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elements of B' are the factor usages per unit 
output. For countries that only reported value 
added by sector, we used the Japanese ratio of 
total output to value added for the sector to 
estimate total output. This enabled us to as- 
semble a sample of 35 countries, but limita- 
tions on the availability of education data 
forced us to reduce our sample to 21." 

Figure 1 plots the imputed number of people 
in each country that have not gone to college 
(Bf]XC) against the actual number of people 
(Vfc). As the graph reveals, there is not a very 
close relationship between the levels of non- 
college graduates that each country should 
have, given its structure of production and the 
actual levels. In fact, the correlation coefficient 
between the two series is only 0.290. Figures 
2 and 3 repeat this experiment for college 
graduates and for capital stocks. Over the full 
sample, the correlation coefficient for both of 
these factors is quite high: 0.962 f6r college 
graduates and 0.922 for capital. At first glance, 
it might appear that the theory seems to work 
quite well for these factors. However, much of 

the variance for both of these factors comes 
from the United States, which has by far the 
largest number of college graduates and the 
largest capital stock. Dropping the United 
States from the sample (Figure 2B and Figure 
3B) reveals that for college-educated workers 
the Heckscher-Ohlin model of production 
does not predict factor contents very well for 
most of the world (p = 0.271). Interestingly, 
the model seems to work much better for cap- 
ital. Even after leaving the United States out 
of the sample, the correlation coefficient be- 
tween actual and imputed levels of capital only 
falls to 0.628. 

Undoubtedly, one of the major reasons for 
the high correlations in the data is the fact that 
as long as the marginal product of each factor 
is positive there is likely to be a positive cor- 
relation between country output and factor 
abundance. Indeed, considering the enormous 
size differentials across our sample, one would 
need to have tremendous production distor- 
tions in order to have a negative correlation 
between factor abundance and production. 
These size effects can mask fairly large pre- 
dictive errors. For example, despite the fact 
that inclusion of the United States in the sam- 
ple greatly increases the fit of the capital re- 
lationship, the point estimate for the U.S. 

" See the Data Appendix for details. Because BfX = 
Vf for Japan by construction, we dropped Japan from our 
sample for international comparisons. 
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capital stock is off by a factor of two. One 
way to reduce the influence of extreme ob- 
servations is to calculate rank correlations be- 
tween the actual and predicted values. This 
method moves big outliers towards the mean 
but also causes points that are very close to- 
gether to be further apart. Recalculating the 
correlation coefficients using country ranks 
reveals that, on average, the rank correlation 
between actual country endowments and im- 
puted levels tends to be around 0.6 (see Table 
1). Whether this number seems high or low 
depends on one's priors. Setting a null that 
there should be no correlation between output 
and factor supply could be rejected in most 
cases, but little comfort can be obtained by 
rejecting such an absurd proposition. Indeed, 
considering that it would require a tremen- 
dous error to erroneously rank Singapore or 
Holland ahead of, say, India, we feel that the 
existence of modest correlations between the 
two matrices across countries lends little sup- 
port for the Heckscher-Ohlin theory of 
production. 

A better way to examine how well the model 
fits international data without having to worry 
about country size is to compare actual and im- 
puted levels of factors within countries. Since 
it would be meaningless to compare the amount 

of capital in one country with the number of 
non-college-educated workers, we normalized 
each country's factor endowment by dividing 
by the world endowment of that factor [i.e., 
compare whether (MIC/Piw . MFClPFW) = 

(cpl C/.plW pFc/pFW)] ] Hence, we com- 
pared the imputed share of each factor with the 
actual physical share. Table 2 presents the re- 
sults from this exercise. Overall, in almost one- 
half of the sample, the correlation between 
predicted and actual factor shares had the 
wrong sign. The average correlation was only 
0.268, indicating that the Heckscher-Ohlin 
model, on average, only explained a small part 
of the variance. The rank correlations were 
slightly better but still hovered around 0.4 on 
average. It is interesting to note, however, that 
although the Japanese BJ matrix did not work 
well for every wealthy country, the set of coun- 
tries with correlations above 0.7 (Canada, Fin- 
land, Germany, Ireland, Netherlands, New 
Zealand, Norway, and the United States) are all 
countries with per capita incomes that are close 
to that of Japan. This suggests that these coun- 
tries may produce within the same cone or that 
the quality of endowments does not vary sig- 
nificantly among these countries. 
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TABLE 1-INTERNATIONAL PRODUCTION TESTS 

CORRELATIONS BETWEEN IMPUTED AND ACTUAL 

ENDOWMENTS ACROSS COUNTRIES 

Raw Rank 

Noncollege 
Full sample 0.2897 0.6338 

Without U.S. 0.2579 0.5805 

College 
Full sample 0.9622 0.6688 

Without U.S. 0.2709 0.6165 

Capital 
Full sample 0.9219 0.6282 

Without U.S. 0.6161 0.5456 

These results are entirely consistent with 
those presented in Bowen et al., but provide 
us with different information. Since Bowen et 
al. were using trade data, they could not di- 
rectly separate failures in the model due to in- 
accurate assumptions about production or 
absorption. Regression analysis let them infer 
that differences in technology likely played an 
important part in the explanation of the poor 
performance of the Heckscher-Ohlin model, 
but reliance on trade data made it difficult to 
test this directly. The fact that there are very 
low correlations between actual and predicted 
factor contents of production suggests that pre- 
dictions regarding trade patterns based on a 
strict interpretation of the Heckscher-Ohlin 
model are likely to be at odds with the data for 
a broad sample of countries. 

B. Regional Production Evidence: Good 
Results from Good and Bad Factors 

The simple Heckscher-Ohlin theory, we 
have seen, does a poor job of describing the 
international location of production. However, 
as we saw in Section I, subsection D, even if 
FPE fails for the world, it is possible that it 
works within countries. In other words, equa- 
tion (2) may hold even if (1) fails. In this 
section, we use regional Japanese data to dem- 
onstrate that in a case in which there are min- 

TABLE 2-INTERNATIONAL PRODUCTION TESTS 

CORRELATIONS ACROSS FACTORS 

Raw Rank 

Argentina -0.4673 -0.5 

Austria -0.0119 0.5 

Canada 0.9931 1 

Finland 0.994 1 

Germany 0.63385 1 

India -0.3254 0.5 

Indonesia -0.1148 0.5 

Ireland 0.5763 0.5 

Israel 0.31895 0.5 

Italy -0.139 0.5 

Mexico 0.17019 0.5 

Netherlands 0.79682 0.5 

New Zealand 0.73001 0.5 

Norway 0.9402 1 

Philippines 0.39929 0.5 

Portugal -0.2647 -0.5 

Singapore -0.3198 -0.5 

Spain -0.7568 -0.5 

Thailand -0.4546 -0.5 

Turkey 0.39704 0.5 

U.S. 0.79585 0.5 

Average 0.2678 0.3864 

imal barriers to trade and factor mobility, the 
Heckscher-Ohlin model of production per- 
forms exceedingly well.'2 

12 There is one notable difference between the conven- 
tional international Heckscher-Ohlin model and the regional 
version. The conventional model assumes no cross-national 
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It is important to realize that our tests which 
failed on international data could likewise fail 
on regional data. Such a failure could arise 
from a variety of influences. For example, it 
could arise from regional differences in em- 
ployment or utilization rates. As well, any- 
thing that gave rise to different input 
coefficient matrices would lead to failure. This 
could include a failure of factor price equal- 
ization, technological differences, imperfect 
mobility of goods and factors, distortions in 
goods or factor markets, economies of scale, 
local external effects, etc. So the success of the 
regional test is far from a foregone conclusion. 

Japanese regional data is well suited for this 
type of analysis because it is collected by the 
central government and therefore all categories 
are consistent across regions. Theoretically, we 
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could have used data from all 47 Japanese pre- 
fectures, but in practice we were forced to ag- 
gregate many of these prefectures into ten 
larger regions. This aggregation was necessary 
because some of the labor data was only re- 
ported for aggregated regions and also because 
it is very common for people who work in, say, 
Tokyo to live in an adjacent prefecture. These 
regions differ quite substantially in size. For ex- 
ample, Okinawa, the smallest region, has only 
one-seventieth the number of college graduates 
and one-fortieth the amount of capital as the 
largest region, Kanto. 

We now reexamine the Heckscher-Ohlin 
theory of the location of production by restrict- 
ing our sample to ten Japanese regions. That 
is, we check whether BJXr = V r. Even if the 
pattern of production in the rest of the world 
fails to satisfy these relations, they should con- 
tinue to hold for the various Japanese regions. 
Figures 4 through 6 relate actual and imputed 
levels of our three factors. In every case, im- 
puted ranks match the actual ranks and the cor- 
relation coefficients exceed 0.99. In Table 3, 
we examine the relationship across prefectures 
and find that the theoretical predictions are 
close to the data. Furthermore, as Table 4 
shows, the average correlation within regions 
and across factors between theoretical factor 
contents of production and actual endowments 

factor mobility, while obviously there is at least some mo- 
bility across the regions of Japan. We believe this poses 
no fundamental problem for the regional model. It will 
remain true that the Heckscher-Ohlin relations must hold 
ex post. Alternatively, given that the Heckscher-Ohlin re- 
lations do hold, the actual regional distribution of factors 
belong to a factor price equalization set associated with an 
integrated equilibrium. Thus if immobility were now im- 
posed, it would have no impact on the resulting equilib- 
rium (cf., Elhanan Helpman and Krugman, 1985). 
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(as a percentage of national endowment lev- 
els) was 0.8890. The results are strikingly bet- 
ter with regional than international data. 

Previous tests of the Heckscher-Ohlin the- 
ory have often used more than three factors of 
production despite the problems that arise 
from having factors that are closely related to 
industry categories. Despite the risk of tauto- 
logically true relationships between, for ex- 
ample, the number of agricultural workers and 
agricultural output, using more factors reduces 
the probability that our results are due to 
chance. While we would have liked to have 
broken capital into various components and 
used various types of land as factors, disag- 
gregated capital stocks are not available at the 
regional level and land usage rates are not 
available for the service sectors. Detailed labor 
data were employed that broke up employment 
into ten categories-professional and techni- 
cal workers, managers, office workers, sales 
workers, service workers, miners, transport 
and communication workers, production 
workers, security employees, and agriculture, 
forest, and fishery workers. In practice, the re- 
sults for mining and miners were unreliable 
due to the treatment of oil inventories, so this 
category was dropped from our sample.'3 

We repeat our test at the regional level, 
again checking that BJXr = V r, but now using 
the expanded set of ten factors. Tables 5 and 
6 present the results from repeating our ex- 
periment using ten factors. Once again we 
found that the both the raw correlations and 
the rank correlations across regions always ex- 
ceeded 0.95. The correlation across factors, 
however, was somewhat lower: the raw cor- 
relation averaged 0.77 for the whole sample. 
Interestingly, the average rank correlation was 
only 0.48. The difference between these two 
numbers is especially striking for Tohoku, 
which had a raw correlation of 0.9 and a rank 
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correlation of only 0.03. The reason why the 
rank correlation tended to be lower than the 
raw correlation is that the rankings tended to 
pull apart points that were quite close together. 
For example, in Tohoku all of the actual fac- 
tors except agriculture, forest, and fishery 
workers were within 20 percent of each other. 
While the raw correlation was high because 
the model correctly predicted an abundance of 
these workers, the rank correlation was low 
because relatively minor differences in factor 
supplies led to quite different rank orders. In 
general, the model seemed to be able to rank 
factors correctly when their relative abun- 
dance differed by more than 15 percent, but 
was not accurate for smaller differences. 

These results compare quite favorably to 
those of Bowen et al. In contrast to our rank 
correlation of 0.97, Bowen et al. found that the 
rank correlations across countries averaged 
only 0.21 and only exceeded 0.5 for one fac- 
tor: arable land. Even our lower rank correla- 
tion of 0.48 across factors looks relatively 
good in comparison to Bowen et al.' s result of 
0.27. Indeed, in the Bowen et al. study only 
one-quarter of the countries in their sample 
had a rank correlation across factors that ex- 
ceeded 0.48 and five out of their 27 countries 
had negative rank correlations, while none of 

3 The problem is that while oil imports are not counted 
as regional production, changes in inventories are counted as 
production. Since Japanese mining output is extremely small, 
changes in crude oil inventories tended to dominate regional 
mining output, resulting in implausibly large or small output 
levels for certain regions. While this should technically affect 
all of our results, the fact that mining is such a small sector 
in all Japanese regions meant that errors in mining inventories 
had little effect on our overall results. 
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TABLE 3-REGIONAL PRODUCTION TESTS 
CORRELATIONS BETWEEN IMPUTED AND ACTUAL 

ENDOWMENTS ACROSS PREFECTURES 

("GOOD" FACTORS) 

Raw Rank 

Noncollege 0.9967 1 

College 0.9951 1 

Capital 0.9989 1 

Average 0.9969 1 

ours did. To some degree, our results are not 
directly comparable to Bowen et al.'s because 
those authors were examining trade rather than 
production data. Furthermore, our regional 
data are richer than Bowen et al.'s in labor 
categories but, as noted above, do not include 
the various land categories available for coun- 
tries as a whole. The omission of land cate- 
gories, however, probably understates the 
strength of our results. In fact, if Bowen et al. 
had not used land in their sample, their average 
rank correlation would have fallen from 0.21 
to 0.12. The magnitudes of their correlations 
seem very much in line with our cross-country 
results and imply that the underlying assump- 
tion of identical techniques across a broad 
sample of countries is likely to be a major 
problem in applying the Heckscher-Ohlin 
model across countries. 14 

On the whole, we take our results to be an 
important validation of the Heckscher-Ohlin 
theory of the location of production across 
regions. 

IV. Absorption Results 

The assumption of homothetic preferences 
also plays a crucial role in the Heckscher- 
Ohlin-Vanek theory of trade, and it seems rea- 
sonable to ask how accurate this is. Hunter and 
Markusen (1989) and Hunter (1991) have 
shown, on international data, that there is good 

TABLE 4-REGIONAL PRODUCTION TESTS 

CORRELATIONS BETWEEN IMPUTED AND ACTUAL 
ENDOWMENTS ACROSS FACTORS ("GOOD" FACTORS) 

RaW Rank 

Hokkaido 0.9900 1.0 

Tohoku 0.8612 0.5 

Kanto 0.9186 0.5 

Hokuriku 0.8992 1.0 

Tokai 0.9745 1.0 

Kinki 0.9588 1.0 

Chugoku 0.7297 0.5 

Shikoku 0.8816 0.5 

Kyushu 0.9032 0.5 

OkinaWa 0.7734 1.0 

Average 0.8890 0.7500 

reason to believe that the consumption of 
goods is not homothetic. It stands to reason 
that poor countries are likely to spend greater 
shares of their income on food products than 
rich countries. In fact, Hunter ( 1991 ) has sug- 
gested that these nonhomotheticities in con- 
sumption may explain as much as 25 percent 
of world trade. While the homotheticity as- 
sumption is likely to cause problems in inter- 
national data because of tremendous income 
disparities across countries, in regional data 
one should expect these disparities to be less 
severe. 

To test the assumption of homotheticity in 
Japanese regions, we used the Family Income 
and Household Expenditure Survey (1987) to 
collect data on regional consumption expen- 
ditures for 42 different product categories. Our 
first test of homotheticity was whether Japa- 
nese regional household consumption was 
proportional to national household consump- 
tion, i.e., whether equation (4) held (Dr = (Sri 

sJ)DJ). In structuring our test this way, we 
implicitly allow two possible reasons why the 
theory might differ from the data. First, it may 
be the case that consumers in different regions i4 See also Trefler (1993). 
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TABLE 5-REGIONAL PRODUCTION TESTS 

CORRELATIONS BETWEEN IMPUTED AND ACTUAL 

ENDOWMENTS ACROSS PREFECTURES ("BAD" FACTORS) 

Raw Rank 

Professional/technical 0.9978 0.9879 

Managerial 0.9932 0.9879 

Office 0.9992 0.9879 

Sales 0.9971 0.9879 

Agriculture/forestlfishery 0.9749 0.9515 

Transport/communication 0.9894 0.9758 

Production/blue collar 0.9964 0.9879 

Security 0.9971 1 

Service 0.9942 1 

Capital 0.9989 1 

Average 0.9938 0.9867 

have different preferences for commodities, 
and second, there may be interregional differ- 
ences in the prices of goods. In this sense, we 
are not testing homotheticity per se, but rather 
we are examining the joint assumption that 
prices do not significantly differ across regions 
and preferences are identical and homothetic.'5 

Tables 7 and 8 present the results from com- 
paring predicted and actual regional consump- 
tion. Looking at the cross-regional and 
cross-commodity results, the data seem to be 
consistent with the assumption of homothet- 
icity. Only consumption of liquefied fuels 
seems to be an outlier. This is because 
Hokkaido, the northernmost region, consumes 
proportionally more fuel than the rest of the 
country. All of the remaining rank and raw 
correlation coefficients exceed 0.9, indicating 
that one may reasonably assume that Japanese 
regions consume as if their constituent 

TABLE 6-REGIONAL PRODUCTION TESTS 

CORRELATIONS BETWEEN IMPUTED AND ACTUAL 

ENDOWMENTS ACROSS FACTORS ("BAD" FACTORS) 

Raw Rank 

Hokkaido 0.6466 0.6606 

Tohoku 0.9088 0.0303 

Kanto 0.7929 0.4182 

Hokuriku 0.6102 0.2606 

Tokai 0.8430 0.5636 

Kinki 0.9141 0.4424 

Chugoku 0.4207 0.4667 

Shikoku 0.8500 0.3333 

Kyushu 0.955 1 0.7333 

Okinawa 0.7855 0.8667 

Average 0.7727 0.4776 

households had identical and homothetic 
preferences. 16 

In order for the international version of the 
Heckscher-Ohlin model to hold, it must be the 
case that Japanese final goods absorption 
should be proportional to world final goods 
absorption [i.e., equation (3) must hold].17 
Hunter and Markusen's (1989) work on inter- 
national data suggests important deviations 
from this theory. While we do not pretend to 
replicate their work, it is interesting to exam- 
ine how closely Japanese absorption follows 
world production. It is inappropriate to com- 
pare Japanese absorption with the sum of 
world production because a large share of out- 

" Alternatively, preferences may be nonhomothetic if 
there is little to no variation in the distribution of income 
within regions. 

6 Most likely these results arise from the closeness of 
per capita income within Japan. Indeed, Japan has one of 
the lowest Gini coefficients in the world. 

" In all subsequent tests and tables we used absorption 
data rather than household consumption data. The absorp- 
tion data also include government consumption, invest- 
ment, and business consumption. See the Data Appendix 
for details. Final goods absorption is total absorption less 
intermediate input absorption. 
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TABLE 7-REGIONAL CONSUMPTION TESTS 

CORRELATIONS BETWEEN ACTUAL AND PREDICTED CONSUMPTION ACROSS PREFECTURES 

Raw Rank 

Rice, bread, other cereals 0.9974 1.0000 

Meat 0.9811 0.9394 

Fish 0.9922 0.9879 

Milk, cheese, and eggs 0.9976 1.0000 

Oil and fat 0.9952 0.9879 

Fruits, vegetables, potatoes, other tubers 0.9992 1.0000 

Sugar, other foods 0.9989 0.9879 

Coffee, tea, cocoa 0.9984 1.0000 

Soft drinks 0.9970 1.0000 

Alcoholic drinks 0.9908 0.9758 

Cigarettes, tobacco 0.9949 0.9879 

Clothing 0.9997 1.0000 

Repairs to clothing, footwear; household services 0.9989 1.0000 

Footwear 0.9997 1.0000 

Rents 0.9877 0.9273 

Water charges 0.9993 1.0000 

Electricity 0.9950 0.9515 

Gas 0.9972 0.9879 

Liquefied fuels, other fuels 0.5993 0.5394 

Furniture, fixtures, carpets, household appliances 0.9955 0.9879 

Repair of furniture, fixtures, carpets, etc. 0.9903 0.9879 

Household textiles and textile furnishings 0.9963 0.9879 

Glassware, tableware, utensils 0.9983 0.9758 

Nondurable household items 0.9992 1.0000 

Domestic services 0.9728 0.9515 

Pharmaceutical products, medical supplies, etc. 0.9977 0.9879 

Medical and health care services 0.9984 1.0000 

Transportation equipment 0.9839 0.9879 

Tires, tubes, parts, motor fuels, oils 0.9858 0.9879 

Purchases transport services 0.9958 0.9758 

Postage, telephone, telegraph 0.9981 0.9879 

Radios, televisions, cameras; parts and repairs 0.9973 0.9879 

Other semidurable recreational goods 0.9982 0.9758 

Services of recreation, culture 0.9987 0.9879 

Books, magazines, newspapers 0.9993 1.0000 

Educational fees 0.9976 0.9879 

Services of hairdressers, etc. 0.9994 1.0000 

Toilet articles and cosmetics 0.9938 0.9879 

Jewelry, watches; writing equipment and supplies 0.9916 0.9758 

Restaurants 0.9980 1.0000 

Hotel and lodging services 0.9852 0.9636 

Travel tours 0.9910 0.9515 

Average 0.9852 0.9740 
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TABLE 8-REGIONAL CONSUMPTION TESTS 
CORRELATIONS BETWEEN ACTUAL AND PREDICTED 

CONSUMPTION ACROSS COMMODITIES 

Raw Rank 

Hokkaido 0.9809 0.9300 

Tohoku 0.9710 0.9562 

Kanto 0.9940 0.9929 

Hokuriku 0.9727 0.9548 

Tokai 0.9929 0.9937 

Kinki 0.9959 0.9885 

Chugoku 0.9901 0.9831 

Shikoku 0.9844 0.9846 

Kyushu 0.9892 0.9921 

Okinawa 0.9474 0.8953 

Average 0.9819 0.9671 

put is used up as intermediate products in the 
production of other goods. Unfortunately, we 
do not have good input-output data for most 
countries in our sample and so it is impossible 
to know how much of each country's gross 
output is used as intermediates in other indus- 
tries. In order to adjust world absorption by 
intermediate input demand, we multiplied 
world production by (I - A) (where A is the 
Japanese input-output matrix) to generate an 
estimate of world net production. We then 
compared this number to Japanese household, 
investment, and government absorption. 
Therefore, this is a joint test of two assump- 
tions: the assumption of homotheticity and the 
assumption that intermediate input usage (not 
including primary factors) is identical across 
the world. 

Figure 7 plots Japanese final goods absorp- 
tion against the imputed level derived from 
world production and the Japanese input- 
output matrix. The raw correlation between 
these two vectors is 0.80 and the rank corre- 
lation is 0.82. Looking at the graph reveals that 
one of the largest outliers is "other services," 
which is heavily consumed in Japan but not 

very heavily consumed in the world. Most 
probably, this represents a classification error 
resulting from a discrepancy between Japa- 
nese and international categories. In fact, if 
"other services" is dropped, the raw correla- 
tion jumps to 0.89. Interestingly, the homo- 
theticity assumption tends to work even better 
for tradables than for nontradables. Figure 8 
presents the results for just the tradable goods 
sectors and here the correlation between the 
two series is 0.90. 

These results suggest that the assumption 
that absorption of tradables is homothetic is 
not likely to cause big problems reconciling 
Japanese absorption and world production. 
Furthermore, it suggests that while there are 
very large problems associated with assuming 
that primary factors enter into international 
production functions identically across coun- 
tries, these problems are not particularly se- 
vere for intermediate products, possibly 
because the latter are often tradable, rela- 
tively homogeneous in quality, and less 
substitutable. 

V. Putting Production and Absorption 
Together: Trade 

A. Regional Trade Under Strict 
HOV Assumptions 

We now turn to examine the full 
Heckscher-Ohlin-Vanek theory of the net 
factor content of trade. We do not apply this 
test to the full complement of countries. 
Given our negative results on the theory's 
ability to account for the location of produc- 
tion, any positive results would have to be 
spurious. We do, though, begin with a test 
predicated on the assumption that all coun- 
tries use the Japanese input coefficient ma- 
trices, A and BJ. This corresponds to testing 
the strict form of HOV as expressed by equa- 
tion (5). The reason for implementing this 
is to demonstrate that gains in explanatory 
power are not tied solely to a shift from in- 
ternational to regional comparisons, but rely 
also on our assumptions concerning cross- 
country comparability of technology. 

Our test, then, is strict in assuming that all 
countries use the Japanese input-output matri- 
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(ALL GOODS) 

ces, A and B'. Our tests focus on the ten 
regions of Japan, examining the relation BJ(I - 

A)-1[Yr - Dr] = Vr _ srVW. Ultimately, we 
want to see how well the theories of produc- 
tion and absorption can be integrated into a 
coherent theory of trade. Our first test was to 
examine how the strictest version of the 
Heckscher-Ohlin model fit the data using ac- 
tual world endowment data. The top panel (A) 
of Table 9 and the first column of Table 10 
present the results of this comparison. As one 
might have guessed from our previous results 
trying to map production into factor endow- 
ments, the overall fit of the regional data into 
the strict version of the Heckscher-Ohlin 
model is poor. Overall, out of 30 possible sign 
matches, we were only able to correctly pre- 
dict factor flows for 19. This cannot be statis- 
tically distinguished even at the 10-percent 
level from the expected number of sign 
matches that one could have gotten by simply 
flipping a coin to determine relative factor 
abundances. 8 In terms of rank correlations, 
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FIGURE 8. JAPANESE ABSORPTION TEST 

(ONLY TRADABLES) 

while the strict version of the model did work 
well for college-educated workers, it per- 
formed considerably worse for noncollege 
graduates and capital. Looking at the results 
across factors yielded similar results. The rank 
correlations averaged only 0.47 across all pre- 
fectures and only 0.2 across factors. These re- 
sults are comparable to those of Bowen et al., 
who also found very low rank correlations in 
their trade tests. While Bowen et al. found that 
cross-national factor flows could not be pre- 
dicted by a strict version of the Heckscher- 
Ohlin model, we demonstrate that this 
problem extends to regional total net trade pat- 
terns as well. 

We also can investigate whether the prob- 
lem that Trefler (1995) identified on interna- 
tional data as the "case of the missing trade" 
also appears in the Japanese data."O We begin 

" The significance levels were based on a binomial dis- 
tribution that was conditioned on the assumption that the 
expected number of negative signs equaled the proportion 
of negatives in each vector. This conditioning was nec- 
essary because the chances of getting matches rises if the 
underlying statistical process tends to generate more of 
one sign than the other. 

'9Trefler (1995) returned to the simple Heckscher- 
Ohlin-Vanek framework using the U.S. B matrix, B us In 
one exercise, he graphed the net factor trade residuals, ST = 

B us (I - A) - ' T - (vc - s'VW), against the predicted net 
factor trade, Vc - scVW. Theory would predict that these 
should be centered around the line ST = 0. Instead, they 
closely followed the line ST = - (Vc - SCVW), or equiv- 
alently, BUS(I - A) 'T = 0. This says that measured net 
factor trade is approximately zero, to which he applied the 
colorful moniker "the case of the missing trade." 
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TABLE 9-TRADE TESTS 
(A) ASSUMPTION: STRICT HO PRODUCTION MODEL 

Percent of correct 
Raw correlations Rank correlations pairwise 

across regions across regions comparisons 

Noncollege graduates -0.4048 0.1394 0.4889 

College graduates 0.9840 0.8788 0.8667 

Capital 0.2019 0.3818 0.6667 

Average 0.2604 0.4667 0.6740 

Number of correct sign matches: 19/30 

(B) ASSUMPTION: CONSUMPTION Is PROPORTIONAL TO WORLD NET PRODUCTION 

Percent of correct 
Raw correlations Rank correlations pairwise 

across regions across regions comparisons 

Noncollege graduates 0.6040 0.7697 0.8444 

College graduates 0.9810 0.9030 0.8889 

Capital 0.7994 0.5758 0.7333 

Average 0.7948 0.7495 0.8222 

Number of correct sign matches: 23/30 

(C) ASSUMPTION: CONSUMPTION IS PROPORTIONAL TO JAPANESE CONSUMPTION 

Percent of correct 
Raw correlations Rank correlations pairwise 

across regions across regions comparisons 

Noncollege graduates 0.4598 0.5030 0.7111 

College graduates 0.9873 0.9273 0.9111 

Capital 0.8185 0.6121 0.7778 

Average 0.7552 0.6808 0.8000 

Number of correct sign matches: 23/30 

with summary measures for Japan as a whole. 
If we add across regions, VJ - sJVW is the 
predicted net factor content of trade for Japan 
as a whole. Scaling this by national endow- 
ments of the respective factors, we predict that 
Japan's net imports of noncollege factor ser- 
vices will equal 31 percent of the national en- 

dowment. Predicted net exports of the services 
of Japan's college and capital endowments 
equal 37 percent and 40 percent of the national 
endowment, respectively. In short, the model 
predicts that a huge proportion of national en- 
dowments will on net be imported or exported. 
However, when we turn to the measured net 
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TABLE 10-TRADE TESTS 

RAW CORRELATIONS ACROSS FACTORS 

Assumption 

Consumption is Consumption is 
Strict HO proportional to world proportional to Japanese 

production model net production consumption 

Hokkaido 0.1443 0.9995 0.9938 

Tohoku 0.5993 0.8692 0.8927 

Kanto 0.6634 0.9992 0.9899 

Hokuriku 0.7094 0.9373 0.9707 

Tokai 0.9996 0.2909 0.6624 

Kinki 0.4966 1.0000 0.9790 

Chugoku 0.8064 0.2797 0.4200 

Shikoku -0.0084 0.9201 0.9407 

Kyushu -0.0365 0.9815 0.9946 

Okinawa -0.8628 0.8978 0.9060 

Average 0.3511 0.8175 0.8750 

RANK CORRELATIONS ACROSS FACTORS 

Assumption 

Consumption is Consumption is 
Strict HO proportional to world proportional to Japanese 

production model net production consumption 

Hokkaido -0.5 1.0 1.0 

Tohoku 0.5 0.5 0.5 

Kanto 0.5 1.0 0.5 

Hokuriku 0.5 1.0 1.0 

Tokai 1.0 0.5 0.5 

Kinki 0.5 1.0 0.5 

Chugoku 0.5 0.5 0.5 

Shikoku 0.5 0.5 0.5 

Kyushu -0.5 1.0 1.0 

Okinawa -1.0 0.5 0.5 

Average 0.2 0.8 0.7 

Notes: We do not report pairwise comparisons because with three numbers the infornation is 
the same as in the rank correlation. A rank correlation of 1 implies three out of three comparisons 
were correct; a rank correlation of 0.5 means two out of three were correct; a rank correlation 
of -0.5 means only one was correct; and a rank correlation of - 1 means none were correct. 

factor content of trade, B(I - A)-'TJ, the 
picture looks very different. Again scaling by 
the national endowment, Japan is a net ex- 

porter of 3.6 percent of the noncollege endow- 
ment, 7.4 percent of the college endowment, 
and 2.3 percent of the noncollege endowment. 
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That is, the measured factor content of trade is 
an order of magnitude smaller than that pre- 
dicted. At the aggregate level, the problem of 
missing net factor trade is very much in 
evidence. 

We can also look at this in the regional con- 
text. Following Trefier, we graph the net factor 
trade residuals, CT = B(I -A) -lTr - (Vr - 

srVW), against the predicted net factor trade, 
vr - sVW. Theory tells us that this should be 
a horizontal line at zero. Instead, as we see in 
Figure 9, this is very close to having a slope 
of minus one, indicating that measured net fac- 
tor trade, BJ(I - A)lTr, is small relative to 
predicted net factor trade, Vr -srVw. Thus, 
we also encounter the "missing trade" in the 
regional data. However, the fact that we are 
working separately with production and ab- 
sorption allows us to probe more deeply into 
the causes of the missing trade. It is convenient 
to define separate residuals for production, c, = 
BJ(I - A) -lyr _ Vr, and for absorption, 
CD = - [BJ(I - A)- Dr -srVW]. Since CT = 

P., + ED, a graph of the three sets of residuals 
against Vr - SVW vertically decomposes the 
net factor trade errors into the component 
parts. This is depicted in Figure 10. As is ev- 
ident from the plot, the production residuals C, 

very closely follow the theoretical prediction 
of a horizontal line at zero. We take this as an 
important confirmation of the Heckscher- 
Ohlin model of the location of production. 

The plot in Figure 10 further reveals that 
essentially the entire problem of missing trade 
arises from the absorption errors, CD. Does this 
evidence some failure in the absorption the- 
ory? Although the failure turns up in the factor 
content of absorption, the answer is no. Recall 
that the Heckscher-Ohlin-Vanek theory of ab- 
sorption requires two stages. The first assumes 
identical homothetic preferences, and equal 
goods prices everywhere. This yields an equa- 
tion in terms of goods absorption that we saw 
in Figures 7 and 8 works quite nicely. The sec- 
ond step requires that the goods demands be 
translated to the implicit demand for factors. 
This requires universal factor price equaliza- 
tion to insure V' can be substituted for BJXW, 
so that the implicit absorption of factors will 
be sVW. Yet we have seen in Tables 1 and 2 
that this simple model of international produc- 
tion does not work at all well. 

Significantly, the errors in the factor content 
of absorption, 8D, are systematic. All ten errors 
for noncollege endowment are negative; nine 
of ten errors on absorption of college endow- 
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ment are positive; and all ten errors on ab- 
sorption of capital endowment are positive. 
One might expect this pattern to arise if V' 
systematically overestimates effective world 
supplies of noncollege endowment, and un- 
derestimates the world's college and capital 
endowment (all measured in terms of Japanese 
productivity). In fact, this is what a direct 
comparison of V' and BXW reveals. The for- 
mer is 40 percent larger for noncollege endow- 
ment, and 37 percent and 41 percent smaller 
for college and capital endowment, respec- 
tively. This suggests the value of pursuing a 
version of our model which does not require 
universal factor price equalization, a task to 
which we now turn. 

B. Regional Trade Without Universal 
Factor Price Equalization 

The failure of the strict version of the 
Heckscher-Ohlin model leads us to consider 
what types of relaxations would make the 
model fit better. Clearly, simply using regional 
data is not enough of a departure from earlier 
studies to generate an improvement in the 
fit of the HOV equations. Fortunately, the pre- 
vious analysis pinpointed the locus of a major 
failure of the model: BJXW * V w. Theory tells 
us that if the condition of world factor price 
equalization has been violated, then the appro- 
priate trade test is (6), not (5). In other words, 
we will continue to require that the B' and A 
matrices are identical for the various regions 
of Japan, but no longer require that the B' ma- 
trix is identical in other countries of the world. 
In constructing the theoretical Japanese factor 
content of absorption, this requires that we 
drop information on the actual world endow- 
ments, VW, and instead use the imputed en- 
dowments, BJXW. We continue to assume that 
Japanese absorption is proportional to world 
production. Thus for each of the Japanese 
regions, we ask whether BJ(I - A) -1[yr _ 

Dr] = Vr - srBJXW. The second panel (B) of 
Table 9 and the second column of Table 10 
display the results from this exercise. Once the 
assumption of identical techniques is relaxed, 
our results improve dramatically, with the av- 
erage rank correlation across factors and 
regions jumping to 0.75 or higher. Here, the 

sign test reveals that the Heckscher-Ohlin 
model is correct in 23 out of 30 cases, which 
is significant at the 1-percent level. Relaxing 
the assumption about identical techniques 
makes the Heckscher-Ohlin model a very good 
predictor of net factor trade flows. 

We return now to Trefler's (1995) problem 
of "missing trade." We continue to assume 
that factor price equalization holds for the Jap- 
anese regions, but not necessarily for other 
countries. Again we begin with summary mea- 
sures for Japan as a whole. Recall that the mea- 
sured factor content of trade as a share of 
Japanese national endowment is 3.6 percent, 
7.4 percent, and 2.3 percent for noncollege, 
college, and capital factors, respectively. This 
was an order of magnitude smaller than our 
earlier predictions. Now we repeat the exper- 
iment, using Vr - srBJXW as the Japanese pre- 
dicted factor content of trade, and again 
scaling each factor by the national endow- 
ment. The new predictions for Japan as a 
whole are 5.4 percent, -0.2 percent, and -1.5 
percent for noncollege, college, and capital, 
respectively. That is, the predictions are of the 
right order of magnitude to fit measured net 
factor trade. Moreover, the change in the 
model has shifted us from a prediction of huge 
net factor trade flows (an absolute average of 
36 percent of the national endowment of the 
three factors) to much more modest flows (an 
absolute average under 2.4 percent of national 
endowments). In such a case, a finding that 
measured net factor trade is very small is no 
longer a puzzle. 

The regional data confirms this basic result. 
Recall that the only alteration that we have 
made is in the factor content of absorption, 
which shifts from sVW to srBJXW. As a result, 
the production residuals discussed above, cs, 
have not changed. The crrors in net factor 
trade, CT, change only due to changes in the 
absorption residual, which is now ED = 

- [BJ(I - A) 'D r _s rBJXW]. The magnitude 
of the errors is sharply reduced. The median 
error declines by more than two-thirds. Fully 
two-thirds of the errors are cut by more than 
half. An example is the case of Kanto (which 
includes Tokyo). The error on noncollege en- 
dowment is only 15 percent as large; on col- 
lege endowment, only 12 percent as large; and 
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on capital endowment, only 3 percent as large. 
In sum, the fit is greatly improved. 

A similar story emerges when we look at 
the corresponding errors in the factor content 
of trade, CT. As Figure 11 reveals, there con- 
tinues to be a negative relation between the 
errors in net factor trade and predicted levels. 
Still, this relation is greatly diminished under 
the new hypothesis. However, the big story is 
the dramatic decline in the magnitude of the 
errors. Of 30 errors, 20 are cut by half or more, 
while only three rise by a factor of two or 
more. Again, we can consider the case of 
Kanto. The trade error for noncollege labor is 
only 15 percent as large; for college endow- 
ment, only 26 percent as large; and for capital, 
only 10 percent as large. Again, the fit for the 
net factor content of trade is greatly improved. 
Moreover, the framework of analysis empha- 
sizing that only a subset of the world shares 
FPE holds promise when appropriately ap- 
plied to international data. 

One question that naturally arises at this 
point is whether our positive results are just 
the product of using regional rather than na- 
tional data. Recall from Section V, subsection 
A, that the HOV hypothesis failed just as mis- 
erably with regional data as it had in earlier 
studies with national data. In fact, the pattern 
of failure was very similar, likewise exhibiting 
Trefler's "missing trade." This shows that a 
shift to regional data does not insure success. 
A related question is whether the results on the 
regions should be looked on as distinct obser- 
vations, rather than really as one national ob- 
servation iterated ten times. This concern 
would be particularly apt if the regions were, 
in effect, scaled-down versions of the national 
economy. However, these concerns are mis- 
placed. First, the regional results are based on 
a rich data base (see Data Appendix) that re- 
flects genuine regional variation in production 
patterns, endowments, and absorption. Sec- 
ond, the regions do not just look like scaled- 
down versions of the national economy. One 
window on this problem is to ask whether 
there typically is a strong correlation between 
the factors which are on net exported by the 
regions and by the nation. Since the nation is 
the aggregate of the regions, one may expect 
some positive correlation. But if the regional 

observations are to count as distinct observa- 
tions, one would not want this correlation to 
be too strong. How strong is it? Recall that we 
can make these comparisons for either mea- 
sured or predicted factor contents of trade, and 
that we can do this for ten regions and three 
factors. For measured net factor content of 
trade, the sign at the regional level was the 
same as the national level in only 15 out of 30 
cells. For predicted net factor content, the sign 
at the regional level matched that at the na- 
tional level only 20 of 30 times. Given that the 
nation is the aggregate of the regions, and thus 
that we might expect a positive correlation, the 
surprising fact is how independent the signs at 
the regional level are from the national aggre- 
gate. That these regional variations reflect 
more than just noise is confirmed in our sign 
tests on regional net factor trade, which reject 
at the 99-percent level the independence of the 
signs of measured and predicted net factor 
trade. In sum, we believe that these observa- 
tions validate the use of the regional approach 
to testing the HOV theory. 

C. Regional Trade with 
Japan-Specific Demand 

In the final test, we continue to focus on 
Japanese regions, but drop the assumption that 
Japanese regional absorption is proportional to 
world production, adopting instead the weaker 
assumption that it is proportional to Japanese 
national absorption. This corresponds to test- 
ing equation (7). In the last panel (C) of Table 
9 and the last column of Table 10, we present 
results from estimating the model for the case 
in which BJ(I - A)-[Yr - Dr] = Vr - (Sri 

sJ)B J(I- A) -lD. What is striking about this 
adjustment is that there is little or no improve- 
ment in the overall fit of the model. Just as in 
the case where the identical technology as- 
sumption had been relaxed, we get 23 sign 
matches and the rank correlations are, if any- 
thing, a bit lower. In fact, every element of the 
net factor content matrix calculated with world 
production data has the same sign as the cor- 
responding element in the matrix calculated 
with absorption data. This suggests that most 
of the failure of the Heckscher-Ohlin model 
stems from its assumption about identical 
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technologies, while its assumption about 
homothetic absorption, at least as far as Japa- 
nese data are concerned, seems to be reason- 
ably valid. 

The failure to find an improvement in pre- 
diction with the Japan-specific demand con- 
tains important information regarding a result 
of Trefler (1995). His preferred specification 
for a revised HOV model includes a home bias 
in demand. This can be written as D' = (sri 
s J) [( 1- X)sJY w + AY J]. The standard HOV 
model has X = 0, while a pure home-bias 
model sets X = 1. As the degree of home bias 
is unobservable, it must be estimated. Sup- 
pose, then, that we have selected X by what- 
ever criterion we find appropriate. Within the 
context of this model, the most favorable result 
possible is that the term in brackets, [(1 - 
A)sJY w + \yJ] will exactly equal DJ, so that 
our predicted absorption becomes D' = (sr/ 
sJ)DJ. However, this is the model that we 
have just seen yields no improvement over the 
standard HOV absorption model. If under the 
best possible circumstances we find no im- 
provement, then we can conclude that allow- 
ing for home bias in demand does not 
contribute to an explanation of net factor trade 
patterns, at least for the regions of Japan. 

We believe this is an important advance. 
The mystery of "missing trade" arises in our 
regional data as well. And it is resolved here 
by use of data and theory alone, without a need 
to estimate technological or demand differ- 
ences that allow the theory to fit the data. We 
are able to directly examine the source of the 
problem, as we use separate data for the the- 
ories of production and absorption. And we 
arrive at a substantively distinct result from 
that of Trefler. In addition to international 
technology differences, he suggested that a 
home bias in absorption may be required to 
eliminate the missing trade. We have shown 
that it is not necessary to make any changes to 
the demand model to greatly improve the fit. 

VI. Conclusion 

The Heckscher-Ohlin-Vanek model has 
been central to the analysis of international 
trade. It provides the intellectual framework 
for a remarkable array of literature-theoreti- 
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cal, applied, and policy. As a result, the em- 
pirical failure of the HOV model in prominent 
studies has been profoundly disappointing. 
Despair, though, is unwarranted. Very likely 
the empirical failure owes importantly to ex- 
amining the theory in its most general-and 
least realistic-form. 

An important question is whether the results 
we have obtained using regional data have im- 
portant implications for the relevance of 
Heckscher-Ohlin-Vanek to the international 
economy. We believe that they do. First, note 
that, although we have principally been con- 
cerned with the predictions for regional data, 
we have consistently applied models that en- 
compass the full world general equilibrium. 
Second, we have replicated in the regional 
framework the most serious problems that have 
afflicted the Heckscher-Ohlin-Vanek model 
when applied in its simple form to international 
data. Third, once we have made alterations in 
our specification that are both sensible and con- 
sistent with the spirit of the model, we have had 
excellent results. We believe that the approach 
that we have developed in the regional frame- 
work holds great promise when appropriately 
applied to cross-country data. 

In sum, we find that the Heckscher-Ohlin 
model under the conventional restrictive 
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assumptions is a poor predictor of the interna- 
tional pattern of production, hence of net factor 
trade. However, this changes markedly when ap- 
plied to predictions for regions that exhibit FPE. 
Given the long string of empirical failures of 
Heckscher-Ohlin, it is surprisingly successful as 
a theory of the location of production and the 
pattern of absorption-hence the net factor con- 
tent of trade-of such regions. 

DATA APPENDIX 

Regional Endowments. -The numbers of college- 
educated workers and non-college-educated workers 
( "good factors" ) were entered by prefecture directly 
from the Employment Status Survey of 1987 (Shugyo Kozo 
Kihon Chosa Hokoku) and then summed to get regional 
totals. The numbers of ten kinds of workers ("bad fac- 
tors" ) also were entered by prefecture directly from the 
Employment Status Survey of 1987 and then summed to 
get regional totals. The capital stocks by region were im- 
puted from prefectural investment data. Japan's yearly 
Prefectural Accounts (Kenmin Keizai Keisan Nempo) 
gives investment flows for each prefecture from 1975 to 
1985. These flows were used to impute capital stock levels 
for each prefecture in 1985, using capital goods price de- 
flators from the United Nation's National Accounts Sta- 
tistics: Main Aggregates and Detailed Tables, 1985 and a 
rate of depreciation of 0.133. (This was the same rate of 
depreciation used by Bowen et al.) Each year's flow was 
deflated using a capital deflator from the National Ac- 
counts. The 1985 imputed levels were then aggregated to 
get regional capital stocks for 1985. 

World Endowments. -World endowments of capital 
stocks were calculated using ten years of investment data 
from the Robert Summers and Alan Heston (1988) data 
set. World endowments of labor force by educational level 
were taken from the UNESCO Statistical Yearbook. Once 
again we had a scaling problem arising from the fact that 
the Summers and Heston numbers and the UNESCO num- 
bers did not match the Japanese numbers exactly. We 
therefore scaled each country's capital stock by the ratio 
of our calculated Japanese capital stock to the Summers 
and Heston value for the Japanese capital stock. The im- 
puted international labor endowments were similarly 
scaled by the proportional difference between the 
UNESCO numbers and the actual Japanese endowments. 

Regional Production. -The gross outpuf of 20 manu- 
facturing sectors in each prefecture was taken from the 
Japanese Census of Manufactures for 1985. The gross out- 
put of ten nonmanufacturing sectors in each prefecture 
was taken from the Prefectural Accounts for 1985. These 
numbers for all 30 sectors were then aggregated to get 
regional production totals. Finally, these totals were scaled 
so that the ten-region total for each sector exactly matched 
the total Japanese output as reported in the Japanese 1985 
Input-Output (JO) Table. Thus, in effect, the data from 
the Census of Manufactures and from the Prefectural Ac- 

counts was used in order to distribute total Japanese output 
for each sector across the ten regions as accurately as 
possible. 

World Production. -Data on international levels of 
production came from the United Nation's National Ac- 
counts Statistics: Main Agkregates and Detailed Tables, 
1985. These numbers differed slightly from the numbers 
reported in the Japanese IO table, so the output of each 
sector in every country's output was scaled by the factor 
necessary to make the international data on Japan match 
the 10 data. In the international data, real estate was in- 
cluded with finance and insurance, so we merged the ap- 
propriate columns and rows in the B' and A matrices when 
working with international data. The 34 countries used to 
calculate total world production were: Argentina, Austra- 
lia, Austria, Belgium, Brazil, Canada, China, Denmark, 
Finland, France, India, Indonesia, Iran, Italy, Japan, Ko- 
rea, Mexico, Netherlands, New Zealand, Norway, Philip- 
pines, Poland, Portugal, Saudi Arabia, Singapore, South 
Africa, Spain, Sweden, Switzerland, Thailand, Turkey, 
United Kingdom, United States, and West Germany. Out- 
put was converted into yen using exchange rate data from 
the International Monetary Fund's International Financial 
Statistics Yearbook ( 1985). 

Absorption and Net Trade. -Since the production data 
is gross output rather than value added, we had to subtract 
off five categories of absorption in order to calculate the 
net trade matrix: intermediate use by producers, business 
consumption (in Japanese data this category is largely en- 
tertainment expenses), household (final) consumption, 
investment, and government purchases. 

Intermediate input use in each region was calculated 
using the Japan 30 x 30 IO matrix for 1985. Thus, IN- 
PUTC = AX', where INPUTC is intermediate consumption 
in region c, A is the 10 matrix, and XC is gross output in 
region c. Both INPUTC and XC, therefore, are 30 x 1 
vectors. The ten INPUTC vectors together form a 30 x 10 
intermediate consumption matrix. The basic source for the 
final consumption data was the Family Income and House- 
hold Expenditure Survey for 1987. This survey lists house- 
hold expenditures by region for 56 spending categories. 
This data was then aggregated up to 42 categories, pro- 
ducing a 42 x 10 matrix of final consumption by region. 
This matrix was then premultiplied by a 30 x 42 bridging 
matrix constructed by Shimpo from OECD (1993) and 
Economic Planning Agency data (1990) (there is no 30 x 
56 bridging matrix) which mapped the 42 commodities 
into the 30 core sectors which we used in our analysis. 
The survey data was based, of course, on consumer prices, 
so the bridge matrix was specially constructed to translate 
the consumption expenditure into producer prices. Most 
of the difference between consumer and producer prices 
results from wholesale and retail markups and from trans- 
portation costs, so the mapping shifted portions of spend- 
ing on each final good into the wholesale/retail trade and 
transportation sectors, reflecting the fact that to consume 
anything bought retail is to consume the wholesaling, re- 
tailing, and transportation services which brought the 
product to the store. Without this adjustment, the data 
would have greatly underestimated final consumption of 
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wholesale/retail and transportation services and would 
have shown each region exporting far more of these ser- 
vices than is plausible. 

There are no investment figures broken down for 30 
sectors and ten regions, so these numbers were imputed 
using IO table investment data. The IO table breaks down 
investment into the 30 sectors for Japan as a whole. This 
vector was then distributed across regions, using as 
weights each region's share in total investment for Japan 
as a whole. Thus, INV` = (TiclaIapan)INVJ'tpan, where 
INVYc is a 30 x 1 investment vector for region c, TIC is 
the total investment for that region in 1985 (taken from 
the prefectural accounts), TI ',pan is Japan's total invest- 
ment for 1985, and INV J"P"w is the 30 x 1 investment 
vector taken from the IO table. These ten INVs therefore 
formed a 30 x 10 investment matrix. The government 
consumption matrix was constructed in a similar fashion, 
using the 30 x 1 10 government vector, except that the 
weights used were not each region's share in Japan's total 
investment, but each region's share in Japan's total GDP. 
Business consumption was added to the data in a similar 
fashion. 

Net trade for each region was then calculated by sub- 
tracting the following from gross output: intermediate 
consumption, household consumption, investment, and 
government consumption. Thus, T = X - AX - BC - 

INV - G, where T is net exports, X is gross output, BC 
is business and household consumption, and each of these 
symbols represents a 30 X 10 matrix. It is worth noting 
that by construction, the sum of net trade across regions 
will equal Japan's net trade vector. 

Technology. -Each element of the 3 x 30 "good fac- 
tor" technology matrix BJ was calculated by dividing Jap- 
anese total output for the 30 sectors into the number of 
each factor present in each sector. Most of the data on 
college and noncollege workers in each sector came from 
the 1988 Wage Census. There were some gaps in this data 
as follows: (1) There was no data for college and non- 
college workers for agriculture, forestry, and fisheries, or 
for government. These numbers were taken from the 1987 
Employment Status Survey. (2) There was also no data for 
the petroleum/coal and leather industries. Total employ- 
ment for each of these sectors was taken from the 1985 
Census of Manufactures. The number of college workers 
per unit output for each was then imputed by assuming 
that petroleum/coal has the same fraction of college work- 
ers as the chemicals sector and that leather has the same 
fraction as manufacturing overall. The data on the "bad" 
ten categories of labor came from the JO table, which re- 
ports the numbers of each of ten kinds of workers in the 
30 sectors. The capital stocks in each of the 30 sectors 
were imputed from investment numbers, using the Annual 
Report on the Corporation Survey for nonmanufacturing 
and the Census of Manufactures for manufacturing. 
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