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It is a co~~only held Vlew among international trade economists that 

Sweden~s main comparative advantage ln foreign trade ln manufactures 

lies in the relative abundance of skilled labor and capital . Several 

studies indicate this (Keesing (1965) and (1968) and Hufbauer (1970 ). 

However, these studies are based on the assum}!tion that U.S. factor in-

tensities are representative also of other industrial countries. Their 

conclusions regarding Sweden are conseq_uently subject to doubt. 

In addition, the conventional wisdom arnong trade economists 

holds . that the Swedish trade pattern in industrial---gooas is heavily 

dependent on certain domestic raw materials, namely iron ore and woode::1 

raw mate:iia1s. H<Never, this hypothesis has never been tested for Sweden. 

One object of this paper, therefore, is to test the hypotheses 

that have been put forward in the international trade literature on 

Swedish data. The structure of Swedish foreign trade is represented here 

by two measures of international competitiveness, namely the export/o1tput 

ratio and the net exports/consumptian ratio. The purpose lS to investigate 

through regression analysis what structural determinants on the productian 

side might explain the Swedish trade pattern; the purpose is _!!Ot to analyze 

net flows of factors of productian through trade. The data a:re ~s.ken f:;:--om 

the most recent comprehensive input-output table for S1·reden (Höglund and 

W~rin (1964 a,b). 

x) 'l'he auth0rs are research economists at the Industri al Institute for 
Ecouomic and Social Research , Stockhol m, Sweden. Most of' the vo:-k on -;-,hi::­
paper Yas carried out vrhile the authors v:ere gracluate .::;tudent and research 
associate, respectively, at Stanford University. We would lik~ to thnn~ 
John Hause , Donald B Keesing, Nichol as Owen, and Tibor S2itovs~y , as ~ell 
as the p~~tic ipant s ~n seminars at Stanford and t he Ina titute for valuatle 
cormDe~ts on 0~rli er ver sions of this paper. Mos~ cf' the data processins 
was p~id for by the D2partruent of Economics at Stanford , and this we 
grateL<lly act:.lLOV~_cdgc. 
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Another object of this study is of a more methodological nature. 

Most empirical studies of foreign trade are cancerned only with exports 

·from the last link in the productian chain, the exporting industry. But if 

the supply of ravr materials is thought to play a crucial role in determinin[ 

the trade pattern in manufactures, it is interesting to invesi:rigate whether 

the structural determinants of foreign trade remain the same when account 

is taken also of backwara linkages in the productian chain. By regarding 

the economy as made up alternatively of a number of separate activities 

(i.e.,considering only direct input requirements) or of integrated pro-

cesses (i.e., taking account of both direct and indirect inputs) it is 

possible to throw light upon the interrelationships of inputs of natural 

resources, labor and capital and to show some significant differences in 

the importance of these inputs 1-rhen one looks at separate act i vi ties 

as opposed to vrhen chains of processes are the units of observation. lt 

will be shown that 1n the former case, inputs of forest products, skilled 

labor and capital are important determinants of the Swedish export structure 

In the integrated case, inputs of farestry raw materials, skilled labor, 

and iron raw materials turn out to be the most important, while the 

capital intensity seerus distinctly less important. 

Section I below describes the methodology. The regression results 

are presented in seetian II, and seetian III provides a summary and inter-

pretation of the results. 

I. Methodology 

Generally speaking, our methodology can be described as one in which 

certain indexes of Svedish compet itive perforrnance are related to a 

number of deterrnining f actors ,rriostly · from the- productian side, but 1n which 

s ome consideration has l'ecn given to the influence of the demand 

side in choosing the indexes. Among the possi bili ties at hand -..re have 

ehosen to repn~sent the international cornp2ti t i veness of vari ou s 
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seetars by two al ternative indexes, nar.1ely the export/ output rat i o 

(X/Q) and the net exports/consumptian ra.ti o (X-M)/Cf) •- Deflating 

exports and net exports by output and consumption, respectively, 

--2) -
normalizes di fferences in market size among seetars , .. 

3 

These two indexes of international competitiveness are the dependent 
\ 

variables in the regressions. The independent variables include the three 

classical factors of production, namely capital, labor, and raw materials 
/ 

(land). All variables (including the dependent ones) are computed from 

the input-output table. The capital variable in this table has been ob-

tained residually after the services of the other productian factors 

have been subtracted from value added. The capital measure is thus 

expressed in terms of a flow, not a stock, and includes :r:e?-1 capital 
2a) 

services, interest, profit s, etc. Since the ra•r material producing seetars 

are .treated separately 1n the input-output table, land rent in these seetars 
-.· 

would enter inta the capital measure. But since these seetars are excluded 

in the pres·ent study, land rents should not influence the capi tal measure 

USE:d. 

l) Perhaps a more desirable index would have been the Swedish share of 
total world exports for each industry. But to obtain this variable 
according to the industry definitions used here would have been 
practically impossible. Another index which was tried but not reported 
here is the imports/consumptian ratio. 

2) Aithough it is usually assumed in international trade theory 'that 
commodities are homogeneous, i t is impossible in practice to obtain 
commodity groups meeting this r equirement . This is one of the reasons 
why both imports and exports take place within the same co~modity group. 
But it must be assumed that homogen~ity with respect to productian 

. technology as well as product characteristics is great er •ri t hin the 
given commodity groups than between them; otherwise the factor pro­
portions theory is not applicable. Given this assumption, th e advantage 
of the index (X-M)/C over X/Q is that the differences amcng seetars in 
the degree of international tradabili ty ar e partly eliminated due to 
the fact that this factor influences X and M in the same direction. 

Baldwin (1971) also used net exports as a measure of export performance 
but did not normalize for differences in market si ze . 

2a. · ) In the absence of perfeet competition, successful export i nd'Jstr i es 
might be thouc;ht to have high profit s and irould therefore be obsenred 
to be capital intensjve. On the other hand, it can also be argucd that 
in small countries profits ought to be higher in non-competing industries 
than in those exposed to foreign competition. Results s imilar to ours have 
b een obtained vli th othe r ca pi tal va riables vrhich are not subj ect to thi s 
criticism. See e.g. Gary C Hufbauer (1970), Tablcs 2-:-11, a nd Kees ing (1965 ). 
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Two labor variables are included ln the regressions, namely 

technical personnel and foremen (LE) aud productian workers (~). 

Both are expressed in physical terms. Further iisaggregation of labor 

into skill categories would perhaps have been desirable and vas tried, 
. ] 

although unsuccessfully • Unfortunately, the input-output table does 

not permit disaggregation of labor into more rueaningful cate~ories 

for the analysi s of trade patterns. For this purpose, judging from 

the results of Keesing ( 1965) and ( 1968) &'"l d others' i t \-TOUld have 

been desirable to have data on at least research and development per-

sonnel, engineers and technicians, skilled workers and unskilled 

workers. The data employed have aggregate the former two into L and 
,E 

the latter tvlO into LW" 

Three kinds of natural resource inputs are included in the re-

gressions, although a few more were tried unsuccessfully. Following Vanek 

(1963}, natural resource inputs vere computed as the outputs of the 
· ·-

natural resource producing sectors in the input-output table. Based on both 

a priori judgment and early regression results, the three selected variables 

are inputs from the timber and vood, iron ore and other ores industries. 

Since Svreden has 1arge domestic supplies of the former two but not of the 

latter, these are expected to influence the Svedish trade pattern in 

opposite directions. A similar variable included in the regressions in ... 

input of non-competing imports vhich are expected to influence exports 

i) The input-output table distinguishes betvreen male and female vorkers 
r and also gives data for office personnel and other administrative 

personnel. All of these variables (although not all at the same time 
in order to avoid perfeet collinearity with the eonstant term) vere 
tried in various regressions but without interpretable results. The sum 
of office personnel, othe r administrative personne1, technical 
personnel and foremen and production vrorkers equals L, the total number 
of employees. 

·· .. 
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negatively. Finally, the nominal and effective tariffs in each sector 
. . . · 4) 

are among the explanatory variables. The reason for including tariffs 

ls that they may affect the tradability of the goods involved. 

All of the explanatory variables , except the tariffs, are deflated 

by L, the total number of employees in each sector. For each variable 

except the tariffs, two sets of figures were used, one representing 

direct input requirements, the other representing total (direct + 

indirect) requirements. In accordance with the theory of effective 

protection, the effectiv~ tariff was used in conjunction with direct 

inputs and the nominal tariff 1n conjunction with total inputs. 

II. Regression r esults 

The ma1n regression results, presented in Table l, show three sets 

of regressions, each with 104 observations51 The independent variables 

iv regresslons l and 2 represent direct inputs, whereas 1n regressions 

4) In calculating effecti ve tariffs, non-tradable goods we re treated 
as inputs into the productian process rather than as value added. 
5) The productian system in the input-output table consists of 127 
sectors. Of these, the raw material producing sectors (1-5) and the 
service sectors (117-127) had to be excluded due to lack of labor 
data divided into the desired skill eategories . In addition, the non­
tradable goods sectors ( 19, 24, 59-63) vTere excluded. 

In addition to linear regression, the log-linear form was tried 
but without any substantial differences in results. 

5 
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4 and 5 theyrepresent total inputs. Regression 3 uses direet inputs, 

but here the dependent variable is the ratio of total (direet + indireet) 

exports to output. If regressions 4 and 5 may be said to take aeeount 

of all "baek\.rard linkages 11 bet'\.reen foreign trade and the produeing 

seetors, regression 3 may be interpretedas taking aeeount of all 

"forward linkages" from the produeing seetars to those whieh finally 

export the goods. 

Most of the regression eoeffieients are signifieant at the 0.05 

level or higher, and all the F-values are very highly signifieant; As 

expeeted, the eoeffieients for eapital, labor and natural resourees 

are mostly positive, while the eoeffieients for non-eompeting imports 

and 
. . 6) . . . . 

tarl ffs are negatl ve throughout • Looklng flrst at the eoefflelents 

for eaeh variable, the following observations may be made~· 

l. The eoeffieient for eapital (K/L) is signifieantly positive if direet 

inputs are t;.sed but insignifieant vrith negative sign if total inputs 

are used. 'l'his may be explained as follows. The total eapital input 

variable has higher positive earrelation eoeffieients with all dependent 

variables than does the direet eapital input variable. But at the same 

time total eapital has considerably higher positive earrelation 

coeffieients vrith its respeetive natural resource variables than does 
6b) 

direet capital. An analysis of the regression eoeffieients for total 

capital at eaeh step of regression 4 shmvs that although ini tially the 

6') In one set of regresslons, one extyeme observation was eliminated, 
name ly "Gas lamps and eooking apparat us for liquid fuel" ( associated 
with the world-farnous brand names Primus and Optimus), an industry 
whose output is the smallest in the sample and whose residuals are 
great er than three times the standard error of estimate in all the 
regressionspresentedin Tabl e l exeept (3), even though it i s not 
an extreme observation with respeet to any of the independent variables. 
Eliminating this observation led to substantially hi gher R2's (0.3505, 
O. 4755, 0.1+413, O. 5156 and O. 6926 , respe eti ve ly) for all the regressions 
than in Table l but with no significant ehanges in the eoefficients . 
This result indi eates that the re are s orne import an t explanatory variables 
l eft out of the analysis. 
6b) If land rents did enter inta the capital measure used, the earrelation 
coefficient otght to be higher betvreen direct capi tal inputs and natural 
resources than betwcen total requirements of the same inputs. 
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coefficient vrould have been positive if the variable had entered 

the regression, it becomes negative after NRvl' LE and NR1 have entered. 

In other words, we are observing here a certain arnount of multi­

collineari ty betvreen the capi tal, natural resource, and labor variables. 

The conclusion, at le as t in conjunction with the observations belovr, 

seems to be that the eapital variable should be seen primarily as a 

complement to the natural resource variables '"'ith lvhieh i t has stronger 

positive earrelation than with LE. We interpret t;1is to mean that 

Sweden has (or at least has bad) eomparative advantage in eertain 

natural resouree and skilled labor intensive produets whieh also 

_happe~ to require large eapital inputs. 

2. The coeffieients for skilled l abor (LE/L) are highly signifieant and 

positive if the dependent variable is either Xd/Q or Xt/Q, but they 

7 

are distinetly less or not at all signifieant if the dependent variable 

is (Xd-M)/C. Whereas the earrelation coeffieients betvreen direet skilled 

labor inputs and X/Q and Xt/Q are 0.21 and 0.22, respeetively, compared 

to 0.34 and 0.33 between total skilled labor and the same dependent 

variables, the earrelation eoeffieients between direet and totalskilled 

labor on one hand and (Xd-M)/C on the other are almost zero and slightly 

negative: -0.05 and -0.06, respeetively. In other vrords, the seetors 

where Sweden has large net exports tend not to be very skilled labor 

intensive, even though exports in general are relatively skill intensive. 
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· Apparen~ly both exports and imports are skilt intensive lll SHeden 7) 

'l'his may have something to do with international tradability: commodi ties 

requiring relatively large inputs of skilled labor may be inherently 

more tradable than other commodi ties. Engineeri;,g products are cases ln 

point. Also, even though Sweden has a relatively abundant supply of 

skilled labor in international comparisons, the small absolute supply 

requires a more narrm-r specialization on only certain skilled labor 

intensive goods than otherwise would have been the case. 

3, As ln the case of skilled labor, the regression coefficients of 

inputs of workers tend to be more highly significant if the dependent 

variable is the export ratio than if i t is the net export ratio, al-

though here the coefficients are positive throughout. The earrelat ion 

coefficients are weakly negative with capital and samewhat positive 

(up to 0.18) with natural resources in both the direct and the total 

input cases. The consequences of the failure of our labor variable to 

distinguish behreen skilled and unskilled vrorkers become 

especia11y apparent here. The positive coefficients of LW/L are 

probably due primarily to the large share of skilled vrorkers (in the 

iron and steel and engineering industri es) in the total number of 

workers as vrell as to the high export ratios of the forest-based 

industries which use relatively unskilled workers. The results obtained 

by Keesing in both (1965) and (1968) indicating that Sweden has 

comparati ve advantage in skilled workers as opposed to unskilled are 

7.) This is coni'irme d by the result obt aine d by Keesi ng El965 ), p, 291] 
that Svreden has a high ski ll content of both import s and exports. 
However,judging from the results of both Keesing (1968) and Ohlsson 
(1971), it does not appear that either exports or i mports are especially 
intensive in r es earch and developme nt personnel. If such a category 
could have been s ingl e d out, it probably would not have r e ce i ved a 
significant coeffici ent, while the r emaining s ki l l ed l abor c ategori es 
would probably ha ve r e ceived a more str ongly posit i ve coe ffici ent 
in runs (l), (3) e_nd (ld, mainly because of the import_ance of relatively 
skill intensive engineering products in Sweden's trade structure. 
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neither confirmed nor disconfirmed by the present results. But it is 

the authors' belief that Keesing's results with respect to Sweden are 

essentially correct and that the inputs of skilled workers are determined 

historically by the availabili ty of iron rav materials and certain 

technical innovations made in Sveden in the late 19th and early 20th 

centuries. 

4. The input of farestry products turns out to be the strongest ex-

( 
planatory variable in the regressions in the sense that it entered first 

in all but one of the regress ions and received a highly significant 

positive sign throughout, as expected. The influence of this variable 

c seems to be even more important if the total input requirements are 

considered rather than direct inputs. 

5. 'l'he input of lron raw materials recelves highly significant positive 
. 

coefficients if total inputs are considered but very insignificant 

coefficients with fluctuating sign if direct requirements are used. This 

.indicates that the SHedish export structure is still fundamentally dependent 
!:' • •• 

upon certain raw materials, namely forest products and iron, although 

the exporting seetars may be far removed in the chain of productian 

processes from the natural resource base. This latter remark is more 

( 
'-...J 

relevant to iron-based than to forest-based industries: the engineering 

industry lS less dependent on direct natural resource inputs than the 

paper in dustry. 
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6. ~'he input of other ores enters inta only hro of the regressions. 

In contrast to all other variables, it was not forced inta the 

. 8) 
regresslons The sign is insignificantly negative if net exports 

ls the dependent variable and positive at the 0.10 level of significance 

if Xt/Q is the dependent variable. The relative insignificance of this 

variable is not surprising, Slnce Svreden is not particular ly well 

endowed with non-ferrous ores. The variable was included in the regressions 
l 

primarily on the supposition that ther~ might be a strong relationship 

with iron inputs via alloys. The results do not indicate that this 

lS the case - if anything, the contrary. The partial earrelation 

coefficients between NR/L and rm0/L are 0.06 and -0.02 for direct 

and total inputs, respectively. This variable does· not seem to be an 

important determinant of the Swedish export structure. 

7. As expected, the coefficients for non-competin g imports of raw 

materials are negative everyvrhere although significant only if direct 

inputs are considered. 

8. The coefficients for the effective and nominal tariffs are in-

significant and negative throughout. But their significance is 

samewhat great"er when total than when direct inputs are used. This 

lends some, though admittedly weak, support to the hypothesis of 

effective protection theory that tariffs have a di storting effect 

on production. But a problem which cannot be analyzed here is the 

direction of causation. 

8) 'I'he vari ables which would not have entered into the regresslons , 
had they not been f orced , are: the effective tariff in regression 
(l); LE/L, NR /L and the effective tari:'f in ( 2 ); and NCivl/L in 
regression (4~. 
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III. Summary and interpretation of rcsults 

If only direct inputs are taken into account, the competitiveness of 

S1.;edi sh export s seerus to be determined by (a) the availabili ty of forest 

products in earobination with (b) high capital intensity and (c) large 

inputs of technical kno-vr-ho~>r. The se results confirm the conventional 

wisdom. Looking at integrated processes (i.e., taking account of both 

direct and indirect inymts) instead, the availabili ty of natural resou:tces 

in the form of both forest products and iron and the supply of technical 

personnel seem to be the main determinants of Swedish export compctitive-

ness. However, the capital intensjty is of little conscquence in the 

integrated analysis, probably due to collinearity with the natural 

resource variables. This is interpreted as support for the notion that-

the ultimately exogenous variables, natural resources, determine the 

need for capital inputs. This dif:fers from the conventional view that 

capital intensity in itself constitutes a competitive factor. 

2, . . Comparing the R s of the ree;ress1ons, the regresslons using 

total inputs have higher e~planatory values than those us1ng only direct 

inputs. Also, the regression using the total exports/output ratio as 

the dependent variable has higher R2 than the corresponding regression 

using only direct exports. The natural resource, skilled labor, ·and capital 

intensiti~s therefore seem to explain more of the Swedish export structu~~ 

if forward and backvmrd linkages in the productian system are taken into 

account than if they are not. 

The results are largely the same whether the dependent variable 

1s the exports or net exports ratio, although the explanatory value is 

high er for the latter and the skilled la bor intensi ty i s -vreaker, probably 

due to both a na rrow Swedish specialization 1n certain technically ad-

vanced commodities and a greater international tradability 1n such 

commoditit es than in others. 
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List of Symbols 

X d = direct exports, f. o. b., from a certain s ector 

Xt = direct + indirect exports, f.o.b., from a ce~·tain sector 

Q = gross output at ab--sector prlces 

M= imports, c.i.f., competing vrith the output of a certain sector 

C = total consumption, i.e. Q-X+M 

K = real capital se~vices in million Swedish kronor 

L = total, labor in thousands 

L = No. of technicians and foremen in thousands 
E 

Lw= No. of workers, thousands 

N~=domestic forest rmr materials, million Swedish kronor 

NR1=domestic iron raw materials, million Swedish kronor 

NR~=domestic non-ferrous ores, million Svedish kronor 

NCM=non-competing imports of rmr materials, million S1-1edish kronor 

Skr=Swe dish kronor 
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COREELA'l'ION M.ATRIX 

------------------··-
X d/Q (Xd-M)/C Xt/Q K/L DIR LE/L D Iv/L D lH\,/L D NRI/L D lim0/K D NCM/ L D 

l 2 3 4 6 8 9 lO 

l X d/Q 1.000 

2 (Xd-M)/C 0.693 1.000 

3 Xt/Q 0.939 0.63~ 1.000 

4 K/L DIR 0.225 0.420 0.267 1.000 

5 LE/L D 0.210 -0.052 0.219 0.160 1.000 

6 ~~ T,. ,/L D 0.244 10.187 0.293 -0.075 -0.413 1.000 
' 

7 ·- "'"1/L D 0.315 0.423 o. 341 0.062 -0.128 0.137 1.000 

8 NRI/L D - 0.004 0.069 0.141 0.131 -0.050 0.131 -0.018 1.000 

9 NR0/L D 0.100 -0.045 0.204 -0.008 0.063 0.015 0.137 0.057 1.000 
(' 

-0.146 -0.081 0.212 -0.047 -0.006 -0.034 lk M/L D -0.119 -0.011 0.022 1.000 

11 EFF'rAR -0.181 -0.188 -0.255 -0.292 -0.061 -0.093 -0.128 -0.056 -0.101 - 0.059 

12 K/L TOT 0.281 
l 

0.433 o. 3311 0.894 0.090 -0.047 0.212 q,l98 0.064 0.284 

13 LE/L T 0.345 -0.056 0.329 (}.104 0.918 -0.330 -0.117 -0.052 0.055 -0.079 

Jl~ L /L 
H 

T 0.079 0.229 0.156 0.002 -0.380 0.863 0.141 0. 147 0.052 0.026 

15NRW/L T 0.378 o. 51-0 o .1~11+ 0.1'75 -0.201 0.11+0 0.756 -0.033 0.064 -0. 05.8. 

16 NRI/L T 0.283 0.529 0.293 0.548 -0.065 0.175 -0.019 0.240 -0.012 -0.027 

17 NR0/L T 0.088 -0.041 0.236 0.095 0.067 0.100 -0.016 -0.016 0.271~ -0.004 

18 NCl'-1/L T -0.188 -0.107 -0.155 0.248 -0.072 -0.030 -o.o46 -0.008 0.028 0.9','1 

.: 19 NOHTAR -o·.'16o - 0.210 -0.240 - 0.263 0.017 -0.069 -o .137 -0.070 -0.105 -0.101 
p 

( EFFTAR K/L TOT LE/L T ~/L T Nl\/L T NR1/L T NR0/L T NCM/L T 

11 12 13 1h 15 16 17 18 

11 EFFTAR 1.000 

l~ 
...... _ ... ,'L TOT -0.285 1.000 

13 LE/L T -0.047 0.124 1.000 

14 LW/L T -0.107 -0.063 -o .1190 1.000 

15 NRW/L T -0.098 0.294 -0.198 0.176 1.000 

16 NR1/L T -0.084 0.535 -o. o In 0.165 -0.035 1.000 

17 NFO/L T -O.ll4 0.093 0.067 0.111 -0.028 -0.016 1.000 

lR NCM/L T -0.082 0.339 -0.096 0.013 -·0. 073 - 0.036 -0.006 1.000 

19 NOMTAR 0.787 -0.317 0.020 -0.103 -0.161 -0.091 -0.121 -0.136 
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ABS'rRACT 

This paper tests some hypotheses common among international trade 

economists but never before triecl on Sveclish data concerning the 
ln manufactures. 

structure of Swedish foreign trade 1 The results confirm the hypothesis 

that Sveclish export compet itiveness is cletermined by the availability 

of dol)1estic forest r mr materials in earobination with high capi tal in-
' 

tensity and large inputs of technical knowhov. 

16 

In addition, by taking account not only of the exporting industries 

but also of the back\.mrd linkages in the productian process, the paper 

throvs light upon the interrelationships of inputs of natural resources , 

~ labor and capital. Among other things , the results show that the Swedish 

trade structure is considerably moi·e dependent on the availabili ty of 

domestic for estry and especially iron r aw materials if both direct and 

indirect inputs are considered than is apparent if only direct inputs 

are included . A high capital intensity does not seem to be a compet itive 

factor if integrated proc esses are the units of observation and if raw 

materials are included in the analysis. 


