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Abstract. The Asian growth miracle is often attributed totéa accumulation under the
implicit assumption that savings, broadly defineaye been high and increasing due to
exogenous forces. Using data for India, Indoné&iaea, Singapore and Taiwan over the
period 1870-2011 this paper examines the causslaoeship between growth and saving.

The response of growth to savings is first estighat@ng instruments to generate exogenous
variation in savings rates. The residual variatirogrowth that isiot driven by savings is

then used as an instrument to estimate the effegbath on savings. The estimates show
that the spectacular saving rates in the Asian d¥erBconomies have been fuelled by growth,
and not the other way around.
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1. Introduction
Following the neoclassical revival in the 1990gitzd accumulation has been

regarded by some economists as the key driver 8¢henspectacular productivity growth
performance in the Asian Miracle Economies (AMEheneas technological progress has
played only a subsidiary role — the so-called KragrYoung hypothesis (Hsieh and Klenow,
2010; Lee and Hong, 2012; van der Eng, 2010). Thedmgs, which are based on growth
accounting exercises, suggest that the miraculmduptivity growth (henceforth growth)
experienced in the East Asian economies is predamtiindriven by transitional dynamics in
the neoclassical growth framework. Lu (20bh2f extended the growth accounting

framework for the East Asian economies and shoafsféttor accumulation was the driving

1 Helpful comments and suggestions by participansgminars at Monash University and University of
Sydney are gratefully acknowledged. Jakob B Madgatefully acknowledges financial support from the
Australian Research Council (DP110101871).



force behind the early growth experience, while TFr®&wth became the prime mover of
growth during the later stages of the economic esjom’

However, several economists have questioned whitbtr accumulation can be
considered to be an independent force of growthaagde that the high and the increasing
savings rates in East Asian economies have, to saieat been an outcome of growth.
Modigliani (1986) has stressed that the positivati@nship between savings and growth is
the most central and important prediction of Hs-tiycle model. Furthermore, Carroll,
Overland, and Weil (2000) show that, under plagsggdsumptions, savings are positively
related to growth under habit persistence, and@e@t999) suggests that East Asia’s
contemporaneously high savings rates have beely daxten up by these countries’ high
growth rates. Finally, the seminal papers of Lefd@B854) and Kaldor (1957) show that
growth drives saving rates up because it incredieshare of income of the capitalists who
are the savers.

This paper asks whether the factor accumulatidherAMESs can be seen as a
consequence of increasing savings rates or whtbesavings spurts have been caused by
high growth rates, where savings in this exposi@mnbroadly defined as gross financial
saving (henceforth saving) following national accsystems as well as investment in
education (henceforth schooling). Mankiw, Romed ®eil (1992), among others, argue
that education is a critical part of saving andvshioat the Solow model is consistent with the
data when education is included as a part of saving

The identification strategy, suggested by Blanctzard Perotti (2002) and developed
further by Brickner (2013), is used to ensure graimeter estimates are not biased due to
endogeneity. In the first step, the response oivtirdo financial saving is estimated using
young age dependency rates, the gender ratio aggse10-24, and life expectancy at the age
of ten as instruments for gross saving to generadgenous variation in savings rates. In the
second step, after the causal response of reagpéa GDP growth to gross saving is
guantified by the instrumental variables estimates residual variation in growth thatrist
driven by saving is used as an instrument for gnowhe advantage of this identification
strategy over alternative strategies is that imsémnis are only required for one of the
endogenous variables. In our case we choose toiinsht saving since it is difficult to find

good instruments for income. Endogenous growth tsqatedict that, in steady state, growth

2 Several papers have been critical to the capiiraulation hypothesis and argue that too muchefjrowth
has been attributed to capital accumulation in gincaecounting exercises, particularly the AMEs ($ee
example,Aghion and Howitt, 2007; Ang and Madseri,12Easterly and Levine, 2001; Hsieh and Klenow,
2010; King and Rebelo, 1993; Klenow, 2001; Klenawl &odriguez-Clare, 1997; Robertson, 2002)
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is driven by investment, R&D and human capital #alaes that are all highly endogenous,
and theory offers little guidance about exogenag$oirs that drive these variables in the
time-domain.

The tests are carried out using data for privatengapublic saving, educational
attainment and several other variables are comfolebhdia, Indonesia, Korea, Singapore,
and Taiwan over the period 1870-2011. The histbdata on savings rates have been
constructed from several different national andnmational sources as detailed in the data
appendix. Recent reconstructions of historicalamati accounts for Korea (Kim, 2012),
Singapore (Sugimoto, 2011), Taiwan (Mizoguchi amddchura 1988) , India
(Sivasubramonian, 2000), and Indonesia (van der E)t0) have enabled us to construct
data back to 1870 for the AMEs. The shortcomingsafg long historical data is that the
guality of the data deteriorates as we go backmne;tan issue we address by considering
different estimation periods.

Despite this shortcoming there are several berfedits using long historical data.
First, the parameter estimates are much less subjénite sample bias than cross-country
studies that typically span 20 or 30 years. It &l\known that IV estimates are biased in the
same direction as OLS estimates in small sampéticplarly if the instruments are weak
(Murray, 2006). Furthermore, Davidson and MacKin@d06) show that instrument
variable parameter estimates can be severely biasgdall samples. Second, tests of over-
identifying restrictions suffer from size distom®in small samples by failing to reject the
null hypothesis too often (Murray, 2006). Thirdyeral cycles in the long savings and
income data can be identified in the period 187012@herefore, giving lots of identifying
variation in the data.

The AMEs considered here have high growth rates 8#®WIl in common. For India
and Indonesia the high growth rates have, partigtillbeen concentrated in the metropolitan
areas. Except for India these economies have furir@mmon that a large fraction of the
population is of Chinese ethnicity. Confucian crdthas often valued thrift and it has always
been taken for granted that parents in these esltsave up for their children’s education and
house purchases (Liang, 2010). In the contexteptiesent paper it is crucial that the
increasing growth enabled the parents to enhamtegavings to fulfill their desires to
provide for their children’s future. In Taiwan “the 1970s and 1980s, as saving increased
along with the higher standard of living, this @mary practice imperceptibly evolved into

‘buying a house for one’s eldest son,’ then ‘buyanigouse for each of one’s sons,’ and



‘buying a house for each of one's children” (LiaB@10, p. 211). In other words there has
been a great urge to enhance savings as the eaooppuortunities developed.

Although the factor accumulation versus TFP grogdghtroversy has been on-going
for two decades, very little work has been donaddress the key question of whether the
factor accumulation was driven by growth in thetfplace and the extent to which growth
has been caused by saving in the AMESs. In the mxdstme cases in which saving is caused
entirely by growth, or if saving does not affecbwth, the factor accumulation hypothesis
loses ground and factor accumulation cannot be agan independent force of growth.

The empirical work on saving and growth has beed@minantly limited to gross
financial saving using a world sample typically spiag two or three decades and
endogeneity has not been dealt with adequatelyeffample, see, Aghion, Comin, and
Howitt, 2006; Baumol, Blackman, and Wolfe, 1991 sBorth, 1993; Carroll and Weil, 1994,
Deaton and Paxson, 1994; Edwards, 1995; LoayzaniftiHebbel, and Servén, 2000;
Modigliani and Cao, 2004; Radelet, Sachs, and 2@@]). Radelet, Lee, and Sachs (19%7)
one of the few studies that has investigated therchénants of savings in Asia. Although
some of the aforementioned papers have addresdedameity, the exclusion restriction is
highly unlikely to hold; particularly because mgdtigged independent variables have been
used as instruments. Finally, very little workaify, has investigated whether growth
influences education.

The rest of the paper is organized as follows.i&e& briefly discusses the theory of
saving and growth, section 3 presents the empigsiinates, section 4 provides robustness
checks, Section 5 investigates the relationshipvéen investment and growth, and Section 6

concludes the paper.

2. Factor accumulation, saving and growth

Theories of savings give contradictory predictiabsut the financial saving effect of growth.
The theories of Lewis (1954), Kaldor (1957), Modigi (1970) and Carrolét al. (2000),
Chen, Imrohorglu, and imrohorglu (2006) and Wen (2009) predict that growth affect
saving positively, while the permanent income hiapsts (PIH) predicts that growth
impinges negatively on saving. For saving in edooathe model of Bils and Klenow (2000)
predicts that growth causes schooling, while sévgnawvth models predict that education

causes growth (for well-known models, see Luca881Mankiwet al., 1992; Romer, 1990).



2.1 Financial saving

For the PIH the relation between growth and saeaigbe seen most easily by
considering the ‘rainy day equation’ by Campbei§8) in which saving is the discounted
value of the expected reduction in earnings:

o AY
St = —21 Et (1-::)’2, (1)

whereSis saving,Yi:k is real income (sum of real earnings and realtasseme) in yeat+k,

E is the expectation operator, ani$ a fixed real interest rate. The model showsttia
relationship between saving and growth is negatipesitive growth is expected, and zero if
income growth is unanticipated. When income is etgukto grow, current income is, on
average, below the permanent income; thus estaidishnegative relationship between
saving and growth.

A problem associated with the PIH is the assumptican exogenous real interest
rate. In a production economy the real rates airneto capital are determined by the
marginal products of capital, which in turn wilspond to changes in productivity growth;
the fundamental source of changes in permanenitriacéd permanent increase in TFP raises
the rate of return to capital, so investment demaitidncrease, resulting in a higher
equilibrium saving rate through a higher real iegtrate. Consequently, in contrast to the
prediction of the PIH, Cheet al. (2006) show, in a general-equilibrium growth miptieat
household saving may increase rather than decneassponse to a higher permanent
income. This mechanism will only be active durihg transitional period since capital
deepening will drive returns down to their initiavel in the steady state.

The life-cycle model predicts a positive relatiopsbetween growth and savings
(Modigliani, 1986). In periods of positive produaty growth each successive cohort will
earn a life-time income higher than the previousorband, thus, consume correspondingly
higher, because it is assumed that the life-tinnerme is expected to remain constant over the
life-cycle for each age cohort. In other words hwpbsitive income growth, the savings of the
working population will exceed that of the retiregissaving and the aggregate savings will,
consequently, be higher than the savings of a ategerconomy. For this mechanism to work
one needs to assume that growth expectations eypareassumption that is hard to maintain
(Carrollet al., 2000); at least to the extent that growth is jgteble.

In the model of Carrolt al. (2000) a growth spurt will endogenously enharsens
as the utility of consumers depends on past asasaibntemporaneous consumption. Based



on a non-stochastic perfect foresigit model, Carrolkt al. (2000) show that the derivative
of the gross saving rate with respect to the graaté of output will be positive isteady

state if and only if the following condition is satistie

0

o<1+ 507)’

(2)

wherego is the coefficient of relative risk aversiaghis the depreciation rate of fixed capital
stock,d is the time-preference, apds an index of the importance of habilsg y < 1,

wherey = 0 if only the absolute level of consumption reegtfor utility (CRRA preferences)
andy = 1 if it is only the consumption relative to hghihat is important for utility. From Eq.
(2) it can be seen that the inequality is much li&s$y to be satisfied in the neoclassical
model = 0) than in habit persistence models. Camiodll. (2000) argue that the inequality is
likely to be satisfied.

Kaldor (1957) suggests a two-way relationship betwgrowth and saving. The
economy is composed of workers (non-savers) anithtiafs (savers) and the only way the
economy can grow is through capital accumulatidmctvin turn is driven by capitalists’
saving; thus establishing a link from saving tovgita Conversely, growth drives profits and,
thus, capitalists’ savings. Kaldor's model is quimilar to the model of Lewis (1954). In the
model of Lewis (1954) the modern sector developatitizing labor from the traditional
non-capitalist backward subsistence sector. Ataaly stage of development, the unlimited
supply of labor from the subsistence economy m#aatshe capitalist sector can expand for
some time without any need to raise wages. Thidteem higher returns to capital, which are
reinvested in capital accumulation; thus estabiligla positive relationship between growth

and savings and self-sustained development.

2.2 Saving in education

Since households ultimately have to make a poatfadicision about their saving,
including investment in schooling, it follows thigrowth will impinge on schooling through
the same channels as financial saving. FurthernBaiseand Klenow (2000) show that
growth is influential for expected returns to sclmgpand that growth increases the optimal

years of schooling. They derive the following edquatfor the optimal years of educatidzr;

Er=T- éln [cl)—uq(br—g)]’ )



wherer is a constant interest rag,is the returns to schooling following the Minceria
approachy (« >0) is the ratio of schooling tuition fees and the apaity cost of student time,

g is productivity growth and is the number of years that the individual is extee to stay in

the labor force. Using some algebra it can be shbm% < 0, i.e., the number of years

of schooling that optimizes life income is positiveelated to the expected growth rate but is
negatively related to the real interest rate. Tinengjtative effects of growth on schooling are
potentially large. With a real interest rate ofy,s& percent and returns to schooling of 7
percent, Eq. (3) implies that an increase in thpeeted perpetual growth rate from 1 to 4
percent increases the optimal length of schooling.b years.

Another reason for expecting a positive relatigm&fetween growth and schooling is
that growth-induced savings increase investmeatlircation along with investment in other
assets. If the real return to education is appratety 7 percent, it compares well with other
investments and, unlike financial asset investméete is no risk of losing the investment
through confiscation, inflation or the inability bbrrowers to honor their debts. Furthermore,
since educated individuals are less affected bynph@yment in downturns than their less
educated counterparts (Mincer, 1991), it followet ttne returns to schooling are
countercyclical. Thus, megative risk premium to schooling returns is incurred,imgthat
risk in the consumption CAPM depends on the comagebetween consumption growth and
growth in the returns to education. Finally, si@@nese parents have often been dedicated
to educating their children (Liang, 2010) it is ceivable that their educational level has
been below their desired level because they, at ledil recently, are credit constrained. An

increase in income will, therefore, increase scingahffordability.

2. Empirical estimates

The following three models are regressed to exathie@exus between savings and growth:

sk = ag + @AY + a2A7 + asrip + 449 + €t 4)

GERJ, = by + bye}’ + by + b3 g + €3¢, (5)
Pat

it = Cg + C1Sit T C2 (E)

Pat
. + C3Ahit + C4DTFi,t_1 + C5 (P_OpDTF)lt ) + 83,t, (6)

i

wheres® is (X = P, T) private P) and total T) saving, measured as nominal gross financial
saving divided by nominal GDR' is the young age dependency (ratio of the popmniati



the 0-14 age group to the working population agetb164);A° is the old age dependency
(ratio of population in the 65+ age group to therking population aged 15 to 64)is the

real interest rate computed as the nominal inteasdstminus the contemporary rate of
consumer price inflatiorg is the productivity growth rat&ER’ is gross enrolment rates at
(J=P,ST) primary @), secondary) and tertiary 7) levels;h is educational attainment of
the working age populationPét/Pop) is research intensitfpat is the number of patent
applications by residentBpp is the size of the populatiog' is life expectancy at the age of
ten; andDTF is the distance to frontieBTF = (y — y)/y, wherey is productivity measured
as per capita output in purchasing power paritysyaindy is per capita output in purchasing
power parity units at the frontier (Japan).

Country and time-dummies are included in all regjss. The regressions are
undertaken in five-year non-overlapping intervalatiow for dynamic adjustment.
Furthermore, five-year estimates appear to besigisgect to measurement errors than one-
year estimates (Johnson, Larson, PapageorgiolS@m@manian, 2013) .

We have several comments on the models. Eq. @¥tiandard growth-augmented
saving model in which saving is expected to be tiegjg related to young and old age
dependency rates as well as real interest ratesagé dependency-induced saving is allowed
to differ between young and old because the liteeatinds that the saving behavior differs
substantially between these two groups. Radekdt (1997) found old age dependency ratio
insignificant in their savings regressions for Asiad Deaton (1999) argues that families are
better insurance against the inability to work thelging on saving. Only recently has the
demographic transition in the AMESs rendered it ndifecult to rely on children for old age
support and it may turn individuals into life-cyidehowever it will still take some time
before this effect takes hold. Empirically, thesaigreat deal of evidence that old people
save, or at least do not dissave, as requiredélyfehcycle model without bequest (Deaton,
1999).

The GER model, Eq. (5), is derived from the Bilgl &lenow (2000) model in which
schooling depends on growth, life expectancy aedehl interest rate. Life expectancy at the
age of ten is used as regressor instead of life@a&pcy at birth because it reflects better the
expected returns to schooling at the time at wthehwould-be students or their parents
make their schooling decision. Life expectancyidghbs a poor proxy for age life
expectancy at the time at which the schooling da&tis made because the increase in life
expectancy at birth has, until recently, been daeid by a marked decrease in infant

mortality.



Eq. (6) is growth as a function of the saving re¢search intensity, educational
attainment, the DTF, and the interaction betweerlXiiF and research intensity. The model
encompasses the predictions of the education-exte8dlow growth model, in which
growth is a function of the savings rate and thenge in education as a proxy for the rate of
saving in the form of education, and recent endogsmgrowth models in which productivity
advances are driven by technological progress,wikit turn driven by innovations (See,
for derivation,Madsen, 2008).

The domestic innovative activity is assumed touefice productivity growth through
research intensity following the Schumpeterian ghomodels of Aghion and Howitt (1998),
Dinopoulos and Thompson (1998), Peretto (1998), H§®999), Peretto and Smulders
(2002), and Dinopoulos and Waldo (2005). These Bgaterian models assume that the
effectiveness of R&D dilutes due to the prolifepatof products as the economy expands;
thus, growth is driven by research intensity in @ohumpeterian models. Patents are divided
by population to allow for product proliferatiom the steady state the number of product
lines is proportional to the size of the populatido ensure sustained growth the number of
patents has to increase over time to counterachtneasing range and complexity of
products that lower the productivity effects of R&btivity.

DTF and its interaction with research intensitjydw the prediction of the
Schumpeterian growth models of Howitt (2000) argthidn and Howitt (2006). In these
models a country at the technology frontier makesamental improvements to existing
leading edge technology, while countries behinddiebnology frontier implement
technologies that have been developed elsewherthefumore, Howitt (2000) shows that
increasing research intensity enhances the capaditysorb the technology developed at the
frontier. Investment in R&D is required for a copnto understand the technologies that are
developed at the frontier. Japan is chosen aganédr country because it has been the
regional leader in the period 1870-2011. The stitoade links, geographic proximity and
cultural links to Japan renders Japan a bettentdobical leader for these countries than the
traditional frontier countries such as the UK anel US. Furthermore, Taiwan and Korea
were colonies of Japan in the periods 1895-1945184@-1945, respectively.

Finally, there is no direct link between the sdimap(GER) regression and
educational attainment in the growth equation. Ghodvoes not directly depend on GERs
because the enrolled students are not in the faboe. Instead growth depends on the
educational attainment of the working age poputatis shown below, educational

attainment is generated by combining past GERsdagendent life expectancies,

9



distribution of population on ages, and the timehich an age cohort exits the labor market

at the age of 65.

2.1 ldentification strategy

Identification is a major issue here since the abilysmay go in either direction. The
identification strategy used here is to instrunsavings in the productivity growth equation
in the first step and then use growth net of sasAnguced growth as an instrument for
growth in the savings model, following Blanchardld&rerotti (2002) and Brtickner (2013) .
This method can be shown more formally as follows.

To simplify the exposition consider the followingyariate relationship between growth

and savings and where country and time sub-sarmetemitted:

s= ag +u,

g= fs+e,

whereu ande are stochastic error-terms. Clearly, the coeffitseofg ands are biased
becauseov(g,u) # 0 andcov(s,e) # 0. To overcome the endogeneity problem, saviggs,

is regressed on its instrumerds,

s=vZ+w,

wherew is a stochastic error term analv(Z, w) = 0. Using the predicted value of savings,

yieldsg+, which is the growth rate purged of the influen€savings:

g = g-ps.

Since g* is purged of the endogenous componemtlidsy consistent estimates in OLS
regressions.
To see that this method eliminates the simultarieayg, consider first the probably

limit of the OLS estimator:

B wvar(u) 1 cov(ue) (7)

: OLS _
Plim a =at 1-afvar(g) 1-af var(g)'

where the second term on the right-hand-side isithaltaneity bias and the third term is the
omitted variable bias.

The probably limit of the IV estimator is:
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. w _ 1 cov(ue)
Plima" = a+ TaF covieg)’ (8)

Comparing Egs. (7) and (8) indicates that the Pdtegy used here eliminates the
simultaneity bias.

Although, the two-step identification strategy mames the simultaneity bias, the
efficiency of this method rests on the ability itodfinstruments that can explain a large
fraction of the variance in saving. We may be ablénd instruments that are statistically
significant determinants of growth; however, ifylanly explain a fraction of the variance in
saving we get thay* andg are highly correlated and unless this high cotiatareflects that
growth is little affected by saving, the two-stepmtification procedure may not represent

advances over previous identification strategies.

3.1.1 Instruments

As mentioned above, life expectancy at the agemfthe gender ratio and young age
dependency are used as instruments for savinguinehts are not used for educational
attainment since educational attainment is detexchby the decision to enroll in education
up to 58 years earlier. Old age dependency raedsided from the instrument set because
of the reasons given above and because it wasiifisant in initial regressions.

Life expectancy at the age of te, is likely to be a good instrument for saving
following from the predictions of the life-cycle pgthesis that people save more the longer
they expect to live after retirement. Bloom, Caigniand Graham (2003) add health and
longevity to a standard model of life-cycle savargl show that a rise in life expectancy
increases the optimal length of life spent workiogt, not by enough to offset the increased
need for retirement income. Therefore, savingsrase at every age as longevity rises in
order to meet the increased need for assets tocneonsumption during retirement. In the
regressions we have chosen life expectancy atgheften as opposed to the life expectancy
at birth because the latter is highly influencedridgnt mortality, as discussed above, and
because infant mortality may be affected negatibglgontemporary growth. Life
expectancy at the age of ten, however, is not tteloy contemporaneous growth but is
determined by inflammation and oxygenation throughibe (Finch, 2010).

The gender ratioM/F), measured as the ratio of males and femaleslzafeaen 10
and 24, is used as an instrument for saving begtisspotentially important for the savings
behavior and, at the same time, is likely to begexous. The significant historical variations
in theM/F rate ensure large identifying variations in thead®ata are used for the 10-24
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year age group because it includes the age at wincimales start competing in the marriage
market. The gender ratio has, traditionally, beighlly skewed in favor of boys in South Asia,
Southeast and East Asia in the period consideréusrpaper and the strong male-bias has

been achieved through infanticide, abortions, agligence of baby girls when they are sick.

Male-bias sex ratios are likely to reduce savingdaor reasons. First, the AMEs, at
least until recently, have relied on their boysdtat age support, which implies that a high
male gender-ratio will reduce precautionary savifigthermore, groom prices such as
dowries in which the bride’s parents pay a sunih&groom’s parents for the gift exchange,
has been widely practiced in India. An increasirgjeybiased sex-ratio will, consequently,
lower saving. Second, a male-biased sex ratio as@®men’s competition for mates. In order
to improve their attractiveness men will advertiseir financial resources through
conspicuous spending of items such as upmarketegrensive houses, and fancy clothes
(Griskeviciuset al., 2012). The thesis that consumption is used davsdtatus was already
put forward in the late fcentury by Veblen (1899) who argued that eachesatass tries
to emulate the consumption behavior of the classalt, to such an extent that even the
poorest people are pressured to engage in congg@omsumption. Thus, to gain a
competitive edge in the marriage market, malesaadjuire new consumption goods to
distinguish themselves from other males.

Third, evolutionary biology in animal behavior fsthat an abundance of rivals will
lead men to value immediate rewards because ther&rade-off between acquiring
immediate resources and waiting in hopes of aaugimore or better quality resources in the
future (Griskevicius, Delton, Robertson, and Tyl0]1). Evolutionary perspective
highlights an important drawback of delaying revgaifla man forgoes picking the fruit
immediately, there is no guarantee that any frillthve left in the future or that he will be
around to collect them even if there are remaifing. Furthermore, increased competition
for limited resources, such as when there is am@dnce of rivals, decreases the likelihood
that any fruit will remain accessible in the futdfourth, examining the financial behavior
of males and females in the US Griskeviatial. (2012) find that male-biased sex ratios are

significantly associated with having more creditdsaand higher debt.

3 The potential effects of unbalanced sex ratiodikedy to be more prominent in males than femaldale-biased sex
ratios are likely to increase intrasexual compmtitbf males because they are at an increasedfriaking to attract a mate
when there is a scarcity of females (Kvarnemo amddfen, 2000)
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3.3 Data

Financial saving is measured as privates well as total saving!. Private saving is
measured as total saving minus public saving, wpebdic saving is the surplus on the
government’s primary balance net of interest paysen government debt. Theory gives
conflicting guidelines whether to use total or ptir saving in the individual’s saving
function. According to the Barro-Ricardo equivalerniceorem total saving is the relevant
saving variable in the saving function since gowaent debt belongs to the individual
consumer. If, on the other hand, consumers domeinalize government deficits, it follows
that private saving is the essential variable engaving function. In the basic IS-LM model,
for example, there are no counterbalancing prigsatengs effects from discretionary fiscal
policies and, therefore, it is private saving tisghe essential variable in this model.

The saving data are constructed using one of tethodas for each individual country
depending on data availability. The first methotinestes total nominal savings as total
nominal fixed investment plus the current accountee balance of payments. The second
method computes total nominal savings as the ndr@bB® minus nominal government and
private consumption. Private savings are then gzaings minus the surplus on the
government budget including interests on governrdeht. Educational attainment is
estimated by combining GER’s and the age distrioudif the population following the
method suggested by Madsen (2010). Total educatdtaanment is computed as the sum of
primary, secondary and tertiary educational attaimimn

Growth is measured either as per capita incometha@®, or per labor hour income
growth,g™, where labor hours is annual hours worked muéiplyy employment in full-time
equivalents. The importance of basing growth oodddours is that the exclusion restriction
for savings only holds when labor productivity gthvis used as regressor because the young
age dependency rate is negatively related to getac@mcome, while labor productivity is
unaffected. Furthermore, labor productivity is arenaccurate measure of productivity than
per capita output in growth models since annuatdhawrked and labor force participation
rates have changed substantially over time foctumtries considered here. The downside of
using GDP per hour worked is that employment degareostly based on census data prior to
WWII and, therefore, had to be interpolated betwibencensus periods (usually every ten
year). This problem is alleviated by our five-y@derval estimates.

Figure 1 traces private and total savings ratdsgaowth rates (multiplied by three)
for the AMEs over the period 1870-2011. Private Hredtotal saving rates almost coincide

prior to 1920 and after 1970; however, private sgwvas, on average, higher than total
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savings in the interim period, 1920-1970, indicgtinat governments were running
government deficits. The private saving rate grégurecreased up to WWII, increased
markedly during WWII, increased significantly upthe Asian Crisis in 1998 and has since
stabilized at around 30%. Growth rates fluctuatediad one percent up to 1906, notched up
to approximately 1.5% in period 1906-1926 beforeeng the downturns during the Great
Depression and WWII. From 1965 up until today thengh rates have fluctuated around

five percent.

038 Figure 1. Saving and Growth
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Notes The data are unweighted averages of the AMEs gfdwth rates are 5-year centered moving averages
of per capita income growth rates. The growth ratesn decimal points and are multiplied by three.

The figure indicates a positive relationship betwgewth and saving. Saving and growth
were both at low levels up to around 1906, shiftaup higher level over the period 1906-
1928 and rose to high levels in the post-WWiII peribhe period 1929-1950 is unusual and
dominated by the Great Depression and WWII. Saviages went up during the Great
Depression as well as during and immediately &k&vIl, presumably because of goods

rationing, forced saving and uncertainty.
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Years Figure 2. Educational Attainment
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Educational attainment is displayed in Figure 2 Tdbor force was incredibly uneducated
before WWII. In 1900 the average educational attent of the working population was 0.05
years; figures that are supported by literacy ratd®00 - the earliest year at which literacy
rates are available. Literacy rates of the adybiugettion in 1900 were between 5 and 10
percent in the AME economies while they exceedeped@ent in North-West and North
Europe, the US, Australia, New Zealand and CanBderé¢t, 1982). Educational attainment
in 1940 was, on average, one year, which was eedirbelow that of the OECD countries in
1870 (Madsen, 2014). Thus, in 1940 there was littliecation that the AMEs would later be
among the most successful and highly educated easeson the world. The increase in
educational attainment in the post WWII period basn spectacular and the educational
attainment of Korea and Singapore is almost orwgtérthat of the mature OECD countries
today. Remarkably, the timing of the take-off iruedtional attainment corresponds to the
timing of the productivity take-off. In terms of @chtional attainment and productivity
growth, Korea, Singapore, and Taiwan were the ¢iosintries to take off while India and

Indonesia have lagged behind these countries.

4. Estimation Results

Simple regressions without control variables ans ftarried out in Sections 4.1 and 4.2,
while, to deal with the effects of omitted variahléull growth regressions are presented in
Sections 4.3 and 4.4.

4.1 Smple growth regressions
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The first-round regressions, in which saving ratesregressed on their instruments, are
presented in the lower panel in Table 1. Friests for excluded restrictions are between 15
and 12, suggesting that the instruments are seiffilyi correlated with savings to serve as
potentially good instruments. Furthermore, Sargprialues for overidentifying restrictions
do not reject the null hypothesis of no correlati@tween the instruments and the residuals
from the structural regressions in any case; tiniagyfurther evidence in favor of the
instruments. Finally, the coefficients of the imstrents are of the right sign and significant,
particularly, in the total savings regressions.

Table 1 Restricted growth Regressions (Eq. (6)).

Per capita real GDP growth rate(gh) Per labor hour real GDP growth rate (gi)
LS (1) IV (2) LS (3) 1V (4) LS (5) IV (6) LS (7) IV (8)
Sl?;ot 0.450*** 0.016 0.188 -0.458
(0.007) (0.962) (0.449) (0.378)
sPriv 0.338** -0.171 0.259 -0.661
i (0.045) (0.740) (0.302) (0.400)
Sargan test 0.132 0.156 0.821 0.812
p value
First Stage Regression: Total Savings?,) First Stage Regression: Private Savings?,)
(1b) (2b)
(M/F); -0.189*** -0.155%***
(0.000) (0.003)
el? 0.005*** 0.005**
(0.014) (0.047)
Al -0.352%** -0.168*
(0.000) (0.067)
First Stage 15.247 11.746
F-stat

Notes The results are based on 5-year interval datatlechumber of observations is 145. The numbers in
parentheses agevalues. LS = least squares regression, IV = instnt variable regression. The Instrumental
Variables (1Vs) are male—female ratio in the ageugr10-24, KI/F), life expectancy at age 16'°, and young
age dependency ratio for both total and privaténggv Asterisks denote significant difference freeno at * 10%
significance, ** 5% significance, *** 1% significae. Country and year fixed effects are includedalin
regressions.

Considering the structural regressions in the uppeel in Table 1, the OLS regressions give
mixed results. When growth is based on per cap@ame, the saving rate has a statistically
significant effect on growth as predicted by trenstard Solow growth model (columns (1)
and (3)) and the coefficients of savings are ctogée prediction of ¥z in the Solow model
when capital’s share is set to 1/3 (Mankaval., 1992). However, the coefficients of saving
become insignificant when growth is based on GDFhpar worked (columns (5) and (7));
showing that the results, crucially, depend ornvthg productivity is measured and that per
capita income may be a misleading measure of ptivilyc Turning to the IV regressions,

the coefficients of savings are all statisticafigignificant regardless of whether private or
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total saving is used as regressor and whether ptiody is based on population or hours
worked (columns (2), (4), (6), (8)).

These results are highly surprising given thattahpccumulation is often stressed as
the fundamental factor of growth and capital acclatmn has been assumed to be driven by
saving under the assumption that investment follsausng (the Feldstein-Horioka puzzle,
Feldstein and Horioka, 1980). However, Jiranyaku Brahmasrene (2009) fail to find
evidence for the Feldstein-Horioka puzzle for Sea#t Asia, suggesting that capital
accumulation may not have been driven entirelydwrgy because part of the saving flows
overseas. Furthermore, a large fraction of investroensists of unproductive investment in
property and if a large and changing fraction eirsgiis channeled into real estate, the
relationship between savings and growth may breakd

Characteristic for AMEs is that the current acccaelinces have often been positive in
periods of high growth; a result that is consisteitih the empirical estimates of Gourinchas
and Jeanne (2007) and, which is counter to thagireds of the standard neoclassical
growth model (Gourinchas and Jeanne, 2007). lcohgext of this paper the finding that
saving exceeds investment in high growth periodiskiea potentially positive relationship
between saving and growth. Thus, the insignificasfcgaving in the growth regression may
not be a puzzle after all. Since investment playgh s large role for growth in standard
growth models, the growth-investment nexus is itigated further below to ensure that the

results in Table 1 do not reflect measurement grror

4.2 Smple saving regressions

The results of estimating the saving model aregmtesl in Table 2. Growth is a statistically
significant and positive determinant of savinghe teast squares estimates when growth is
based on per capita income but insignificant whemvth is based on GDP per hour worked.
However, growth is consistently highly significartd positive in the IV regressions
regardless of how growth and saving are measurebiracoring the importance of using
instruments in the regresions. The economic sicgniice of the growth rates is also very
high. Using the average coefficient of growth d5@per capita income) and 0.10 (per hour
worked GDP) from the IV regresions, a one percenfagnt increase in the growth rate is
associated with an increase in the savings rateX¥yand 0.10; thus, indicating that the
savings rates experienced by the AMEs today ara Jaoge extent, explained by the high
growth rates.
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Table 2 Restricted saving regressions (Eq. (4)).

Dependent variable: Total Saving(s’;) Dependent variable: Private Saving(s?,)
LS \Y, LS \Y, LS \Y, LS \Y,
@) (2) 3 4 )] (6) )] ()]
gh 0.147*** 0.143*** 0.116** 0.161***
(0.002) (0.002) (0.024) (0.002)
gl 0.044 0.093*** 0.048 0.129***
(0.168) (0.005) (0.159) (0.001)
(M/F); | -0.206*** | -0.206*** | -0.195** | -0.201*** | -0.168*** | -0.173** | -0.161*** | -0.171***
(0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.002) (0.001)
el? 0.005*** 0.005*** 0.005*** 0.005*** 0.004** 0.004** 0.005** 0.005**
(0.014) (0.014) (0.013) (0.015) (0.051) (0.056) (0.046) (0.052)
Al -0.321*** | -0.322** | -0.357*** | -0.362*** | -0.143 -0.133 -0.172* -0.180**
(0.000) (0.000) (0.000) (0.000) (0.114) (0.142) (0.059) (0.054)

Notes see notes to Table 1.

Finally, the coefficients of the gender ratio, lédepectancy at the age of 10 and young age
dependency are all of the right sign and mostlpificant; particularly the coefficients of the
gender ratio, which are highly significant. As légpectancy at the age of 10 has increased
and the young age dependency ratio has decreassd1€60 or earlier, these variables have
contributed to increasing saving along with growlthe gender ratio has also mostly

contributed to the increase in saving; howevepdtih has differed somewhat across countries.

4.3 Unrestricted growth regressions
Control variables are included in the growth regi@ss in Table 3. The coefficients of
saving are insignificant except for the OLS regmssfor total saving and where growth is
based on per capita GDP. The coefficients of hucagital are consistently significant and
of the right sign. The approximately 10 year ineseem educational attainment for the
average AME in the post-WWII period has resulted 263 percent increase in GDP per
hour worked and 170 per cent increase in per capitane. Thus, improved education has

been an important force behind the productivelyaase in the AMES.

Table 3.Unrestricted growth regressions (Eq. (6)).

Per Capita Real GDP Growth Rate g%, Per Labor hour Real GDP Growth Rate(g%)
LS 1\ LS \% LS LS v LS v LS
1) (2 (3 4 (5) (6) Q) (8 9 (10)
sT 0.389** | -0.200 0.223 -0.291
i (0.031) | (0.613) (0.426) | (0.627)
sP 0.283* -0.348 0.284 -0.272
i (0.092) | (0.485) (0.273) | (0.713)

(invst) 0.926*** -0.052
gdp /,, (0.004) (0.919)
Pat -0.063 -0.095** -0.072* | -0.098* | -0.078** | -0.003 | -0.032 -0.004 | -0.027 -0.016

(P—op) (0.126) | (0.023) (0.076) | (0.019) | (0.044) | (0.951) | (0.610) | (0.946) | (0.658) | (0.792)

it
Ahj; 0.165** 0.179*** 0.176** 0.172** | 0.079 0.250** | 0.263*** | 0.257** | 0.254** | 0.261**
(0.021) (0.005) (0.014) (0.008) (0.295) (0.025) | (0.007) (0.020) | (0.008) (0.034)
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DTF;_4 0.0006 | -0.007 -0.003 -0.007 -0.001 0.012 | 0.005 0.011 0.008 0.009
' (0.925) | (0.332) (0.654) | (0.278) | (0.874) | (0.226) | (0.643) | (0.241) | (0.436) | (0.347)
Pat 0.251*** | 0.238*** 0.241%* | 0.244** | 0.212** | 0.237* | 0.226* 0.231* | 0.234* 0.234*
(P_op DTF ) (0.005) | (0.003) (0.008) | (0.003) | (0.017) | (0.089) | (0.062) | (0.096) | (0.053) | (0.096)
i,t—1
Sargan tegb 0.445 0.522 0.584 0.557
value

Note. See notes to Table 1.

The coefficients of the interaction between redeartensity and th®TF are significant and

positive; however, individually the coefficientstbie DTF and research intensity are not

growth stimulating. Thus, innovations have beemgincenhancing because they have
enabled the AMEs to adapt and imitate the techrydllogt has been developed at the frontier

(Japan). The insignificance of the coefficient®dF suggests that formal and informal

R&D have to be undertaken in order to adapt thertelogy developed at the frontier — being

backward is not a sufficient condition for growth.

4.4 Unrestricted savings regressions

The savings regressions in Table 4 extend the ssignes in Table 2 with old age dependency,

the real interest rate and urbanization as additimyressors. In line with other empirical

literature, the real interest rate as well as {deage dependency ratio are insignificant except

in one case. In terms of statistical significartbe,inclusion of control variables has not

changed the basic regression results in Tablerxdp#ta income growth is a positive and

significant determinant of saving in all regressiowhile per hour worked income growth is

only a significant determinant of saving in therBgressions.

Table 4.Unrestricted saving regressions (Eq. (4)).

Dependent variable: Total savifsf,) Dependent variable: Private saviyg,)
LS \Y LS v LS \Y LS v
1) (2) 3 4) (5) (6) @) (8)
gh 0.162** | 0.158*** 0.133** 0.180**
(0.001) (0.000) (0.011) (0.000)
gl 0.0466 0.0960*** 0.0528 0.134***
(0.152) (0.001) (0.129) (0.000)
(M/F);; -0.190*** | -0.189*** | -0.184*** | -0.188*** | -0.151*** | -0.154*** | -0.147** | -0.155***
(0.000) (0.000) (0.000) (0.000) (0.004) (0.000) (0.005) (0.001)
el? 0.005** 0.005** 0.005** 0.006*** 0.004** 0.005** 0.005** 0.005**
(0.013) (0.003) (0.015) (0.004) (0.040) (0.016) (0.039) (0.016)
Al -0.277** | -0.278** | -0.332*** | -0.333*** | -0.0973 -0.0814 -0.143 -0.145*
(0.002) (0.000) (0.000) (0.000) (0.310) (0.320) (0.137) (0.084)
A 0.909 0.897* 0.529 0.634 1.000 1.139* 0.718 0.889
(0.146) (0.091) (0.407) (0.249) (0.146) (0.052) (0.295) (0.137)
Tit 0.008 0.008 0.010 0.007 -0.012 -0.014 -0.012 -0.018
(0.836) (0.805) (0.802) (0.852) (0.778) (0.708) (0.794) (0.649)

Note. See notes to Table 1.
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4.5 Schooling and growth
The GERs regressions (Eq. (5)) are presented ite Eald hree sets of estimates are
presented: Estimates with and without time-dumroies the period 1870-2011, and
estimates including time-dummies in the post-WWdtipd (1950-2011). Separate
regressions are carried out in the post-WWII pebedause school enroliment rates were
negligible before WWII. Country fixed effect dummaiare included in all regressions. As
noted above, growth is not instrumented because thao feedback effect from GERs to
growth. Changes in educational attainment - thenalie growth outcome of schooling - are
determined by changes in historical GERs, age-dgersurvival rates and relative sizes of

GERs between age cohorts; factors that are quiependent of economic growth.

Table 5.GER regressions 1870-2011 (Eq. (5))

Total GER Primary GER Secondary GER Tertiary GER
() 2 3) (4) ©)] (6) ) (8)
gh 0.445%** 0.208 0.255** 0.120 0.286*** 0.169*** | -0.097 -0.082
(0.004) (0.257) (0.017) (0.262) (0.000) (0.005) (0.228) (0.407)
el? 0.068*** 0.019** 0.035*** 0.013*** 0.021*** 0.0003 0.012%** 0.006
(0.000) (0.015) (0.000) (0.005) (0.000) (0.904) (0.000) (0.170)
Tyt 0.156 0.287* -0.084 0.080 0.115* 0.090* 0.126* 0.116
(0.250) (0.074) (0.374) (0.389) (0.050) (0.079) (0.080) (0.178)
Observations 145 145 145 145 145 145 145 145
R’ 0.906 0.940 0.848 0.931 0.849 0.945 0.483 0.652
Country FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE No Yes No Yes No Yes No Yes

Notes The numbers in parentheses anealues. Asterisks denote significant differenamfrzero at * 10%
significance, ** 5% significance, *** 1% significare.

In the regressions covering the period 1870-20&Xdefficients of growth are positive and
highly significant for all levels of schooling asivas forGER® andGER® in the regressions
in which the time-dummies are excluded. Howeves,dbefficients of growth become
insignificant when time-dummies are included in tbgressions. This result reveals an
important methodological dilemma: Including timedd effects purges informative variation
from the data; however excluding them may introdap®tential omitted variable bias. Since
the time-fixed effects purge informative variatiothe common element in the variation over
time - it is questionable whether the time-dumnhielong to the regression model. In any
event, the insignificance of growth when time-duresnare included in the regressions is, to
a large extent, driven by the pre-WWII data. In plest-WWII regressions in Table 6 growth
is significant in theSER” andGER® regressions regardless of whether time-dummies are

included (results without time-dummies are not shpw

Table 6. GER regressions 1950-2011 (Eq. (5))
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Total GER Primary GER Secondary GER Tertiary GER
1) (2) ) (4) 1) (2) 3) (4)
95 0.658** 0.426** 0.369*** -0.138
(0.021) (0.021) (0.001) (0.407)
gl.’}t 0.289* 0.116 0.125* 0.0480
(0.086) (0.292) (0.073) (0.621)
eilto 0.0780** | 0.0622*** | 0.0294** | 0.0185 0.0160** | 0.00671 | 0.0326*** | 0.0370***
(0.000) (0.001) (0.015) (0.103) (0.028) (0.337) (0.004) (0.000)
Tit 0.697** 0.377 0.329* 0.145 0.162 -0.00509 | 0.205 0.238
(0.019) (0.189) (0.084) (0.445) (0.154) (0.965) (0.239) (0.159)
A{t -1.350** | -1.432** | 0.416 0.423 -0.429** | -0.443* | -1.337*** | -1.412***
(0.003) (0.003) (0.137) (0.164) (0.013) (0.022) (0.000) (0.000)
Observationg 65 65 65 65 65 65 65 65
R? 0.907 0.902 0.739 0.713 0.922 0.908 0.816 0.814
Country FE | Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Notes.The numbers in parentheses prealues. Asterisks denote significant differenaarfrzero at * 10%
significance, ** 5% significance, *** 1% significae.

Overall it can be concluded that growth is highifjuential for schooling after WWII but
less so before WWII. A problem associated withghleeWWII data is that GERs were
minuscule and not very reliable because of thermédity of the schooling systems and the
lack of adequate reporting of school enrollmemc8ischool funding is dependent on
number of pupils, schools would have incentivesuer report the number of enrolled

children; particularly back in time when it wasfiélt to monitor schools (Madsen, 2014).

5. The growth-saving nexus before and after WWII
WWII is a landmark in the AMEs growth history. Bedahat time people were uneducated,
innovative activity was close to zero and growttesavere very low. This raises the question
of whether the growth and saving dynamics as vgetha growth-saving relationship were
different before and after WWII. To examine thessies the estimation period is split into
the periods 1870-1945 and 1945-2011.

Consider first the result of estimating Eq. (6)o{gth regression) over the period
1870-1945 in Table 7. All the coefficients of edumaal attainment, research intensity, and
the interaction between research intensity and BreFnsignificant. However, the
coefficients of DTF are positive and significanttimee of the four cases. Finally, the

coefficients of saving are all insignificant.

Table 7.Unrestrictedyrowth regressions, 1870-1945, 1945-2011 (Eq. (6)).

1870-1945 1945-2011
Per Capita Real GDP Per Labor hour Real Per Capita Real GDP Per Labor hour Real
Growth Rate (g%, GDP Growth Rate Growth Rate (g%, GDP Growth Rate
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(g% (g%
V(1) IV(2) IV(3) IV(4) IV(5) IV(6) IV(7) IV(8)
51‘7; 0.845 0.485 -0.403 -0.0899
(0.152) (0.522) (0.311) (0.905)
SiPt 1.313 0.508 -0.115 0.287
(0.117) (0.613) (0.796) (0.735)
Pat -4.105 -4.957 -1.934 -1.836 -0.121** | -0.102** | -0.0209 | -0.000306
ﬁ)it (0.117) (0.100) (0.565) (0.611) (0.005) (0.015) (0.796) | (0.997)
Ah;; -0.226 -0.408 -0.121 -0.170 0.167** 0.162** 0.268** | 0.276**
(0.482) | (0.290) | (0.768) (0.714) (0.013) (0.018) (0.036) | (0.033)
DTF;4_4 0.0812 0.118* 0.183** | 0.192** -0.0150 -0.00924 | 0.00856 | 0.0138
(0.103) | (0.065) | (0.004) (0.012) (0.138) (0.306) (0.656) | (0.423)
(@ DTF) 2.788 0.740 0.296 -0.0607 0.196** 0.196** 0.105 0.103
Pop - (0.298) (0.838) (0.931) (0.989) (0.016) (0.015) (0.494) | (0.504)
Sargan test p value 0.306 0.512 0.0675 0.0656 2640 | 0.00143 0.178 0.184
First Stage First Stage First Stage First Stage
Regression: Total Regression: Private Regression: Total Regression: Private
Saving (s%) Saving (sh) Saving (s%) Saving (sh)
(1b) (2b) (3b) (4b)
(M/F); -1.391 %+ -1.304% -0.196% -0.187***
(0.000) (0.001) (0.000) (0.000)
e}to 0.00808** 0.00788** 0.00426 0.000420
(0.010) (0.029) (0.197) (0.902)
Al -0.811* -0.584 -0.392%** -0.255%**
(0.026) (0.159) (0.000) (0.006)
First Stage F-stat 5.820 5.725 19.01 11.08

Note. See notes to Table 1.

Turning to the post-WWII regressions, the coeffitgeof saving are insignificant regardless

of whether total or private saving is used as regyeand whether growth is based on per

capita income or output per hour worked. This resuggests that the high post-WWII

growth rates have not been driven by saving, whiarefore, challenges the hypothesis that

growth in the AMEs has been fuelled by high savirages. Among the covariates,

educational attainment is consistently positive sigdificant and the coefficients of the

interaction between research intensity and DTF nempasitive and significant in the per

capita income growth regressions.

Table 8.Unrestrictedsavings regressions, 1870-1945, 1945-2011 (Eq. (4))

1870-1945

1950-2011

Dependent variable:
Total Saving (s%;)

Dependent variable:
Private Saving (s})

Dependent variable:
Total Saving (s%;)

Dependent variable:
Private Saving(s})

V(1) V(2) IV(3) IV(4) IV(5) IV(6) IV(7) IV(8)
gb 0.143% 0.162** 0.110%* -0.018
(0.008) (0.010) (0.020) (0.710)
g 0.179% 0.209%* 0.056%* 0.063**
(0.000) (0.000) (0.024) (0.013)
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M/F);: -1.420*** -1.421%* | -1.299%* | -1.297** | _0.201** | -0.199*** | -0.178*** -0.189%**
(0.000) (0.000) (0.000) (0.000) (0.010) (0.000) (0.000) (0.000)
el? 0.007**=* 0.008*** 0.008*** | 0.009*** 0.005* 0.004 -0.002 -0.001
(0.004) (0.003) (0.005) (0.005) (0.097) (0.226) (0.497) (0.798)

Al -0.763** -0.721** -0.406 -0.349 -0.329*** | -0.340%*** -0.158* -0.178**
(0.012) (0.020) (0.248) (0.343) (0.000) (0.000) (0.073) (0.045)
A -2.791 -6.310 0.843 -3.182 0.798 0.723 0.953* 0.996*
(0.534) (0.162) (0.870) (0.554) (0.115) (0.157) (0.072) (0.060)
Tit -0.091** -0.079** | -0.121** | -0.107** -0.031 -0.064 -0.054 -0.053
(0.022) (0.049) (0.008) (0.024) (0.505) (0.159) (0.267) (0.259)

Note. See notes to Table 1.

The results of estimating the unrestricted savingsgels in the split periods are
presented in Table 8. The coefficients of growtn significant in seven of the eight
regressions regardless of estimation period ontbasurement method of saving and growth
rates. The significance of the finding that saviags positively affected by growth in the pre-
WWII period is that it has not been the high growdtes in the postwar period that has
triggered the high savings rates; the result agpeanave general validity for the AMEs. Of
the control variables, the gender ratio is conststanegative and significant in both
estimations periods and the young age dependetioygaegatively significant in six of the
eight cases. The coefficients of life expectandgatare significantly positive in six of the
eight cases. Finally, the coefficients of the iatdrest rates are negative and significant in
the pre-1945 regressions, suggesting a higher iadban substitution effect in savings

during this period.

6. Investment and growth
The finding that saving is consistently an insigraiht determinant of growth raises the
guestion as to whether this insignificance reflélott saving is a bad proxy for investment or
that investment has not contributed to growth smAMES. To investigate this issue the
investment rate is used instead of savings in tberttp regressions. Before turning to the
regression results consider the investment rage ifreestment divided by real GDP) and the
private savings rate displayed in Figure 3. Nondesgtial investment is used instead of total
investment because residential investment is & legtion of investment and, yet, it does

not impinge directly on growth.
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04 Figure 3. Saving and Investment
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Note. Unweighted average of the AMEs.

The figure shows that investment follows the samoad trend as private saving.
Starting out with low investment in 1870, the inweent ratio climbs to a higher plateau in
1906, which lasts to 1960 after which the ratiotcarously increased up to the mid-1990s.
However, there are several instances of discrepam&tween saving and investment;
particularly in the period 1906-1960 during whidlvpte saving fluctuated markedly while
the investment rate was relatively stable. Furtloeemthe investment ratio starts increasing
in 1960, which is ten years before private saviagis ascending to a higher plateau. This
profile suggests that investment in the AMEs hanlfaelled by factors other than saving
during the crucial take-off phase. Finally, privatsing and investment rates have moved in
reverse over the past 25 years. Thus, overallafgisavings rates appear not to be adequate
proxies for non-residential investment becauseeaigyes created by changing government
budget positions, changing current account balaasddluctuations in residential
investment.

The non-residential investment ratio is substdute the saving rate in the extended
growth regression in Table 3 in columns 5 and 1@ doefficient of the investment rate is
statistically and economically highly significanhen the growth rate is based on per capita
GDP; however, it becomes insignificant when perrbauworked GDP is the dependent
variable. The coefficient of the investment rat¢hia regression in column 5 is higher than
the predictions of 0.5 in the Solow model when fabmcome share is set to 2/3 of national
income. This result has two implications. Firstastment is a much more significant
determinant of growth than the savings rate, irtdigahat saving is a noisy and inadequate
proxy for non-residential investment. Second, thdihg that the coefficient of the

investment ratio strongly exceeds the predictidrtb® Solow model in the per capita income

24



growth regression suggests that there are potisriage positive externalities to non-
residential investment as advocated and found bydR@1987)and De Long and Summers
(1991).

7. Concluding Remarks

Several economists have long argued that accuronlafifixed and human capital
have been the driving forces behind the AMEs higiwgh rates over the past half century
and, therefore, that the human capital-extendedvsolodel is well-equipped to explain the
Asian growth miracle. This prediction rests on dssumption that saving and schooling are
independent of growth and that saving induces tnvest in fixed productive capital.
Theories of saving, however, often predict thaighoenhances saving and, therefore, that
accumulation of fixed and human capital cannotdseimed to be exogenous and
independent of productivity growth. Furthermores @onfucian value system that has
dominated the AMEs cultures for centuries, valusiscation and thrifty lifestyles highly;
however, living standards close to subsistencddealenost up to WWII offered households
in the ACEs only a few saving opportunities. Ther@asing living standards after WWII
gave the East Asians the opportunity to increasie fimancial saving and improve their
children’s education; thus rendering the assumpgtiahsaving and education are exogenous
dubious.

Utilizing a two-way identification strategy and goe data covering the period 1870-
2011 for the AMEs this paper has shown that 1)foe saving as well as education has
been driven predominantly by productivity growth,geowth is independent of the level of
saving; and 3) growth is positively related to ¢henge in educational attainment. These
results were robust to choice of instrument setgdpctivity measurement, the choice of
growth model, measurement of saving, inclusionovftiates, and to choice of estimation
period.

The finding of a one-way relationship from growohfinancial saving is a major
challenge to the hypothesis that capital accunanatnabled by saving, has been the prime
mover behind the Asian growth miracle and a majpailenge for the early workhorse
growth model of Harrod (1939) and Domar (1946) mak growth directly and nearly
exclusively is linked to the savings rate. The nedii increasing saving rates starting after
WWII were primarily set in motion by growth whil&ittuations in saving have often been

channeled overseas and to residential investment.
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The results in the paper point towards a more ¢ioatpd growth scenario in the
AMEs than hypothesized by the factor accumulatigpothesis. Forces other than saving
have set growth in motion and the high growth ragese resulted in spectacular savings rates,
which in turn have financed investment. Bloom anilisvhson (1998) showed that the
demographic transition has been influential forAlsean growth miracle and Hsieh and
Klenow (2010) have shown that the reallocationmgreductive firms to productive entities
has boosted growth in China, an effect that coudl mave applied to the countries
considered here. Ang and Madsen (2011) Isdnmvn that growth has been, predominantly,

innovation driven.

Data Appendix

Total Saving-GDP ratio: Two methods are used depending on data availabMiethod 1
(M1). S (Total Savings) = | (Investment) + CA (Currémcount) (M1) where Gross Fixed
Capital Formation (GFCF) and Capital Formation (@F9 said to be Investmemethod 2
(M2). S (Total Savings) = Y (Nominal GDP) — C (Consuimpt — G (Government
Purchases). Total Saving-GDP ratio = Total Savidgsiinal GDP.

Private Saving-GDP ratia Total Saving-GDP ratio minus Government SavingFGiatio
where the Government Savings equals Total GoverhiRewenue — Total Government
Expenditure. Government Saving-GDP ratio = Govemnsavings/Nominal GDP

India:

Total Saving-GDP RatigM1): 1976-2011 World Development Indicator (WDptabase: Gross

Fixed Capital Formation (GFCF) to Nominal GDP raied Current Account(CA) to Nominal GDP
ratio, 1870-1951 Investment, Nominal GDP: : Roy, 296, An Analysis of Long Term Growth of
National Income and Capital Formation in India (&8 to 1950-51), Firma KLM Private Limited,

Calcutta, India. 1951-1975 Investment, Nominal GDRchell, B. R., 2007. International Historical

Statistics: Africa, Asia and Oceania, 1750-2008, Btl. Palgrave Macmillan, New York. 1870-1951
Investment, Nominal GDP spliced with 1951-1975 biwgent, Nominal GDP, 1870-1922 Current
Account: Net Export 1870-1923 spliced with Currektcount 1923 : Net Export 1870-1923 ,
Mitchell B.R.op cit., Current Account 1923-1975: Mitchell B.8p cit.

Government Saving-GDP RatiGovernment Revenue 1870 - 1989 , Government righpee
1870-1989 : Mitchell B.Rop cit., Nominal GDP 1870 — 1951: Roy, Bp cit. spliced with Nominal
GDP 1951 — 1989 : Mitchell B.Rp cit., Government Revenue to GDP ratio 1990-2011, Guonent
Expenditure to GDP ratio 1990-2011 World Developtedicator (WDI) Database.
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Indonesia:

Total Saving-GDP Rati¢M1 & M2) : 1991-2011 World Development Indica{®DI) Database:
Gross Fixed Capital Formation (GFCF) to Nominal Glako and Current Account(CA) to Nominal
GDP ratio, Total Saving Rate 1890-1990: Total SgiNlominal GDP, Total Saving = Nominal GDP
— Household Consumption — Government ExpendituremiNal GDP, Household Consumption:
Leeuwen, V. B. 2007, Human Capital and Economicwgnoin India, Indonesia and Japan: A
Quantitative Analysis, 1890-2000, PhD Dissertatidtrecht University. Government Expenditure:
Mitchell B.R. op. cit. Total Saving-GDP Ratid870-1889:Total Saving-GDP Rati@f Japan
1870-1890 spliced with Indoneslatal Saving-GDP Rati890.

Government Saving-GDP RatiGovernment Revenue 1890 - 1995, Government Expead
1890-1995: Mitchell B.Rop cit., Nominal GDP 1890 — 1995: Leeuwen, V.dB.cit. Government

Revenue to GDP ratio 1995-2011, Government Expergdito GDP ratio 1995-2011 World
Development Indicator (WDI) DatabaseGovernment Saving-GDP Ratial870-1889:

Government Saving-GDP Ratid Japan 1870-1890 spliced with IndongSiavernment Saving-
GDP Ratio1890.

Korea:

Total Saving-GDP Ratigv1): 1976-2011 World Development Indicator (WDptabase: Gross
Fixed Capital Formation (GFCF) to Nominal GDP radizd Current Account(CA) to Nominal GDP
ratio, 1911-1938 and 1955-1976 Investment, Curfecibunt, Nominal GDP: Mitchell B.Rop cit.,
current Account 1955-1976 converted to LCU applyexchange rates: International Financial
Statistics Yearbook 1987, International Monetaryndry Total Saving-GDP Ratid939-1954
interpolated,Total Saving-GDP Ratia870-1911:Total Saving-GDP Ratiof Japan 1870-1911
spliced with Koredl otal Saving-GDP Ratit911.

Government Saving-GDP Rati©911-1938 and 1953-1990: Government Revenueg@oent
Expenditure, Nominal GDP Mitchell B.Rop cit., Government Saving-GDP Ratit939-1952
Interpolated, Government Revenue to GDP ratio 1820L, Government Expenditure to GDP ratio
1990-2011 World Development Indicator (WDI) DatabhdSovernment Saving-GDP Rati®70-
1910: Government Saving-GDP Ratiof Japan 1870-1911 spliced with Koré&overnment
Saving-GDP Ratid911.

Singapore:

Total Saving-GDP Rati¢gM1): 1994-2011 World Development Indicator (WDatabase: Gross
Fixed Capital Formation (GFCF) to Nominal GDP ratind Current Account (CA) to Nominal GDP
ratio, 1900-1993: Nominal GDP, Investment : Sugimadt 2011, Economic Growth of Singapore in
the Twentieth Century, Historical GDP Estimates d&rmdpirical Investigations. Soka University
Japan, World Scientific Publishing Co. Pte. Ltchdgipore. Current Account: 1900 — 1962: Current
Account = (Net Export + Cumulative Net Export* 0)D8let Export 1900-1962: Sugimoto,dp cit.,
Current Account 1962-1993 : Mitchell B.Rp cit., Current Account 1900 — 1962 spliced with
Current Account 1962 — 1993 otal Saving-GDP Rati@870-1899:Total Saving-GDP Ratiof
Japan 1870-1900 spliced with Singapbatal Saving-GDP Rati@900.

Government Saving-GDP RatiGovernment Surplus/Deficit 1900 - 1962, Nomind)R51900-
1962: Sugimoto, lop cit.,, 1963-1990: Government Revenue, Government Eipea, Nominal
GDP: Mitchell B.R.op cit., Government Revenue to GDP ratio 1991-2011, Guouent Expenditure
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to GDP ratio 1991-2011 World Development IndicgiDI) DatabaseGovernment Saving-GDP
Ratio 1870-1899:Government Saving-GDP Ratf Japan 1870-1900 spliced with Singapore
Government Saving-GDP Rati®00.

Taiwan:

Total Saving-GDP RatigM1): 1955-2011Total Saving-GDP RatioStatistical Data Book
Taiwan 2011, 1903-1938 and 1951-1954 Investment,e@tiAccount, Nominal GDP: Mitchell B.R.
op cit.,, Total Saving-GDP Ratia939-1950 Interpolated,otal Saving-GDP Ratia870-1902:
Total Saving-GDP Ratiof Japan 1870-1903 spliced with Taiwhatal Saving-GDP Ratit903.

Government Saving-GDP Rati®903-1938 and 1951-1954 Government Revenue, Goat
Expenditure. Nominal GDP: Mitchell B.Rap cit.,, Government Saving-GDP RatitP39-1950
Interpolated. Government Revenue, Government Expgad and Nominal GDP 1955-2011
Statistical Data Book Taiwan 201Government Saving-GDP Ratit870-1902:Government
Saving-GDP Ratiomof Japan 1870-1903 spliced with Taiw&@overnment Saving-GDP Ratio
1903

Young Age Dependency RatioRatio of population in the 0-14 age group to wwmrking
population aged 15 to 64.

Old Age Dependency RatioRatio of population in the 65+ year age grough®working
population aged 15 to 64.

The population distributions are classified acaogdio the following age groups: 0-4, 5-9,
10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44489550-54, 55-59, 60-64, 65-69, 70-74,
75-79, 80+. Principal data sources used wditehell, B. R., 2007. International Historical
Statistics: Africa, Asia and Oceania, 1750-200%, Btl. Palgrave Macmillan, New Yor&nd the
United Nations (UN), 2012, World Population Progpecrhe 2012 Revision, Database,
http://esa.un.org/wpp/Excel-Data/population.hmcessed on T5of March 2013. All total
population data are from Maddison, A. 2010, HistalriStatistics of World Economyl-
2008AD, Organization for Economic Cooperation arev&opment: Paris.

India

1870 was backdated using total population from Nwad A.op. cit. and age distributions
from 1881 as proxy. 1881, 1891, 1901, 1911, 1928111951, 1961, 1971, 1981, 1993 and
2001 population by age groups was obtained fktitchell, B.R.op. cit. The 60-64, 65-69, 70-
74, 75-79, 80+ age group data for 1881, 1891 ar@l Mas obtained by decomposing
Mitchell B.R. op cit.’s combined age groups data using 1911 age disoiims Similarly, the
70-74, 75-79, 80+ populations were obtained usifi§llage distributions as proxy. The
intervening years within the census data were dramterpolated. 2002-2010 is from the UN
database, while 2011 was obtained using 2010 agebditions and Maddison, Ap. cit.’s
total population data which was growth extrapoldate#011.

Indonesia: 1870-1949 was backdated using age listvsns from India as proxy and total
population from Maddison, Aop. cit. 1950-1960 data is from the UN database, and i961
from Mitchell, B.R. op. cit. The population within the 25-80+ age group wasodgmosed to
the default distributions using 1971 proportionpasxy. 1971, 1980, 1993, 1995 and 2003 is
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from Mitchell, B.R. op. cit. All intervening years were growth interpolate@03-2010 was
obtained from the UN database. 2011 was extramblaang total population from Maddison,
A. op. cit. and the 2010 age distributions.

Korea

1870-1929 was backdated using age distribution® fiedia as proxy and total population
from Maddison, Aop. cit. 1930, 1944, 1960, 1975, 1980 and 1994 censusigetabtained
from Mitchell, B.R.op. cit. The 1870-1929 backdated data was then splicduettetvel census
data using 1930 as base year. 1995-2010 is fronukhelatabase. 2011 was obtained using
2010 age distributions and Maddison, ép. cit.’s total population which was growth
extrapolated to 2011. All intervening years weravgh interpolated.

Singapore

1870-1949 was backdated using age distribution® findia as proxy and total population
from Maddison, A.op. cit. 1950-2010 is from the UN database. 2011 was médausing
2010 age distributions and Maddison, ép. cit.’s total population which was growth
extrapolated to 2011.

Taiwan

1870-1904 was backdated using age distribution® fiedia as proxy and total population
from Maddison, Aop. cit. 1905, 1915, 1920, 1930, 1940, 1956, 1966, 19d01880 census
data was obtained fromMitchell B.R. op. cit. The backdated 1870-1904 data was then spliced
to the level of census data using 1905 as base Vkar70-74, 75-79 age group data for 1905,
1915 and 1920 was obtained by decomposiitghell B.R. op. cit.’s age groups using the
1940 age distributions as proxy. The 70-74, 759 &0+ data for 1970, as well as the 70-74,
75-79 populations for 1980 were also computed uag distributions from 1966 as proxy.
1981-2011 was obtained using age distributions findia as proxy and total population
from Maddison, A.op. cit. This was subsequently spliced to the level ofi@ctensus data
using 1980 as base year. All intervening years \geve/th interpolated.

Educational attainment and gross enrolment ratesSee Madsen (2010) for estimation
method.

Population distribution data sources are detaibexi/e.
School Enrolment:
India

Primary

Combined primary and secondary enrolment from 1B316 was obtained fromitchell, B.

R., 2007. International Historical Statistics: Afj Asia and Oceania, 1750-2005, 5th Ed. Palgrave
Macmillan, New Yorkand the decomposed using 1877 proportions. Separanary and
secondary enrolments data for 1877-1879 is alsua Machell, B.R.op. cit. 1880-1996 is from
Leeuwen, V. B. 2007, Human Capital and Economicmoin India, Indonesia and Japan: A
Quantitative Analysis, 1890-2000, PhD Dissertatittirecht University and 1997-2000 from
Mitchell, B.R.op. cit., while 2001-2009 was growth extrapolated.
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Secondary

Combined primary and secondary enrolment for 18061was obtained fromditchell, B.R.
op. cit. and then decomposed using 1877 proportions. Eerdknfor 1877-1996 are from
Leeuwen, V. Bop. cit., and 1997-2009 is growth extrapolated.

Tertiary

1870-1872 enrolment was backdated using the fisgear average growth rate from 1873;
1873-1879 is fromMitchell, B.R. op. cit. and 1880-1999 is frorheeuwen, V. Bop. cit. 2000-
2009 enrolment was growth extrapolated.

Indonesia

Primary

1870-1974 enrolment was backdated using the f0sgear average growth rate from 1875.
1875-1877 and 1879 is fromitchell, B.R. op. cit. 1878 is growth interpolated. Enrolment
figures for 1880-1999 are sourced frdreeuwen, V. B.op. cit.,, while 2000-2009 is from
World Development Indicators. The World Bank, Wbttp://data.worldbank.org/indicator).

Secondary
1870-1875 enrolment was backdated using the flsgear average growth rate from 1876.
Data for 1876-1879 is fronMitchell, B.R. op. cit.; 1880-1941, 1946, 1949-1999 is from
Leeuwen, V. B.op. cit;; and 2000-2009 WDIpp. cit. All intervening gaps are growth
interpolated.

Tertiary
1870-1919 was backdated using the first 20-yearageegrowth rate from 1920. 1920-1941,

1946, 1950-2000 is fromeeuwen, V. Bop. cit. while 2001-2009 figures are from the WD,
cit.

Korea

Primary

1870-1909 enrolment was backdated using the f0sgear average growth rate from 1910.
1910-1937, 1939 is fromMitchell, B.R. op. cit.; 1948-1966 from Banks, A.S. 1971, Cross
Polity Time Series Data. The MIT Press: Cambridgassachusetts and London, England
and 1967-2003 was obtained fravtitchell, B.R. op. cit. All intervening gaps were growth
extrapolated. 2004-2009 was growth extrapolated.

Secondary

1870-1911 enrolment was backdated using the flsgear average growth rate from 1912.
1912-1937, and 1939 is fromitchell, B.R.op. cit.; 1948-1966 Banks, A.9p. cit.; 1967-2003

is from Mitchell, B.R. op. cit. All intervening gaps are growth interpolated. 23D09 was
growth extrapolated.

Tertiary

1812-1949 enrolment was backdated using the firstear average growth rate from 1950.
1950, Mitchell, B.R.op. cit.; 1951-1966 from Banks, A.$8p. cit.; 1967-2003 is fronMitchell,
B.R. op. cit.; 2004-2009 was growth extrapolated.
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Singapore

Primary

1870-1946 enrolment was backdated using the fisgear average growth rate from 1947,
1947-1991, 1992-1993 is growth interpolated and412303 is fromMitchell, B.R. op. cit.
2004-2010 enrolments data is from WBY, cit.

Secondary

1870-1946 enrolment was backdated using the fisgear average growth rate from 1947,
1947-1991, 1992-1993 is growth interpolated and412303 is fromMitchell, B.R. op. cit.
Enrolment data for 2004-2010 is from WD, cit.

Tertiary

1870-1949 enrolment was backdated using the firste€ar average growth rate from 1950.
Data for 1951-2003 was sourced frimitchell, B.R.op. cit., while the enrolment figures for
2004-2010 are from the WDdp. cit.

Taiwan

Primary

1870-1909 enrolment was backdated using the flsgear average growth rate from 1910.
Combined primary and secondary enrolment data9@011937 is fronMitchell, B.R. op. cit.
This was subsequently decomposed using constar@ fpf$ortions. Enrolment data for
1938-1940 and 1946-1949 is also frasitchell, B.R. op. cit., and 1950-2010 was obtained
from the Taiwan Statistical Yearbook, 2011. Allentening gaps are growth interpolated.

Secondary

1870-1909 enrolment was backdated using the f@sgear average growth rate from 1910.
Combined primary and secondary enrolment for 1998#1from Mitchell, B.R. op. cit. was
decomposed using constant 1938 proportions. 1938-48d 1946-1949 enrolment is from
Mitchell, B.R. op. cit.; 1950-2010 is from Taiwan Statistical Yearbook120All intervening
gaps are growth interpolated.

Tertiary

1870-1919 enrolment was backdated using the firstegar average growth rate from 1920.
Enrolment for 1920, 1926, 1931, 1935, 1940 and ¥4B1& fromMitchell, B.R.op. cit., while
1950-2010 was sourced from the Taiwan Statistiearisook, 2011. All intervening gaps are
growth interpolated.

Domestic Patent

WIPO: Patent Application by Patent Office, by resitland non-resident,
http://www.wipo.int/ipstats/en/statistics/patents

Per Capita Real GDP Growth Rate

Madison Historical GDP Databadgttfp://www.worldeconomics.com/Data/MadisonHistoleBP)
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for population and Real GDP data except Singapea DP 1900-196(®Bugimoto, 1., 2011,
Economic Growth of Singapore in the Twentieth Centtlistorical GDP Estimates and Empirical
Investigations, World Scientific Publishing Co. Rté&d., Singapore.

Real interest rate Nominal interest rate in a long-term governmestidminus
contemporaneous consumer inflation rate.

Nominal interest rate:

India

1870-1894 same as 1895. 1895-1906: Calculated Rdoe of 3.5% Indian Government Bond in
London, SARBI (various issues). 1907-1929: Inteaped. 1930-1954: Treasury Bills Rate, Homer, S.,
Sylla, R., A History of Interest Rates, John Wikayd Sons Inc. 1955-1989: Official Discount Rate,
Homer, S., Sylla, R.op. cit. 1990-1993: Interpolated. 1994-2011: 3-Month Treadsill Rate,
Datastream (Thomson Reuters).

Indonesia

India 1870-1970 spliced with 1970. 1970-2011: Bxpimterest rate, World Development Indicator
(WDI) Database.

Korea

Japan 1870-1948 spliced with 1948. 1948-1964:rmat@nal Financial Statistics (supplement to
1965/66 issues). 1965-1999: interpolated. 2000-2Q1Year Government Bond Rate, Datastream
(Thomson Reuters).

Singapore

Japan 1870-1977 spliced with 1977. 1977-1989: Biefrterest rate, World Development Indicator
(WDI) Database spliced with 1989. 1989-2011: 3-Nhomteasury Bill Rate, Datastream (Thomson
Reuters).

Taiwan

Japan 1870-1982 spliced with 1982.1982-2011: 3iMdfoney Market Rate. (Thomson Reuters).
Consumer inflation rate: Calculated from Consunemide Index (CPI)

India

1870-1940: kumar, D., Desai, M. 1982, TBambridge Economic History of India 1757-1970,
volume 2, Cambridge University Prespliced with 1940-2005: Mitchell, B. R., 2007.
International Historical Statistics: Africa, AsiacaOceania, 1750-2005, 5th Ed. Palgrave Macmillan,
New York spliced with 2005-2011: International Fical Statistics.

Indonesia

Cost of Living Index for Indonesia 1870-1925: \dinson, J., 2000, Real Wages and Relative
Factor Prices in the Third World 1820-1940: Asiablshed as: Globalization, Factor Prices and
Living Standards in Asia Before 1940, in A.J.H. hatn and H. Kawakatsu (eds.), Asia Pacific
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Dynamism 1500-2000 (London: Routledge, 2000): 13gliced with 1925-2005: Mitchell B.Rp.
cit. spliced with 2005-2011: International Financitdtistics.

Korea

1870-1906: CPI Japan spliced with Cost of Livingdx of Korea 1906-1912: Williamson, J., 2000
op. cit., spliced with 1912-2005: Mitchell B.Rp. cit. spliced with 2005-2011: International Financial
Statistics.

Singapore

1870-1880: CPI Japan spliced with 1880. 1880-2@880-1900: Sugimoto, |. Estimates of Private
Final Consumption Expenditure in the Colony of @ipgre, 1880-1939: Progress and Perspective,
Soka University spliced with 1900-1961: Sugimoto2011, Economic Growth of Singapore in the
Twentieth Century, Historical GDP Estimates and Eiogl Investigations, World Scientific
Publishing Co. Pte. Ltd. spliced with 1961-2005:téiell B.R. op. cit. spliced with 2005-2011:
International Financial Statistics.

Taiwan

1870-1897: CPI Japan spliced with Cost of Livinddx of Taiwan 1897-1903: Williamson J., 2000,
op. cit. spliced with 1903-2005: Mitchell B.Bp. cit. spliced with 2005-2011: Taiwan Statistical Data
Book 2012, downloaded frorhttp://www.cepd.gov.tw/encontent/m1.aspx?sNo=009734

CPI of Japan 1870-1906: Mitchell B.8. cit.

Life Expectancy at the Age of 10
India

1870-1880 same as 1881. 1881-1891: Gupta, P91, Estimation of Demographic Measures

for India, 1881-1961, Based on Census Age Distidmgt Population Studies, 25(3), pp. 395-414.
1891-1999: Human Lifetable Database, (www.lifetadd¢. 1999-2010: WHO data downloaded from
http://apps.who.int/gho/data/view.main.

Indonesia

1870-1960 same as India. 1961-2010: WHO dstp://apps.who.int/gho/data/view.main.

Korea

1870-1926 spliced with Japan. 1926-1931: Dublin,,lLotka, A. J., Spiegelman, M., 1949, Length
of Life: A Study of the Life Table, Ronald pressygaany, New York. 1931-1938: Demographic Year
Book, United Nations, New York. 1938-1970: Humafetable Database, (www.lifetable.de). 1970-
2010: Korea Statistics Office (KOSIS), downloademhf http://kosis.kr/nsieng/view/stat10.do

Singapore

1870-1956 spliced with Netherland. 1957-196&yfitz, K., Flieger, W., 1968, World
Population: An Analysis of Vital Data, The Univieysof Chicago Press, Chicago. 1963-1969
Interpolated. 1970-2009: Human Lifetable Databéseiw.lifetable.dg. 2010: WHO data,
downloaded fronittp://apps.who.int/gho/data/view.main
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Taiwan

1870-1925 spliced with Netherland. 1926-2007: Hurnidetable Database, (www.lifetable.de).
2008-2010: Taiwan Life Table, downloaded frottp://sowf.moi.gov.tw/stat/english/elife/elist.ntm

Gender Ratio: Ratio of the number of males to females in thelsgeieen 10 and 24
India

1870-1880 same as 1881. 1881, 1891, 1901, 1921, 1931, and 1951: Mitchell, B. R.,
2007, International Historical Statistics: Africdsia and Oceania, 1750-2005" &d.
Palgrave Macmillan, New York. 1882-1890, 1892-190802-1910, 1912-1920, 1922-1930,
1932-1950 interpolated.  1951-2010: United NationsPopulation  Division
(http://esa.un.org/unpd/wpp/Excel-Data/populatian)hspliced with 1951: Mitchell, B. R.,
op.cit.

Indonesia

1870-1950: Gender ratio Japan spliced with 195titdd Nations’ Population Divisiorgp.
cit. 1950-1961: United Nations’ Population Divisiap, cit. spliced with 1961Mitchell B.R.
op. cit. 1961, 1971, 1980, 1993, 1995, and 20Q@&chell B.R. op. cit. 1962-1970, 1972-1979,
1981-1992, 1994, and 1996-2002 interpolated. 2@IH2 United Nations’ Population
Division, op. cit. spliced with 2003: Mitchell, Africa, Asia and Gaea, 2007pp.cit.

Korea

1870-1930: Gender ratio Japan spliced with 1938ichell B.R. op. cit. 1930, 1944, 1960,
1975, 1980, 1994 and 2008itchell B.R. op. cit. 1931-1943, 1945-1959, 1961-1974, 1976-
1979, 1981-1993, and 1995-2002 interpolated. 2@IH2 United Nations’ Population
Division, op. cit. spliced with 2003Mitchell B.R. op. cit.

Singapore

1870-1931: Gender ratio Japan spliced with 193nder ratio MalayMitchell B.R. op. cit.
Gender ratio Malay, 1931, 195Ritchell B.R. op. cit. 1932-1956 interpolated. 1950-2010:
United Nations’ Population Divisiomp. cit. spliced with 1950Mitchell B.R. op. cit.

Taiwan

1870-1905: Gender ratio Japan spliced with 19&hell B.R. op. cit. 1905, 1915, 1920,
1930, 1940, 1956, 1966, 1970 and 198@chell B.R. op. cit. 1906-1914, 1916-1919, 1921-
1929, 1931-1939, 1941-1955, 1957-1965, 1967-196918i@1-1979 interpolated. 1980-2010:
Taiwan Statistical year book 2011 spliced with 198fchell B.R. op. cit.

Japan

1870-1883 same as 1884. 1884, 1893, 1903, 1928, 1930, 1940, 195Mitchell B.R. op.
cit. 1885-1892, 1894-1902, 1904-1912, 1914-1919, 192B]11931-1939, 1941-1949
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interpolated. 1950-2010: United Nations’ Populatiimision, op. cit. spliced with 1950:
Mitchell B.R. op. cit.

Hours worked: Total Working Force multiplied by Hours Worked porker.

India

Total Working Force: 1870-1951: Roy, B., 1996, Analysis of Long Term Growth of National
Income and Capital Formation in India (1850-51 $60-51), Firma KLM Private Limited, Calcutta,
India. 1952-1959: Interpolated. 1960-2011: The @wmrice Board Total Economy Database, 2013,
http://www.conference-board.org/data/economyda&bas

Hours Worked Per Worker: 1870, 1900: Huberman, IMwis, F., 2007, Bend It Like Beckham:
Hours and Wages across Forty Eight Countries irD1@ueen's Economics Department Working
Paper no. 1229. 1871-1899: Interpolated. 1901-2@&hime as 1900.

Indonesia

Total Working Force: 1870-1880: Population from d#on Historical GDP Database

(http://www.worldeconomics.com/Data/MadisonHistolg8BP) spliced with 1880. 1880-2008: van

der Eng, P., 2010, The Sources of Long Term Ecooo@iowth in Indonesia, 1880-2008,

Explorations in Economic History, 47, 294-309 spdiavith 2008-2011: The Conference Board Total
Economy Databasep. Cit.

Hours Worked per Worker: 1870-2011: same as India.
Korea

Total Working Force: 1870-1955: Population from d®on Historical GDP Database
(http://www.worldeconomics.com/Data/MadisonHistoligBP) spliced with 1955. 1955-1960:

Mitchel, B. R.,2007, International Historical Statistics: Africasia and Oceania, 1750-2005,
5" Ed. Palgrave Macmillan, New York.

Hours Worked per Worker: 1870-1949: same as 19960-1960: The Conference Board Total
Economy Databasep. cit.

Total Annual Hours Worked: 1963-201The Conference Board Total Economy Datalasecit.
1961-1962: Interpolated.

Singapore

Total Working Force: 1870-1947: Population from Néadh Historical GDP Database
(http://www.worldeconomics.com/Data/MadisonHistol8BP) spliced with 1947. 1947-1957:
Mitchel, B. R.,2007,0p. cit.

Hours Worked per Worker: 1870-1949: same as 19960-1957: The Conference Board Total
Economy Databasep. cit.

Total Annual Hours Worked: 1960-201The Conference Board Total Economy Datalasecit.
1958-1959: Interpolated.
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Taiwan

Total Working Force: 1870-1905: Population from N&aah Historical GDP Database
(http://www.worldeconomics.com/Data/MadisonHistol&BP) spliced with 1905. 1905-1956:

Mitchel, B. R.,2007,0p. cit.

Hours Worked per Worker: 1870-1949: same as 19900-1956: The Conference Board Total
Economy Databasep. cit.

Total Annual Hours Worked: 1960-201The Conference Board Total Economy Datalasecit.
1957-1959: Interpolated.

Real Investment — GDP RatioRRatio of real investment (Residential Investmerdigced)
to Real GDP.

India

1870-1951: Roy, B., 1996, An Analysis of Long Tefdnowth of National Income and Capital
Formation in India (1850-51 to 1950-51), Firma KlBvivate Limited, Calcutta, India.  spliced with
1951-1967 Mitchell, B. R.2007, International Historical Statistics: Africasia and Oceania,
1750-2005, 8 Ed. Palgrave Macmillan, New Yorkpliced with 1967-1980: World Development
Indicator (WDI) Database spliced with 1980-2083atistical Abstract India, Central Statistical
Organization, Department of Statistics, Ministry &flanning and Program Implementation,
Government of India, New Delhi.

Indonesia

1870-1879: Same as 1880. 1880-2008: van der Eng0P0, The Sources of Long Term Economic
Growth in Indonesia, 1880-2008, Explorations in iammic History, 47, 294-309 spliced with 2008-
2011: World Development Indicator (WDI) Database.

Korea

Japan real investment to real GDP ratio 1870-1ili8ed with 1913-1994: Timmer, M. P., Ark, B.

V., 2000, Capital Formation and Productivity Growithh South Korea and Taiwan: Beating

Diminishing Returns through Realizing the CatchRigential, Groningen Growth and Development
Centre spliced with 1994-2010: OECD Database.

Singapore

Japan real investment to real GDP ratio 1870-198izex] with 1900-1960: Sugimoto, I., 2011,
Economic Growth of Singapore in the Twentieth Centidistorical GDP Estimates and Empirical
Investigations, World Scientific Publishing Co. Ptéd. Singapore. 1961 Interpolated. 1962-2011.:
Yearbooks of Statistics, Chief Statistician, Depamt of Statistics, Singapore.

Taiwan
Japan real investment to real GDP ratio 1870-Ep0ided with 1903-1912: Mitchell, B. Rop. cit.,

spliced with 1912-1995: Timmer, M. P., Ark, B. \2Q00,0p. cit., spliced with 1995-2010: Statistical
Year Book of the Republic of China 2010 edited 2011
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