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Abstract

This paper re-examines the role of physical capitalimulation in the Indian economy over
the period 1953-2010. As an alternative to theamttix total factor productivity (TFP) view,

the paper develops a combined TFP-capital accuionléiypothesis of growth transitions.

The results show that the first phase of Indiagdagrowing regime during 1980-2002 was
mainly TFP driven. However, the large increasenmuested profits accumulated during the
first phase together with evidence of a sharp nseéhe productivity of capital and an

exogenous saving/investment rate implies that Imdid a significant amount of untapped
long-run growth potential. Consistent with the predictiohtlee model, the growth surge

experienced during 2003-2007 reflects the capitaumulation-driven part of the growth

transition. Despite the turbulent years of the gldimancial crisis since 2008, the analysis
suggests that physical capital accumulation wilhtocae to be a driving force of India’s

future growth performance.
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1. INTRODUCTION

From the comprehensive surveys in Batdal. (2010), Easterly and Levine (2001)
and Helpman (2004), it is apparent that there isnflnential body of literature that views
physical capital accumulation as a relatively urom@nt determinant of a country’s growth
and development performance. For example, Blomsebral. (1996) and Attanasiet al.
(2000) show that per capita output growth Grangerses investment, whereas Carroll and
Weil (1994) find causality from growth to savingh&se studies show that physical capital
accumulation is the outcome rather than the unuohgrlgause of growth. In addition to
endogeneity issues, the small share of capitabted thcome of around one-third in national
accounts has often been cited as evidence agduestphysical capital accumulation
hypothesis in explaining large differences in papita income levels across countries
(Easterly and Levine, 2001; Hall and Jones, 19989n&, 2006). In a more general context,
the low elasticity of output with respect to capita = 0.33) derived from national accounts
implies that a given policy shock to the savingéistiment rate will be relatively ineffective in
raising per capita income. Taken together, thesnstrof literature attributes most of the cross-
country differences in the level and growth ratgeirf capita income to an ‘unexplained’ part,
which growth economists typically refer to as tof@attor productivity (TFP), rather than
physical capital accumulation.

Consistent with the orthodox TFP view in the ghowterature, Madsen, Saxena, and
Ang (2010) (hereafter MSA) downplay the importamméephysical capital accumulation in
India on the basis of three empirical observatiimdihgs over the period 1950-2005. First,
movements in India’s saving rate have not coincidgith increasing productivity growth
rates. Second, the factor accumulation hypothesidigis that the growth rate in the capital-
labour ratio precedes labour productivity growth. dontrast, MSA provide evidence of

reverse causality from labour productivity growth dapital accumulation. Third, by using



capital's share in total income of 0.30 as a prémxythe productivity of capital, MSA’s
growth accounting exercise shows that TFP growtherathan capital per worker growth
accounts for the bulk of per capita income growthhe Indian economy. In an attempt to
explain India’s large ‘unexplained’ (TFP) part abgith, MSA provide empirical evidence of
a technology-driven model, which is consistent viiith predictions of Schumpeterian growth
theories developed in Aghion and Howitt (1998).

MSA'’s finding of a negligible growth effect of phigal capital accumulation in the
Indian economy is not unambiguous. Felipe et &0908) growth accounting exercise shows
that the differential growth performance betweern@land India during the 1980s and 1990s
can largely be explained by different rates of jptaiscapital accumulation. To match China’s
extraordinary growth performance since the late0O$9The authors advise India to address
several supply constraints on aggregate investspstding.

The main purpose of this paper is to re-examine tble of physical capital
accumulation in the Indian economy. As its basartstg point, the analysis follows the
central theme in Rodrik and Subramanian (2005)aagcbwing number of recent studies, and
highlights the importance of India’s growth traimitin 1986. In this framework, the 1980s
‘policy shift’ hypothesis explains whaignited India’s growth transition, whereas the
sweeping reforms during the post-1990 liberalisaperiod explain whatustainedhe initial
growth shift. In effect, as will be shown more faiy in Section 2, India’s growth
experience over the period 1953-2010 can broadlghaeacterised by three regimes: (1) a

slow-growing regime during 1953-1978; (2) a fastwging regime during 1980-2002; and (3)

! In addition to Rodrik and Subramanian’s (2005)luehtial paper, several subsequent studies hawe als
identified the period in or around 1980 as a majoning point in India’s growth performance (sedd&ashnan
and Parameswaran, 2007; Nell, 2012, 2013; and Virn2006). The exact date of the growth transition,
however, is not uncontroversial (see Basu, 200&t&hnd Wright, 2012; MSA, 2010; Panagariya, 2Q0B8;
and Sen, 2007). Section 5 re-examines the relevaihtteese competing views in light of the empiricasults
obtained from the growth model developed in sec8iaf this paper.



a faster-growing regime during 2003-2007. The tlebuyears (2008-2010) of the global
financial crisis and outlying growth in 1979 areclexied from the sample.

Within India’s three-regime framework, the papeses Kaldor's (1957, 1961)
technical progress function analysis together wime of the theoretical insights of learning
by doing endogenous growth models (Romer, 1986,7198 re-examine the relative
importance of physical capital accumulation and TiRPIndia’s growth transitions. The
analysis distinguishes between two competing theateparadigms: i) the orthodox TFP
view, and ii) the new TFP-capital accumulation viéMre orthodox TFP view refers to the
large body of literature cited earlier, includingSM's (2010) study of India, which
downplays the role of physical capital accumulationthe growth process due to its
endogeneity and capital’'s small share in total imeoAs an alternative, this paper develops a
new TFP-capital accumulation hypothesis of Indigilewth shifts. The novelty of this
approach is that it models the role of TFP and tahpiccumulation in a multiple-regime
framework, as opposed to the single-regime framksvaf MSA (2010) and the growth
literature in general, and is therefore consisteitit some of the important stylised facts of
India’s growth performance.

The key features of the new TFP-capital accumutathodel developed in section 3
are the following. The model assumes that the aognases capital goods with disembodied
technical progress in the slow-growing regime. He faster-growing regime, on the other
hand, some of the technical progress is embodiedaipital goods Based on these
assumptions, thmitial shift out of the slow-growing regime into a fastgowing regime is
due to an unexplained TFP part and an explainedigdycapital accumulation part. The
capital accumulation part of the initial growth fshs triggered by a set of policy measures

that changes the composition of investment in fawdlequipment investment. Greater trade

2 Embodied technical progress means that some alhithprovements can only be introduced into the
productive system through new investment, wheressnbodied technical progress is independent oftalap
accumulation (see De Long and Summers, 1992).



openness, for example, will raise imported equipmewvestment relative to other types of
investment and also make the domestic capital geed®r more competitive and productive
(for example, see Sen, 2007). Consistent with DegLand Summers’ (1992, 1993) original
growth-equipment investment nexus, the change eénctimposition of investment raises the
degree of embodied technical progress and leatmyndoing (also see Temple, 1998). The
rise in the learning by doing parameter constittescapital accumulation part of the first
phase of the growth transition. However, becausmesdechnical progress is also
disembodied, part of the initial growth shift remaiunexplained or TFP driven.

In the second phase of the faster-growing regphgsical capital accumulation in an
economy-widesense becomes the sole determinantoong-run growth. As will be shown
more formally in section 3, the positive learning doing parameter implies that aggregate
physical capital accumulation — inclusive of invesht in equipment and structures —
determines technical progress in the second pHabe growth transition. An increase in the
total saving/investment rate and economy-wide capitatksts therefore necessary to move
the economy into an equilibrium position in thetéasggrowing regime. Whether firms are
willing to reinvest their profits accumulated dugithe first phase of the growth transition will
crucially depend on the domestic investment climate

The key results of the paper can be summarisddllasvs. First, by excluding the
global financial crisis years (2008-2010) and datlygrowth in 1979 from the sample, the
long-run causality results show that the total sgimvestment rate is exogenous with respect
to per capita income in India’s slow-growing regifd®53-1978) and faster-growing regime
(1980-2007). Second, the results show that these e®n a large structural shift in the
productivity of capital across the two regimes, evhimainly resulted from an increase in
private corporate equipment investment relativettter types of investment (also see Sen,

2007). More specifically, with a share of capitatotal income of 0.33, the results imply that



the learning by doing parameter increased from metthe slow-growing regime to 0.50 in
the faster-growing regime. Third, the first phadelralia’s faster-growing regime during
1980-2002 was primarily driven by TFP growth. Hoegwvthe large increase in uninvested
profits accumulated during the first phase of th@agh transition together with the sharp rise
in the productivity of capital implies that Indiadh a significant amount of untappledag-run
growth potential, which could have been unleaslimedugh a faster rate of physical capital
accumulation. Fourth, consistent with the predictid the TFP-capital accumulation model,
the growth surge experienced during 2003-2007 aeflethe economy-wide, capital
accumulation-driven part of the growth transitidallowing a more favourable domestic
investment environment after significant reductionadministered interest rates. Overall, the
results strongly support the TFP-capital accumaatview of India’s growth transitions.
Finally, the model suggests that a crucial predwmdifor India to sustain per capita income
growth rates in excess of 7% in the aftermath efglobal financial crisis is to maintain high
aggregate saving/fixed investment rates.

The rest of the paper is organised as followsti@e@ draws on previous research to
identify several stylised facts of India’s growtkerfprmance over the period 1953-2010.
These stylised facts, in turn, will serve as esakhackground information to set up the TFP-
capital accumulation growth model in section 3.tBec4 outlines the empirical hypothesis
and econometric methodology. Section 5 providesnatepth empirical test of the TFP-

capital accumulation model. Section 6 concludes.

2.  SOME STYLISED FACTS OF INDIA’'S GROWTH PERFORMANKZ 1953-2010

This section draws on descriptive evideswog previous growth narratives to list several
stylised facts of India’s growth performance oves period 1953-2010. Following the advice
given by Kaldor (1961) many years ago, the theatisiuld first look at the stylised facts and

then construct an economic model that capture® thesad facts in the best possible way.



2.1 India’s 1980 growth transition

A salient feature of MSA'’s (2010) growth narrativethe Indian economy is that they
indentify a permanent growth shift in the post-18B@ralisation period:

“The economy grew at an average annual growth mxteeeding 6% in per capita

terms in the period 1990-2005, which is 4 perceatpgints higher than the Hindu

growth rate experienced between 1950 and 1990. cidmecidence of increasing
growth rates and reforms in the 1990s has led gddbody of the literature to argue
that the policy reforms have been the main drivarshe increasing growth rates”

(MSA, 2010, p. 38).

MSA’s contention of a 1990/1991 growth transitipresents a departure from the
central theme in Rodrik and Subramanian (2005)dfeer R-S, 2005). R-S (2005) stress that
growth narratives of the Indian economy have tertdathderstate the growth performance of
the 1980s, while over-emphasising the growth eftéthe sweeping economic reforms since
1991. The gist of their argument is captured inuFégl (adopted from R-S, 2005: p.197).
Real GDP per capita, real GDP per worker and TFBhalw a significant and upward trend
break that begins in 1980.

The average growth surge during the 1980s (198)1%elative to the pre-1980
period in output, output per worker and TFP is samsed in Table 1. Moreover, as Table 1
shows, there appears to be no discernible differebetween the aggregate growth
performance of the 1980s and the post-1990 lits=iadin period. In fact, average TFP growth
slowed down from 2.49% during the 1980s (1980-1960).57% in the 1990s (1990-1999)
when economic liberalisation measures were at geak (R-S, 2005: p. 198).

The R-S (2005) contention of a significant growttift in or around 1980 is strongly
supported by several other studies (see Balaknislama Parameswaran, 2007; Nell, 2012,
2013; and Virmani, 2006). These studies have tylgidaased their analyses on different

break-point detection methods and/or theory-cossiseconomic models that explicitly

incorporate the 1980 growth transition.



2.5

Figure 1. Economic Performance in India, 1960-2000
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Sources: GDP data from Penn World Table 6.1 andfiidi® Bosworth and Collins (2003).

Table 1.India: Growth Indicators (annual average percesgag

Growth indicator 1960-70 1970-80 1980-90 1990-99
Output 3.84 2.98 5.85 5.59
Output per worker 1.87 0.69 3.90 3.27
Capital per worker 0.83 0.61 1.06 1.32
Total factor
productivity (TFP) 0.74 —-0.50 2.49 1.57

Source: R-S (2005, p. 198). Data from Bosworth @aotlins (2003).



2.2 The TFP-Driven Nature of India’s 1980 Growtlaisition

From the foregoing analysis, it is apparent th@P growth accounts for the bulk of

India’s 1980 growth transition rather than physicapital accumulation. The small rise in

capital per worker growth since the 1980s doesmatch the surge in output per worker

growth in Table 1, which, in turn, is reflectedrapid TFP growth. The TFP-driven nature of

India’s 1980 growth transition can also be gauggddoking at the evolution of the total

gross

fixed investment rate and its different congmis over the period 1955-2003. (The

discussion that follows draws extensively on S€aG07) excellent decomposition of India’s

aggregate gross domestic investment rate).

Figure 2. India’s Total Gross Fixed Investment Rate ancChsnponents: 1955-2003
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Source: Data from Sen (2007)

Figure 2 plots 5-year averages of the total gfiasesl investment rate and its different

sub-components over the period 1955-2003. The gptas fixed investment rate displays a

steady, but relatively slow, increasing trend sitiee mid-1970s. There is no ‘visible’ break



in the total fixed investment rate that matcheslénge shift in output per worker growth in
Table 1, which again seems to reflect a TFP-driywth transition. Figure 2 further reveals
that the increasing trend of the total was largklg to a steady rise in equipment investment,
which more than offset the decreasing trend inctines investment.

Sen’s (2007) decomposition of the total equipnewestment rate, on the other hand,
shows that the increase in the total was largeiyedrby movements in private corporate
equipment investment relative to private houselaold public equipment investment. Figure

3 shows a large structural shift in the privatgpooate equipment investment rate since 1980.

Figure 3. India’s Private Corporate Equipment InvestmeneR4955-2003
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Source: Data from Sen (2007)

During the first half of the 1980s (1980-1984) tpevate corporate equipment
investment rate averaged 3.1% and during the seltaif@1985-1989) it averaged 3.3% This
represents a more than 100% increase relativeet@vhrage rates that prevailed during the

sub-periods 1965-1969 (1.3%), 1970-1974 (1.5%) #8d5-1979 (1.3%). The post-1990
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liberalisation period witnessed another structugtaift in the private corporate equipment
investment rate, with an average rate that setied.7% over the period 2000-2003,
following the sharp increase in the mid- to lat&3Q$.

To summarise this sub-section, it appears as df lithlk of India’s 1980 growth
transition can be attributed to TFP growth rathent physical capital accumulation: trend
movements in the total gross fixed investment eatd the corresponding growth rate of
capital per worker do not match the large upwaiiét g output per worker growth. At the
same time, the analysis also shows a clear stalcahift in the composition of total
investment since 1980: private corporate equipmewestment rose sharply relative to

structures investment.

2.3 Another Growth Transition in 2003

The main hypothesis of a 1980 growth transitiorséction 2.1 remains intact when
we use real GDP per capita data from a differentcm(Reserve Bank of India) and over an
extended sample period (1953-2010) in Figure 4.stStent with the result obtained from Bai
and Perron’s (2003) multiple-breakpoint test in R2805), Harvey and Koopman’s (1992)
break-point test used in this paper also indestifiestructural break in the growth rate of real
GDP per capita in 1979

By treating the negative growth rate in the yefathe structural break (1979) as an
outlier, Figure 4 shows that India’s real GDP papita grew at a relatively slow rate of
1.46% per annum in the first regime (1953-1978},rbare than doubled to an average rate of
3.36% in the second regime (1980-2002). In accamlamith the main hypothesis in R-S
(2005), there appears to be no ‘discernible’ deifee between the average growth rates in the

1980s and the post-1990 liberalisation period. mythe 1980s (1980-1990) real GDP per

® Harvey and Koopman's (1992) break-point test wasputed using Stamp 7 (see Koopman et al., 2006).
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capita growth averaged 3.20% compared with an geerate of 3.92% in the post-

liberalisation period (1991-2002).

Figure 4. India’s Real GDP per Capita: 1953-2010
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The average growth rate in each regime (with treeption of the financial crisis years during 2008-
2010) is obtained by estimating the following resgien: y; = a + bt + u; wherey, is the natural
logarithm (In) of real GDP per capita inconbés a time trend, and is an unobserved disturbance term.
Theb, estimate multiplied by 100 gives the average &imtstneous) growth rate.

Data Source (see Appendix A): Reserve Bank of India

Based on Panagariya’s (2008) analysis, 2003 reptesnother potential turning point

in India’'s growth performance. Figure 4 shows tgetwth accelerated to a new record

average rate of 7.20% over the period 2003-2007s €hntention is reinforced by Lall

(2003), who predicted a marked improvement in lisdgtowth performance, following the

deregulation of administered interest rates duBii§0-2002 and the sharp drop in the user

cost of capital. In spite of the turbulent yearshad global financial crisis during the period
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2008-2010, Figure 4 shows that the Indian econaifiyteanaged to grow at an average rate

of 5.57%.

2.4 Structural Change in Population Growth

Figure 5 plots the evolution of India’s populatigrowth rate over the period 1953-
2010. Consistent with the real GDP per capita seneFigure 4, Harvey and Koopman’s
(1992) test identifies a structural break in 19f9the pre-1980 period population growth
appears to be stationary or mean reverting, edpesiace 1961. In contrast, since the early

1980s population growth shows a sharp deceleratimgl.

Figure 5. India’s Population Growth Rate: 1953-2010
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Notes:
1) The population growth rate is calculated as followg' E[(In Pop —1In Pog_1)><10d, where Pop is

population.
2) Data Source (see Appendix A): Reserve Bank of India
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2.5 The Stylised Facts of India’s Growth Performerecsummary
Based on the preceding discussion, the key featofdndia’s growth performance

over the period 1953-2010 can be summarised asafsil

)] A growth transition that started in or around 19Bfcluding the turbulent years of the
global financial crisis (2008-2010) and outlyinggth in 1979, the period 1953-1978
represents India’s slow-growing regime and thequei980-2007 its faster-growing
regime. (See Figures 1 and 4)

i) India’s growth transition during the 1980s and 199s primarily TFP driven. (See
Figure 1 and Table 1).

i) A structural shift in the composition of the towgross fixed investment rate since
1980, with a significant increase in private cogierequipment investment relative to
structures investment. (See Figures 2 and 3)

iv) The start of another growth acceleration over #r@op 2003-2007. (See Figure 4).

V) A structural break in the population growth ratee series appears to be stationary in
the pre-1980 period, as opposed to the sharp datiafptrend since the early 1980s.

(See Figure 5).

3. THE TFP-CAPITAL ACCUMULATION HYPOTHESIS

This section develops a TFP-capital accumulatigpothesis that is capable of
modelling the stylised facts of India’s growth merhance summarised in section 2.5. The
combined model presents an alternative to the dakdlFP view, broadly defined as an
influential body of literature (Easterly and Levjr2001; Hall and Jones, 1999; Helpman,
2004; MSA, 2010; Romer, 2006) that views physicapital accumulation as relatively
unimportant in the growth process due to its endoge nature and capital’s small share in

total income. The general theoretical frameworkpa€ld in this section is based on learning
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by doing endogenous growth models (Romer, 19867)1868d textbook expositions such as
those in Romer (2006) and Sgrensen and Whitta-3anof2010). The next sub-section
presents the main equations of the model and tlses aldor's (1957, 1961) technical
progress function analysis to model the TFP-camtaumulation explanation of India’s
growth transitions. The following sub-sections derthe steady-state growth path of output
per worker and the corresponding econometric spatibn that will be used in the empirical

section. The final sub-section explains the choidie variables in the empirical model.

3.1The Key Equations of the Model
The production function with constant returnsdals is given by
Y, = (K) (AL)™, Ow<l 1)
wheret denotes timeY; is real outputK;is capital inputA; is ‘technology’ or ‘knowledge’
input, andL;is labour input.
The stock of knowledge at tintés modelled as
A =BK?, & p<1 2)
where gis a learning by doing or capability parametet thaasures the new knowledge and
skills workers gain from using and installing newapital. A positive learning by doing
parameter (0 <@ < 1) implies that new technology is embodied iwnmachinery and
equipment. When workers and managers use new kajitileembodied technical progress, it
triggers a process of learning by doing, which nsatkeem more knowledgeable on how to
adapt and use modern technologies in the mosiegtfigvay. In this framework, knowledge
accumulation is endogenous with respect to capitalmulation (De Long and Summers,
1992). With disembodied technical progress andsaltiag learning by doing parameter of
zero (@= 0), technology or knowledge becomes completebxplained & = B; > 0), and we

go back to the underlying assumption of the orig8@ow (1957) model.
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The capital accumulation equation can be written a
K =sY+(@1-9)K,, giverKo 3
wheres is the saving/investment raté,is the rate at which existing capital depreciates]
Kois the initial value of the capital stock.
The labour force and technology grow at the exogsrand constant ratgs andg,
respectively:
L =@+ 9")L, giverlo (4)
B..=@+g%)B, giverBo (5)
whereg" is the population growth rate, ahg andBy are the initial values of the labour force
and technology, respectively. Since equation (4u@es that the growth rate of the labour

force is equal to the population growth rata,(L;) — 1 =g", the discussion hereafter shall

interchangeably refer to output growth in per worieper capita terms.

3.2The Basic Set UP of the TFP-Capital Accumulatiopdilgesis
Substitute (2) into (1) and simplify to obtain

Y, = K ngrL (6)
When 0 <@< 1, the aggregate production function in (6) bkkiincreasing returns, because
the sum of the exponents on capital and labour, @1+ a), exceeds one. An interesting
feature of the increasing returns to scale modé€6)ns that population growth becomes the
source ofsustainedgrowth in output per worker (see Sgrensen and @/idatobsen, 2010).
However, as will be discussed in more detail irtisacs.4, growth narratives do not identify
shifts in population growth as the initiating forbehind India’s major growth transitions.
Furthermore, as will be shown more formally in s®ct3.5, it is empirically difficult to

distinguish between the positive long-run growtteetf of population growth and its negative
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transitory effect, which both appear in the samel@ho It is therefore convenient for now to
assume a constant labour force in equation {dx L. One important implication of this
assumption is that, with zero population growtte thodel needs an alternative source of
sustained growth. This is done in equation (2)ugtotheB; term, which models some of the
technological progress as unexplainBds Bo(1 +g°)".

With these assumptions in place, equation (6ppraximate growth rates becomes

g =[a+ou-ag + 1-a)3", (7)
where g”is the growth rate of output per workeg; is the growth rate of capital per worker;
and g°® is the exogenous growth rate of technology. Thietilenotes the approximate growth
rate of variable: g =Inx, —Inx._, .

Consider the long-run growth implications of egmat(7). Thea parameter is equal to
capital’s share in total income, and captures #resisivity of output per worker growth with
respect to capital per worker growth forgaven rate of technological progress. Because
technological progress is exogenous, thparameter only measures the transitory growth
effect of capital accumulation. This is true in twginal Solow model (1957) and also the
learning by doing model when Og< 1. Individual firms in the learning by doing neddio
not deliberately try and affect the rate of teclogatal progress when they accumulate more
capital. As a result, the parameter in learning by doing models also meastrensitory
growth for a given rate of technological progreldewever,technological progress in the
learning by doing model arises as an accidentgrbguct of capital accumulation, which is
measured by thep parameter. The long-run impact of capital accunmtatvill therefore
depend on the magnitude of the learning by doingmater,@ Settinga = 0 in equation (7),

we have

g’ =G/ +3°. (8)
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3.3The TFP-Capital Accumulation Hypothesis of Indi@sowth Transitions

To explicitly model the long-run growth implicatis of the TFP-capital accumulation
hypothesis in the Indian economy, it is informatigelot the relationship in equation (8) on a
graph. It is further useful to borrow a conceptir&aldor’'s (1957, 1961) original growth

model, and refer to the relationship in equationa@8a ‘technical progress function’.

Figure 6. The TFP-Capital Accumulation View of India’s GrawTransitions
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Consider India’s technical progress function dgrits slow-growing regime (1953-
1978) in Figure 6. The technical progress funcgapresses output per worker growi)’{

on the vertical axis as a function of capital pesriker growth @tk) on the horizontal

axis:g) = f(gF)"*** ™. The position of the technical progress functicepehds on the
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exogenous rate of technological progre§&,,, whereSGRstands for slow-growing regime.

The slope of the function measures the degree bbdrad technical progress and associated
learning by doing effects. Assuming that technmalgress is completely disembodied in the
slow-growing regime, the learning by doing paramet@qual to zerog=0) and the function
becomes a horizontal line.

Suppose India operated on a balanced growth paihgdits slow-growing regime
(SGR at point A in Figure 8

G2or = Osor = Oscr 9)

Consistent with the original Solow (1957) modeltpau per worker and capital per worker
grow at the rate of exogenous technological chaNge&w consider stylised fact (i) in section
2.5, which highlights India’s growth shift out dkislow-growing regime during 1953-1978
into a faster-growing one over the period 1980-200°dém an initial equilibrium position at
point A in Figure 6, India’s 1980 growth transitioan be modelled as an upward shift in the
technical progress function, with the unexplainate rof technological progress increasing
from @& in the slow-growing regime tg:., in the faster-growing regim&GR).

At the same time, the slope of the technical msgrfunction becomes steeper, with
the learning by doing parameter increasing fi@mO in the slow-growing regime to Qg< 1
in the faster-growing regime. The increase in thgrde of embodied technical progress and
learning by doing captures stylised fact (iii) ecgon 2.5, which states that private corporate
equipment investment increased sharply relativetriactures investment since 1980. Indeed,
if equipment investment is the main carrier of temlbgy, as argued in De Long and
Summers (1992, 1993), then the structural shitihen composition of investment implies a

rise in the degree of learning by doing since 1980.

4 An economy is on a balanced growth path if oufpert worker grows at the same rate as capital pekaxo
From Table 1 it can be seen that this is not aealistic assumption over the period 1970-1980, withrage
growth rates of 0.69% and 0.61% in output per wogkel capital per worker, respectively.
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The increase in output per worker growth fromoABt in Figure 6 captures the TFP-
driven nature of India’s growth transition duringet1980s and 1990s, as summarised under

stylised fact (ii) in section 2.5. Note that poBiies above the 45-degree line, so output per
worker growth exceeds capital per worker growth’..> 9%... Although a proportion of
output per worker growth at point B can be attrdouto physical capital accumulation, as

measured by the slope change in the technicar@ssdunction §Y.x— Orcr), the bulk of

the initial growth shift comes from a rise in TFRWth (J5.x— Jo.c). More precisely, it is

assumed that India’s initial growth transition wagely productivity driven from 1980 until
2002, right up until the start of the second groatheleration in 2003 (see Figure 4).

It is important to note that point B in Figure épresents a sub-optimal ‘equilibrium’
position rather than an interim point. Counterfatijy as an interim point, output per worker
growth in excess of capital per worker growth ainp® would increase the profit rate and
induce firms to invest more. A faster rate of calpitccumulation would instantaneously move
the economy from point B (follow the arrow) to thew equilibrium position at point C.

However, India got stuck in a sub-optimal equilion position at point B over the
period 1980-2002. This contention is strongly supgmb by Felipe et al.’s (2008) growth
accounting exercise, which shows that India’s ayergrofit rate was much higher than
China’s during the 1980s and 1990s. Despite Indialgye investment potential, an
unfavourable/uncertain domestic investment enviremndiscouraged firms to reinvest their
profits (see Felipe et al., 2008).

Stylised fact (iv) in section 2.5 emphasises theginning of another growth

acceleration over the period 2003-2007. The thealetramework in Figure 6 assumes that

® Strictly speaking, the actual point on the nevhrgcal progress function should sit slightly mowethie right of
point B. The growth figures in Table 1 suggest itegital per worker growth during the 1980s and(k98id
increase somewhat from its level in the pre-198fode Point B, however, assumes that capital perkemn
growth during 1980-2002 remained unchanged frorpriés1980 level. For ease of exposition, but withoas
of generality, the analysis will refer to point B the sub-optimal equilibrium condition that préediduring
1980-2002.
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rapid output per worker growth over this period wdrsven by a faster rate of capital
accumulation due to a more favourable domesticsimient environmeht Or put in another
way, a more favourable domestic investment clinggeved as an incentive for firms to
reinvest their profits accumulated during the fighse of the growth transition. A faster rate
of capital accumulation can be modelled as a moweaieng the technical progress function

from point B to point C in Figure 6.

The long-run equilibrium output per worker growtte (g2.z) in the faster-growing
regime at point C is equal to the rate of technicligprogress §.,) and capital per worker
growth rate §f.r):

Gfor = Gror = Oror (10)
The difference in the rate of technological progresthe faster-growing regime relative to
the slow-growing regimegi.,x— G IS composed of two growth-inducing sources, as
illustrated in Figure 6: 1) an exogenous TFP pauaéto §i..— g, and 2) an endogenous

capital accumulation part equal @, — <. Unlike the original Solow model, not all of

the change in technological progress is exogeneas)e of it is endogenous to capital
accumulation.

Two special features of the capital accumulatiart pf the model are worth
emphasising. First, the steeper slope of the teehiprogress function in the faster-growing
regime implies that physical capital accumulatiostedmines the rate of technological
progress and therefore the long-run growth rateutput per worker as the economy moves
from point B to point C in Figure 6. Second, thevement along the upward sloping

technical progress function from B to C is the hesaf an increase in theggregate

® This assumption is supported by Panagariya’s (R@0&tention that faster output growth over thisiqguk
coincided with increasing saving/investment ragesl Lall’s (2003) observation of a significant retion in the
user cost of capital over the period 2000-2002.
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saving/investment rate aretonomy-widecapital stock. Intuitively, it is highly plausibl®

postulate that the productive potential of investma equipment and machinery can only
materialise if it is supported by investment irustures, such as factories, office buildings,
infrastructure and housing. Residential investrmeay be a crucial supportive component of
investment in a poor developing country. For exanplrito and Pereira (2002) and Harris
and Arku (2006, 2007) identify a causality link tlieans from housing investment to human

capital accumulation and growth.

3.4 The Steady-State Growth Path of Output Per Worker
From equations (1)-(4), the steady-stalevel of output per worker

(Yeor: = Yeor: / Lear:) @long a balancegrowth path at point C in Figure 6 can be derived a

B
-8
S d l+l

— t
Veor: = 159, “Pi+ ghy) . O<@<1 (11)

e

where 5 = a + ¢1 — a) is the elasticity of output with respect to capiin equation (6)

1+ 2 LA
andgl, = L+ g2:) @+ g")"? -1. The steady-state growth path of output per woitker

(11) is similar to the model derived in Sgrensed Writta-Jacobsen (2010, p. 222), except
for one important difference. The long-run growstter (g/.) is not only sustained through
population growthd"), as in the Sgrensen and Whitta-Jacobsen (2010¢Imaut also a TFP
part (g2.z). Note that, similar to the original Solow (195Tpdel,g" also appears in the

denominator to capture the negative/positive ttarsidynamics of faster/slower population

growth.
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3.5Econometric Specifications

To arrive at an econometric specification of emumaf11), take logs to obtain:

B

IN(Yeor,) =C+ In(s) +«(t) + &, (12)

whereg; is an error term andis a time trend. The intercept term is equal to

cz—%ln{[(1+ ol i+ oo - (1—@}+£In(%)+{1+£}ln(so) (13)

and the long-run growth rate of the model is eqoal
K= Gfen = [1+ %{Jgé‘m + {%}}a“ , (14)
where the tilde denotes the approximate growth o&te variable. Consistent with Figure 6

and the discussion of equation (10), equation @#ws that the rate of technological

progress {4.) in the faster growing regime at point C is congztbef an exogenous TFP
componentg2.,, and an endogenous capital accumulation compdhanttvorks through the

learning by doing parameteap,

Although population growth also enters as a paedeterminant of long-run growth
in (14), there are several reasons why it may ®eo& lgrowth-inducing source in the Indian
economy over the sample period analysed in thigmparst, growth narratives of the Indian
economy (see section 5.4) do not identify changgsopulation growth as the trigger behind
its 1980 growth transition. Second, it follows tltfa¢ decelerating trend in population growth
since the early 1980s, as observed in Figure S5santmarised under stylised fact (v), is to
some extent the endogenous outcome of faster ingyoweth. Moreover, even if there are

feedback effects from population growth to incomewgh, it may still not be a significant
determinant in equation (12), thus implying thgt=g" = i equations (13) and (14).

Because decelerating population growth in equafibh) generates positive transition
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dynamics but a negative long-run growth effect, tie¢ effect of population growth in
equation (12) may be close to zero. This assumpigoronsistent with the graphical
exposition in Figure 6, which excludes populatioovgh as a determinant of India’s long-run
growth rate in its faster-growing regime.

The learning by doing specification in equatior?)(iis hypothesised to be the
appropriate model in India’s faster-growing regid®80-2007), whereas the Solow (1957)
model is assumed to be the relevant theoreticatdveork in India’s slow-growing regime
(1953-1978). To derive the Solow model's steadyestavel of output per worker along a
balanced growth path at point A in Figure 6, @et0 in equation (11) and take logs to obtain:

a
l-a

IN(Ysgr) =d + In(s) + Georlt) + ;. (15)

where & is an error term and the long-run growth ra€y) in the slow-growing regime is

exogenously given, as depicted by the horizontdirteal progress function in Figure 6. The

intercept term is given by

a n n
d E—E'n(g +0%+3+9"9%.)+IN(By). (16)

Equation (15) looks similar to the Solow mioderived in Mankiw et al. (1992), except
for two key differences. First, the Solow specifioa in (15) is formulated in discrete time,
whereas the Mankiw et al. (1992) model is in camtims time. Second, population growth
appears as a constant term in equation (16), assedpo Mankiw et al.’s (1992) model, in
which population growth is a variable to be estedaflhe inclusion of population growth as
a constant term is motivated by stylised fact (vléction 2.5, which states that population
growth appears to be a stationary variable in tieel®80 period. Without permanent shocks
to population growth, which in econometric termsoisly contained in a non-stationary
variable, it is not possible to test the predictminthe Solow model in the slow-growing

regime: that is, whethergermanenshock to population growth has a permanent leffete
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on output per worker. For now, population growtlassumed to be constant in equation (16).

This proposition will be analysed in more detaikections 4 and 5.

3.6 Specifying the Variables in Equations (12) and (15)

It is important to reiterate that the capital aoalation part of the model, which is
modelled as a movement along the technical produession from B to C in Figure 6, is all
about capital accumulation in an economy-wide selmssection 3.3, it was emphasised that
the long-run growth potential of equipment investinean only be realised if it is supported
by other types of investment. It follows that edoré (12) and (15) should be estimated with
thetotal saving/fixed investment rate as the explanatoriaisée.

The analysis has thus far interchangeably refdoéte saving/investment rate on the
assumption that the economy is closed. In an omemany, however, the appropriate
variable is the aggregate saving rate. Followinigistein and Horioka’s (1980) hypothesis in
an open-economy context, an increase in the saratgy (domestic resources) may not
necessarily lead to an equivalent increase in tivestment rate (see Romer, 2006). The
inclusion of the aggregate saving rate rather tha&ninvestment rate in equations (12) and
(15) will therefore explicitly measure whether resmes generated from the domestic
economy are effective in raising living standards.

Finally, the assumption that population growthetpual to labour force growth in
equation (4) implies that it is invariant whetheguations (12) and (15) are estimated with
output in per worker or per capita terms. Howeteg, assumption of equation (4) will only
hold if the labour force participation rate is ctamt. If the participation rate varies
substantially over time, then the production fumctiramework of the model implies that it is

preferable to use output per worker (Hoeffler, 20D02mple, 1999).



25

To test the underlying assumption of equation @3] GDP per capita and real GDP
per worker data for India were obtained from Penorl/d/Table Version 7.1 (PWT 7.1). The
correlation coefficient between the growth ratesredl GDP per capita and real GDP per
worker gives a value of 0.98 over the period 196872 which seems to validate the key
assumption of equation (4). Nevertheless, as nboyeHoeffler (2002: p. 144), these results
may reflect substantial measurement errors in émsteuction of the labour force series.

If it is assumed, given the available data, thatgrowth rates of the labour force and
population are roughly equal, then the next stefw idecide whether to use real GDP data
from India’s own national accounts or PWT accouBased on the argument advanced in
Temple (1999) that GDP data from a country’s owtiomal accounts may be more accurate
than PWT data, all the data in this paper are pbthifrom India’s own national accouhts
Since population and GDP data are readily avail#olen the Reserve Bank of India, per

capita instead of per worker values are used iatsapns (12) and (15).
4. ECONOMETRIC METHODOLOGY AND EMPIRICAL HYPOTHHS

4.1 Econometric Methodology

The econometric methodology employed in this papatows the structural
cointegrating vector autoregressive (VAR) approdicst developed by Johansen (1988,
1992) and later advanced in Garratt et al. (20B@saran et al. (2000); and Pesaran and Shin
(2002). The statistical framework for the structucaintegrating VAR approach is the

following general vector error-correction model (VE):

p-1
Ayt = aOy + aiyt - Hyyt—l + ZriyAyt—i + BUyV\It + Vt ’ (17)
i=1

" India’s national-accounts data are compiled ey @entral Statistical Organisation (CSO), whichtum, is
published by the Reserve Bank of India.
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wherey, is a vector of (1) endogenous variables, andis a vector of 1(0) exogenous
variables and event-specific dummy variables. Thatrimm IT=a, S" contains the
cointegrating relationships, where thg matrix represents the error-correction coeffigent

or the speed of adjustment towards long-run equilib, andg represents the matrix of long-

run coefficients.

4.2VECM Specification and Hypothesis
Following the specifications of the learning byirdpmodel in equation (12) and the

Solow model in equation (15), the vector of enda@gesni(1) variables can be written §§ =
[In(y,.),In(s) ], wheres is the gross domestic saving to nominal GDP ratnalyp is real

GDP per capita. Appendix A provides a detailed dpson of the variables and data source.
Based on the TFP-capital accumulation model in feid) the models are estimated over the
following sub-samples: (8GR 1953-1978; (bJFGR(l): 1980-2002; and (dyGR (II): 1980-
2007, wheresGRstands for slow-growing regime aR@&R for faster-growing regime.
Empirical support for the TFP-capital accumulatioypothesis will show that the
Solow model in equation (15), with a learning byndoparameter close to zero, fits the data
over theSGR In contrast, the learning by doing specificatiorequation (12) is the relevant
model inFGR(I) andFGR(II). Note thatFGR(ll) includes the 1980 growth transition and the
second growth acceleration since 2003. It is hyggiled that the learning by doing model in
FGR(l) and FGR(ll) is structurally invariant. Because the economyraigs on the same
technical progress function across the two regimssshown in Figure 6, the parameter
estimates should be the same, irrespective of whete learning by doing model is
estimated oveFGR(I) or FGR(Il). Structural invariance, in turn, suggests thatsiénng rate

and real GDP per capita variables co-break dv&R(ll). In other words, the growth
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acceleration during 2003-2007 is not the resula atructural shift in the parameters of the
model, but rather because the saving rate andGBd&t per capita co-break in the same
direction. It follows that structural invariance tifie models oveFGR(l) and FGR(II)
provides evidence of a movemeabng the technical progress function from B to C inUfey

6, which supports the capital accumulation pathefmodel over the period 2003-2007.

Temporary deviations from trend growth in eacgime are modelled by specifying

the following three vectors of event-specific dummyariableswgg, = (Dgs) ;
Wearaiye = (Diegyr D esoeyr Der) 5 @NA Wegrqryr = (D g1 D soe) Der )- All the dummy variables

are associated with known events. For exanipietakes the value of unity in 1965 and zero
otherwise to capture the beginning of the 1965-1®@¢roeconomic crisis, a severe drought
and war with Pakistan, as described in Panaga#988). The combined dummy variable,
D303 takes the value of unity in 1983 and 2003, armd péherwise. Rapid output growth in
1983 may be associated with India winning the @ickorld cup, while faster growth in 2003
signifies the beginning of another growth acceleratfollowing the sharp drop in the cost of
capital (see Lall, 2003). The advantage of usingombined dummy variable is that it
captures the impact of two different events in ameiable, thus preserving degrees of
freedom. Throughout, a combined dummy variableoisstructed when the test results show
that the parameter estimates of the two separatemguvariables are not significantly
different from one another. Thus, imposing these deemmy variables into one term involves
no loss of information. Appendix A provides a dgstton of all the dummy variables
together with additional references that desctifgeautlying events in more detail.

The VECM in equation (17) implies that the nortistzary (1) variables in they,
vector cointegrate to form a stationary 1(0) prace#s a pre-test, before cointegration tests
are performed to validate the VECM representatioili7), it is first necessary to establish

whether the variables included iy are I(1). To test the order of integration of Hagiables,
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unit root tests developed by Ng and Perron (2001 Kwiatkowski et al. (1992) are
conducted over the different sub-samples identifisbve (not reported hefe)The
Kwiatkowski et al. (1992) test gives the most cet®it results, and suggests that the

variables in levelsin(y,,.), andIn(s),, are I(1), but their first differencesAlIn(y,,.), and
AlIn(s),, are 1(0).

The Kwiatkowski et al. (1992) unit root test altwows that the natural logarithm of
population growth, defined ds(g"),, is a non-stationary I(1) variable over thefeliént sub-

samples. At first, this would seem to contradigtise¢d fact (v) in section 2.5, which states
that population growth appears to be a station@@y Variable in the pre-1980 period.

However, it is well known that unit root tests hdee power when there is a structural break
in the series (see Maddala and Kim, 1998). In amidito the 1979 structural break in the
population growth rate series reported in Figurel&ryvey and Koopman’s (1992) break-point
test also detects a break in 1960. Neverthelesgedd of basing the analysis on additional
unit tests that allow for structural breaks, thie mf population growth can be examined more

directly in a theory-consistent framework by red@fyeng the vector of I(1) endogenous

variables in equation (17) ag = [In(y,,.).In(s),In(g")]. Based on the estimates obtained

from this alternative specification (not reporteatd), it is apparent that the population growth
rate variable is spuriously related to per capiteome in theSGR while in FGR(I) and
FGR(Il) the variable is an insignificant determinant of jgapita income. In section 3.5
several reasons were advanced why population gromai not be a significant long-run

determinant in equations (12) and (15). These reaare re-examined in section 5.

& The unit root test results were obtained usingegi 7.



29

Since the spurious results in t8&Rsuggest that the population growth rate variable

is 10), it is excluded from the long-ruy, vector. Alternatively, to model potential short-run

effects, the first difference and one-period lagtleé population growth rate variable is

included in thew, vector of equation (17) during ttfGR The w, vector in theSGRcan
therefore be specified a®lg,, = [Dgs,AIN(9"),,]. Given the insignificant, rather than

spurious results obtained during thR&R(1) and FGR(II) regimes, population growth is

excluded from they, andw, vectors for these regimes.

Finally, to determine the appropriate lag lengththe VECM in equation (17), the
analysis begins with an unrestricted VAR mogek(3) in each growth regime. For tB&R
regime, Akaike’'s and Schwartz’'s Bayesian informatoiteria (not reported here) choose an
order 2 model, and for theGR(l) and FGR(II) regimes an order 1 mod®|We therefore
proceed by setting = 2 andp = 1 for the respective growth regimes in equafibn). In
addition, the intercept terms are restricted tonlithe cointegrating space with no trends, such

thata,, = 0anda,, = Iy, in equation (17).

Note that, for pure statistical reasons, the #simat cointegrating VAR approach
requires either the intercept or the trend to fighe cointegrating space, but not both (see
Pesaran and Pesaran, 1997: pp. 132*13Bhe long-run relationships in equations (12) and
(15), on the other hand, include both an intercepd trend, with the trend coefficient

measuring the long-run growth rate of the econoBgcause the structural cointegrating

® The next section shows that there is a theoryistam cointegrating relationship between the savate and
per capita income in thBGR The population growth rate variable, howeveryoahters significantly in the
cointegrating relationship when a trend is includddwever, the signs on the population growth eaté saving
rate variables are positive and negative, respagtiwhich is inconsistent with theory. This suggethat the
relationship between population growth and perteapcome may be spurious, given that populatiawgn is
possibly an [(0) variable, whereas the saving aaté per capita income variables are I1(1).

19 Unless stated otherwise, all the estimation resalthis paper were computed using Microfit 4.6g@an and
Pesaran, 1997).

* Whenn, is rank deficient, the solution ¢f will contain quadratic trends unless the time deare restricted
to lie in the cointegrating space. Similarly, whHapis rank deficienty, will contain a linear deterministic trend
unless the intercept terms are restricted. In tlesegnmt application, the long-run impact of the dréerms is
insignificant, so the intercept terms are restddtelie in the cointegrating space.
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VAR model with restricted intercepts and no treisdthe preferred specification, the long-run

growth rate is captured through the intercept term.

5. ECONOMETRIC EVIDENCE

5.1 Cointegration Analysis
The VECM representation in equation (17) assumes there is a cointegrating

relationship between the (1) variables included/jn= [In(y,.),In(s)]. The trace Aiacd test

statistics in Table 2 provide evidence at the 5@fificance level of a unique cointegrating
vector (r = 1) in each growth regime. Evidence @htegration in each regime shows that the

empirical models in equations (12) and (15) reprekmg-run equilibrium relationships.

Table 2: Cointegration Tests

[ Sor osaons

Hypothesis /i"ace
Ho HA Statistic | 95% CV| 90% CV
=1 33.61** 20.18 17.88

T

Hypothesis Aace

Ho HA Statistic | 95% CV| 90% CV
=1 80.58** 20.18 17.88

I WG

Hypothesis A

Statistic | 95% CV| 90% CV
106.45** 20.18 17.88

trace

Notes:

1) The critical values (CVs) of thdyacetest statistics are obtained from Pesaran e2@0qQ).
2) ** denotes significance at the 5% level.
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The cointegrating vectors can be identified as papita income equations by
normalising onin(y,. ) With the identifying restrictions imposed, thercgrcorrection

mechanism dcn) in each growth regime can be written as followstaridard errors in

parentheses):

eCMe, = In(y,c) = 0492¢In(s) - 3469 (18)
€CMcr)t = IN(Ype) ~ ](-384?( In(s) - %:23%2 (19)
ecmzeR(n),t = In(yp/c) - %093‘})& In(s) - ?012552)2' (20)

where as beforeSGR denotes the slow-growing regime (1953-197BBR(1) the faster-
growing regime (1980-2002); anBGR(Il) (1980-2007) the faster-growing regime that
includes the 1980 and 2003 growth acceleration® Jteady-state relationships can be
derived from equations (18)-(20) by solving for papita income. From these relationships it
can be seen that the saving rate variable is dtyrgigned and significant at the 1% level in
each cointegrating vector.

An informative way of relating the cointegratingectors to the TFP-capital
accumulation hypothesis in Figure 6 is to extraj@léde error-correction mechanisms in

equations (18) and (20). The forward extrapolaperiod for ecmy, is 1979-2007, and the
backward extrapolation period foecmgg,,, is 1953-1979. Figure 7 plots the error-

correction mechanisms over time.
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Figure 7. Extrapolating the Error-Correction Mechanisms
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From the top panel in Figure 7 it can be seen dua,,, represents a stationary,

cointegrated relationship over the period 1953-19G8t thereafter drifts upwards and
becomes non-stationary over the extrapolation ¢est period 1979-2007. The bottom panel

of Figure 7 shows thatcmgg,,, IS stationary during the period 1980-2007, but-non

stationary over the extrapolation (forecast) pefi®83-1979.

The main message contained in Figure 7 is thatlnden economy operated on
different technical progress functions across $@&R and FGR(Il) periods. The empirical
evidence is thus far consistent with the multigigime framework of the TFP-capital
accumulation hypothesis in Figure 6. In additiofthim the theory-consistent framework of

the structural cointegrating VAR model, the extiagion exercise also identifies the date of
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the regime change (1979-1980), which is consistétit the analysis in section 2 and the

literature cited in the same sectian

5.2 Long-Run Exogeneity Tests

A key empirical issue is to determine whether Hawing rate is an exogenous
determinant of per capita income in equations &) (15). Evidence of cointegration in the
previous section implies that long-run causalitysinexist in at least one direction (Granger,
1988). Since all the variables in the system agatéd as endogenous, formal tests have to be
conducted to test their exogeneity. Long-run exeggrests can be performed by testing the
significance of the error-correction mechanismshe VECM (Johansen and Juselius, 1992).

Recall from the VECM representation in equation) (that the matrixil = a, ' contains the
error-correction coefficientsa(,). More precisely, ifAy; is unresponsive to the underlying
error-correction mechanism so that= , theny; can be regarded aseakly exogenous

Alternatively, whermr, # Q theny; is endogenous with respect to the error-correction

mechanism.
Table 3 reports the long-run exogeneity tests gotadi within an unrestricted error-

correction model framework.

2 The literature overview in section 1 (see footnbtealso includes some opposing views. The strdngesn
against a growth transition in or around 1980 cofm@® Ghate and Wright (2012) (hereafter GW). Acling
to GW, India experienced a growth transition in faee 1980s, following non-trivial policy reform$at
preceded the major liberalisation measures duhiegpbst-1990 period. GW'’s empirical evidence, hawveis
based on a systematic growth shift that occurredsac14 broad industrial sectors and 15 major stdte
contrast, the 1980 growth shift in this paper iatexl to aggregate GDP data, which in all likelitomas not
systematic across different sectors and statestiiegeanel data evidence in Rodrik and Subramagi@®s). In
short, GW’s evidence of a systematic growth shifte the late 1980s does not rule out a large gagtge but
unsystematic, growth shift in 1980.
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Table 3: Long-Run Exogeneity Tests based on Error-Corradiodels

| | SGR 19531978 || FGR(): 1980-2002 || FGR(Il): 1980-2007

Equation AIn(yp/c)t Aln(s)t AIn(yp/c)t Aln(s)t AIn(yp/c)t Aln(s)t
0.128 1.425
Aln - - _ _
Woeks | 10305 | [0.058]
—0.128" | 0.191
AIN(S)s [0.011] [0.396] B B B B
_ —0.199%* |  0.056
AlIN(gn):1 [0.003] [0.844]
~0.208** | 0.158
€CMcri-1 [0.000] [0.439] B B B B
20.098"* | 0.002
ECMera) B - [0.000] | [0.954] B B
Z0.111%* | 0.042
ECMara) B B B B [0.000] | [0.222]
5 Z0.066"* | 0.078 _ _ } }
65 [0.010] | [0.494]
5 0.023* | —0.037
b3 [0.017] | [0.547]
b _ _ _ _ 0.024 | 0.026
€309 [0.001] | [0.564]
b _ _ 0.036* | 0050 | 0,035+ | 0039
©899) [0.000] | [0.268] | [0.000] | [0.389]
_ - —0.057%* | —0.074 || —0.0617* | -0.093
[0.000] | [0.253 | [0.000] | [0.155]
0.52 0.17 0.79 0.86 0.06
0.022 0.10 0.008 0.008 0.06
0.036 0.452 1.055 1753 0.756
0.850) | (0509 # (03181 | (02671 | [0.199] | [0.393]
0.824 0.724 1.759 1.917 0.020 0.453
0375 | [0.405 f (0201 | (0.1831 | [0.888] | [0.507]
0.316 1.033 0.884 1.197 4.645 1.787
0.854 | [0596 § (06421 | (0549 | [0.098] | [0.409]
1431 0318 0.072 1.011 0.010 0.191
0243 | 05771 | 07907 | [0.326] | [0.918] | [0.665]

Notes:

3) p-values are given in brackets. [** denotes significance at the 1% level andatthe 5% level.
4) R?is the coefficient of determination andlis the residual standard deviation. The diagndstts are
given asF;, which indicates an F-test against the alternatiypothesisj for: first-order serial

correlation Fg;); functional form misspecificatiorF{ese); heteroscedasticityF(ey). )(f is a chi-square
test for normality. For more details, see PesanahResaran (1997).
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There is a consistent finding across all the difié growth regimes: the error-
correction mechanisme¢n) enters significantly in the per capita income a@n but
insignificantly in the saving rate equation. Putanother way, per capita income adjusts
towards its long-run equilibrium value but not teaving rate. Thus, the empirical results
confirm the exogenous nature of the saving ratgimtions (12) and (15)

The insignificance of all the diagnostic tests@tventional levels in Table 3 indicates
that the long-run exogeneity results are statiyiceobust. This contention is further
supported by a wide range of constancy and stralcstiability tests conducted in each sub-

sample, which all prove to be insignificant at 1% levet.

5.3 Structural Change in the Learning by Doing Rasder and the TFP Part of the Model
The steady-state relationships are obtained byirgplthe cointegrating vectors in
equation (18)-(20) for per capita income. Columhsand (2) of Table 4 record the intercept

and saving rate elasticity estimates of the sop@dcapita income equations. Note that the

saving rate elasticity estimates in column (2) egaal to,@’/(l—ﬁ )in equation (12), where
,@ is the elasticity of output with respect to capit@olumn (3) gives the solved capital
elasticity estimate/fi) for each growth regime. Since the production fiomcin equation (6)

shows that,fS’ =a+@l-a )itis possible to derive an implied value for tharning by doing

parameter @ if the usual assumption is made that capitalaretin total income is around

13 Based on the discussion in section 3.6, the ex@itenf the saving rate shows that per capita iredsn
financed out of domestic resources. From thesdtsediowever, it is not possible to deduce whett@nestic
resources (saving) are generated through a reductithe propensity to consume, or whether an asgen
investment spending (financed out of domestic tyegienerates its own saving through per capita nmeo
changes. To test this, Nell (2012) proposes antifitrtion scheme conducted within a structuralntegrating
VAR modelling framework that explicitly controlsrféthe open-economy saving/investment relationdhiphe
present context, it is only relevant to establishfocm that an increase in domestic resources dadtar rate of
capital accumulation determines per capita income.

1 Recursively estimated structural stability tesisdal on 1-step Chow tests, break-point Chow test$aecast
Chow tests are performed on each individual egoatind the system as a whole. None of the tests are
significant at the 1% level. All the stability tesivere obtained using PcGive 11: Volume Il (Dooraikd
Hendry, 2006).
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one-third @ = 0.33) in each growth regime. Column (5) reptmsimplied learning by doing

parameter estimate for each growth regime.

Table 4: Structural Change in the Learning by Doing Param(@)

(1) (2) (3) (4) (5)

Growth Regime | Intercept | 3/1-3) | B=a +¢gl-a) | Assumed: a | Implied: ¢

SGR:1953-1978 3.469 0.492 0.33 0.33 0
FGR(1):1980-2002 | 6.302 | 1.993 0.67 0.33 0.50
FGR(1):1980-2007 | 6.352 2.043 0.67 0.33 0.50
Note

1. The standard errors of the intercept terms in cal¢i) and the saving rate elasticities in columna(2
reported in equations (18)-(20). From these es@midtcan be seen that the intercept terms anagavi
rate elasticities are significant at the 1% lewedll the growth regimes.

The discussion will now focus on the intercept dedrning by doing parameter
estimates in columns (1) and (5), respectively, lamd these values relate to the TFP-capital
accumulation hypothesis in Figure 6. Consider #ingd increase in the intercept coefficient in
the FGR(I) relative to theSGR Since the specification of the VECM in sectiof #mplies
that the intercept term includes the value of tiegirun growth rate in each regime, the
intercept shift can be associated with an upwairtt shthe technical progress function in
Figure 6. The upward shift in the technical progriesction, in turn, is associated with of an
increase in TFP growth.

At the same time, the value of the learning byndgarameter in column (5) increases
sharply from zero in th&GRto 0.50 in the=GR(l). The empirical evidence shows that the
Solow model in equation (15), with a learning byindpparameter equal to zero, is the

relevant specification in IndiaSGR whereas the learning by doing model in equati®) {s
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the appropriate specification in IndiaFSGR(l). Also note that, consistent with the Solow
growth model framework, Table 3 reports a strongatige effect running from population

growth (AIn(g,),_,) to per capita income growth in t&&R".

The structural shift in the learning by doing paeder in Table 4 across ti&¥Rand
FGR(I) regimes is modelled as an increase in the slop#icent of the technical progress
function in Figure 6. Faster growth at point B e FGR(I) relative to point A in th&GRis
therefore the result of an increase in TFP growthan increase in the slope coefficient of the
technical progress function, as shown in Figur@lthough capital accumulation contributed
to the initial growth shift, as measured by thergein the slope coefficient of the technical
progress function, the dominant impact of TFP glowas already been verified by the
growth statistics in Table 1, which show that thétsn output per worker growth during the
1980s and 1990s was much larger than capital petewgrowth. This scenario is illustrated
in Figure 6, in which TFP growth accounts for mafsthe initial growth shift from point A to

point B'®.

5.4 Explaining India’s Initial TFP-driven Growth 8h

Before the analysis turns to the capital accutimapart of the model, it is
informative to identify the underlying causes odliais initial TFP-driven growth shift out of
its slow-growing regime during 1953-1978 into atéasyrowing one over the period 1980-

2002. Most growth narratives highlight the graduehxation of import control measures in

!5 Given the 1(0) nature of population growth in ®ER its impact on per capita income is only tempoiase
the discussion of equation (15) in section 3.5 #ral analysis in section 4.2). Population growthalso an
insignificant long-run determinant in the learnibg doing model during th&GR(l) and FGR(ll) regimes.
Recall from the discussion of equation (12) inisec8.5 that the net impact of population growthhia learning
by doing model is ambiguous. More specifically, tthecelerating trend in India’s population growthera
observed since the early 1980s may have inducedgatine long-run effect, which was equally offsgt b
positive transition dynamics.

!¢ Note that the slope changkg) of the technical progress function increaseswhight of capital per worker
growth relative to TFP growth in equation (8). Hoer the large increase in output per worker grongthative
to capital per worker growth in Table 1 impliestthaven if the learning by doing parameter incrdagea
maximum value of one, TFP growth would still donten¢éhe initial growth shift.
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the late 1970s and mid-1980s together with a gowent-led expenditure strategy as the key
initiating forces (Athukorala and Sen, 2002; NeDh12, 2013; Panagariya, 2005, 2008; Sen,
2007).

An important implication of India’s restrictiveatle regime in the pre-1980 period was
the use of outdated and less productive techndogyedomestic firms (Panagariya, 2005;
Pursell, 1992). Less stringent import control meesun the late 1970s and mid-1980s
allowed the importation of more modern equipmentegsiment goods with embodied
technical progress (Athukorala and Sen, 2002; 267). At the same time, because
domestic producers of capital goods were faced grglater competition, the relative price of
equipment decreased sharply since the late 197k Fggure 9 in Sen, 2007). These
favourable supply-side factors induced firms teeaheir investment in equipment relative to
structures, as captured by stylised fact (iii) @ct®n 2.5. From the demand side, the surge in
government spending during the 1980s made it a8t to use increasing returns to scale
technologies in the production process (Murphyl.et1889; Nell, 2013).

The growth strategy during the 1980s, however, wasustainable (Nell, 2013;
Panagariya, 2005, 2008). Because export growtmalidnatch faster import growth, foreign
debt gradually accumulated over time and eventuadlyto the balance-of-payments crisis of
1991. The sweeping deregulation measures in the19®® period, which among others
included major trade liberalisation measures, mlag@ important role in sustaining the
growth shift initiated during the 1980s. The surgeexport growth during the post-1990
liberalisation period generated foreign exchangeiegs to pay for the import requirements
for growth (Nell, 2013).

The growth narrative presented above is consistéhtthe empirical results obtained
for the SGR and FGR(l) regimes in Table 4. Disembodied technical progregth a

corresponding learning by doing parameter estiroteero, captures India’s restrictive trade
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regime during the period 1953-1978. Embodied tesdinprogress, with an associated
learning by doing parameter of 0.50 over the peti®80-2002, on the other hand, reflects the
impact of greater trade openness and how the Inetanomy managed to achieve this on a
sustainable basis. Thus, the upward shift and @serén the slope coefficient of the technical
progress function in Figure 6 models the growtte@ffof India’s integration into the world

economy.

5.5 The Capital Accumulation Part of the Model:lmeaking

While the first phase of India’s growth transitirom point A to point B in Figure 6
is closely related to India’s integration into twerld economy, the second phase from B to C
is all about the long-run growth effect of capitdcumulation. Faster output per worker
growth relative to capital per worker growth atmidB in Figure 6 implies a rising profit rate
over theFGR(I) regime. This prediction of the TFP-capital accuamtioh model is supported
by Felipe et al.’s (2008) descriptive analysis, ahhshows that the profit rate increased along
a rising trend line during the 1980s and 1990s. frten implication is that firms were
unwilling to reinvest their profits during tHeGR(I) period due to an unfavourable/uncertain
domestic investment climate, as outlined in Felgteal. (2008). Evidence of uninvested
profits, an exogenous saving rate in Table 3 atehming by doing parameter estimate of
0.50 in Table 4 implies that the Indian economy haldrge amount of untapped long-run
growth potential during thEGR(I) regime, which could have been unleashed througiktar
rate of capital accumulation. The movement alomgtétthnical progress function from B to C
in Figure 6 shows the potential long-run growtteetfof a faster rate of capital accumulation.

Recall from the empirical hypothesis outlined @ttson 4.2 that structural invariance
of the learning by doing model over tR6&R(I) and FGR(ll) regimes can be interpreted as

evidence of a movement along the technical prodresgion from B to C in Figure 6, which
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supports the capital accumulation-driven part ef niodel. From Table 4 it can be seen that
the estimates in columns (1) and (5) are virtualgntical across theGR(I) and FGR(Il)
regimes. Moreover, the long-run causality test§dble 3 show that the saving rate maintains
its exogenous hature over the two sub-samples., Tthes2003-2007 growth acceleration
contained in th&GR(Il) regime must have been caused by an exogenous &htuk saving

rate, rather than a structural shift in the par@mestimates of the model.

Figure 8. India’s Saving and Investment Rates, 1953-2010

35; ‘ —— Gross domestic saving rat® (———- Gross domestic fixed investment rbte

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Note:

1) Data Source (see Appendix A): Reserve Bank of India
2) Harvey and Koopman'’s (1992) break-point test idiegtilevel breaks in both series in the early
and late 2000s.

Figure 8 shows a large trend break in both thegydpmestic saving rate and gross
domestic fixed investment rate over the period 28037, which coincides with the growth

acceleration observed in Figure 4. Structural irareoe and co-breaking between the real
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GDP per capita and saving/investment rate seriesige strong evidence of a capital
accumulation-driven growth transition over the per2003-2007.

But what exactly encouraged firms to save anésha larger fraction of their profits
accumulated during th&GR(l) phase of the growth transition? The answer is aemo
favourable domestic investment climate during tB8@322007 period relative to tHeGR(l)
regime. Consider the following extract from an detiwritten in theBusiness Standarby
Rajiv Lall (August 2003) who — then managing diceadf Warburg Pincus — had this to say
about the cost-reducing effect of lower interegtsan the Indian economy:

“Ten, five, even three years ago | would have, did] make the bet that China’s

growth rate would outperform India’s. Today, | wouiave to be more circumspect.

My bet is that India will begin to outperform Chimathin the next five year§Vhat

accounts for this change in perspective®y.far the most significant development in

the Indian macro story is the declining cost ofitalplt is difficult to exaggerate the
impact that falling interest rates have had on tiiectioning of the Indian economy...

Over the past three years, borrowing rates haveided by about 600 basis points for

most medium to large sized enterprises in the eguntGiven that borrowing costs

for larger corporates have fallen as much as 40 pent in the past three years,
profits before tax for these companies have moaa tthoubled, raising returns on
equity to well above the cost of capital. Suddeelgn manufacturing activity is

looking like an attractive proposition in India” éll, 2003).

In short, the significant drop in the cost of bavieg may have increased the risk-adjusted

return on capital, which served as an incentivdifors to reinvest their profits.

5.6 The Capital Accumulation Part of the Model:doasts and growth accounting

An alternative and more direct way to test whether2003-2007 growth acceleration
represents a movement along the technical prodoession is to examine the forecasting
properties of th&GR(ll) error-correction model in Table 3. TR&R(Il) model is estimated
over the period 1980-2002 and one-step ahead fteefr AIn(y,,.), are generated over the
period 2003-2007. The top panel of Figure 9 reptre one-step ahead forecasts scaled by

their 95% confidence bar intervals (see Doornik &ehdry, 2006). The model accurately

predicts India’s growth acceleration over the per003-2007, with every actual value
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falling well within the 95% confidence intervals tbfe individual forecasts. The bottom panel
of Figure 9 shows how well the fitted values of thedel trace the actual values of the real

GDP per capita growth rate.

Figure 9. One-Step Ahead Forecasts, 2003-2007
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The good forecasting properties of tHeGR(I) model confirm the capital
accumulation-driven nature of India’s growth accatien during the period 2003-2007. The
sharp drop in the user cost of capital mentionefaith (2003) encouraged firms to save and
invest a larger fraction of their accumulated psofirhe exogenous shock to the saving rate
led to a faster rate of capital accumulation andedahe Indian economy along its technical
progress function from point B to point C in Figiire

Note that the impact of the saving shock inR@&R(Il) model is captured by the error-
correction mechanism or cointegrating vector in agqun (20). The good forecasting

performance of the model in Figure 9, with a lowam@&bsolute prediction error of 0.68%, is
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directly related to the large saving rate elastititthe FGR(ll) regime. The magnitude of the
saving rate elasticity corresponds to a capitatilgy estimate of 0.67 in column (3) of Table
4. This estimate gives a large weight to capitauawlation as a determinant of per capita
income growth. Alternatively, if the analysis haddwed the conventional practice in growth
accounting anda priori assumed a capital elasticity estimate of 0.33p e forecasting
performance of th&GR(Il) model would have deteriorated markedly: a larggpeprtion of
the growth acceleration would have been relegatele error term or, in growth accounting
terms, would have been TFP driven. This underlitites importance of estimating the
elasticity of output with respect to capital, ratllean assuming that the elasticity is equal to
capital’s share in total income, as is often dangrowth accounting exercises.

Finally, because the forecasts of #@R(Il) error-correction model are obtained from
aninitial steady-state position at point B in Figure 6, s@raportion of the average growth
rate of 7.20% over the period 2003-2007 is long asishown by the movement along the
technical progress function in Figure 6, and thst ie short-run. The capital elasticity
estimate of 0.67,{;’:a'+go(l—a' ) in the error-correction mechanism is composedhef
learning by doing parameter estimate and capitsifiare in total income. The technical
progress function analysis in Figure 6, on the otiend, isolates the long-run effect by
assuming 0 w< 1 anda = 0. Although it is important, from a policy ppective, to realise
that an investment-friendly domestic environment ganerate a long-lasting impact on per
capita income growth, the prospective policy maktevuld not be concerned if some of the
growth is transitory. Indeed, as emphasised in Tert@003), if transitory growth raises the
level of per capita income by a substantial amount, tfendistinction between long-run

effects and transitory dynamics becomes less irapbftom a policy perspective.
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5.7 The Global Financial Crisis (2008-2010) and lioations for Future Growth

India’s impressive growth acceleration over theique2003-2007 was unexpectedly
interrupted by the global financial crisis of 2068al GDP per capita growth slowed down
from an average rate of 7.20% over the period ZIWB to 2.42% in 2008. To weather the
initial impact of the crisis, the Indian governmenitiated a broad stimulus package that
included tax cuts and increases in expenditures AD&2). The Indian economy quickly
recovered from the initial downturn and recordeal per capita income growth rates of 6.53
and 7.76% in 2009 and 2010, respectively.

From Figure 8, however, it can be seen that tltevery coincided with a steady
decline in the gross domestic fixed investment feden 33% in 2007 to 30.4% in 2010.
Because the capital accumulation part of the mod€igure 6 is about the growth-inducing
effect of fixed investment, thEGR(II) error-correction model in Table 3 cannot predi t
recovery in the 2009-2010 period. In effect, therdase in the fixed investment rate implies
that the economy regressed from point C to poinb Bigure 6, whereas in reality growth
recovered to its pre-crisis rates.

The reason why there is an apparent contradiéidsecause the stimulus package
encouraged firms to run down their stock of invele® The inventory investment rate
increased from a low of 2% in 2008 to rates of 5% 4.70% in 2009 and 2010, respectively.
Firms, of course, cannot deplete their stock oemuries indefinitely. Thus, the ability to
maintain high saving/fixed investment rates andpkéee economy as close as possible to
point C in Figure 6 will continue to be one of tbeving forces of India’s future growth

performance.

6. CONCLUSIONS
Against the ambiguous backdrop of presistudies, this paper has re-examined the

role of physical capital accumulation in the Indesonomy over the period 1953-2010. As an



45

alternative to the orthodox TFP view in the growiterature, the analysis introduced a
combined TFP-capital accumulation hypothesis. Towehy of the combined model is that it
examines an economy’s growth performance in a plaliegime framework, as opposed to
the single regime frameworks of most studies, anthéerefore tailor-made to analyse the
relative importance of TFP and physical capitaluacglation across India’s different growth
regimes.

The main results show that the original Solow nhoeéth a learning by doing

parameter estimate of zer«fo(: ),0provides a good description of India’s slow-gnogy

regime (1953-1978), whereas a learning by doingehadth é): 050 fits its faster-growing
regime (1980-2007). The discussion in section Bgysests that the increase in the learning by
doing parameter estimate is closely related toetrggenness, and how the Indian economy
managed to become more open on a sustainable basis.

The structural change across the two regimes/mmadeblved two phases. The first
phase of the growth shift during the period 19802Was primarily TFP driven. However,

empirical evidence of uninvested profits (also Bebpe et al., 2008), a positive learning by
doing parameter estimate;?(z 0p@nd an exogenous saving rate during the firss@lud

the growth shift implies that physical capital acauation became a potential determinant of
long-run growth. The second phase of the growtft stainspired over the period 2003-2007
when a significant reduction in the user cost ghiteh encouraged firms to reinvest their
profits accumulated during the first phase. Therecorrection model, conditional on the
saving rate as an exogenous variable and with ilatapasticity estimate of 0.67, accurately
predicts the 3.84 percentage points increase incapita income growth over this period.
Finally, in section 5.7 it was argued that the igbibf policy makers to maintain high

saving/fixed investment rates will continue to dietthe pace of future growth, despite the

turbulent years of the global financial crisis €ri908.
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APPENDIX A, Table A1 — INDIA’'S VARIABLE DEFINITIONSAND DATA SOURCES
The data cover the period 1950-2010. Haredue to lagged and differenced variables
the sample period is reduced to 1953-2010.

Natural logarithm of real GDP
IN(Y,c) per capita at market prices (BasjpReserve Bank of India
year: 2004-2005)

Natural logarithm of gross
In(s) domestic saving as a share of | Reserve Bank of India

nominal GDP at market prices

Gross domestic || Aggregate fixed investment as ¢

fixed investmenil| share of nominal GDP at markej] Reserve Bank of India
rate prices

Pop Population Reserve Bank of India

In(g") Natural logarithm of the
9 population growth rate

gl = [(In Pop —In Pon_l)xmd

Represents the macroeconomic crisis of 196}}, a
severe drought and war with Pakistan. See
Panagariya (2008).

Dummy: Equals 1 in 1983; Outlying (positive) growth in 1983. Associate
Dgs 0 otherwise with India winning the cricket world cup.

Outlying growth in 1983 and the beginning o
Combined Equals 1 in 1983 and 2003; another growth acceleration in 2003, followin
Dummy: D303 | O otherwise the sharp drop in the user cost of capital (se¢
Lall, 2003).

Outlying growth in 1988 and 1999. Faster
growth in 1988 reflects the impact of significefpt
policy reforms that were initiated since the mii-
1980s (Panagariya, 2005, 2008). Rapid growjih
in 1999 captures the effect of another wave ¢
major trade liberalisation measures that were
introduced in the late- to mid-1990s, and the
resulting surge in equipment investment in
Figure 3 of this paper. Also see Table 6 (p. 2§7)
and Table 4 (p. 208) in Rodrik and Subramaifjan
(2005) for data on India’s protection measure

Balance-of-payments crisis and outlying
(negative) growth in 1991. (See Panagariya,
2008).

Dummy: Equals 1 in 1965;
Des 0 otherwise

Combined Equals 1 in 1988 and 1999;
Dummy:Dgseq) || O otherwise

Equals 1 in 1991;
0 otherwise



