.91
Mississippi 1.46 Pennsylvania 0.69
Massachusetts 0.96 North Carolina 0.56
Pennsylvania 0.74 New Hampshire 0.53
North Carolina 0.69 Kentucky 0.21
New Jersey 0.29 Missouri 0.10
Virginia 0.19 Ohio 0.05
Ohio -0.14 Delaware -0.10
Florida -0.16 Oklahoma -0.13
Michigan -0.38 Virginia -0.15
Missouri -0.53 Michigan -0.22
Connecticut -0.55 Illinois -0.29
Illinois -0.62 Iowa -0.29
Kentucky -0.65 Massachusetts -0.32
Indiana —-0.66 Connecticut -0.34
Maryland -0.93 Kansas —-0.45
New York -1.00 New Jersey -0.78
Rhode Island -1.07 Rhode Island -0.83
California -1.16 Florida -1.08
Towa -1.18 Texas -1.10
Texas -1.47 Maryland -1.20
Oklahoma -1.54 New York -1.30
West Virginia -1.99 California -1.32
Arizona -2.12 Utah -1.45
Colorado -2.18 Colorado -1.70
Nebraska -2.21 Arizona -1.74

West Virginia -1.84

with a second tier of about five states also showing strong
comparative advantage. While the rankings of these top

seven states differ by year, their general dominance is sta-
ble.
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Table 1 also shows the declining importance of wood
products exports to the economies of the Pacific Northwest.
While in 1976 Oregon’s lumber and wood product net ex-
ports were near 20 percent of total gross state product, by
1991 they had decreased to 14 percent. A similar decline
occurred for Idaho and Washington. Although Oregon and
Idaho remained first and second, Washington dropped from
third to seventh, overtaken by Montana, Maine, Mississippi,
and Arkansas.

For SIC 26, Maine and Wisconsin had the highest ranks
in revealed comparative advantage in both 1976 and 1991
(Table 2). Noteworthy is the rise in the RCA’s of several
southern states, which brought Tennessee and Louisiana
within the top ten in 1991, displacing Vermont and New
Hampshire.

While the RCA indices are useful to rank states accord-
ing to comparative advantage, establishing the link with
resource endowment calls for a theory such as the HOV
model.

Tae HOV MobpEeL

The Heckscher-Ohlin-Vanek, or HOV, model (Heckscher,
1919; Ohlin, 1933; Vanek, 1963) has long been the corner-
stone of the theory of comparative advantage. It predicts
that a region’s net exports of a given good are a positive
function of its resource endowment and a negative func-
tion of its income. The HOV model has been tested mostly
with international data, at highly aggregated levels
(Harkness, 1978; Maskus, 1985; Bowen, Leamer &
Sveikauskas, 1987; Tamor, 1987; Brecher & Choudhri, 1988;
Staiger, 1988; Kohler, 1991).

Several assumptions underlie the HOV model, includ-
ing that: (i) there are factors that are immobile between
economies; (ii) markets are competitive, with no barriers
to trade; (iii) the same technology is available to all pro-
ducers; (iv) consumption is homothetic with respect to in-
come (Leamer, 1984, p. 2). The belief that these premises
are not met by international markets, and the disappoint-
ing empirical results, have led to alternative models
(Helpman & Krugman, 1985; Trefler, 1993, 1995).

Still, the assumptions seem plausible for regions within
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the United States: products can move freely across state
lines, markets are reasonably competitive, technologies are
widely available and known throughout the country, and
the determinants of demand should be similar in all states.
The assumption of resource endowment immobility also
holds true for most natural resources, including forests.
Here, we propose to test the HOV hypothesis with United
States data for forest products, for which the raw material
resource base is well defined.

In Leamer’s (1984, p. 9) formulation of the HOV hypoth-
esis, the vector of immobile factor endowments, V, of a state
is used to produce the vector of outputs, X, according to
the relation:

X=A'V (1)

where A™ is the factor-intensity matrix showing how much
of each resource is needed per unit of output. Assuming
identical homothetic consumption across states, and ignor-
ing foreign trade, the consumption of a state, C, is directly
proportional to its income:

C=(Y/Y)X, = s X, ()

where Y is the state income, Y, is the total United States

income and X, is the vector of national production. A state’s
net exports, T, is therefore:

T=X-C=A"(V-5sV,) (3)
where V is the total United States endowment in immo-
bile factors of production.

Equation (3), the HOV equation, shows that the net ex-
ports of a state is related linearly to its excess factor sup-
ply, V —sV,. For exports of a specific commodity, T, this
relationship becomes (Leamer, 1984, p. 94):

T= ziBi[Vi _SVni]zziBi[Vi _(Vni/Yn )Y] 4)

where f; is the factor intensity of resource i in producing
the exported commodity, a non-negative element of the
matrix A™.
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Because the ratio of the United States endowment in fac-
tor i to its income, V;/Y,, is fixed at any one point in time,
equation (4) leads to the testable relationship:

T=2BV;-gY, (52)

or:
T/Y =% (Vi/Y) -3 (5b)

where ¢ =X 8, (V,; /Y,) is a constant.

In summary, the HOV hypothesis implies that the net
exports of a state should be positively related to its immo-
bile factor endowments, and negatively related to its in-
come. Strict interpretation of the model would also require
that the relationship be linear, and that the constant term
in an empirical estimate of equation (5a) be not significantly
different from zero. Equation (5b) could also be used in a
regression of the RCA index on endowments per dollar of
gross state product, but such a formulation would force the
intercept to be zero. Thus, equation (5a) serves as a more
general test of the HOV hypothesis. Still, equation (5b)
shows clearly the theoretical link between the RCA indices
in Tables 1 and 2, and the forest stock per dollar of gross
state product.

EmpriricAL TESTS OF THE MODEL

The test of the HOV model with interstate trade in forest
products employed equation (5a) with data for the years
1976, 1986, and 1991. The empirical version of (5a) was, for
lumber and wood products (SIC 24):

T, =0+ BV .+ 7Y, + €, (6)

where, T, is the net exports of state s, V, is the net volume
(gross volume minus rot and other defects) of sawtimber
growing stock in the state, Y, is its gross state product, ¢, is
an error term assumed to be normally distributed, of zero
mean and constant variance.

Bonnefoi & Buongiorno (1990) found significant differ-
ences in the contributions to comparative advantage made
by softwood and hardwood forests. To capture these po-
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tential differences, an alternative model was used:

Ts =o+ Bovso +Bhvsh + ,YYS + 8s (7)

where V, is the softwood sawtimber volume, and V, the
hardwood sawtimber volume in the commercial forests of
state s. The theory implies that the ’s should be positive,
negative and y equal to zero.

For paper and allied products (SIC 26), the HOV hypoth-
esis was tested with the same equations, (6) and (7), but
with V, replaced by the state growing stock volume, and
V,, and V_, by the growing stock volumes of softwood and
hardwood species, respectively. Indeed, sawtimber-size
trees are not needed to make paper products, and sawmill
residues that come from sawtimber processing can be used
for that purpose.

The data on forest stocks were obtained from Waddell et
al. (1989) and Powell et al. (1994). Although the forest stock
data were for slightly different years than the other data
(1977, 1987 and 1992, instead of 1976, 1986 and 1991), the
yearly variations in sawtimber and growing stock volumes
are too small to matter.

Data on gross state product, in current dollars, were ob-
tained from Renshaw et al. (1988) and the United States
Department of Commerce (1994). The gross state products
of 1976 and 1986 were transformed in constant 1991 dol-
lars by inflation with the United States GDP deflator (In-
ternational Monetary Fund, various issues).

Few data on trade or consumption are available by state.
Therefore, net exports were estimated from state produc-
tion and gross state product, as follows:

T.=X, - C, (8)
Co= (X, - T)(Y./Y,) )

s

where X_ and C, are state s’s production and consumption,
respectively, X, is total national production, T, is national
net exports, and Y, is the gross national product. Equation
(9) assumes that the consumption share of a state is directly
proportional to the income share. This homotheticity of
demand with respect to income is one of the hypotheses of
the HOV model (see equation (2), above), and it is main-
tained here.
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TABLE 3. SUMMARY STATISTICS FOR LUMBER AND Wo0D Probucts (SIC 24).

V ARIABLE YeEarR N MEAN  MINIMUM MAXIMUM  STANDARD
DEviaTION
Net Exports SIC 24 1976 51 -23 -4,102 8,183 1,653
($10°, 1991) 1986 46 135 -2,714 8,347 1,644
1991 44 54 —4,694 7,969 1,883
Gross State Product 1976 51 75,358 6,774 442,374 87,399
($10¢, 1991) 1986 46 94,170 10,076 671,187 115,482
1991 44 124,673 11,198 763,577 141,260
Softwood Sawtimber 1977 51 38,879 0 412,086 82,070
(10° bf) 1987 46 43,180 7 363,862 82,271
1992 44 46,409 33 384,055 83,861
Hardwood Sawtimber 1977 51 11,488 0 41,419 11,161
(10° bf) 1987 46 16,372 38 52,930 14,669
1992 44 20,081 38 62,541 17,586
Total Sawtimber 1977 51 50,366 0 430,899 83,601
(10° bf) 1987 46 59,552 576 378,638 84,213
1992 44 66,490 1,990 401,095 85,194

Notes: For Colorado, Florida, South Dakota, and Utah, the 1992 sawtimber
volumes were missing and replaced by 1987 data. Summary statistics are for
states included in the empirical estimation of HOV equations.

The data on state production of SIC 24 and SIC 26 were
the total value of shipments (United States Department of
Commerce, 1979, 1988, 1993). Data on total net exports of
SIC 24 and 26 from the United States were assembled from
OECD (1988, 1992). Net exports of SIC 24 were estimated
by adding SITC 24 and SITC 63, and those of SIC 26 by add-
ing SITC 25 and SITC 64. The current values of production
and trade in 1976 and 1986 were converted to constant 1991
dollars by inflating with the producer price index for lum-
ber and wood products (for SIC 24), and for paper, pulp,
and allied products (for SIC 26) (United States Department
of Labor, various issues).

Summary statistics for the data are in Tables 3 and 4.
From 1976 to 1991, timber volume changed the least, in
mean and standard deviation. Gross state product increased
much, both in mean and in standard deviation: the differ-
ences between states have increased. There is no obvious
trend in net exports. Still, on average, net exports have
grown much more slowly than gross state products. Fur-
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TABLE 4. SUMMARY STATISTICS FOR PAPER AND ALLIED PrODUCTS(SIC 26).

V ARIABLE YEarR N MEAN  MINIMUM MAXIMUM  STANDARD
DEvVIATION
Net Exports SIC 26 1976 38 82 -2,334 2,764 870
($10¢, 1991) 1986 43 -18 -7,156 6,267 2,011
1991 39 93 -10,049 8,783 2,913
Gross State Product 1976 38 95,137 6,774 442,374 93,380
($10°, 1991) 1986 43 116,392 10,076 671,187 127,524
1991 39 136,166 11,198 763,577 145,591
Softwood Growing 1977 38 8,908 6 74,735 16,042
Stock 1987 43 8,649 4 61,006 14,152
(108 ft3) 1992 39 8,810 9 62,974 14,247
Hardwood Growing 1977 38 6,641 220 21,625 4,903
Stock 1987 43 6,960 276 19,983 5,563
(108 ft3) 1992 39 8,284 376 23,690 6,223
Total Growing 1977 38 15,548 413 79,554 16,687
Stock (10° ft°) 1987 43 15,609 280 65,951 15,371
1992 39 17,094 428 68,222 15,563

Notes: For Colorado and Florida, the 1992 growing stock data were missing
and replaced by 1987 data. Summary statistics are for states included in the
empirical estimation of HOV equations.

thermore, while the standard deviation of net exports in
lumber and wood products has remained about constant,
the standard deviation in paper and allied products has
more than tripled in 15 years: some states have become
much larger net exporters than others.

The maxima, minima, and standard deviations show that
there were large differences across states for all three years
examined. Although this variability was helpful to get ac-
curate estimates of models (6) and (7), it led to hetero-
scedastic residuals. This was corrected by applying White’s
(1980) method to get efficient estimates.

REsuLTS

Lumber and Wood Products (SIC 24)

The results for equations (6) and (7), for lumber and wood
products (SIC 24) are in Table 5. The equations were esti-

mated for 44 to 51 states that had complete data for 1976,
1986 and 1991. As shown by the R¥s, the equations ex-
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TasLE 5. LumBER AND WooD Propucts (SIC 24) REGRESSION.

Regression of net exports of lumber and wood products (SIC 24) on gross state product
and sawtimber growing stock under two specifications and three periods, and aggregated
across all three periods.

YEAR R? CONSTANT GSP ($10°) SAWTIMBER STOCK (10° BF)
ToraL Sorrwoop HARDWOOD
1976 0.86 -71 -0.011 0.017
(83) (0.001) (0.002)
1986 0.72 107 -0.010 0.016
(135) (0.002) (0.004)
1991 0.83 203 -0.010 0.017
(151) (0.001) (0.002)
All 0.81 50 —-0.010 0.017
F=1.53 (69) (0.001) (0.002)
1976 0.87 -221 —-0.011 0.016 0.035
(107) (0.001) (0.002) (0.005)
1986 0.75 -148 -0.011 0.015 0.038
(112) (0.002) (0.004) (0.006)
1991 0.86 -116 —-0.011 0.017 0.038
(129) (0.001) (0.003) (0.004)
All 0.84 -191 -0.011 0.016 0.038
F=10.51 (61) (0.001) (0.002) (0.003)

Notes: Net exports and gross state product (GSP), in millions of 1991 dollars.
Standard errors in parentheses. * denotes statistical significance at 5%, ** at
1%. F = test of whether coefficients are equal in 1976, 1986, and 1991.

plained 72 to 86 percent of the variation in net exports in
any year. More important, as expected from the HOV
theory, net exports were higher for states that had higher
resource stocks and lower gross state products. Coefficients
of sawtimber stock and gross state product were statisti-
cally significant at the 1 percent level. Also as expected from
theory, the constant term was not significantly different
from zero. From 1976 to 1991, this relationship was remark-
ably stable, the coefficients staying almost constant at —
0.010 ($ of exports per $ of GSP), and 0.017 ($ of exports
per board foot of sawtimber volume).
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Disaggregating the forest endowment into softwood and
hardwood components provided little additional explana-
tory power. If one accepts the direction of causality sug-
gested by the theory, the disaggregation suggests that hard-
wood sawtimber was more important, at the margin, than
softwood sawtimber in determining comparative advantage
for lumber and wood products.

However, because the variation in softwood sawtimber
volume between states is much larger than that of hard-
wood (Table 3), the differences in comparative advantage
for SIC 24 are determined in large part by the softwood
sawtimber stock. Again, the relationships between net ex-
ports, gross state product, and hardwood and softwood
growing stock were very stable from 1976 to 1991. The gross
state product coefficient remained constant at —0.011, while
the other two coefficients changed very little. The statisti-
cal tests, which are almost superfluous here, confirmed this
stability.

Paper and Allied Products (SIC 26)

The results of the tests of the HOV model for paper and
allied products are in Table 6. Equations (6) and (7) ex-
plained less of the variation in net exports than for lumber
and wood products. Nevertheless, when total (softwood
plus hardwood) growing stock was used to measure re-
source endowment, the gross state product and endowment
variables had the expected signs and were significantly
different from zero at least at the 5 percent level. From 1976
to 1991, the marginal effect of the gross state product al-
most tripled, and that of the growing stock almost quadru-
pled.

The model with total growing stock had a statistically
significant constant term, which is contrary to the theory,
and suggests a specification error. This problem was re-
duced by dividing the growing stock into softwood and
hardwood. The results in the lower part of Table 6 show
that the fit was improved, and the constant term was not
statistically significant, except in 1991. The marginal effect
of the gross state product was almost the same in the two
formulations.

Notable is the large difference in the marginal effects of
the growing stocks of softwood and hardwoods. On aver-
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TABLE 6. PAPER AND ALLIED ProDUCTS (SIC 26) REGRESSION.

Regression of net exports of paper and allied products (SIC 26) on gross state product and
growing stock volumes, under two specifications and three periods, and aggregated across all
three periods.

YEAR R? CONSTANT GSP ($10°) GROWING Stock (10° FT°)
ToraL Sorrwoop HARDWOOD
1976 0.39 464 -0.006 0.012
(168) (0.001) (0.006)
1986 0.47 844 -0.012 0.031
(307) (0.002) (0.012)
1991 0.51 1460 -0.016 0.044
(465) (0.002) (0.019)
All 0.46 989 -0.012 0.028
F = 3.86* (222) (0.002) (0.008)
1976 0.50 141 -0.006 0.007 0.072
(114) (0.001) (0.004) (0.020)
1986 0.59 245 -0.013 0.014 0.156
(189) (0.001) (0.008) (0.045)
1991 0.59 655 -0.016 0.021 0.171
(303) (0.002) (0.012) (0.052)
All 0.56 365 -0.013 0.013 0.143
F = 3.44% (148) (0.001) (0.006) (0.027)

Notes: Net exports and gross state product (GSP), in millions of 1991 dollars.
Standard errors in parentheses. * denotes statistical significance at 5%, ** at
1%. F = test of whether coefficients are equal in 1976, 1986, and 1991.

age, during the years considered, a given difference in
hardwoods led to a difference in net exports ten times larger
than that due to the same difference in softwoods. This ten-
to-one ratio persisted from 1976 to 1991. In addition, the
marginal effect of each type of growing stock increased over
the period, doubling for hardwood growing stock and tri-
pling for softwood. The statistical tests confirmed the
change in the magnitude of the coefficients from 1976 to
1991.
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Ficure 1. NET ExPORTS OF FOREST
PropucTs VERSUS ENDOWMENT

This plot of 1991 state net exports of total forest products (SIC 24 &
26) per dollar of gross state product, versus the ratio of commerical
timber growing stock volume per dollar of gross state product, reveals
a positive correlation between net exports and endowments.

Total Forest Products (SIC 24 and 26)

For some purposes, the distinction between SIC 24 and SIC
26 may not be needed. In fact, the division between the two
industries is blurred: production of solid wood and pulp
and paper products is often integrated, and to some extent,
trees can be used for both purposes. Thus, the HOV theo-
rem was also tested with net exports in total forest prod-
ucts (SIC 24 and 26) as the dependent variable, and total
growing stock to measure endowment. Figure 1 shows the
simplest test: a regression of the RCA on the growing stock
per dollar of gross state product. The coefficient of deter-
mination was 0.74, and the null hypothesis rejected at the
1% significance level.

The more general tests, based on equations 6 and 7, also
support the HOV hypothesis (Table 7). The variables had
all the expected signs, with small standard errors. Again,
the data fit the theory better after disaggregating the re-
source endowment into softwood and hardwood. Also in
accord with theory, the constant term was not significantly
different from zero. Furthermore, the parameters were very
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TaBLE 7. ToraL FOrREST PRODUCTS REGRESSION.

Regression of net exports of total forest products (SIC 24+26) on gross state product
and growing stock volumes, under two specifications and three periods, and aggregated
across all three periods.

YEAR R? CONSTANT GSP ($10°) GROWING Stock (10° FT°)
ToraL  Sorrwoop  HarRDWOOD
1976 0.79 609 —-0.025 0.125
(345) (0.002) (0.006)
1986 0.67 674 -0.024 0.134
(443) (0.003) (0.018)
1991 0.75 1546 -0.028 0.146
(573) (0.002) (0.014)
All 0.73 863 -0.025 0.135
F=1.83 (255) (0.002) (0.008)
1976 0.79 234 -0.026 0.119 0.194
(288) (0.002) (0.007) (0.047)
1986 0.72 -96 -0.025 0.114 0.282
(282) (0.003) (0.024) (0.063)
1991 0.78 632 -0.028 0.128 0.278
(507) (0.002) (0.015) (0.058)
All 0.77 130 -0.026 0.120 0.264
F=1.32 (199) (0.001) (0.009) (0.033)

Notes: Net exports and gross state product (GSP), in millions of 1991 dollars.
Standard errors in parentheses. * denotes statistical significance at 5%, ** at
1%. F = test of whether coefficients are equal in 1976, 1986, and 1991.

stable from 1976 to 1991, with no significant difference de-
tected by the F-test, at the 5 percent level.

Disaggregating the endowment by species showed that
differences in hardwood growing stock were twice as im-
portant as differences in softwood, at the margin. However,
this does not mean that more of the variation in net ex-
ports across states is explained by the hardwood than by
the softwood growing stock, because the variation in
softwood growing stock is larger than that of hardwood
(see standard deviations in Tables 3 and 4).

The beta coefficients in Table 8 show how each variable
affects the variation of net exports across states. Each is
the difference in net exports (in standard deviations) due
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TaABLE 8. BETA COEFFICIENTS OF EFFECTS.

Effects of gross state product and growing stock on net exports of forest products (SIC
24+26), in standard deviations. The effects are calculated as beta coefficients, B, = b,
(5./S,), b, = regression parameter of variable x in Table 7. S, and S, are standard
deviations of x and net exports, respectively, across states.

YEAR GROWING STOCK

GSP Sortwoobp HARDWOOD
1976 -0.76 0.59 0.30
1986 -0.84 0.47 0.44
1991 -0.72 0.41 0.35
All years -0.82 0.48 0.38

to one standard deviation difference in gross state prod-
uct, softwood growing stock, or hardwood growing stock.
These beta coefficients show that the variation in softwood
growing stock explained more of the variation in net ex-
ports than the variation in hardwood stock.

The data in Table 8 suggest that the importance of
softwood growing stock declined during the interval. Al-
though the differences are not statistically significant, the
trend is consistent with other evidence of the increasing
importance of hardwood forest resources in the manufac-
ture of both solid wood and paper products (Skog et al.,
1995). The beta coefficients in Table 8 also show that
softwood and hardwood resources must both be one stand-
ard deviation higher to compensate for one standard de-
viation difference in gross state product and keep two states
at the same level of net exports.

SUMMARY AND DisCcuUssiON

According to the Heckscher-Ohlin-Vanek factor endowment
model of comparative advantage, regions with more abun-
dant forest resources should have larger net exports of for-
est products, other things being equal. This prediction was
largely confirmed with interstate data from the United
States. After controlling for the size of the state market,
there was a strong positive relationship between the states’
net exports and their forest endowments. This relationship
was stable over time, implying that the location of the for-
est resource remains important in explaining the geographi-
cal distribution of forest industries within the United States.
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Disaggregation of the forest endowment into coniferous
and hardwood components suggested that a marginal dif-
ference in the hardwood stock had a larger effect on net
exports than a marginal difference in the softwood stock.
This was true for lumber and wood products as well as for
paper and allied products. But, in terms of explaining the
total variation in net exports across states, the differences
between softwood and hardwood resources was equally
important. There may have been a slight decrease in the
relative importance of softwood over time.

This confirmation of the Heckscher-Ohlin theorem for
forest products contrasts with previous results for broader
sectors (Maskus, 1985; Bowen, Leamer & Sveikauskas, 1987;
Brecher & Choudhri, 1988; Staiger, 1988; Kohler, 1991).
Trefler (1993) ascribed the failures to the HOV assumption
of factor price equalization and identical technologies,
which do not hold across countries. These assumptions are
more likely to be true with interstate data. The results also
validate Vanek’s (1963) specialized resource theory: a
state’s comparative advantage in forest products can largely
be explained by the size of its economy and its endowment
of the forest resources. This seems also to be the case for
countries (Bonnefoi & Buongiorno, 1990).

A limitation of the analysis is that the state net export
data were estimated by assuming that the ratio of a state’s
consumption to gross state product was proportional to its
share of gross domestic product. This homotheticity hy-
pothesis is part of the HOV hypothesis itself, and the fact
that the results are coherent with HOV suggests that one
could proceed as if consumption were indeed homothetic.
However, it may be possible to test directly this maintained
hypothesis.

This study dealt with intermediate wood products only.
A more complete analysis of comparative advantage could
cover also exports of final products, such as furniture and
printed materials. Thus, an extension of this study could
be to compute the full resource content of trade, possibly
with an input-output table, and then test its correlation with
forest resources.

Endowments other than forest resources could affect net
exports; labor and capital come to mind first. However, the
HOV theory refers specifically to immobile endowments
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(Leamer, 1984, p. 22), while labor and capital within the
United States are quite mobile. Indeed, when measures of
labor and capital endowments were added, they had weak
or insignificant relationships with net exports. Further, the
coefficients of forest endowments never changed sign,
changed little in magnitude, and maintained their statisti-
cal significances. Still, the volume of growing stock is an
imperfect measure of forest resource endowment. Disag-
gregation according to soft and hardwoods improved the
results, but so would recognition that forests grow differ-
ently in different states.

The potential manufacturing cost and productivity ad-
vantages enjoyed by regional concentrations of firms
(Bressler & King, 1978, p. 53-52) may also help better ex-
plain why some states dominate net exports of forest prod-
ucts. But this would mean changing the strict HOV theory
that assumes constant returns to scale and perfectly com-
petitive markets. Furthermore, recycled paper and paper-
board are becoming increasingly important sources of fiber,
relaxing the industry ties to the forest resource, and thus
weakening the relevance of the HOV theorem for paper and
allied products. Indeed, the evolution of the degree of for-
est industry’s links with its forest base could be a worthy
topic for future investigation.

In spite of these limitations, our findings indicate that
the HOV theorem gives a good account of the comparative
advantage of forest product industries within the United
States. From a measure of the size of the domestic market
(gross state product) and a measure of the resource endow-
ment (timber stocks), one can reasonably well predict net
exports. That this is contrary to failures of the model with
more aggregated data suggests that the fault may lie with
the aggregation and with the difficulty of defining the rel-
evant resource, rather than with the HOV theorem itself.
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