
DISCUSSION PAPER SERIES

������������

No. 2537

NON-LINEAR DYNAMICS, SPILLOVERS
AND GROWTH IN THE G7 ECONOMIES:

AN EMPIRICAL INVESTIGATION

Lucio Sarno

INTERNATIONAL MACROECONOMICS



ISSN 0265-8003

NON-LINEAR DYNAMICS, SPILLOVERS
AND GROWTH IN THE G7 ECONOMIES:

AN EMPIRICAL INVESTIGATION

Lucio Sarno, University College, Oxford, and CEPR

Discussion Paper No. 2537
August 2000

Centre for Economic Policy Research
90–98 Goswell Rd, London EC1V 7RR, UK

Tel: (44 20) 7878 2900, Fax: (44 20) 7878 2999
Email: cepr@cepr.org, Website: www.cepr.org

This Discussion Paper is issued under the auspices of the Centre’s research
programme in International Macroeconomics. Any opinions expressed
here are those of the author(s) and not those of the Centre for Economic
Policy Research. Research disseminated by CEPR may include views on
policy, but the Centre itself takes no institutional policy positions.

The Centre for Economic Policy Research was established in 1983 as a
private educational charity, to promote independent analysis and public
discussion of open economies and the relations among them. It is pluralist
and non-partisan, bringing economic research to bear on the analysis of
medium- and long-run policy questions. Institutional (core) finance for the
Centre has been provided through major grants from the Economic and
Social Research Council, under which an ESRC Resource Centre operates
within CEPR; the Esmée Fairbairn Charitable Trust; and the Bank of
England. These organizations do not give prior review to the Centre’s
publications, nor do they necessarily endorse the views expressed therein.

These Discussion Papers often represent preliminary or incomplete work,
circulated to encourage discussion and comment. Citation and use of such a
paper should take account of its provisional character.

Copyright: Lucio Sarno



CEPR Discussion Paper No. 2537

August 2000

ABSTRACT

Non-linear Dynamics, Spillovers and Growth in
the G7 Economies: An Empirical Investigation*

This Paper proposes an empirical growth model which is consistent with a
stochastic steady-state labour productivity level varying over time and across
countries, where the disequilibrium mechanism leading to long-run equilibrium
follows a non-linear equilibrium correction model. Using data for the G7
economies during the post-war period since 1950, the empirical analysis
yields a long-run model that implies plausible estimates of the production
function parameters. Post-war economic growth in each of the G7 countries
appears to be well characterized by a non-linear equilibrium correction model
where the dynamic adjustment towards long-run equilibrium is governed by a
logistic function, while also capturing spillover effects in growth dynamics.
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NON-TECHNICAL SUMMARY

Traditional growth theory in line with the augmented Solow-Swan model
implies a long-run relationship between labour productivity and the
determinants of the steady state, while the steady state displays cross-country
heterogeneity and varies over time, and the adjustment process towards
equilibrium is consistent with a non-linear equilibrium correction model. This
Paper examines empirically the determinants of both the steady state and the
dynamic adjustment path towards the steady state in the context of a variant
of the augmented Solow-Swan (Solow, 1956; Swan, 1956; Mankiw, Romer
and Weil, 1992) model using post-war data for the G7 economies.

Several recent papers have highlighted that many of the early studies
investigating growth dynamics using cross-sectional regressions are subject to
serious econometric difficulties, directing researchers towards econometric
techniques that allow cross-country heterogeneity. In this Paper, we employ
time-series methods that allow us to accommodate the presence of cross-
country heterogeneity both in the steady state and in the dynamic adjustment
path (Durlauf and Quah, 1999; Temple, 1999). The empirical model proposed
here is derived from extending the traditional augmented Solow-Swan model
by allowing for a stochastic element, with the steady-state equilibrium level of
labour productivity modelled as a stochastic process varying both over time
and across countries, determined by the level of technology, rate of capital
accumulation and rate of labour force growth.

Although some recent research recognises the importance of allowing the
determinants of the steady state to be stochastic, there is no empirical study in
the relevant literature – to the best of our knowledge – which tests the
augmented Solow-Swan model with each of the determinants of the steady
state allowed to be stochastic. In other words, the assumption that at least one
of technology level, rate of capital accumulation and rate of labour force
growth is non-stochastic is routinely made in the empirical literature and this
may, at least partially, explain the failure of detecting cointegration in the static
regression implied by the augmented Solow-Swan model (eg. Cellini, 1997;
Sarno, 1999).

Further, the augmented Solow-Swan model predicts that labour productivity is
governed by a law of motion, which suggests non-linear adjustment towards
long-run equilibrium: this is, however, a theoretical implication largely
neglected by the relevant empirical literature to date. This theoretical
prediction appears to be consistent with the strong empirical evidence
reported by the recent literature (discussed below) suggesting that the
dynamics of post-war business cycles in the G7 countries display significant
non-linearities. Thus, one might expect that allowing for non-linear adjustment
towards equilibrium in the empirical modelling of economic growth may yield
some improvement upon the corresponding linear equations.



The present Paper contributes to the relevant literature in that we propose an
empirical growth model, which may be viewed as a generalization of the
augmented Solow-Swan model, explicitly allowing for non-linear adjustment
towards the long-run equilibrium as well as for spillovers in growth dynamics
across countries. Using post-war data for the G7 countries, we can establish
cointegration in the static regression predicted by the augmented Solow-Swan
model, with correctly signed and plausible implied estimates of the production
function parameters. Our results clearly suggest that technology, capital
accumulation rate and labour force growth generate a stochastic long-run
equilibrium level of labour productivity. Our analysis ultimately results in the
estimation of a non-linear equilibrium correction model, where each of the
variables determining the steady state is treated as stochastic, the
cointegrating vector implies plausible estimates of the production function
parameters, and the adjustment towards equilibrium is found to be particularly
well characterized by a logistic cumulative distribution function of the type
proposed by Granger and Swanson (1996). The empirical model allows for the
dynamics of labour productivity in one country to be affected by the
equilibrium errors from other countries, suggesting the existence of significant
spillover effects in growth dynamics within the G7.

In turn, these results have a fairly intuitive interpretation and important policy
implications.
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udwhv duh olnho| wr gl�hu dfurvv frxqwulhv dqg wkh jurzwk ri whfkqrorj| kdv ehhq kljkhu lq wkh

RHFG frxqwulhv zlwk vpdoohu +lqvljql�fdqwo| gl�huhqw iurp }hur, glvshuvlrq dv frpsduhg wr

wkh zruog dv d zkroh1

.
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8Pdq| ri wkh suhglfwlrqv ri wkh prgho duh lq idfw suhvhuyhg lq prghov zlwk pruh ixoo|

vshfl�hg plfurirxqgdwlrqv/ dowkrxjk vrph duh irxqg wr ghshqg xsrq krz fxuuhqw jhqhudwlrqv

zhljk wkh zhoiduh ri ixwxuh jhqhudwlrqv1 Idluo| urexvw suhglfwlrqv duh/ lqwhu dold/ wkdw wkh

vwhdg| vwdwh ydulhv dfurvv frxqwulhv dqg wkdw frqyhujhqfh wrzdugv wkh vwhdg| vwdwh jurzwk

sdwk rffxuv judgxdoo| +vhh Eduur dqg Vdod0l0Pduwlq/ 4<<8,1 Dovr/ zlwklq wkh qhrfodvvlfdo

iudphzrun/ rshqlqj xs wkh prgho jhqhudoo| vxjjhvwv wkdw lqwhudfwlrq zlwk rwkhu frxqwulhv

kdv qr h�hfw rq dq hfrqrp|*v orqj0uxq jurzwk +hj1 Djklrq dqg Krzlww/ 4<<;/ Fkdswhu 44,1

Wkhuh pd| eh/ krzhyhu/ lqwhuhvwlqj h�hfwv ri rshqqhvv rq wkh wudqvlwlrq wr wkh vwhdg| vwdwh/

iru h{dpsoh zlwk lqwhuqdwlrqdo fdslwdo  rzv d�hfwlqj +xvxdoo| udlvlqj, wkh udwh ri frqyhujhqfh

+vhh Eduur dqg Vdod0l0Pduwlq/ 4<<8/ Fkdswhu 6> Djklrq dqg Krzlww/ 4<<;/ Fkdswhu 44,1

+
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9Wkh lqwhusuhwdwlrq ri t*? +
W 3 *? +�

�|
dv wkh exvlqhvv f|foh ri frxqwu| � lv frqvlvwhqw zlwk

wkh frqyhqwlrqdo hfrqrphwulf gh�qlwlrq ri exvlqhvv f|foh dgrswhg e| wkh uhohydqw olwhudwxuh

zklfk whqgv wr ghfrpsrvh rxwsxw vhulhv lq shupdqhqw +qrqvwdwlrqdu|, dqg whpsrudu| +vwd0

wlrqdu|, frpsrqhqwv dqg lqwhusuhwv wkh odwwhu dv wkh exvlqhvv f|foh frpsrqhqw 0 qrwdeo|/ vhh

Ehyhulgjh dqg Qhovrq +4<;4,1
:Hpslulfdo hylghqfh lq idyru ri qrqolqhdulwlhv lq rxwsxw dqg lqgxvwuldo surgxfwlrq kdv ehhq

surylghg e| d qxpehu ri uhvhdufkhuv 0 hj1 vhh Whuçvyluwd +4<<8, dqg Vndolq dqg Whuçvyluwd

+4<<<,1
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;Iru dq h{fhoohqw wuhdwphqw ri wkh frqfhswv dqg whfkqltxhv glvfxvvhg lq wklv vhfwlrq/ vhh

Judqjhu dqg Whuçvyluwd +4<<6,/ Judqjhu dqg Vzdqvrq +4<<9, dqg Judqjhu dqg Kdoguxs +4<<:,

0 vhh dovr Hvfuledqr +4<;9, dqg Judqjhu dqg Ohh +4<;<,1 Wkhvh uhihuhqfhv dovr surylgh

h{whqvlyh glvfxvvlrq rq wkh uhohydqw vshfl�fdwlrq/ hvwlpdwlrq dqg hydoxdwlrq surfhgxuhv zklfk

duh/ wkhuhiruh/ qrw uhshdwhg khuh1 D qxpehu ri ghwdlov zlwk uhjdug wr vshfl�fdwlrq/ hvwlpdwlrq

dqg hydoxdwlrq ri wkh hpslulfdo prghov ghulyhg lq wklv sdshu duh jlyhq/ krzhyhu/ lq Vhfwlrq

8161 Forvho| uhodwhg lv zrun lv dovr gxh wr Hvfuledqr dqg Plud +4<<9,/ zkr surylgh d yhu|

jhqhudo gh�qlwlrq ri qrqolqhdu htxloleulxp fruuhfwlrq edvhg rq wkh frqfhsw ri pl{lqj1
<Wkh qrwlrqv ri vkruw phpru| lq phdq dqg orqj phpru| lq phdq surfhvvhv pd| eh vhhq dv

wkh jhqhudolvdwlrqv ri wkh olqhdu qrwlrqv ri vwdwlrqdu| dqg qrqvwdwlrqdu| surfhvvhv uhvshfwlyho|

lq d qrqolqhdu frqwh{w1 Krzhyhu/ qrwh wkdw qrw doo qrqvwdwlrqdu| surfhvvhv duh orqj phpru| lq

phdq> surfhvvhv wkdw duh erwk qrqvwdwlrqdu| dqg vkruw phpru| lq phdq lqfoxgh/ iru h{dpsoh/

wlph0ydu|lqj surfhvvhv zlwk erxqghg yduldqfh +vhh Judqjhu dqg Whuçvyluwd/ 4<<6/ ss1 84086,1

(
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43Dowkrxjk gdwd rq vrph ri wkh yduldeohv uhtxluhg iru wkh suhvhqw dssolfdwlrq duh dydlodeoh

iurp rwkhu vrxufhv iru wkh frxqwulhv h{dplqhg/ zh suhihu wr xvh wkh Vxpphu0Khvwrq gdwd vhw

vlqfh lw doorzv gluhfw frpsdudelolw| wr pxfk uhohydqw olwhudwxuh rq jurzwk hpslulfv/ zklovw ehlqj

ri yhu| kljk txdolw| iru wkh J: frxqwulhv1 Lq wklv zd| wkh sureohpv w|slfdoo| hqfrxqwhuhg lq

hvwlpdwlqj jurzwk uhjuhvvlrqv zlwk srwhqwldo phdvxuhphqw huuruv dqg gxelrxv gdwd 0 uhfhqwo|

uljrxurxvo| dgguhvvhg e|/ lqwhu dolrv/ Ohdphu dqg Wd|oru +4<<<, 0 duh plqlplvhg1
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44]yl Julolfkhv dqg Urq Vplwk duh judwhixoo| dfnqrzohgjhg iru wkhlu vxjjhvwlrqv dqg jxlg0

dqfh lq wkh frqvwuxfwlrq ri wkh U)G vwrfn phdvxuh1 Wkh pdlq uhdvrq iru xvlqj wkh U)G

vwrfn lv wkdw/ dowkrxjk U)G grhv qrw fdswxuh hyhu|wklqj fryhuhg e| wkh qrwlrq ri whfkqrorj|/

U)G0edvhg lqglfdwruv duh wkh prvw zlgho| xvhg sur{lhv lq wklv frqwh{w dqg/ prvw whoolqjo|/

U)G dfwlylwlhv kdyh jurzq lq lpsruwdqfh dv vrxufhv ri whfkqrorj| +Sdwhoo dqg Sdylww/ 4<<8>

Julolfkhv/ 4<<5/ 4<<7/ 4<<8/ 4<<;> Jhurvnl/ 4<<8> Whpsoh/ 4<<<,1 Dqrwkhu uhdvrq lv wkdw

dowhuqdwlyh sur{lhv iru whfkqrorjlfdo fkdqjh xvhg ru vxjjhvwhg e| wkh olwhudwxuh 0 vxfk dv/ iru

h{dpsoh/ sdwhqwlqj dfwlylw|/ gluhfw phdvxuhv ri lqqrydwlrqv/ qxpehu ri vflhqwlvwv dqg hqjl0

qhhuv hpsor|hg rq U)G/ vxuyh|v ri whfkqlfdo h{shuwv/ whfkqrphwulfv lqglfdwruv 0 duh rqo|

dydlodeoh iru vkruwhu vdpsoh shulrgv iru vrph ri wkh frxqwulhv h{dplqhg khuh +vhh Mrqhv/ 4<<8,1

Pruhryhu/ qrwh wkdw/ dowkrxjk/ frqvlvwhqw zlwk prvw ri wkh uhohydqw olwhudwxuh +vhh Julolfkhv/

4<<8/ 4<<;,/ zh dgrsw d ghsuhfldwlrq udwh ri 48 shufhqw lq frqvwuxfwlqj wkh vwrfn phdvxuh

ri U)G/ wkh hpslulfdo uhvxowv jlyhq ehorz zhuh irxqg txdolwdwlyho| xqfkdqjhg zkhq xvlqj d

ghsuhfldwlrq udwh ri hlwkhu 8 shufhqw/ 43 shufhqw ru 53 shufhqw1
45Jlyhq wkh frqylqflqj uhfhqw hpslulfdo hylghqfh surylghg e| OSV +4<<:, vxjjhvwlqj wkdw

gl�huhqfhv lq wkh whfkqrorjlfdo surjuhvv udwh } duh qrw vwdwlvwlfdoo| vljql�fdqw zlwklq wkh

RHFG/ zh dvvxphg wkdw } htxdov f�f2. 0 wkh hvwlpdwhg ydoxh ri } surylghg e| OSV +4<<:, iru

55 RHFG frxqwulhv 0 iru hdfk J: frxqwu|1 Qhyhuwkhohvv/ doorzlqj } wr ydu| dfurvv frxqwulhv

dqg vhwwlqj lw htxdo wr wkh hvwlpdwhg phdq ydoxh ri {�| |lhoghg hvwlpdwhv iru } ehwzhhq f�f2e

dqg f�f2b/ dqg wkh uhvwulfwlrq wkdw } lv wkh vdph dfurvv wkh J: frxqwulhv frxog qrw eh uhmhfwhg

zlwk d s 0ydoxh ri f�eD xvlqj d olnholkrrg udwlr whvw1 Lq dgglwlrq/ zh whvwhg wkh k|srwkhvlv wkdw

wkhuh lv qr vwuxfwxudo euhdn lq wkh phdq ri {�| xvlqj erwk d uhfxuvlyh Fkrz whvw vwdwlvwlf dqg d

Yrjhovdqj +4<<:, whvw vwdwlvwlf zklfk doorzv iru wkh euhdn srlqw wr eh fkrvhq hqgrjhqrxvo|/ exw

frxog qrw uhmhfw wkh qxoo k|srwkhvlv ri qr vwuxfwxudo euhdn/ vxjjhvwlqj wkdw wkh dvvxpswlrq

ri d frqvwdqw } lq wkh hpslulfdo dqdo|vlv pd| eh whqdeoh lq wkh suhvhqw dssolfdwlrq1 Zh

dgrswhg wkh frqyhqwlrqdo dvvxpswlrq wkdw wkh ghsuhfldwlrq udwh B/ iru zklfk qr jrrg gdwd duh

dydlodeoh/ htxdov f�f� iru doo frxqwulhv h{dplqhg +vhh PUZ/ 4<<5> Mrqhv/ 4<<;,1

*
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46H{hfxwlrq ri zhdn h{rjhqhlw| whvwv rq hdfk ri �|/ 7g|/ 7M| dqg ~| vhsdudwho| +lh1 whvwlqj

h{foxvlrq uhvwulfwlrqv rq wkh lqglylgxdo dgmxvwphqw frh!flhqwv, dovr lqglfdwhg qrq0uhmhfwlrq

ri wkh qxoo k|srwkhvlv ri zhdn h{rjhqhlw| lq hyhu| fdvh1 Lq dgglwlrq/ zh dovr whvwhg iru

vwurqj h{rjhqhlw| e| dvvxplqj zhdn h{rjhqhlw| dqg dsso|lqj Judqjhu qrq0fdxvdolw| whvwv iru

ihhgedfnv iurp {t|1 Vlqfh t dqg wkh irxu h{sodqdwru| yduldeohv duh frlqwhjudwhg/ Judqjhu

qrq0fdxvdolw| fdq dovr eh whvwhg zlwklq wkh frpsohwh YDU prgho lq UE�� vsdfh/ dqg wkh whvwv

iru h{foxglqj frh!flhqwv ri odjjhg t| kdyh d olplwlqj �2 glvwulexwlrq dv vkrzq/ iru h{dpsoh/

lq Zdwvrq +4<<7,1 Wkh uhvxowv +qrw uhsruwhg wr frqvhuyh vsdfh exw dydlodeoh iurp wkh dxwkru

rq uhtxhvw, lqglfdwhg uhmhfwlrq ri vwurqj h{rjhqhlw| iru hdfk ri wkh yduldeohv lq wkh YDU1
47Wkh uhvwulfwlrq ri d xqlw| frh!flhqw rq �| frxog qrw eh uhmhfwhg iru wkh XN/ Jhupdq|/

Fdqdgd dqg Lwdo| zlwk s0ydoxhv htxdo wr f��2/ f�2D/ f�eS dqg f��b uhvshfwlyho|/ zkloh lw zdv

uhmhfwhg iru wkh XV/ Mdsdq dqg Iudqfh zlwk s 0ydoxhv htxdo wr f�fe/ f�f� dqg f�fe uhvshfwlyho| 0

wkhvh olnholkrrg udwlr whvw vwdwlvwlfv duh reylrxvo| glvwulexwhg dv �2E��1 Zh dovr whvwhg h{fox0

vlrq uhvwulfwlrqv rq wkh ghwhuplqlvwlf wuhqg lq wkh frlqwhjudwlrq vsdfh/ exw iru hdfk frxqwu| zh

zhuh deoh wr uhmhfw wkh k|srwkhvlv wkdw wkh wuhqg lv qrw vwdwlvwlfdoo| vljql�fdqw dw frqyhqwlrqdo
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