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1 Introduction

This paper provides new estimates of capital inputee Chinese economy. Estimates are made for
the total economy (1953-2003), the industrial se¢i®78-2003) and the manufacturing sector

(1985-2003). The estimates for industry and mariufagy are broken down by 30 regions. The

main contribution of this paper is constructinghkito unvailable estimates of capital inputs for

Chinese regions.

The measurement of capital inputs is fraught witficdlties. Otherwise than labour inputs, fixed
assets are produced inputs that can be used rdjyeiatéhe production process over longer periods.
Varying service lives and the decline of the prdikeccapabilities of fixed assets over time make it
hard to measure capital inputs accurately.

Partly due to the difficulty of observing capitargices directly, theroductive capital stocland
the wealth capital stoclare often confused in practice. These need toidinguished. As fixed
assets age, the decline in their productive capalsl represented by their age-efficiency profiles
The decline in the market value of assets is reptesl by their age-price profiles. The age-
efficiency profile is used in estimates of capisalrvices in productivity analysis, the age-price
profile is relevant to the measurement of the magiital stock and consumption of fixed capital in
wealth accounting (OECD, 2001a, p.15; OECD, 20@1%3; Hulten and Wykoff, 1996, p.13).

Capital services are primary inputs into the praiducprocess. To use the wealth capital stock
(either gross or net) in production analysis isotkéically wrong, because capital service, like
labour input, is a flow rather than a stock. Whefering to capital inputs, we will use the term
volume indices of capital servi(@ECD, 2001a, p.21, 84; Triplett, 1996, 1997).

In the case of China, things are further compliddtg the lack of sufficient published data on
investment in fixed assets and a measurement sybnstill deviates from the SNA. In Chinese
statistics, fixed assets acquired in different gesre normally valued at their historical acquisiti
prices. According to the SNA, the capital costhia production process, should “reflect underlying
resource costs and relative demands at the timerthduction takes place. It should therefore be
calculated using the actual or estimated pricesranthls of fixed assets prevailing at the time and
not at the times the goods were originally acqui(&NA, 1993, Par 6.180). The lack of adequate
data is particularly problematic at the regionakle

Some of the earlier attempts at measurement oftatapputs are constrained by inappropriate
conceptual frameworks. Several of those studieplginse the wealth capital account derived from
information about gross fixed assets and econorapreatiation (Chow, 1993; Chen et al. 1988;
Holz, 2006).

Our estimates of capital inputs into Chinese martufang will be based on the production and
productivity analysis in Jorgenson's work, in limgth the framework of 1993 SNA, and
complementary literature on the difference betwperductive capital stock and wealth capital
stock (Triplett, 1996, 1997; Hulten,1990; HulterdaN'ykoff, 1996).

The paper is structured as follows. In section 8, discuss measurement issues with regard to
capital inputs. In particular, we focus on the idiion between capital services and the wealth
capital stock. Capital services are the approprapats for productivity analysis. The wealth

capital stock is the appropriate concept for nai@ccounts. In section 3, we introduce the basic



concepts used in Chinese statistics. In sectiore 4liscuss the different ways in which investment

in fixed assets are broken down in Chinese stegispractice. Earlier estimates of Chinese capital
inputs are discussed in section 5, in the lighthef theoretical and practice issues and problems
raised in the sections 2 to 4. Section 6 preseets @stimates of capital services for the total

economy, for industry and for manufacturing. Thefisection 7 presents new estimates of regional
capital inputs in industry and manufacturing. lesifies the methods and assumptions required for
making these estimates.

2 Measuring Capital Inputsinto the Production Process

2.1 Capital Servicesvs. Wealth Capital Stocks

Based on the concepts of 1993 SNA, Triplett (198@) Hulten and Wykoff (1996) make an
important distinction between the concept of "piidie capital " used in productivity analysis and
the concept of "wealth capital stock" used in wealtcounting ( OECD, 2001b, p.53).

In the SNA, the terndepreciationnormally equals the consumption of fixed capidtjch denotes
"the reduction in the value of the fixed assetsduse production during the accounting period
resulting from physical deterioration, normal olesglence or normal accidental damage.”
(SNA1993 Glossary). This is a wealth accountingcep. In the SNA framework, the same term
depreciationis also used to refer to the decay of the prodactiapacity of fixed assets in the
production process. This relates to the quantitgrofiuctive capital services, rather than to figure
in the balance sheets in the business sector. dieraio avoid confusion, in this paper we
consistently usalecayin the context of productivity analysis, and dejpagon in the context of
wealth accounting.

Volume indices of capital services measure therdmutton of capital to the production process.
They reflect the productive capability of capitaldaare used in productivity analysis. Thus, for the
analysis of TFP, the index of capital serviceshis tnost appropriate capital input. In contrast, the
wealth capital stock reflects the market valuatminfixed assets, used especially in business
accounts. The main differences between the diffecapital concepts are listed in the following
table.

Table 1. Capital Concepts

Capital services Productive capital stock | Wealth capital stock
Object Flows of capital services Productive capital stock| Stock of capital goods
Field of Production and productivity] Production and Income and wealth, business
Application analysis Productivity analysis accounts
Focus of Capability or efficiency Capability or efficiency | Capital value
Measurement
Deterioration Decay in productive Decay in productive Economic depreciation/capital
capability capability consumption
Value Age-efficiency profile Age-efficiency profile Agerige profile
Price weights for | Rental prices (or user cost) Deflated acquisifidnes | Acquisition prices of fixed
aggregation of fixed assets assets adjusted to current
values

The decay of productive capabilities and econorejréelciation are separate concepts, but they are
not independent of each other. In the followingtisec we will discuss the relationships between



rental prices and asset prices. We shall see #pdiiat service is an important basis for deterngnin
the value of fixed assets (in wealth accounting),rot the other way around.

2.2 Measuring Capital Services

In theory, to construct volume indices of capithsces (VICS), different types of fixed assets of
different ages first need to be converted into daadh efficiency units (known as the quantity of
capital services). Next, these units are multipligdthe rental prices (or user costs) which are the
unit prices of such services (OECD, 2001, p. 2EntRI prices are the appropriate weights for the
construction of volume indexes of capital servigguts. This is the preferred solution. In practice,
however, it is difficult to find quantities and peis for capital services and indirect estimation
methods of user cost require additional assumptibnerefore some researchers continue to use the
productive capital stock as a proxy for capitalvems, assuming that capital services are
proportional to the productive capital stock. Thoapital services are measured as the use of a
stock of fixed assets during a specified period.(a.year). The productive stocks are calculated by
cumulating the values of gross fixed capital foriorat(GFCF) multiplied by their age-efficiency
coefficients.

In productivity studies, the capital stdqi) can be expressed as the sum of productive inezstm
(IN) in the production process. The productive cajtaslof each type of investment (fixed assets)
should be converted into standard efficiency uhits.

Ki =@IN{+¢INi 1 +...+ ¢ IN¢ T

T
or Ki =Y @sINi_g (1)

s=0
where, T is the average service life of investment, s is #iye of a fixed asset, agdis the
productive capability (or efficiency) coefficients an asset¢ =1 for a new asset at time t, and
¢ =0when its service life is oveg is also equal to the ratio of the marginal prodafcturrently

used assets to the marginal product of a similar asset (under the condition that the capital-
labour ratio remains constant). (Hulten and Wykd€96, p.14).

Taking into account retirement patterns (scrapgagerns) and price indexes (OECD, 2001b, p.
132), the productive capital stock can be written a

< IN¢_s
Kt = Z% [Fs
s=0 pt_S,O

(2)

where p;_g g is the price index of yedr-s relative to year OFsis the retirement rate of assets at
3

age s:

In obtaining volume indices of capital stocks, mstiing the efficiency coefficient is an
important step. With a given decay function, theptual Inventory Method estimates the decay in

1 In the remainder of this paper, the term capitatk will be used as shorthand for the produatagital stock, as
long we remain within the scope of productivityagysis.

Triplett writes that capital stocks should notdadled capital inputs (Triplett, 1998 p. 2). Urdege are explicitly
referring to capital flows, we will use the termafiital stock’ rather than capital input.

A further refinement in capital input measuremnierib take the mortality function into account.€Timortality
function refers to the distribution of retiremeatsund the average service life of an asset. Mgrfanctions are
not taken into account in this paper.

2
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efficiency of capital assets. The volume index apital services is assumed to be proportionate to
the index of the capital stock.

Choosing a proper decay function is a key to theshmd. An important point worth noting is that
the termdepreciationused in SNA 1993 represents the declining prodectiapability of fixed
assets (in productivity analysis), rather than #@lecation of the costs of fixed assets over the
successive accounting years (in the business at)o(8NA-glossary, p.13). The decline of
productive capability is different from depreciation the wealth accounting field (OECD, 2001b,
p.53). In order to avoid the confusion surroundimg use of the term depreciation, we use the term
decay of efficiencin the context of production analysis and the teaanomic depreciatiom the
context of wealth accounting.

There are five main decay patterns for the lossffafiency of the capital stock in its contributen
to the production process, each of them based feratit assumption€One-hoss shay, straight-
line decay, geometric decayhe double declining balance methd#iulten, 1990) and the
hyperbolic decay patterrmhe decay patterns apply to both capital stooklscapital services.

The One-hoss-shagfficiency method
The one-hoss-shay pattern assumes that fixed agsetdde constant productive services
throughout the whole service life (T) of the asset
1 s=01.T-1
- {0 * ©)
s=T
where s is the age of the fixed asset.

In such an efficiency profile, fixed assets areeabl operate as efficiently as new ones, as long as
they exist. There is no productivity decay. Theidggpexample of this pattern is the computer. In
this pattern, the productive capital stock is equathe gross capital stock. The one-hoss-shay
pattern seems inappropriate for the aggregatedatasitimation (Triplett,1997, p.14).

» Straight-line depreciation

The straight-line depreciatianodel assumes that the productive efficiency ohsset decays by an
equal amount every year of its service life.

S
1-— s=01.T-1
=107 L
0 s=2T

% (4)

» The geometric model
The geometric assumes that efficiency decay talkee® @t a constant rate every year.

=1 5)
¢s =¢sq[@-0 )s=1..T-1
whered is the decay rateJorgenson, 1990). This pattern is used in Canada.
However it is not appropriate in the sense thaetaswill be used infinitely without ever being

retired though with very small values in the latages. In practice, this approach is therefore
sometimes substituted by teuble declining balance method.

» The double declining balance method
The double declining balance method is a combinatiothe geometric model and the straight line
method. The double declining method uses a gecrridday rate based on doubling the decay rate



for the first service year of an asset as calcdlatzording to the straight-line method. This decay
rate is applied to subsequent years. When theiegifiy rate calculated using this decay rate drops
below the efficiency rate calculated with the gfhailine method, the method switches to the
straight-line decay rate for the final years.

» Thehyperbolic pattern
¢s = (T —9) /(T - ) (6)

In this pattern, the productive efficiency fallowly in early periods and more rapidly in later
stages (Triplett, 1997, p.14). The Bureau of LaStatistics (BLS) in the US and the Australian
Bureau of Statistics (ABS) use the hyperbolic-éfficy function. As a matter of fact, this pattesn i
a very suitable pattern for an increasing numbemhigh-tech fixed assets, like computers (or
software). Such fixed assets normally don't losehlmef their capabilities in the early stages. The
values used for the slope coefficieng X are 0.5 for equipment, and 0.75 for structur@EQCD,

2001a, p.86) .

In determining the shape of the efficiency funcsiodorgenson (1990) and Hulten (1990) use
relative marginal products, while Triplett prefersgineering information (Triplett, 1997, p.12).

2.3 The Réeationship between Age-Efficiency Profiles and Age-Price Profiles

As stated above, the age-efficiency profile deswithe pattern of decline of productive efficiency
of assets, while the age-price profile portrays ph&ern of changes in asset values. The latter is
appropriate for the estimation of the net capitaicle and the consumption of fixed assets in
national accounts. Age-efficiency and age-pricdil@®are related, but not identical to each other.

For instance, obsolescence is an important factaxge-price profiles but not in age efficiency
profiles. Obsolescence reduces the value of art assgealth accounting. It does not affect the
amount of capital services provide by the fixedetssn the production process. Thus, the
introduction of a newly invented (similar) fixedsas$ will reduce the value of an existing fixed asse
considerably. However, the capital service of tkisteng asset will remain unchanged.

The pattern of decline over time may also diffédreTmarket value of fixed assets will often decline
rapidly in the first years of use, while the protive capability declines much less in the initial
period.

Using depreciation figures directly from publishgelarbooks implicitly denotes a choice for the
wealth accounting concept. Unfortunately in pragtidepreciation is often used to measure the
decay of productive Capacity.

Hulten (1990) and Hulten and Wykoff (1996) discube links between productive capability
(efficiency) and economic depreciation in wealtlc@mting - the relationship betweenand o -
(see Wu, 2002, p.13; Jorgenson,1973; Hulten, 1j99@8; and Hulten & Wykoff, 1996, p.14).

One way to estimate efficiency declines is to berharginal products of assets with different ages
or rental prices, if market data are available fetul 1990, p.127; Schreyer, et al. 2003, p.9).
Rentals are equal to quantity of capital servicaeftiplied by the unit price of services.



Ris _ _

— =@, s=12..0T (7)
Ro
R sis the rental, i.e. the income, from a s-year-otdd asset at time t. The ratio Bf to the rental
price of a comparable new machiRg, indicates the relative marginal productivity ofotwintages,

which equals the efficiency coefficieng ] of productive capability of assets with age swdwer,

it is very difficult to obtain the rental prices oértain fixed assets, given that most fixed assets
used by their owners.

Jorgenson (1963, 1990) discusses the use of tleepbaf ‘user cost’ instead of rental price.. Under

perfect competition, marginal productivity is equalthe rental price. The rental price represents
the revenue the fixed asset can obtain in a gieam.yThe value of a fixed asset at year t should be
equal to all the income gained in the remainingryed its service life, discounted to the present

year. Therefore it has three main determinantsreheal prices of this fixed asset, a discount’rate

and the scrap value.

Assume the income generated by this fixed ass@natt is R 5. With an interest ratg, the value
of a fixed asset at ageshould be

(o]

Pt+T S+7
Vis= D), ——o= (8)
° rZ::o(l’ff)T+1

wherert is the number of years starting from year t.
Given the productive capability variabje the valueV; ¢ of a fixed asset at age s can be expressed

as a fraction ¢, ) of the value of a new fixed asset.

Thus we get
& %+Tpt+r 0
Vis = — 9)
r=0 @+T)
The two equations above do not take the scrap vatoeaccount. This means they assume that a
fixed asset will stay in the capital stock forevathout being discarded (Te=), even though its
productive contribution is very small in the fatute.

If we take into consideration the retirement offixassets at the end of their service lives T, then
we can get
TS 1Ry s+r  Scrapvalue
Vis= 2 41 T-s
r=0 (@+T) @+r)
_Rs  Reasa R+(T-9-1T , Scrapvalue

S+ @ar)? a+nTs  @+r)7°S

(10)

According to OECD (20014, p. 16), the discoute ia "often taken as the interest rate on longiteonds"”, and also
it is also stated that the discount rate in "reais” is "a nominal rate of interest minus the citgeneral inflation”
(OECD, 2001a, p. 17).

The new vintage doesn't have to be identicdiéoold one. It can represent a technologically naokeanced version

of the same type of asset. Thus the efficiency(@tealso incorporates the influence of technologadzdolescence.

1C



The economic depreciation rate equals
\Y/

O_t,s —1- t,s+1 . (11)
Vt,s
Thus we have
GrstrMVis=Rs=&Ro (12)

which connects the economic depreciation rat¢, ¢the value of a fixed asse¥ { and the rental
price (P). From the above equation, one sees that the edondepreciation rate 4 ) and
efficiency decay rate¢) are only the same in the geometric pattern. éf depreciation rate is

constant over time, we can ggf = (1—5)3. (For the derivations see Annex A, see also W0220
p.13).

In all other decay (or depreciation) functiodsand ¢ are not the same and cannot be substituted

for each other. OECD (2001b, p.58-67) provides eptamof the different shapes of age-price
profiles and age-efficiency profiles

3 Measurement of Capital Stocksin China: Basic Concepts:

Measuring capital stocks in China is even moreidaliff than in other countries, as the National
Bureau of Statistics (NBS) in China uses a framé&wanich deviates from the SNA, and because
the published statistics are not consistent ovee.ti

Basic concepts and variables with regard to fixed assetsin China:
The commonly used variables related to capitaireggs are the following:

- Total I nvestment in Fixed Assets (TIFA). TIFA includes the "volume of activities in construcfion
and purchases of fixed assets and related feeshgCtatistical Yearbook 2005). However, this
term is broader than the formation of fixed assetsvo ways. First, it includes "activities" thaillw
never be transformed into fixed asselext, besides productive fixed assets accordirtgedSNA
conception,TIFA also includes the non-productive part of investineach as inventories and the
residential capital stock.

TIFA data are available from 1950 to present. Betw#&950 and 1979, the data only refer to state-
owned unitsPrior to 1996, TIFA had a coverage of enterpriséh wvestment of more than 50
thousand Yuan per year. However, except for investm in real estate development, rural
collective investment and individual investmeng ttoverage changed to more than 500 thousand
Yuan from 1997 onwards. The data for 1996 are phbtil for the two types of coverage. They
show that the investment with the more limited cage is only 0.26% lower than the investment
with the more extended coverage of the earlieeseiihis is not a serious discrepancy and can be
disregarded (see, CSY 2005, Table 6-2).

The term “construction” used in Chinese yearboisksa potential source of confusion. It does nrefer to
construction activities, or the construction sechaut rather to the creation of fixed assets inegen

7 Compared to the average for the total economyg-staned units normally have higher proportions BfAT
investment that will not be turned into productfiked assets (DSIFA, 2002, p.77).

Like the stock of infrastructure, the residentiapital stock is part of the productive capitatc&tat the level of the
total economy. It is not part of the productive italpstock from the perspective of the industriedter.

11



- Newly Increased Fixed Assets (NIFA). NIFA is defined in the China Statistical Yearboaiss'the
newly increased value of fixed assets, construotegdurchased, that have been transferred to the
investors". This concept is narrower than TIFA hesea investment activities that are not
transformed into fixed assets are excluded. Herl€&Ns a useful concept according to the SNA
framework. One should note that NIFA still includee non-productive part of investment in fixed
assets. NIFA is published in statistical yearbook$ixed assets investment in China since 1981.
From 1952-1980, the NIFA data are only availableifvestment in basic construction in state-
owned units (for an explanation of basic constarctee section 4).

-The Rate of Projects of Fixed Assets Completed and Put into Operation. This conceptefers to
“the ratio of the newly increased fixed assetshe total investment made in the same period"
(China Statistical Yearbook 2005, p.252). On fgigiht this ratio could be used to calculate NIFA
from the "Total investment in fixed assétslowever, in practice, it is based on incompazatdta.
The realization of fixed assets in the current yemulting from the investment undertaken some
years ago is expressed as a percentage of thémegatment in the current year. Given that it migh
take quite some years for an investment to reauiked assets, it is misleading to apply thisaati
to estimate the newly increased fixed assets (NfF@h total current investment (TIFA).

- The Original Value of Fixed Assets (OFA). OFA represents the stock of fixed assets valued at
their historical acquisition prices. Hence, the OBAtotal fixed assets is a cumulated value of
assets purchased in different years at differeioepr Using historic valuation results in a sto€k o
assets valued at a mixture of pric&herefore, the OFA data published in statisticadripeoks
cannot be used directly to estimate gross capiteks, However, the difference between OFA in
two subsequent years can be used to derive theahimwestment figures in the intervening period,
as has been done by Chen et al. (1988). (See séctidthis paper for a more detailed explanation
of this method). Data on OFA in industry are ava#gafor 1952, 1957 and from 1963 onwards.

- The Net Value of Fixed Assets (NFA). NFA is the value of OFA minus cumulative depréoia

t
NFA = OFA - depreciaton (13)

i=0

The difference between OFA and NFA is equal to éejption. Unfortunately, Chinese statistical
yearbooks do not provide any information about tlepreciation rates used to derive the
depreciation figures. Furthermore, the use of daatien rather than decay implies wealth
accounting, rather than production analysis. hasclear for which years published NFA data are
available.

- Accumulation of Fixed Assets (AFA). Accumulation of fixed assetefers to "the value of the
increased fixed assets (including the value of magpairs) in a certain period minus the values of
basic depreciation and major repair fund of thedbassets". This concept is found in the older
statistical series prior to 1993 based on the N&tBroduct SystenOne way of calculatingFA is

by deducting the net value of fixed ass®&EA) at the beginning of the accounting period from th
net value of fixed assetBlEA) at the end of the accounting period. The otheyr isdo subtract the
values of basic depreciation and major repairsxefdf assets from the value of the newly increased
fixed assets (NIFA) (i.e. the actual investmenfixed assets minus the costs that do not increase
the value of fixed assets, see DSIFA, 1997, p.4bilpe series oAFA are available from 1952 till
1992).Accumulation of fixed assets is also a wealth antiog concept.

12



4 The Sructureof Total Investment (TI1FA) and Newly Increased
Fixed Assets (NIFA)

This section provides an analysis of the diffexeays in which investment can be broken down
into subcategories. The analysis serves as thgtenldckground for our discussion of existing
Chinese capital stock estimates in section fivefandur new estimates of regional capital services
inputs in industry in section 6.

41 Typesof TIFA®

Total investment in fixed assets (TIFA) includearftypes of investment:
1) Investment in basic constructidn

2) Investment in technical renovation

3) Investment in real estate development

4) Other investment

Investment in basic constructioefers to "the new construction projects or extemsgirojects and
the related work of the enterprises, institutionsadministrative units mainly for the purpose of
expanding production capacity or improving projefficiency covering only projects each with a
total investment of 500,000 RMB Yuan and ovEr".

Investment in technical renovatiorefers to "the renewal of fixed assets and teagichl
innovation of the original facilities by the enteges and institutions as well as the corresponding
supplementary projects and the related work (exaetudhajor overhaul and maintenance projects)
covering only projects each with a total investmar00,000 RMB Yuan and ovel?.

Investment in real estate developmeeters to "the investment by real estate developmen
companies, commercial building construction comesamind other real estate development units of
various types of ownership in the construction ofldings, such as residential buildings, factory
buildings, warehouses, hotels, guesthouses, holiddages, office buildings, and the
complementary service facilities and land developinpeojects, such as roads, water supply, water
drainage, power supply, heating, telecommunicatidasd levelling and other projects of
infrastructure. It excludes the activities in plged transactions" . Unfortunately, the investment
types of investment in basic construction and itmest in real estate development are not
mutually exclusive. Basic construction also incleideome investment in non-residential fixed
structures.

Other investment in fixed assets

There are two different breakdowns of TIFA in @#ge statistics: breakdown into different typeseéstment

(section 4.1) and breakdown into different conteiegories (section 4.2). The terms type and cohgare been

introduced by us, to avoid confusion between the tweakdowns. They are not found explicitly in Gisa

statistical sources. We use the term ‘types ofstment’ to refer to the breakdown into categorigshsas basic

construction, technical renovation, real estateetigpment and other investment. We use the terntécrof

investment’ to break down investment into substentiategories such as fixed structures, machinateguipment

and other investment. For instance, Chen et aB&)L8istinguish three types of investment and fmntent

categories.

191n some yearbooks, basic construction is alsanedeto asapital construction.

" The definitions for these four categories are fié8Y, 2000, pp. 233The coverage was all enterprises with more
than 50,000 RMB yuan in investment prior to 1996.

12 Technical renovation is sometimes also refereegistnnovationwhich is not the most appropriate term., or in som

publications agtechnical updates and transformation
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According to China Statistical Yearbook 2000 (p4 3.3his category includes:

A) The following projects of the state-owned unigh the total planned (or actually needed)
investment of 500,000 Yuan and over, which areimciuded in the plan of capital construction
(i.e. type 1 and the plan of innovation.€. type 2) (1) projects of oil fields maintenance and
exploitation with the oil fields maintenance furaisd petroleum development funds; (2) opening
and extending projects with the maintenance fundsoal, ore and other mining enterprises and
logging enterprises; (3) project of reconstructainthe original highways and bridges with the
highway maintenance funds in the department of comaation; (4) projects of construction of
warehouses with the funds of simple constructiothéxcommercial department.

B) Investment in fixed assets by urban collectimésu This refers to: projects of construction and
purchases of fixed assets with the planned totaéstment of 500,000 Yuan and over by all
collective units in cities and county towns andtiwnships which are approved by the State
Council or provincial governments, excluding invesht by collective units under township
enterprise administration offices.

C) The projects of construction and purchases xddfiassets by the enterprises, institutions or
individuals other than those mentioned above wataltinvestment of 500,000 Yuan and over,
which are not included in the plan of capital camstion and the plan of innovation.

Thus, other investment is a mixed residual categdnich includes investment in exploitation of
natural resources, investment in infrastructuregstment in non-residential fixed structures ad wel
as other investments which are not included indbasnstruction or technical renovation.

Before 1980, the third and fourth types of invesiingeal estate developmeand other) were
included in the first two Hasic constructionand technical renovation Data forreal estate
developmentare available since 1986, data other investmentsince 1985. The complete
breakdown into four types is only available sin@8@. For the years between 1980 and 1986, we
can reconstruct a residual category odal estate plus other investmeimty deducting basic
construction and technical renovation from totakestment. In Figure 1, we merge the data for real
estate development and other after 1986, to geingistent breakdown into three types — basic
construction, technical renovation, real estateettgament plus other - for the whole period 1980-
2003.
Figurel
Total Investment in Fixed Assets by Type of | nvestment
Total Economy,1980-2003
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Source: CSY2004, Table 6-4, Table 6-6; CSY2002)er&65, and DSIFA 1997, pp. 20, pp.71.
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The share of basic construction in TIFA decreatghtly between 1981 and 1990, while the share
of other investment increases substantially. Afteat the shares remain stable. Real estate
development is a special investment category im&hihich became more important from the
early 1980s onwards. Before the 1980s, housingsinvent was included in the basic construction
category, which was carried out by normal produciompanies or organizations. In the process of
enterprise reformzfiufang zhidu gaigeinvestment in residential fixed structures (heusing) was
transferred to real estate companies, for whickpasite statistical category was created.

The investment imeal estate developmeas published in recent Chinese Statistical Yearbook
mainly consists of four component parts: residéniiaildings, office buildings, housing for
business use, and others. The productive part alf estate development (investment in office
buildings and housing for business use) is rathmlls as showed in the table below. This implies
that most of investment in non-residential fixedistures will still be found in the category ‘basic
construction’

Table 2: Breakdown of I nvestment in Real Estate Development,
Total Economy, 1997-2003

invest;czatﬁ: Percentage shares of Productive
(100 mill, Investment
yuan) (%)
residential office houses | other Col. 2 +3
buildings | buildings for use as % of
business total
(1) (2) 3) 4) (5)
1997 3178.37 48.4 12.2 13.4 25.9 25.6
1998 3614.23 57.6 12.0 13.2 17.2 25.2
1999 4103.20 64.3 8.3 11.8 15.6 20.1
2000 4984.05 66.5 6.0 11.6 15.9 17.6
2001 6344.11 66.5 4.9 11.9 16.8 16.8
2002 7790.92 67.1 4.9 12.0 16.0 16.9
2003 | 10153.80 66.7 5.0 12.8 15.4 17.8

Source: CSY 2004, Table 6-44.

Between 1953 and 1980, the officially publishedetiseries for basic construction and technical
renovation for the total economy only cover theéestavned units (CSY, 2002, Table 6-6; CSY,
2004, Table 6-6 & DSIFA, 1997, p. 20, p.71). Theglade investment by non-state firms, such as
e.g. collectively owned enterprises.

4.2 Breakdown of TIFA by Content of Investment’

By content, all categories of total investment AJEan be classified into three categories:
1) Investment in Fixed Structures, referred tocamstruction and installation™

13 Construction and installatiomepresents various investments in houses, buildamgs foundations etc. It has a
different meaning from the terrbasic construction discussed in section 4.1. According to CSY, 2000,235
‘Construction and installation’ refers to the coostion of various houses and buildings and instialh of various
kinds of equipment and instruments, including cargdion of various houses, equipment foundationd iadustrial
kilns and stoves, preparation works for projectstarction, and clearing up works post-project cargion, pavement
of railways and roads, drilling of mines and pugtiap of oil pipes, construction of projects of watenservancy,
construction of underground air-raid shelters amehstruction of other special projects, installatioh various
machinery equipment, testing operation for preitgsthe quality of installation projects. It is tR¥inese equivalent of
the investment in fixed structures. The value afipaent installed is not included in the value mdtallation projects.
Equipment belongs to the investment in machinedyequipment
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2) Investment in Machinery and Equipment, refertedas the purchase of equipment and
instruments™*
3) Other investment.
Figure 2:
Total Investment in Fixed Assets, by Content
Total Economy,1981-2004

80%
70% 1 €—e—o

5% M

50% -

40%
M= a S S RS S W S ——
20%

10% -

percent

0%

(b'\'
AN SN N P
year
‘—o—construction and installation —m— purchase of equipment and instruments others ‘

Source: DSIFA 1997, pp. 26-27, and CSY 2005, Ték?e

The share of construction and installation in TIB&creased by more than 10 percentage points
from 1981 to 2004 from around 70 to 60 percent. Jiare of other investment increased from less
than 5 percent to more than 15 percent.

We are not only interested in the aggregate prapwtof the three content categories in TIFA. We
are also interested in the proportions within eatkhe four types of investment distinguished in
section 4.1. In the published yearbooks, only tivthe types of investment - basic construction and
technical renovation — are broken down by contditere is no breakdown for real estate
development or other investment. Table 3 indicatkat breakdown is available in the published
sources and how some of the gaps in the data chlfebe

14 Purchase of equipment and instruments refetisetdotal value of equipment, tools, and vesselstmased or self-
produced which meet the standards for fixed as&gfsipment, tools and vessels purchased or setfyoed for new
workshops by newly established or expanded uniéscategorized as “purchase of equipment and instntsh no
matter whether they come up to the standardsxXedfassets or not (from CSY, 2000, p. 235).
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Table 3. Breakdown of | nvestment Types by Content Categories
Type of investment

Basic Technical Real estate Other Total
construction renovation development
@) 2 3) 4 ©)
Construction Published Published Assumption Calculated| Published
- and installation that all real as residual
S estate
E development
a belongs to
2 construction
5 and installation
= Purchase of Published Published Calculat¢dPublished
g equipment and as residual
S) instruments
O
Other expenseq Published Published Calculptedblished
as residual
Total Published Published Published Published  Published

We may safely assume that investment in real estatelopment can be classified fully as
construction and installation, since it involvedyomousing or office construction. As we know the
totals for each content category (see figure 2),cae thus subtract basic construction (col 1),
technical renovation (col 2) and real estate deraknt (col 3) from total investment within each
content category. The residual equals ‘other imaest’ as indicated in column 4. Thus, we can
derive a full crosstabulation of types of investingmd content categories of investment.

This method has been applied in table 4. In eactieod category, the residual is calculated by
deducting the published categories from the contetals. The residuals equal investment type
‘other investment’. Column XIV represents the sufrttmse three residuals. The figures in this
column exactly equal the published data for thetfotype categorypther investmenifrom CSY,
2004, Table 6-6). Hence, our method provides ub witeliable breakdown of the type category
other investmenlby content of investment (columns V, IX and XlIfitable 4, see also column (4)
of table 3).
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Table 4: Content of I nvestment by Type of | nvestment

Construction and Installation Purchase of Machinery and Other Investment sum of 3
equipment residuals
Total from BC from TR total RE residual 1  Total from BC from TR residual2  Total from BC from TR residual 3
(N (I (11 (IV) (V) (VI (VI (VI (IX) (X) (XI) (X1 (X111 (XIV)

1978 300.85 165.78 34.36
1979
1980 381.07 74.21 136.53 59.65 41.29 3.52
1981 689.83 223.64 47.54
1982 871.12 291.41 67.87
1983 993.32 358.31 78.43
1984 1217.58 509.23 106.06
1985 1655.46 726.71 196.23 732.52 718.08 217.39 224.94 275.75 169.65 130.27 27.97 11.41 1019.68
1986 2059.66 770.6 267.8 100.96 920.30 851.95 260.34 308.58 283.03 208.99 145.17 42.83 20.99 1224.32
1987 2475.65 856.76 349.18 149.88 1119.83  1038.78 325.19 353.29 360.30 277.26 161.15 56.11 60.00 1540.13
1988 3099.66 1010.15 A477.76 257.23 1354.52 1305.37 372.61 430.87 501.89 348.77 191.55 71.92 85.30 1941.71
1989 2994.59 998.73 377.25 272.65 1345.96 1115.31 380.94 355.89 378.48 300.00 172.07 55.64 72.29 1796.73
1990 3008.72 1045.37 372.91 253.25 1337.19  1165.54 453.76 397.36 314.42 342.74 204.69 59.92 78.13 1729.74
1991 3647.68 1308.83 426.33 336.16 1576.36 1460.19 521.22 513.35 425.62 486.63 285.76 83.54 117.33 2119.31
1992 5163.37 1889.39 620.64 731.2 1922.14 2125.14 667.34 715.34 742.46 791.58 455.92 125.12 210.54 2875.14
1993 8201.21 3018.74 945.27 1937.51 2299.69  3315.92 899.55 1070.93 1345.44  1555.18 697.22  179.65 678.31 4323.44
1994 10786.52 4123.89 1258.72 2554.08 2849.83 4328.26 1402.84 1419.79 1505.63 1928.08 910.01 240.09 777.98 5133.44
1995 13173.33 4641.13  1343.62  3149.02 4039.56  4262.46 1635.04 1682.2 94522  2583.48  1127.44  273.53 1182.51 6167.29
1996 15153.41 5345.27 1396.77 3216.4 5194.97 4940.79 1861.15 1900.5 1179.14 2879.83 1404.42 325.47 1149.94 7524.05
1997 15614.03 6215.22 1540.77 3178.37 4679.67 6044.84 2060.6 2033.74 1950.50 3282.25 1641.2 347.43 1293.62 7923.79
1998 17874.53 7695.75  1681.38  3614.23 4883.17  6528.53  2101.83 2445.24 1981.46  4003.10 2118.84  390.13 1494.13 8358.76
1999 18795.93  8543.598 1667.61 4103.2 4481.52 7053.04 2132.297 2465.7 2455.04 4005.74 1779.389 351.767 1874.58 8811.14
2000 20536.26  8936.811 1943.25 4984.05 4672.15 7785.62 2457.876 2776.41 2551.33 4595.85 2032.586 387.93 2175.33 9398.81
2001 2295490 10154.63  2206.06  6344.11 4250.10  8833.80 2473.293 3297.88 3062.62 542480 2192.176  419.82 2812.80 10125.53
2002 26578.90 11865.82  2598.03  7790.92 432413  9884.50  2780.18 3635.32 3469.00 7036.60 3020.623 517.193 3498.78 11291.91
2003 33447.20 15426.44 3420.13 10153.8 4446.83 12681.90 3495.777 4460.51 4725.62 9437.50 3986.383 744.223 4706.89 13879.34
2004

Note: BC: basic construction, TR: Technological &etion, RE Real Estate Development: 100 mill Yaawcurrent prices. (V)=(1)-(I1)-(111)-
(IV); (IX)=(VD)-(VID-(VIT); (XHD=X)-(XD-(X11) ;5 XIV=(V)+(1X)+(XIIT).
Source: DSIFA, 2002, p.288; CSY, 2005, p.186; C&Q4, Table 6-8 and Table 6-21.
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Table 4 provides us with the shares of the thregerd categories within the other investment type
category. Figures 3, 4 and 5 present the breakdwvwihe different investment types by the three
content categories. No separate figure is inclddedeal estate development as this only consists o
construction and installation investment.

The most detailed published data are availabléo&sic constructionfor which the series can be
traced back to 1950. A breakdown fchnical renovationis available since 1980. Father
investmentve have estimated the breakdown for the periocksi®85.

Figure3:
Total Investment in Basic Construction, by Content Category,
1950-2003
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Sources: DSIFA, 1997, pp.97; and CSY 2004, Tal#e 6-

Figure4
Total Investment in Technical Renovation, by Content Category,
1980-2003
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Figure5:
Other investment by Content Category,
1985-2003
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Sources: DSIFA, 2002, pp. 28; CSY 2005, pp.186;@md calculations

The decline in the aggregate share of fixed strastgconstruction and installation) since 1981, as
documented in figure 2, primarily takes place ia tbhchnical renovation and other investment types.
In basic construction, there is not all that mubblrge in the share of fixed structures.

For machinery and equipment (purchase of equipm@eshinstruments), the main changes are found
in basic construction and technical renovationb#&sic construction the share of machinery and
equipment declines after 1980, in technical reriowait increases. On balance this results in the
more or less stable share of machinery and equipmdigure 2.

This analysis of types and content categoriesheillseful, when we try to break down investment
by content in section 6.

4.3 Newly Increased Fixed Assets (NIFA)

As indicated in the section 3, total investmentfived assets (TIFA) is broader than the real
investment in the formation of the capital stockeTmore appropriate concept is newly increased
fixed assets (NIFA). NIFA shares the same typesdiaation as TIFA, i.e. basic construction,
technical renovation, real estate development dners.

2C



Figure 6: Structure of Newly Increased Fixed Assets, 1981-2003
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Source: DSIFA, 1997, p. 62; DSIFA, 2002, p. 77; @884, Table 6-14, 15, and 23.

5 Discussion of Chinese Capital Estimatesin the Literature

In this section, we discuss literature on Chinegg@tal input estimates in the light of the thearaki
empirical and conceptual issues discussed in paphgr2, 3 and 4.

5.1 Productive Capital versus Wealth Accounting.

In section 2.1, we discussed the differences betwiee concepts of “productive capital services”
and "productive capital stock" used in productivitgalysis and the concept of "wealth capital
stock" used in wealth accounting (OECD, 2001a,3). 5

One of the shortcomings of many earlier estimat&Shinese capital inputs is that they tend to use
wealth accounting capital stock concepts and ajy@ygn in TFP analysis, for which they are not
really appropriate ( Chow, 1993; Hsueh and Li, 1949, 2000; Jefferson et al., 2000; Wang and
Yao, 2003; Holz, 2006). Wu (2004) constructed Ch@neegional capital stock 1953-2000, by
introducing a "backcasting approach” to substitiiéeuse of initial value of capital stock, but his
general framework is still that of wealth and acdmg.

Huang et al. (2002) are among the few researchieosgive explicit consideration to difference
between depreciation and the efficiency declingxeid assets (called ‘replacement’ in their paper).
Sun and Ren (2007) estimate the flow of capitaliserusing capital service prices, and construct
the capital input indexes by industries in Chin@d3(-2000). This is one of the most consistent
efforts to create a capital input indexes for Chirach are consistent with the SNA framework.
Compared to the present paper less attention dstpaiature and coverage of the investment data
and there are no attempts to estimate the capjats at a regional level

5.2 Choiceof Investment Concepts
* TIFA versus NIFA
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The published investment figures in Chinese officeports or yearbooks are usually the total
investment in fixed assets (TIFA)For instance, Hsueh and Li (1999), Wang and Ya63@nd
Huang, Ren and Liu (2002) use TIFA to construct tress capital stock, which would
overestimate the final size of the capital stoclr freferred concept is NIFA.

» Accumulation of fixed assets (AFA) versus NIFA

The data on accumulation of fixed assets consisfixefd assets and circulating funds. The
accumulation of fixed assets excluding circulafimgdsis the part needed for estimating the capital
stock (see Chow, 1993, p. 816-817). In princigie, productive part of accumulation of fixed assets
is equal to the productive part of investment irwlyeincreased fixed assets (NIFA) minus

depreciation. Chow (1993) uses the accumulatiofiixefd assets variable to derive a series for
newly increased fixed assets.

Holz (2006, p. 143) states that the published dataccumulation of fixed assets (for instance, used
by Chow, 1993, 1994), seem to have a zero depieciedte. To check whether this is indeed the
case we put together a table comparing AFA and Nti#Aears in which both figures are available.

Table5:
Comparison of Newly Increase Fixed Assets and Accumulation of Fixed Assets
Rate of
Accumulation of Newly Increased depreciation and
Fixed Assets (AFA) Fixed Assets (NIFA) major repair
Total #Productive total #Productive
1) 2) (3) (4) [(4)-(2))/(4)
1981 778 393 824.53 473.28 16.96%
1982 969 487 992.47 569.68 14.51%
1983 1125 586 | 1187.23 681.47 14.01%
1984 1453 829 | 1490.96 855.81 3.13%
1985 1883 1156 | 1950.03 1119.32 -3.28%
1986 2196 1350 | 2633.52 1767.09 23.60%
1987 2718 1690 | 3100.73 2080.59 18.77%
1988 3360 2012 | 3808.64 2555.60 21.27%
1989 2835 1701 | 3758.43 2521.91 32.55%
1990 3008 1685 | 3995.34 2680.87 37.15%
1991 3768 2176 4649.8 3110.72 30.05%

Note: at current prices, 100 million Yuan.
Source: AFA is from CSY1992, P.40; and CSY19933pahd NIFA is from CISFA, 1950-1995,
p. 10.

According to the concepts discussed in CISFA195@61%age 451), the difference between

productive NIFA (col. 4) and the accumulation ofefil assets (col 2) should be equal to basic
depreciation and the major repair fund in fixedegs$n that year.. The comparison of accumulation
(col.2) and productive NIFA(col.4) shows that treprkeciation and major repair as a percentage of
fixed assets is greater in later years than iniezadnes. Though we cannot disentangle major
repairs and depreciation, Chow does not seem te hagd a zero depreciation rate. However, the
increase in the rate of depreciation may suggest@mows investment figures for the early years
are underestimated and for the later years overasd.

15 As mentioned in the former section, TIFA is nat teal investment in fixed assets. Not all investnie transformed
into productive assets, which is better denotethbyterm NIFA.
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* OFA versus NIFA

In Chen et al. (1988, p. 244), the original valtidixed assets at year t is stated as previouss/ear
original value of fixed assets plus the newly iased fixed assets in the current y¥dbirect
NIFA data are not yet published prior to 1981. Cheal. estimate newly increased fixed assets in
each year by IN(t)= OFA(t) - OFA(t-1J.The same method is used by Jefferson et al. (12981,
equation A4; 1996, p.174; 2000). A problem with tBeen et al. estimates is that they do not
discard assets at the end of their life times.

53 Isthe Neglect of Scrap Values a Problem?

The scrap value is the value of an asset discaati¢hde end of its service life. Some researchers
neglect it because they think the scrap value negligible proportion of the total capital stock.
Disregarding scrap values simplifies the capitdtwations, but may introduce a bias in the
estimates.

The equation used by Chen et al. (1988) disregamdgp values. Scrap values are also neglected in
the publications of Jefferson et al. (1992, p.2&jyation A4;1996, p.174; 2000). Like Chen et al.,
these authors obtain investment through deductiagptiginal value of fixed assets (OFA) in year
t-1 from OFA of yeat, disregarding scrap values.

In theory, the difference of original value of ftkessets in two continuous years, is equal to the
NIFA minus the scrap value in that year, i.e. QFAOFA.;= NIFA- Scrap We can get scrap
values for each year by the following equationaficr NIFA —( OFA - OFA.1)

Holz (2006, p. 148) includes the scrap value inghaation IN(t)= OFA(t)- OFA(t-1), as follows
OFA(t)- OFA(t-1) = IN(t) — scrap value(t). He dcises Chen et al. (1988) for disregarding scrap
values. In this section, we argue that Holz ovareses the significance of the scrap value in his
criticism of Chen.

If our purpose is to construct the gross capitatlst the scrap value has to be deducted from
investment before deriving the gross capital staskfollows:

Disregarding price deflation, the gross capitatkt@an be estimated by

t
K = OFAy + (IN; - scrap) (14)
i=1
where K¢ is gross capital stock at time @FA, is the initial gross capital stock, which is
approximated as the original value of fixed aset®952; IN, is (real) investment at time i.

If a price index is involved, the investment shob&ldeflated at year-i prices, while the scrapealu
should be deflated to a price at T (service liféixd#d assets) years earlier than i. Then we have

t
IN;
KE =OFAy + Y (- -2"0) (15)
i-1 Pi Pi-T
Given that investment can be estimated from OFd\the scrap value.
IN; —scrag = OFA -OFA_, (16)

16 Chen et al. (1988) use the term "newly-commissidined assets" which has the same meaning as NIFA.
" Chen et al. (1988), write that KFO(t)=KFO(t-1)}I(in order to keep those concepts consistent etfters in this
paper, we rewrite this equation using OFA and Itéad of KFO and | respectively.
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If there is no price deflator influence, we shottldnake an adjustment for the scrap value at all in
constructing the gross capital stock, not becausapsvalue is very small, but it is already
incorporated when using OFA to estimate investment.

t t
K¢ =OFAy +) (INj —scrap) = OFAy + Y (OFA ~OFA _; +scrap) - scrap)  (17)
i=1 i=1

Combining with price deflation, we have (see alshzH2006, p.151
t -

kS = OFA + Y (CA AL 4 serap (- - (18)
i=1 Pi P Pi-T

The last item on the right hand of above equatimws the effect of the price index. It is a T4yea
lagged price influence on the scrap value.

For instance, we use the price index of 2004 &%d 1which isi —i =1/1.9677-1=-0.4918 .

Pi Pi-T
This means that neglect of the scrap value onlyeleaut only half of the scrap value. Therefore,
the neglect of the scrap value by Chen et al (1988ss of a problem than suggested by Holz. The
scrap value is only around 3-5% of ORAIt is not necessary to make adjustments for such a
modest figure in the approximate estimation of &djgervices.

Another point worth making is that the scrap vakienore important in the calculation of the gross
capital stock than the net capital stock or theitahgervice. For instance, if one uses the gross
capital stock (e.g. Holz, 2006), the scrap valukk ma the original price of a fixed asset, which is
normally not negligible. However, if we use net italpstock or capital service series, after
deducting for the decay of a fixed asset, the vedigart will be very small at the end of its seevi
life. Thus the scrap value will not make all thaieh difference.

54 Grossor Net Fixed Assets?

Besides the confusion between productive capitalice and wealth capital stock, there is a
controversy about the use of gross or net fixedtassncepts. This has to do with the choice of the
decay pattern of fixed assets. The use of a grysitat stock concept assumes that there is no decay
of productive capacity during the life time of essat.

Holz (2006) argues that net fixed assets shouldoratised as the capital stock in the production
function. Instead, he argues in favour of measufixed assets at the original purchasing value of
all fixed assets. He says "...the appropriatedfiaeset measure is a count of the fixed assets used
during the production period. ... Even a machiret th completely written off is included in the
account 'original value of fixed assets', at itechasing prices, as long as it is still in useloag as

the machine is still in use, it is likely to potetly operate at the same capacity as at its pginba
data." (Holz, 2006, p.144-145). Thus, Holz opts tlee one-hoss-shay pattern where there is no
productivity decline during the life time of an ats

We disagree with this choice for two reasons. Atldly there are certain types of assets that may
"contribute as much to production as a new macbinthe same quality" as in the case of the

computer example (p.144). However, most of otheew@struly deteriorate and age over time during

the production process. Therefore, the applicgbditthe one-hoss-shay efficiency pattern (assets
contribute fully as new ones as long as they aleirstuse) is limited to very few fixed assets.
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OECD (2001b, p.62) shows that using the gross &apibck in productivity analysis generally
results in over-estimation of the volume of capstlvices.

Next, Holz seems to confuse the concept of degienidrom wealth accounting with the concept
of productive decay. It is correct that sometimenachine is written off by a certain depreciation
method in the "balance sheet" while it might b# stiuse in the production. But, this observatisn
mainly based on a business account concept of ciepon. The meaning oflepreciationin
business accounts - "allocating the costs of paperitures on fixed assets over subsequent
accounting periods" - is different from the onedige SNA, which refers to the decay of capital
services, as discussed in the first part of thpepa

55 Non-Productive Fixed | nvestment

It is important to distinguish between productived anon-productive investment. Within industry
and manufacturing, the non-productive part of fix@skets in industry includes the residential
housing stock, but also other non-productive inwestt such as investment in infrastructure.
According to most China statistical yearbooks, rba-productive part of gross investment is 30%
of all TIFA in the total economy, while the residiah part accounts for little more than 10% of
TIFA. If we only exclude investment in the residahtapital stock from the total investment in
fixed assets in industry, this will result in ovetienation of the productive capital stock in indyst

To create a series of NIFA in industry, Chow ef{&988) and Wu and Xu (2002) use original fixed
assets (OFA) data from the published yearbooksdseession in Wu and Xu, 2002, p.16).

NIFA =OFA -OFA_, (19)

Using OFA to create NIFA, following Chen et al. §8), solves a practical problem of the lack of
direct data on industrial investment in fixed ass@ior to 19812 In estimating the productive (or
efficient) NIFA, Chen et al. (1988) deduct the desitial housing part from total NIFA. However,
this is not an adequate solution because, the mmhiptive part of capital stock includes a variety
of other non-productive assets along with the ezgid| housing stock.

The classification of investment into basic conginn and technical renovation only in Chen et al
(1988, p. 260, Table A2) is also somewhat mislaadiigure 6 shows that investment in real estate
development plus other investment is a very sulistaproportion of total NIFA, though the
productive part of the real estate category magrheall.

Holz includes non-productive fixed assets in th@ltoapital stock in his "economy-wide output”
analysis. (Holz, 2006, p.145). For the total ecopnothis is less problematic than for the industrial
sector. From the perspective of the total econamyestment in residential fixed structures and
investment in infrastructure are productive invesstis.

Non-productive fixed assets, as part of consumptiaterial, are the infrastructures in residential
buildings, schools, hospital and other welfarecitmes'®

18 As explained in section 5.3, this method ignoas values. But we have argued that that scrasaire negligible
and can be neglected in estimating investment.
19 See also fromittp:/old.ynce.gov.cn/content.asp? ARTID=5575&COEIY4.
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5.6 Typesof Investment

Since 1986, total investment in fixed assets (TIFeApsists of four typeshasic construction
technical renovatior(also called technical updates and transformaitiorecent yearbooksyeal
estate developmermind others?® However, the data on newly increased fixed assemiblished
sources are available mostly only for two of thaegaries: basic construction and technical
renovation. The real estate development categonsuslly neglected by researchers. Chen et al.
(1988) distinguish only three categories: basicstmction, technical renovation and miscellaneous.
In figure 2, we have made estimates for basic cocasbn, technical renovation and other
(including real estate development).

5.7 Breakdown of Investment in Fixed assets into Different Content Categories.

Different kinds of fixed assets are not homogenedu® reasons of simplicity, some studies
(Jefferson et al., 2000; Chow and Li, 2002), onbnsider one aggregate type of investment.
Although it is almost impossible to distinguish different categories of fixed assets, the usenof a
aggregated capital series may produce rather baysebecause of different types of fixed assets
have different price deflators and the differenvse lives.

Chen et al. (1988) decompose newly increased fewgbts into four content categories: non-
residential construction, equipment, housing ameist The proportions of these categories within
industry are not known. The authors use proportibosn the total economy to break down

industrial investment into these four categoriesfinéd assets within industry. They consider

housing as non-productive investment. But as we lamgued above, the concept of non-productive
assets is broader than that of residential houedimgge.

5.8 Revaluation Problems.

After 1993, many fixed assets have been revalueda Aesult, the original value of fixed assets
(OFA) is a mix of assets valued at their histor@edjuisition prices and revalued assets. Therefore
the published data on the original value of fixededs and cumulative depreciation have to be used
with caution. (for a good discussion see Holz, 200645 and 148). Chen et al (1988) present a
very good method to estimate newly increased fiassets (called investment in their paper) by
deducting the original values of assets (OFA) in successive years. However, this method cannot
be directly used from the 1990s onward becauselatge revaluations of fixed assets in the
enterprises will result in overestimation of theaal investment figures.

6 New Estimates of Capital Service Inputsin China (Total Economy,
Industry and M anufacturing)

6.1 Introduction

In this section, we explain the choices we madeoimstructing indexes of capital service inputs in
the Chinese economy, the industrial sector andntla@ufacturing sector, in the light of the
theoretical, empirical and conceptual discussianghie previous sections. To estimate capital
services in productivity analysis, we need theofelhg data: investment series (or gross fixed
capital formation), the service lives of fixed assalecay coefficients, an estimate of the initial

20 Before 1980, the category ofherswas included in theechnical renovatiomategory. Figures oReal estate
developmenare available from 1986 onwards. Before that yleay were included in basic construction
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capital stock and price indexésWe estimate the gross capital stock from the actated
investment series and an initial capital stockpating to the Perpetual Inventory Method. We take
age-efficiency patterns into account. The resultagital stock series is used as a proxy for the
index of capital service inputs.

6.2 Investment Series

6.2.1 Newly increased fixed assets (NIFA)

As explained in section 2 of this paper, newly @aged fixed assets (NIFA) is the investment
variable that is consistent with the SNA. Data ewly increased fixed assets in the total economy
are published for the period 1981-present. Priorl®81, we only have NIFA data on basic
construction for the state-owned sector.

a. NIFA 1981-present, total economy

NIFA data are published from 1981 onwards. Using finoportions from TIFA, these can be
broken down by different types of investment. Fra®81 onwards, the statistical yearbooks
provide data on two types: basic construction aathrtical renovation in NIFA. From 1986, data
are provided for all four types: basic constructimechnical renovation, real estate development and
other.

Between 1981 and 1986, the difference between MifaA and basic construction and technical
renovation equals real estate development plug atkiestment. Thus, from 1981 onwards, we can
reconstruct series of NIFA for three types of irm@nt:1. basic construction, 2. technical
renovation, 3. real estate development and othveisiment (see figure 6 in section 4.3)

b. Reconstructing NIFA 1953-1980, total economy

From 1953-1980, the only data we have are on NIB#id construction in state-owned units
(NIFA-BAC-SOU). In this periodeal estate developmemtas included in the basic construction
figures. For TIFA, we do have data on both basimtstwiction and technical renovation (CSY, 2004,
Table 6-6; DSIFA, 1997, p. 20 and p. 71). We caconstruct total NIFA by applying the
proportions of basic construction and technicabvation from TIFA. Thus we derive estimates for
total NIFA in SOUs.

c. Coverage adjustments State-owned units — totai@my 1953-1980
The NIFA estimates under (b) refer only to statexed units. Thus we have to make a coverage
adjustment to get an estimate for the total econdr$3-1990..

Using available information about the original \aliixed assets (OFA) in the industrial sector, we
calculate the ratios of non-SOU/SOU OFA in indudiigtio-a) for the period 1953-1999. From
1980 to 1996, we have time series of TIFA in stateed units as well as for the total economy
including non-state owned units. Thus we can cateuthe ratio of non-SOU/SOU TIFA for all
years between 1980 and 1996 (ratio-b). We can crartha ratios a and b for the overlapping years
1980-1996. Ratio-b was twice ratio-a in 1980. treases to four times ratio a by 1985, due to the
decline of the share of the state owned sector.

2L When the scrap value is taken into account, s réeds information about retirement patterns tatir functions)
around the average service life. As explained ati@e 5.3 of this paper, the scrap value as peagenof investment
is very low. We will disregard it..
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Considering that the industrial structure in Chaiidn't change much before 1980, we therefore rely
on the 1980 ratio of 2 to 1 to adjust the earli€Abased ratios of non-SOU/SOU upwards. These
adjusted ratios are used to make the coveragetadjos non-state owned state-owned NIFA from
1953-1980.

d. Change in coverage in 1997

Prior to 1997, the published TIFA and NIFA serieslude investment of sums of 50 thousand yuan
or more. After 1997, the coverage changes to invest of 500 thousand yuan and above. In order
to maintain consistency in coverage for the whisteetseries, we adjust the NIFA data 1953-1996
to a coverage of 500 thousand yuan and above. \W®olgaving the more recent data unchanged,
since recent investment has a higher weight in #ldh investment of the earlier years.

The result of steps a, b, ¢ and d is a time sefi@iFA investment in the total economy from 1953
till 2003.

6.2.2 Productive NIFA (P-NIFA) in thetotal economy
To be consistent with SNA concepts, the non-pradegpart (e.g. residential housing and other

non-productive investment) has to be deducted fMIFFA. There are two ways to derive the
productive part of NIFA:

(1) NIFA data in four categoriebdsic constructiontechnical renovationreal estate development
andotherg are multiplied by the shares of productive inwestt in those four groups respectively,
and then summed. This method requires detailednrgtion on shares of productive investment in
each of the categories. For instance, it is kndven the productive ratio in real estate development
is very low, about 17%-26% during 1997-2003. Howetee shares for the other investment types
of NIFA are not known.

(2) The ratio of productive to total investment fotal NIFA is applied to each of the investment
types. The share of productive investment to tote¢stment is published once every five years
from 1953 to 1995 (DSIFA 1997, pp.98). After 199 use the 1995 ratio.

This results in a time series of P-NIFA in the tei@onomy from 1953 to 2003.

6.2.3 Productive NIFA in industry (P-NIFA-Industry) and manufacturing (P-NIFA
manufacturing)
The next step is to construct a series of P-NIFf&eindustrial sector and the manufacturing sector

In section 5.5 we have explained that the methed by Chen et. al. (1988) and Wu and Xu (2002)
will tend to overestimate productive investment;diese it only deducts housing investment from
total NIFA.

Our procedure is to derive productive NIFA in intydrom the time series of productive NIFA in
the total economy. This is done as follows:
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a. For the period 1985-2003, we calculate the ratioagfital investment in industry (investment in
NIFA-basic construction plus NIFA technical renawa) to capital investment in the total
economy (investment in NIFA-basic construction gMIEA technical renovation?

b. We apply this ratio to P-NIFA in the total economsyd thus derive an estimate of productive
NIFA in the industrial sector for the period 19 2

c. We compare the P-NIFA-industry series with skees of NIFA derived by deducting OFA(t-1)
from OFA(t) for the period 1985-2003. The differenbetween the two series provides an
estimate of non-productive investment. The avesigge of non-productive investment for the
whole period is 12.6 %

d. We apply this ratio to the NIFA-industry datdimate from OFA for the period 1953-1984.
This gives us an estimate of P-NIFA in industrywssn 1953 and1984.

For Manufacturing , we use the same method as-féfHA in industry. After obtaining productive
NIFA for the total economy, we apply the ratio n¥éstment in manufacturing to total investment
for NIFA in the categories basic construction ptashnical renovation. However in the case of
manufacturing, we can only estimate productive NfFékn 1985 onwards. The OFA data used to
estimate NIFA in industry for the earlier years apt available for the manufacturing sector.

Figure7
Productive Newly Increased Fixed Assets
in Total Economy, Industry and M anufacturing,
1953-2003
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Note: at current prices. The coverage is 500 thaiyaan and
above.
Sources: Various China Statistical Yearbooks; DSIBA7 and 2002; and our own

calculations.

22 Given that there are no NIFA data for the categaper’ , which is actually only a small part in productiélFA,
our calculation is mainly based on the two majdegaeries: investment in NIFA-basic construction &HBA -
technical renovation.

2 An alternative would be to apply the ratio NIFAdirstry/NIFA-total for investment in basic constioot+ technical
renovation to NIFA-total. But, this would lead t@bed results because real estate developmenipoductive) has
a rather big share in NIFA total.

4 This confirms that the use of an average ratie@sidential to total fixed assets of 8.2% in Cheal ¢1988) results in
an overestimation of the real productive NIFAndustry.
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6.2.4 Breakdown of productive investment in industry into non-residential fixed
structures, machinery and equipment and other.

We want to break down the productive NIFA datanidustry into three content categories: non-
residential fixed structures, machinery and equipna@d other investment. Direct information for
this is not available.

As explained in section 4.2, we do have data orATik the total economy for three content
categories of investment in fixed assets: consoncind installation, purchase of equipment and
instruments, and other investment (see figure &pdttions from TIFA from the total economy
can be used to make a breakdown of productive NiFHAdustry into three content categories.

In order to do this, we first have to make an adpest for investment in residential fixed structure
These are productive from the perspective of tked ®ronomy, but non-productive from the
perspective of the industrial sector.

In the total economy, we start by excluding re&iesdevelopment which consists mainly of non-
productive investment. We also disregard the legmrtant type ‘other’ which does not contribute
much to P-NIFA. We focus on the main types: basitstruction and technical renovation. For the
years 1981-2003, each of these can be broken dgwaorient intaconstruction and installation,
purchase of equipment and instruments and otl{€SY 1996-2004, see also figures 3 and 4). In
addition, we have data on investment in residentaktruction in both basic construction and
technical renovation. We use this information tlzgkate the shares of non-residential fixed
structures (FS), machinery and equipment (ME) ahdrdOT) in TIFA as follows:

_ (BCFS—-BCresidentl) + (TRFS—-TRresidenal)
FS share in TIFA = : 5 ) 3
BC — BCresiderial + Tk —TRresiderial

_ BCME+TRME
ME share in TIFA = - _ — (21)
BC — BCresidernial + Tk —TRresiderial
_ BCOT+TROT
Other share in TIFA = (22)

BC - BCresiderial + Tk —TRresiderial

Unfortunately, from CSY 2005 onwards, the TIFA dhe NIFA data are only available for urban
investment, so we cannot extend our series bey088. Z'he results of this exercise are reproduced
in table 6. These proportions are subsequentlyieppb the NIFA data for industry.
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Table6:
Proportions of Investment Categoriesin TIFA (%)
(Total economy, 1981-2003

Non-residential Machinery and Others
construction and equipment
installation

1981 59.2 33.6 7.1
1982 58.9 334 7.8
1983 56.9 35.3 7.7
1984 55.0 37.2 7.8
1985 53.3 37.8 8.9
1986 54.7 36.4 8.9
1987 53.8 36.5 9.7
1988 53.6 36.6 9.8
1989 56.0 34.7 9.3
1990 55.0 34.8 10.2
1991 53.4 35.0 11.6
1992 54.2 334 124
1993 52.9 32.0 15.0
1994 52.7 32.7 14.6
1995 55.2 27.9 16.9
1996 52.3 30.9 16.8
1997 52.2 29.7 18.2
1998 51.5 30.9 17.6
1999 51.1 30.7 18.1
2000 50.4 30.7 18.9
2001 49.7 29.4 20.9
2002 48.5 29.5 22.0
2003 49.2 30.3 20.5
2004 52.3 30.9 16.8

Note: Proportions are calculated from Basic camsion and Technical renovation after the deductibresidential
housing investment. The residential housing conttrm data are only available from 1981-2000, welyghe average
residential ratio in TIFA (1996-2000) to 2001-20&&urces: From Statistics on Investment in FixeseAsof China,
1950-2000, p.30, and China Statistical Yearboo&852p.186.

We apply the proportions of table 6 to P-NIFA inluistry. This results in time series of investment
in machinery and equipment, non-residential fixeédctures and other assets in industry for the
period 1981-2003.

We apply the average of the proportions 1981-20@3reak down P-NIFA for the earlier period
1953-1980.

The same procedure is followed for manufacturing.

6.3 Price Déeflators

Price indices also play an important role in meiasuthe value of fixed assets at constant prices,
given that NIFA is available at acquisition pric¥ge apply specific price indexes for each of the

three categories: construction and installationcipase of machinery and equipment, and other
investment for the period 1992-2004. For the pefi®83-1991, we have used the aggregate price
index for fixed assets, as specific deflators figr three investment categories were not available.
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6.4 Initial Capital Stock

To assess the initial or benchmark level of theitahgtock (e.g. year 1952 in our paper), PIM
requires the use of a long time series of investnpeaceding the initial year. Such series are
unavailable. Therefore, we need to estimate th@lrdapital stock by proxy methods (e.g. Huang
et al., 2002).

Timmer (1999) has estimated initial capital stobiysapplying the average of incremental value
added-output ratios in the initial years to totalue added in the initial year. Osada (1994) hasd us
incremental capital-output ratios (ICORs) for thpsirpose (Osada, 1994). The assumption
underlying these procedures is that the capitghdutatio is sufficiently stable, so that incrensnt
capital output ratios approximate the average ahpiitput ratios.

Another method o estimate the initial capital stexko use the average growth rate of investment
and the depreciation rate (Reinsdorf and Cover5R0the initial capital stock y/can be expressed
as
Vo = INg 292 (23)
g+d
where g is the average growth rate of investmefrbethe initial year, and d is the constant
geometric rate of depreciation.

In the literature, various estimates of the benakmsapital stock have been made. Based on Chow
(1993, p. 822 and 823), Chow and Li (2002) estintlageinitial stock in the total economy at 221.3
billion yuan at the end of 1952, reaching 1411I8dni yuan by the end of 1978, Wang and Yao
(2003) at 175 billion yuan. Chen et al. (1988) havi4.88 billion initial capital stock in industity
19527 Jefferson, Rawski and Zheng (1992) estimate avakte of productive fixed assets in
industry in 1980 of 228.59 billion yuan (at 198@ps)®

Applying the ICVAR method proposed by Timmer, weege the ICVARS for 1952 to 1957 and
use these to calculate the initial capital stocle fidd a capital stock in 1952 of 84.3 billion yuan
(at 1952 pricesn the total economy and a capital stock of 1918obi yuan (at 1952 prices) in
industry. This is much lower than Chow and Li an@nyy and Yao, but in the same ballpark as
Chen et al.

Due to the lack of data in manufacturing in theyegears, we construct a capital stock series for
manufacturing from 1986 onwards, with an initiapital stock at 407,8 billion yuan in 1986 (at
1952 prices).

6.5 Servicel ives

Service lives are difficult to estimate (see Eramhb2006). In 1985, the State Department of China
issued the Regulation of fixed assets and depregiat State-owned enterpri$éswhich is so far
the most informative document on service livesixdd assets. It offers service lives for three $ype
of fixed assets: ordinary machinery, special puepasachinery and construction. The average
service life is 16 years for machinery and equiptnand 30 years for construction. There is no
information on the category others We assume a service life of 7 years for thisgaty.

5 The original cost of fixed assets of independesbanting units within state-sector industry isefalas the initial
industrial capital stock.

% Jefferson et al. (1992) estimate the net valygraductive fixed assets at end of 1979 throughmgevalue of fixed
assets and the ratio of productive to total fixeskss (i.e. NFA*productive ratio).

27 http://www.86148.com/chinafa/shownews.asp?id=1i84ided on 26 April 1985.
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On fixed assets in industry, there is a widely usecument, Regulation of Industrial Enterpri§es
published by the Financial Department of China aatid since 1993. With the data from this
source, we find an average service life of 14 yéarsnachinery and equipment, and 27 years for
construction in industrial fixed assets. These&iserlives are somewhat shorter than the ones for
state-owned enterprises. There are two possiblemeaions for this difference. One is that thetfirs
estimates are for the total economy, while the isécare for industry. Service lives may be
somewhat shorter in industry. The second explanatiay be that service lives of fixed assets are
getting shorter as time progresses. The secondateguis from 1992 while the first one dates from
1984. The later set of estimates are more apptepfa recent years, mainly because there are
more product innovations in the market and obselese rates are increasing especially in high-
tech sectors related to computing and the intd@ECD, 2001a, p.50).

Summarizing, for the period 1952-1989, we assurseraice life of 30 years for construction, 16
years for machinery and equipment, and 7 yearstf@r assets. From 1990 onward, we use service
lives of 27 years for construction, 14 years forchimery and equipment, and 6 years for other
assets.

6.6 Age-Efficiency Patterns

As explained in section 2.3 of this paper, efficiercoefficients can be obtained either through
assuming a certain pattern, or by means of tracttiegrelationships between age-efficiency and
age-price profiles if rentals and economic deptemiarates are available. In this paper, we apply
hyperbolic decay functions as proposed by Burediabbur Statistics and the Australian Bureau of
Statistics to derive the efficiency of fixed asséms Chinese total economy, industry and
manufacturing. The hyperbolic age-efficiency fuantused by BLS and ABS is

¢s =(T =) (T - )
Tis the service life of fixed asset, and s is the afjcurrent fixed asset, anél is a parameter

determining the hyperbolic shape, which takes aievadf 0.5 for equipment and of 0.75 for
structures.

The age efficiency function is used to derive tffeeiency coefficients for the NIFA of each year
and to express the productive capability of invesita in standardised efficiency units. PIM is
applied to efficiency adjusted investment series.

6.7 Estimates of the Capital Stock: Summary

We can summarise our procedures for constructmapédal stock for the industrial sector as
follows:

1. We construct a time series for investment for titalteconomy for the period 1953-2003, using
the concept of Newly Increased Fixed Assets (NIH2gta on total NIFA are published from
1980 onwards. From 1953 to 1980, there are puldistaga on NIFA irbasic constructionn
state owned enterprises. We use proportions ofl iotzestment to investment in basic
construction from TIFA to adjust the published NIB£ries upwards to arrive at an estimate of
total investment in state-owned units..

2. The NIFA series for the total economy are adjusteadthanges in coverage in 1980 and 1997.

3. We derive estimates of productive NIFA (P-NIFA)tire total economy from the NIFA series
in 2.

28 http://www.bjab.gov.cn/fifg/showsingle.asp?which=88ued on 30 December 1992, and valid since 1993.
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4. We apply the ratio of investment in industry toestment in the total economy to P-NIFA in
the total economy. For this, we use investmentosain the combined categories basic
construction and technical renovation. This gives au series of productive NIFA in the
industrial sector.

5. Applying ratios of investment in machinery and guopent, non-residential fixed structures, and
other assets from TIFA for the total economy, weodepose productive NIFA in industry into
these three categories since 1981. We apply thegeef the content proportions 1981-2003,
to break down P-NIFA for the earlier period 195309

6. The investment in the three categories is deflagdlg appropriate deflators.

7. An estimate of the initial capital stock is estigtfor industry for 1952, using incremental
capital value added ratios.

8. Investments are standardised for productive effmyeusing a hyperbolic decay function.

9. We apply a PIM with appropriate service lives foe tthree asset categories, resulting in a
efficiency standardised capital stock series. Rergeriod 1952-1989, we assume a service life
of 30 years for construction, 16 years for machjirserd equipment, and 7 years for other assets.
From 1990 onward, we use service lives of 27 yé&argonstruction, 14 years for machinery
and equipment, and 6 years for other assets.

10.The capital stock series are used as a proxy éinithex of capital service inputs

The same procedures have been applied for mantfagttiere we estimate an initial stock for
1985. Data to construct productive NIFA in manufigicly prior to this year are not available.

The final results are reproduced in table 7 andr&d.
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Table 7: Productive NI FA and estimated productive capital stock (100 million yuan)

Productive NIFA (at current prices)

Estimated productive stock

at 1952 prices)

Total Economy Industry | Manufacturing | Total Economy | Industry | Manufacturing
1952 843.23 198.68
1953 50.26 22.63 867.43 215.30
1954 55.93 38.36 893.37 246.88
1955 60.83 26.15 921.83 265.59
1956 81.53 31.30 857.23 262.47
1957 95.24 46.64 912.38 301.37
1958 179.47 90.23 1050.05 385.47
1959 219.31 122.83 1198.31 490.79
1960 247.01 132.51 1349.78 597.63
1961 100.32 70.35 1405.80 651.20
1962 59.64 48.82 1406.57 677.38
1963 76.97 30.86 1409.41 681.01
1964 110.64 55.18 1432.06 702.61
1965 164.11 80.81 1483.18 740.25
1966 153.52 73.32 1500.72 761.93
1967 81.33 49.17 1408.04 748.58
1968 59.62 46.73 1411.25 763.78
1969 112.12 62.24 1472.70 797.15
1970 208.24 155.09 1630.10 928.82
1971 196.07 144.45 1762.35 1041.16
1972 200.71 198.07 1884.01 1199.69
1973 266.27 211.66 2068.77 1367.90
1974 262.41 158.75 2252.24 1479.48
1975 314.07 219.86 2485.06 1649.18
1976 256.51 215.76 2647.72 1808.66
1977 328.99 252.11 2865.43 1986.66
1978 426.00 316.80 3171.54 | 2223.77
1979 512.47 284.37 3540.13 2408.11
1980 531.06 287.86 3888.82 2577.02
1981 472.05 324.91 4154.83 2769.78
1982 568.20 366.14 4478.68 2976.26
1983 679.70 412.08 4880.24 3205.18
1984 853.59 450.35 5377.76 3436.36
1985 1116.41 561.29 350.49 5998.60 3708.92 4078.00
1986 1762.51 987.30 685.27 7006.94 | 4257.63 4450.29
1987 2075.19 1241.01 799.83 8167.49 4945.75 4852.15
1988 2548.97 1545.89 1009.56 9414.86 5692.92 5285.87
1989 2515.37 1521.78 886.25 10481.62 6331.08 5038.04
1990 2673.92 1665.10 968.82 11526.36 6984.20 5292.59
1991 3102.65 1949.69 1166.95 12625.96 7684.87 5550.46
1992 4173.32 2414.39 1444.18 13923.63 8427.53 5785.04
1993 6191.31 3304.21 2113.47 15435.00 9196.51 5968.36
1994 7948.13 4155.70 2641.27 17225.75 | 10080.75 6510.51
1995 9689.84 4917.67 3025.86 19302.84 | 11069.14 7065.49
1996 12334.39 6175.27 3866.35 21811.42 | 12232.95 7726.70
1997 13852.79 6540.39 3772.03 24738.37 | 13502.12 8317.15
1998 15138.93 6757.67 3466.76 27876.46 | 14763.66 8723.56
1999 16480.21 6971.54 3574.19 31216.08 | 16008.96 9022.82
2000 17957.43 7319.64 3320.63 34774.64 | 17261.40 9060.13
2001 18855.68 7513.00 3881.73 38426.29 | 18495.34 9698.09
2002 21611.51 8793.31 4775.20 42586.55 | 19962.93 10501.95
2003 2524271 | 11314.43 7028.38 47410.23 | 21997.95 11872.08
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Sources: 1) P-NIFA in total economy from DSIFA, 798.62; DSIFA, 2002, p.77; and productive ratanfrDSIFA,
1997, p.98. 2) P-NIFA in industry (1953-1984) ierfr the (CIESY04-p.25, CIESY95-p.53) after applyinfralculated)
industry productive ratio; the P-NIFA in industrj985-2003) is derived from P-NIFA-total using tlaio (of
industry/total) in NIFA in basic construction arathnical renovation. (CSY04-6-27, & 6-28). (CSY0414& 6-15).

3) P-NIFA in manufacturing is from the P-NIFA-totalt using the ratio (of manufacturing/total) infH in basic
construction and technical renovation (CSY04-6&5:28). (CSY04, 6-14& 6-15).

Figure8:
Estimates of the Capital Stock in
Total Economy, Industry and Manufacturing,
1952-2003
(at 1952 prices)
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Source: table 7.

7 Regional Capital Input Estimates, 1978-2003

The regional capital input estimates for 30 Chineggons are derived from the aggregate national
estimates of productive NIFA (P-NIFA) in industmdamanufacturing discussed in section 6.2.3
(see table 7 and figure 8). Regional shares insimvent are used to calculate P-NIFA at regional
levels. The procedures for estimating regionaltedpiputs can be summarised as follows:

1. Estimating regional series of Productive NIFA, 19%80.
There are published regional data on TIFA in basiostruction (BC) from 1953 to 1980.
Regional shares in TIFA-BC in the total economyagwplied to the aggregate national series on
P-NIFA in industry. This provides us with regiorestimates of P-NIFA in industry, 1953-1980.
The reason for using total economy regional eharather than regional shares in industrial
investment, is that data on the latter are notlalvi@. As can be seen in figure 8, prior to 1980
industrial investment accounts for most of aggregavestment, so there is no major bias
involved.
2. Estimating regional series of Productive NIFA, 19834
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There are published regional data on TIFA in basistruction (BC) and technical renovation
(TC) in the total economy from 1980 till 1994. Real shares in TIFA-BC + TIFA (TC) are
applied to break down the aggregate series on -MNiRndustry, by region. This provides us
with regional estimates of P-NIFA in industry, 198894.

The P-NIFA series in manufacturing start in L98Bgional shares in TIFA-BC + TIFA (TC)
are applied to breakdown the aggregate series MIFR-in industry. This provides us with
regional estimates of P-NIFA in manufacturing, 198®4.

As in step 2, the use of regional shares il tov@stment, rather than industrial investment to
breakdown the series is a second best solutiora Datregional industrial investment is not
available.

3. Estimating regional series of Productive NIFA, 12983.

There are published regional data on NIFA in basitstruction (BC) and technical renovation
(TC) from 1995 to 2003 in both industry and mantifeing. Regional shares in NIFA-BC +
NIFA-TC in industry are applied to the aggregatdiamal series on P-NIFA in industry;

regional shares in manufacturing are applied tollPANin manufacturing. This results in

regional series of productive NIFA in both indusaryd manufacturing, 1995-2003.

4. As in the estimates for the national economy, wayapegional content proportions from TIFA
for the total regional economy to break down regloR-NIFA into three content categories
non-residential construction and installation, pase of equipment and instruments and other
investment. At the regional level the breakdownTdFA into content categories and the
information on residential fixed structures is omlyailable from 1995 to 2003 (CSY 1996-
2004). For the years prior to 1995 (industry 199848 and manufacturing 1985-1995), we
apply the average content proportions for the peti®95-1999. From CSY 2005 onwards, the
TIFA and the NIFA data are only available for urbavestment, so we cannot extend our series
beyond 2003.

5. Regional Investment in the three categories isatidl using the national deflators for the three
categories, as described in section 6.

6. Estimates of the initial regional capital stocksndustry are made for 1953, using incremental
value added ratios. Estimates of the initial reglaapital stocks in manufacturing are made for
1985, applying the same methodology.

7. The regional investment series are adjusted farieffcy decay, using the hyperbolic efficiency
decay function.

8. We apply a PIM with appropriate service lives foe three asset categories, resulting in a
efficiency standardised regional capital stockeseri

9. The capital stock series are used as a proxy éointtex of regional capital service inputs.

See Table 8 provides the resulting regional timesdor capital stocks in manufacturing. Table 9
provides the same information on industry by regiofi

29 |n table 9, we only report the regional capitalihestimates for industry from 1978 onwards.
% There are small discrepancies between the natiotss in table 9 and the aggregate data in tabléis is due to
the fact that we applied regional proportions ia tlalculations.
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Table 8: Estimated Productive Capital Stock in M anufacturing by Region, 1985-2003

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Total 4117.68 | 4494.76 | 4902.02 | 5341.83 | 5075.76 | 533556 | 5599.34 | 5840.19 | 6027.10 | 6571.40 | 7130.37 | 7792.40 | 8387.69 | 8798.66 | 910256 | 9139.68 | 9786.57 | 10600.80 | 11989.81
Beijing 208.09 228.88 252.6% 276.56 250.p7 264,55 27%.75 5.428 291.24 342.13 345.2)7 375.17 38331 388.77 737B8. 351.07 364.73 367.8b 370.07
Tianjin 110.63 123.22 134.1 144.29 135.11 140,77 149.81 6.604 155.85 168.04 201.84 218.72 229(21 248.88 126B8. 278.88 295.34 309.04 321.97
Hebei 166.92 181.26 196.5. 214.54 206.52 216/62 225.04 4.323 240.48 260.67 296.62 337.23 378/51 410.17 086@. 480.57 517.09 560.8D 654.57
Shanxi 139.40 155.57 169.63 181.64 171.04 180,23 189.68 5.409 195.72 202.56 203.88 205.81 207{52 204.77 0395. 190.61 202.64 243.37 286.78
Inner

Mongolia 75.74 83.35 90.06 96.8b 90.67 96.41 103{72 112.24 20.12 130.19 148.1¢ 150.73 153.98 152/96 148.07 5138 145.01 170.52 213.9p
Liaoning 299.18 326.66| 358.52 392.43 377.17 39361 410.24 1.942 430.22 458.21 504.1J7 555.09 596(02 614.68 03938. 594.19 622.82 650.1 719.26
Jilin 89.00 97.32 106.67 117.95 112.47 117|35 124.57  5TI2)7. 132.60 142.8Q 154.2p 213.04 24766 277.42 28p.4295.23 312.75 337.18 378.26
Heilongjiang 174.02 191.31 209.53 227.86 217.24 22706 234.80 9.183 237.87 249.34 256.99 268.82 275(34 278.77  487p. 265.63 285.23 296.6P 329.05
Shanghai 293.25 317.60) 346.7 380.93 364.98 383121 398.12 6.280 420.28 469.39 515.5P 566.22 634{13 666.77 504P. 764.20 803.34 823.0P 888.23
Jiangsu 205.91 226.02 249.98 275.36 262.38 272,66 284.23 8.589 308.66 331.44 387.7[7 437.79 484|116 529.06 08538. 579.49 664.17 749.88 887.38
Zhejiang 109.80 120.21] 131.1 142.49 136.18 142\75 149.27 6.71§ 165.00 183.43 202.46 227.66 258/03 281.10 880p. 315.81 358.95 415.0p 493.95
Anhui 104.48 116.21] 126.5¢ 136.63 129.76 13551 140.84 6.444 148.08 157.69 178.00 206.89 227(89 233.17 784)7. 251.62 271.38 293.21L 336.83
Fujian 89.28 97.65 107.01 115.74 109.98 115|52 12119  7826. 132.74 147.03 155.4p 165.11 178]78 189.58 200.0%223.47 243.88 277.13 313.47
Jiangxi 68.59 75.21 81.17 87.6D 83.38 87.p6 92|32 95.92 5798. 106.50 117.97 124.21 136.78 14066 141.30 14p.7947.11 156.56) 184.48
Shandong 227.27 246.55 268.8¢ 297.28 283.46 297,50 312.11 6.982 336.50 362.72 400.90 439.08 477|98 519.16 8B6]7. 581.85 649.72 762.8p 971.78
Henan 141.47 155.03 167.82 184.16 176.44 184,78 19%.93 4.830 211.34 232.24 258.6/1 293.92 342{18 356.90 487{l. 370.35 398.91 450.94 509.64
Hubei 143.70 158.09 173.2¢ 189.718 178.97 187,31 194.90 3.920 211.94 234.74 259.63 343.18 393(44 436.50 4585p. 466.60 505.10 540.28 605.15
Hunan 106.19 116.44 126.89 138.11 131.85 137,80 14%.28 4.37§ 159.03 171.87 188.77 206.58 229(03 232.90 333D. 233.70 254.85 273.7p 315.37
Guangdong 358.39 391.89 422.21 458.57 434.80 45915 484.66 5.981 545.20 612.84 631.26 669.47 703|05 768.40 2790. 803.87 847.14 945.44 1031.75
Guangxi 69.59 76.70 84.22 93.21L 89.09 92.43 96|40 101.87 9.9100 122.63 152.77 159.68 164.46 167/05 166.07 6468. 175.98 181.55 210.07
Hainan 25.79 24.97 24.08 26.5p 26.95 30.84 34/40 38.82 324p. 56.23 63.96| 74.41 82.43 84.92 81,52 77.07 75.64 73.74 75.90
Sichuan 227.72 247.20 269.3 291.19 278.69 293,86 309.83 2.582 328.60 351.115 384.90 406.09 437|07 449.96  285p. 449.68 479.16 520.1D 610.17
Guizhou 52.30 57.34 62.06 67.18 63.91 67.80 70|54 73.21  7678. 77.92 82.52 86.2 91.72 94.82 105/26 108.46  601P. 125.85 136.11
Yunnan 71.36 78.30 84.80) 92.1)7 87.25 91.89 98|05 104.40 1.801 123.96 147.49 168.50 188.17 203|11 208.62 620[7. 216.64 224.51 228.78
Tibet 9.55 10.50 11.19 11.88 11.09 11.87 12]89 13.66 8l4.1 15.25 14.72] 14.4 13.60 12.64 11.p7 981 9.49 7 9.0 9.03
Shaanxi 103.30 112.75 122.7¢ 132.84 126.95 13352 138.56 0.664 142.25 149.24 158.10 168.07 168|71 176.78  2284. 179.90 194.74 215.7D 243.36
Gansu 69.57 75.79 82.72 90.0p 85.40 89.p3 93|71 99.66 779B. 96.85 103.02 112.64 120.34 123115 138.86 141.3953.41 158.10 189.8
Qinghai 30.01 33.65 37.14 40.6) 38.44 39.f1 40|68 40.83  414p. 41.39 41.07| 40.6. 40.80 41.04 38,85 35.80 36.18 37.06 38.82
Ningxia 25.84 28.72 31.60 33.5p 31.51 33.p6 34(60 39.60 343p. 36.97 38.10 38.74 40.01 39.07 39/19 43.17 54.36 57.83 64.89
Xinjiang 86.93 93.44 99.59 107.1p 101.24 108/80 116.47 22p.1134.28 146.73 165.8p 172.71 18263 187.46 188.7(180.28 183.85 189.5: 200.81
Not classified 234.43 246.95 273.21 295.49 283.57 301,61 322.75 7.383 355.02 389.14 370.40 346.07 32079 29158 9B54. 209.38 197.3Q 183.9p 170.11

Note: at 100 mill yuan, 1952 constant price. Chongging is included in Sichuan.
Sources: authors’ estimates
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Table 9: Estimated Productive Capital Stock in Industry by Region

1978 | 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Total 2233 | 2420 | 2591 | 2786 | 2995 | 3226 | 3461 | 3736 | 4291 | 4985 | 5739 | 6384 | 7042 | 7748 | 8498 | 9272 | 10161 | 11158 | 12324 | 13604 | 14878 | 16138 | 17402 | 18653 | 20141 | 22203
Beijing 84 93 104 114 122 138 145 161 192 230 270 302 33564 |3 394 425 508 521 556 581 610 611 667 11 711 721
Tianjin 52 60 67 75 84| 94 102 118 131 149 166 182 197 21939 |2 251 271 322 354 377 413 454 478 510 540 573
Hebei 107 119 129 139 149 16/ 170 179 199 224 P54 279 30329 359 388 420 474 546 6Q7 670 772 843 D29 982 84 10
Shanxi 74 80 86 91 98| 106 119 132 155 178 198 219 R40 26382 297 310 331 347 384 420 484 474 506 624 685
Inner
Mongolia 37 43 47 51 56| 63 71 78 88 99 110 11 133 149 16888 |1 204 242 257 261 292 334 332 3B9 384 481
Liaoning 145 154 165 180 19 206 220 238 2B1 336 BO6 149 49844 591 641 689 75 8244 897 970 991 1043 1093 1138220
Jilin 59 64 69 74 79 85 89 94 106 121 140 153 165 79 19212 228 247 317 354 396 422 456 494 534 585
Heilongjiang 104 112 122 135 14 16 174 184 209 439 69 294 31942 363 381 399 43 458 509 571 615 663 y24 782 3 |85
Shanghai 67 76 88 104 123 14 160 185 226 281 344 B97 448 6 |49540 600 683 747 838 936 1013 12p2 1315 1849 1351410
Jiangsu 66 76 85 94 104 116 12p 144 176 219 265 P99 329 36508 450 489 566 641 709 800 896 999 1106 1p31 1408
Zhejiang 35 40 44 50 57| 63 7 78 WM 114 185 154 172 191 21241 272 308 350 417 470 525 581 694 828 15
Anhui 60 64 68 73 78| 84 9 98 115 132 150 165 180 196 21229 245 275 329 378 393 421 464 490 519 565
Fujian 31 34 38 42 46 5] 57 64 7 94 110 125 140 156 17494 |1 218 236 256 29§ 338 379 422 459 506 543
Jiangxi 41 44 47 50 54 59 6 69 78 89 99 1110 121 132 144 6 |15 169 186 198 224 238 247 263 270 285 331
Shandong 96 106 116 126 134 150 161 175 205 245 295 B32 37011 457 500 545 61 68[1 791 879 975 1106 1p32 1398702
Henan 97 104 109 118 126 134 143 152 171 192 218 P4l 26288 314 340 373 432 50p 593 659 706 140 809 890 984
Hubei 138 147 155 164 171 178 185 193 2[10 233 P59 275 29313 338 364 399 424 518 582 663 7116 164 810 863 11 10
Hunan 74 79 84 89 95| 101 10y 114 128 145 163 78 194 21336 256 276 299 32 36p 3719 403 482 457 180 543
Guangdong 90 98 106 120 138 15y 180 213 269 328 401 159 52698 |5 685 778 892 974 107p 1155 1271 1346 1437 1499 56 16 1770
Guangxi 45 48 51 54 57| 60 6 6} 7 90 105 116 125 136 15171 |1 192 232 248 25 270 283 326 3B9 348 89
Hainan 2 2 2 1 2 2 3 3 4 4 g 14 2B 32 43 b8 75 90 103 112116 118 120 119 114 120
Sichuan 163 171 178 186 194 204 213 226 263 290 B28 364 40442 482 517 553 608 64{7 709 826 889 941 D86 1058163 1
Guizhou 54 57 59 62 63| 65 67 70 76 83 90 D8 105 113 121 127132 147 165 17§ 183 215 244 264 284 308
Yunnan 60 64 68 71 76| 80 84 89 98 108 119 128 139 152 16887 205 236 270 294 324 345 358 3B7 420 141
Tibet 6 7 7 7 8 8 10| 12 13 14 16 16 18 PO p2 24 26 28 28 28 27 28 30 30 31 32
Shaanxi 88 92 97 101 106 11 114 119 181 17 163 178 194 8 |20220 234 245 254 276 292 315 3b1 374 405 n43 497
Gansu 67 70 72 74 76| 78 81 84 91 102 113 122 132 142 15054 159 166 18Q 204 220 243 268 204 311 B55
Qinghai 25 30 32 34 36 38 41 48 a7 52 58 651 64 67 69 71 72 76 84 98 105 113 114 126 131 180
Ningxia 17 19 20 20 21 22 2 25 29 34 38 A1 45 49 53 55 58 60 64 77 82 84 94 109 119 134
Xinjiang 43 49 55 61 67| 73 7 84 WM 104 117 130 147 165 189211 231 271 294 341 374 402 466 51 851 507
Not classified 205 217 222 225 231 237 242 251 267 309 B46 384 42574 517 570 624 607 588 592 592 569 588 504 628 4 (64

Note: at 100 mill yuan, 1952 constant price. Chongging is included in Sichuan.
Source: authors’ estimates.
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Annex A: Relationships between Rental Price and Value of Fixed Assets

Value of a s-year-old fixed asset at time t shagdal to all the profits gained by this fixed asaet
the following service years deflated into the preés@lue of t. Assuming r is the discount rate,
P, .is the rental price at year t aged s, value ofdfizan be expressed as

= Pt,s + Pt+],s+1 S Pt+(T—s)—1,T + Scrap (1)
S d+r (1+r)? a+rn)  @+r)
The last term on right hand in equation (1) isdke#lated crap value of this certain fixed assets

when it is discarded at the end of its service(lar T).
Accordingly, after one year in use, its value \wii

- Pt+:Ls+l + Pt+2,s+2 et Pt+(T—S)—l,T + Scrap (2)
t+ls+l 1+r (1+ r)Z (1+ r)T—S—l (1+ r.)T—S,—l
(1)-(2)*(1/(1+1))
V. -V 1 _ R (3)
t,s t+1,s+1 1+r 1+r
then we have
Vt,s +r [Vt,s _Vt+1,s+l = Pt,s (4)
If J,,is assumed as the depreciation rate of this sgledixed asset at time t is
V..V,
5 — t,s t+1,s+1 5
= (5)
Then equation (4) can produce
VisMos+1) =R, (6)
If we apply the efficiency rate, to substitute thé?, ., furthermore, we will get
Vt,s Eqa—ts + r) = qos [Pt,o (7)
For a s+1 year-old fixed asset, we can get
Vt,s+l [(5t,s + r) = ¢s+1 [Pto (8)
If we assume that depreciation rate keeps consthwiing (8) by (7), we have
1-5=%n 9)
@

Thus the depreciation rate and the productiveieffiy can be connected. (See also, Hulten, 1990
and OECD, 2001a,p.87)
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