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Abstract

Capital forms a crucial input in the measurementotdl factor productivity (TFP). However, it issal one of the
least understood and widely debated concepts inogoiws, particularly in the empirical literature. dduntry’s
capital stock is characterized by the co-existasfcearious assets and vintages at the same timeseTassets and
vintages vary in terms of their marginal produdias, and therefore the services delivered by thssets of various
vintages also differ. For productivity analysis,jdtessential to aggregate across these varioaetsast different
vintages and efficiency. Past studies on produgtivi India have used measures of capital stoclsttoated using
data on aggregate fixed capital. This approachighgring asset composition of capital raises sariconcerns
about the actual role of capital input as a souwfcgrowth. It implicitly assumes that all assetséddahe same
marginal productivities, disregarding the heteraggnof these assets. This assumption has senoplécations for
the productivity analysis, as it might underestintiie actual contribution of capital input to outguowth and
thereby overestimate the measured Total Factoruetivity growth (TFPG). This is particularly truehen the
share of fast depreciating assets in aggregatéatapick is increasing. The present paper attetoptsercome the
methodological deficiencies of previous studiesanstructing a capital input series. Using detaiite@stment data
since 1950, we construct a series of capital sesyitaking account of asset heterogeneity, usingethhodology
advocated by Jorgenson (1963), for 26 industriedase for the period 1980-2011. In order to ensoternational
comparability both in construction and presentatémata, we follow the outline of capital input aseirement in
EU KLEMS growth accounting database. Our estimafesapital service show a faster growth in capseivices
compared to the conventional measures of aggregegi¢al stock. In particular, the number of indigstrshowing
larger capital service growth rate is higher in 8@0s. This has been mainly due to an increadmagesof
equipment capital in most of the sectors, whichiseto a faster pace of aggregate capital servioetfrrates. The
ICT investments, though still small in magnitudeow an increasing trend, particularly during thiedgart of the
1990s to 2000s. Moreover, we see substantial ¢noissstry variation in capital service growth rate
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1. Introduction

Capital forms a crucial input in the production gges and therefore rigorous measurement of
capital input is fundamental to analyzing seve@n®mic problems. In particular, empirical
analysis of economic growth requires adequate nnessaf capital input, in order to properly
guantify the sources of economic growth in termstltd relative roles of assimilation or
productivity versus factor accumulation. More imjpotly, estimates of capital input at detailed
sectoral level helps assessing the sectoral heteeity in capital contribution along with the
aggregate economy. However, the measurement ofatapput is not straight forward; it is
perhaps the most complex of all input measuremditts.conceptual problems involved in the
measurement of capital have been extensively reflsedrand documentédWe have no
intention to delve deeply into the conceptual debatather following the economic theory; we
aim to construct proper measures of capital inputpfoductivity analysis in Indian industries.
From the perspective of productivity analysis,asimow been widely accepted that a measure of
capital services is most appropriate to accountHercontribution of capital to production. The
services delivered by a single capital input areiaksly an input into the production process
(Solow, 2007). However, many studies on measuremieptoductivity growth still use capital
stock to represent the contribution of capital toduiction?The role of capital in the production
process is comparable to that of labour as botbetigputs share the characteristic of not being
consumed in the production process. Just as engdogee hired by the firm to render labour
services to the production process (measured &tamce in terms of number of hours), capital
goods are purchased or rented by a firm in ordeetoler capital services that constitute the
actual input in the production process. This intdisahat it is inconsistent to use capital ‘stock’
in the measurement of capital’s contribution tovgta Rather it should be the ‘services’
delivered by these ‘stocks’ that should constitiite appropriate measure of capital input in
productivity analysis (Jorgenson, 1963; Jorgensod @riliches, 1967; Hall and Jorgenson,
1967). More importantly, the services delivereghtoduction process by different types of assets
vary substantially, and it is imperative to accofortthese differences while calculating capital
input. Measures of capital stock disregard theeddifices in asset composition. It implicitly
assumes that all assets have the same marginalgbinoties, disregarding the heterogeneity of
these assets. This is a problematic assumptioicplarly in the context of an increasing share of
equipment capital, which is argued to be a prontisenrce of economic growth (De Long and

! Hicks (1974) presents an overview of some aspefctee capital controversy, both among classical among
modern economists. Also see discussions in Den({$867), Ruggles and Ruggles (1967) and Griliches a
Jorgenson (1966). Jorgenson (1989) provides a gwfvempirical research on measurement of capifalt.

2 For a discussion on using capital input measusedan stock instead of flow, see the discussioBdr 4
(Measuring Capital OCED Manual, First edition). ther, capital goods are seen as carriers of cag@taices that
constitute the actual input in the production pescelhus for purposes of productivity analysis,itehservices
constitute the appropriate measure of capital irfMeasuring Capital OECD Manual, Second EditiongdNé¢o
put the year).



Summers, 199 Equipment such as machinery depreciates relatiasher than structures and

is characterized by relatively higher levels of giaal productivity. If this aspect is not taken

into account, the estimated contribution of capitéll be biased. For instance, if the share of fast
depreciating assets is increasing, actual camtaice flows will grow faster than the estimated

capital stock, indicating that a measure of cagitatk will underestimate the actual contribution
of capital input to output growth and hence ovemeste the TFPG (Harper et al., 1989;

Erumban, 20084).

There is large literature on capital input estimater productivity analysis in the Indian
economy, and in particular in the organized martufimg appeared over last several decades.
However, the measurement of capital input in swdd@ India’s productivity is far from
satisfactory (Goldar, 1986). In majority of studiea Indian economy including those on
organized manufacturing, the measure of capitaltinged has been the stock of capital (Goldar
1986, Ahluwalia 1991, Rao 1994, Balakrishnan andhpangadan 1994 and Das 2004). The
methodology adopted here has either been to usthdok value of aggregate capital” or “the
perpetual inventory method (PIM)” applied to aggregfixed capital datdin addition to many
issue in the data and measureniehe very idea of using PIM to simply aggregateitedystock
itself has several limitations. Capital stock iocantry is a composite commodity that consists of
a wide variety of asset types such as computetsches, buildings etc., that are accumulated at
different points in time. These assets and vintageg in terms of their marginal productivities

% In the context of India, Sen (2009) has shown thathigh growth rates of the 1980s and 1990s castlynbe
attributed to the sharp increase in private equignmevestment, which has significantly more growtthancing
effect than public equipment and non-equipmentstment.

* For instance, many recent studies have shownthieashare of ICT capital, which depreciates muctefathan
other asset types, in total capital stock has asmd substantially in many OECD countries (Jorggng001;
Timmer and van Ark, 2005; Jorgenson and Vu, 2008)s increased share of ICT investment is argueldaie
helped boost economic growth (also see Jorgen€@®; Jorgenson and Stiroh, 2000; Basu et al, 208genson
et al, 2005). Therefore, a failure of taking thisoi account leads to an underestimation of theritarion of ICT
capital to growth.

® Reddy and Rao (1962), Krishna and Mehta (19683hiaand Dadi (1973), Mehta (1974, 1975), Narasimdrad
fabrcy(1974), Asit Banerjee (1975), Goldar (1986aAhluwalia (1985, 1991) Balakrishnan et al (489ohan
Rao (1994), Das (2004). These studies cover thedgerior to economic reforms (before 1991-92) 41990's
thereby highlighting the role of capital input talla’s productivity growth. Banerjee (1975) is rd&aamongst all
these studies as it made some careful price admgsnn the construction of the capitals series.

® Even in the studies that use capital stock us@rgegtual inventory method, there have been sulistatifferences

in in their approach in many respects. This inctudéferences in the use of gross versus net dagiitak, the

choice of bench mark year for calculating the atitiapital stock, treatment of land as a capitaldy@ssumption
regarding depreciation and the choice of appropriavestment price deflators. Also often there haeen
differences in the definitions of investment angita data used in different studies. While somglies use book
value figures of fixed capital, others have usedking capital or total productive capital or grdsed capital
stock at replacement cost. Only a few studies haresidered the asset break-up of capital while adimg
capital stock (see for example Dholakia, 1974 amdssibramanian, 2004). In addition, issues like parability
of different databases for building time seriesnestes of capital stock at constant prices haveba#n an
important research issue.

For instance Timmer (1997) shows that estimatesapital stock in Balakrishnan and Pushpangadadrigisly

overestimated as they do not allow for capital alidc This has been the case with many other studigslia as

well, as they do not allow for depreciation of ¢ahiwhile estimating capital stock.



(see Erumban 2008). For the growth analysis, @sisential to aggregate across these various
assets of different vintages and productivity. Rert as we indicated before, these assets are not
immediately and fully consumed in the productiongass, which makes it essential to measure
the services delivered by these assets and vintaggsseveral years (see OECD 2009). Despite
their importance to the analysis of growth and podighity issues, hardly any attempt has been
made to provide measure of capital services forindean economy. This inevitably leads to
ignoring the contribution made to different typek assets-structures, equipment including
machinery as well as information technology- corepuitand telecommunications to the
observed growth in capital input. Two important sequences being- one, the link between
investment in structures and equipment to econagrowth (De Long and Summers, 1991) is
unexplored and second, the economic impact of amébion technology particularly the role of
ICT capital (Jorgenson, 2009) in observed growthéta is yet to be studi€dl.

Therefore the issues concerning with capital mesamsant for productivity analysis, and thereby
the estimated contribution of capital input to emmic growth in the Indian economy and its
sub-sectors are far from resolved. The presentysattempts to overcome these gaps, by
constructing a capital service measure for Indajgregate economy and sub-sectors. In this
paper we outline the methodology for constructimgi@l services for Indian economy and
presents the results for the period 1980-2011. Véeige estimates of capital services for 26
sub-sectors of the Indian economy using India KLEM®&ustry classification which includes
subsectors ranging from agriculture, mining andrgyirgg to real estate activities etc. Our
measure of capital services distinguishes betweanous asset types, viz. building &
construction, transport equipment, machinery & poqeént (Non ICT) and software, computers
and telecommunication equipment (ICT).

Construction of a time series on capital stock eapital services by asset type for 26 sectors
offers a major challenge as the sectors coverealderstudy range from agriculture, mining and
quarrying, manufacturing to real estate activigés for which we have to depend on a multiple
source of data. We use several sources of infeomab compile investment series for each
sector of the economy, which includes the NatioAetounts Statistics (CSO), the Annual
Survey of Industries (ASI) covering the formal miaturing and the National Sample Survey
Organizations (NSSO) rounds for unorganized manufieng ® Since almost all sectors of Indian
economy are still largely dominated by the unorgadisector, which often features significantly
different production and capital structure compatedthe organized sector, we also try to
incorporate this aspect in our estimates. Thoughalms a leading ICT software producing
country, we have little information on the use @&TIl in production in Indian industries.

8 Evidence suggested that investment in informatiechnology provided a strong foundation for revil
American growth (Jorgenson, 2009). See Jorgensah @iroh (2000), Oulton (2002), Basu et al(2003),
Jorgenson, Ho and Stiroh (2005) for discussionsammomic impact of information technology.

% See section 5.3



However, we try to exploit most available inforneatito generate a reasonable series of ICT
investments for the aggregate economy.

The present paper makes several contributionsetditdrature on capital input measurement for
the Indian economy sectors. First, it is the fesercise in constructing a time series for capital
service estimates for Indian economy both at thgrexgate and sector level. Two, the asset
composition of capital services is attempted to eusthnd the dynamism of investment in
structures and equipment for long term growth atebonomy and industries theréiiChree, an
attempt is made to decompose the machinery ancgreeuni capital into non ICT and ICT
capital (software, hardware and telecommunicatiguipgnents), which helps us delineate the
contribution of ICT to the observed growth in capihput and output. The above features of the
paper enable us to examine the dynamics of invegtownposition. Four, while studies in the
past are mostly on manufacturing sector, our stalyers the entire economy, divided into 26
sub sectors, thus providing a complete and compsie database on capital input in Indian
economy. Finally, though we use multiple sourcedaif to construct detailed capital accounts,
our final estimates are completely consistent Wititional Accounts Statistics.Moreover, it
permits international comparison, including withatttof the emerging economies with similar
data developed under the World KLEMS initiative jta®llows the same approach as in the EU
KLEMS (see O’ Mahony and Timmer, 2009 for a deg@ipof EU India KLEMS databas¥)

The paper is organized as follows. Section 2 oceslithe methodology used in the construction of
capital services. The dataset used for construghegflow of capital services is discussed in
details in section 3. The capital service estimdbesthe economy as well as 26 sectors are
presented in section 4 and final section conclulepaper.

2. Measurement of Capital Input- A Review of Literature

As mention earlier in majority of studies on Indianonomy including those on organized
manufacturing, the measure of capital input usedide®n the stock of capital not the service of
capital stock. These literature of productivity smtered measurement of capital stock is always
as most difficult and complex among all variabl€sere is no universally accepted method for
its measurement and, as a result, several metraasldeen employed to estimate capital stock.
The measure of capital input that have been usddeirarlier studies for Indian manufacturing

19°Sen (2009) has shown that the high growth ratethef1980s and 1990s can mostly be attributed ecsktarp
increase in private equipment investment and thiathtas significantly more growth enhancing effiban public
equipment and structures investment.

™ We take the official data published by the CSQhesbenchmark for all our analysis. We do not asklmany
issues regarding the quality of official data rdise the literature (see for example, Manna, 208@nivasan,
2005). Rather, we improve upon the way in whichdffecial data has been used in productivity anialyRelying
on official data, however, does not mean that wm@ig many problems in the data. For instance, apita stock
measures are different from the official publisteagital stock, as we use different pattern of dept®n (see
text).

12 Also seavww.euklems.nefor the EU KLEMS data and many discussions.



are quite unsatisfactory and have simply used bo®K value of aggregate capital” as capital

input. In the studies of Narasimham & Fabrycy (19 published data on book value of

capital stock are used directly without making @nige corrections. Where studies by Reddy &

Rao (1962), Raj, Krishna & Mehta (1968) and Melia74,1976) have attempted to correct the
capital series for price changes, by deflating thkeie series on capital stock with some price
index of capital stock. The major weakness of gncedure is that it does not take into account
the fact that the figures on capital stock, as megb include assets of different vintages, bought
at different points of time.

Majority of the studies on productivity estimati@iopted “the perpetual inventory method
(PIM)” to aggregate fixed capital data. In this hoa it is the addition to capital stock that is
deflated, rather than the stock itself. The strednmvestment generated in such a manner is
added to a bench-mark estimate. Estimation of @bglibck is also sensitive to a measure of true
depreciation besides being sensitive to the spgeeiéthodology used. Ideally, if it was possible
to device a measure of true economic depreciaitiompuld be desirable to use the estimates of
net capital stock other wise use the estimatesasfsgcapital stock. In fact the existing estimates
of depreciation are either tax-based accountingceots or based on certain rules of thumb.
Banerji (1975), Hashim & Dadi (1973) and Goldar&1Pbelieve that measurement of economic
depreciation is a very complex exercise, and iprisferable to work with estimates of gross
capital stock. However few studies measure netalagiock through perpetual inventory method
using existing concepts for estimating depreciatitim example Roychaudhry (1977) used
depreciation at book value which is grossly oveestawhile [Goldar (2004) and Banga &
Goldar (2006)] assumes the rate of annual deprecis taken as 5 per cent.

Gross fixed capital stock series at constant prigas derived using the perpetual inventory
method based on (1) an estimate of benchmark discess$ capital stock at purchase value, (2)
time series on gross investment and (3) time sefiespital goods price. In order to derive the
estimates of gross fixed capital stock at purchadee, one need to explicitly account for the
cumulative depreciation of the capital stock. Hasl& Dadi (1973) used a sample of 1000
balance sheets of firms to obtain the ratios otpase value to book value (gross-net ratio) of
fixed capital stock for benchmark year and fewrafteds studies in the 1990s [Ahluwalia (1985
& 1991), Balakrishnan et al (1994)] applied Hashim & Dadji®ss-net ratio to estimates gross
fixed capital stock at purchase value. While rectudlies like Das (2004); Virmani and Hashim
(2011) used RBI published gross-net ratios avasldbt some broad sectorhe annual gross

investment is derived by subtracting the book valigxed assets in the previous year from that
in the current year and adding to that depreciatioriixed assets in the current year. For
deflating nominal investment series and benchmaokgyfixed capital stock studies used price
deflator as wholesale price index for machinery amachine tools or an implicit deflator.

Implicit deflator for capital stock has been counsted with the help of data on gross fixed
capital formation in organised manufacturing arent and constant prices, which obtained from
various yearly volumes of the National AccountstiStas published by CSO, Government of



India. Some studies also tried further refinemdmytsallowing annual rate of discarding of the
capital stock (mainly vary between 0 to 5 percent).

3. Measurement of Capital Services: The Methodology

Though the use of capital services rather thantaapitock is theoretically preferred in
productivity analysis, the empirical measurementapital services is complicated due to the
difficulty in quantifying the flow of capital serees delivered by a unit of capital. The service
delivered by different capital assets is not diyecbservable (Harper et al., 1989) and therefore,
we have to rely on economic theory to derive appatge measures of capital that takes account
of the differences in marginal productivities ofes and vintages.The PIM provides only a
partial solution to measure the capital input bgtaeng the vintage structure of different types
of assets. In this approach, capital input is troeted as a weighted sum of past investments,
where the weights are based on the relative effigiedecline as the capital ages. The issue of
vintage in this approach is dealt with throughefiinces in the price of capital assets of different
vintage, under the assumption of marginal produicing, while the issue of asset composition
is not dealt with. The usual practice followed Il fiterature to measure capital services taking
account of asset heterogeneity is to assume propality between capital services and capital
stock atindividual asset leve{Jorgenson, 1963; Jorgenson and Griliches, 196iitehR, 1986).

At the aggregate level, however, one should tal@mwat of the differences in the service
delivered by different asset types, as each aggetdiffers in terms of its efficiency level. This
would mean that even though one would assume propality between capital stock and
capital service at individual asset level, the w&sgdiffer across asset types and over time
depending on the marginal productivity of each asgee®. Since marginal productivities are
unobservable, one could under neoclassical assomsppproximate them by the prices of
capital services delivered by each type of asseingdJthis line of reasoning, Jorgenson (1963)
and Jorgenson and Griliches (1967) have develoggregate capital service measures that take
into account the heterogeneity of assets. UsingTtraqvist approximation to the continuous
Divisia index under the assumption of instantaneadjsistability of capital, aggregate capital
services growth rate for any given indusisyderived as a weighted growth rate of individual
capital assets, the weights being the compensshiares of each asset, i.e.

AlnK, =) ¥, AInS, )
k

13 See Erumban (2008a and b) for a detailed disaussipvarious ways of aggregating capital input &meir
empirical implications.

% Therefore, the assumed proportionality does netyirthat capital services grow at the same rateagital stocks
do. This is the underlying assumption made in theiss that use aggregate capital stock as a neaswapital
input (see Nehru and Dhareshwar, 1993 for a digmiss



where AInS,; indicates the volume growth of capital asset ki #me weightsv,  are the

average shares of each asset in the value of ¢dafatal compensation such that the sum of
shares over all capital types add to unity, i.e.

Vit = (Vk,t +Vk,t—1)/2, and Vi, = (ZP:: Sk )_1 P"S,, 2)

where Pk'f is the rental or service price of assetvk.effectively incorporates the qualitative

differences in the contribution of various assegtey, as the capital composition changes (see
Jorgenson, 2001). For instance, as the margindiuptivity of ICT capital is higher than that of
other assets a change in the composition of cafut@rds ICT capital will result in higher
capital services, which will be captured by a highalue of the v for ICT assets.It is evident
from (2) that two important components of capitatvice measure are the asset wise capital

stock, S,; and the service price (rental price) of capitalempf, .- Asset wise capital stock can

be calculated using standard perpetual inventorthoge assuming a geometric depreciation
rate. With a given rate of depreciatidp which is assumed constant over time, but diffefent
each asset type, capital stock in aksatyeart can be constructed as:

Sk,t = Sk,t—l (1_ 5k) + lk,t (3)

where, [! is the real investment in asset type

The rental price of capitapﬁ . reflects the price at which the investor is ineliéint between

buying and renting the capital good for a one-yease in the rental marketin the absence of
taxation the rental price equation can be derivedqsae Jorgenson and Griliches, 1967; and
Christensen and Jorgenson, 1969):

plf,t = pll<,t—1it + 0, pll<,t - (pll<,t - pll<,t—1) 4)

withi, representing the nominal rate of retud, the depreciation rate of asset typend pl'(,t
the investment price of asset tykerhis formula shows that the rental fee is deteadiby the

15 While in capital stock aggregation one can useatsget prices, it should not be used in the agtjcegaf the
capital services. Since it is the services deligddrg capital goods that are used in the produgiimeess, it is the
price of the capital service that must be usedggregating capital services (see Jorgenson anétli&d, 1967;
Diewert, 1980). However, Jorgenson and Griliché&d67) have shown that these two prices are reldbedasset
prices are the discounted value of all future edpdervices. They are not proportional though, leset are
differences in replacement rates and capital gamneng different capital assets. The economic rateof using
the rental prices to calculate a reliable servicemh is that the investor expects to get moreisesvin short time
from an asset whose price is relatively high (ovise life is relatively small).



nominal rate of return, the rate of economic deiptEm and the asset specific capital gafs.
Ideally taxes should be included to account fofedénces in tax treatment of the different asset
types and different legal forms (household, corond non-corporate). The capital service
price formulas above should then be adjusted te th&se tax rates into account. However this
refinement would require data on capital tax alloees and rates by industry and year, which is
beyond the scope of this database. Available eeeléor major European countries shows that
the inclusion of tax rates has only a very minde@fon growth rates of capital services and
TFPG (Erumban, 2008a).

4. The Data

Construction of a time series on capital stock el as services by asset type for 26 sectors (see
Table 1) offers a major challenge due to the alssehpublicly available data and many distinct
characteristics of Indian economy. For instandmoat all sectors of Indian economy is
characterized by a dualistic structure — the casterce of a formal and an informal sector —
with very different production as well as capitalstures. Further, since our measure of capital
takes account of asset heterogeneity, it was @akembbtain investment data by asset type. We
distinguish between 4 different asset types — coosbn, transport equipment, non-ICT
machinery, ICT equipments (hardware, software aohrounication equipment)’ Though
India is a leading ICT software producing counthgre is little information about the use of ICT
an input in the production process across differadustries. Therefore, we exploit multiple
sources of information for the construction of database on capital services given the nature of
the 26 sector India KLEMS industrial classificatiofihis includes the National Accounts
Statistics (NAS) that provide information on braattors of the economy, the Annual Survey of
Industries (ASI) covering the formal manufacturisgctor, the National Sample Survey
Organizations (NSSO) rounds for unorganized manurfexg, Input-Output tables and CMIE’s
Prowess firm level databa$&Even though we use multiple sources of data, inat £stimates
are fully consistent with the aggregate data olethinom the NAS. In what follows we discuss
the various sources of data and the constructidheofelevant variables, in detail.

% The logic for using the rental price is as followa equilibrium, an investor is indifferent betweewo
alternatives: earning a nominal rate of retuon an investmerd, or buying a unit of capital collecting a renpal
and then selling it at the depreciated asset (ffiedq in the next period. Assuming no taxation the eluim

condition is: L+ rT)qi,T_l =P +(1—5|)qi;, with p as the rental fee and the acquisition price of
investment good (Jorgenson and Stiroh 2000, p.192). Rearrangintglsia variation of the familiar cost-of-
capital equation: P, =0yt +98,0,r —[Qi1 —Ci14]., which when dividing the rental fee by the
acquisition price of the previous period transfoinme equation (4).

" Land has been excluded from the assets to maiataisistency with CSO, Government of India. C8Eides
buildings, construction, residential and non residé buildings and excludes land in the computatid gross

fixed capital formation by industry type.
18 See section 5.3



Table 1: 26 India KLEMS sectors and corresponding INC 1998 codes

Sl. No India KLEMS INDUSTRIES NIC 1998
1 Agriculture, hunting, forestry & fishing 01 to 05
2 Mining & quarrying 10to 14

3 Food , beverages & tobacco 15t0 16
4 Textiles, leather & footwear 17 to 19

5 Wood & products of wood 20

6 Pulp, paper , printing & publishing 21to 22
7 Coke, refined petroleum & nuclear fuel 23

8 Chemicals & chemical products 24

9 Rubber & plastics 25

10 Other non-metallic mineral 26

11 Basic metals & fabricated metal 27 to 28
12 Machinery, nec 29

13 Electrical & optical equipment 30to 33
14 Transport equipment 34 to 35
15 Manufacturing nec; recycling 36 to 37
16 Electricity, gas & water supply 40to 41
17 Construction 45

18 Trade 50 to 52
19 Hotels & restaurants 55

20 Transport & storage 60 to 63
21 Post & telecommunications 64

22 Financial intermediation 65 to 67
23 Public admin & defence; Compulsory social seéguri 75

24 Education 80

25 Health & social work 85

26 Other services 70 to 74, 90 to 96

Source: India KLEMS database
4.1 Investment in non ICT capital assets

Industry-level estimates of capital input requietailed asset-by-industry investment matrices.
The basic data source for the non ICT assets cemgrconstruction, transport equipment and
non ICT machinery is the National Accounts Statisti® However in the public domain, NAS

provides only information on aggregate capital fation by industry of use for 9 broad sectors.
CSO has provided the detailed asset wise data lymdethe published aggregate gross fixed

9 This data is not publicly available. However, C&&s compiled this data for the India-KLEMS projelct.
addition, for those sectors for which the investtrraatrices were not available from CSO, we gatharimation
from other sources (e.g. Annual Survey of Industrfer organized manufacturing and NSSO surveys for
unorganized manufacturing) and benchmark it tcatigregate investment series from the National Aatsou



capital formation by these broad industry grouggasately for public and private sectors. The
public units were aggregated from administrativeepattmental and non departmental
enterprises. Table 2 provides an overview of asgpes available in NAS and their

corresponding KLEMS categories.

Table 2: Capital Asset Categories in National Accauts Statistics

NAS Assets KLEMS Assets
Public Sector
Buildings Construction
Other construction Construction
Transport Equipmefit Transport Equipment
Machinery & Equipment Machinery & Equipment(I&Texcluded)
Software (1999-00 onwards) ICT
Private Sector
Residential buildings Construction
Non-residential building Construction
Other construction Construction
Machinery & Equipment (incl. transport  Machinery & Equipment (transport equipment
equipment) and ICT are excluded)
Software (1999-00 onwards) ICT

Total investment in each asset category is caledlais the sum of private and public sector
investment in each asset. Investment in transgiipenent is not available separately for private
sector. Therefore, it has been derived using the cd transport equipment to total machinery
(including transport equipment) in public sectohem the sum of transport equipment in public
sector and the derived investment in private seidaronsidered as the total investment in
transport equipment. Investment in machinery & pmeént, which is defined as the sum of
machinery & equipment in public sector and totathmaery & equipment excluding the derived

transport equipment in Private sector is inclu@¥éCT as it was not separately available. ICT
has been removed from machinery, after construdi@if investment series independently,

which will be discussed subsequently.

The India KLEMS industrial classification compris28 sectors. However, NAS provides data
only for 9 broad sectors, which necessitated fursipditting of some of the sectors. This includes
aggregate manufacturing (registered and unregdsteeparately) to 13 sub sectors; total trade
into 3 sub sectors; other services into 4 sub secend real estate activities and business
services into 2 sub sectors. The manufacturingsews disaggregated into 13 subsectors at the

2|In some years transport equipment was providgsagsof the machinery and equipment, categorizetioass,
transport equipment and other fixed assets’. Irh suases, we use transport/tools, transport and figesl asset
ratio in the nearest year to separate transpoipegunt.



2 digit level of NIC 1998 using ASI and NSSO dawghich will be discussed in detail
subsequently. Investment series in service sedsr deen split into sub sectors using two
alternative approaches — value added shares, grthlabor ratio in the higher aggregate
industry. However, the final data used are basedvaloe added shares, as our sensitivity
analysis did not show a significant difference keswthe two.

Table 3: Asset categories in ASI

ASI Assets KLEMS Assets

Land Excluded

Buildings Buildings and Construction

Plants & Machinery Machinery &Equipments ( ICT
is excluded)

Transport Equipment Transport Equipment

Computer Equipment including Software (from 1998YT equipments

Pollution control equipment (from 2000) Machinanyd Equipments

In order to split the aggregate capital formationorganized manufacturing sector into 13
KLEMS sectors, we use the Annual Survey of IndastrHowever, the published data does not
provide any asset wise information; it consistonly the aggregate capital formation or the
book value of fixed capital. The usual approacHofeéd by most studies in the past is to
measure gross investment as the difference beth@avalue of asset in period t and in period
t-1 and add depreciation in period t to that. Tdpproach has the deficiency of comparing two
year’s data, where the number of firms/factorieghtibe different. In particular, while using this
approach at industry level, for detailed assetgmtes, it might generate massive negative
investment. We follow an alternative approach,daihg ASI's definition of gross fixed capital
formation (GFCF). ASI defines GFCF as actual addgi (newly purchased, second hand and
own construction) minus deductions plus depreamatidjustment for discarded assets during the
year. This approach is based on a single year'pleaamd helps to avoid potential huge negative
investment series, and is also consistent withiplitl ASI GFCF series. The yearly detailed
volumes beginning 1964-65 were used to derive thesgfixed capital formation by asset type
directly? For the years 1964-1978, the relevant data atairew from published detailed
volumes. For the period, 1983-84 to 2008-09 ASIdeserated detailed tables from Block C of
ASI schedule that contain data on fixed assetssiNgsyears are interpolated using the changes
in investment using book value method. Table J/ides an overview of the asset categories
available in ASI, and the relevant asset categaniésdia KLEMS to which they are attributed.
Though ASI provides investment in land, for reasohBIAS consistency we exclude it from the
KLEMS database. Once investment in each of theseta@nd industries are generated using

% The Annual Survey of Industry provided information the following categories- land, buildings, pla
machinery, transport equipment, computer equipnmahiding software, pollution control equipment aottiers.
These categories were aggregated into the samedsat classification as described in footnote 30.



ASI data, we apply this industry-asset distributitanthe published NAS GFCF series for

organized manufacturing sector. It may also bedtitat from 1960-61 to 1971-72, ASI data are
for the census sector and from 1973-74 on wardsdhefor the factory sector. In order to make
these two series comparable over years, we cotheedata prior to 1972 to factory sector using
the factory/census ratio in 1973. Thus, after trejastments, we obtain investment data for 13
manufacturing sectors, by asset types, consistiéinttie NAS aggregate.

Table 4: Asset categories in NSSO

45th round 51st round 56th round 62nd Round KLBMS asset

Land Land excluded
Building Construction

Land & Land & Construction (land
Buildings Buildings is excluded)

Other Construction
construction

Building & other Construction

construction

Plant & machinery Plant & Plant and Plant and Machinery &
machinery machinery machinery Equipment

Transport Transport Transport Transport Transport

Equipments Equipments equipment equipment Equipment
Tools Machinery &

Equip.

Other fixed Machinery &
assets Equip.

Tools and other Tools &other  Tools and other Machinery &

fixed assets fixed assets fixed assets Equip.

Software & ICT equipment
hardware

Note: in all the cases, if ICT assets are not sefmy provided, they are excluded from machinenyigggent, after
estimating ICT investment independently (see seatio ICT investment). For 86and 62¢ rounds, land is
separated from land & buildings using land/land &iloling ratio from 5% round.

The data required for creating the gross investreenés for the 13 unorganized segments of the
manufacturing sector are obtained from various dsunf NSSO surveys on unorganized
manufacturing. We use 4 rounds of NSSO surveysadbnagr the period 1989-2006. These are
45" round (1989-90), Siround (1994-95) 56round (1994-95) and 62round (2005-06). Unit
level data has been aggregated to 13 KLEMS seawing the appropriate concordance tables.
NSSO provides net addition to owned assets duhageference year within the block of fixed
assets, and we use this as a measure of our inemstAsset classification in NSSO has changed
over various rounds, and therefore, we have toethatch these with our KLEMS classification
as shown in Table 4. The investment series arratddr four rounds were interpolated to obtain
the annual time series of unorganized gross fixagaital formation by asset type. As in the case



of registered sector, once the investment by aypels across industries are constructed, the
asset-industry distribution is applied to the psioid NAS aggregate GFCF in unregistered
manufacturing to obtain NAS consistent GFCF by tasge and industries.

4.2 Investment in | CT assets

Since official statistics on ICT investment is Istilot comprehensive in India, we rely on
alternative sources to impute ICT investment. H@wvewhenever the information is available
from official sources, we exploit such informati@nd ensure consistency with official statistics.
Since these estimates are still preliminary, wel $higher improve the data if better information
is available. Following the standard practice, vedirge ICT investment as the investment in
computers or IT hardware, communication equipmeiat software. The available information
on ICT investment in India include software investinfrom NAS since 1999-08,ASI's ICT
investment series in organized manufacturing sectimce 1998, NSSO &2ound data on ICT
investment in unorganized manufacturing, CMIE’sSGRRESS firm level data on gross fixed
assets in hardware, software and communicatiorpatgnt (1989-2009) and World Information
Technology and Services Alliance (WITSA)s estimates on ICT spending by broad sectors of
the economy since 2000. We make use of all thdsemiation in our ICT investment estimates
along with investment data available by commodittesput-output tables. It may be noted that
there have been attempts in the past to estimatenvestment in Indian economy. For instance
Jorgenson and Vu (2005) have estimated ICT invedtrfoe aggregate economy in a cross-
section of countries, including India. They applyildd States’ ICT investment to ICT spending
ratio to WITSA ICT spending data for India, to dbtaaggregate economy ICT investment.
However, this approach may produce a severe bidiestimated investment. For instance, as
argued by de Vries et al, (2007) it might overeatenthe actual ICT investment in developing
countries, as the investment/spending ration ireldging countries might be lower than that of
the United States. On the other hand, it is alsssipte that most of the ICT spending in
developing countries is in the form of investmesd, consumption spending on ICT in low
income countries would be relatively low comparedtie US, and therefore, this approach
might underestimate the volume of ICT investmendéweloping countries. In any case, the use
of US investment to spending ratio to impute inwesit in India does not seem to be
appropriate. Apart from this, their estimates avesufficient for our purpose, as their estimates
are available only for the total economy; we regunvestment by industries. In addition, we
prefer to be consistent with the available offidaka, which is not the case with Jorgenson and

= Adopting the suggestions of 1993 System of National Accounts (SNA), NAS has included software in its
capital formation data. However, it does not include own-account software.

Z WITSA provides ICT spending data in a cross seotibcountries through their Digital Planet Rep&ee
http://www.witsa.org/



Vu. In what follows, we describe the approach wloiv to construct ICT investment in Indian
economy.

Total economy ICT investments (for hardware and roomication equipment) series is arrived
at using the commodity flow approath.in this approach, investment in hardware and
communication equipment can be estimated using infi@mation on the total domestic
availability of these goods and its investment conmgmt. This requires the use of input-output
tables, in combination with NAS and trade statsstiWe define the investment in ICT asset i as:

I
i :(YIO+M_’IO_XIO)(YM+Mi,t—Xi,t) (5)

i,s

where |; is the current investment, Y is gross domestipuotltM is imports and X is exports.
Superscript 10 refers to input-output tables, icH.instance,li',cs)indicates investment in asset

type i (since we consider computer hardware andhmanication equipment, i=1,2, i.e. hardware
and communication equipment) in year s (wherethasbenchmark year for 10 table) obtained
from input-output table. All other variables withothe superscript 10 are time-series data
obtained from the NAS. Following the previous sasjliwe define industry 30 according to ISIC
3.1 (office equipment and machinery) as computedware and industry 32 (radio, TV and
communication equipment) as communication equipmé@fé obtain investment in hardware
and communication equipment, along with total ddmesutput, imports and exports for 6
benchmark years, 1983-84, 1989-90, 1993-94, 1998003-04, 2006-07 from input-output
tables published by the Central Statistical Orgaton (CSO). There is no strict concordance
between ISIC 3.1 and India’s input-output tablessification, and therefore, we consider the
Indian 10 sector office computing and accountingchiaery as hardware, communication
equipment and electronic equipment including TV @ mmunication equipment. This
information is used to compute the first part otigipn (5). Then, using time-series data on
gross output obtained from India KLEXfSoutput database, and exports and imports obtained
from UN-comtrade statistics, we construct a sesfd€T investment using equation (5).

This approach allows us to generate investmeneseamly for total economy, as an industry
break-down is not possible with input-output tabMoreover, this method cannot be used to
infer any information on software investment, as thain source of data for this approach, i.e.
input output table, contains no information on waite. de Vries et al (2007) suggest using the
elasticities of hardware to software investmertinested using a fixed effect panel regression of

4 5ee Timmer and van Ark (2005) and de Vries e2@07) for a good description of the commodity flapproach.
% India KLEMS provides output and value added datmsistent with National Accounts Statistics. $ee
Chapter on value added series.



software on hardware and a set of control variablége follow this approach, but not using
econometric techniques. Apart from the input-outpbtes, there are other sources as well, from
where we can obtain information about the ICT itwvest in Indian industries. For instance,
latest National Accounts Statistics (NAS) providegestment in software for total economy,
Annual Survey of Industries (ASI) provides fixegital in ICT during 1999-2008 for organized
manufacturing sector and NSSO surveys on unorgammnufacturing 62 round provides ICT
investment data in unorganized manufacturing fa tlear 2005. In addition, Centre for
Monitoring Indian Economy (CMIE)'s firm-level databe Prowess provides gross fixed assets
in hardware, software and communication equipmémtscompanies categorized under NIC
1998. We use all these information to break dowgregpte investment series generated using
commodity flow approach, to sectoral investmenieser

In order to arrive at software investment series,finst compute software-to-hardware ratio for
years after 2000. We use the information on softvaaries from NAS and the hardware data
obtained using the commodity flow approach. Thisiorehas been extrapolated linearly

backwards until 1970 to generate the software sdoe previous years. This provides us a
complete series of ICT investment, hardware, so#wand communication, for total economy

for the period 1970-2008.

For organized manufacturing sector, total ICT isnpated as the sum of registered and non-
registered segments for the year 2008 by summingafh8 NSSO data on ICT investments.
Subsequently, we compute the ICT/machinery ratiotéwal manufacturing (organized plus
unorganized) for 2008, and this ratio has beenaprtated backward until 1999, using the
changes in ICT/machinery ratio for organized seotuinined from ASI data. For years 1989-99
the same has been computed using the changes im#CHhinery ratio computed from Prowess
firm level data, aggregated to KLEMS 26 sectorg. F#&70-89, the ratio has been extrapolated.
Using the time series of ICT/machinery ratio, alamth the data on investment in machinery,
we compute a complete series of ICT investmengeseior total manufacturing segment for
1970-2008. This has been sub-dived into hardwaféyare and communication, assuming the
composition as in the aggregate sector. For nordfaaturing sectors, we first compute
ICT/machinery ratio from Prowess data, and applyptal machinery series to impute first set of
ICT investments. However, this series will not lmmgistent with the ICT series obtained using
commodity flow approach (we obtain the non-manufacy segment from commodity flow
approach, after subtracting the manufacturing sedava from total economy). Therefore, we
apply the industry distribution obtained from Preaddased derived ICT series to aggregate
non-manufacturing sector data obtained using contsdldw approach, in order to arrive at
industry wise estimates. The estimated ICT investnias been subtracted from the reported



machinery and equipment investment in all the sectto obtain the non-ICT machinery
investment.

As indicated before, this is a preliminary set atadwhich needs to be improved significantly.
There are many problems in the approach we followetch includes, inconsistency between
aggregated firm level data and published aggredat (e.g. ASI ICT/to aggregate investment
ratio is quite different from PROWESS aggregatastébal manufacturing for years in which

both data are available), and the assumption oesammual changes in ICT/non-ICT ratio in
registered and unregistered manufacturing. In smiditthere are alternative sources (e.g.
WITSA) to explore and the available information ca@ used in different ways, including

econometric approaches. These options will be egglin the future, and a sensitivity analysis
will be performed to understand the deviation @ final estimates from alternative approaches.

4.3 Asset wise | nvestment Prices

In order to compute asset wise capital stock uBiihg (equation 3) and rental price (equation 4),
we require asset wise investment price deflato®0O®as provided asset wise deflators for all
the three asset type with base 1999-2000. Thesatalsf are directly used for all the non-ICT
assets. Price measurement for ICT assets has bhasmpartant research topic in recent years, as
the quality of those capital goods has been rapmtlyeasing. Until recently, large differences
existed in the methodology to obtain deflatorsI€®F equipment between countries, and the use
of a single harmonised deflator across countries widely advocated and used (Schreyer 2002;
Colecchia and Schreyer 2001; Timmer and van Ark5200his deflator was based on the US
deflators for computer hardware, which were commaelen as the most advanced in terms of
accounting for quality changes using hedonic pgdechniques (Triplett 2006). For India, we
use the harmonisation procedure suggested by Szh{2902), where the US hedonic deflators
are adjusted for India’s domestic inflation rates.

4.4 Initial Stock, Depreciation Rates and Rate of Return

As is evident from equations 1 to 4, our estimatesapital input requires time-series data on
asset wise capital stock. Capital stock has beestaeted using perpetual inventory method
(PIM), where the capital stock (S) is defined agegghted sum of past investments with weights
given by the relative efficiencies of capital gooalsdifferent ages, which requires data on
current investment by asset types, investment pitigeasset types and depreciation rate. Also,
for the practical implementation of PIM to estimatsset wise capital stock, we require an
estimate of initial benchmark stock (see Erumb&Q8b for an in-depth discussion on this
issue). NAS provides estimates of net capital stwioke 1950 for all the broad sectors in its
Statement 17: Net Fixed Capital Stock by indusftryse. We take the NAS estimate of real net



capital stock in 1950 (in 1999-2000 prices) as lmemchmark stock for all non-manufacturing
sectors, and for manufacturing sectors the sartaké for the year 196% However, since the
NAS estimate is available only for broad sectord foim aggregate capital, we use our industry-
asset distribution of GFCF in order to create netd capital stock estimates by asset type for all
the 26 sectors. NAS also provides detailed tabteassumed life of assets used for computing
capital stock, for private units, administrativataras well as departmental and non departmental
units by asset typed.We use these estimates of lifetime to derive gmjate depreciation rates
for non-ICT assets, using a double declining badaiate. We have used 80 years as assumed life
of buildings, 20 years for transport equipmentsl 2h years for machinery and equipments. The
depreciation rates for ICT assets- hardware antlvacd and communication equipments were
taken from the EU KLEMS. The final depreciationeaused in the study are given in Table 5
by asset type. Subsequently, we build our capi@atksseries by asset types for all the 26
industries using our GFCF series from 1950 (196Ayvards for the non-manufacturing
(manufacturing) sector.

Table 5: Depreciation rates used in the computatioof capital input

Asset types Depreciation rate (%)
Buildings and Constructions 2.5
Transport Equipment 10.00
Non-ICT Machinery 8.00
Hardware and Software 31.5
Communication Equipment 11.5

Note: depreciation rates are derived using NAStiifees for each asset assuming a double declinatgnize rate.
Source: NAS and EU KLEMS

Our measure of capital input is arrived using eiguatl), for which we also require estimates of
rental prices (see equation 4). Assuming that kbnve f capital services is proportional to the
capital stock at individual asset level, aggregapital flows can be obtained using a translog
guantity index by weighting growth in the stockeafch asset by the average shares of each asset
in the value of capital compensation, as in (1)} Tdte of returni) in equation (4) represents the
opportunity cost of capital, and can be measuréneas internal (oex poskrate of return, or as

an external €x ante)yate of returrf® This issue will be addressed in the further rewisiof the

data. The present version of the database usestenma rate of return, proxied by average of
return on government securities and prime lendeig 1obtained from the Reserve Bank of

% This choice is driven by the fact that the fiysar of availability of ASI data is 1964-65.

27 Chapter 26, National Accounts Statistics -SouaresMethods, CSO (2007)

% We do not intend to delve into the controversiesrdhe use of internal vs. external rate of retarthe context of
productivity measurement. Rather, given that thithe first version of our data, we use the exieate and in a
later stage, we will also use internal rates. Seenban (2008a and b) for a discussion on thesesssu



India®. Therefore, we use a real rate, which is net gfitakgain. Hence, the capital gain
component in equation (4) is excluded while estingatental price using external rate of return,
obtaining

K — Al o¥ |
pk,t - pk,t—llt +5k pk,t (5)
wherei* is the real rate of return, nominal interest edgisted for CPI inflation rate.

5. Estimates of capital Input for aggregate economy and its 26 sectors

Table 6 provides an overview of investment and teqstructure in India, in terms of average
shares of different asset types in aggregate ndroamtal formation and real capital stock. A
general picture that is seen in almost all sed®ithat of an increasing share of construction
investment, and declining share in the capital kstothe decline in investment share of
construction is observed only in agriculture, whike mining and quarrying, construction and
service sector shows more prominent increase irtahstruction investment share. The decline
in agriculture is compensated predominantly by acrdase in the machinery investment.
Though the share of ICT investment and capitalkstoes increased marginally in the 2000s
compared to the 1980s and 1990s, they still rertmine small in almost all sectors, with the
manufacturing sector showing the highest share.

Table 6: Asset structure of Investment and Capitastock in Indian economy, 1980-2013

1980-99 2000-13 1980-13 1980-99 2000-13 1980-13

Investment share in GFCF Share in real capitakstoc
Total Economy
Construction 53.4 57.4 55.0 78.8 69.9 75.4
Machinery 37.7 34.3 36.4 17.9 25.0 20.6
Transport Eq 8.9 8.2 8.7 3.3 5.1 4.0
Agriculture
Construction 85.3 73.1 80.7 95.6 87.7 92.5
Machinery 12.0 21.0 15.4 3.8 10.0 6.2
Transport Eq 2.7 5.8 3.9 0.6 2.3 1.3
Mining and Quarrying
Construction 41.5 52.4 45.9 58.3 61.2 59.4
Machinery 56.7 43.1 51.2 40.4 36.2 38.8
Transport Eq 1.7 4.5 2.9 1.3 2.5 1.8
Manufacturing
Construction 28.9 30.9 29.7 50.2 42.8 47.4
Machinery 60.1 56.4 58.6 44.3 48.4 45.8
Transport Eq 11.0 12.7 11.7 5.5 8.8 6.8

2 Handbook of Indian Statistics, Reserve Bank ofdndnnual volumes.



1980-99 2000-13 1980-13 1980-99 2000-13 1980-13

Investment share in GFCF Share in real capitakstoc

Electricity, Gas and Water Supply

Construction 47.9 50.4 48.8 71.0 65.5 68.9
Machinery 51.6 48.4 50.4 28.8 34.0 30.8
Transport Eq 0.5 1.2 0.8 0.2 0.5 0.3
Construction

Construction 20.9 27.9 23.7 355 33.6 34.8
Machinery 65.4 58.4 62.5 56.4 55.1 55.8
Transport Eq 13.7 13.7 13.8 8.2 11.3 9.4
Services

Construction 69.6 74.1 71.3 88.4 83.2 86.4
Machinery 18.8 19.2 19.0 7.6 12.4 9.5
Transport Eq 11.6 6.6 9.7 4.0 4.3 4.1

Source: India KLEMS database

Figure 1: ICT share in aggregate capital stock, Tatl economy and broad sectors
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Source: India KLEMS database

In Figure 1, we provide a further industry breakafdCT capital stock, which reveals that the
manufacturing sector leads in ICT share. In padicut is the machinery producing sector
(KLEMS sector 29) that has witnessed the highestamse in ICT share over years. Even though
the overall service sector shows only moderateeas® in ICT share in total capital stock, a
detailed look at the industries reveal that finahservices have witnessed a faster increase in
ICT share, particularly since the late 1990s. ka miext section, we present estimates of capital



input for the aggregate economy and its broad sget@agriculture, manufacturing, industry and
services. Subsequently, we also provide estimdteapital services for the 26 KLEMS sectors.

5.1 Capital servicesin the disaggregate 26 KLEMS sectors

Aggregate capital service growth rates for eachhef26 KLEMS sector has been calculated
using asset wise investment series at disaggregaustry level, by employing equation (1). In
Table 7 we provide the sectoral growth rates ofreggte capital services, and the contribution
of equipment and non-equipment capital to aggregapéal service growth. Almost all sectors
of the economy have shown a high capital serviogvtr rate in the both sub-periods (1980-99
and 2000-11). In particular, out of 26 sectors &btas have shown a faster capital service
growth in the 2000s, compared to that of the 198@1990s. This includes agriculture, hunting,
forestry & fishing, manufacturing nec, construction, trade, transpenvises, real estate,
education, health and other services. Sectorsvitiaessed a sharp decline in average capital
service growth rate include rubber & plastics, cékeefined petroleum, other non-metallic
mineral, pulp, paper , printing & publishing and textilesather & footwear, while most other
sectors have shown either an increase or have ara@dt a comparable growth rate in both
periods. In general the manufacturing sectors stemave registered higher capital service
growth rate, perhaps due to rapid expansion ofsimrent in the sector. Service sector also show
an increase in the capital services growth ratggesting an expansion of investment, though the
pace of expansion is not as large as in the matnuifiag. Within the service sector, sectors
transport & storage, education and health have shopressive capital service growth rates. It
may be noted that the latter three sectors alsolvavsignificant public sector investment. It is
often argued that in most developing countriesy dess than half of the public investment
spending is translated into capital and thereforesering these investments would result in an
exaggeration of actual capital stock in these aies{see Pritchett, 2000). The argument here is
that the objective function of governments needbeprofit maximization, while it is the base
of conventional treatment of capital in the literat

The table also provides the contribution of equiptrend non-equipment capital to aggregate
capital service growth rate. The contribution obipgnent has witnessed the largest increase in
the 2000s in pulp, paper, printing & publishing.h@t sectors that had an improvement in
equipment contribution include agriculture, huntindorestry and fishing, post &
telecommunicationsgducation,health & social work and financial intermediatidn. case of
non-equipment contribution to capital services,elwt& restaurantspublic administration,
mining & quarrying, machinery, nec. amektiles, leather & footwear have depicted the majo
improvement in the 2000s.



Table 7: Contribution of equipment and non-equipmer capital to aggregate capital service
growth rates: 26 KLEMS sectors, 1980-2011

Capital service growth rates Contribution (% Egjuipment Contribution (%) of non-Equipment

Industry 1980-99 2000-11 1980-11 1980-99 2000-11 801BL 1980-99 2000-11 1980-11
01 to 05 3.16 5.56 405 234 40.1 31.9 76.6 59.9 68.1
10to 14 8.15 7.75 8.17 67.1 53.6 62.0 32.9 46.4 38.0
15t0 16 7.49 7.61 742  69.7 65.1 67.9 30.3 34.9 32.1
17 to 19 9.79 6.92 8.62 774 64.6 73.3 22.6 35.4 26.7
20 7.86 7.78 7.80 70.0 62.0 67.4 30.0 38.0 32.6
21to 22 8.69 5.42 753 543 89.2 64.1 45.7 10.8 35.9
23 16.40 11.32 1421 884 91.3 88.9 11.6 8.7 111
24 5.57 4.68 5.18 80.6 73.5 78.1 194 26.5 21.9
25 16.17 7.07 1284 81.6 73.7 79.8 18.4 26.3 20.2
26 12.45 8.90 11.10 815 69.8 78.0 18.5 30.2 22.0
27 to 28 7.82 8.42 8.39 820 76.3 79.9 18.0 23.7 20.1
29 9.15 8.75 9.09 775 64.4 72.4 225 35.6 27.6
30to 33 7.28 7.83 7.33 80.9 70.0 76.0 19.1 30.0 24.0
34 to 35 9.09 10.08 9.33 826 82.0 82.0 174 18.0 18.0
36 to 37 7.18 9.56 8.18 64.9 64.1 65.1 35.1 35.9 34.9
40 to 41 6.64 5.16 6.14 60.1 57.0 59.2 39.9 43.0 40.8
45 6.73 16.37 10.36 81.0 79.1 79.6 19.0 20.9 20.4
50 to 52 5.52 10.76 7.62 17.9 22.1 19.6 82.1 77.9 80.4
55 7.75 9.84 8.75  69.7 394 55.9 30.3 60.6 44.1
60 to 63 3.77 7.84 536 77.1 79.5 78.5 22.9 20.5 215
64 9.23 9.37 9.25 517 68.6 58.5 48.3 314 41.5
65 to 67 9.93 7.06 8.62 69.6 75.0 70.7 30.4 25.0 29.3
75 5.67 6.04 589 40.6 20.4 325 59.4 79.6 67.5
80 8.98 14.03 10.89 495 55.9 52.5 50.5 44.1 47.5
85 9.98 14.63 11.78 49.0 55.9 52.2 51.0 44.1 47.8
70 to 74, 90 to 96 3.50 8.26 5.27 8.95 10.92 10.48 91.05 89.08 89.52

Notes: Capital service growth rates are calculasiag equation (1) for each industry. Contributians
the sum of individual assets 'Contributions arpércentages, and will add upto 100.



5.2 Capital servicesin the aggregate economy and its broad sectors

Aggregate capital service growth rates for the eggie economy and its broad sectors are
calculated using two alternative approaches. That f6 to use investment series aggregated
across industries, and then compute capital segrm&th rates using equation (1). The second is
to use the computed capital service growth rategdch industry (as presented in the previous
section) and then compute the aggregate capitaiceegrowth rates (for total economy and
broad sectors) using a Torngvist quantity indexjctvhs a discrete time approximation to a
Divisia index. In this aggregation approach we Wweggectoral capital service growth rates using
annual moving weights based on averages of thers¢cthare in total capital compensation, in
adjacent points in time. A major advantage of tlfwngyvist index is that it belongs to the
preferred class of superlative indices (Diewert@)9More precisely, it exactly replicates a
translog model which is highly flexible, that is,n@aodel where the aggregate is a linear and
guadratic function of the components and time. diffierence between these two aggregation
results may be attributed to the sectoral hetersigeand therefore, the preferred measure is a
Tornqvist. Figure 2 provides the indices of aggtegaapital services in total economy and its
broad sectors. Capital services show a faster groate in construction sector, compared to all
other sectors of the economy. This is in confornvityh what we observed at the detailed
industry level. However, the service sector seamshbw a faster growth in capital services in
the 2000s, compared to the 1980s and 1900s. Agrralilsector has witnessed only very
negligible growth in capital services over yeardjilev capital services in construction sector
grew by almost 9 times over the period of a quadkrl century, capital services in the
agricultural sector has only increased by 3 tiniéese observations are further confirmed if we
look at the average growth rates of capital sesvinghese sectors over the period, presented in
Table 8. Compared to the 1980s, both constructaeryice and agriculture sectors and
consequently the aggregate economy has witnesdaghar growth in the 2000s, with the
construction sector facing the highest among thlesse sectors. It may be noted that service
sector has been the fastest growing sector in ineé@nomy, which might be partly due to the
high growth of capital services in the sector. Manturing, on the other hand, is seen to have
shown a slight decline in its capital service gtowdtes. In Table 8 we also provide the average
growth rate of capital services using Torngvist amdple aggregation procedures. The effect of
Tornqvist aggregation has been very minimal whenettonomy is taken as a whole, largely due
to negligible effect in agriculture and servicenwéver, manufacturing sector shows a slightly
higher industry composition effect. The overalleetfon aggregate growth is however, minimal.



Figure 2: Indices of Capital ServicesAggregate Ecmomy and broad sectors, 19¢-
2011(1980=100)

3,000.00
— Agriculture
2,500.00 Mining /
- Manufacturing /
2,000.00
Electricity /
1.500.00 Construction
Services /
1,000.00 7
Economy
-
500.00 -
—
- C:I INI Iq-l le Iml IDI INI I:rl le le IDI INI Iq-l Iml le IDI 1
o] 9 oo [n.0] [n.0] [=)] [=)] =] [=2] [=2] o] o] (] (=] (=] —i
(=] (=] (=31 (=] (=] [=)] [=)] (=) (=] (=] =] =] L= (=] (=] (=]
—i —i i — — — — — — —i o~ o~ (o] (o] (o] (o]

Note: Capital service growth rates are calculatesing equation (1) and indexed to 1980. All the agates are
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Source: India KLEMS database

Table 8: Growth rate of capital services, Aggreg& Economy and broad sectol

1980-99 2000-11 1980-11
Agriculture 3.2 5.6 4.1
Mining and Quarrying 8.1 7.7 8.2
Manufacturing 9.6 8.0 8.1
Electricity, Gas and Water Supply 6.6 5.2 6.1
Construction 6.7 16.4 10.4
Services 7.1 9.8 6.2
Total economy 8.2 8.7 6.6

Note: Capitals ervice growth rates are calculatédguequation (1). Torng. Are aggregate capital isegrowth
rates obtained by aggregating sectoral growth nagésy a Torngvist aggregatiqprocedure. Sim,ple are aggreg
capitals ervidce ghrowth rates obtained using egugt) with aggregate investment data for eactathrsector. Th
difference btween the two (TorngSimple), reflects the effect of sectoral heteroggr

In general, tB overall picture is that of a high growth ratecapital input, both capital stock
well as capital services, in Indian economy and ynarits sul-sectors. There are many possi
reasons for this, which might include the liberafian policies whic relaxed many capaci
constraints firms had to face in the past. Also,ma&y add a few caveats that can also hav
effect on the measured capital input growth raB@sce we take official National Accounts d
as our benchmark, part of the observigher growth rate of capital in the recent yeary ipa a
reflection of the recent upward revisions in NASyieh has raised concerns over the reliab
of the investment data (Shetty, 2006). Yet, anoffussibility is the low depreciation rates u:



in our capital measurement. Our knowledge of adtigime of capital assets in Indian economy
is quite fragile, and therefore, we opted to useNIAS assumed lifetimes of assets to derive our
depreciation rates. There exists diverging viewsvbether the lifetime of capital in developing
countries will be different from the richer couesi For instance, they are viewed to be longer as
the maintenance cost in developing countries velldwer (Summers and Heston, 1995). On the
other hand, they could be shorter due to under4er@amce or low efficacy of public investment
(Bu, 2004; Pritchett, 2000). These issues, howevamnant further detailed examination.

As noted before, when computing capital stock, nststlies in the Indian context have either
assumed no depreciation rates, or used a commaedion rate for the aggregates of all
assets, i.e. the total capital stock. These comaegmeciation rates hovers around 5 to 6 % (e.g.
Bosworth and Collins, 2008; Goldar, 1986a). Sinoe wse different depreciation rates for
different asset types, we do not have an aggrefgieeciation rate. However, we can derive the
implicit aggregate depreciation rate, which is aghted depreciation rate of individual assets, as
o=1-[ (S- )/ S.1], with & being the rate of depreciation, S and | are rasmyg capital stock
and Investment in year t. The obtained rates atengin Appendix Table 1. The rates vary across
industries and over period, due to changes in gsetacomposition. However, one general
observation is that these rates appear to be lanjcplarly in the early years. The overall
depreciation rate for the entire period is about ##th agriculture showing the lowest 3% and
manufacturing showing the highest 6%. These ratesl@av compared to many previous
aggregate studies in the context of India (Bosdwartd Collins, 2008), and also many cross-
country studies (e.g. Easterly and Levine, 2001)s0A compared to many cross-country
databases such as the Penn World Tables (PWT) d¢LEHMS, the assumed depreciation rates
for individual assets are low. For instance the PY&fEs respectively for assets construction,
machinery and transport equipment are 3.5%, 15%24f6 while the respective rates we used
are 2.5%, 8% and 10%. The observed higher capipaitigrowth rate may partly be due to low
depreciation rates used in our analysis. This igglide addressed in the further revisions of the
data.

5.3 Capital servicesvs. Capital Stock: The composition effect

Table 9 provides the growth rates of capital stoglkasset types for the aggregate economy and
broad sectors. The growth rates of capital stogk2® individual industries are provided in
Appendix Tables 2 to 5. On average the aggregai¢atatock in Indian economy has shown a
lower growth rate than capital services (Table Uirdy the same period. This higher growth of
capital services is obviously due to faster growthmachinery and transport equipment,
compared to construction capital (see the discosiat follows this section). Agriculture has
shown less than 4 percentage growth in construaimmg the period, while the equipment
capital in this sector has shown a remarkable droate (about 11 % o in transport equipment,
and 9% in machinery and equipment). This might ssgdhat Indian agriculture has been
increasingly becoming capital intensive; in patacuhe pace of mechanization in the sector has



been faster. Mining, manufacturing, electricity,swaction and services show a similar pattern,
where the equipment investment grows faster tharstoaction investment, with the transport
equipment dominating the machinery equipment fonimg, manufacturing, electricity and
costruction in both the periods. Interestingly,vgar sector has also shown a faster growth in
machinery equipment than transport equipment. Bht surprising as the rapid expansion of
service sector might have necessitated more intessef non-residential construction such as
office equipments.

Table 9: Growth Rate of Capital Stock by Asset typg Economy and Broad Sectors% per
annum)

1980-99 2000-11 1980-11

Economy

Total Capital Stock 5.48 7.54 6.30
Construction 4.27 6.73 5.24
Transport Equipment 7.89 11.02 9.20
Machinery 8.29 8.79 8.50

Agriculture

Total Capital Stock 291 5.03 3.71
Construction 2.68 4.11 3.22
Transport Equipment 8.03 15.75 10.71
Machinery 7.22 11.74 8.65

Mining and Quarrying

Total Capital Stock 7.98 7.62 8.02
Construction 7.80 7.36 7.80
Transport Equipment 2.53 21.78 10.36
Machinery 8.50 7.22 8.17

Manufacturing

Total Capital Stock 7.80 7.58 7.75
Construction 6.69 6.80 6.77
Transport Equipment 10.02 10.87 10.48
Machinery 8.66 7.58 8.26

Electricity, Gas and Water Supply

Total Capital Stock 6.04 4.93 5.67
Construction 5.27 4.13 4.87
Transport Equipment 5.44 16.44 9.80
Machinery 8.07 6.17 7.43

Construction

Total Capital Stock 6.91 16.19 10.42
Construction 7.48 15.50 10.62
Transport Equipment 7.16 19.36 11.89
Machinery 6.56 15.99 10.03

Service

Total Capital Stock 4.48 8.08 5.87
Construction 4.04 7.60 5.41
Transport Equipment 6.45 9.25 7.63
Machinery 8.01 11.09 9.18

Source: India KLEMS database

We have argued that capital services that accaurasset heterogeneity is a better and preferred
measure of capital input in productivity analysian the standard measure of aggregate capital



stock.We compare the growth rates of capital stock mes° with that of our measures
capital services. The difference between the grawates of capital service and capital stoc
often con&lered as an indicator of the quality of capitairg&nson, 2001). The premise of t
view is that the difference between growth of cap#tervices and capital stock represents
substitution toward assets with higher marginatprts. For instanca shift toward ICT capite
increases the quality of capital, as these equipsreave relatively high marginal products. A:
evident from our methodology section, the diffeeetween the two is primarily a result
accounting for the changes in a composition while aggregating capital services s&
different assets. Therefore, following Harper et(E89), it is also called as a ‘composit
effect’. It is important to know the magnitude detcomposition effect in order to underst:
the posdile bias in the measured contributions of capital @&FPG when capital stock meast
are used instead of capital servic

Figure 4: Capital composition effect, 198-2011
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Note: capital composition effect is measures astahpervice growth rateminus capital stock growth rate, whe
the aggregate capital services in each broad seatf total economy are obtained by aggregatingssattapital
service growth rates using Torngvist aggrega

Source: India KLEMS database

Figure 4 provides the agnitude of capital composition effect averagedrdkie period 19&-
2008 From the figure, it is evident that the compasitieffect is more prominent in tl
electricity & gas, followed bynanufacturing, agricultu and services both in the 19! &1990s
and in the 2008 This suggest that the use of the conventionalsore of capital stock wou

%It may be noted that our measwf capital stock is still different from mostepious studies as we use asset \
depreciation rates while calculating capital sto€kndividual assets using PIM, and then aggregateess asst
types. Most previous studies, apply PIM to aggrednvestment, often with no depreciation allowancesa
common depreciation rate for all ass



overestimate TFPG in all the sectors of the econamityh manufacturing sector witnessing !
highest bias in the estimated TFPG. It is widelgognized that tt service sector in India hi
been growing very rapidly, particularly in t2000s however, the capital composition effeci
the service sector is far below the one we obsertleeagriculture sector.

Figure 5: Capital composition effect:26 KLEMS industries, 1980-2011
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The capital composition effect observed at the egape economy and broad sectors a
reflection of the sectoral composition effect, asvident from Figure 5 where we provide
composition effect in 26KLEMS industrial sectors. As seen in the agate picture,
manufacturing industries have witnessed higher tahmomposition effect, which includ
paper, printing & publishingransport equipmenmachinery, electrical and optical equipme



basic metals and chemicals sectors. Within theic®rsector,transport & storage, health,
education, financial intermediation and communaatsectors have witnessed relatively higher
capital quality improvement. Industries with lowsmposition effects are mostly manufacturing
sector industries, such as petroleum, Manufacturetgand wood & products of wood.

Naturally, one would like to understand why the itpcomposition effect, or the quality of
capital, has grown so fast in India, in particulathe manufacturing sector. In order to explore
this, we provide the share of equipment capitadggregate capital stock in total economy and
its broad sectors during 1980-2008 in Figure 6. fitpere reveals that the share of equipment
capital (sum of machinery and transport equipmecdiuding ICT) in total capital stock in India
is increasing over years. Erumban (2008b) has shawemmilar picture in a cross-section of
countries using Penn World Tables data. In padiguiis results suggest increasing equipment
share in fast growing countries as part of thewrettgoment process, confirming the importance
of equipment investment in attaining growth (De goand Summers, 1991). The increasing
equipment share is particularly prominent in maotufiang and industry sectors, while the share
of equipment investment has not increased at arfasice in the service sector. A detailed look
at the sectoral equipment share (see Appendix &igufurther reveals that the industrial sector
had higher equipment share throughout the periatth many manufacturing sectors facing a
faster increase in equipment share. This includegoss electrical and optical equipment,
transport equipment, non-metallic minerals, basetats, chemicals machinery. Within the
service sector financial intermediation and posi aommunication are the only sectors that
witnessed a remarkable increase in equipment shhoeigh construction sector shows a higher
equipment share in both sub-periods, it has wigtkssly a marginal increase over years. As we
indicated before, investment in non-residentialdings might still be expanding in the service
sector, resulting in a relatively lower increas¢hia equipment share.



Figure 6: Equipment Share in Aggregate Capital Stock, 19¢-2011
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Note: Equipment capital stock is defiras the sum of machinery and transport equipmentu@ing ICT)
Source: Authors’ calculations

The increasing share of equipment capital will rety lead to a faster growth of equipm:
capital compared to nosguipment capital assets, which will havonsequences for tt
aggregate capital input growth. In FigL7 we also compare the growth of equipment cay
with that of nonequipment capital stock in Indian economy. Evidgnthe equipment capit:
grows faster than noequipment capite Also, the gap between equipment growth and-

equipment growth is less prominenimanufacturing compared gervice sectcand agriculture.
Equipment capital in manufacturing sector overtatkes growth of no-equipment capital an
shows a faster graw since the early 1990s. Similarly, agriculturecashows a sharp increase
equipment capital simcthe late 199C This faster growth of equipment capital, and treitant
increasing equipment share, by adding assets behigarginal productivii which are expecte
to deliver more capital services in short periodtiofe, will result in higher capital servit
growth rates compared to growth rates based onatapock measures. This would suggest

the use of capital stock growth rates wouead to severe underestimation of the ac
contribution of capital input to output growth atiereby overstate the TFF



Figure 7: Growth of Equipment capital stock vs. nor-Equipment capital stock, 1980=
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Note: EQ=Equipment capital stock; nEQ=-equipment capital stock. Equipment capital stodkeiined as th

sum of machinery and transport equipment (includ@if). Capital stock is indexed to the first ye:

Thus the picture emerges is that ofincreasing share of equipment capital, and a faster
growth of the same in Indian economy, and its ®dicss, predominantly in the manufactur
sector. The relationship between capital quality or composi effect and the observ
increasing sharef equipment capital in India is more evident fréiigure 8, which provides
scatter plots of change in equipment share agaiagital composition effe in the overall
economy. V¢ observe a strong positive correlation betweeritalapomposition effect &
increasing equipment share. Moreover, equipment sharecandequently capital compositi
effect have shown an increasing trend in most efyars (as observed in our earlier gre
also). Similar relationship is observed at the ikdaindustry levl also. In Figure9 we plot
composition effect averaged across years, agaugshge change in equipment share ovel
period, across 2&KLEMS industries. We see a positive relationshipgegneral, and a mo
prominent one in the 2000suggesting morindustries with increasing equipment share
consequently faster capital service growth rateesehobservations further suggests that the
of conventional measures of capital stock wouldresttmate the contribution of TFPG in Indi
economy, as thehare of fast depreciating assets tend to showaeadsing trenc

Figure 8: Change in Equipment Share and Capital Composition &ect, Aggregate
Economy 1980 to 2011
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positive relationship shows that higher the incee@sthe equipment share, higher the capital coritiposeffec.
Source: Authors’ calculations



Figure 9: Change in Equipment Shareand capital composition effect, 26 KLEMS industries
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There may be many reasons why there is an incirdbe share of equipment capital in Indian
economy, particularly in the manufacturing secldris might be due to the easing of restrictions
on machinery import and relaxation of norms of nfaotwring machines through industrial
policy changes in 1985 and further in the earlyQ9This requires further detailed analysis.
However, as a first step, we have looked at theetaiion between imported capital goods, FDI
inflow and equipment share in Indian economy. Beth inflow and imported capital goods as a
percentage of gross fixed capital formation hasvgrafter the onset of economic reforms in
India. The correlation between capital goods impoid equipment share in aggregate capital is
0.64, while the correlation between FDI inflow aeduipment share is 0%7.Though these

31 See appendix figures 3 and 4 where we provide GBOF and import of capital goods/GFCF. Note that th
correlations are calculated for 1987-2004 in theecaf import of capital goods, and 1990-2004 indhse of FDI
inflow. This choice was guided by the availailitiydata on these variables.



results may be taken as suggestive only, they radieative of the possible reasons for the
increasing share of machinery capital in Indiannecoy. Thus evidently, our new measures of
capital shows a faster growth of capital serviessthe share of equipment capital is increasing
and thereby adding more productive assets to theeggte capital stock.

6. Conclusions

This paper provides new estimates of capital ifipufproductivity analysis in Indian economy
and 26 sectors for the period 1980-2011. Comparembhventional measures of capital stock,
our measure of capital services are theoreticaditiqent, as it takes asset heterogeneity into
account, while aggregating capital services. THsof particular importance, given the
importance of equipment investment for economiamging which is growing faster in the Indian
economy. Measures of capital services are incrghspreferred in the international academic
sphere, over the conventional measures of capdeks However there is hardly any attempt to
construct a proper measure of capital service & Itidian economy. This paper makes an
important contribution by providing estimates ofpital services. Using several sources of
official data (including those which are not puhbllg available), we construct aggregate capital
service measures, considering asset heterogeléaydistinguish between asset types, non-ICT
machinery (construction, non-ICT machinery, tramspequipment) and ICT machinery
(hardware, software and communication equipmerttjs distinction also helps us examine the
dynamics of investment composition in the Indiaaremmy, in particular in terms of a change in
the composition favouring equipment investment.

Our results suggest an increasing share of equipoagital in the aggregate economy and its
broad sectors, dominantly in the manufacturingaedVhile the service sector shows relative
lower growth in the transport equipment capitalhofacturing, industry and agriculture shows
high growth rates. This is particularly true in tB800s, compared to the 1980s &1990s. A
detailed look at the disaggregated industry reduitther reveals faster growth of equipment
capital in many manufacturing sectors, which inekicelectronics, machinery and chemical
sectors, while a similar trend is observed onlyaifew service sectors, such as communication
and financial services. Our estimates of ICT inwesit suggest that the ICT intensity is still low
in most of the sectors. Though the ICT share hagased in manufacturing and services sectors
over years, the shares are still low.

The observed increase in equipment share has dtadslo a higher growth rate of our new
measure of capital input, compared to conventionahsure of capital stock. The difference
between the two measures, the composition effectapfital, has seen to be quite high,
particularly in the electricity & gas and manufaatg sector. This measured gap between



conventional measure of capital stock and our imgdomeasures of capital service will have
consequences for growth analysis. Therefore, it m@aynteresting to look into the causes of
increasing quality of capital in Indian economyd lprimarily by an increasing share of
equipment capital. One may attribute the increashgre of machinery and equipment in
aggregate capital stock to the many policy refomtte 1980s and 1990s that helped firms ease
many capacity constraints, and relaxed many résing on import of capital goods and foreign
direct investment, particularly in the manufactgrsector. These might have helped expand the
machinery investment in the economy, predominantipe manufacturing sector. However, the
benefit of this has triggered to the other sectdrthe economy as well, though not to the extent
of manufacturing. The effect of taking account lmstquality aspect of measured capital input
would be that we will be able to measure the TFRigenprecisely, by attributing that part of the
output growth that is due to the capital compositchanges. In other words, we may see a
higher capital contribution to output growth, antbaer TFPG growth, which is close to reality,
than what have observed in the past by many studies will be further explored in the
productivity Chapter.

Notwithstanding the improvements we have madeemtlieasurement of capital input for Indian
economy, it should be noted that our capital messunay still reflect any limitation of the
official data. Also there is still room for improveent, such as the use of alternate depreciation
pattern, which might have an effect on the measupexivth rate of capital input and the
treatment of land. We assumed that the capitalkstonsists of (only) machinery, transport
equipment and construction, while the role of lasda capital input is not taken into account.
Even though some studies have shown that the batibn of land to aggregate growth is
negligible (e.g. Bosworth and Collins, 2008), ityrsdill be an important aspect, particularly in
the agricultural sector. Similarly, we do not makedistinction between public and private
investment, which is often argued to be an impar@spect in the context of developing
countries. However, a quick look at the investm&nticture of India reveals that the share of
public sector investment has been declining inréoent years. Yet another aspect is associated
with the measurement of rates of return and reptales that are crucial for the proper
measurement of capital service growth rates. Wenasd an external rate of return in our rental
price calculation. Nevertheless, an important isaube context of rates of return is what should
be the ideal measure of the rate of return. Thexeldferent ways of deriving rate of return and
consequently rental prices, depending upon thengssons one makes about their components.
Erumban (2008b) shows that the choice between tarnel rate and an external rate has
empirical implications for aggregate capital seegi@and thereby measured TFP growth rates,
while the growth rates are less sensitive to othlernatives. These issues warrant further
detailed examination and some of them will be askird in the further revisions of the database.



Appendices

Appendix Table 1: Derived depreciation rate for aggregate capite

1965-75 19786 1987-97 1998-11 1965-11

Total Economy 3.4 3.8 3.8 4.2 3.7
Agriculture 2.6 2.8 2.7 3.1 2.8
Manufacturing 5.1 5.4 5.4 5.8 5.3
Industry 5.6 5.8 5.0 5.4 5.3
Services 3.3 34 3.3 35 3.3

Note: Aggregate depreciation rated) (are derived a<d=1-[(Si- Iy)/ S.1], where S and | are respectively capi
stock and Investment in year t.

Appendix Figure 2. Equipment share in Aggregate capital stock26 industries, 198(-2011
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Appendix Figure 3: FDI inflow to Indian Economy, 190-2008
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Appendix Figure 4: Import of Capital Goods, 1987-208
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Appendix Table 2: Growth rate of capital stock fortwo sub-periods and the whole period
by 26 industries.

Industry Industry description 1980 2000 1980
No. to to to
1999 2011 2011
1 Agriculture, Hunting, Forestry and Fishing 291 503 3.71
2 Mining and Quarrying 798 7.62 8.02
3 Food Products, Beverages and Tobacco 7.01  7.38 7.04
4 Textiles & Leather Products 9.54 7.06 8.52
5 Wood and Products of wood 741  7.63 7.44
6 Pulp, Paper, Paper products, printing and publghin 799 438 6.70
7 Coke, Refined Petroleum products and Nuclear fuel 1645 11.15 14.21
8 Chemicals and Chemical Products 525  4.64 4.97
9 Rubber and Plastic Products 15.52 7.06 12.44
10 Other Non-Metallic Mineral Products 11.70 895 10.64
11 Basic Metals and Fabricated Metal Products 738 831 8.05
12 Machinery, nec. 869 8.70 8.80
13 Electrical and Optical Equipments 634 7.76 6.75
14 Transport Equipment 8.12  9.65 8.60
15 Manufacturing, nec 7.49  9.09 8.16
16 Electricity, Gas and Water Supply 6.04 493 5.67
17 Construction 6.91 16.19 10.42
18 Trade 5.95 10.69 7.88
19 Hotels and Restaurants 7.21 10.35 8.63
20 Transport and Storage 3.03 6.96 4.57
21 Post and Telecommunication 881  8.49 8.65
22 Financial Services 9.02 6.42 7.92
23 Public Administration and Defence 493  6.09 5.45
24 Education 8.04 13.24 10.03
25 Health and Social Work 9.05 13.85 10.92
26 Other services 3.38 8.08 5.12

Source: India KLEMS database



Appendix Table 3: Growth rate of Construction for two sub-periods and the whole period
by 26 industries.

Industry  Industry description 1980 2000 1980
No. to to to
1999 2011 2011
1 Agriculture, Hunting, Forestry and Fishing 268 411 3.22
2 Mining and Quarrying 780 736 7.80
3 Food Products, Beverages and Tobacco 637 663 6.37
4 Textiles & Leather Products 9.17 7.67 8.5
5 Wood and Products of wood 6.97 7.20 6.93
6 Pulp, Paper, Paper products, printing and publishinz. 10 142 4.98
7 Coke, Refined Petroleum products and Nuclear fueb 33 9.68 13.37
8 Chemicals and Chemical Products 453 432 4.42
9 Rubber and Plastic Products 1429 7.04 11.70
10 Other Non-Metallic Mineral Products 10.03 9.19 9.65
11 Basic Metals and Fabricated Metal Products 597 790 6.94
12 Machinery, nec. 803 9.06 8.57
13 Electrical and Optical Equipments 459 758 5.73
14 Transport Equipment 591 8.07 6.78
15 Manufacturing, nec 799 792 7.96
16 Electricity, Gas and Water Supply 527 413 4.87
17 Construction 7.48 1550 10.62
18 Trade 6.16 10.64  8.03
19 Hotels and Restaurants 6.46 11.70 8.71
20 Transport and Storage 200 427 289
21 Post and Telecommunication 823 595 7.31
22 Financial Services 7.67 497 6.62
23 Public Administration and Defence 455 6.15 5.23
24 Education 7.11 1162 8.86
25 Health and Social Work 8.13 12.26 9.77
26 Other services 330 7.82 497

Source: India KLEMS database



Appendix Table 4: Growth rate of Machinery for two sub-periods and the whole period by
26 industries.

Industry Industry description-phase Il 1980 2000 1980
No. to to to
1999 2011 2011
1 Agriculture, Hunting, Forestry and Fishing 7.22 11.74  8.65
2 Mining and Quarrying 8.50 7.22 817
3 Food Products, Beverages and Tobacco 7.49 797 7.52
4 Textiles & Leather Products 9.41 6.06 8.02
5 Wood and Products of wood 7.34 6.64  7.08
6 Pulp, Paper, Paper products, printing and
publishing 10.18 7.94  9.45
7 Coke, Refined Petroleum products and Nuclear
fuel 16.90 11.13  14.39
Chemicals and Chemical Products 5.55 468 5.13
9 Rubber and Plastic Products 15.93 6.83 12.59
10 Other Non-Metallic Mineral Products 13.42 7.86 11.29
11 Basic Metals and Fabricated Metal Products 8.63 7.82 8.68
12 Machinery, nec. 8.88 711 8.27
13 Electrical and Optical Equipments 7.97 7.78 7.62
14 Transport Equipment 9.92 10.12  9.78
15 Manufacturing, nec 7.42 895 8.06
16 Electricity, Gas and Water Supply 8.07 6.17 7.43
17 Construction 6.56 15.99 10.03
18 Trade 4.77 1041 6.81
19 Hotels and Restaurants 8.50 7.47 823
20 Transport and Storage 8.45 11.22  9.36
21 Post and Telecommunication 10.45 11.13 10.66
22 Financial Services 10.86 7.46  9.63
23 Public Administration and Defence 5.94 7.75 6.75
24 Education 12.27 16.14 13.62
25 Health and Social Work 13.05 16.63 14.34
26 Other services 8.88 14.12 11.06

Source: India KLEMS database



Appendix Table 5: Growth rate of Transport Equipment for two sub-periods and the
whole period by 26 industries.

Industry Industry description 1980 2000 1980
No. to to to
1999 2011 2011
1 Agriculture, Hunting, Forestry and Fishing 8.03 15.75  10.71
2 Mining and Quarrying 2.53 21.78  10.36
3 Food Products, Beverages and Tobacco 10.32 930  9.90
4 Textiles & Leather Products 14.11 914 1221
5 Wood and Products of wood 11.75 11.91  11.90
6 Pulp, Paper, Paper products, printing and 12.36 10.10  11.46
publishing
7 Coke, Refined Petroleum products and Nuclear  11.02 2162 14.86
fuel
8 Chemicals and Chemical Products 8.55 6.03  7.76
9 Rubber and Plastic Products 20.17 8.14 1575
10 Other Non-Metallic Mineral Products 12.08 13.85 12.94
11 Basic Metals and Fabricated Metal Products 6.79 13.72  9.88
12 Machinery, nec. 12.42 12.64 12.52
13 Electrical and Optical Equipments 11.53 8.48 1036
14 Transport Equipment 12.44 13.05 12.64
15 Manufacturing, nec 5.72 13.00  8.83
16 Electricity, Gas and Water Supply 5.44 16.44  9.80
17 Construction 7.16 19.36  11.89
18 Trade 4.54 1391 8.3
19 Hotels and Restaurants 8.49 1027 9.45
20 Transport and Storage 2.97 877 5.4
21 Post and Telecommunication 9.01 35.81 17.94
22 Financial Services 14.17 12,55 10.88
23 Public Administration and Defence 16.64 253 11.30
24 Education 13.03 20.17 15.87
25 Health and Social Work 13.87 20.68  16.63
26 Other services 9.86 17.86  13.33

Source: India KLEMS database
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