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1. 1 ntroduction 

A sertes of recent studies reveal a renewed lnterest ln the 

explanatlon of International trade flows. Stern (1976), Stelnherr and 

Runge (1977) and Wolter (1977) analyze West-Germany 1s forelgn trade struc­

ture, Branson and Monoyios (1977) conslder U.S. trade. These authors 

successful ly test one form or other of the Heckscher-Ohlin hypothesls 

whl 1st lncorporatlng aspects of the neo-technology approach. 

The two ·methods which have been used untl I now to examine the factor 

proportl,;ns théory, vlz., the Leontief approach and regresslon analysts, 

do not scrutlnize the same hypothesls. A calculatlon of factor inputs 

ln overal I trade ls_ a test of the Heckscher-Ohl ln theory : a capital rlch 

country should be a net exporter of capital. However, if one were to 

run a regresslon of the net trade of such a country on capital, the 

slgn of the coefficient of the capital variable would yleld no such ln­

formation : a negatlve or statlstlcaly inslgniflcant coefficient would 

not negate the Heckscher-Ohlin hypothesis. lt could simply result from 

a situation where a large number of miner Industries export labor-lnten­

sive goods even If one dominatlng export f·ndustry were to be capital In­

tensive. 

What regression analysls, as tradltlonal ly undertaken ln our 

context, does test ls whether variations of factor proportions across In­

dustries are strongly correlated wlth variat"ions in their net trade. Ne­

verthe I ess we be I l eve· l t poss i b I e to use I east squares fi tt 1 ng to test 

the Heckscher~Ohl in hypothesls, to test whether factor propqrtions have 

an exp I anatorx power for ove ra 11 trade, by proper·I y transform 1 ng the data. 

The·paper ls organized as fol lows. Data and methodologlcal ques­

tions are dlscussed ln section 2. The standard use of regresslon ûnalysls 

ln comparlng net trade flows and factor lntenslties, is presented ln sec­

tion 3. Section 4 develops our contention that an appropriate welghtlng 

of variables al lows the use of ordinary least squares .to te91 the Heckscher­

Ohl ln hypothesls. We s11mmarlze our main findlngs in section 5. 
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2. Mode! Specification and Data 

2.1 Speclflcation 

The general equation tested ls some measure of trade flows 

as à functlon of factor proportions. One has to determine the speclfl­

catlon and measurement of the dependent and lndependent variables, as 

wel I as the functional form. 

Bot~, S;tern (1976) and Branson and Monoyios (1977) .estimate 

equatlons of the type 

where X. = exports, M. = lmports, K. = physlcol capltal, H1 = human 
1 1 1 

capital, 1 = the ii-th lndustry, a
0 

is a constant term and EJ is the resi-

dua.f, Branson and Monoyios also estimate exports and lmports separa­

tely with the same explanatory variables as ln' (1). 

S 1 nce facto1· proport 1 ons theory I eads to the pred 1 et ion of 

trade f I ows on the bas i s of relative factor endowments I t i s more con­

s l stent 1 \i_", represented by the use of facfor lntensitles : 

When i ndustry data are used ( as compared to commod I ty data) 

net exports may be influenced by the size of lndustry. Stern (1976) 

therefore employs net exports deflated by gross production a? depen­

dent variable 1 • 

( 1 ) 

(2) 

(3) 

This method of' scal lng is, unfortunately1not neutral. lndeed, lt lncor­

porates a dlff~rent hypothesis : not the absolute volume of net trade 

but rather the proportion of an i ndustry s net trade re I at ive to I ts pro­

duction l_eve I Îs I nf I uenced by re I at ive factor endowments. 
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Turnlng now to the explanatory varlables -the. debate 

over the Leontief-Paradox2 has rendered it obvious that human capital must be 

considered a factor of production. Sorne authors, such as Kenen (1970) 

and Lary (1968) aggregate physical 

wel 1-accepted that it ls proper to 

ancL human capttal, but it is 
3 treat them both separately. 

by now 

The human caplta I variable i1easures the sl<i 11 factor. Any 

measure derived from earnlngs is, of course, only an approximation since 

observed earnlngs may not correspond to undlstorted equilibrium levets. 

Moreover, some Incarne dlfferentials are due to dlsuti I lty of work and si­

mllar factors and not to-skil I differentlals. Keesing's (1965) approacr 

of using statlstlcs of employment by ski 11 classes ln each lndustry may 

therefore be preferable. lt has the further advantage of using the struc­

ture of ski Ils and not only an aggregate measure4 

Neo-technology theory suggests, ln contrast to the Heckscher-

0hl ln theory, that production functions may in fact be dlfferent across 

countrles, mainly due to technologlcal innovation. Walter adds therefore 

research and development expendltures as a proxy measure of technologi-

cal innovation. Stern uses the ratio of englneers and technicians to 

total employment. Usual ly, industries that are intensive in human capi­

tal also have high R&D expenditures as wel I as a large staff of engin~ers, 

A hlgh correlation between these variables may, therefore, be expected. 

The emplrlcal RUestlon then is whether this correlation is high enough to 

make factor prpportions alone sufficient. 

ln order to explaln West-German trade patterns Walter also intro­

duces raw materlal intenslty, measured as inputs from agriculture, fores­

try, flshery, pnd minlng as a percentage of value added. fie experirr.ents 

successful ly with a proxy variable for scale economies ln each industry, 

measured as employment in establishments with 500 and more employees as 

percentage of the industry's total employment. lt is however difficult 

to Judge how conclusive his results are since the quai ity of some of the 

variables used are necessarily poor, the degrees of freedom ~f the equa­

tlons are rather low, and most variables are lntroduced alternatively so 

ihat there may be substantlal ov9rlapping. 
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The influence of protection is also taken into account in a 

number of studles of the West-German trade structure. Fels and Stern 

use tariffs and effective tariffs, Walter introduces a .measure of effec­

tive assistance that takes lnto account distortions other than tarlffs 

such as lndustry subsidies. ln Stern's study the variables have the 

wrong slgn and are general ly not signlflcant. ln Wolter's work the 

chosen variable has the expected (negatîve) sign and ls signlficant in 

most est·i mations of net ex ports. • 

lntroducing measures of protection this way is unsatifactory 

from a theoretlcal point of view. Domestic protection affects imports, 

whereas exporti;.are influenced by protection in foreign countries. ln 

an estimation of net exports the sign of the coefficient of domestlc pro­

tection rates can therefore be either positive or negative. The slgn 

obtained by Stern is therefon, not necessari ly "wrong". Since 'data on foreign 

protection is not aval lable in suitable form we prefer not to take pro­

tection into consideration. 
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2.2. Data 

West German data is used for 1962 and 1972. Comparlson of the 

results for both years should al low us to dlscover whether Important structu­

ral changes have occured during that decade. ln another paper (Stelnherr and 

Runge, 1977) Leontief Indices were computed uslng the Input-output tables for 

West Germany of the Deutsche Institut für Wirtschaftsforschunq (DIW), Rerlin, 

for 1962 and 1972. Labor, physlcal, and human capital are calculated as flows 

contained ln commodltles. ln general equil ibrlum, flows and stocks are iso­

morphlc so that both approaches are equlvalent. ln a non-competitlve environ­

ment flows may be preferable slnce the equi llbrlum rate of interest that maps 

flows lnto stocks is general ly unknown. 

Unski lied labor lncome (L) was obtalned as the product of the 

number of employed plus selfemployed in an industry and a minimum wage that 

ls assumed to correspond to equi I lbrium pay of unskl I led labor. For the mini­

mum wage we have taken, alternatlvely, average wage incomes in each lndustry. 

The relevant wage is certalnly at the lower end of that scale. Results obtained 

vary very llttle withln, say, the fifteen lowest ranklng Industries. The re­

malnlng labor income ls then consldered as remuneratlon for human capital (Hl. 

Th~ construction of the physlcal capital variable (K) ls more 

problematic. Data on gross income from capital and selfemployment ls flrst 

purlfled of lncome from selfemployment. The remalnder ls one of our measures 

of physlcal capitpl, An alternative measure ls depreclatlon. We prefer, ln 

tact, the latter since lt ls less lnfluenced by the business cycle. For detalls 

see Steinherr and Runge (1977). ln Appendix 11 physlcal and human capital ln­

tensltles are reproduced and ranked. To take account of raw material lntenslty 

a dummy variable '(DR) ls used rather than the share of raw materlals inputs 

slnce resource dependency has not only a quar,titativ.ebut also a quai ltatlve 

dimension. 

To test whether the capital variables already ~ccount sufflclently 

for technologlcal sophistication and innovation a dummy variable (DT) was added, 

Technologlcal ly sophlstlcated Industries receive a unit value, ail others zero. 

The vectors DR and DT are reproduced in Appendlx 1, 

lndustry classification corresponds to the sectors of the Input 

output tables. Of the 56 sectors 22 are ellmlnated elther because trade ls non 
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existent or hlghly dlstorted, Among the sectors excluded are notably domestlc 

prlvate or public services, agriculture, electric pm1er generation, retal 1 

and wholesale trade. The 34 Industries ln our sample account for 76,7 % of 

experts and 50.4 % of lmports ln 1962, and for 75 % of experts and 58 % of 

lmports ln 1972. 

These data have the advantage of cover I ng a much I arger part 

of German forelgn trade than prevlous studies. The degrees of freedom are also 

hlgher, However, there are also disadvantages. 

Flrst, trade data on a commodlty basls would be preferable If 

lt could be matched with data on factor proportlons5 Withln a glven lndustry 

factor proportions and trade flows can vary substantlal ly for dlfferent pro­

ducts. 

Second, Fels, Stern, and Wolter have shown that lt would be 

deslrable to differentlate trade flows among industriallzed countrles from 

those to less developed countrles. The explanatory power of the Heckscher­

Ohlln theory ls perslstently hlgher in trade wlth less developed countrles, 

We were unable to obtaln a regional breakdown of trade flows for our lndustry 

classification. 

Third, the prevlous argument suggests that trade among lndus­

trlallzed countrles wlth similar factor endowments may have to be explalned 

by a neo-technolqgy argument. Oata on economles of scale, and research and 

development expe~dltures are, however, not available for the Input-output 

classification. 
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3. 1 

! 

1 Factor intensities and the structure of tracte 

Spherical disturbances 

7. 

DoAs net tracte vary across industries according to relative 

factor content ? This ques.t i_on l s exam i ned by the use of re-

gress ion analysis ln the current literature and by us in this section. 

Our conslderations concerning modal specification lead us to formulate the 

most genera 1 (or mai nta i ned) hypothes i s as fo 1 1 ows : 

(X-Ml (4) 

where (X-Ml represents net experts, Q is gross production of the lndL.stry 

concerned. The resource dummy (DR) intervenes b0th additlvely as wel I as 

multipl icatively by affecting the slope of the production level varlable. 

The core of the mode I cons i sts of the var i ab I es ( K/U and ( H/L) 

wlth (X-Ml as regressand . ln order to discriminate among the other varia­

bles we set forth a series of more restricted models with regard to equa-

t ion ( 4) . These mode I s p rasent a certain nest i ng pattern. Bath the I i st 

of models and the order of nesting are presented in Table 1. The arrows 

lndicate the diGection of nesting. 

lnsert Table 1 

The models have been estimated for 1962 and 1972; the results 

are contained in Table 11 A ond 11 B. We then apply a sequential testing 

procedure beginnlng with the maintalned hypothesis and testing in lncrea­

sing order of restrictiveness. Since each mode! is restricted with res­

pect to on I y on€! parameter compared w i th the one l .n wh i ch i t i s direct I y 

nested, the individual tests are Student -t in nature. This procedure ls to 

be preferred • to its 1'reciprocal" which I ies in beginning with the most 

restr i cted mode 1 . (Mi zon, 1977) . 
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TABLE 1 

List of models and order of nesting* 

Ml (X-Ml = a, + $2 ( K/U + $3 CH/U + E 

M2 (X-M) = a, + $2 ( K/U + $3 CH/U + S4 (Q) + E 

M3 (X-M) = a, + $2 C K/U + S3 (H/ll + S4 (Q) + S5 (DR.Q) + E 

M4 (X-Ml = a, + $2 C K/U + $3 CH/U + S4 (Q) + $5 DR + E 

M5 (X-Ml :;:: s, + $2 C K/U + S3 CH/L) + S4 ( Q) + S5 (DR) + $6 (DR.Q) + E 

M6 (X-M) a, + S2 (K/L) + S3 (H/U + S4 (Q) + $5 (DR.Q) + $6 (DT) + E 

M7 (X-M) = a, + $2 ( K/U + S3 (H/U + $4 (Q) + $5 (DR) + $6 (DT) + E 

M8 (X-M) = $1 + S2 (K/L) + $3 (H/L) + S4 (Q) + S5 (DR) + $6 (DR;Q) + S7 (DT) + s 

* The disturbances, are i. i .d. and normal ly distributed. 
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ln our case, the models are not total ly ordered, However, 

various subsets of total ly ordered models can be extracted. They are 

the fo 11 ow i ng : 

S1 ( M 1 , M2, M3, M6, MS) 

S2 ( M 1 , M2, M3, M5, MS) 

S3 ( M1 , M2, M4, M5, MS) 

S4 (Ml, M2, M4, M7, MS) 

An l I lustration of the manner of testing wi 11 now be given uslng S1 and 

data from 1962. Testing the nul I hypothesls M6, (drop DR) against the 

maintained hypothesis (keep DR), one is led to accept the more restëicted 

mode!, slnce the t-statistlc corresponding to the coefficient of DR ln MS 

ls extremely low (0.077). One now examines M3, or DT does not belong here, 

against M6 (DT belongs here) and decides in favo~ of M3 because the 

t-value of DT's coefficient in M6 is only (-1.027). If one now postulates 

M2 as nul I hypothesls, one ls obllged to reject it because the coefficient 

~ttached to (DR.Q) has a high t-statlstic (-6.785). Consequently one 

decides for M3 ln subset S1 for the year 1962. The slgnlficance level of 

the overal I test 

ficance level of 

is yielded by a= 1-rr~ 1 .(1 - e:.) where e:. ls the slgnl-
. 1 '": ,1 l 

the individual tests conducted and n the total number of 

tests, in this case 3. 

ln the case of subsets S1 and S2 our testing procedure results 

in the choice of M3 irrespective of the year under consideration. Wlth 

S3, however, we proceed only one step stopping at M5, whereas with S4 we 

accept the maint9 ined hypothesis, i.e. MS. We are, therefore, confronted 

with a choice among M3, M5 and MS. Fortunately, they present a nested 

sequence; we final ly end up with model M3. 

The one mode! which prevai ls for both years is 

Table 111 contains its actual structure for 1962 and 1972 as wel I as separate 

estimates for experts and lmports regressed on the same set of variables, 
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13. 

The impact of relative factor intenslties on experts, imports 

or the i r di fference w i th in the context of the prefer_red mode I i s stat i st i ca 1-

1 y inslgnificant, despite the very satisfactory nature of the R
2 

On the 

other hand, the level of output is strongly I inked with the three regres­

sands. The actual manner, however ln which industry size, as determined 

by gross production, affects foreign trade depends on whether the industry 

uses natural resources intensively or not. Industries that do not use raw 

materials heavily manifesta positive relationship between the level of pro­

duction and experts, imports or net trad€. Industries that are highly de­

pendent on these materials show up a negative partial correlation between 

size and net trade. Whereas industries in this category tend to Import more 

heavi ly than Industries in the other group, their export performance are 

lower .. This lndicates that the class of industries concerned are directed 

essential ly towards the interior market, either supplying inputs to other 

establishments or producing final goods for local consumption. 

lt should aise be noted that, in spite of the statistical ly 

lnslgniflcant character of relative factor intensities over time, one can 

observe a switch in the signs of thelr coefficients ln as far as the import 

equatlon is concerned. From being negative for physical capital relative 

to unskil led labour and positive in the case of humah capital relative to 

labour it becomes positive ln the former and negative in the latter case. 

Can one dlscern here a change in the structure of German imports? 

Final ly, we remark that the technology variable does not figure 

ln the prefered mode!. ln fact, it is not significant in any of the models 

in whlch it figures; 6 

3.2 Analysis subject to heteroscedastlc disturbances 

Stern (1976) and Branson and Monoyios (1977), among others, 

suggest that scal ing of some kind or other ls necessary for the variance 

of the dlsturbances may depend on lndustry size. Stern corrects for this 

by lntroducing net experts relative to gross production as regressand 

We have already commented on this approach, maintaining that 1t transforms 

the underlying hypothesls. Branson and Monoyios expl icitly introduce hete­

roscedastlc dlst~rbances. They first test for mis-specification when sphe­

rlcal errors are assumed, then estimate a heteroscedastic structure, and 

f I na 1 1 y est i mate the i r preferr.ed mode I subj ect to the est i mated error structure 



Unfortunately, the logic of their final estimation procedure is difficult, 

if not impossible, to understand. 7 

We have chosen to postulate a given heteroscedastlc structure 

of the error term and then calculate the minimum variance (and, subject 

to normal ity which we assume, maximum I ikel ihood) estimator. 

posed that the variance of the net exports of an industry is 

We have sup­

proportional 

14. 

to the square of that industry's share in total gross production of the In­

dustries included in the sample. Apart from the error structure, the mo­

dels used are those I isted in Table 1. Our estimates are presented ln 

Tables IV A and IV B for 1962 and 1972 respectively. We then apply the 

same sequential testing procedure as in the case of spherical disturbances 

using the same subsets of total ly ordered nested hypotheses. 

Once aga in for subsets S 1 and S2 our: preference goes to M3. How­

ever, for subsets S3 and S4, the situation is notas clear. For 1972 we 

choose M5 and M8, respectively; and the problem becomes one of choosing 

between M3 (from S1 and S2), M5 (from S3) and M8 (from S4) ; since these 

mode I s are hested we dec Ide in vi rtue of t-stat i st i cs for M3. However, for 

1962 the choice of the level of significance is crucial - in the previous 

cases the decisiç,ns were val id for very low significance levels. The choice 

of M5 for S3 and M8 for S4 impl les relatively .high significance levels for 

the overal I test si ightly over 5 % in the former and 10 % in the latter 

case for decisions within the subsets. Combined with the second stage choice 

between M3, M5 and M8 the levels are higher. If one is wi 11 ing to accept 

these levels then one's preference goes exclusively to M3; otherwise, one 

is left with M3 ~nd M4. 

The estimated structure of these models as wel I as the decom­

position of net experts into exports and imports is to be found in Table V. 

The resu I ts are rather disparate in nature. 1 t I s not poss i b I c to draw 

any firm conclus Ions in general. If we consider model M3, we remark that 

the gross production variable, both al one and I inked multipl icptively with 

the raw mater i a I s dummy, 1 s a I ways si gn if i cant except for the import equat Ion 

where the size of industry variable alone fal ls. Industries that use natural 



M
 8 

M
 7

 

M
 6 

M
 5

 

M
 4

 

M
 3

 

TA
B

LE
 

IV
 

A
 

E
st

lm
at

es
 f

o
r 

19
62

 o
f 

m
od

el
s 

ll
st

e
d

 
ln

 t
a
b

le
 

1 
(H

.L
.S

.)
 

C
o

n
st

an
t 

K
 

H
 

Q
 

te
rm

 
I 

I 

l0
.0

57
 

. 1
77

 
-.

 1
 18

 
. 1

29
 

-
-c

o
-6

7
) 

• 
-e

;-
1

2
e
, 

· -
-(

 -1
 ;7

55
) 

(2
.6

32
) 

70
.8

73
 

( .
42

2)
 

-1
6

.8
4

7
 

(-
. 

10
2)

 

14
.3

85
 

( 
.0

9
) 

99
.3

61
 

(.
 6

08
) 

-2
0

.9
1

4
 

(-
O

. 
13

0)
 

. 
15

7 
-.

0
7

 
.0

6
 

( 
2

. 7
05

) 
(-

1
.0

7
6

) 
( 1

. 7
86

) 

.2
01

 
-.

1
1

7
 

.1
72

 

( 
3.

66
4)

 
(-

3
.2

7
3

) 
(4

.4
52

) 

.1
71

 
-.

1
1

4
 

.1
32

 

( 
3.

69
7)

 
(-

1
.8

0
7

) 
(2

.8
42

) 

. 1
25

 
-.

0
4

4
 

.0
61

 

( 
2

.9
1

7
) 

(-
.7

8
1

) 
(1

.8
3

5
) 

0
.2

0
7

 
-o

. 1
81

 
o. 

17
2 

( 
5.

28
2)

 
(-

4
.2

8
) 

(4
.5

58
) 

T
he

 
t-

s
ta

tl
s
tl

c
s
 a

re
 

ln
 

p
ar

en
th

es
es

 

DR
 

D
R.

Q
 

DT
 

-4
22

.8
39

 
-.

 1
46

 
36

.9
27

 

(-
1

.3
9

5
) 

(-
1

.8
6

9
) 

(.
 2

05
 l 

-8
96

.0
85

 
-

14
5 

.5
74

 

(-
5

.1
4

9
) 

(.
81

7)
 

-4
07

. 
19

7 

(-
1

.4
1

2
) 

-9
00

.8
04

 

(-
5

.2
0

8
) 

-.
2

3
7

 
-2

6.
42

5 

(-
5

.4
2

4
) 

(-
. 

14
9)

 

-.
15

1 

(-
2

.0
8

) 

-0
.2

3
5

 

(-
5

.6
1

2
) 

T
he

 
F

-s
ta

tl
st

lc
 

ls
 c

al
cu

la
te

d
 

ac
co

rd
ln

g
 

to
 M

al
 l

nv
au

d 
E.

 
(1

97
0)

 
pp

. 
17

8-
84

 

F 
SS

R 

13
.2

75
 

11
82

87
79

.1
5 

13
.9

85
 

13
35

97
11

 .
43

 

15
 .0

33
 

12
68

10
73

.2
3 

16
.4

85
 

11
84

71
57

.3
3 

17
,5

14
 

13
67

84
42

.9
7 

1 9
. 4

41
 

12
69

11
21

.6
6 

V
, 



M
 8 

M
 7

 

M
 6

 

M
 5

 

M
 4

 

M
 3

 

TA
BL

E 
IV

 
B

 

E
st

tm
at

es
 f

o
r 

19
72

 o
f 

m
od

el
s 

lt
st

e
d

 
ln

 
ta

b
le

 
1 

(H
.L

.S
.l

 

co
n

st
an

t 
te

rm
 

-9
96

.3
56

 

(-
2

.7
6

3
) 

-7
70

.8
11

 

(-
1

. 9
82

) 

-1
03

2.
31

6 

(-
2

.9
3

7
) 

-1
04

3.
30

4 

(-
2

.9
6

5
) 

-7
13

.1
89

 

(-
1

. 9
63

) 

.:.
11

10
. 9

84
 

(-
3

.4
8

2
) 

K
 

L . 
11

0 

(l
.6

0
5

) 

. 1
59

 

(2
.1

73
) 

.0
91

 

(1
.5

14
) 

. 1
40

 

(2
.5

82
) 

. 1
40

 

(2
.3

43
) 

0
.1

2
7

 

(2
.3

89
) 

H
 

L .0
78

 

(1
.0

14
) 

.0
94

 

( 1
. 

10
1 

l 

.0
69

 

(.
;9

2
5

) 

.0
71

 

( 
. 9

42
) 

.1
00

 

(1
.2

14
) 

0
.0

4
4

 

C
0.

60
9)

 

Q
 

. 1
33

 

(2
.8

67
) 

.0
38

 

( 1
 . 1

27
 l 

. 1
50

 

(4
.3

29
) 

. 1
22

 

(2
.8

02
) 

.0
38

 

(1
.1

30
) 

0
.1

5
2

 

(4
.3

48
) 

T
he

 t
-s

ta
tl

s
tt

c
s
 a

re
 

ln
 

p
ar

en
th

es
es

. 

DR
 

-
29

0.
73

2 

(-
'.5

97
) 

-1
32

6.
33

9 

(-
3

.9
4

9
) 

-
47

7.
39

6 

(-
1

.1
6

2
) 

-1
27

5.
31

1 

(-
4

.0
7

4
) 

T
he

 
F

-s
ta

tl
st

lc
 

ts
 c

al
cu

la
te

d
 a

s 
ln

 T
ab

le
 

IV
 

A
. 

D
R.

Q
 

-'.
 1

84
 

(-
2

.7
1

5
) 

-.
2

1
6

 

(-
5

.1
7

4
) 

-.
 1

63
 

(-
2

.6
8

8
) 

-0
.2

1
3

 

(-
5

.0
7

2
) 

DT
 

-2
46

.3
57

 

( 
-.

7
2

8
) 

15
6.

20
4 

C
 

.4
63

) 

-3
52

.6
53

 

(-
1

.2
4

0
) 

F 

5.
62

7 

4.
29

9 

6.
38

8 

6.
75

9 

5.
46

9 

8.
01

5 

SS
R

 

49
09

72
53

.2
2 

62
50

03
88

.0
9 

49
74

46
52

.2
1 

. 5
00

60
61

3 
.4

 

62
97

96
64

.0
9 

52
47

50
71

 .
03

 °' . 



TA
BL

E 
V

 

E
st

im
at

es
 o

f 
p

re
fe

rr
ed

 m
od

el
s 

(H
.L

.S
) 

C
on

st
an

t 
K

 
H

 
Q

 
DR

 
D

R.
Q

 
F 

SS
R 

te
rm

 
L

 
L

 

1
9

6
2

: 

CX
-M

) 
-2

0
.9

1
4

 
.2

07
 

-
. 1

81
 

. 1
72

 
-

-.
2

3
5

 
19

.4
41

 
12

69
11

21
.6

6 
(-

.1
3

0
) 

(5
.2

8
2

) 
(-

4
.2

8
1

) 
(4

.5
5

8
) 

(5
.6

1
2

) 

X
 

17
6.

36
6 

.0
09

 
-.

0
3

1
 

. 1
67

 
-

-.
 1

07
 

9.
42

7 
84

72
21

0.
01

 
(1

.3
4

3
) 

C
 .

 2
69

) 
C

 -
.8

8
3

) 
(5

.4
4

2
) 

(-
3

.1
2

0
) 

M
 

19
7.

28
0 

-.
 1

98
 

. 1
51

 
-.

0
0

4
 

-
. 1

28
 

1
0

. 1
48

 
11

18
05

24
 .0

7
 

(1
.3

0
7

) 
(-

5
.3

9
3

) 
( 

3
.7

9
2

) 
(-

.1
1

9
) 

( 
3

.2
6

4
) 

(X
-M

) 
99

.3
61

 
. 1

25
 

-.
0

4
4

 
.0

61
 

-9
0

0
.8

0
4

 
-

J7
. 5

14
 

J3
67

84
42

.9
7 

( 
.6

08
) 

(2
.9

1
7

) 
(-

.7
8

1
) 

C
 1 
.8

35
) 

(5
.2

0
8

) 

X
 

23
3.

84
9 

-.
0

2
6

 
.0

25
 

. 1
17

 
-3

7
8

,2
7

6
 

-
8

,i
3

2
 

90
58

83
6.

4J
 

(1
.7

5
9

) 
(-

.7
4

0
) 

(.
 5

49
) 

(4
.3

3
6

) 
(-

2
.6

8
8

) 

M
 

13
4.

48
7 

-
. 1

51
 

.0
69

 
.0

56
 

52
2.

52
8 

-
10

.4
64

 
J0

9
8

l3
8

8
.2

3
 

(.
9

1
9

) 
(-

3
.9

2
7

) 
(1

.3
7

0
) 

(1
.8

9
1

) 
(3

.3
7

2
) 

19
72

 

<X
-M

) 
-1

1
7

0
.9

8
4

 
.1

27
 

.0
44

 
. 1

52
 

-
-.

2
1

3
 

8
.0

1
5

 
52

47
50

71
.0

3 
(-

3
 .4

82
) 

(2
.3

8
9

) 
C

 . 6
09

) 
(4

.3
4

8
) 

(-
5

.0
7

2
) 

X
 

18
4.

98
2 

-.
0

3
1

 
.0

08
 

. 
19

7 
-

-.
0

9
5

 
12

 .2
42

 
38

79
39

80
.5

6 
C

 .
64

0)
 

(-
.6

8
6

) 
( .

 1
33

) 
(6

.5
3

8
) 

(-
2

.6
3

3
) 

M
 

13
55

.9
67

 
-.

1
5

9
 

.-
.0

3
6

 
-.

0
4

5
 

-
. 1

18
 

7
. 1

04
 

56
06

19
16

.8
9 

(3
.9

0
1

) 
(-

2
.8

8
2

) 
(-

.4
7

9
) 

(1
.2

3
2

) 
(2

.7
1

7
) 

-.
J
 . 

Sa
m

e 
re

m
ar

ks
 

as
 

fo
r 

T
ab

le
 

IV
 



18, 

resources intensively yleld a negatlve partial correlatlon between net 

exports and level of production : lmports lncrease faster and exports grow 

slower than the other group of industries which show a positive I lnk 

between net exports and output levels. The behavlour of relative factor 

lntensitles is Inconsistant over tlme. Physical capltâl stays posltlvely 

slgniflcant wlth respect to net exports whereas human capital becomes lnsl­

gnlflcant after manifestlng a negative relationshlp. Their signlficance 

when present cornes exc I us ive I y ·from the import equat l on : exports revea I no 

1 lnear statistlcal relatlonship wlth factor intensities. 

Mode! M4 dld not wlthstand our testlng procedure for 1972. 

Moreover, lts structure for 1962 does not modify our reflexlons at al 1. A 

general phenomenon is the important role played by lndustry slze, favorable 

for net trade in industries that do not depend heavlly on natural resources, 

unfavorable otherwise. 

3.3 A l ikel ihood comparison of the preferred models 

The only model that survives for both years is M3 ln lts homo­

scedastic as wel I as ln its heteroscedastlc formulation. We may dlscrlmlnate 

between these two hypotheses concerning the error structure by comparlng the 

corresponding maximum I lkel ihoods attained conditlonal to the given data 

matrlx. The dat9 wi11 then be sald to support the hypothesis that yields the 

hlgher I ikel ihoo9, (Edwards (1972) p.30). Under certain conditions a· 
we may equivalently compare the sum of squared reslduals : the lower the 

sum, the hlgher the likel lhood. Table VI contalns the sum ln question for 

each formulation. For both years, the heteroscedastic version of M3 yï"elds 

a hi gher I i ke I l hqod. 



TABLE VI 

Preferred Models 

(wlth sum of squared residuals) 

1962 1972 

O.L,S. M3 (28864554.76) M3 (232346124.4) 

H.L.S. M3 (12691121.66) M3 (52475071.03i 

3.4 Scallng the regressand 

19. 

We shal I now briefly examine Stern's method of treatlng tMe 

presence of heteroscedasticity whlch lies ln taking net exports per unit of 

output as regressands. Our estimates are presented in Table VII A and VII B. 

The models perform poorly compared with those consldered above. The natural 

resoùrces dummy in additive form plays a crucial rote; the R2 ls stable ai 

two dlfferent levels according as the dummy ls present or not. Moreover, 

the preferred mod131 1 n th l s ca$e i s M4 for b-,)i"h years. ln th I s vers l on, 

the variable refl~cting level of production plays a statlstical ly inslgnifi­

cant role whlch rrsults from the tact of scat lng the regressand. The factor 

intenslties variaples play a slgnlficant rote in 1962 but none a decade later. 
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4. Factor content ln forelgn trade 

ls W-Germany a net exporter or Importer of goods that are 

relatively Intensive (wlth respect to unskil led labour) in human capital 

or ln physlcal capital ? lt ls our contention that in order to answer 

this question one may not use the same data as in section three without 

some prel iminary transformation. If one is interested in the aggregatlve 

performance of a country, it is only reasonable to apportion to each indus­

try its relntlve weight in the ·economy. We are therefore led to welgh our 

data matrlx, multiplying the data point correspondlng to each industry by 

the relative share of that industry in total gross production? The data 

set ls then ready for use in examining the factor contents hypothesis. 

The regress ion resu I ts w i th the appr·opr i ate I y we i ghted obser­

vations are contalned in Table VI 11. One does not need to proceed very far 

in _the sequential procedure - the models are identical to those above -

because only the resource dummy in additive form is insignlficant; and, at 

the next step, al I the coefficients relevant to our cholce of mode! are sta­

tistlcal ly non-nul 1. Consequently, mode! M6 is decided upon, its estimated 

structure as wel I as separate equations for exports and imports are presented 

in Table IX. 

The results are remarkable. The factor intensity coefficients 

are significant for net exports and possess acceptable signs. They lndlca-

te clearly that ~ermany is (1972) and has been (1962) a net exporter of goods 

that are r I ch in human cap i ta I but a net importer of phys Ica I cap i ta 1 . 1 t 

roln!sout that e~ports grow with higher lntenslties of human c~pltal but de­

crease wlth heightened levels of physical capital - and that i~ports functlon 

conversely. The coefficient of Q, which is now the weighted average of pro­

duction levels, is positive in al 1 • cases. However, the irtensi-ve use of raw 

materials by the country would reverse the situation for net e~ports, redu-

ce the impact on exports and lncrease the influence on imports. The techno­

logy dummy incorporates the same nature of information as relative human ca­

pital intensltles but on a quai itative level. 
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5. Conclusions 

lt was our Intention to examine two hypotheses relative to 

West Germany's forelgn trade: whether factor proportions played an Impor­

tant role ln explainlng sectoral variations ln net trade, and whether fac­

tor content helped to understand the nature of Germany's commerce wl1h other 

nations. 

To the flrst question lt was answered that factor proportions 

do net help to explaln differences across Industries of the extent of net 

trade but that the size of an lndustry and whether lt used raw materlals ln­

tenslvely or net was determinant. lt was notlced that Industries net de­

pendlng heavlly on natural resources tended to lncrease thelr net trade with 

slze -though less than proportlonal ly- but that the other group revealed a 

r,r,gat ive re I at I onsh i p on account of the depress i ng i nf I uence on ex ports and 

the greater Impact on imports of belonging to thls category of Industries. 

ln order to reply to the second query we welghted our data ma-

trlx to glve more importance to larger industries. 

'.fended on the grounds of the aggregatlve nature of 
1 

This procedure was de­

the hypothesls concerned. 

Our results go to show that W-Germany is indeed a net exporter of goods pos-

sesslng an Important content of human capital but a net importer of industrlal 

products requirlng larger amounts of physlcal capital. 
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Footnotes 

1Fels (1972) prefers to déflate by employment ln each lndustry. Wolter 
(1977) uses a measure of revealed comparative advantage as dependent 
variable and obtains excellent empirical results. 

2For a survey see Bhagwati (1964). 

3Ba I dw ln ( 1971) rai sed the questl on whether phys l ca I and human cap i ta 1 
should be aggregated, He lncluded the capital variables both ways ln 
his regressions and the results were statistical ly significant in either 
case, However, Branson has argued convlnclngly that both variables should 
not be aggregated, since they are nelther perfect substitutes not perfect 
complements in production. The sign of the regresslon coefficients of 
both variables may therefore be opposite. 

4Baldwin (1971) has extensively experimented wlth alternative measures of 
human capital and found that, in general, the ski 11-group measures had 
greater explanatory value than the human-capltal measures. 

5sranson and Monoyios cou Id use such data compi led by Hufbauer (1970). For 
Germany such data does not exist. 

6with commodity data the technology variable is likely to be signlficant, 
Bodenhôfer (1976) carried out a rank-correlation analysis between research 
and development expenditures and exports and concluded that the explanatory 
value of that variable ls high, However, ln the presence of several expla­
natory variables a simple rank correlation does not al low such an lnference. 

7consider the mode! : y• XS + E, E ~ N (O, a2n). The minimum-varl8nce 
(and maximum li~elihood) es:imator ~f e_I 1s (X'.n~ 1x)-1X' 9111·.y. One man­
ner of calculat1ng thls est1mator 11es 1n def1n1ng S = Q 2, premultl­
plylng [Y,X] by !:i; and then performing ordinary leilst squares minlmization 
with the transformei:J data matrix. What Branson and Monoyios do is to 
mlnlmize the nonm of (SY -[i SX]S) where 1 • is a vector of ones 1 

1 1 

8 Let L
1 

• [<2 Il &2)T det (Q)J- 2 exp (- u' Q-l u/ 2~t) 

and L2 • (2 Il 'cf~]- f exp (-e1e/2if2.) 

T Then log L1 - log L2 • 2 log e'e 
.. -1 
u' Q 

log det (Q) 

u 

when the sigma 1s are e$timated by maximum l lkel ihood.JfQ is . 
normal ited so that its determlnant is one, a comparison of I ikellhoods is 
equivalent to a comparison of the (appropriately welghted) sum of squared 
residuals. 

9we have ta ken the actua I observations [Y ,X] where X conta I ns no constant 
terms and premu I t i p I i ed l t by a di agona I matr lx S w i th S. . • Q /EQ 1 ; We 
have then regressed SY, on [ 1 sxJ. 1 1 
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Appendlx 1 

The_34_sectors_of_the_DIW_tneut-outeut_table 

Iron and steel 
Iron & st,;ef foundrles 
Steel drawlng and cold roi I lng mll 1s 
Non-ferrous metal 
Chemlcals 
Minerai ol l reflnlng-
Rubber and asbestos manufactures 
Sawml I ts and tlmher processlng 
Cellulose and paper 
Constructlonal steel 
Machl nery 
Vehi c I es 
Aerospace 
Shlpbul ldlng 
Electrlcal engineering and e I ectron les 
Preclslon engineering and optlcs 
Steo I forg I ng 
Hardware and metal goods 
F l ne ceram I es 
Glass 
Tlmber manufactures 

:0: 
Resource :o::o: 
dummy_(DR) __ 

1 
0 
0 
1 
0 
1 
1 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 

Musical Instruments, toys, Jewelry & sport articles 0 
Paper and board manufactures 1 
Prlntlng & dup! lcating 0 
Plastic manufactures 0 
Leather 1 
Textl I es 1 
Cloth l ng 0 
Grain mil I lng 1 
Edible of ls and ~argarlne 1 
Sugar 1 
Brewlng & malting 1 
Tobacco manufactµres 1 
Other food and beverages 1 

:o:Sectors 1-9 and 44-56 are dlsregarded ln the regressi0n sample. 

:o::o:Both are ldentical for 1962 and 1972. 

29, 

Techno I ogy:o::o: 
dummy_ (DT) __ 

0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Appendlx 11 

Rank CX-M)/Q 

34 _ .. ,.,n:~,;,1q 

33 -•J,'.l1?371 
32 _,_1. :?,;471q 
31 -•i, 2':i'l 5t1Q 
30 _,, .• 74q 21 fl 

29 -!1, 11 7Q87 
28 -!,) ,!19577(1 
27 -\1, 117 25CJ 7 
26 -l,1,',141\Q'.17 
25 -'1, '12559 3 1 
24 -'1, '.1!11 /l':J 5 
23 1b,'H27il1 
22 •,1, 11,184 ti(1 
21 ~, ,1,4q555 
20 '1,•111Q71\ 
19 ri), r.\19,\57 
18 1,1. 1,1189 65 
17 '.1, !12 1,1171 
16 r,1, ,.145183 
15 r,1,(1541 '15 
14 ,ft,\15981,15 
13 r.1,'.1il2il24 
12 ,,1 , 1_,jq ,.1 '..13 •1 
11 ,1,1•.14841 
10 •1, 1 •1>J'l 4 '1 
9 !1, 11'17154 
8 •.1. 115,;q2 
7 • ,;, 152129 

·5 11, 15q49i,1 
5 11, 1991 :N 
4 ri), 22:lt:J'.l1 
3 ,1. 2254114 
2 •1 ,3,_158'.lt:J 
1 '1,3',19942 

Spearman rank coeffl-
clent with (X-M)/Q 

(J 

1962 : 

Rankln9_of_net_exeorts_eer_unlt_of_outeut, 

ehtslcal_and_human_caeltal_int~~~!!t~ 

.Sector K/L. H/L 

- r i1.t1t10,.1vi, 22 !1. 1.151 2FJ' ' 22 
13 1,1,!1'52751 37 11, 11,13332 
18 1.lo 1,175574 31 (1,"131,1641 
17 !1, 1,1/JQ 161 35 1,1. 13:34[')1 
39 1.1, 1 '.134(15 32 1,1, 144296 
43 !1;1 1.16•b77 3\-1 !1.1711749 
:36 1.1. 1 23!177 19 1,1.1973(,)3 
15 !1, 12'.J3Q7 34 !1o 2121J38 
35 !1, 126391 24 (1. 21463© 
37 !1, 1 '.l6175 25 ,.1. 216314 
30 !1,1113843 20 1.1.23196(1 
4(1 1,1, 145619 27 1,1, 235284 
42 (1,151216 16 !1. 281746 
32 (1.152715 26 !1, 3(1('1654 
34 (1, 1154835 33 i 

(1, 31,14187 ' ' 11 •1,171821 36 ~.318146 
41 ,1, 181 5[')4 28 !1,36(1770 
33 !1, 18315© 29 r.1,361997 
38 !1, 183432 42 ~.413223 
16 !1, 23(17 6CJ 11 (1,45fl6fl9 
19 !1,232601 23 0,4632!?7 
31 ['). 249751,1 17 !1,472232 
1(1 (1. 25,;494 13 !1,477597 
26 (1,3!176'l2 21 !1,512783 
29 1.1,313374 43 !1. 51 6(1© 2 
24 (1. 328671 39 !1. 546832 
27 !1, 34 21,13(1 1\-1 (1. 547877 
14 !1, 39 IJFJ FjCJ C 12 !1,549829 
12 1.4 251JCJIJ 14 !1 0 6!11,14 6fl 
28 ~.427767 18 1,1, 61,11399 
21 • '1 ,555A31 41 (1, ffi7(1118 
2© !1, 5ci 34~)7 38 ©,7:55761 

· 23 ,,1, ?IJ9?44 40 1,1,ns5410 
25 1,1.923'.17? 15 t1,l:l81fl99 

-0.444 0.033 

0.403 0;426 

~(assumed annual incarne of unskll led labor DM 6,500) 

30, 

.Sector 

37 
35 
36 
32 
28 
31 
34 
3\-l 
25 
17 
42 
43 
23 
27 
29 
24 
26 
33 
16 
22 
12 
13 
20 
19 • 
38 
41 
18 
21 
11 
39 
10 
14 
4© 
15 



1.ni_1. 
Rankl ng_ of _net_ exeor-i·s _eer _un! t of_ outeut, 

ehyslcal_and_human_capltal_intensfty:I: 

!.:.!! 
~ Q 

34 - o.512263 

33 - 0.298105 

32 - o.233451 

31 - o. 222782 

30 - o.216ptt 

29 - o.156753 

28 - o.156074 

27 - 0.139964 

26 - o.133787 

25 - o.121489 

24 - o.085422 

23 - 0.014253 

22 - 0,006180 

21 .. 0.00-1900 

. 20 0.003985 

19 0.015685 

18 0.017056 

.17 0.024814 

16 . 0.030834 

15 0.034434 

14 0.037246 

13 0.'()53382 

12 0.060878 

Il 0.062547 

lo · o .. 064919 

9 0.074741 

8 0.090088 

1 0,090774 

6 0,090801 

5 0.100994 

4 o.139903 

3 0.161298 

·2 0.269782 

1 0.313?.89 

Spearman rank çoefff­
cfent with (X-~/Q) : 

a 

!. 
Sefttor L 

• 22 0.096592 

18 o.144180 

!7. o.147556 

35 o.155256 

13 o.160667 

31 o.162586 

36 o.ll,9103 

39 o.17b458 

37 o.189362 

43 o.199798 

15 0.210210 

30 0.211166 

29 0,217172 

38 o.225708 

42 o.227366 

41 · 0.229101 

32 o.24or23 

11 0,277453 

3:, 0.29'358 

16 o. 303704 

19 o.340035 

.34 0,353086 

10 o. 35583"4 

40 o.364444 

23 o.375091 

27 o.410256 

12 0.451977 

24 o.583562 

26 0.607407 

28 0,665509 

14 0.682202 

25 o.838164 

20 0.940171 

21 1.33!881 

- 0,059 

o. 371 

:1( 
(assumed annual fncome of unsklf led labor 

n 
Se ctor ï: 

37 0 .. 000000 

31 o. 109609 

35 o.165956 

19 o.179225 

24 0.297032 

30 o.316677 

25 0.335904 

20 o.3,1387 

26 o. 342011 

27 0,383745 

22 o.386381 

23 o.411-:.01 

32 0.441333 

34 o.446798 

28 0,481481 

16 0.486068 

33 0.490495 

36 0.503751 

29 o.511196 

39 0.517898 

11 0.565373 

42 o.586602 

43 o.615457 

13 0.620882 

21 o.629630 

12 0.662887 

17 0,677697 

14 o.694736 

38 0.103849 

18 o.723140 

10 o.733545 

41 0.828172 

40 0,974074 

15 1.273057 

0.207 

o. 120 

DM 13,500) 

31. 

Se ctor 

37 

35 

31 

36 

25 

34 

43· 

'32 

28 

17 

27 

30 

22 

42 

26 

12 

24 

16 

Il 

29 

13 

20 

23 
' 33 

40 

38 

18 

19 

21 

10 

41 

14 

39 

15 


