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1 Introdu
tionThe relationship between fa
tor endowments and se
toral per-
apita output (the path of develop-ment) is an important question in international trade and development e
onomi
s.1 There havebeen a number of studies that have examined the paths of development.2 Signi�
ant progresshas been made by S
hott (2003), who provided eviden
e for multiple 
ones (i.e., multiple fa
tor-pri
e-equalization (FPE) sets).3 While previous studies on the paths of development relied onthe assumption of a single 
one, S
hott extended the analysis to a multiple-
one model. Using
ross-
ountry data for 1990 and introdu
ing a new aggregation te
hnique for adjusting industryoutput to re�e
t produ
t variations, he found that the multiple-
one model performed better thanthe single-
one model. Moreover, his results supported the empiri
al validity of He
ks
her-Ohlin(HO) spe
ialization (i.e., output is a fun
tion of fa
tor endowments).The existen
e of multiple FPE sets has an important impli
ation. This is be
ause the failureof a single FPE set is regarded as one of the important reasons why the HOmodel sometimes per-forms poorly in empiri
al analysis as noted by Davis, Weinstein, Bradford, and Shimpo (1997).Multiple 
ones mean that e
onomies that lo
ate in different 
ones fa
e different fa
tor pri
es.S
hott's study suggests that the HO model performs poorly be
ause of the single-
one assump-tion. On
e the HO model is extended to multiple 
ones, it performs well.4While S
hott's study is insightful, it raises another puzzle. His result supported the existen
eof two 
ones rather than three 
ones. In other words, the number of FPE sets is neither onenor three, but two. In his framework, this in turn implies that all 
ountries are in
luded in one1This paper de�nes �development� as the a

umulation of 
apital (everything else held �xed) as in Leamer(1987).2See, for example, Leamer (1984) and Harrigan (2003).3The �
one� means the 
one of diversi�
ation that is de�ned as: �for given pri
es in the He
ks
her-Ohlin model,a set of fa
tor endowment 
ombinations that are 
onsistent with produ
ing the same set of goods and having thesame fa
tor pri
es (Deardorff, 2006, p. 72).� The number of 
ones thus is equivalent to the number of FPE sets. TheHe
ks
her-Ohlin (HO) model with a single diversi�
ation 
one (single FPE set) is 
alled a single-
one model whilethe model with multiple diversi�
ation 
ones (multiple FPE sets) is 
alled a multiple-
one model.4Debaere and Demiroglu (2003) and Xiang (2007) also 
on�rmed the eviden
e of multiple 
ones, although theirstudies fo
used on aspe
ts different from the paths of development.1



of two FPE sets. This �nding is, however, in
onsistent with the empiri
al eviden
e of the vastdifferen
es in wages in the world (e.g., Leamer and Levinsohn, 1995).The violation of the single FPE set has been 
on�rmed not only among 
ountries but alsoamong regions in a 
ountry.5 For example, Figure 1 presents the differen
es of manufa
turingwages a
ross regions in Japan in 1995,6 whi
h follow the 
onventionally used format to ex-plain wage differen
es a
ross e
onomies (e.g., Leamer and Levinsohn, 1995; Leamer and S
hott,2005). Ea
h region is represented by a horizontal line segment. The average regional wage inmanufa
turing is indi
ated by the verti
al position whose length indi
ates the regional share ofthe labor for
e. The �gure 
learly indi
ates that wage differen
es exist in Japan: the wage ratein Kanagawa region is twi
e as mu
h as the wage rate in Aomori region. Even though existingempiri
al eviden
e supports two FPE sets, wage variations exist. In other words, the number of
ones is not large enough to explain the wage variations. How do we explain this puzzle?7=== Figure 1 ===This paper attempts to solve this puzzle. I propose an alternative approa
h to explain thewage variations a
ross e
onomies as well as the paths of development at the same time. Previousempiri
al studies on the paths of development su
h as Leamer (1987) and S
hott (2003) reliedon the assumption that the produ
tion te
hnology was Leontief. In this paper, I spe
ify theprodu
tion fun
tion as Cobb-Douglas rather than Leontief so that the model 
an a

ommodateboth 
omplete and in
omplete spe
ialization.8 With this simple modi�
ation, I show that thetwo-
one model be
omes 
onsistent with wage variations a
ross e
onomies. Following severalstudies su
h as Davis et al. (1997) and Bernstein and Weinstein (2002) that utilized Japanese5See, for example, Bernard, Redding, and S
hott (2005) for the United States and Tomiura (2005) for Japan.6The detail des
ription about the data is provided in Se
tion 3.7Although one may argue that there may exist a large number of 
ones, S
hott (2003) found that "there is strongeviden
e for the two-
one model but little eviden
e for three 
ones" (p. 701). This paper thus fo
uses on (andassumes) the two-
one world, given that the S
hott's �nding is 
orre
t.8In this paper, �
omplete spe
ialization�means the produ
tion of only one type of goods su
h as labor- or 
apital-intensive goods that are 
lassi�ed as a
tual fa
tor use rather than the similarity of end use. The detailed de�nitionfor the empiri
al analysis is provided in Se
tion 3.2. 2



regional data in testing the He
ks
her-Ohlin-Vanek (HOV) model, I then apply the two-
onemodel to data that 
over 21 manufa
turing industries in 47 Japanese regions for 1995.The major �ndings are threefold. First, HO spe
ialization is 
on�rmed a
ross regions inJapan. This �nding supports the �nding of S
hott (2003) that utilized international data and,therefore, adds another national perspe
tive to the available eviden
e. Se
ond, the multiple-
onemodel with 
omplete spe
ialization �ts better than the multiple-
one model without 
ompletespe
ialization. Finally, the fa
tor endowments 
an explain HO spe
ialization and the wage vari-ations a
ross e
onomies at the same time on
e the multiple-
one model allows the 
ompletespe
ialization. As regions a

umulate 
apital, they shift their produ
tion from labor- to 
apital-intensive goods, whi
h ultimately results in in
reased regional per-
apita output. Some of theregions spe
ialize 
ompletely in the produ
tion of 
apital-intensive goods, whi
h generates thevariations in wages a
ross regions. My results thus suggest that e
onomies do not ne
essarilylo
ate within 
ones.In what follows, I attempt to address the foregoing puzzle by introdu
ing 
omplete spe
ializa-tion in a multiple-
one model. The rationale for my analysis stems from the theoreti
al literatureon the multiple-
one model in a neo
lassi
al growth model that has been explored by Deardorff(1974, 2001a, b) together with aforementioned estimation of the multiple-
one model by S
hott(2003). This makes it possible to introdu
e 
omplete and in
omplete spe
ialization at the sametime. The paper pro
eeds as follows. Se
tion 2 explains the model. Se
tion 3 des
ribes the dataand regression equations. Se
tion 4 presents the estimation results. Con
luding remarks are inSe
tion 5.

3



2 Model2.1 In
omplete-spe
ialization modelFor the multiple-
one model without 
omplete spe
ialization, I follow the model presented inS
hott (2003) that extends the standard HOV model to the multiple-
one model. I refer to hismodel as an in
omplete-spe
ialization model be
ause the model does not allow 
omplete spe-
ialization.Consider the standard HOV model. To simplify the dis
ussion, suppose that there are threegoods (labor-intensive goods Y1, intermediate 
apital-intensive goods Y2, and 
apital-intensivegoods Y3) and two fa
tors (labor L and 
apital K).9 Let the 
apital-labor ratios that make theborders between 
ones label t j; j = 0;1;2 (t0 = 0), whi
h is referred to as a �knot.� Let per-
apita output and the 
apital-labor ratio in industry n be yn =Yn=Ln and kn = Kn=Ln, respe
tively(K1+K2+K3 = K and L1+L2+L3 = L). Let pn be the pri
e of good n, w the wage rate, and rthe 
apital rental rate. Assume that ea
h e
onomy is a small open e
onomy su
h that the pri
epn is given and �xed. Thus, Zn(= pnYn) stands for in
ome from good n. I refer to in
ome asoutput to simplify the dis
ussion. Denote output of goods n divided by total labor (i.e., laborendowment) as zn(= pnYn=L).In extending the standard HOVmodel, S
hott (2003) introdu
ed two assumptions. First, ea
hse
tor has Leontief te
hnology. Se
ond, ea
h 
one has an equal number of goods and fa
tors.Figure 2 presents the three-good two-
one Lerner Diagram that illustrates the path of a smallopen e
onomy a

umulating 
apital (relative to labor). When the e
onomy's 
apital-labor ratiolies between t0 and t1, it produ
es intermediate 
apital- and labor-intensive goods while it doesnot produ
e any 
apital-intensive goods. Similarly, when the e
onomy's 
apital-labor ratio liesbetween t1 and t2, it produ
es 
apital- and intermediate 
apital-intensive goods while it does not9Although the extension to any number of goods is rather straightforward from the theoreti
al point of view,
omputational 
onstraints prevent estimating more than three goods.4



produ
e any labor-intensive goods. Capital a

umulation moves 
ountries into 
ones with higherwages (w0! w00) and lower 
apital-rental rates (r0! r00).10=== Figure 2 ===Figure 3 rewrites this relationship in terms of per-
apita output z and 
apital-labor ratio k. Theenvelope w0AB indi
ates the per-
apita output, whi
h is de�ned as output divided by labor en-dowment (z= z1+ z2+ z3). The interval between t1 and t2 
an be interpreted as a diversi�
ation
one (and therefore an FPE set) be
ause it is analogous to the Lerner diagram. As the e
on-omy a

umulates 
apital (relative to labor), its produ
tion shifts from labor- to 
apital-intensivegoods. The envelope w0AB indi
ates that the per-
apita output in
reases as the e
onomy shiftsprodu
tion from one 
one to the other 
one.Figure 3 also shows the relationship between fa
tor pri
es and the 
apital-labor ratio. Be-
ause of linear homogeneity and perfe
tly 
ompetitive markets, the return to 
apital r = f 0(k) isprovided by the slope while the wage w = f (k)� rk is provided by the verti
al inter
ept of thetangent to it. Both are 
onstant throughout the 
one at the values shows as w0 and r0 in the �rst
one and w00 and r00 in the se
ond 
one.=== Figure 3 ===Figure 4 presents the se
toral output divided by total labor, or the industry paths of develop-ment, and wages. The paths of development are given by w0t1t2 for labor-intensive goods, 0At2for intermediate 
apital-intensive goods, and 0t1B for 
apital-intensive goods. The wage rate is
onstant at w0 when the e
onomy's 
apital-labor ratio lies between 0 and t1 and w00 when thee
onomy's 
apital-labor ratio lies between t1 and t2.=== Figure 4 ===10Note that the wages are different from the per-
apita in
ome. For the relationship between fa
tor endowmentsand the differen
e of the per-
apita in
ome, see for example Krueger (1968).5



2.2 Deardorff modelThe model with 
omplete spe
ialization builds upon the theoreti
al studies by Deardorff (1974,2001a, b).11 I refer to this model as a Deardorff model be
ause his model a

ommodates
omplete- as well as in
omplete-spe
ialization.Suppose that there are three goods (labor-intensive goods Y1, intermediate 
apital-intensivegoodsY2, and 
apital-intensive goodsY3) and two fa
tors (labor L and 
apital K). Assume that theprodu
tion fun
tion of goods n is represented by a Cobb-Douglas form: Yn = fnKqnn L1�qnn ;n =1;2;3, where fn(> 0) is a produ
tivity parameter and qn(0< qn < 1) is 
apital intensity. Be
auseof linear homogeneity and �xed pri
es, the per-
apita produ
tion fun
tion is written in terms ofoutput per worker: �zn = dnkqnn , where dn = pnfn and q1 < q2 < q3. Other assumptions are thesame as those of the in
omplete-spe
ialization model.Figure 5 shows the relationship between per-
apita output and the 
apital-labor ratio in thethree-good single-
one Deardorff model. The produ
tion fun
tions of labor-intensive goods, in-termediate 
apital-intensive goods, and 
apital-intensive goods are represented by �z1(= p1Y1=L1),�z2(= p2Y2=L2), and �z3(= p3Y3=L3), respe
tively.12 These produ
tion fun
tions are 
onne
ted bytheir 
ommon tangents AB and CD.13 The 
orresponding intervals of 
apital-labor ratios t1t2and t3t4 are the diversi�
ation 
ones. In other words, there are two 
ones (two FPE sets) in thismodel. Similar to the 
ase of the in
omplete-spe
ialization model, the envelope 0ABCDE indi-
ates the per-
apita in
ome.14 Re
all that sin
e the wages are provided by the verti
al inter
eptof the tangent to the per-
apita output diagram, the wage 
an be derived as the 
urve labeled w.1511Similarly, Ishikawa (1992) also examined theoreti
ally the relationship between fa
tor endowments and the se
-toral produ
tion patterns. This paper employs Deardorff's framework be
ause Deardorff's model allows a positiverelationship between 
omplete spe
ialization and per-
apita in
ome growth.12The se
toral output divided by total labor is represented by zn(= pnYn=L) while the se
toral output divided byse
toral labor is represented by �zn(= pnYn=Ln).13When there is no 
ommon tangent, one of the values of the per-
apita produ
tion fun
tions must be above theother for all k and, therefore, the e
onomy has only one se
tor. I assume that this 
ompli
ation does not arise.14Be
ause pri
e is given and �xed, output and in
ome are regarded as inter
hangeable in the present paper.15Note that Figure 5 is 
onsistent with several well-established results in the pure theory of international trade.The FPE theorem holds in the region of in
omplete spe
ialization where the 
ommon tangent AB determines fa
torpri
es. The Ryb
zynski theorem 
an be 
on�rmed by At2 and t1B. A version of the Stolper-Samuelson theorem is6



Figure 6 shows the industry development paths in the three-good two-
one Deardorff model.The e
onomy spe
ializes 
ompletely in the produ
tion of labor-intensive goods, when its 
apital-labor ratio k(= K=L) lies between 0 and t1. Similarly, it spe
ializes 
ompletely in the produ
tionof intermediate 
apital-intensive goods and 
apital-intensive goods when t2 � k< t3 and k� t4.The e
onomy produ
es both goods when its 
apital-labor ratio lies between t1 and t2 or betweent3 and t4.16 === Figure 6 ===The produ
tion pattern of labor-intensive goods is 0At2t3t4H. Similarly, the produ
tion pat-tern for intermediate 
apital-intensive goods is 0t1BCt4H while that for 
apital-intensive goods is0t1BCt4H and 0t1t2t3DE. As an e
onomy a

umulates 
apital, its produ
tion shifts from labor-intensive goods to intermediate 
apital-intensive goods and from intermediate 
apital-intensivegoods to 
apital-intensive goods. The wages are 
onstant in the 
ones but now have a positiverelationship with the 
apital-labor ratio outside the 
ones.3 Methodology3.1 DataAs mentioned above, the data 
over 21 manufa
turing industries in 47 regions in Japan for 1995.An advantage in using Japanese regional data is that identi
al te
hnology a
ross regions is plau-sible within a 
ountry as 
ompared to a
ross 
ountries. For example, Harrigan (1997) found thatte
hnology differen
es as well as fa
tor supplies were important determinants of the internationalalso veri�ed on
e the model allows for pri
e 
hanges (Deardorff, 1974). Although I am fo
using on the produ
tionside, the patterns of trade and the existen
e of the steady-state 
an be also explained if the model introdu
es aninvestment good and (exogenous) saving rate (Deardorff, 2001a).16Note also that the industry development paths take linear forms in both the in
omplete-spe
ialization and Dear-dorff models. This in turn implies that the underlying fun
tional form of the produ
tion fun
tion does not matter solong as the analysis fo
uses on the industry development paths within a single 
one.7



spe
ialization of produ
tion.17 Bernstein and Weinstein (2002) pointed out that the use of inter-national data was sometimes subje
t to problems su
h as measurement error and governmentpoli
y. The use of national data 
an over
ome some of these problems.On the other hand, there is a disadvantage in so far as fa
tors are more mobile than in a
ross-
ountry analysis. Thus, the 
on
ern is that FPE is more likely to hold within Japan thana
ross 
ountries, implying that fa
tor endowments are similar in the sense that they lo
ate in thesame single diversi�
ation 
one. Note, however, that the violation of FPE has been 
on�rmednot only among 
ountries but also among regions in a 
ountry. Thus, Bernard, Redding, andS
hott (2005) examined the relative wages between skilled- and unskilled-workers a
ross 181areas in the United States in 1972 and 1992, and they found that there were signi�
ant variationsin relative wages a
ross skill-s
ar
e and skill-abundant areas. Similarly, Tomiura (2005) testedthe equality of regional wages in Japan, and he reje
ted FPE, even when the analysis 
ontrolledfor produ
tivity differen
es among regions. Indeed, labor mobility is relatively low in Japan. A
-
ording to the Ministry of International Affairs and Communi
ations (MIC) (2000), the migrationrate of manufa
turing workers among regions was 6.6 per
ent from 1995 to 2000.18 This impliesthat the annual migration rate is about one per
ent, whi
h is almost the same as the migrationrates of some OECD 
ountries su
h as Switzerland.19Themajor sour
e of data is the Japan Industrial Produ
tivity database 2006 (JIP 2006 database),whi
h was 
ompiled as a part of a resear
h proje
t of the Resear
h Institute of E
onomy, Tradeand Industry (RIETI) and Hitotsubashi University. The database runs annually from 1970 to2002, 
overing 52 manufa
turing and 55 non-manufa
turing industries. The major sour
es of thedatabase are government statisti
s and, therefore, the industrial 
lassi�
ation of the JIP databaseis based on the Japan Standard Industry Classi�
ation (JSIC) that 
omplies with the International17A re
ent study byXiang (2007) addressed the te
hnology differen
es a
ross 
ountries, estimating the 
umulativedistribution fun
tions of fa
tor intensities.18The migration rate refers to the in�ows divided by the total labor for
e in manufa
turing.19For more detail, see OECD (2006, p. 32, Chart I.1.).8



Standard Industry Classi�
ation (ISIC) developed by the United Nations and JSIC. The databasein
ludes detailed information on se
toral output and inputs, in
luding information on 
apitalsto
ks.20 From the JIP 2006 database, I use value-added for outputs and labor and 
apital forinputs. Value-added is de�ned as real gross output minus real intermediate inputs. Labor is de-�ned as the number of workers. Be
ause real wage data are not available, I use the 
ross-se
tiondata for 1995. Wages are de�ned as the total regional wage payments divided by the number ofworkers and from the Census of Manufa
tures by the Ministry of E
onomy, Trade and Industry(METI) (1995).The JIP 2006 database is not available at the regional level while the Census of Manufa
turesis available at the regional level. Using the region-industry shares of output and inputs from theCensus of Manufa
tures as weights, I 
al
ulated value-added, the number of workers, and 
apitalfor ea
h region: Znr = sZnrZn; Knr = sKnrKn; and Lnr = sLnrLn; (1)where Znr is the value-added of industry n (n= 1; :::;N) in region r (r = 1; :::;R); Kr and Lr arethe endowments of 
apital and labor in region r, respe
tively; sZnr, sKnr, and sLnr are the region-industry shares of nominal value-added, the value of tangible assets, and the number of workers,respe
tively.21 The JIP 2006 database was aggregated into 21 se
tors to mat
h the industriesavailable in the Census of Manufa
tures. Therefore, the data 
over 21 manufa
turing se
tors in47 regions in Japan in 1995.3.2 Eviden
e of 
ross-region, intra-industry heterogeneityA 
on
ern arises in using the �standard� industry 
lassi�
ation su
h as the ISIC and the JSIC.This relates to the point made by S
hott (2003), who identi�ed the potential problem in using the20For more details about the JIP data, see Fukao, Hamagata, Inui, Kwon, Makino, Miyagawa, and Tokui (2006).21When the number of establishment is very small, the Census of Manufa
tures does not report those information.I assume that the amount of output for the industry is also negligibly small enough to be regarded as zero produ
tion.The sum of value-added, labor, and 
apital are the same as the manufa
turing total of the JIP 2006 database.9



�standard� industry 
lassi�
ation be
ause the ISIC 
ategories group output loosely, a

ordingto the similarity of end use (e.g., textiles, transportation ma
hinery) rather than a
tual fa
toruse (e.g., 
apital-intensive goods, labor-intensive goods). The a
tual industry 
apital intensity,therefore, may be different a
ross regions.Table 1 shows the se
toral 
apital intensities a
ross regions. Denote knr(= Knr=Lnr) as the
apital intensity of industry n in region r and kr(= Kr=Lr) as the 
apital intensity in region r. The
apital intensity of a given industry in a given region knr is represented by the 
olor of ea
h 
ell.White, light gray, gray, and dark gray indi
ate 
apital intensities for knr = 0 (i.e., no produ
tion),0< knr� 5, 5< knr� 15, and knr > 15, respe
tively.22 The industries and the regions are sorted inorder of 
apital intensity and relative 
apital abundan
e, respe
tively. When homogeneous goodsare produ
ed a
ross regions, 
ells gradually be
ome dark from left to right and from top to bottomin Table 1. The a
tual distribution of the 
olor is, however, totally different from expe
tations.That is, 
apital intensity is different a
ross industries and different a
ross regions.23=== Table 1 ===One may think that the differen
e of 
apital intensity a
ross regions is not a problem be-
ause 
apital intensity 
an be different if ea
h region is operating with a different 
ombinationof labor and 
apital although the produ
tion fun
tion is the same a
ross regions. Table 1, how-ever, also suggests intra-industry heterogeneity: different regions produ
e different produ
ts. Ifintra-industry heterogeneity exists in the a
tual data, the �standard� industry 
lassi�
ation is not
onsistent with the set up of the model.Table 2 presents the 
orrelation of ranking of 
apital intensities between two different re-gions. The number of region pairs is 1081 (= 46+45+ :::+1). If industries are homogeneous22Unit is millions of yen per worker.23Table 1 shows the uneven distribution of 
apital (relative to labor) among regions. It indi
ates that Chiba is morethan three times more 
apital-abundant region than Kagoshima. Su
h uneven distribution of fa
tors among regionssuggests what Courant and Deardorff (1992) have 
alled the �lumpiness� of regions in Japan.10



a
ross regions, the ranking of se
toral 
apital intensities will not 
hange a
ross different regions.Therefore, the rank 
orrelation between two different regions will be one.=== Table 2 ===Table 2 indi
ates that only 5.6 per
ent of the region pairs show greater than 0.9 rank 
or-relations and 26.8 per
ent of industries show less than 0.5 rank 
orrelations. This low rank
orrelation suggests 
ross-region, intra-industry heterogeneity. For example, although all regionshave a transportation ma
hinery industry, this does not ne
essarily mean that they have automo-bile plants. Some regions do not have automobile plants but plants for ships. The use of the�standard� industry 
lassi�
ation thus poses problems be
ause it does not re�e
t the similarityof 
apital intensity. A more theoreti
ally appropriate 
lassi�
ation is needed.To adjust industry output in a more theoreti
ally appropriate way, I adapt the �HO aggregates�developed by S
hott (2003). This pro
edure aggregates industries based on the region-industry
apital intensities rather than the �standard� industry 
lassi�
ation. That is, this pro
edure aggre-gates industries with similar 
apital intensities. Let hi be the i's boundaries of the HO aggregates:hi and hi�1 are the maximum and minimum 
apital intensity for i-th aggregates, respe
tively(h0 = 0). Based on S
hott's (2003) �nding, this paper aggregates 21 manufa
turing se
tors intothree HO aggregates:
i=8>>>>>><>>>>>>:1 (labor-intensive aggregate) if 0< knr < h1;2 (intermediate 
apital-intensive aggregate) if h1 � knr < h2;3 (
apital-intensive aggregate) if knr � h2: (2)

Note that the aggregates for industries whose 
apital intensity is zero (i.e., knr = 0) 
annot bedetermined. When knr = 0, I use the industry average 
apital intensity kn rather than knr todetermine the aggregates.2424The industry average 
apital intensity is 
al
ulated based on the regions that have positive region-industry 
apital11



Let Zir denote value-added of the HO aggregate i in region r, whi
h is the sum of value-addedof all industries with 
apital intensity between hi�1 and hi (irrespe
tive of region):Zir = åknr2(hi�1;hi℄Znr: (3)Using this 
lassi�
ation, I aggregate 21 manufa
turing industries into three aggregates (labor-,intermediate 
apital-, and 
apital-intensive aggregates) in estimating the three-good model.3.3 Regression Equations3.3.1 In
omplete-spe
ialization modelIn the three-good two-
one in
omplete-spe
ialization model, the expe
ted paths of developmenttake the spline fun
tional form as in Figure 4: w0t1t2 for the labor-intensive aggregate, 0At1 forthe intermediate 
apital-intensive aggregate, and 0t1B for the 
apital-intensive aggregate. Let d jbe a dummy variable that takes value one if kr lies in the interval between t j�1 and t j (t0 = 0)and zero otherwise. Regression equations take the following forms:25Labor-intensive aggregate z1r = b1(kr� t1)d1+ e1r: (4)Intermediate 
apital-intensive aggregatez2r = b2�krd1+ t1t1� t2 (kr� t2)d2�+ e2r: (5)Capital-intensive aggregate z3r = b3(kr� t1)d2+ e3r: (6)Wagesintensities.25The detailed manipulation is provided in Appendix.12



wr =�b1t1d1+ 1t2� t1 fb3(t2� t1)�b2t1gd2+ e4r: (7)Parameters to be estimated are b1, b2, and b3. Note that the error terms of the equationsmay be 
orrelated with ea
h other be
ause the region-level fa
tor endowment is in
luded inthe equations. The system of the development paths therefore is estimated, using a seeminglyunrelated regressions (SUR) model. The lo
ations of boundaries, knots, and 
apital intensitiesare determined by a grid sear
h in whi
h the Akaike's Information Criterion (AIC) takes smallestvalues. 263.3.2 Deardorff modelIn the three-good two-
one Deardorff model, the expe
ted paths of development are non-linearas in Figure 6: 0At2t3t4H for the labor-intensive aggregate, 0t1BCt4H for the intermediate
apital-intensive aggregate, and 0t1t2t3DE for the 
apital-intensive aggregate. Note that, unlikethe three-good two-
one in
omplete-spe
ialization model, the paths of development take the
ombination of non-linear and linear fun
tional forms. Regression equations take the followingforms:27Labor-intensive aggregatez1r = d1(kq1r d1+ tq11t1� t2 (kr� t2)d2)+ e1r: (8)Intermediate 
apital-intensive aggregatez2r = d1q1tq1�11q2tq2�12 ( tq22t2� t1 (kr� t1)d2+ kq2r d3+ tq23t3� t4 (kr� t4)d4)+ e2r: (9)26For an interval size, I use a grid interval of 3 million yen for boundaries (3� hi � 273), 1 million yen for knots(1 � t1 � 26), and that of 0.05 for 
apital intensities (0:05 � qi � 0:95). To fa
ilitate the 
omputation, I assumethat about less than 95 per
ent of the industries are 
lassi�ed as labor-intensive or 
apital-intensive aggregates(3 � h1 < h2 � 54). Note that t2 (t4) are determined on
e t1 (t3), q1, q2, and q3 are determined be
ause of theparameter restri
tions (see Appendix). The AIC is a log-likelihood 
riterion with degrees of freedom adjustmentand de�ned as �2lnL+ 2p, where lnL is the log likelihood of the model and p is the number of parameters. Themodel with the smallest AIC is preferred. For more details, see Cameron and Trivedi (2005, pp. 278-279).27The detailed manipulation is provided in Appendix.13



Capital-intensive aggregatez3r = d1q1q2 tq1�11tq2�12 tq23 �1tq3�14 ( tq34t4� t3 (kr� t3)d4+ kq3r d5)+ e3r; (10)where t2 = fq1=(1� q1)gf(1� q2)=q2gt1 and t4 = fq2=(1� q2)gf(1� q3)=q3gt1. Similarly,regression equation for the wages is as follows.Wageswr = d1"(1�q1)kq1r d1+(1�q1)tq11 d2+ " 1t3� t2 (q1q2 tq1�11tq2�12 (1�q3)tq23 � (1�q1)tq11 ) (kr� t2)+(1�q1)tq11 #d3+ q1q2 tq1�11tq2�12 (1�q2)tq23 d4+(1�q3)q1q3 tq1�11tq2�12 tq2�13tq3�14 kq3r d5#+ e4r: (11)Like the three-good two-
one in
omplete-spe
ializationmodel, the lo
ations of boundaries, knots,and 
apital intensities are determined by a grid sear
h in whi
h the AIC takes the smallest values.Be
ause of the parameter restri
tions, d1 is only a parameter to be estimated.4 Estimation Results4.1 Case I: Japan produ
ed all types of aggregates in 1995I estimated regression equations (4)-(7) for the three-good two-
one in
omplete-spe
ializationmodel and (8)-(11) for the three-good two-
one Deardorff model, using the Japanese regionaldata for 1995. The AIC is 
omputed to 
ompare the performan
e in explaining the paths of de-velopment and wages. Ea
h model is estimated by SUR, sear
hing the lo
ation of boundaries andthat of knots by the grid interval of 3 millions yen and 1 millions of yen per worker, respe
tively,and the intensities of 
apital by the grid interval of 0.05. The lo
ations of boundaries, those of14



knots, and the intensities of 
apital are determined in terms of empiri
al �t. Spe
i�
ally, thelo
ations are 
hosen where the AIC takes minimum values among all the possible 
ombinationof boundaries, knots, and 
apital intensities. Also, the best �tted model is 
hosen only from theresults that satisfy the parameter restri
tionsFigure 7 indi
ates the estimation results of the paths of development for in
omplete-spe
ializationmodel. Two �ndings stand out from this Figure. First, HO spe
ialization is 
on�rmed a
rossregions in Japan. With 
apital a

umulation, regions shift their produ
tion from labor- to 
apital-intensive goods. This �nding supports the �nding of S
hott (2003). Se
ond, most of the Japaneseregions are in
luded in the same FPE set in 1995. Figure 7 indi
ates that e
onomies whose
apital-labor ratio is between 0 and 8 millions of yen are lo
ated in the �rst 
one while e
onomieswhose 
apital-labor ratio is between 8 and 26 millions of yen are lo
ated in the se
ond 
one. Allregions ex
ept Kagoshima and Ko
hi are expe
ted to be in the same 
one. As we 
on�rmed fromFigure 1, however, there are large wage variations a
ross regions in Japan. Indeed, the 
orrelationbetween predi
ted and a
tual wages is 0.287. The model explains well the paths of developmentbut not the wage variations a
ross regions in Japan.=== Figure 7 & Table 3 ===Figure 8 presents the paths of development for the Deardoff model. The estimated parametervalues and the lo
ation of boundaries, knots, and 
apital intensities are reported in Table 3. LikeFigure 7, HO spe
ialization is also 
on�rmed. The shape of the development paths is, however,slightly different. The estimated paths of development are the 
ombinations of linear and non-linear forms be
ause of 
omplete spe
ialization. As the e
onomy a

umulates 
apital (relativeto labor), it shifts its produ
tion from labor- to 
apital-intensive goods. Some of the regionsspe
ialize 
ompletely in the produ
tion of 
apital-intensive goods. This �nding is 
onsistentwith the theoreti
al predi
tion by Courant and Deardorff (1992), who showed that 
ompletespe
ialization of the regions within a 
ountry would o

ur when there exists �lumpiness� in the15



geographi
al distribution of fa
tors (in a single-
one world).28=== Figure 8 ===Figure 8 also shows that the predi
ted wage variations are small. Like the result of thein
omplete-spe
ialization model, regions are expe
ted to be in the same 
one if the 
apital-laborratio lies between 9 and 26. Table 3 indi
ates that the 
orrelation between predi
ted and a
tualwages is 0.453. Although the 
orrelation slightly improves, the AIC indi
ates that the overall�t of the model is better for the in
omplete-spe
ialization model than for the Deardorff model.These results seem to suggest that neither the in
omplete-spe
ialization nor the Deardorff modelsexplain the wage variation a
ross regions well.However, the estimated development paths 
ontain a hint of underlying spe
ialization pat-terns. In both the in
omplete-spe
ialization and Deardorff models, no produ
tion is expe
ted forlabor-intensive aggregate in almost all regions. While the analysis impli
itly assumes that Japanprodu
ed all three types of aggregates in 1995, it may be more plausible to assume that Japan is
apital-abundant enough not to produ
e the labor-intensive aggregate.29 Next se
tion examinesthis possibility in more detail.4.2 Case II: Japan did not produ
e the labor-intensive aggregate in 1995The previous sub-se
tion impli
itly assumed that Japan produ
ed all three types of aggregate.Provided that Japan is a 
apital-abundant 
ountry, however, it may be more plausible to assumethat Japan did not produ
e the labor-intensive aggregate in 1995. Therefore, this sub-se
tion28This �nding is different from that of Debaere (2004), who found that regional fa
tor endowments do not varyenough to indu
e spe
ialization a
ross regions in Japan. Note, however, that my data are different from those ofDebaere (2004), who aggregated 47 regions into nine regions. Bernard, Robertson, and S
hott (2004) argued thatthe �lumpiness� is more likely to hold when regions are relatively aggregated vis-à-vis goods.29Indeed, the minimum value of the region 
apital-labor ratio in Japan is larger than the boundary for the labor-intensive aggregate used in S
hott (2003), in whi
h the boundary is $500 for the labor-intensive aggregate. Besides,his result suggested that Japan did not produ
e the labor-intensive aggregate in 1990. These results imply that noregions in Japan produ
ed the labor-intensive aggregate in 1995.16



estimates the paths of development, assuming that only intermediate 
apital-intensive and 
apital-intensive aggregates were produ
ed.30Figures 9 and 10 indi
ate estimation results for the in
omplete-spe
ialization and Deardorffmodels, respe
tively.31 Estimated parameter values and the lo
ations of boundaries, knots, and
apital intensities are reported in Table 4. Note that the models in Case II be
ome simpler than themodels in Case II in the sense that the number of estimated equations (and parameters) de
reases.Two �ndings stand out from these results. First, the �t of the model signi�
antly improves for theDeardorff model despite that the model be
omes simpler. Table 4 indi
ates that the AIC for theDeardorff model is 181.6, whi
h is smaller than the AICs obtained from other models in Tables3 and 4.32 This improvement suggests that Japan did not produ
e labor-intensive aggregate in1995. === Figure 9 & Figure 10 & Table 4 ===Se
ond, the wage variations a
ross regions are now explained well by the Deardorff model.Figure 10 shows that many regions spe
ialize 
ompletely in the produ
tion of the 
apital-intensiveaggregate as they a

umulate 
apital.33 When the regions spe
ialize 
ompletely, they fa
e dif-ferent fa
tor pri
es a

ording to their 
apital endowment. Table 4 indi
ates that the 
orrelationbetween predi
ted and a
tual wages is 0.666, whi
h is higher than the 
orrelations presentedin Table 3. In sum, like the in
omplete-spe
ialization model, the Deardorff model 
an explainHO spe
ialization, whi
h is 
onsistent with the �nding of S
hott (2003). In addition, unlike thein
omplete-spe
ialization model, the Deardorff model 
an explain the wage variations.3430Spe
i�
ally, the in
omplete-spe
ializationmodel is estimated assuming that t1 is not observed while the Deard-off model is estimated assuming that t1, t2, and t3 are not observed.31Regression equations are easily obtained from a similar exer
ise to Appendix.32This 
on
lusion does not 
hange even when I use S
hwarz's Bayesian Information Criteria (BIC) instead ofthe AIC. The BIC is de�ned as �2lnL+ p lnN, where lnL is the log likelihood of the model, p is the number ofparameters, and N is the sample size.33Note that some regions, whose 
apital-labor ratio is less than t3(= 9), lo
ate within the 
one and thus produ
eintermediate 
apital-intensive aggregate as well as 
apital-intensive aggregate. These regions are Kagoshima, Ko
hi,Tottori, Miyazaki, Akita, and Nagasaki. See Table 1 for the region 
apital-labor ratio.34Note that the Deardorff in this paper is the spe
ialization to the group of goods aggregated by the a
tual fa
tor17



5 Con
luding RemarksIn analyzing the paths of development, S
hott (2003) empiri
ally showed that the number of
ones (FPE sets) was neither one nor three but two. In his framework, this implies that all
ountries were 
lassi�ed into one of these two 
ones. However, this is a puzzle be
ause wages arewidely different a
ross 
ountries (e.g., Leamer and Levinsohn, 1995; Leamer and S
hott, 2005).This paper attempts to solve this puzzle. Previous studies on the paths of development su
has Leamer (1987) and S
hott (2003) relied on the assumption that the produ
tion fun
tion wasLeontief. In this paper, I spe
ify the produ
tion fun
tion as Cobb-Douglas rather than Leontief.With this simple modi�
ation, I show that the two-
one model be
omes 
onsistent with wagevariations a
ross e
onomies. The model is applied to data from 47 Japanese regions for 1995.The major �ndings are threefold. First, HO spe
ialization is 
on�rmed a
ross regions inJapan. This �nding supports the �nding of S
hott (2003) that utilized international data. Se
ond,the Deardorff model �ts better than the in
omplete-spe
ialization model. Finally, the Deardorffmodel explains HO spe
ialization and the wage variations a
ross e
onomies at the same time.Some of the wage variations a
ross regions 
an be explained by fa
tor endowments. As regionsa

umulate 
apital (relative to labor), they shift their produ
tion from labor- to 
apital-intensivegoods, whi
h ultimately results in in
reased regional per-
apita in
ome. Some of the regionsspe
ialize 
ompletely in the produ
tion of 
apital-intensive goods, whi
h 
auses the variations inwages a
ross regions. The results of S
hott (2003) imply that the number of 
ones is not largeenough to explain the large variations of wages. My results suggest that the puzzle is solved on
ethe multiple-
one model introdu
es 
omplete spe
ialization. This in turn implies that e
onomiesdo not ne
essarily lo
ate within 
ones.In 
on
lusion, there are several future issues worth mentioning. First, the appli
ation ofuse (e.g., 
apital-intensive goods, labor-intensive goods) rather than the end use (e.g., textiles, transportation ma-
hinery). My approa
h thus is different from other empiri
al studies su
h as Haveman and Hummels (2004) thatsupported the in
omplete-spe
ialization models based on the end-use industry 
lassi�
ation.18



the model to international data rather than national data would be an important extension. HOspe
ialization and the wage variations a
ross 
ountries 
an be explained by fa
tor endowmentson
e the multiple-
one model introdu
es 
omplete spe
ialization. Se
ond, the extension to morethan two fa
tors is also important if one 
an over
ome the 
omplexity of the estimation andthe 
omputation 
apa
ity.35 The unexplained part of the wage variations in this paper may beattributable to a third-fa
tor su
h as human 
apital (or skill mixes). Finally, this paper assumedthat the world 
onsisted of two 
ones, given that the S
hott's (2003) �nding is 
orre
t. However,it is also interesting to step ba
k and ask how many 
ones exist and examine whether or not thesingle-
one model performs better than the multiple-
one model, based on the Deardorff modelrather than the 
omplete-spe
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s, 71(2): 448-466.Appendix Derivation of the Regression EquationsAppendix 1 In
omplete-spe
ialization modelThis appendix explains the derivation of the regression equations for the three-good two-
onein
omplete-spe
ialization model. In the three-good two-
one in
omplete-spe
ialization model,the expe
ted paths of development take the spline fun
tional form as in Figure 4: w0t1t2 for thelabor-intensive aggregate, 0At1 for the intermediate 
apital-intensive aggregate, and 0t1B for the
apital-intensive aggregate. Regression equations thus take the following forms:Labor-intensive aggregate z1r =8>><>>:a1+b1kr+ e1r if 0� kr < t1;0 if kr � t1: (A-1)Intermediate 
apital-intensive aggregatez2r =8>>>>>><>>>>>>:b2kr+ e2r if 0� kr < t1;a2+ gkr+ e2r if t1 � kr < t2;0 if kr � t2: (A-2)Capital-intensive aggregatez3r =8>><>>:0 if 0� kr < t1;a3+b3kr+ e2r if kr � t1: (A-3)22



Be
ause the wage rate is provided by the verti
al inter
ept of the lines w0A and AB in Figure 3,the regression equation for the wages is written as follows.Wages wr =8>><>>:a1+ e4r if 0� k < t1;a3+b3t2�b2t1t2�t1 + e4r if kr � t1: (A-4)Be
ause the development paths are pie
ewise 
ontinuous, the following parameter restri
tionsare required to join the line segment of ea
h development path at the knots:Labor-intensive aggregatea1+b1t1 = 0 Intermediate 
apital-intensive aggregate8>><>>: b2t1 = a2+ gt1a2+ gt2 = 0 Capital-intensive aggregatea2+b3t2 = 0 (A-5)Let d j be a dummy variable that takes value one if kr lies in the interval between t j�1 and t j(t0 = 0) and zero otherwise. The following regression equations are obtained by plugging (A-5)into (A-1)-(A-4).Labor-intensive aggregate z1r = b1(kr� t1)d1+ e1r: (A-4)Intermediate 
apital-intensive aggregatez2r = b2�krd1+ t1t1� t2 (kr� t2)d2�+ e2r: (A-5)Capital-intensive aggregate z3r = b3(kr� t1)d2+ e3r: (A-6)Wages wr =�b1t1d1+ 1t2� t1 fb3(t2� t1)�b2t1gd2+ e4r: (A-7)23



Appendix 2 Deardorff modelThis appendix explains the derivation of the regression equations for the three-good two-
oneDeardorff model. In the three-good two-
one in
omplete-spe
ialization model, unlike the three-good two-
one in
omplete-spe
ialization model, the paths of development take the 
ombinationof non-linear and linear fun
tional forms. Regression equations take the following forms:Labor-intensive aggregate z1r =8>>>>>><>>>>>>:d1kq1r + e1r if 0� kr < t1;a1+b1kr+ e1r if t1 � kr < t2;0 if kr � t2: (A-17)Intermediate 
apital-intensive aggregate
z2r =

8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:
0 if 0� k < t1;a21+b21kr+ e2r if t1 � kr < t2;d2kq2r + e2r if t2 � kr < t3;a22+b22kr+ e2r if t3 � kr < t4;0 if kr � t4:

(A-18)
Capital-intensive aggregatez3r =8>>>>>><>>>>>>:0 if 0� kr < t3;a3+b3kr+ e3r if t3 � kr < t4;d3kq3r + e3r if kr � t4: (A-19)In addition, the regression equation for the wages is written as follows.Wages 24



wr =
8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:
(1�q1)d1kq1r + e4r if 0� k < t1;a1+ e4r if t1 � kr < t2;a4+b4kr+ e4r if t2 � kr < t3;a3+ e4r if t3 � kr < t4;(1�q3)d3kq3r + e4r if kr � t4:

(A-20)
Be
ause the regression equations are pie
ewise 
ontinuous, the following parameter restri
-tions are required:Labor-intensive aggregate8>><>>: d1tq11 = a1+b1t1a1+b1t2 = 0

Intermediate 
apital-intensive aggregate8>>>>>>>>>><>>>>>>>>>>:
a21+b21t1 = 0a21+b21t2 = d2tq22d2tq23 = a22+b22t3a22+b22t4 = 0

Capital-intensive aggregate8>><>>: a3+b3t3 = 0a3+b3t4 = d3tq34
These restri
tions imply that all parameters of a and b 
an be rewritten as follows:Labor-intensive aggregate8>><>>: a1 =�d1 tq11 t2t1�t2b1 = d1 tq11t1�t2

Intermediate 
apital-intensive aggregate8>>>>>>>>>><>>>>>>>>>>:
a21 =�d2 tq22 t1t2�t1b21 = d2 tq22t2�t1a22 =�d2 tq23 t4t3�t4b22 = d2 tq23t3�t4

Capital-intensive aggregate8>><>>: a3 =�d3 tq34 t3t4�t3b3 = d3 tq34t4�t3 (A-21)
By plugging (A-21) into (A-17)-(A-20), following equations are obtained.Labor-intensive aggregatez1r = d1(kq1r d1+ tq11t1� t2 (kr� t2)d2)+ e1r: (A-8)25



Intermediate 
apital-intensive aggregatez2r = d2( tq22t2� t1 (kr� t1)d2+ kq2r d3+ tq23t3� t4 (kr� t4)d4)+ e2r: (A-22)Capital-intensive aggregatez3r = d3( tq34t4� t3 (kr� t3)d4+ kq3r d5)+ e3r: (A-23)Wageswr = (1�q1)d1kq1r d1+(1�q1)d1tq11 d2+ � 1t2� t3 nd1(1�q1)tq1�12 �d2(1�q2)tq2�13 o(kr� t3)+d2(1�q2)tq2�13 �d3+ d2(1�q2)tq2�13 d4+(1�q3)d3kq3r d5+ e4r: (A-24)To obtain the shape of the per-
apita output envelope 0BCDE in Figure 6, the followingparameter restri
tions are required. Be
ause HO aggregate 2 (HO aggregate 3) is more 
apital-intensive than HO aggregate 1 (HO aggregate 2), q1 < q2 < q3. Linear homogeneity implies�zi = dikqii , where di = pifi(> 0). The slope of the per-
apita produ
tion fun
tion at t j is obtainedfrom the following partial derivatives:¶ �z1¶t1 = d1q1tq1�11 ¶ �z2¶t2 = d2q2tq2�12 ¶ �z2¶t3 = d2q2tq2�13 ¶ �z3¶t4 = d3q3tq3�14 (A-25)To obtain the tangents AB and CD in Figure 5,8>><>>:d1q1tq1�11 = d2q2tq2�12d2q2tq2�13 = d3q3tq3�14 and 8>><>>:d1tq11 (1�q1) = d2tq12 (1�q2)d2tq23 (1�q2) = d3tq34 (1�q3)
26



where 0< t1 < t2 < t3 < t4. Note that 0< q1 < q2 < q3 < 1 and di > 0.d2 = d1q1q2 tq1�11tq2�12 > 0 and d3 = d1q1q3 tq1�11tq2�12 tq2�13tq3�14 > 0; (A-26)where t2 = f(1� q1)=q1gfq2=(1� q2)gt1 and t4 = f(1� q2)=q2gfq3=(1� q3)gt3. Condition(A-26) should be satis�ed to obtain the two 
ommon tangents when the produ
tion fun
tion isCobb-Douglas.36 Therefore, the regression equations of the intermediate 
apital-intensive andthe 
apital-intensive aggregate are obtained by plugging (A-26) into (A-22)-(A-24), respe
tively.Intermediate 
apital-intensive aggregatez2r = d1q1tq1�11q2tq2�12 ( tq22t2� t1 (kr� t1)d2+ kq2r d3+ tq23t3� t4 (kr� t4)d4)+ e2r: (A-9)Capital-intensive aggregatez3r = d1q1q2 tq1�11tq2�12 tq23 �1tq3�14 ( tq34t4� t3 (kr� t3)d4+ kq3r d5)+ e3r; (A-10)where t2 = fq1=(1� q1)gf(1� q2)=q2gt1 and t4 = fq2=(1� q2)gf(1� q3)=q3gt1. Similarly,regression equation for the wages is as follows.Wageswr = d1"(1�q1)kq1r d1+(1�q1)tq11 d2+ " 1t3� t2 (q1q2 tq1�11tq2�12 (1�q3)tq23 � (1�q1)tq11 ) (kr� t2)+(1�q1)tq11 #d3+ q1q2 tq1�11tq2�12 (1�q2)tq23 d4+(1�q3)q1q3 tq1�11tq2�12 tq2�13tq3�14 kq3r d5#+ e4r: (A-11)36Note also that it is very dif�
ult to add non-equality restri
tions to the system of equations. In the estimation, I�rst estimate the system of equations for all possible 
ombinations of boundaries, knots, and 
apital intensities, andthen 
he
k whether the estimated parameters satisfy the non-equality restri
tions.27
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Figure 1.  Average Regional Wage in Manufacturing for 1995
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Figure 3.  Relationship between Per-capita Output and Capital-labor Ratio:
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Figure 7.  Case I: Incomplete-specialization Model When Japan Produced the Labor-intensive Aggregate

Note: Panels report the estimated development paths for three HO aggregates and wages. The dashed l
95-percent confidence interval. Estimated parameter values are presented in Table 3. The number i
number corresponding to Table 1. The fitted values are kinked and piecewise continuous because of the parameter
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Figure 8.  Case I: Deardorff Model When Japan Produced the Labor-intensive Aggregate

Note: Panels report the estimated development paths for three HO aggregates and wages. The dashed l
95-percent confidence interval. Estimated parameter values are presented in Table 3. The number i
number corresponding to Table 1. The fitted values are kinked and piecewise continuous because of the parameter
restriction of spline functions.
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Figure 9.  Case II: Incomplete-specialization Model When Japan Did Not Produce the Labor-intensive Aggregate

Note: Panels report the estimated development paths for three HO aggregates and wages. The dashed
95-percent confidence interval. Estimated parameter values are presented in Table 4. The number ind
number corresponding to Table 1. The fitted values are kinked and piecewise continuous because of the param
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Figure 10.  Case II: Deardorff Model When Japan Did Not Produce the Labor-intensive Aggregate

Note: Panels report the estimated development paths for three HO aggregates and wages. The d
95-percent confidence interval. Estimated parameter values are presented in Table 4. The numb
number corresponding to Table 1. The fitted values are kinked and piecewise continuous because 
restriction of spline functions.

1

2
3

4

5
6

7

8910
11

12

13 14

15

16
1718

1920
21

22
23

24
25

26
27 28
29 30

3132

33
34 35

3637 38

39

40

4142
43

44

4546 47.3
4

5
6

1 9

Wages

V
al

ue
-a

dd
ed

 p
er

 re
gi

on
 la

bo
r 

Capital per labor ratio (Millions of Yen)
Graphs by Aggregates



p

2.27021 : capital intensity is greater than 15.

t 8 2 8 6 7 6 1 9 1 5

Notes:

Table 1.  Region-Industry Capital Intensity, 1995

Industry average capital-labor ratio
4.1 4.6 5.1 5.8 5.8 6.5 6.8 8.8 9.0 10.9 11.9 13.0 15.1 15.5 19.8 27.1 27.3 28.9 39.3 51.8 90.3

No. Region

R
egion capital-labor ratio

(endow
m

ent)

r
Leather tanning and leather

oducts

Furniture and fixtures

Food products

Textile products

Publishing and printing

Tim
ber and w

ooden products

Fabricated m
etal products

R
ubber products

O
ther m

anufacturing

C
eram

ic, stone and clay products

Plastic products

Precision m
achinery

Electrical m
achinery

G
eneral m

achinery

Pulp and paper

B
everages and Tobacco

Transportation m
achinery

N
on-ferrous m

etals

C
hem

ical products

Iron and steel

Petroleum
 and coal products

46 Kagoshima 7.55 2.28 1.83 3.94 4.17 5.45 5.54 5.77 4.74 9.15 10.9 8.09 11.6 13 25.9 18.9 23.5 26 5.42
39 Kochi 7.65 3.13 2.99 2.45 3.96 3.4 5.4 3.4 12.3 8.13 9.3 10.9 13.2 14.6 10.4 33.7 20.1 19
31 Tottori 8.28 2.92 4.85 4.31 4.27 5.3 6.38 7.31 4.49 10 7.81 4.33 11.2 8.96 18.9 26.8 22.7 19.9 19.5
45 Miyazaki 8.34 1.83 3.4 3.71 4.8 6.18 4.14 18.8 6.37 9.33 18.7 9.32 10.6 20.5 13.7 8.07 36.7 46.9
5 Akita 8.64 1.6 1.81 2.97 2.32 4.9 7 6.32 4.41 6.94 8.55 15 11.3 12.2 80.6 9.59 21.7 45.3 51.4 19.5

42 Nagasaki 8.87 1.78 1.73 3.44 3.19 3.96 6.3 3.7 6.65 4.72 15.4 8.7 12.3 18.2 5.27 12.4 30.1 3.44 23.8 25.7
6 Yamagata 9.06 6.22 3.85 3.87 4.24 5.01 5.51 6.33 3.73 13.5 10.9 8.31 7.74 11.1 14 9.08 10.4 23.5 21.9 20.3 13.1 3.05

32 Shimane 9.20 2.81 4.06 2.5 7.3 3.54 5.4 4.28 7.19 2.24 10.1 12 16 8.56 14.2 8.09 5.58 22.7 23.5 29.9
41 Saga 9.62 3.49 3.81 5.52 3.71 4.54 6.13 9.23 8.13 8.9 3.95 12.4 16.6 11.2 15.8 30.4 28.6 23.2 23.5 41.3
13 Tokyo 10.32 4.22 2.87 6.54 4.66 9.21 7.56 3.91 4.69 7.72 13.1 5.84 13.3 12.2 11.8 7.4 42.8 23.7 8.63 21.5 35.7 54.2
3 Iwate 10.57 0.64 5.62 3.18 2.46 4.94 6.97 7.55 4.69 11.2 7.11 9.98 14.9 13.8 15.5 18.7 53.5 12.3 58.6 44.2

1515 Nii tNiiga a 10 8810.88 3 343.34 4 874.87 4 634.63 4 964.96 4 734.73 4 454.45 5 835.83 6 376.37 8 18.177 8 88.877 1111.8 1111.2 1616.8 1212.6 2121.7 1414.6 2323 3737.1 4343.9 3535.1 56 556.
21 Gifu 10.96 17.6 4.59 4.85 7.85 5.13 5.51 6.82 9.91 8.85 7.48 14.8 10.4 12.4 15.7 21.2 14.4 17.1 18.7 28.9 36.2 32.3
36 Tokushima 11.23 6.6 4.9 4.36 3.6 5.27 6.11 5.1 6.71 25.4 8.37 12.4 6.32 12.8 33.9 19.6 34 38.4 46.6
43 Kumamoto 11.33 2.52 2.3 4.04 5.2 6.95 5.97 8.57 7.34 3.37 7.02 12.6 10.5 21.6 10.7 29.1 32.7 18.6 15.3 43.4 37.8 17.1
37 Kagawa 11.35 3.2 3.44 4.23 4.99 6.23 8.91 7.56 9.79 6.96 8.4 15.2 13.3 8.77 16.6 12.7 10.5 32.9 53.8 34.7 38.5 117

2 Aomori 11.36 2.51 3.51 4.21 4.18 4.63 4.27 5.35 4.2 5.78 11.9 13.1 7.77 7.81 14.4 53.8 17.1 15.9 161 47.9 89.7
17 Ishikawa 11.38 9.86 6.48 4.11 8.01 7.47 6.14 5.77 5.25 8.16 5.89 12.6 33.5 14.6 18.8 7.62 41.7 15.5 22.9 43.7 31 15.2
20 Nagano 11.78 13.5 4.65 5.87 7.44 4.53 5.19 6.56 6.46 10.3 9.63 8.82 14 13.5 15.1 9.16 17.6 20.3 11.2 29.5 31.2 13.7
18 Fukui 12.05 1.09 5.38 3.36 9.38 3.76 6.1 4.98 6.44 4.86 13 10.2 8.95 11.4 13.7 15 11.2 34.1 82 50.9 15.4 12.8
4 Miyagi 12.06 1.08 3.68 4.49 3.74 5.21 12.3 7.12 13.9 7.99 9.72 14.1 6.2 15.6 12.5 35.9 41.2 12.8 21.2 26.2 102 147
1 Hokkaido 12.12 4.7 3.36 5.17 4.68 4.93 6.4 5.8 3.59 7.62 9.87 9.61 12.6 16.6 15.4 39.2 42.5 58.8 16.5 36.6 38.3 275

26 Kyoto 12.25 3.45 5.89 4.86 6.67 7.99 6.63 5.95 7.73 12.3 11.6 12.4 13.8 14.8 14.6 11 27.5 29.6 17.8 30.1 62.2 12.7
47 Okinawa 12.27 2.69 5.54 2.27 4.58 6.43 3.8 4.71 10.4 8.7 15.7 28.7 21.6 19.8 21.8 182 101
11 Saitama 12.47 5.64 4.36 5.73 5.3 10.6 6.68 7.05 6.9 9.79 13.3 12 11.2 12.4 14 13.3 24.1 21.7 17 31.4 33.6 41.1
27 Osaka 12.72 4.35 6.15 6.34 8.13 7.76 7.44 5.98 6.05 7.26 10.5 8.32 12.1 14.4 13.8 9.03 50 20.6 12.6 25.2 51.4 132
7 Fukushima 12.98 1.95 5.6 4.39 2.86 5.4 5.77 8.19 17.9 6.22 10.8 14.8 10.8 13.2 16.2 17.3 33.5 31.3 26.3 50.9 22 148

29 Nara 13.03 3.83 4.84 7.53 6.46 7.51 7.27 8.64 10.7 8.79 9.99 6.12 30.1 20.5 10.1 5.72 32.2 14.4 13.1 24.9
16 Toyama 13.83 2.43 4.37 3.74 8.27 5.78 9.53 8.95 6.04 8.23 12.4 10.3 15.1 16.2 17.1 26.8 20 23 20 28.3 35.9 119
40 Fukuoka 13.93 1.32 2.98 4.54 3.98 5.62 5.23 6.13 5.53 5.76 14.1 9.18 12.1 12.9 10.4 7.15 30.1 51.4 19.3 47 63.7 61.1
22 Shizuoka 14.33 1.96 3.65 5.37 12.6 6.41 5.66 6.02 8.84 10.5 12.2 11.2 18.5 11.9 14.2 25.1 19.5 22.2 20.3 35.7 24.3 20.6
10 Gunma 14.53 2.33 7.85 8.23 4.33 6.44 7.15 6.24 12.6 8.3 12.9 12.5 10.1 13.8 13.7 10.3 52.7 24.7 16.4 48.8 29 12.2
38 Ehime 15.20 4.12 4.27 6.67 5.09 7.44 6.38 5.88 7.38 10.9 4.87 15.9 15 28.3 23.8 37.3 46 67.7 22.2
9 Tochigi 15.68 4.55 3.29 7.04 4.86 5.11 8.37 9.66 9.84 11.9 16.1 13.3 13.5 13.6 15.7 24.4 33 26.3 36.2 46.3 52.7 29

19 Yamanashi 16.06 18.3 3.04 8.47 7.49 7.07 4.95 6.42 17.8 13.8 9.24 9.38 16 26.6 18.6 7.73 28.5 24 13.1 17.4 29.1
28 Hyogo 18.05 2.44 3.89 6.52 5.55 6.95 5.93 7.13 6.17 14.4 14.6 15 10.8 18.3 19.9 18.8 31.6 18.4 22 35.5 77.5 111
24 Mie 18.06 3.72 12.4 6.23 9.13 4.53 4.8 7.12 14.9 8.28 12.6 15.3 6.55 16.7 17.7 10.3 17.8 26.8 35.4 52.3 22.4 154
23 Aichi 18.15 4.54 4.83 5.77 8.84 6.17 8.12 5.59 13 12.6 11.2 12.6 13.4 12.3 15.7 14.5 37.6 32.7 32 37.9 50.2 172
44 Oita 18.68 2.81 4.34 7.6 6.32 4.83 9.98 6.76 13.3 10.4 11 19.5 15.4 30.3 17 25.6 43 87.1 76 142
25 Shiga 19.10 0.99 12.8 8 11.9 4.77 5.97 11 10.4 11.3 16.6 24.7 15 18.2 18.7 11.8 76.7 52.3 26.3 39.1 39 33.9
34 Hiroshima 19.18 1.08 4 4.42 5.87 5.53 8.39 7.12 11.4 7.36 7.43 10.8 18.5 20.3 16.2 22.9 25.6 29.6 17.7 36.4 115 15.4
14 Kanagawa 19.18 1.32 7.8 7.17 9.09 7.42 5.61 6.89 12.2 14.9 14.5 11.5 15.3 14 16.7 10.5 43.5 26.3 20.9 39.4 89 163
33 Okayama 20.48 1.37 3.72 7.54 5.29 6.66 6.18 8.08 5.89 5.41 9.8 13.3 16.3 17.5 19.5 18 34.9 21.9 29.8 51.6 134 155
8 Ibaraki 21.40 3.6 13.6 8.75 5.14 9.11 5.88 9.49 12.7 9.95 12.9 18.9 8.34 15.5 16.5 25.6 88.1 13.7 41.6 81.8 115 131

30 Wakayama 23.16 3.57 2.87 4.18 8.77 3.56 6.72 9.24 12.9 15.4 8.96 51.9 24.4 24.7 15.1 16.2 21.7 46 101 155
35 Yamaguchi 24.50 1.45 3.47 2.54 4.11 5.81 6.76 11.8 17.8 16.5 4.71 23.7 15.3 29.4 15.5 38 29.7 57.2 53.3 172
12 Chiba 26.01 2.4 8.97 7.28 4.16 8.96 8.11 9.69 6.15 11.9 15.6 15.2 17.4 20.4 20 11.8 39.7 24.3 17.4 72.8 104 239

: no production
0.67107 : capital intensity is between 0 and 5.
1.88356 : capital intensity is between 5 and 15.



Table 2.  Rank Correlation of Industry Capital Intensities for Different Region Pairs, 1995

Spearman's rank correlation
(ρ )

Number of region
pairs for 23 years

Share (%)

ρ  = 1.0 0 0.0
0.9 ≤ ρ  < 1.0 60 5.6
0.8 ≤ ρ  < 0.9 240 22.2
0.7 ≤ ρ < 0.8 166 15.4
0.6 ≤ ρ  < 0.7 151 14.0
0.5 ≤ ρ  < 0.6 174 16.1
0.4 ≤ ρ  < 0.5 162 15.0
0.3 ≤ ρ  < 0.4 89 8.2
0.2 ≤ ρ  < 0.3 33 3.1
0.1 ≤ ρ  < 0.2 5 0.5
0 ≤ ρ  < 0.1 1 0.1
ρ < 0 0 0.0
Total 1081 100.0

Note: Rank correlation of capital intensities is calculated for
different region pairs in 1995. The number of correlations is
1081 (= the number of region pairs (46 + 45 + … + 1)).



0 0 0 1

Table 3.  Case I: Estimation Results When Japan Produced All Types of Aggregates

Three-good two-cone incomplete-specialization model
Threshold of the HO aggregates: h 1  = 3, h 2  = 15 AIC = 269.3
The locations of knots: τ 1  = 8, τ 2  = 26 BIC = 274.9
Correlation between predicted and actual wages: 0.287

Coefficient S.E. p -value N RMSE
Labor-intensive aggregate -0.431 0.036 0.000 47 0.167
Intermediate capital-intensive aggregate 0.747 0.015 0.000 47 1.456
Capital-intensive aggregateCapital intensive aggregate 0 573.573 0.013013 0 000 47 1 038.000 47 .038
Wages 3.449 0.291 0.000

4.049 0.090 0.000 47 0.600

Three-good two-cone Deardorff model
Threshold of the HO aggregates: h 1  = 3, h 2  = 24
The locations of knots: τ 1  = 1, τ 2  = 8.1, τ 3  = 9, τ 4  = 25.7 AIC = 296.6
Capital-intensities: θ 1  = 0.05, θ 2  = 0.30, θ 3  = 0.55 BIC = 298.4
Correlation between predicted and actual wages: 0.453

Coefficient S.E. p -value N RMSE
Labor-intensive aggregate 3.933 0.055 0.000 47 0.165
Intermediate capital-intensive aggregate 3.933 0.055 0.000 47 2.228
Capital-intensive aggregate 3.933 0.055 0.000 47 0.915
Wages 3.933 0.055 0.000 47 0.622



Table 4.  Case II: Estimation Results When Japan Did Not Produced Labor-intensive Aggregate

Three-good two-cone incomplete-specialization model
Threshold of the HO aggregates: h 2  = 15 AIC = 298.5
The locations of knots: τ 1  = 7, τ 2  = 26 BIC = 302.2
Correlation between predicted and actual wages: not available

Coefficient S.E. p -value N RMSE
Intermediate capital-intensive aggregate -0.298 0.005 0.000 47 1.234
Capital-intensive aggregate 0.540 0.013 0.000 47 0.950
Wages 3.977 0.072 0.000 47 0.621

Three-good two-cone Deardorff model
Threshold of the HO aggregates: h 2  = 3
The locations of knots: τ 3  = 1, τ 4  = 9 AIC = 181.6
Capital-intensities: θ 2  = 0.10, θ 3  = 0.50 BIC = 183.4
Correlation between predicted and actual wages: 0.666

Coefficient S.E. p -value N RMSE
Intermediate capital-intensive aggregate 3.463 0.052 0.000 47 0.168
Capital-intensive aggregate 3.463 0.052 0.000 47 1.162
Wages 3.463 0.052 0.000 47 0.515
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