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A bstract

In this paper; we inesticate the nature of inaome ineguality aacss
natias by .. Istestimating testing and distinguishing betinean tho tpes
of aggrecatie productian functias: the extendad neodssical model and
a minaerian fomulation of schooling retunms o skilk. | ext gven aur
parel data estimates, we proceed in deaompasing the variance ofthe (bg)
bwel of autputperworkerin 19 85 into that ofthree distinct ctars. pro
ductivity human cepital and the dynamicinaantives to acumulete Gpi-
tal Finally we dessify agaup ofY 5 countries acoording o their ieltive
pasitian (eboe arbelow asrace) for eedch of these ctors. T he picture
thatemeargss fran these st tho exerdsss is ane where aaurtries gewin
the past for dir erant reesas, Whidh shauld be aasidered for policy de
sign. A lthaugh there is nota singe fector eplbrnatian for the dic erenae
in autputperwatkeraacss natias, itssans thatproductivity dic erenass
can epln a asiderabk portian of inaame inequality, olloned seaod
by dynamic ine¢ dendes and third by human pital acumubtion.
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1 Intoductian

T he Toass ofthe Merature an econamic grovth hes dnanged fram the eardysday
studies of dir eraass in gonmth rates anag aoutries (eg, Bang(1991)) o
studies that try © undarstand the dizc eranass in the el oF autput pervworker
amang auntries. Fora gven auntryy since the el of autput perwarker aan
be thaudht as its aumulative gonth eparienas studying itis equivalait
studying long run goonth. Indeed, dic erencess ofautputpervwarkeraaGss aoun
tries are \vary hich whidh i llLstraies that the thair bng run gronth exerience
hes bean vary dvarse. Fareampk in 1990, the asrage wakerin the U S.
producd 34 times more then avnworkerinll all, 12 imes mare then avworkerin
6 uyanaorindig and thice as mudh as awakerin P ortucal

In re@Etyears a rumberofstudies hae tried 1o e ln these dic erencss.
T heir resullis can be riauchly dvided into tho gaups. T he . ist.nds thatdif
rancs in Bdors of praductian alre (eg, physical and human pital) an
ephln mastofthe dosernved dic erencss in autput perworker; sse fTreampk
I ankiw R aner; ad W @k1992), Chari, Kehag and il ¢ rattan(1997), ad
I ankiw(1995). T he seoond gap ..nck that, even aordling orphysical and
human pital there is still a e partion of autput perworker dispanty Eft
uephlinad. H ene ol Boctorproductivity (T FP ) disparity can be aauaal
cdeterminant ofF autput pervwarker dic eranass aaGss aauntries; ssg Treampk
Halland Jaes(1999), P rescott(1998), and Klenowvand R adriguez Clare(199 7).

T he codlsias in these articks are samenhat int uenad by theirmethad
olgal ddas, partiaubrdy by the dxdee of the Tunctical Tom of the agge
cale production Tuncian, by the dhace of the estimation methad and/ ar by
the parameter calibration enpbyed. Foreampk | ankiw R anerand W dl
assume that, gpartfram 0 L S- residualvariatiaon, productivity is the same aaxGss
auntries. T hus the impartance of fectars is automatically strengthen. 0 nthe
otherhand H alland Jaes work with a production function where human Gep-
italis notasgarate input, butanly mad..es rawv Bbar: H eng they hae anly
woaas, and notthres physical gpital and Boar: || asower; they calibrate
the physial pital share 1 be reltively small and equal © 1=3. A Il thee
ddass automatically anface the roke ofproductivity.

Since these methodologcal dhdass can potentially drive the .. nal results do>
taEnd we think thattae way 1 axad this prdolem, being neutral an method
olgal issues, is 1o testthe spad...cation baeing usad. H encg we pragpose using
a pragnatic gpopraedt insteed of assuming a pror a §ped..c agorecaie pro
duction Ttnctian, o allematinve Tunctianal foms are estimated. T he ..1stis a
madel with a long treditian in the gonth ierature - the extended necdessical
gonth model prapased byl ankivwR anerandW ell anagothers. T hesecod
is aminaarian Tomulatian ofschooling retunms to skl treditically usad inthe
Bboareconanics erature eg, I incan(l9 74) andW 151986, butrecatly in
apoated into the gonth erature ss el eg, Bilk and KlBhon(199 6, ad
Hall and Jaes(1999). A fier estimating these 10 sets of regressia s, We ask
which of these 10 sped..calias best .. & the data using a \ariety of sped..-
calion 6. T he restricion thatt productivity is the same aatss auntries is



notimpasad a prion, but rather tested using a panel data set of) 5 aountries
rangngfran 19 & 101985, extracted from the Summers andH estan(199 1) and
theBamoadl ex(199 § data beses.

A fleraasidaringthe results ofsped.. catian tests, and dhocsingwhidh productian
TUnction best represants the datg productivity and oo dhare estimates are
usd 1o study the artribution of fedtors of producian, productivtyy and dy
namic distortias in eplning the \vaiatian of autput perwater: T hese dy
namic distorias are taxdstatias av ecting the retum an physical pital
calubted olloning Chard, Kéoe and il ¢ rattan(1997). For eech coutry,
they ware calibrated 1 make the mad..ed gobden ke hold in equilibrium, us
ingestimated fBcorshares T FP s and the stodk ofphysical and human pirtal
perworker:

0 urpreerred parel riegression equiation usss theminaarian sped.. cationwith
an estimated Gpital share ofebaut4?% , amargnal retum toeducation ofebaut
7.5% peryear; and an estimated productivity gronth ofsbautl 4% peryear:
0 ur productivity estimates are \vary dis erat aacss aountries with a ratio of
the hidestto the brestgeaterthan Tour: T estingwhetherproductivity is the
same aatss auntries stragly rgjects this hypothesis.

Using igessian reaulls, and calibrated e distatias, the \aricbility of
autputperwarkerwes eplEinad in taims ofthree campananits human eepital
productivity, and dynemic distarias (i.e, tax distortias av ecting the retum
ofepiad). | variane decompasi tian eardse shons that praductivity ad the
dynamic distartian are the most impartant Ectars in eplning the variatian
in autput per worker aatcss auntries. P radudtivity eplirs 536, whie the
dynamic distartias epBEIrns 24 .

Finally we dividd the set of 95 aantries iMoo 8 sub-sets acooading O
thar reltive pasition with respect 1o the aerage of the three determinant
TBdors of autput perwarker: A s epecied the set of countries with eboe
agrace productivity and educatian, and bebwaerace dynmamic distorias,
aottairns aincst all of the ridh cautries. 0 N the other extraneg the set of
auntries with bebwaerage produdivity and educatian, and eboe aerace
dynamicdistortias, atains anly paarnatias, with averace adtputpervworker
ofsbautae terth of thatofthe ndy counry gaup. T he remaininggraups hae
atherae ortno BBdors eboe aerace

T he resuls shoned that alll ex aommunist auntries hed high human eepital
ad Itk dstortias, butware anagst the bsstproductive eaonamies oerall
Foreamplk R anania hed the smalkst producivity estimate of alll countries
which wes mare then four times smalker then the U S - productivity estimate
A Bg Jgpan, Tawven, and Kaea are bwdistorian and higheducatian aaun
tries butthar productivity bek are bebwaerace orwarld stendards Ko
reasestimatied T FP isanly56& ofthatofthe U S. H exas we reproduce here
Y aung’s(19 9 5) resultthat the good perfomance of these auntries in the reaat
pastwes maostly due 1o Baoracamulation and nothich productivity,

D expite the impartance of productivity in eplEining the dispersian of aue
put per warker in aur samplke of cuntries, itmay be unimpartent as a fcor
hampering log run gronth forsane sped...cauntries. Fareampke B ravilad
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U ruguay have ainast the same autput pervworker (/4 of e U S. bed) ad
procductivity, but the Bbar e in B raz | hes ebaut halfthe sdhooling of thatt
inU ruguay and U ruguay’s distortian to Gpital acaumulatian is more then 20%
hidherthen in B razil T his shons that these countries shauld pursue dic erait
develpmant pdides 1 reduce the ggp betneen them and the gap of idh
natias.

T aen toether;, the evidence hare shons thatt (i) acooding 1O econanet
ric tests, pradudtivity cannot be madelled as baing the same Tor all countries.
I aeoser; dis erencss in productivity cannotbe disregarded as an explenatian of
why autput perwarker\aries so mud aacss auntries; (i) despite that; there
is not a singke ector that an eplEn wWhy autput perwarker varies so mudn
aaGss autries. T his beoomes dovias ance auntries are cssi..ed acooading
o tharreltive attributes in terms ofproductivity, human Gepital and dynemic
distortias. H ence aunfom policy o Tstergonth is baund tobe iner ective
since auntry sped..dties have 1o be taken into aocoountin designing them.

T his pgper hes ..\e addtical Sedtias. In Sectian 2 we disass the Tunc
ticnal fams usad 1o run produdtion funcian parel riegressias. 1N Sectian 3
the ecoametric EBdnigues and the sped..cation tests used are disassed. In
Sedtian 4 we presant estimatian resuls. Sectian 5 is an the nature of inaome
ineouality aacss natias, and Sectian 6aoncludes.

2 N oElSped..catian

T he..istprodudtion Tndion axrsidered hereis the so callled “extended necdkes:
sicalmadel” whidh uses human Gepital as an additicnal elbratian Toroutput,
Janty with physical pital and raw Bbar: W e llowy amagothers Il ankiwy
R anerandW @199 2). Startwith the folloning hamoganaus oF degree ae pro
duction functiat

Yie=Aif Kic;Hiol ic®p @QID); @

whareY i, Kig, Hip L i, andA i+ are respectively autput;, physical epital human
pital raw Boarinputs and produdctivity Toraunry i inperiad t where i =
1;a&EN , andt=1 ;&KL T . Itis assumned that there is exogenaus tedologcal
pragess at rate gwhidh is the same aatss auntries. T he productiaon fondian
in perworker tems can be wiitien es

Yi

O, Ve = A Geekicep @I): @
A ssuming Cdob-D augies tednology (ar using a .. istader g Inear gpprod-
matian of the eboe Tunctian) gves:

hyic=bhAic+ @ hiset  hhyet ° gdt+ i (©)]



where " ¢ is the inharited messurementenrorforcountry 1 inperiad t Impasing
hanagpaty (ie, ° = i® i ), we dotan the Blloning

tht = hAit+ ® th'i' - hht+ Q i® i_pm:_'_ "it
hyie = DA+ 0 hket  hhet Ci0 i D% 3 @

where in the Bst irne Aj¢ is decompased ino a ime inariant ampaatA
ad a anpaait et aries aacs | ad t- 9 sudh that " = it i
D ve 1o the synmetric treaiment of the edars, the extanded necclessical pro
duction Tundcion stragthans the importance ofinputs s a s productivity in
ephlnngastputperwatkerdispasian. | aeoer; the hidherthe incomeshare
ofacoumulaied ctors the higheris the inaome disparity aaGss aauntries that
can be eqlENed by inputs.

T he seaod sped.. catian diz ers fiam the eboe in the way human epital is
modelEd. Itusss aminaerian (eg, Il incen(19 74) andW 116(19 8 §) Tormulatian
of schooling retums 1o skilk 1 madel human pital | lhaudh itis tad-
tically usd in wak an Bbareaconamics, it hes been recaitly incoparated
into the gonth kerature as well eg, Bilk and KlBho(199 6§, and H all and
Jaes(1998). T hareis anly ae type of Bbarin the econany, whidch hes skl
kel |, determined by educatical attaimment Itis essumed ttatthe skl el
ofawatkerwith h years of schooling is e @ h) geater then that of aworker
with no education at all  keding © the Alloning hanagenaus ofdegee ae
productiaon functian

Yie=Aif Kiv. it ic©P @QID): ®)

T he parameterA in _ i = e Qh) gves the skl retum of ae extra year
ofeducation. In perworkertarms, the eguation eboe reducss 1
Yi
L—_:=Yit=AitF . it @QI): ©
A can with Cdob-D audgies tednolgy (arwith a .. ist ader kg neer o
prodmatian of the productiaon functian) we dotairn
hyic= DA+ @ hikke+  h( i@ @QIDD+ "ic: )

where "j¢ is the |r'hemed messuremantenor forauntry i in periad t Finally
wsing | ir = e Qhoad impainghonogpdaty (i.e,  =! j®), wedotan

hyic = DAt @ hlge+ € i @)Ahet gad+ "ic

hyie = DA+ @ hiet ¢ i @@het gD+ "4 ®)
whare again in the Bst e in the Bst re A ¢ is decompased into a time
inarattanpaaitA; and aampaeitthat\varies aacss | ad t- 5 sudn
that” ;; =%ict+ "ie- T he mincrian fomulation strengthers the importance of
productivity s auis inputs in eplaning autput pervworker dspasian. T his



heppers because human cpital is nota separate tector of production, butanly
augnants Bbarproductivity.

T he basicdir erance betneen equatias (4) ad 8) is whetherbuman cpital
enters the production Tunaianin ek arin bbos. [fhuman epitalaass in loos
- (4, thareis a..>xed human pital elsstiaty in production Torall cuntries. | T
itentasin bek- (8), human pirtal ebstidty in praductian will denge aatcs
autries (and aatss time as well).

3 BEaoxuometric Estimation ad T esting
Each aeodfthese sets ofequatiasin (4) and (8), aanveniently reproducsd bebbwy
arstitutes astructural system ofeguatias Tarasetofcountries | =1 ;2 ; G
adasstoftimeperiocs t=1;2;&kF . A sis usualwith sudhapanel panel data
tedniguss an be anplbyed 1 estimate the structural parameters hAj, ©,
g adA.
hyie = DA+ @hket hhet € i@ § Dodt+ "
i = 1;2;dkN t=1;2;df ; )

hyic = DA+ 0 hiset € § 0@ het g+ iy
i 1;2; N t=1;2;dkTF : 10)

Ifanedisracarts the parel datastructure inather(9 ) ar(10), epltinganly
the atss secticnal dmersian of the dala set; he/ she anotestimate ether the
t=dnologal pragess ttad aoet daitg o the coulry sped.. ¢ productivity
kel hA;. Trying to do sowaul inevitebly edaust all ad Bbe degess of
fieedam. T his is the main aitidsm ofIsbm(1995) of the estimatian procsdure
inll ankiw R anerandW a@k199 2). B ecause we donobwantto ruke auta priori
that hA; Gan be an important ctor in eplEning the doserved disparity in
autputperwarkeraatss natias, We dcse to aasider the parel data structure
ofthe sttucdural equatias in ) ar(10).

In disassing the tedniques be anpbyad in estimatingather () or(10),
thefdlbninghae beaasiderad (i) ingaeral hikge and hhy are conelbted
with “ ;.. T his caurs Torseveral reesas. In ashart st both hikge and hhye
are messured with ernrar; generatingan enorin\ariabes pradblam in estimatian;
seeJudeeetal (1985, pp. 706709). Secod thereis aportion of ;. thatames
fran productivity, henae bang anelated with hige and hhy; (i) because
regessaris and enas are aoneltied iT ae hopes 10 get aasEistEat estimates
of stuctural parameters  a kst of insttumantal variebks hes 1o be dotained.
T hese mustbe conelated with hikge and hhy, butnotwith “;; (iii) adace
mustbe made regadinghovtomadel hA ;. T here are tho natural andidaties
maceling hA; as a.>xedaeectaras a random-e et

Simultaneous equation ceC dents sudh as the aes in ather 0) or (10)
aboe @&an be asistaitly estimated by insttunetal \ariebke methocs; see

6



H siao(198 6 pp. 115-127). Casidaring the strudiure of conreltion amag er
ras of dic erert aauntriss is a .. 1ststep in doasing the estimatian methad. A
reescnebke assumption ebautenass is that tha Nariance is notidantical aaxcss
autries. Shods 1O sped...c aautries may be very dic ererit and may a cause
Tor hetexcskedsstidty, wWhidh must then be aasidered in estimation. Enars or
din erant countries shauld abko have a nonzexo antemparaneass anelation.
T here are several intermatianal shads that simultaneasly a0 ect all auntries
alshads aoodinated ..scal polides, et 4 W potatially imply a aaempo
raneas conrelation anag enas.  1n the ase of aotemparaneas anelatian,
ephbtngitlecs et dancy ghrs is estimalian, i.e, mare pradse parameter
estimates.

A textbodk eampk of these relEtive e dency ceirs is the aomparison be
e 2SL S and L S estimates. P redsian, honeer; is notthe anly issue that
shauld be aasidered in dhosing the estimationmethod. Fullinkamation meth
adks (sudh as 3L S) have aboprdblms oftharonn, inwvwhidhmis sped..catian of
aedgven ecuatian in the system aanies oertoothersystem equatias, keding
Winaosistatestimates Torthe whok system. || asower; the lrgerthe systam,
the higerthe danae ofmis gped.. alion. B ecause in aurGase iitmay be preker
abke tohae inet daittestimates (Whidh Gan be aasistant. in prindpk) then ©
have useksss inaosistEatestimates, e dose to use amethod thatdoss nottake
into accountthe antempaaneauss coneltion anagenas. H eteyrcskedsstid ty
ofenars in dic erent countries, honever; will be asidered in estimation. T his
is doe by wadgting dic erently every equatian in the systam.

T he seaod st in inlstumatahariebke estimatian is o dotain \alid in
stumats. T he disassian here is Toaused Tarthe eee of the (g of) the epital
stok butitgreralzss Tor the ase of the messure of human cepital s vell
W hen workingwith time sexies data itis astomary to arsider the s of the
regressars &6 passibke insttumatts for them, eg, hikg;; & an insttunertfor
hig. Inthe e dfparel datasets this is notasuitebe dae Fist ifthe (log
bel of) pital is messured with a time invariantenarwe hae a tpical enar
inarisbles prablem; seeJudoeetal (1985, pp. 706709). Inthiscese gy is
arelbisd with ~ ;. becaLese the Atter indudes the time invariant messuremant
enar presaitin the (g kel of the) pial stok Seaod if 7, aotars a
messuremaitenrar tem o hyi, ad hky;; is messured with enroras well
with these 0 messuranaitenrars being aonrelted, then hilge;; Is aggin an
usutabE instrtument

Toaad te..rstprdobm disassed eboe we aasider s insttumatts not
hk;, buthlge;:, 16 3, 1.e, the bbggd (Iog el of the) Gpital stodk of
auty j. A s kg as the messuramaitenass ae idoynadalic in naturg ie,
uncorrelaisd with eedh ather;, e Willnotbe conrelatedwith ™. A possible
prdolEm is thatitmay notbe conelted with hige ether: Foreampk thareis
no garantee that the Ibbogped (g ofthe) epital stodk ofFHji will be conelated
with the amat (g of the) pital stodk inR ananias H onever; ifwe doose
agap of cuttries j satisfing same geagephical (orauliwral) aiterium, we
caninaeeee the dane afhige;; and ik being conelted. In particular, we



prapcse weing Toreech cuntry 1 the olloning insttumatt or hige
1 X
N g ; (€D

j2m ig
whereN ' represants e gumker of additicnal countries in the same aotinent
thatcoutryiisin ad N ' reresants the setof countries in that aattinent
thatare notautry i, ie, (11) represats restof the antinentaverage bopged
(g ofthe) pital stodk

L agoed averace rest of artinent pital stodk bbdss pranising as an instr
meat Cauntries in the same aattinentusually trace more with eech otherthen
with countries autsice that aotinent T hey abo ted o have simi ermaace
aonamic pojgies. T hese fectors aotribute © deliver a nantzero coneltian
betnean 15 o ig hEtil and hie. 0 N the otherhand ae can alge that
same acompanentof jom ig N May be conelted with “;,. 4 Mhauch
this is alnays passibE thae is a way that the athagonality betnemn enars
and instruments Gan be tested Tor oeridenti.. ed modeks; besic relerencs are
B asmamn(1y @) and Sarcen(19 &)).

T esting arthagoality o a spad.. c oeridati..ed regessian equatian in a
system ata b the Olloning steps (see the disassian inD adids andlil aKin
na(199 3 Secian 7 8)):

1. ¢ et te instumatialhaisbk residual or that equation. Far eanpk
@) sboe gthyic i BA;+ Bhke+ Phhe+ ¢ i b i Pbax £r
agwen autry in the ssmpke whare hails daote inrstumatialharisbe
estimates.

2. R un an axiiary regessan of this irsttumatahariabke residual an the
insttumants used or that counry, dotaining the uncantiered R 2 statistic
o the axiliary regessian.

3. Canpute theT £R ? statistic where T is numberofdosenatias ussd in
estimation. T £R 2 canvargs in distribution © aA? statisticwith r j a
degress of fresdam, where rand aare respectively the rumberinsttumants
and the rumber of parameters in that pariculer ecuation makdingr j a
the number of oeridatifing restrictians Tor this particularecuation.

4. Choose asigi.cane el ® and then compare T £R 2 with A2, @)
R gect the rull that the enorand the insttumentts are athogral if T £

RZ> A2, @

A houdh the procedure autined aboweis suitebke tortssting“ athagoal ty”
forsnge equatias in asystam, itis a janttestofarthagmality and ofconrect
spad...cation ofthe madkel H enae rgectian of the null can be due o inconrect
spad.. cation and not o bk of arthagoality. H onever; itmay be informative
1O ampute this statistic in ader o bamn whidh countries viokte ether the
arthagralty restrictias or conect oed. catian. Similartties (ar disparities)



amag them midhtshed igitan whatis the cause of the prcdblem. || aeoer;
prdblEm countries may be remoed fran the sampke

W hether or not human Gpital messures shauld entter-the production func
ticn in ek oarin b Gan be tested by using aB ox ad Coqld &) transkor
matian. Casidarthe gaeric riegessian equatiat

H |
il —
ye= R4y 2
u
I otice tha
Ho, T
2 = neo:a )
ul
Ho, T
X il _ .
im = X%il; (€]
TR} H
where itis dbar tat Tor a lIoaittmic tarstormatian 1o be valild we must
haepy =0, ad fora the series > o enterin beb we musthae p = 1.

T hese ®0 hypotheses can be tested by means of all ald st using a B ox
Cox trarsfomatiaon 1or the human Gepirtal messure in the production fundtion.
B asad an st results e can then dnocse the mare gpprapriaiie trarsfomatian
Tor the human pital sexies.

Finally, whetherwe shauld use . >&d orrandan-a ects in modelingindivid
ual producivity Botors hA ;| an be investigated by means ofal ausman(l9 78)
1=t T he idea behind the testis vary simplke. Casider the ganeric riegressiant

y=X "+

Suppce e vat o st if e regessars X ad the enar " are arthogoal
ie, ifplmlﬁx 0=, whare n is the 1otal rumber of dsenatias ada Bok ©
estimate . Casidernovtnopasibkestimators or - B and . 7 he latter
is aasisEentesstmator for  regadkess cfvxrelherplmﬁx O'=(. Thisisthe
estimate thatusss . >ed e edts, Whidh is arsistentin avariety ofd raumstancss
that the estimate Lsing random-e@ ects is not 0 n the other hend B - the
estimate that uses random-ezedcts - is anly aosistentifpimiX ©'=10, ie, if
the random e ects axitained in " are notanelbted with the iegessars. [1Tthat
istecse itisalaomaee¢deﬂrtlt‘emb1 . h ssume thatawsual Catrall imit
T hearam gpplies Torboth estimatas

= -

2 B 7 19N ¢;vodad
= ~

n2 H ;™ Y Vi)

Tomifplmﬁx 0=, H aLsman prgpaess a gopling the olloning result
(the dir erence betinean these tho estimatess):
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in the quedratic fom:
3

(o] _
nbB b @, iv)" Bl 9Ay - 15)

vwhere V; iV )mustbeestimated aasistently ohae aEesibk testsiatistic
IFthe dir era e betneen the tho estimatiss is bage then (15) is bxage and we
are llkely o gect e rnull In this a2 a lge div arae betinen estimators
is teken tomean thatpimiX ©*&10, since othernise we would eqpect this dif
rae o be anall (at Esstin broe sampEs), because both estimates aanverce
10 the same vector of parameters ~ . 4 n allemative gpplicatian here would be
1O dadkwhetherornot0L S auld be used 1O estimate producion fTunctias
insteed ofirstiumentahwarisbe tedmicpes. In this s B willbe e 0L S
estimatorand B the instrumentalhvarieble estimator:

4 R esults

41 TheD aa

W e asidered tnho altermative panel data sets rangng fran 196 1©1985. T he
B oth acombine maaoteconanicdatator) 5 countries in the mark5.60Fthe Sum-
mers andH eston (SH , fran novan) datasetwith human Gpital messures an
tEnd inBanoadl eg(199 §. Sinee the Etler are anly ada BbE at.\e year
interal aurinitial data set collscted maaoscohanic datawth this frequency.
H onever; this procedure is far from ideal since pradudction function data will
wse nantantiguas dosenatias and several years of data are Eftunused. A |
tematively we interpolated human cepital messures 1o ..t arual fiecuency
thus indudng messurematt enrar in human pial T his is, honever; a mi-
nar pradolem, sinee human eepital dangss with a hichly predictiebE pattemn
and the estimation tednigue used here allons Tor regressars thattare messured
with enor: || cstofthe time we report resuls for the anrual data base but
aaesiaally we do as well Trthe . \e year interal data sst

T hetime span wss restricied firan 19 6@ ©1985. Befxe el @5, maate
aoamic data is missing Tor saveral develping auntries and wsing itwauld
restrict 1o mudh the ssmpk of cuntries. L imiting the ..nal year t© 1985 is
required, since we vwarted 1o inducke in aurgaup of natias the preiasly so
dalistauntries. Il stofthem macke trartransition into Gepitallsm by thead
ofthe 198075 making 1985 the Bstpassibke year to indlck in the sampke

T he pad...c series used are the OIbnINg ;e is the ratioof reall 6 DP (ak
1985 intamatiaal prics) ad the number of warkars in the Bbar o, ex
tradied fram SH ; K¢ is the physical epital series perworker; whidh uses the
raal inesstmant (a 19 85 intermatianal pricss) in arstruding the Gepital series
ad the size of the Bbar e, B oth are extrected fiam SH ; hye isB ano ad
L e2’5(199 6 series of averace years of aompeted education of the Eborforaa

T hevaay the physical pital sevies were aarstructed deserves aammant W e
started with the inestmatsaries and gpplied the P erpetial Invatory Il ethad
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O getmessures G Gpital; see Y ang(199 5, pp. 60-63) ora brieFdisassian.
T his methad requires an inftial pital bvel and adgpredation rate torphysical
cpital Sinaeitis notdniaus whidh is a reesaeble depredation rate 1o gpply
Torallcaoutries wedoeue. . \edraattrates (36, &, 9%, 12% , and15% )
dhadkding whether the epital series were similar when they ware pemutedf .
A s Tor the inftial epital stodk Y ang1995, footnoke 16§ arlgues that itcan
be goprodmated by the Olloning Tomula Ky, = 1= (@ + ) weare K is the
intialpitalstodk B isteintialinesstmattepaedture gyis thegonth rate
ofinestmat; and + is the depradation rate of the cpital stod< N caonputing
his inftial pital sevies, Y aung usss the mean gronth ofinvestmantin the .. 1st
\eyears ofFhis ssmpk es aproyy Trgy. Inarcse sneteay 96
are a\ay usual periad in terms of the gonth rate of all maaotecoamic
aggacpies, in the sense ofaving reiatinvely hich gronth rates formaostaountries,
we doe o use the mean gonth ofinestmattfiran thewvwhoke sample (19 6-85)
in aomputing -

42 N ockel BEstimatian

Instumantaharieble estimates of the minaerian madel (10), using a Imited
infomation sstling fora \ariety of depradation rades for the pital stodk are
presariied in TabE 1. I'tako indudess several test results - BQSCog H asman,
Sagan et Insttumeantts are cauntry §ped..G amprsing o5 N i jom ig higet,
N jom ig i, @dt and productivity (hA;) is modelied a8 a.. >ed &2 ect
A H amman(l) 78) testtor doosing hovto macel hA; (random versus .. xed
a k) indicies that regessars ae likely to be conelted with the randam
a et makding the ..>e&d e ects madel the best aliermative; see the pyalles Tor
the equality of et dais in Tebk 1. T he reported estimates T @, A, and g
do notdance mudh as we \ary depredation rates. For reescnebke valbes of +
(@ -12% interal), the estimate of® is abaut0.41, the aeforA is abaut0.08,
ad the ae Torgis eébaut0.014; all axe statistically signi..catat usual bek.

T hese rumbers are doe to what aud be expected a priani: several calk-
brated studies use a gpital ebstiaty ® = 1=3 (see Codky and P resaott(19 9 5)
adll ¢ attan(1994)). Estimates int olin(l996 areabocdke 1©040. A s
disassed aboe A can be interpreted as a messure of the percaitege inareese
in inaome ofan additical year ofFschooling Il incarian regessias usually ..nd
B 010 @ inex(1974). 1| aeoer; Psadhargpolos(199 4) sureys schooling
retum evidence using a lrge setof aountries. H e .nds an asrage oF &% Tor
0 ECD auttiesand10.1% fortheword as avwhoke | naerace gonth rate of
productivity ofebautl .4 ayearis notuniikely, baeingin inewth the evidence
an g run gonth presated by il addisa(1995).

Insrumentahariabk estimates of the extendad necdessical gth m
(9)gepreenla:hnTebb2 Instrumeants are country ped.. cccmpnsmgN. jom ig Nt
N— jom ig Ny, adt D tetothel asman testresult productivity hA i)

1R egression estimattes for® and ™~ did not diange much when the depredation rate varied.
H onever; the estimate ofg is sensitive 1O the choiae of depredation rate.
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is madelld as a.. xed e ect For reescnebe depredation rates (6 -12%  inter
\ab), the estimate of® is abaut0.43 a itk bit higher then in the mincrian
a2 T he estimate of the gonth rate of productivity gis ebaitl1 % ayear;
maybe doser o the anventicnal wisdom than the minaarian estimate. H uman
cpital ebstidty estimates bae rehtively small abaut 0.025 and for sane
vabes oft, notsign..cantly dic era it fram zera

A gmall ad irsigni.. arithuman Gepital ekstiaty Torthe extended neockes:
sical madel hes also been reparted by B enhabib and Spiecek(19 9 4) and KiBnow
and R adriguéz-Clre(199 7). In Egitof this coliective evidenas itmay be in
teresting O uderstand whyll ankivwR anerandW a@ (199 2) dotained sudh hich
estimates Tor human epital in the extendad neodessical madel - rangng fran
0.28 1©0.37%. Kkenowv ad R adriguez-Chre show that the results inll ankivy
R anerand W el are not rdoust 1 dangss in the prodes usad 1 messure hur
mancpital | asower; Iskem(19 9 5) agues thatproductivity is ikely todance
aatss autries Whidh reguires the use of parel data in estimatian. U sing
acss sacticnal data faceiilly impasss the restricion that;, gpart fran rssicual
\ariation, productivty is the same Tarall cuntries.

Since produciivity is conelated with physical and human Gpital anitting
itas a regressar auld dnaenge dramatically ebstiaty estimates. T o investicaie
this issbe further; we re estimated the extanded necdessical madel under the
restricion thatt productivity is the same aatss auntries, ie, tat h@ )=
hQ@) 8. T heresults presaied inT ebke 3 shovan inaemantin the estimates
of® and™ . T he..rstjunps fiam abaut0.43 o ebait 0.6, whik te seaaod
jumps firan abaut0.025 1o abaut0.12 - aimcst..\e times higer®.

Itssans that the key © undarstanding these dic erenass In estimatss es
in how 1© madel productivity. iTitis alloned O vary aatss autries es a
Xeda ect; physical and human pital ebstidties in productian are riebtinely
snall H onewey; ifitis risstided such that h@;) = h@) 8, estimales
coer ol ankdwR anerand W dFs are produced. [t tums aut thatwe éan
dhoose betineen these 1O pad.. catians using an econanetric tsst all ad st
Toraet dattresstidias in tefom h@i)= h@) 8. R esuls ofthese 55
are presated in the st lines ofather T ebks 1 and 2 forthe mincarian gonth
maodel and the extendad neocessical madel respectinely. Forboth madek, and
allvales o, this restrictian is overnhelmingly rgjected, shoning thattthe .. >ed
e ect gped..calian is gpprpriate ad that productivity indesd \varies aaxcss
aourtries.

A s disassad abowe we can dhoosewhidh ofthe tnomadkes ((10) ar(®)) best
Bthedataby usingaB oxCox testiorthe human pital messure. R esullls are
presaied inathaerTabkes 1 or2. | umerically, the estimates oft (notrieparted)
were all \vary dose o ae and are vary sign.cant T hs tesstingthatpy =10 -
the daubke bgmadelin () - Igects the rull Torevery vale ofthe depredatian
rate +. 0 n the other had testing thatpy =1 - the Ibg bwvel madel in (10) -

2K kenow and R adriguéz-Clare(199 7) have albo shoan that using dic erent human cepital
series delivers dic erent estimates for .

3See the resullts in their T abk 2, p. 420.

4See ako the results in T abke 4 for the mincerian grovth madel
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does not iIgect the rull orany \alble of . H encs basad an these test results,
we preir-the minaarian spad...catian over the extended necdssical ae. Sinae
the basic dir erence betneen tham is whether the human pital ekbstiaty is
arstaitaacs autties (and time), aur resuls indicate that this is praoebly
1o straga restriction.

B ecaLse we vant 1o dedk whether ar not suitebke instrtuments were usd
in estimating the strucural madcek, we perfamed a series of Sargen tests (ar
thogoalty betneen insttumatts and enars, equatiatbyecuatian). T he .. ist
st is o desigy an oeridaiti.ed madel sineteaxsinTabkes 1 ad 2 are
Justidaiti.ed. W e used three legs oF aur irsttumatt istaboe and tas welll
in gettingoeridenti. ed equatia s’ . Since eech equation estimates thiree acet -
deants, andwe are utsingsaven insttumants, we shauld ampare the teststatistic
with aAZ. R esults Torthe mincetian macel are presaied in Tebk 1. Ifwne ke
thesigi.cane baltobeb) , fron atolal of) 5 country riegessias, betinen
14 and 21 cautries rgjected the rull in this “instiumantvalidity” st T his is
abaut16 -22% of the sampke of cuntries, a reltively lov number®. For the
extendad neccssical macel the resulls are nobvery dic eren; see Tabke 2.

A thaugh in tams of number auntries these Igjectias are reltively small
sinee the data Tor eech country are wadhted by the variance ofits enor term
in amputing irstumaTalharisbke estimates it aould heppen that induding
these counries makes a big dic erence in ams of paramneter estimates. To
dak ifthis wes a potattial prdblEm, we ran minceaian riegessias ecuding
fian aur sampk of cauntries thase Torvwhidh we iIgected athagrality at the
5% Bwelin te Saten st Farallvales of+ uised the results of this eerdse
shoned oermheimingly thatestimates dranged very ttle when these countries
are ecldad. Toillstiate these div erenass, we igparthare the aee ofit = 9%.
For tre resstrided sampe of auntries, parameter estimates are the Hlbbning
b=104127 B=017s, ad b=10 1135, wharess Tor the uniesstricied sampke
they are =104196, P=0173, adb=109140, ie, Virtally the same
results.

Itis wsslul at this pant  summarize aur evidence regarding productian
TUnction estimates wsing parel datas FHirst, Tor both production functians an
sidered itis cearthat productivity is betiermadelled ss a.. x&d er echvis ais
arandon-e ect T his hgppears because thareis evidence fram al ausman(19 78)

5} nother aoncem in designing these tests wes to avwdid any additional finctianal form
restrictions other than Inearity. A s eplined abowke this type oftestis a janttestofspead..-
cation and orthagonality. 4 ny functionalform restriction is tested togetherwi th orthagmality.
Sincewevwanttoisolte arthogmality as mudh as passible the only functional fom restriction
weimpacseis nearity. H enae we did notimpcose the restrictions that aoe¢ dents are the same
across aountries, nor did we impase the hameogeneity restrictios that <= (1 j @ §j ) for
‘the extended neoclessical model orthat™ = (1 j ®) forthe minaerian model

& henusingthe)% depredation capitalstods the 15 countries Torwhich the instuments
Estis notvald are at5% the ©lloning Sweziland, Canada, A rgenting, Colombia, ¢ uyana,
Pery, Venezuel Israel Jodan Finlband, the ll etherlands, P artucal Switzerland, Fiji, and
Czedhaslbwakia. 1Twe vary the depredation rate used in anstructing capital this Estdhanges
very it W hatis interesting is the reltively hich number of S authy A merican courttries in
the st whidh may suggest that shodss to the regan may be acamman to all countries and not
idicsyncratic.
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et that the random- e ects are anebied with the regressars. Seaod, ifwe
T=stwhetheranotproductivity is the same aatss auntriss, ie, tath @)=
hQ@) 8, mcadEss of the production fTunction and the depredation rate an
sidered, the results shovuneouinvocally thattitis not T his raises suspidan that
estimaties thatimpcse this type of restriction are biesad and inaasistat; eg,
I ankivw R anerand W el(1992). T hird besad an the evidence ofthe B o« Cax
st we dose the mincerian gronth madel oerthe extendsd necclessicalmodel
H ence in aur prefernrad set ofmacel, produdtivity is allbbned 1o dange aacss
auntries and human epital entears the productiaon fToncion in ibvel (not ko).
T he next s is 1O get pradudiant TUnclion estimates  inesticaie the na
ture ofincome ineguality aacss natias. To do s honeer; we .isthae
doe adepredation rate. A s the resulis of Tabke 1 showy itmakes ke dF
Brae in t&ams of parameter estimates Whidh depredation rate =+ is used in
arstructing the physical epital sexies. T his is notsurprising asimilbaraondis
sian hes been readed praviassly, anagothars, by B enhabib and S piegek(19 9 4).
Theydoetouwse 7 esabadmarkior:. H erevwededdd toused % insteed
althauch wEing almcst any of the Ebulaied resuls wauld make it practi-
al drerene T he results of the mincerian gonth madel  repraduced belowv
oravwal dala ad % degpredation rate Wil be used as the bend mark in
eamining the nature ofinaame inequality aacss ratias.

Ccetdent @ A g
Estimate 0.420 0.075 0.014
(eSwlisid  (7192) (1205) (4.6)

5 0nNThel atureofO utput per-wworker nequal
iy
5.1 P roductivty D yramicD istorias, adV antaxeD e
ampasi iaon of autput perworker
Tabk5 ot the estimated (total £ctor) productivity - relatve o tel S. -
ofa sebcted goup ofcauntries; the TUlll sstis presated in theh ppendix 0 nly
six eaonamies are mare produciive then theU S. econamy, . \e chvwhich are dl
produass. T his resultis notsuprising  sinae aur messure of cpital doss not
indude mineral and/ orratural resouress. A dditianallly, the falbning tho ..nd
incs are warth matianing First. all exammunist auntries are anangst the
estproductive econamies. Fareample R anania hes the seaond smalkstpro
ductivity, Whidh is mare then Tourtimes smallerthen thatoftheU S. Il aeower;
el SSR. adCzadxsbadaare repedtinvely anly 430 and 3%  as produc
tiveass thel S. T hese reauls are partiaubrly stiiking even afteraorecting tor
education and 1o the stodk of physical epital the averace worker of R anania
still praduas Tourtimes Ess then the aeragel marieanwarker; andU SSR .S
estimated produdtivity is the same as 6 hana’s. Secod the praductivity ek
of Jgpan, Tavan, and Kaea are bebwaerace Torwarld stendards, whidh is
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asistEentwith Y ang's(l9 95) resulitthatthe good gronth perfamance ofsane
A sian countries in the reeent pastwes mcstly due to fecior acamubatian, not
1O productivity.

In geeral productivity Bek of the ndh countries - particularly thoe in
Eurgpe- are eboe aerace. 0 N the otherhand, productivity of the poaraoun
tries are bebwvakerage Figure 1 deids a atss plotbetineen productivity and
the aerace aitput perwarker; shoning a pasitive reltiaship betneen than,
with a corelation coet dattofabaut0.50. Faoreampk autputperworkerin
theU S. is D times lrger than thatinl iger and 22 times lrger than that
in Kenya whi ke the estimated productivity Tor these aountries are respectively
A ad28% oftheU .S. productivity. 0 nthe otherhand ¢ DP perwaorker
in Canedais 4% ofthatofthe U S, whike its productiMty is 9 2% of that of
te U S. Taen together;, aur estimates show that dizc erencass in productivity
may be a candidate in e lEning why autput pernnorkervaries so mudh aacss
auntries aviewvgpasite 1o thatheld by Chan, Kehceandll ¢ rattan(199 7)
adll ankiw R anerandW al(1992).

W e next perfom a naive \arane daoompasition eadse (in a sase that
wi ll become diear shartly) in ader to undarstand what are the friactians of the
\ariance of autput per warker e lEned ather by inputs or by productivity.
W e take all variables messured at the st time periad of aur sampke (19 85)
and distecard the uncertainty in paraneter estimates. T hus, gven BA;, & B
and b ad the stuatural madel in 19 85, with its enort&m 7; repkecd by s
unaoditiaal eqedtatian (zero), we have

hyi=hA;+ @ hk+ ¢ §i®)Ah+ g&985) e

W e deaompae the variance of (the log of) autput pervwarterin 1985 @ny;)in
tams of (the Ing of) productivity (A ) (the g of) pirtal perworker (hlg)
ad (the kel of) human epital pervwater ()

T he varianae of productivity physical pital and human epital acoount
repectinvely Tor2l% , 4% and 2% of the variance of aitputperwater. T he
ramaning28% is acoounted Torby the covarianass betneen these Bctars. T he
- Istthing © nolice is that the estimate Tor the productivity aattributian is a
bnerbaud. T his hgppers because we igare the enarterm in perfoming the
\ariance daaompasitian, butthere is aportion of the variation of the enorterm
“i Whidh is conrelated toproductivity. Second, ifwne ighare the coariance terms
(Whidh tsLally are reallocated ifae arthagoalizss these Botars), we aandude
that physical cepital variation is by ar the most impartaent ctor eplining
autput perworker\ariation.

T he ecrdse just perfamed is naive bacause it doss treat eech v a6
exaoenass in alublting the varianae decompasition. T his is particularly tras
bEsane Tor physical pital sine Tor eamplk part of its \aratian may be
induced by productivity variatian under the exogenals procuctivity/ . Indeed,

T his is ignared by Il ankivy R aner; and W eik1992) when they use the R ? statistic 1O
messure the reltive aotribution of inputs for cutput variation. T his happens despite the
fact that thelr regression equation is based an the extended neoclessical madel in which the
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Tor agven inesstimat rale an exagenas inaresse (deareese) in productivity
wi ll inaeese (daaeese) the incantive 1 acumulate pial in the g run, in
aessing (deaessing) the pital pervwarker ratio H enas partofthe impactof
physical spital an autputis induced by productivity, and this is notEken into
acoountin perfaming the eerdse eboe

In adertoadd thatprdolm, H alland Jaes(1999 ) eressad the praduc
tion Unctian in tems of the pital autput ratiq Notin t&ms of the Gpital
Boar ratia T he way we dcse 1o ape with this prdblEm here wes to call in
more theory. W e ollovChari, Kehceandll ¢ rattan(199 7) in aasidering that
pital acumulation is determined an the ae hand, by productivity, and an
the other hand, by the taxes o pital A ssuming thatin 1985 (the styear
in the sampk) eadh ecoamy hed alkeedy readed its steedy state path, ad
taking the madi..ed golden ke fram the ane sector madel ofF gotimum cepital
acumultian, itis passibke OwWitE

OC i e eI =yt i g
8 = 1;2;65N ; an

where % stands Torthe hausehold’s intertampaal dscount riake + is the depre
dation rate ofphysical pital ad ¢ is apurely intertempaal dstortian, thus
Ebelkd as dynamic distortian. Since all cuntries growvat the same rale gin
the logrun ¢; is the anauntnesdd in eedch country © make the net retum
o pialegal ©% + £+ g Ceteris paribus, the hider ¢; is the snaller
is the inative Tor cpital acaomultian, and haae the smalkris the pital
perworker ratio in the kg run. T his way the net retum 1o Gpital is equated
aatss eananies. || ofe abothat; ifepital acaomulatian is due uniquely topro
ductivity \ariatian, then the ¢ ; thattsolves epuatian (17) will notbe conelated
with autput

U singequation (17), and calibrating, =099, + =019, aad g=101314, we
sohe the system Tor ¢ ;. Figure 2 shons that there is a dear necative conela
tion betnean ¢ ; and autput perwarter: || aesoer; as Gan inferred by bdkiing
at Figure 3 the aneltian betnem ¢; and e @ )) is virttally zaro (-
0.03). H ene same cuntries with reltively high produdtivity have no dyrnamic
dstorias advieversa Fareanpk thel SSR ., whidh hes a relively
bwproductivity, hes the onsstvale Torthe dynamic distortian ¢ 5 ; R ananig
the seaond ksst productive country, hes the Tourth lonestvale of ¢ i ; Jgpan,
a auntry Wwhere produdtivity is bebwaeragg hes the thid bnest ;. O n
the other hand Irag the mast productive aountry oerall | is highly dynami-
ally distorted - the 18 th highestvalbe of ¢ ; ; aouiries sudh es 6 uatemala and
B angdledesh, thathad surprisingly hich produdtivity, faared veary poarly in terms
of¢ ;. H enc2 ecoamies thatare \very goad at aombining inputs notnecssarily

only exogeneous factoris productivity, and, forwhidh, it makes ttle sernse 1o treat physical
cgpital as exageneaus.

8W e assume here that the intertemporal elstidty of substitutian in consumption is unity
forall countries.

' P ribably due o dill reserves in its territory.
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hae the rnditincntives 1 bosst spital acaomulation, eg, property ngits or
stebk irstitutias. 0 N the otherhand the e<cammunist cunries, and sane
A sian countries - Jgpan, Kama and T avan, that are relatively upraductive
hae the rgitinantives orinstitutiaos 1o Toster epital acaomulation.

T here are three passibke reesas wWhy the dynemic distortion messure ¢ is
unaonelted with productivity. First, itis passibe foran eaonamy o ambine
productiinvely inputs withauthaving the safegards toguarantee property ngits
orwthauthaving stebk irstitutias. In thatesg dynamicdistartias will be
high althaugh productivity is hidh. Seaod Tord | producers, aur productivity
estimate will be oerestimated, since physical Gpital does notindlude mineral
and/ or natural resourass, but that does notimplly a oy dynamic distortion.
Finally for strategc ar poitical reesas, sane aountries hae hed polides £
varing exessive gpital acumulatian, i.e, a bwvdynamic distartian. B ut this
does notimply that they can ambine inputs productively. T he moststriking
eanplks are the Tamer ammunisteaonamies and the Eastd sian aountries.

Induding this new\ariebk ¢, recogizes that physical cgpial is an en
doggas variebk in the oerall systam. In this ase we ansobe (17) Tork in
tems ofAj, ¢i, and hy, substituting the resultinto the production functian

Hog T o
%= iirg AT QiaYEepdnd; 18)
arin lgarittmic tams:;
lll.1 ® ﬂ%# 1
t1=g P icdr Ah: ()
1

U sing (19) we can nowdecompase the \ariance of hy; in terms of the \axri-
anceofh @) Ih( i¢id adh, reaogizing thatphysical epitalis anendage
naus \ariebEk in the oerall madel T he results showv that productivity alne
ephlrs54 ofhy; variane human epitaleplErs 5% , ad thedynmamicds
tortion ampaatt- the ulimate cause afphysical epital dic erencss - eplEIs
21% . T he ramaining20% are accourted Torby coarianass. T hese numbers are
ary dic erentfran those ofthe previas naive eerdss shoning that, when the
indirect e ect of productivity an pital is asidasd, the importance of pro
ductivity jumps fian 21% 1©54% of autputvariance (disregarding cowariane
Bems).

52 Clbssifing Cautries acoording to P rodudctimty, D y
rnemicD istorian aadH uman Cgpital Hgures

I ext thesampke ofcauntiiss is divided acooding o trarreltive pasition (i.e,

aboe arbelw asrap) or the thiree Bctors eplining (the g of) incane

perwater: praductivity, dynamic distortian, and humancpital H ence we
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divided these gaup of nattias into 22 = 8 goups acoording 1 ther iektive
paitian Toreach of these fators. T he Tull diessl.. cation of acountries is shoan
inthel ppadx butT abk Gaummarizes the results. T he .. istgagp ofFaun
tries - hich praductivity and human epital ad by dynamic distortion - is
ampaoad aincstedsiely of idh aauntries - essantially the0 ECD countries
psH agKaygand Singgpad? . T hdraerage inaame perworkeris thice as
e as that of the saaod gap. T hey are rider then the restbecause they
are mare educaied, \ery productive and have tte distartias a0 ecting Gepital
acumultion. 0 n the other hand the group of natias that have the vwag
incantives or kg run gonth (unproductive unsducated and dyremically dis
toried) is composed oF25 poaorarvery poornatias. T haraeracge autput per
warkeris atenth ofthe aerage oftre .. rstgap. T ypical natias hare are the
Sub-Saharan auntries, P aldstan, India H aiti and B oivia

T he gaup with the 2nd highest aerace inaome is ampased of 1.3 natias
with well educated Boor fore reltively ittle dyremic distortias butbelowy
aserace productivity, A ll'the exammunistauntries, as well as Jgpan, Kaeg,
adTawvwan belog it T he 3rd gowp is amposed of G atind merican and
Caribbeaen countries sudhas B arbados U rugiay and Chile. T hasearewell edur
cated auntries, reltively productive butthe incantives Torcepital acumulatian
are poor-

T he 4th gaop is ampaosed of anly Tour natias, B razll P atugal Sauth
A imaad A Igria T hese cuntries are reltively productive and hae ke
dynamicdistartias butthe schooling el ofthair Bbarfaee is bebwaerage.
T he result Tor B ravdl is epecied  1ts good gronth reaad in the 19 70°s wes
mastly baesad an physical pital acoumulation and above averace praductivity.
T he Etter Gaan be explENad by the sbundance of natural resourass and by its
g tredition as a marketeanany. Cattissting o these faaabke incatives
1O gov the aerace years of education of the Bbor faree wes anly 3.3 years
in 1985, and there hes been no sarias govarmmatal policy o improe these
..gures. Itis interesting 1o have P ortucal in the same graup of B razil shoning
that the er ects of a partiaular type of colnization may be g bsting T he
5th gap hes anly ae aboe aerace Bdor (producivty), and itis amposed
mastly by dl producars and acountries ridh in other natural resourcss.

0 ne interesting thing sbaut this way ofdividing natia s is that the aerage
inaome perwarkerforgroups dedines maotically with the rumberofectors
hampearing lohgrun gonth; sse Tebke 6 H enae te lbgterm gains tTra
antry to“. X’ ae hampering ctoris alnays pasitive and in sane Gsess an
be asiderably hidh. Fareampk a cauntry that jumps fian the gap with
ecdtly ae hampering fedor; 1O the gap of no hampering ector; will more
then daubke (and maybe even tripE) its g run autput per worker: B revl
waould be thiae as nidh ifits Bbaorfoce wes mare educated; A rgentinawilll be
tWhieas rdh ifits distorias o Gpital acumulation ware axrsiderably smalker:

107 he exagption is 4 1Igentina. H onever; its estimated ¢ j is aincst equal 1o the averace ¢ 5,
only 0.02% smallerthen it

118 rzzil is the the 41th richest courtry in our data set (in inaome perworker terms) but
ranks 70th in education attainment
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T hemain aondusian ofthis eerdseis thatthareis nosinge edtorepEning
Iog run gonth. H encs, trying to..nd asinge aubpritor bdk ofgronth can be
atutkeerds tharemay beasinge Baorforagven auntry, butnotforte
gap ofcauntries analyzed hevre. BExamples are esbundant, ev.enwithin thesame
antinatinsane aess. Senscpland! imbabwe hed alincsttthe same autputper
workerinli8s - aamund 7 oftheU S. B\el H oneer; productivity inSenecalis
50% hgerten tatini imbabwe while dynamicdistortias in Senegal is 8 0%
higher; I ew! ealend ad B eljum hed around 70% ofU S. autput perworker
in 1985, and abaut the same praductivity. H onever; the average sdhooling of
the Bborfoein!l envl ealandwes 0% hidher then thatin B elgum, vwhikeits
dynamicdistorionwes 24%  higher: 0 faourss policy reaammendatias hae 1o
e auntry dis erencss into acoount, orele they have ahigh dhance ofFbaing
ine ective

53 CanterFaeaial Berdasss anl agR unt ronth

Tabk 7 dplhys a cauterfdual eerdase an g run gonthy, which hebes
in uderstanding the nature ofiname ineguality aacs natias. T he secod
aobmn displys 1985 autput perwader (reltve o the U S) - Yi=Yys. The
third column shons reltive inacome conrected Tardynamicdistortias, i.e, whare
auty i is gvan the same distartian ofthe U .S . eaonamny. T he Tourth acolumn
aonects Torbuman gpital and dyramicdistorian, i.e, whare counry i isgvan
the same distartian and human Gpital of the U .S. economy*2.

I cstofthe time reltive autput inaesses when we albva cauntry o hae
te U S. dynamic distortion and human pital messures; see the ase ofh ¢
ggtimng | eda ad patiaublrly Torll azambique wWhere autput per worker
inaesesss by alincstseven times. H onever; there are exaptias torJgpan ad
all othere< ammunists cauntries, autputdsaessss Whenwe albwvthem thae
theU S. dynamicdistortian'3. § iven that the education lvel doserved in these
aoutries is similar o the A marian kel the fourth acolumn shons thatifit
was notior epital acoumulatian, inaome per Gpitanin these acountries would be
amcsthalfthe ectual dic erance. |n otherwnwards, iflgpanis alioned ©have the
same educatiaal el and dyremicdistation oftheU S. its autputpervworker
waukd be 0.3 ofteU S. bwel Nnot0.70 times.

T here are gaups of cuntries, such as Indiaand | iger; where the inaeese
in reltive inaome brougit ebaut by the reduction of dynamic distortias and
improanent in educatian is notvery e In this case most of the diner
ene betnem them ad the U S. is due 1o productivity dis erencass.  Eugpeen
auntries which hae autput perworker dose O thatof the U S, sudh as the
I etherlands, A ustrig and France would notdhange mudh 1og butordic erait
reesas. targ i hy ad h@ ) aeakesdy vary dose o thatofthe U S. eant

12} din erent way o bbok at the furth cobmm of T abke 7 is 1O recad it as the reltive
output of a country, Whidh is identical to the U S. in everything but productivity. See the
A ppendix for the entire set of courtries.

13Forthe ltter; itmay be due 1o the impldt*“subsidy” a canunist regme gives to cepital
acaumulation.
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any. H onever; this pattermn is notunifom aacss Eurcpe ifSpainhed thesame
incEntives 1 pital acamubtion and educatical bel ten hes el S, i
reltive autputwould have jumped fran 45% ©736 ofthe bBtter:

A nintarssting e is that ofil edao. Ifithed thesame¢; as el S., i
autput perworker wauld be thice as lxgep s its is. 1|l aeowey; ifitabko hed
the same educatianal bel as el S, its autput perworkerwould be aimcst
the same as thatofthe U S. T his is albo doserved in all dbproducer-and sane
nature idh countries as thdar productivity is reltively exce (ad Iin 6Gsss
e then thatofthe U S)).

Itdeserves note thateven after conecting o Bector div erenass aatcss aaun
tries thare still remairs a lge inaame disparity Eftueplnad. 0 n aerags
autput perwater of the §5 natias in aurdalasetis 29% ofthatoftheU S.
A flier suostituting thar¢; and by Tor the anespading vales of the A meni-
Gan eaonamy, the aerage autput perwarker inaesses o anly 8% oftheU S.
autput, the rest conrespancs 10 total Bdtor productivity dic erencess.

Finally, we perfomed the Dlloningcaaunterbctaleardss  oreedh aunryy
we used autputpennorkerinld 85 asabendmark rpldng aeatatime eech
ofthe s expEning gronth (productivity human Gpital and the dynamic
distortian) by the respective U .S. ctar: T his allloas messuring hawvmuch eech
ofthese Bcdors aaribute 1O the reductian in inaome disparity aaGss natias.
Fgure ) presats Kamnel densities of the actual and caunterbctual datas T he
Tdor that reduicss the most the varianae of autput perworkeris productivity.
I'tdrgps fram 09 7 inthe actual data 100 .45 when praductivity in every aountry
is rieplbcd by U S. productivity, T he dynamic distarion reducss the varianae
fran 097 ©0.56 and human cpital fram 09 7 1©0.70.

0 ne cauld askwhy we did notfollovvi all and Janes(1999) (amang others)
in basing aurdscompasitian an the pital autputratia T he prdbEm with this
procdure is that the pital autput ratiois vary sasitive 1 reassias. H enae
sone auntries Wwhidh have inherantly a small Gpital autput ratiq wauld be
asidasd cpital intlasi\e in recession years. T he gopasite would heppen
during baams'4. Indeed, ifwe replicate the eardse of T ebke 6 TOlbaingH all
ad Jass ad using 1985 datg the gop dvisan delvers several aourter
intitive resuls'® . First, auntries sudh as Chile Pary, and U ruguay would be
ckssi..ed as pralintasive therefore induded in the gaup of ridy countries.
T his hgpperns because they were experiendngarecsssian in 1985. Seaod whike
in Tabk 6thare is a dear iname dic erence amag gaups  dgpending of the
rumberof tectors hampearing gonh, this is no Ilger the e in this eardse.
T hegaup ofidh cauntrieswauldbe ahasracg anly13h nderthen tregap
ofwell educated productive  but dynamically distorted aountries (aorssting
o adraene ofmae ten 50% in area@dse). T he variance decompasitian
eadse honeer; using theirmethad, readed results very similertoaurs.

140 n the otherhand, ¢ 5 wWhidh is calaulated fiam (4), only depends an A, hjand ks T he
.. Isttho are parameters of the production function, and the Bstis not too sensible o business
oycke fuctuations.

15T he whoke set of results, using the method inH all and Janes, is avai Bble upon recuest

20



54 SimulAtias

A ..nal question © be amsnared is howv well the model dosen here . s the
data Itis awell knoan result that the standard neocclessical madel does not
replicate vwell the dosernved path ofpasevareconamies. |n general aonvargenee
is athertoo st arthe implied interest rake at the inftial periocs is extranely
hidh. P assibe solutias 1O these prdblems induded the use of additicnal stodk
\ariabks aran inaesse in the apital share ®.

T he simulatias ofaurmodel formasteananies, delvered arti. dal paths
that riplicaie quite dosely that of the actual data. Figures 4 thraugh 8 belowv
presanit the simulbated and actual path, fron 19 6 © 1985, of the autput per
warker of 5 sebded aountries (Indonesia. Singgpare Trelbnd Colonbia and
B raab. They illLstiaie the stragihs and weaknesses of simulating eouatian
4 aboe- el incriant romhil odel’ - using the parameter estimates of
aurpreferred regessian 0% depredatian).

Foures 4 thrauch 6 (ad espedally the .. 1st three) diply quite a god
matdh. Far the e of the W04 slan cauntries the model is abke 1o rieplicate
the trarsition path doserad in the begmning of the sampke periad. 4 lthaugh
productivity n@ ;)) in the mincarian madel anly varies aatss aountries (but
notaacss ime) wewere eble o riplicate the high inareese of autputperworker
in the trasition path withaut having 1o resart 1o an inareese in productivity.
T he sameis true Torother Bstgoningh sian countries sudh as T aivean, Koreg,
adll alysia T he madel abo ieplicates auite well the autput path of l relad
and many other Eurgpears aauntries sudh asll avnay Francs U K, Finlbed et

T here are 0 Gases ofmismattch betineen actual and simulated behavior for
autput per warder that illLstiaie the imitatias of the madel used here. For
Colonbia (Figure 7), it bds ke the skpe ofthe smulated path is a itttk bit
smalkerthen the actual ae. Indssd itmay be that for Colombig, the cepital
ebstiaty in produdtian is div erant fram “the world aserage’ estimated in the
parel ragessian. 0 urestimation procsdure impcsss the restriction that cepital
ebstiaties are the same aatss auntries and aatss time (es is astonary Tr
parel estimates), but its use may be ingpprgpriate o Colmbia casing the
doserved disagpancy betneen the simulaied and the actual path ofF autputper
worker: T he e of B rad | (Figure 8) is ae vwhere the hypothesis that h @ ;)
does notdgpad an time may be unreesaneble. B etineen 19 6 and 19 6, B rewl
epaienad a redical progam of ecoanic ad irstitutical ieform. 4 new
ad Ess distoawe tax systan wes inttladuced and the ..nendal system wes
modemized. T he actual behavior of autput per worker may be shoning thae
thareis astucural breek in TP affler these refams, wheress the simulated
path is mudh smaother and its skpe does notdhance atall in this periad.

A hough the Colombian and B raa an cases are notthe anly aesswhere tre
madel mishehaves, thattdid notheppen very frecpantly, A samatierofect, or
the \vest majarity of simulatias we doserve results similar to those of Figures
4 thrauch 6 Il stofthe exaptias are dosernved in the Geees of auntries that
epearianacd avarora revoltion, so productivty dearessss sharply during and
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affterthese episodes'©.

6 Caxdsm

U ndarstanding the nature of autput per worker div eranas aacss aountries
shaud be ane ofthe main dojectives ofthe erature oFecoamicgromth, sinee
the bwel of autput perwarker today can be thougit as the amubtive gonth
epearanad by a gven cauntry. Several authars have dsaompased autput per
workerinto the aatributian ofinputs and praductivity, using diz erernitmethad
olges, and dotaining dic ererit resuls.

In this pgperwe used a dic erent gppraedh. First, we aasiderad that es
timating production funclian parametars shauld be the starting padnt of this
disassion. B ecase productivity Gan be diceranit aatcss auntries we usd
pareldata tedniques in estimatian, sincee thar use albw Tor country gped..c
productivity ek, W e albo distinguish betnean tn0 diesses ofproductian Tunc
tias the extended necdbssical gronth madel and the minaarian gronth model
T he tests aanducied hare show thatt the mincerian gronth macel . s the data
betierthan the extendsd neodssical madkel |l asover; econanetric estimates
and tests showv that productivity \aries ansiderably aatss auntries even af
ter antoling for human and physical gpital inputs, aur estimates shovthat
productivity dic exrencss as high as Tourstill remairs. A b after exdogmizing
pital acaumublatian, the \ariation of productivity eplins ebaut half of the
\ariation of autput per warker: T hus the aondusian thatt inputs aloe éan
ephln the \aiation of autput perworker can be called into question.

P roductivity honever; cannoteplin all the variation ofautputperaorier:
T here are graups of countries thatare ridh (19 85), buttharproductivity is rel
atively bw (eg, Jgpan and Finlbrd), arexiamely biw(U SSR ). They ae
rich because ofFhich leek ofF education and because they have hidh incentives
Tor physial epital acomulation. 0 N the other hand, some aauntries where
productivity Was ebove average do notbelong to the gaup of the rdh natias
ather becase thair BEbar fore is uneducated (eg B raad ) arbecause e in
antives Tarcpital acoumulation are notpresat(eg U ruguey andh rioating).

W e shoned that the gairs Tor conredting the “dctars that hamper groniy”
can be arsiderably hich. T he average inaome percpitaofthe gaup ofnatias
with well educaied Bbor o It dynemicdistortian, and high productivity
is at bsst thiae a5 hidh as that of any other gaup with exadly ae Bdor
hampearing gonth. T he aerace inaame of the graup of natias with all 3
Tdors belowaserace is nly ae tenth of the graup of ridh natias.

T he piciure that emerges fram this study is ae where auntries gew in
the past Tor dic ererit reesas. H enxae auniform policy goplied o all natias is
baud ©© beineective A Hhauch thare is nota singe Baor epbrnation Tor
the dir erence in autput perwarker aacss natias, it ssams that productivity
dnearanes an eplEn a asdasbke patian of inaane ineouality, ollonad

1S orsamel atind merican countries such asll exian U ruguay, and P araguay; the doserved
drp in autputperwarker after the 1982 debt aisis is alko notmatched by the model
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saaad by dynamic distartion and third by human egpirtal acomulatiaon. T he
nextdaliacge is b undarstand Why same aountries are soe¢ dentin aambining
i'ts inputs whi E others are not, and why sane aauntries have the nghtincantives
Tor pital acoumulation whi e others have not
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P arametery/ Statistics D epredatianR ates @)

3 G 9% 12% 15%
® 04038 04124 04155 04183 04176
(Eratio) (@68) (70.6) (7192) (7380) (75.00)
A 00916 00870 00753 00772 0076
(Eratio) (13.6) @136) (1205) (1233) (1324
g 00140 0013 00140 00140 00142
(Eratio) (22.8) (344 (4.6) (5.6) (a0)
BoxCoxp =1 (prvale) 07520 07153 0.7517 09112 0.7743

BoxCoxpu =10 (p\abe) 0.0000 0.0000 0.0000 0.0000 0.0000
Hassman REvws. FE (pvalbe) 00000 0.0000 0.0000 00000 0.0000
Sarcat R gecias aks% 21/95  20/95  15/95  14/95  14/95
W ad tessttornoFE (pvalbe) 0.0000 0.0000 0.0000 0.0000 0.0000

Tabk1l: Estimates oftrell incriant ronh !l adell agl eelll adel

P arametery/ Statistics D epredatianR ates @)
3 (&) 9% 12% 15%

® 04097 04217 0435 04287 04273

(tratio @77) (71295 @(468) (55) @an)

h 00278 0.030 00215 00256 0.0227

(tatio 20 8) @7/ @11 @387

g 00204 0.0195 00187 00194 0.0197

(tratio G144 (G029 (@ .40) (G309) (G5.70)
Bo<Coxu =1 (p\ale) 0.7520 0.7153 0.7517 03112 0.7743

BoxCoxpu =10 (p\abe) 0.0000 0.0000 0.0000 0.0000 0.0000
H aussman REws. FE (pvalbe) 00000 0.0000 0.0000 00000 0.0000
Sarcat R gecias aks% 22/95  19/95 21795  17/95  17/95
W ad tessttornoFE (pvalbe) 0.0000 0.0000 0.0000 0.0000 0.0000

Tabk 2: Estimates of the Extendad | ecdessicalt ronh il odel - D abELl ag
I ocel

P arametery/ Statistics D epredatian R ates @)
3 (&) 9% 12% 15%

® 05154 0565 05931 0598 0597
(tratio 19332) (@181.32) (@415) (19225) (189.6)

A 0064 00686 0056 0.0573  0.0587
(tratio (233») (2342 @.73) (104 (2241

g 0.0118 0.0071 0.0085 0.0101 00113
(tratio (1883 (1099) (1283 (15.08) (I&x2)

W ad tesstfornoFE (pvalbe) 0.0000 0.0000 0.0000 0.0000 0.0000

Tabk 3 BEstimatess ofthell incariant ronthll adelwith no..>xed Er ects



P arametery/ Statistics D epredatianR ates @)

3 G 9% 12% 15%
® 05143 05706 0.623 0.6843 05082
(Eratio) (18752) (17429) (17173 (@17171) (1&H1)
- 01901 01583 01098  0.1208 0.1314
(Eratio) (Q75) (240) (@1522) (1707) (1854)
g 00185 00120 00112 0013 0016
(Eratio) (1858) (1180) (11.€@) (1400) (1&55)

W ad tesstfornoFE (pvalbe) 0.0000 0.0000 0.0000 0.0000 0.0000

T abEk 4 Estimates of the Extadad | eocdssicalt ronth Il adel with no Fixed
Erects

Cantry R eltineP roductivity

lran 1.23
I etherlencs 093
Canedaa 092
Span 0.88

A roEtina 081
B razl 0.71
Chik 0.6
Jgpan 0.58

Kaea 056
Indonesia 0.44
USSR. 043
6 hama 043
India 0.36
Kenya 0.29

R anania 023
I alan 0.20

Tabk5: R eltive P roductivity Estimate for S elected Cauntries (U .S.=1.00)

Tabke 6
6 raup Features Cantries “Bad’ I ean
Features Inaome
1 P roductinve | o distordve and Educated 23 0 11280
2 U nproductinve | andistordve and Educaied 13 1 537
3 P roductive D istardve and Educated 6 1 5343
4 P roductinve | andistaxdve and U neducatied 4 1 34
5 P roductive D istordve and U neducated 16 2 2793
6 U nproductive D istord\ve and Educaied 3 2 2289
7 U nproductinve | andistodve and U neducated 5 2 1WA
8 U nproductive D istordve and U neducated 25 3 1130

Tabk 6 Caary Clssi.cation A axaoding oD in erantFactors



Yi=Yus Yi=Yus Yi=Yus
Canry Unoomected) Gi =cus) Gi=his;adéi =¢us)

A roetina 0 053 0.a&a
B raul 024 034 048
I azambigue 0.05 034 055
N iger 003 0.08 0.13
India 006 0.10 0.15
Jgpan 071 0.33 0.3
USSR. 042 021 023
Span 045 058 0.73
I etherlncs  0.71 0.73 083
I eda 034 0.71 093

Tebk7: R eltive 0 utputofSelcted Cauntries in Caunter-Factual A nalysis



Caaxtry Y = A é h

USh 100 100 100 1.00
Carech, 034 092 07 087
Switzerlnd 050 089 030 0.7
\ avnay 085 081 009 0.65
) ustralia 082 079 035 089
Sweden 081 083 0.65 082
D ermark 078 070 045 030
t amayVl st 076 081 026 074
lelrd 074 077 03 06
France 074 082 029 055
Finkend 073 0.8 -041 080
Japan 071 058 -011 076
\ ethertands 070 043 08 0.73
N ew! ealand 06 080 072 103
B elgium 08 085 058 0.74
U K. 08 088 107 074
A ustria 068 085 047 0.6
Italy 06 084 017 053
H agKag 08 06 115 073
Trnded&Tdoagp 059 1.2 1.6 0.6
Singgpore 052 072 025 053
Isreel 050 073 0.6 081
Spain 045 088 070 054
Irelrd 044 073 054 06
USSR 043 043 -0.8 083
Cyprus 03 056 04 0@
Vereneh 0.3 123 144 04
6 reece 0.3 0.685 058 0.6
B arbados 037 07 158 0.6
I edm 034 103 144 045
T siven 033 0.6 037 065
b retina 02 081 118 0@
Y ugshia 03l 053 008 0.5
P artucel 031 06 074 034
Irq 026 171 187 0.0
Syria 026 104 14 0.3
I auritius 026 0.6 178 047
KoreaR ep. 025 056 102 075
I alysia 025 0.8 030 0.8
Iren 024 123 1@ 0.28
B rezil 024 071 113 029
U rugey 024 075 13 0.6

Tebks§: R eltive pasitian of countries (U S. = 1.00)



Caantry Y =L A é h

Czadxsbwelda 024 037 021 0480

Jaden 0.21 093 147 045
P anama 0.21 0 113 057
Chik 0.21 068 124 056
Sauth i friia 020 06 119 044
Hiji 0.20 06 129 0.6
CotaR iaa 0.19 0.78 156 04/
R eunian 0.19 055 112 0.3
A pria 0.18 0.78 085 0.28
Cadlombia 0.18 06 14 04
Eauedor 0.18 058 030 0.51
Tunisia 017 074 168 0.29
Peru 0.15 068 13 052
T haled 0.15 04 140 045
B osnama 0.14 04 115 0.29
Jamaa 013 044 0350 0.3
Swarilend 013 068 176 0.3
DaninianRep. 013 073 168 0.3
6 uatemal 013 089 135 0.24
P aragey 013 068 16 043
Srl anka 0.12 0.& 135 0.50
R anania 0.12 023 005 0.8
ElSahedor 011 076 199 0.29
I icaag|a 011 080 183 0.0
B oivia 011 046 121 04
Indonesia 0.10 04 13 03>
Pgoual & uinea 0.10 04 14 017
P hilippines 0.09 048 148 0.58
Camerom 0.09 055 197 0.24
H adurss 0.08 056 171 0.3
6 uyam 0.08 03 08 04/
P aldstan 0.08 054 188 0.19
B anoledesh 0.07 076 233 0.18
L imbabwe 0.07 0.3 120 0.23
Seanecal 0.07 052 221 0.19
India 006 036 15 0.2
L esoho 006 04 188 0.0
N epal 006 048 224 011
H ati 0.05 0&a 225 0.25
L iberia 0.05 03 1& 0.19
. ambia 0.05 027 076 0.3
Kawya 0.05 029 141 0.29




Caantry Y=L A é h

6 hama 005 043 211 031
I aczambique 005 0.7 252 007
Tap 004 030 14 024
Camall rR. 004 03 213 0.13
I yamar 004 030 194 021
N icer 003 034 1398 006
Uogada 003 057 246 0.13
N ali 003 046 221 007
I alan 003 020 13 024
Tawvania 003 025 185 0.23
Lare 003 055 23 022




axrectd by

Cantry Y = é h
U SA 100 100 1.00
Canecia 094 0.9 085
Switzerbad 090 071 0.7
I ownay 085 055 0.6
A ustralla 082 08 06
Sweden 081 0.& 0.70
D amark 0.78 051 0.53
6 ermanyW est 0.76 058 0.6
lcelbd 0.74 050 0.6
Fance 0.74 052 0.6
Finbd 073 052 0.6
Jgpan 071 033 03
I etherbncs 0.70 073 083
I ew! eald 06 06 06
B ebbum 08 068 0.72
U K. 0.8 0.685 0.75
A ustria 0.8 057 0.6
Ialy 0.6 053 06
H agKag 0.8 043 04
Trnided&Tdoagp  0.59 121 147
Singgpare 052 041 052
Isreel 050 050 055
Span 045 058 0.73
lrelbd 044 046 055
USSR. 043 021 023
Cyprus 0.3 028 034
Verezeh 0.3 099 1.29
6 reee 0.3 0.3 046
B arbadcs 037 051 0@
I edao 0.34 071 033
Tawnan 0.33 033 03
A roertine 0. 053 0&
Y ugshia 031 025 0.0
P artucal 031 031 043
lrq 026 153 217
Syria 026 06 033
I aurtus 026 033 043
KaeaR e 025 030 03#4
I albysia 025 02 04
Ian 024 085 122
B rexil 024 034 048
U ruguay 024 046 056

Czadxsbwelkda 024 015 1.17

Teabk): R eltive pasitian of countries (U S. = 1.00)
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axrecied by

Cantry Y = é h
Jaden 0.21 059 0.78
P anama 0.21 031 0.3
Chik 0.21 0.36 0.4
Sauth A & 0.20 0.36 04/
Fiji 0.20 037 0.4
CostaR ia 0.19 045 0.59
R eunian 0.19 023 0.3
A Ipria 0.18 0.3 056
Colonbia 0.18 0.4 046
Eauedor 0.18 027 0.3
T unisia 0.17 0.36 0.52
Peru 0.15 0.36 046
T hailend 0.15 0.16 0.22
B atsvwana 0.14 0.18 0.26
Jamaca 0.13 0.16 0.22
Swaz bnd 0.13 0.3 045
D aninicanR ep 0.13 0.37 0.51
6 uatemala 0.13 04 0.70
P araguay 0.13 033 04
Srl anka 0.12 0.3 04
R anania 0.12 0.06 0.07
ElSahedar 0.11 0.37 0.53
I icareg| 0.11 04 0.6
B divia 0.11 0.17 0.23
Indonesia 0.10 0.15 0.21
Pagpual .6 unea 0.10 0.16 0.25
P hilippines 0.09 0.21 0.26
Camerom 0.09 0.20 0.0
H aduras 0.08 023 0.2
6 wyam 0.08 0.14 0.18
P aldsten 0.08 0.20 0.29

L imbsbwe 0.07 0.09 0.14
B angiedesh 0.07 0.3 0.52
Senecal 0.07 0.18 0.3
India 006 010 0.14
L esotho 006 013 0.19

N epal 006 023 0.36
H at 0.05 0.25 0.36
I ambia 0.05 0.07 0.09
Kaya 0.05 0.07 0.10
6 hama 0.05 0.14 0.20
I azambiope 0.05 0.34 0.55
Top 0.04 0.07 0.11




aoxrecied by

Cantry Y/L ¢ h

Cawralh frRepublic 004  0.09 114
I yarmar 004 007 0.10
N iger 003 008 0413
U oanda 003 020 02
i ali 003 014 022
I alani 003 003 005
Tazania 003 005 008
L are 003 021 030
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Figure 1: Estimated productivity and output per worker
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Figure 2: Dynamic inefliciency and output per worker
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Figure 3: Dynamic inefficiency and estimated productivity
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Figure 4: Observed and simulated output per worker (Indonesia)



Singapore

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

1960 1965 1970 1975 1980 1985

—®—Observed - - & - -Simulated

Figure 5: Observed and simulated output per worker (Singapure)
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Figure 6: Observed and simulated output per worker (Ireland)



Colombia
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Figure 7: Observed and simulated output per worker (Colombia)
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Figure 8: Observed and simulated output per worker (Brazil)
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Figure 9: Kernel Densities of Counterfactual Output per-worker in 1985



6 rap 1: P roductine | andistardve and Educaied

Caneda U S4 ., A rgetine H agKang Israel Singgparg A ustria B elgum,
D emark Fane t emay Wl est ¢ reaxe Ieebd Irelbd 1taly | etherlends
N aay Spain, Swedan, Swizerlad U K., A ustralia | ew! ealrd

6 roup 2: U nproducine | anrdistaordve and Educaied
P anama Eauedor; (6 uyamga Jgpan, KaeaR e, | alaysia Tawvwan, Cyprnus
Finled Y ugslhva Czedxslbwalkia R ananig U SSR.

6 roup 3 P raductine D istorave and Educated
B arbados T rinided& T doagg Chike Paru U ruguay, V enezel

6 roup 4 P roductine | anrdistoraveand U neducaied
A berig Sauth A fia B razll P ortucal

6 roup 5: P roductive D istorave and U neducaied

I azambioue Swarilnd T unisia CostaR ica D aninieenR ep., EISahedor;

¢ uatemal Il eda I iarag| Calonbig P araguay, B angliedessh lren, Treg
Jaden Synia

6 roup 6 U npraductine D istorave and Educated

P hilippires, Sti L anka, Fiji

6 roup 7: U nproducting | andistorave and U nedur
B obbvwarg, I ambia I imbabwe Jamaa R eunian

6 roup 8: U npraducting D istorave and U neducated

Camarom, Central A iR egpublic 6 haa Kawya L esothg L iberig Il alan,
I ali, I awitius N iger; Senecal Tawvania Tap Uganda 7 are H at, H ax
durss, B divig Il yaomar; India Indanesig || gpal P aldisten, T hailland P gpua
N6 unea



