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Abstract

Based on a production-theoretic framework, we measure the effects of real output prices, primary
inputs, multi-factor productivity growth, and depreciation on Korea’s real net income growth
over the past 30 years. The empirical analysis is based on a new dataset for Korea with detailed
information on labour and capital inputs, including series on land and inventories assets. We find
that while over the entire period, capital and labour inputs explain the bulk of Korean real income
growth, productivity growth has come to play an increasingly important role since the mid-1990s,
providing some evidence of a transition from ‘input-led’ to “productivity-led” growth. Terms of
trade and other price effects were modest over the longer period, but had significant real income
effects over sub-periods. Overall, real depreciation had only limited effects except during periods
of crises where it bore negatively on real net income growth.
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1. Introduction
1. The vast majority of studies on economic growth have been concerned with the growth of

gross domestic product (GDP), in other words with the growth of countries’ production. The OECD,
in common with many other organisations and economists, has also approximated material living

standards in terms of the level and growth of gross domestic product.

2. Even if one remains in the realm of material well-being, and the present paper will do so,
GDP is at best a rough indicator for living standards. A first and important step to track material well-
being is to move from measures of volumes of production to measures of real income. This may seem
odd at first because by construction, the value of domestic production equals domestic income earned

in the production process.



3. However, movements of GDP over time are normally expressed as volumes, that is after
deflating the nominal value of expenditure on final products® by the relevant price indices of
consumption, investment, exports and imports. These volumes reflect thus ‘quantities’ of final goods
and services. However, what counts from a perspective of the standard of living is the quantity of
consumption goods that can be purchased with nominal income. Thus, the target measure for living

standards is real income, nominal income deflated by a price index of private consumption?.

4, Focusing on income instead of GDP captures, among other things, terms of trade effects.
Hamada and Iwata (1984) were among the first to show that volume GDP can overstate living
standards if import prices rise quicker than export prices. Kohli (2004) has also examined the link
between terms of trade effects and volume GDP and found in a study of 26 countries that cumulative
differences can be significant. Other relevant empirical studies include Diewert and Lawrence (2006)
and Diewert, Mizobuchi and Nomura (2009). As it turns out, price effects are not limited to changes in
the terms of trade, i.e., the evolution of relative prices with regard to the rest of the world. Real income
expressed in consumption units will also be affected by domestic relative price changes, in particular

between consumption and investment products.

5. Where terms of trade effects have been analysed, work has generally remained in the realm
of gross domestic income. But when capital goods are used in production they depreciate, and lose
value due to wear and tear and obsolescence. Depreciation® constitutes a charge against gross income

and needs to be taken into account before judging how much can actually be consumed without

! Another step is to consider national rather than domestic income. Some of the income generated by residents is
paid to non-residents, while residents receive some income from production in other countries.
Domestic income can thus be augmented by the income flows received and reduced by the income
flows leaving the country to arrive at the concept of national income, which is more relevant for the
material well-being of residents of a country. For the majority of OECD countries there is little
difference between the levels of GDP and GNI. There are however exceptions, most notably Ireland
and Luxembourg; differences are also likely to be significant for many developing and emerging
countries characterised by a significant presence of multinational enterprises in their territory (whose
profits are then transferred abroad) and of immigrants working abroad (who transfer part of their
income to their country of origin in the form of remittances). In the mid-1980s and late-1990s, Korean
GDP was about 1 percent smaller than GNI and the gap became smaller in later years. The present
analysis therefore only deals with GDP and the associated income flows.

2 In what follows, we shall use real in the sense that a value has been expressed in equivalents of consumption
units. We shall use volume to designate the quantity component that, along with a price component,
makes up the value of an economic transaction. VVolumes are in particular relevant in the computation
of productivity, the ratio of the volume of outputs to the volume of inputs. The theory of productivity
measurement is based on production functions or production possibility frontiers as in Jorgenson
(1966).

* In what follows, ‘Depreciation’ is used interchangeably with ‘Consumption of fixed capital’, the official
denomination in the System of National Accounts.



eroding the asset base. Thus, net income* is preferred to gross income when it comes to measuring
material well-being. In national accounts terminology, and for the economy as a whole, the reference
indicator is net national income (NNI). The pertinence of real net income as a measure of economic
welfare has also been established in inter-temporal models (Sefton and Weale 2006) thus providing a
strong theoretical foundation for targeting real net income rather than volume GDP as a measure of
living standards. This is not a mute point as the comparison between the evolution of real income and
volume GDP in Korea over the past 40 years shows; while volume GDP increased about 17 fold

between 1970 and 2010, real net national income increased by a little less than 13 times (see Figure 1).

Figure 1. Volume GDP and real net national income in Korea, 1970=1
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6. Diewert and Lawrence (2006) and Diewert, Mizobuchi and Nomura (2009) use such a net
perspective in their analysis of real income, terms of trade and productivity for Australia and Japan.
They use a net product approach, effectively treating depreciation as an intermediate input into
production. To measure the volume of depreciation the authors apply a capital goods price index to the
value of depreciation. The volume of depreciation is then employed to move from the volume of gross
product (gross value-added) to the volume of net product. As there is now a new net measure of output,
and a new net measure of capital input (purged off the volume of depreciation), a new, net productivity
measure emerges. Hulten and Schreyer (2010) argue that the interpretation of this net productivity
measure is less intuitively clear than the traditional productivity measure based on the volumes of
gross output and gross inputs. The net productivity measure also requires additional assumptions about

the nature of depreciation. The present paper obtains real net income by deducting real depreciation

* For the rest of this document and in line with National Accounts terminology, ‘net’ will always be used in the
sense of the value of a variable after deduction of the value of depreciation.



from real gross income where all three variables have simply been deflated with a price index of
private consumption. This avoids re-defining volume measures of inputs, outputs, and productivity

and uses the welfare-relevant measure of real net income.
7. The paper at hand contributes to the existing work in two distinct ways:

e We use a production theoretic framework and show how changes in real net
income can be de-composed into changes of input factors and multi-factor
productivity (MFP) as traditionally measured, into terms of trade and other

price effects and into depreciation effects.

o We present and use a new dataset constructed by the Bank of Korea (BOK)
and analyse Korea’s growth over the past three decades. Of particular note is
the inclusion of land and inventories in the asset boundary with significant

implications for the appreciation of the sources of growth.
2. Analytical framework

Decomposition of real gross income

8. In their adaptation of Diewert and Morrison (1986) and Kohli (1990), Diewert, Mizobuchi
and Nomura (2009) show how a production-theoretic framework can be set up to consistently derive a
de-composition of real income growth into changes in input quantities, productivity and relative price
effects. Their framework is in discrete time and the authors demonstrate that a Tornqvist index
formula provides an exact log-linear decomposition of real income into the above components. This is
a powerful result and we shall simply refer to it where applicable without re-stating its derivation. To

keep things simple, our analytical framework will be set out in continuous time.

9. We start by specifying a technology (g, K,L,t) €S that describes all feasible combinations
of the vector of labour inputs Lz(Ll,...LML), the vector of capital inputs Kz(Kl,...KMK) and the

vector of ‘netputs’ g=(qi,...qm) that are producible at time t. We employ the term “netput’ to signal
that g may either be positive or negative. The negative sign applies in particular for imports. However,
all q are gross in the sense that they include depreciation. Outputs are measured as consumption,
investment and exports (in which case the relevant quantities will be non-negative) and imports (in
which case the relevant quantities will be non-positive). Outputs are sold at prices P=(P,...Py) and

inputs are purchased at prices W=(W1,...WML)for labour inputs and U:(Ul,...UMK) for capital



inputs. W are service prices (wages) for labour, U are service prices for capital. P-q, the cross product

of prices and quantities of outputs, is the value of GDP.

10. The computation of capital services prices is described in greater detail below, and for the
argument at hand it suffices to point out that the main elements of the capital services price are a rate
of return, a rate of depreciation and an expected asset price change. We compute the rate of return
endogenously®, so that the value of capital services plus the value of other primary inputs exactly

equals the value of final output.

11. To frame the de-composition of income, we follow Diewert, Mizobuchi and Nomura (2009)
and define a GDP function that presents the maximum value of output producible in an economy given
primary inputs and technology as described earlier:

G(P, LK, t) = max, {P-q|(q, L, K,t) e S} Where P-q= ZZlPiqi @)

12. The GDP function summarizes all relevant information about technology®. It is linearly
homogenous in output prices P, non-decreasing in L and K. Under cost minimisation and constant

returns to scale, GDP at current prices equals the value of primary inputs:

G(P,L,K,t)=P-q=W-L+U-K where W-LEZZ;WiLi U-KEZZfUiKi @)

13. Our first step towards real income decomposition is to derive a productivity measure from
the GDP function. Let productivity growth correspond to the shift of the GDP function over time such
that the rate of technical change equals the partial derivate of G with respect to time divided by G:

= wi . To derive a computable expression for 7, differentiate (2) totally:
3
dG(P, L,K,t):Z_Z@dPi +Z_“f;£dLi + _“ffEdKi + Lt - ®
=L oP, =1 oL =1 0K ot

> (P dg +0,dP,)

® One standard method is to compute a nominal rate of return, given depreciation and asset price changes — see
Jorgenson and Landefeld (2006). We compute a ‘balancing real rate of return’ following Diewert,
Mizobuchi and Nomura (2009).

® The GDP function was introduced by Samuelson (1953). Alternative presentations include in particular
Diewert’s (1973) variable profit function and McFadden’s (1978) restricted profit function.



14. Using the property of GDP functions that output quantities equal the marginal change in
GDP with respect to output prices 6G /0P, = g;and that input prices equal the marginal change in GDP

with respect to input quantities (0G/oL; =W, and 6G /0K, = U, ) one has

M M M M M (4)
D aidP 4> WL + D UidK +1Gdt =) Pda; + Y q;dP,
v P,q; M, WL, v, U;K;
= Zi=lp_,qd|nqi _Zi=l P—qdln Li _Zi=lp—,qdln Ki
15. The second line in (4) was obtained by applying the definition for productivity change m, i.e.,

as a shift of the GDP function over time. Productivity growth is measured as the difference between

the growth rate of outputs and a weighted average of the growth rate of inputs.

16. From a producer perspective, and for purposes of productivity measurement, the valuation of
outputs should be at basic prices, excluding those taxes on products that the producer simply passes on
to the government but including all subsidies that the producer may receive. Such a valuation implies
that P-q is equal to gross value-added at basic prices which does not necessarily correspond to GDP
with its final demand components that are valued at purchasers’ prices, i.e., from a consumer or
demand perspective. At the level of the entire economy, the difference between the two valuations is
net taxes on products. However, as GDP at purchasers’ prices provides the direct link to domestic
income - our target measure — and in light of the fact that Korean national accounts data does not
permit valuation of final demand components at basic prices, we shall use GDP rather than value-
added as the measure of output even if this is at variance with a strict producer perspective. The
implication of proceeding in this way is that net taxes on products are added to the remuneration of

capital. Consequently, the share of capital in gross income may be somewhat overstated.

17. Having dealt with the productivity measure, we can now turn to the main task, the de-
composition of real income growth. It starts with the accounting identity (2) that shows the value of
output and the corresponding value of inputs at current prices. The value of inputs corresponds to
nominal domestic income. To obtain a measure of real income, divide the accounting identity by a
general deflator. Our choice is Pc, the deflator of private consumption expenditure in the national
accounts, a suitable measure to express income in real terms, that is in equivalents of units of private
consumption. Dividing (2) by Pc and using the fact that G is linear homogenous in P gives us the
following expression for real gross income. Real values are indicated through the use of small letters,

for instance w=W/P::



G(P,L,K,t)/P. =G(P/P., LK, t)=g(p, LK, t) = (5)
W/P.-L+U/P.-K=w-L+u-K

18. The change in real income can now be obtained from (5) after totally differentiating

g(p,L,K,t)" and expressing changes in log form:

M Og M. Og M¢ OQ g (6)
dg(p, LK, t)=>» "~ —dp;+ >  —dL;+ ) ~——dK;+—dt
g(p ) Z|=1api p Z|=l aLI Z|=1 aKI 8‘[
M P;d; M, Wik, Me U;K;
ding=)» —*dInp;+ > ~——dInL;+ ) ~———dInK;+=n
ZIzlp.q lel p.q ZI=1 p'q
19. In line with Diewert, Mizobuchi and Nomura (2009), we find from the second line in (6)

that there are three main sources of growth of real gross income: change in real output prices, change
in the use of primary inputs and productivity growth. Note that the real output price effects encompass
what is typically referred to as changes in the terms of trade. One of the M outputs is exports and a
rise/fall in the real export price will positively/negatively affect real income. Similarly, imports are one
of the M “outputs’ although they enter GDP with a negative sign. Thus, a rise in the price of imports
compared to the price of domestic consumption will negatively affect real income growth. The
combined effects of the real price changes of exports and imports on real gross income constitutes the
overall terms of trade effect. To the extent that there are real price changes of those outputs that
constitute deliveries to domestic final demand, there will also be real income effects from changes in
‘internal terms of trade’. For example, if the real price of investment goods increases, this will
positively affect real income from a consumer perspective as consumption products will have become
relatively cheaper in comparison with investment products. Owing to our use of the private final
consumption deflator as the numéraire to construct real prices, the real price of private final
consumption expenditure itself equals one and it follows that dinp;=0, supposing that the first final

demand element is private final consumption expenditure®.

Decomposition of real net income

20. To capture material well-being and living standards, a measure of real net income is

preferable to a measure of real gross income. Net income accounts for depreciation, the loss in value

" Note that (3g/at)/g = (0(G/P.)/ot)/g = (0G/dt)/gP. =n and dg/dp, =G /4P, .

81t is of course possible to compute the real income contribution of sub-items of private final consumption
expenditure as real prices of these sub-components may change over time. However, the sum of
contributions of these sub-items will always equal zero if index numbers have been computed
consistently.



of capital goods due to ageing and normal obsolescence and a charge against gross income. The
welfare-relevant measure of real net income is a deflated measure of nominal net income where the
private consumption deflator is again used to convert nominal into real measures. By definition, net
income N equals gross income G minus depreciation D. The simple additive relation holds also in real

terms and links real net income n, real depreciation d and real gross income g:

G=N+D ()
G/P.=N/P.+D/P,

g=n+d
21. In terms of rates of change, we have real gross income as a weighted average of real net

income and real depreciation, and by simple transformation one obtains a measure for the rate of

change of real net income:

8
ding="dinn+%dind ®)
g g
g d
dinn==|dIng——diInd
n g
22. The de-composition of real gross income ding has already been achieved in (6) on the basis

of the GDP function. This can readily be inserted into the second line of (8) to provide a full break-
down of real net income into price effects, labour and capital input effects, productivity, and

depreciation effects.

3. Measuring output

23. This paper focuses on the economy as a whole® and uses component output data from the
official Korean National Accounts statistics.’® These components were then re-aggregated with a
superlative (Torngvist) index number formula as theory would suggest. Our vectors of output

quantities and prices comprise:

e (;: volume of private final consumption expenditure

o p;=1: real price index of private final consumption expenditure

% While output data is already available by industry and institutional sector, capital input data has not yet been
compiled at this level. This has been scheduled by the Bank of Korea for 2014 in accordance with
2008 SNA.

10 See http://ecos.bok.or.kr/Elndex_en.jsp for national accounts data. The BOK uses a chain Laspeyres index in
the construction of its volume measures.



http://ecos.bok.or.kr/EIndex_en.jsp

e (,: volume of government final consumption

e p,:real price index of government final consumption expenditure (purchasers’ prices)
e (3: volume of gross capital formation(GCF)

e ps:real price index of GCF (purchasers’ prices)

e (4: volume of exports of goods and services

e py:real price index of exports of goods and services

e (s volume of imports of goods and services

e ps:real price index of imports of goods and services

24. The empirical measure of aggregate output growth, in discrete time, labelled Q, is given by:

tt Pth : )
AInQ 2—12{Pt t Ptl.thAlnqi

4. Measuring inputs

25. Primary inputs comprise labour and capital. Labour input is measured as quality-adjusted
hours, capital input as flows of capital services. Two types of capital measures are proposed: one more
narrow in scope and comprising only fixed assets and another that comprises all non-financial assets,
in particular fixed assets, inventories and land. Data on land and inventory assets are still under
development whereas data for fixed assets are by now well established in the BOK dataset. As the
final numbers for land and inventories could well be different from the ones presented here; the
distinction between two capital measures has been made in this paper. Despite their preliminary
character, it is of interest to investigate the impact on measures of productivity and contributions to

real income growth of including land and inventories. Our vector of input data comprises:
e L hours worked by the i type of labour, i=1,2,.M_
e W;: compensation per hour worked for the i type of labour
e Uj: user cost of capital or capital services price for i type of capital, i=1,2...Mg

o K, Ky, Kiang: productive stock of fixed assets (i=1,2...My), inventories and land

o Pxi,Pwn, PLag: price indices for fixed assets (i=1,2...My), inventories and land.
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Labour input

26. Measurement of labour input relies on data compiled by the Korean Industry Productivity
(KIP) database™" constructed by the Korea Productivity Center*”. The primary source for employment
data produced by KIP is Statistics Korea’s data on Economically Active Population (EAP) while the
primary source for labour hours is the Report of Monthly Labour Survey and the Report on Wage

Structure by the Ministry of Labour.

217. To derive measures of labour quality, labour is classified by gender, by age group (below 29,
30-49, and 50 or above), and by level of education (middle school or below, high school, college or
above). There are thus 18 categories of labour input. The KIP database relies on information on labour
compensation from the Report of Monthly Labour Survey and the Report on Wage Structure by the
Ministry of Labour to derive wage rates for each of these 18 categories. Information on hours worked
for the years 2009-10 (not available from KIP) are estimated using OECD hours worked data. For

labour quality, 2009-10 data are estimated extrapolating current trends.

28. While the information on the structure of compensation is sourced from the KIP database, the
overall level of compensation of labour input has been benchmarked to the national accounts. More
specifically, the total value of labour compensation equals compensation of employees as shown in the
national accounts plus the part of mixed income that accrues to labour. Mixed income as shown in the
national accounts is the income of unincorporated enterprises owned by households (mainly self-
employed). In Korea, only the income of very small businesses and non-profit organisations servicing
households figure under mixed income. While it has been customary to value the labour of self-
employed and unpaid family members with the average compensation of employees, it is very likely
that this would lead to a significant over-valuation of labour compensation of the self-employed in
Korea. Absent better evidence, we apply a factor of 0.5 to the average compensation of employees in
order to value the labour of the self-employed. To test for the sensitivity of results to this assumption,
Annex tables 2 provide sensitivity tests for the choice of the adjustment factor. While the rate of return
is significantly affected by this choice, the final effects on the relative contributions of labour, capital
and productivity to real income growth are attenuated, in particular in Case 2 where the contribution of

productivity growth is virtually unchanged.

1 For more details on the KIP database, visit www.kpc.or.kr/eng .

2 The KIP database provides data on labour and capital inputs as well as on productivity growth. Only labour
measures are used here, however, whereas capital input measures rely on new data that is directly
compatible with Korea’s national balance sheets and national accounts.

11
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29. Total labour income W'-L" is then the sum of compensation of employees plus labour income

of the self-employed. The quality-adjusted change in labour input is computed as follows:

a1 10)
Cooem 1 WL W) (
AlnL :ZHE(W;.& +Wt'_1_|_'t—1 InL
Capital input
30. Capital input is measured as the flow of capital services from each of the My different assets

in the economy. Quantities of capital services are proportional to productive stocks. The price of
capital services is captured by the user costs of capital whose construction is described below. Two
cases are distinguished that differ by the scope of assets covered. Case 1 comprises 59 types of fixed
assets, case 2 comprises also inventories and land (see Annex Table 1). In accordance with the two
cases, two volume indices of capital services are constructed as weighted averages of the proportionate
changes in the quantity of capital services. Each asset’s share in the total value of capital services

constitutes its weight in the volume index:

et 11)
L oM 1( UKD Utk : (
AlnK :Zi:l E[Utl,Klt +Ut|71,Kltf1 InK;

where M«=59 in Case 1 and Mk=61 in Case 2.

31. Capital stocks of fixed assets K; are estimated using the perpetual inventory method (PIM).
Long investment series were constructed backward to the early 1950s and initial capital stocks
estimated for end-year of 1953. The age-efficiency profile for each asset is based on a hyperbolic
function. A key parameter therein is the asset’s service life. Extensive surveys on service lives were
conducted by the BOK to ensure appropriateness for the Korean case. Also, historical movements of
service lives were estimated so that capital services measures reflect empirical trends in service lives.

Thus, there is a strong and reliable empirical basis for this set of capital measures®.

User costs and rates of return

32. The price of capital services is measured by their user costs, the standard approach
developed by Jorgenson (1963) and Hall and Jorgenson (1967). A simple way of motivating the user

cost formula is the following argument (Diewert 1974). Suppose the owner of an asset wants to

13 In addition to the asset’s service life, an efficiency parameter is required to hyperbolic age-efficiency function.
Here, the BOK followed practice in the U.S. Bureau of Labor Statistics and the Australian Bureau of
Statistics and chose 0.5 for machinery and equipment, and 0.75 for buildings and other structures. For
cost of ownership transfers and mineral exploration, b is set to 1.0 (see Annex Table 1).

12



determine the minimum price at which he is willing to rent the asset during one period of time. In the
simplest case, three main cost elements have to be considered: (i) the cost of financing or the
opportunity cost of the financial capital tied up through the purchase of the asset; (ii) depreciation, i.e.,
the value loss due to ageing; (iii) revaluation, i.e., the price change of the class of assets under
consideration. More specifically, a discrete-time formulation of the user costs of capital typej is
shown below with P'y; the price index of capital good j, r' the nominal rate of return, 3¢ the rate of

depreciation of a new asset and i the rate of change of the asset-specific price index P'y;.

U = Pl (r' + 8oy (L+it) — %) (12)

33. A different way of presenting the user cost term is by invoking a real rate of return, r'* that is
defined as 1+r'=(1+r'*)(1+p") where p' is the rate of change of a general price index. The user cost

expression then becomes:

(L+i)  (@+i) (13)
L+p") @+p)

Uj =P @+ p )L+ %45

34. Under the assumption that the expected asset inflation equals overall inflation (i;'=p"), we
derive a simplified user cost expression as shown below. The major advantage of the simplified user
cost approach is that it largely avoids the occurrence of negative user costs'* and benefits from ease of
implementation (see OECD 2009 for further discussion). A disadvantage is the bias that may arise in

asset weights due to the assumption of equal real price changes across all asset types.

Ut =Py L+ p')(r! *+8,;) (14)

35. The real rate of return r'* is evaluated such that the overall value of capital services plus the
value of labour compensation equals GDP™. Letting U';K'g stand for the value of capital services for
fixed asset i, U'\wK', for inventory assets and U'_,.qK'lag for land, the endogenous real rate is

estimated by solving the following expression for r*:

 This issue has been raised in Diewert, Mizobuchi and Nomura (2009), in the case of Japan, especially for land.
Similar patterns for land prices have prevailed in Korea and would lead to negative user costs of land
for a number of periods if the observed revaluation term were used in the user cost equation.

15 This implies that the full value of net other taxes on production and net taxes on products have been allocated
to capital as mentioned earlier.
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PLgt = WL+ T UIKE, + UL K, + Ul oK (15)

= WL+ D @ p I * 90 )P + PRI Ky + Pl % K]

36. The estimated endogenous ex post real rates of return are shown in Figure 2 below. Inclusion
or exclusion of land and inventories play a major role for the level of resulting real rate of return.
Under case 1 — excluding land and inventories — the average real rate of return over the entire 40 year
period was over 13 % per year — with over 20% at the beginning of the period and a declining trend
thereafter. Such a pattern is not unusual for a country like Korea with rapid investment and economic
growth that tends to be associated with a declining marginal productivity of capital. Indeed, Pyo and
Nam (2001) and Pyo, Kim and Jeon (2009) find a similar pattern. As under case 1 in the present
calculations, their results were derived using fixed assets only. When the endogenous real rate is
computed under case 2 — including land and inventories — r'* turns out to be 3.4 % on average over the
entire period 1970 to 2010 albeit with fluctuations between 1.5 and 5.7 %. From 1980 to early 2000s it
showed a rising trend, and peaked at 5.7 % in 2002. Thereafter the rate reversed, and fell to around 4
percent in recent years'®. The differences in average levels of real rates in return between cases 1 and 2
are not surprising as the same profits are related to a smaller asset base under case 1 compared to
case 2. Note the difference in the time pattern between the two cases: an upward trend with the full
scope of assets and a downward trend with fixed assets only. This reflects the relatively faster growth
of the value of the stock of fixed assets compared to the growth of the value of all assets, and a
reflection of the significant compositional change of the Korean capital stock towards fixed assets.
We conclude that the scope of the asset boundary is important for the resulting rate of return. More
importantly, these differences in the scope of assets have implications for the assessment of the

respective roles of capital, labour and productivity as sources of economic growth.

'8 For an industry-level examination of user costs and rates of return in Korea, see Pyo et al. (2009).
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Figure 2. Real rates of return, Korea
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Note: ‘Financial market rate — CP1%’ = real interest rate, computed as yields on Industrial Finance Debentures (1972-
1985) and nominal Treasury bond rates (since 1986) minus the rate of change of the consumer price index. ‘Endogenous real
rate of return’ = rates for cases 1 and 2 as described in text.

5. Real income decomposition: results
Sources of growth of real gross income

37. Our decomposition of real gross income follows expression (6) and is based on a Térngvist

index number formula to aggregate output and input components:
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38. The first term in the decomposition captures relative price effects. There are four of them:

the effects of (i) real investment goods prices; (ii) real prices of government final consumption
expenditure; (iii) real prices of exports and (iv) real prices of imports. The combined effects of (iii)
and (iv) constitute terms of trade effects. The second and third term of the de-composition reflects the
contribution of labour and capital to real income growth. Finally, n' captures the contribution from
productivity growth. Two sets of results are presented in line with the two asset boundaries, one

excluding land and inventories (case 1), and one including them (case 2).

39. Table 1 presents the decomposition of real gross income for case 1. Over the past 30 years,

Korean real gross income grew at an annual rate of 6.2% on average, clearly above the OECD average
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and in line with the rapid transformation of the Korean economy. Changes in input factors accounted
for 5.2 percentage points or 83.0% of income growth. ' Of the various inputs, capital contributed 3.3
percentage points, explaining 52.3% of overall income growth, and labour accounted for 1.9
percentage points or 30.6%. MFP growth contributed 1.4 percentage points to gross income growth or
22.9%. Thus, over the entire period, the overwhelming part of real income growth is explained by
labour, capital and productivity growth. Combined changes in real output prices matter much less and
enter with a comparatively small negative effect on real income growth (-0.4%). This reflects

deterioration of the terms of trade and a secular decline in real investment prices.

40. A somewhat different picture emerges under case 2, which includes fixed assets as well as
inventory and land as capital inputs. The role of MFP as a contributor to real gross income growth is
enhanced (2.7 percentage points, or 43.3% of income growth) whereas the contribution of capital is
reduced (2.0 percentage points or 31.9% when compared to case 1). Land input growth contributed
with 0.2 percentage points annually and changes in inventory by 0.03 percentage points. Thus, moving
towards the broader scope of assets changed the assessment of growth contributions in favour of MFP
and away from factor inputs. This reflects the large share of land and inventory assets in the total value

of capital services combined with negligible volume growth.

41, As in case 1, the impact of terms of trade changes on gross income growth over the entire
period 1980~2010 was only -0.4 percentage points, or -6.3%. However, as soon as one looks at shorter
intervals of years, changes in the terms of trade turn out to have significant implications for
movements in income growth. Until the mid-90s, terms of trade were quite favourable to the Korean
economy, reflecting reduced real oil prices and enhanced price competitiveness due to revaluation of
the Japanese yen, as shown in Figure 3 and 4. Terms of trade then fell between 1996 and 2000, around
the Asian currency crisis and subtracted an average of -1.9 percentage points from real gross income
growth. The gradual deterioration of the terms of trade has continued since then with a negative impact
on real gross income growth. Likely, this reflects the increasing concentration of Korea’s exports on
high-tech goods whose relative prices tend to decline in the light of technological changes and

heightened international competition®. During the global financial crisis in 2008, terms of trade

Y For the entire period at hand, this figure seems to confirm the East Asian miracle in economic growth as
‘input-led” growth, as argued by Krugman (1994), Young (1994) and Lau and Kim (1994). If we
focus on more recent years, however, the observation would be considerably different.

'8 Hahn and Ryu (2010) identify factors that are external, rather than internal to Korea as the main reasons for
the decline in terms of trade during this period. In particular, they observe that China’s trade
expansion raised import prices for oil and raw materials while lowering the export prices of
manufactured products.
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changes reduced real income growth by 3.7 percentage points through a rapid rise in real import prices

after a drop in the Korean Won.

Figure 3. Terms of trade
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Figure 4. Cumulative effects of terms of trade on real gross income growth
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42. One of the main findings in this decomposition of real gross income growth is thus the
changing role of productivity growth in Korea. Whereas in the decades up to the early 2000s, much of
income growth was attributable to the growth of inputs, productivity growth began to play an
important role from the mid-2000s. During the past five years of 2006 to 2010, productivity growth
contributed 2.0 percentage points to real gross income growth on average, more than the
1.7 percentage points annual contribution provided by labour and capital (case 2). There is thus some

evidence of the Korean economy transiting from ‘input-led’ to a ‘productivity-led’ pattern of growth
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and income generation. *° This confirms findings by Pyo, Chun and Rhee (2008) who date the
beginning of a productivity-led growth pattern to the late 1990s. The finding is also in broadly in line
with conclusions from OECD Economic Surveys of Korea (OECD 2010, 2008). Our data set

demonstrates that productivity growth has become even more important since the mid-2000s.

91t remains open how the eventual implementation of the 2008 SNA with its capitalisation of R&D expenditure
and military assets will bear on the results. Some caution is also in place with regard to the period
2009-10 because of the preliminary nature of labour and capital input data.
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Table 1. Contributions to real gross income growth; Korea, Case 1: fixed assets only
Year R?nag Ogr;(;ss Real price effect Input effect Productivity
(1)=(2+(3) @ ©) @ Q) (6)=(4)+(5) (7 ®) ©)
+(6)+(7) Government Gross Exports Imports Terms of Capital input  Labour input
+(8)+(9) consumption  investment trade
1980 -5.18% 0.48% 0.92% 1.64% -6.37% -4.74% 4.50% -0.50% -5.84%
1981 5.24% 0.00% -1.71% -0.72% 0.38% -0.34% 3.61% 0.77% 2.91%
1982 9.75% 0.55% -0.15% -0.52% 2.26% 1.74% 3.58% 3.26% 0.77%
1983 12.74% 0.58% 0.27% -0.29% 0.53% 0.24% 3.76% 4.13% 3.76%
1984 10.03% 0.10% -0.40% 1.02% -0.25% 0.77% 3.94% 3.33% 2.29%
1985 7.98% 0.60% 0.22% -0.03% -0.13% -0.17% 3.83% 2.89% 0.60%
1986 14.04% 0.60% -0.30% 0.44% 1.85% 2.29% 4.25% 3.43% 3.77%
1987 12.31% 0.37% -0.44% -0.11% 1.02% 0.91% 4.73% 4.43% 2.30%
1988 12.11% 0.42% 0.22% -1.55% 2.04% 0.49% 4.71% 3.09% 3.19%
1989 6.80% 0.50% -1.01% -2.15% 2.93% 0.78% 4.81% 2.62% -0.89%
1990 9.76% 0.28% 0.86% -1.08% 0.45% -0.64% 5.19% 3.03% 1.03%
1991 8.60% 0.19% -0.72% -2.14% 2.44% 0.30% 5.21% 3.43% 0.19%
1992 5.30% 0.28% -0.49% -1.22% 1.27% 0.05% 4.38% 3.95% -2.86%
1993 5.89% -0.09% -0.58% -1.31% 1.62% 0.31% 4.06% 1.96% 0.23%
1994 6.71% -0.03% -1.80% -1.92% 2.11% 0.19% 4.27% 1.77% 2.31%
1995 9.37% 0.40% 0.78% -1.22% 0.57% -0.64% 4.43% 2.87% 1.52%
1996 5.24% 0.19% -0.61% -2.42% 1.07% -1.35% 4.12% -0.28% 3.17%
1997 3.42% -0.03% -0.23% -0.34% -1.48% -1.83% 3.39% 1.30% 0.81%
1998 -6.95% 0.03% -2.06% 5.47% -5.69% -0.23% 1.48% -2.02% -4.15%
1999 6.48% -0.09% -0.64% -9.98% 6.72% -3.26% 1.97% 2.74% 5.76%
2000 5.06% 0.28% -0.56% -2.98% 0.10% -2.88% 2.65% 1.46% 4.11%
2001 3.37% 0.61% -0.25% -0.26% -0.68% -0.94% 2.25% 1.56% 0.14%
2002 7.01% 0.16% 0.01% -4.11% 3.91% -0.20% 2.35% 1.22% 3.47%
2003 3.05% 0.27% 0.45% -1.33% 0.95% -0.38% 2.17% 1.72% -1.18%
2004 4.41% 0.35% 0.57% 0.31% -1.27% -0.96% 2.03% 3.58% -1.17%
2005 2.33% 0.29% -0.23% -3.69% 2.00% -1.69% 1.97% -0.64% 2.64%
2006 3.32% 0.22% -0.34% -2.50% 1.00% -1.49% 1.94% 1.52% 1.47%
2007 5.11% 0.15% 0.27% -0.53% 0.23% -0.30% 1.98% -0.74% 3.75%
2008 0.68% 0.07% 1.99% 8.43% -12.16% -3.73% 1.71% 0.31% 0.33%
2009 1.18% 0.04% -0.46% -2.06% 3.43% 1.36% 1.39% 0.19% -1.34%
2010 6.79% 0.00% 0.87% -0.66% 0.51% -0.14% 1.74% 0.47% 3.86%
Multi-year average
1981~2010 6.24% 0.24% -0.22% -0.98% 0.59% -0.39% 3.26% 1.91% 1.43%
1981~1990 10.07% 0.40% -0.24% -0.50% 1.11% 0.61% 4.24% 3.10% 1.97%
1991~2000 4.91% 0.11% -0.69% -1.81% 0.87% -0.93% 3.60% 1.72% 1.11%
2001~2010 3.72% 0.22% 0.29% -0.64% -0.21% -0.85% 1.95% 0.92% 1.20%
2001~2005 4.03% 0.34% 0.11% -1.81% 0.98% -0.83% 2.15% 1.49% 0.78%
2006~2010 3.41% 0.10% 0.47% 0.54% -1.40% -0.86% 1.75% 0.35% 1.61%
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Table 2. Contributions to real gross income growth; Korea, Case 2: fixed assets plus land and

inventories
Real gross ' -
Year income Real price effect Input effect Productivity
Q=+ @ ©) @ () (6)=(4)+(5) U] ®) © (10) (1)
+(6)+(7~9) |Government  Gross Exports Imports Terms of Fixed Inventory Land Labour
+(10)+(11) |consumption investment trade |capital input  input Input input

1980 -5.18% 0.48% 0.92% 1.64% -6.37% -4.74% 1.78% 0.01% 0.12% -0.50% -3.26%
1981 5.24% 0.00% -1.71% -0.72% 0.38% -0.34% 1.61% 0.04% 0.18% 0.77% 4.69%
1982 9.75% 0.55% -0.15% -0.52% 2.26% 1.74% 1.56% 0.03% 0.36% 3.26% 2.39%
1983 12.74% 0.58% 0.27% -0.29% 0.53% 0.24% 1.64% 0.04% 0.17% 4.13% 5.67%
1984 10.03% 0.10% -0.40% 1.02% -0.25% 0.77% 1.74% 0.04% 0.15% 3.33% 4.30%
1985 7.98% 0.60% 0.22% -0.03% -0.13% -0.17% 1.66% 0.07% 0.19% 2.89% 2.51%
1986 14.04% 0.60% -0.30% 0.44% 1.85% 2.29% 1.93% 0.07% 0.35% 3.43% 5.67%
1987 12.31% 0.37% -0.44% -0.11% 1.02% 0.91% 2.16% 0.06% 0.33% 4.43% 4.48%
1988 12.11% 0.42% 0.22% -1.55% 2.04% 0.49% 2.14% 0.10% 0.30% 3.09% 5.36%
1989 6.80% 0.50% -1.01% -2.15% 2.93% 0.78% 2.21% 0.10% 0.31% 2.62% 1.29%
1990 9.76% 0.28% 0.86% -1.08% 0.45% -0.64% 2.38% 0.04% 0.30% 3.03% 3.51%
1991 8.60% 0.19% -0.72% -2.14% 2.44% 0.30% 2.45% 0.06% 0.29% 3.43% 2.61%
1992 5.30% 0.28% -0.49% -1.22% 1.27% 0.05% 2.10% 0.03% 0.28% 3.95% -0.89%
1993 5.89% -0.09% -0.58% -1.31% 1.62% 0.31% 2.02% 0.00% 0.33% 1.96% 1.95%
1994 6.71% -0.03% -1.80% -1.92% 2.11% 0.19% 2.32% 0.04% 0.27% 1L.77% 3.95%
1995 9.37% 0.40% 0.78% -1.22% 0.57% -0.64% 2.57% -0.02% 0.35% 2.87% 3.05%
1996 5.24% 0.19% -0.61% -2.42% 1.07% -1.35% 2.51% 0.05% 0.31% -0.28% 4.43%
1997 3.42% -0.03% -0.23% -0.34% -1.48% -1.83% 2.10% 0.04% 0.23% 1.30% 1.83%
1998 -6.95% 0.03% -2.06% 5.47% -5.69% -0.23% 0.80% -0.10% 0.16% -2.02% -3.53%
1999 6.48% -0.09% -0.64% -9.98% 6.72% -3.26% 1.29% -0.02% 0.13% 2.74% 6.32%
2000 5.06% 0.28% -0.56% -2.98% 0.10% -2.88% 1.85% 0.03% 0.17% 1.46% 4.71%
2001 3.37% 0.61% -0.25% -0.26% -0.68% -0.94% 1.55% 0.02% 0.16% 1.56% 0.66%
2002 7.01% 0.16% 0.01% -4.11% 3.91% -0.20% 1.63% 0.03% 0.16% 1.22% 4.00%
2003 3.05% 0.27% 0.45% -1.33% 0.95% -0.38% 1.46% 0.03% 0.15% 1.72% -0.64%
2004 4.41% 0.35% 0.57% 0.31% -1.27% -0.96% 1.35% 0.03% 0.14% 3.58% -0.66%
2005 2.33% 0.29% -0.23% -3.69% 2.00% -1.69% 1.31% 0.04% 0.12% -0.64% 3.15%
2006 3.32% 0.22% -0.34% -2.50% 1.00% -1.49% 1.29% 0.05% 0.16% 1.52% 1.92%
2007 5.11% 0.15% 0.27% -0.53% 0.23% -0.30% 1.31% 0.03% 0.14% -0.74% 4.24%
2008 0.68% 0.07% 1.99% 8.43%  -12.16% -3.73% 1.14% 0.06% 0.16% 0.31% 0.68%
2009 1.18% 0.04% -0.46% -2.06% 3.43% 1.36% 0.91% -0.08% 0.15% 0.19% -0.93%
2010 6.79% 0.00% 0.87% -0.66% 0.51% -0.14% 1.22% -0.03% 0.14% 0.47% 4.27%
Multi-year average
1981~2010| 6.24% 0.24% -0.22% -0.98% 0.59% -0.39% 1.74% 0.03% 0.22% 1.91% 2.70%
1981~1990| 10.07% 0.40% -0.24% -0.50% 1.11% 0.61% 1.90% 0.06% 0.26% 3.10% 3.99%
1991~2000| 4.91% 0.11% -0.69% -1.81% 0.87% -0.93% 2.00% 0.01% 0.25% 1.72% 2.44%
2001~2010| 3.72% 0.22% 0.29% -0.64% -0.21% -0.85% 1.32% 0.02% 0.15% 0.92% 1.67%
2001~2005 | 4.03% 0.34% 0.11% -1.81% 0.98% -0.83% 1.46% 0.03% 0.15% 1.49% 1.30%
2006~2010 | 3.41% 0.10% 0.47% 0.54% -1.40% -0.86% 1.17% 0.01% 0.15% 0.35% 2.04%

Sources of growth of real net income

43. The next step consists of linking the determinants of real gross income to measures of real
depreciation to obtain a decomposition of real net income. The simple relationship between these
terms was derived in expression (8). For implementation purposes, we require a discrete time

formulation:
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44, Since depreciation occurs only for fixed assets, no distinction needs to be made between
cases 1 and 2 in the measurement of real depreciation. However, the distinction remains valid for the
decomposition of real gross income Alng'. During the past 30 years, real net income grew by 6.0% on
average — slightly less than the 6.2% growth of real gross income, reflecting a somewhat faster rate of
real depreciation. By construction, the relative importance of each of the components of gross income
does not change in the explanation of net income but each factor’s contribution is scaled up by the
ratio of gross to net income (see Tables 3 and 4). Under case 1, capital input contributed 3.8
percentage points or 63.4% to real net income growth, labour input contributed 2.2 percentage points
or 37.0% and productivity growth contributed 1.7 percentage points or 27.9%. Real output price
changes and depreciation reduced real net income growth by 0.4 and 1.3 percentage points,
respectively. Again, under case 2 the contribution of productivity growth rose to 3.2 percentage points

at the expense of input factors.

45, While the effects of other factors showed significant variation over the period under
consideration, the effects of depreciation on real net income growth remained relatively stable, albeit

with an upward trend.

46. Figure 5 compares the growth rates of real gross and real net income. During the past 30
years, annual growth rates moved very much in parallel. On average, Korean real net income grew by
6.0%, compared with 6.2% for real gross income. Depreciation reduced real net income growth by
between 0.9 and 1.6 percentage points over 10 year intervals. Three years are, however, exceptional:
1980, 1998 and 2008. In each of these years, there was a noticeable gap between net and gross income.
Each of these years is associated with an economic shock: the second oil price shock, the Asian
foreign currency crisis, and the global financial crisis. The common feature of these years is that prices
of machinery and equipment rose much more sharply than private consumption expenditure prices: %

many fixed assets are imported and the depreciation of the won in times of crisis led to a hike in asset

20 In 1980 and 2008, prices of buildings and structures also rose sharply relative to prices of consumption goods
while in 1998, those prices fell. As depreciation of machinery and equipment accounts for more than
50% of all depreciation, the sharp rise in prices of machinery and equipment dominated the increase
of consumption of fixed capital in those three years. The value of depreciation of fixed capital used in
this paper is a result of our integrated system of capital measures for Korea, which will be further
developed for integration into the official national accounts by 2014. There are thus some differences
to the official depreciation measures as presented in the national accounts.
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price inflation. Rising capital goods prices raised depreciation and dragged down net income
(Figure 6).

Table 3. Contributions to real net income growth; Korea, Case 1: fixed assets only

Real Real gross

Year Real net Depreciation  Income Real price effect Input effect Productivity
income effect
effect effect
(1)= @ @46 @ ©) (6) ] 8)=0)+(7) ©) (10) 1
(2)+(3) +(8)+(9) |Government  Gross Export Import Terms of Capital Labour
+(10)+(11) [consumption investment trade input input

1980 -8.23% -2.38% -5.85% 0.54% 1.04% 1.85% -7.20% -5.35% 5.08% -0.56% -6.60%
1981 5.13% -0.88% 6.01% 0.00% -1.96% -0.83% 0.44% -0.39% 4.14% 0.88% 3.34%
1982 9.59% -1.62% 11.21% 0.63% -0.17% -0.60% 2.59% 2.00% 4.11% 3.75% 0.89%
1983 12.82% -1.83% 14.64% 0.66% 0.31% -0.33% 0.61% 0.28% 4.32% 4.75% 4.32%
1984 10.40% -1.11% 11.51% 0.12% -0.46% 1.17% -0.29% 0.88% 4.52% 3.82% 2.63%
1985 7.36% -1.80% 9.16% 0.69% 0.25% -0.04% -0.15% -0.19% 4.40% 3.32% 0.69%
1986 1452%  -1.61% 16.13% 0.69% -0.34% 0.50% 2.13% 2.63% 4.88% 3.94% 4.33%
1987 12.49% -1.60% 14.10% 0.43% -0.50% -0.12% 1.17% 1.04% 5.42% 5.08% 2.63%
1988 11.98% -1.89% 13.87% 0.48% 0.25% -1.77% 2.33% 0.56% 5.40% 3.54% 3.65%
1989 6.39% -1.41% 7.80% 0.58% -1.17% 2.47% 3.36% 0.89% 5.52% 3.01% -1.02%
1990 9.19% -2.08% 11.26% 0.32% 1.00% -1.25% 0.52% -0.73% 5.99% 3.50% 1.19%
1991 8.32% -1.65% 9.97% 0.23% -0.84% -2.48% 2.83% 0.35% 6.04% 3.98% 0.22%
1992 4.62% -1.55% 6.17% 0.32% -0.57% -1.42% 1.48% 0.06% 5.10% 4.59% -3.33%
1993 5.66% -1.22% 6.88% -0.11% -0.68% -1.53% 1.90% 0.36% 4.75% 2.29% 0.27%
1994 7.07% -0.77% 7.84% -0.03% -2.11% -2.25% 2.47% 0.22% 4.99% 2.07% 2.70%
1995 9.29% -1.65% 10.94% 0.47% 0.91% -1.42% 0.67% -0.75% 5.17% 3.35% 1.78%
1996 4.68% -1.47% 6.14% 0.23% -0.71% -2.83% 1.25% -1.58% 4.83% -0.33% 3.71%
1997 2.47% -1.56% 4.03% -0.03% -0.27% -0.41% -1.75% -2.15% 4.00% 1.54% 0.96%
1998 -1055%  -2.16% -8.38% 0.03% -2.48% 6.60% -6.87% -0.27% 1.79% -2.44% -5.01%
1999 8.23% 0.33% 7.89% -0.12% -0.78% -12.16% 8.18% -3.97% 2.40% 3.34% 7.02%
2000 5.32% -0.78% 6.10% 0.34% -0.67% -3.60% 0.12% -3.48% 3.19% 1.76% 4.96%
2001 3.20% -0.86% 4.06% 0.73% -0.31% -0.31% -0.82% -1.13% 2.72% 1.88% 0.17%
2002 7.72% -0.71% 8.43% 0.20% 0.01% -4.94% 4.70% -0.24% 2.82% 1.46% 4.17%
2003 2.69% -0.97% 3.66% 0.32% 0.54% -1.59% 1.14% -0.46% 2.60% 2.07% -1.41%
2004 4.25% -1.05% 5.30% 0.42% 0.68% 0.37% -1.52% -1.15% 2.45% 4.30% -1.41%
2005 2.22% -0.58% 2.80% 0.35% -0.28% -4.45% 2.41% -2.04% 2.31% -0.77% 3.18%
2006 3.271% -0.72% 4.00% 0.27% -0.41% -3.01% 1.21% -1.80% 2.34% 1.84% 1.77%
2007 5.27% -0.88% 6.15% 0.18% 0.33% -0.64% 0.28% -0.36% 2.38% -0.90% 4.51%
2008 -1.09% -1.91% 0.82% 0.08% 2.42% 10.23%  -14.76% -4.53% 2.08% 0.37% 0.40%
2009 0.14% -1.31% 1.45% 0.04% -0.57% -2.54% 4.22% 1.68% 1.71% 0.23% -1.64%
2010 7.98% -0.38% 8.35% 0.00% 1.07% -0.81% 0.63% -0.18% 2.14% 0.58% 4.75%
Multi-year average
1981~2010| 6.02% -1.26% 7.28% 0.28% -0.25% -1.16% 0.68% -0.48% 3.82% 2.23% 1.68%
1981~1990| 9.99% -1.58% 11.57% 0.46% -0.28% -0.57% 1.27% 0.70% 4.87% 3.56% 2.21%
1991~2000| 4.51% -1.25% 5.76% 0.13% -0.82% -2.15% 1.03% -1.12% 4.22% 2.01% 1.33%
2001~2010| 3.57% -0.94% 4.50% 0.26% 0.35% -0.77% -0.25% -1.02% 2.36% 1.11% 1.45%
2001~2005| 4.02% -0.83% 4.85% 0.40% 0.13% -2.18% 1.18% -1.00% 2.59% 1.79% 0.94%
2006~2010| 3.11% -1.04% 4.16% 0.12% 0.57% 0.65% -1.68% -1.04% 2.13% 0.42% 1.96%

22



Table 4. Contributions to real net income growth; Korea, Case 2: fixed assets plus land and inventories
Year Real net Re"." . R?al gross Real price effect Input effect Productivity
income  Depreciation  income
(1)= @ GO @ Q) (6) 0 (8)=(6)+(7) © (10) 11)
(2)+(3) +(8)+(9) |Government  Gross Export Import Terms of Capital Labour
+(10)+(11) |consumption investment trade input input
1980 -8.23% -2.38% -5.85% 0.54% 1.04% 1.85% -7.20% -5.35% 2.17% -0.56% -3.69%
1981 5.13% -0.88% 6.01% 0.00% -1.96% -0.83% 0.44% -0.39% 2.11% 0.88% 5.38%
1982 9.59% -1.62% 11.21% 0.63% -0.17% -0.60% 2.59% 2.00% 2.25% 3.75% 2.75%
1983 12.82% -1.83% 14.64% 0.66% 0.31% -0.33% 0.61% 0.28% 2.13% 4.75% 6.52%
1984 10.40% -1.11% 11.51% 0.12% -0.46% 1.17% -0.29% 0.88% 2.22% 3.82% 4.93%
1985 7.36% -1.80% 9.16% 0.69% 0.25% -0.04% -0.15% -0.19% 2.20% 3.32% 2.89%
1986 1452%  -1.61% 16.13% 0.69% -0.34% 0.50% 2.13% 2.63% 2.70% 3.94% 6.51%
1987 12.49% -1.60% 14.10% 0.43% -0.50% -0.12% 1.17% 1.04% 2.92% 5.08% 5.13%
1988 11.98% -1.89% 13.87% 0.48% 0.25% -1.77% 2.33% 0.56% 2.91% 3.54% 6.14%
1989 6.39% -1.41% 7.80% 0.58% -1.17% 2.47% 3.36% 0.89% 3.01% 3.01% 1.49%
1990 9.19% -2.08% 11.26% 0.32% 1.00% -1.25% 0.52% -0.73% 3.13% 3.50% 4.05%
1991 8.32% -1.65% 9.97% 0.23% -0.84% -2.48% 2.83% 0.35% 3.24% 3.98% 3.02%
1992 4.62% -1.55% 6.17% 0.32% -0.57% -1.42% 1.48% 0.06% 2.81% 4.59% -1.04%
1993 5.66% -1.22% 6.88% -0.11% -0.68% -1.53% 1.90% 0.36% 2.75% 2.29% 2.28%
1994 7.07% -0.77% 7.84% -0.03% -2.11% -2.25% 2.47% 0.22% 3.08% 2.07% 4.61%
1995 9.29% -1.65% 10.94% 0.47% 0.91% -1.42% 0.67% -0.75% 3.39% 3.35% 3.56%
1996 4.68% -1.47% 6.14% 0.23% -0.71% -2.83% 1.25% -1.58% 3.35% -0.33% 5.19%
1997 2.47% -1.56% 4.03% -0.03% -0.27% -0.41% -1.75% -2.15% 2.80% 1.54% 2.16%
1998 -1055%  -2.16% -8.38% 0.03% -2.48% 6.60% -6.87% -0.27% 1.04% -2.44% -4.26%
1999 8.23% 0.33% 7.89% -0.12% -0.78% -12.16% 8.18% -3.97% 1.72% 3.34% 7.70%
2000 5.32% -0.78% 6.10% 0.34% -0.67% -3.60% 0.12% -3.48% 2.47% 1.76% 5.68%
2001 3.20% -0.86% 4.06% 0.73% -0.31% -0.31% -0.82% -1.13% 2.09% 1.88% 0.79%
2002 7.72% -0.71% 8.43% 0.20% 0.01% -4.94% 4.70% -0.24% 2.18% 1.46% 4.81%
2003 2.69% -0.97% 3.66% 0.32% 0.54% -1.59% 1.14% -0.46% 1.96% 2.07% 0.77%
2004 4.25% -1.05% 5.30% 0.42% 0.68% 0.37% -1.52% -1.15% 1.84% 4.30% -0.80%
2005 2.22% -0.58% 2.80% 0.35% -0.28% -4.45% 2.41% -2.04% 1.76% -0.77% 3.79%
2006 3.271% -0.72% 4.00% 0.27% -0.41% -3.01% 1.21% -1.80% 1.80% 1.84% 2.31%
2007 5.27% -0.88% 6.15% 0.18% 0.33% -0.64% 0.28% -0.36% 1.79% -0.90% 5.11%
2008 -1.09% -1.91% 0.82% 0.08% 2.42% 10.23%  -14.76% -4.53% 1.66% 0.37% 0.82%
2009 0.14% -1.31% 1.45% 0.04% -0.57% -2.54% 4.22% 1.68% 1.21% 0.23% -1.14%
2010 7.98% -0.38% 8.35% 0.00% 1.07% -0.81% 0.63% -0.18% 1.63% 0.58% 5.26%
Multi-year average
1981~2010| 6.02% -1.26% 7.28% 0.28% -0.25% -1.16% 0.68% -0.48% 2.34% 2.23% 3.16%
1981~1990| 9.99% -1.58% 11.57% 0.46% -0.28% -0.57% 1.27% 0.70% 2.56% 3.56% 4.58%
1991~2000| 4.51% -1.25% 5.76% 0.13% -0.82% -2.15% 1.03% -1.12% 2.66% 2.01% 2.89%
2001~2010| 3.57% -0.94% 4.50% 0.26% 0.35% -0.77% -0.25% -1.02% 1.79% 1.11% 2.02%
2001~2005| 4.02% -0.83% 4.85% 0.40% 0.13% -2.18% 1.18% -1.00% 1.97% 1.79% 1.57%
2006~2010 3.11% -1.04% 4.16% 0.12% 0.57% 0.65% -1.68% -1.04% 1.61% 0.42% 2.47%
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Figure 5. Growth of real net and gross incomes Figure 6. Growth of real depreciation
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6. Conclusion

47. This paper presents a decomposition of real income growth in Korea. It uses a production-
theoretic framework that permits identifying the effects of real output prices, primary inputs and multi-
factor productivity growth, and depreciation on real net income. The empirical analysis is based on a
new dataset for Korea with detailed information on labour and capital inputs. Furthermore, the
sensitivity of results with respect to including land and inventories into the scope of assets has been
tested.

48. The empirical results show, first, that over the past 30 years, capital and labour inputs
explain the bulk of Korean real income growth. The second most important factor, on average, has
been productivity growth. However, there has been a reversal of the relative importance of factor
inputs and productivity with MFP growth progressively gaining importance and dominating income
growth over the past five years. This provides some evidence of Korean growth being transformed
from “input-led’ to ‘productivity-led’.

49, A second conclusion is that for the period at hand, the inclusion of land and inventory
meanwhile increased markedly the relative contribution to real income growth of MFP growth mainly
at the expense of capital input. If land and inventory assets are excluded from the scope of assets, the
role of capital (and labour) inputs may thus be overstated. Third, terms of trade effects were modest
over the longer period, but had significant real income effects over sub-periods. In particular, the terms
of trade have worsened since the mid-1990s, with a rising negative impact on real income. This is a
consequence of the rising share of high-tech products dependence in Korea’s exports and the

importance of exports for Korea’s growth more generally. Fourth, the effect of depreciation on real net
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income growth was very stable during the whole period compared to other factors, with a range of 0.9
to 1.6 percentage points over 10-year intervals. However, during periods of crises, real depreciation

tended to rise and bear negatively on real net income growth.

50. Looking ahead, some additional data development will be needed. This includes further
work on labour input data to improve timeliness and consistency with other input and output data;
finalisation of the capital data on land and inventory stocks. For a more comprehensive application of
our framework, and to trace productivity growth back to individual industries, sector accounts need to
be constructed. Some more work will also be needed to put the allocation of mixed income to labour
and capital on a firmer footing. With the implementation of the 2008 SNA, which will includes R&D
and military assets as new capital assets, the asset boundary will change and possibly again alter the

contribution of capital and productivity to real income growth.
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Annex Table 1: Fixed asset types, service lives, efficiency parameters, and implied depreciation rates

Time-varying service lives of assets by year Std. dev. Efficiency Depreciation rate
1960 | 1970 | 1980 | 1990 | 2000 | 2010 | over mean | parameter (b) | & (2001~2010) | 8 (2001-2010)
Fixed assets 6.11% 4.13%
Buildings 3.47% 1.96%
Residential building construction 35 | 35 [ 35 ] 40 [ 50 [ 50 13 0.75 317% 170%
Cost of ownership transfer on houses 10 13 1.00 14.02 % 8.15%
Buildings for manufacturing and mining 30 30 30 35 40 40 1/3 0.75 3.95% 231%
Commercial buildings 35 35 35 40 45 45 13 0.75 3.40% 1.97 %
Other buildings 40 40 40 45 50 50 13 0.75 2.67% 1.70 %
Cost of ownership transfer on non-residential buildings 16.8 13 1.00 8.35% 4.37%
Other construction 3.35% 2.01%
Highways 45 45 45 50 60 60 1/4 0.75 2.09 % 1.24%
Railways 55 55 55 60 65 65 1/4 0.75 161% 110 %
Subways 55 55 55 60 65 65 1/4 0.75
Harbors 38 39 435 | 485 50 50 1/4 0.75 3.25% 1.62 %
Airports 35.0 1/4 0.75 3.76 % 2.66 %
Dam and river works 30 [ 3 [ 3 [37 [3 | 37 14 0.75 4.13% 247%
Water supply and sewerage 25 | 25 [ 25 [ 30 [ 3 | 3 14 0.75 5.27% 3.25%
Engineering works for agriculture and fishery 60.0 1/4 0.75 2.22% 1.24%
Urban civil engineering works 35 [ 35 [375 [425 ] 45 | 45 14 0.75 3.11% 1.89 %
Electric power facilities 40.0 1/4 0.75 3.54% 222%
Telecommunication facilities 30.0 1/4 0.75 5.23% 3.25%
Other civil engineering works 40.0 1/4 0.75 3.59% 222%
Forestry 60.0 1/4 0.75 2.63% 1.24%
Cost of ownership transfer on other structures 16.8 13 1.00 7.92% 437 %
Transport equipment 17.14% 11.36%
Sedans 9.7 9.7 9.4 6.2 7.4 7.7 12 0.50 24.70 % 17.69 %
Buses 9.4 9.4 8.4 7.1 8.8 117 12 0.50 20.25 % 13.12%
Trucks and others 10.7 | 10.7 | 10.0 7.0 9.3 12.8 12 0.50 19.63 % 12.07 %
Ships 230 | 230 23.0 27.0 | 29.0 29.0 12 0.50 6.76 % 4.68 %
Trains 26.0 1/4 0.50 7.45% 4.88 %
Aircraft 20.0 13 0.50 13.53 % 6.67 %
Other transport equipment 97 [ 97 [ 94 [ 62 [ 74 ] 77 112 0.50 25.70 % 17.69 %
Machinery and equipment 17.46% 13.80%
Pumps and compressors 12.8 0.61 0.50 14.82 % 11.28 %
Lifting and handling equipment 14.2 0.83 0.50 12.49 % 10.79 %
Air conditioning and refrigerating equipment 10.8 0.61 0.50 17.19 % 13.29 %
Other general-purpose machinery 11.9 0.61 0.50 15.98 % 12.06 %
Machine-tools for working metal 13.6 0.57 0.50 14.24 % 10.53 %
Agricultural machinery 11.9 0.45 0.50 17.87 % 11.67 %
Machinery for mining and construction 13.4 0.90 0.50 12.96 % 11.59 %
Machinery for food processing 10.6 0.54 0.50 18.65 % 13.28 %
Machinery for textiles 12.6 0.67 0.50 17.13% 11.61 %
Machinery for service 11.9 0.70 0.50 15.35% 12.39 %
Machinery for semiconductor manufacturing 9.1 0.60 0.50 20.37 % 15.60 %
Other special-purpose machinery 10.1 0.77 0.50 17.34% 14.59 %
Electrical motors,generators and transformers 137 0.60 0.50 13.55 % 10.57 %
Wires,cables and other electrical equipment 8.5 0.64 0.50 21.09 % 16.71 %
Domestic electric appliances 10.9 0.51 0.50 17.43% 12.87 %
TVs 11.0 0.60 0.50 16.81 % 13.05 %
Video and audio equipment 12.0 0.56 0.50 16.13 % 11.86 %
Wired communication apparatuses 6.8 0.76 0.50 24.82 % 20.77 %
Wireless communication and broadcasting apparatuses 7.6 0.45 0.50 2414 % 17.85%
PC and peripheral equipment Until 1985 : 7.00, After 1986 : 5.42 0.5, 0.7 0.50 30.36 % 24.89 %
Office appliances 8.7 0.59 0.50 20.79 % 16.21 %
Medical instruments 125 0.63 0.50 14.63 % 11.64 %
Measuring and testing instruments 11.6 0.71 0.50 15.46 % 12.66 %
Optical instruments 10.2 0.68 0.50 17.47% 14.22%
Metal products 11.2 0.58 0.50 16.41 % 12.74 %
Textiles 9.8 0.53 0.50 19.57 % 14.36 %
Furniture 7.6 0.67 0.50 23.42% 18.54 %
Other manufacturing products 85 0.75 0.50 20.66 % 16.99 %
Intangible fixed assets 29.09% 21.71%
Computer software Until 1985 : 8, After 1986 : 6 0.50 0.50 29.58 % 2212 %
Mineral exploration 19.0 13 1.00 7.59 % 3.72%
Cultivated assets
Animal resources
Tree, crop and plant resources

Note: An asset's depreciation rate is indirectly derived from its current year depreciation divided by its net stock at the end of the previous year in volume terms. &, implies
the first-year depreciation rate of a new asset.
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Annex Table 2: Sensitivity of results to choice of remuneration rates of self-employed persons

Case 1: fixed assets only

Contribution to growth of real net income
Ex-post real rate of return
Labour Capital Productivity
Wage rate* | 0.50 070 080 1.00 | 050 070 080 100 | 050 070 0.80 100 [ 050 0.70 0.80 1.00
1981~2010 |10.99% 8.78% 7.68% 5.47% [1.91% 2.12% 2.22% 2.42% |3.26% 2.79% 2.56% 2.09% |1.43% 1.69% 1.83% 2.09%
1981~1990 |13.92% 10.64% 9.00% 5.72% |3.10% 3.48% 3.66% 4.04% |4.24% 3.52% 3.17% 2.45% |1.97% 2.31% 2.48% 2.82%
1991~2000 |10.38% 8.36% 7.35% 5.33% [1.72% 1.88% 1.96% 2.11% |3.60% 3.11% 2.86% 2.38% |1.11% 1.44% 1.60% 1.93%
2001~2010 | 8.67% 7.34% 6.68% 5.35% [0.92% 0.99% 1.03% 1.11% [1.95% 1.74% 1.64% 1.43% |1.20% 1.33% 1.39% 1.53%
2001~2005 | 9.45% 7.92% 7.16% 5.64% [1.49% 1.61% 1.68% 1.81% (2.15% 1.91% 1.79% 1.54% |0.78% 0.90% 0.95% 1.07%
2006~2010 | 7.88% 6.76% 6.19% 5.06% |0.35% 0.37% 0.39% 0.41% [1.75% 1.58% 1.49% 1.32% |1.61% 1.76% 1.83% 1.98%
Case 2: fixed assets, land and inventories
Contribution to growth of real net income
Ex-post real rate of return
Labour Capital Productivity
Wage rate* | 0.50 070 0.80 1.00 | 050 0.70 0.80 100 | 050 070 0.80 100 | 050 0.70 0.80 1.00
1981~2010 | 3.88% 3.15% 2.78% 2.06% |1.91% 2.12% 2.22% 2.42% [1.99% 1.79% 1.70% 1.50% [2.70% 2.69% 2.69% 2.68%
1981~1990 |3.01% 2.31% 1.96% 1.25% |3.10% 3.48% 3.66% 4.04% |2.23% 2.00% 1.88% 1.66% [3.99% 3.84% 3.76% 3.61%
1991~2000 |4.05% 3.27% 2.88% 2.10% |1.72% 1.88% 1.96% 2.11% [2.26% 2.04% 1.93% 1.70% [2.44% 2.51% 2.54% 2.60%
2001~2010 [4.57% 3.87% 3.52% 2.82% |0.92% 0.99% 1.03% 1.11% |1.48% 1.34% 1.28% 1.14% [1.67% 1.73% 1.76% 1.81%
2001~2005 |5.09% 4.27% 3.86% 3.03% |1.49% 1.61% 1.68% 1.81% |1.63% 1.47% 1.39% 1.23% [1.30% 1.33% 1.35% 1.38%
2006~2010 4.05% 3.47% 3.18% 2.61% |0.35% 0.37% 0.39% 0.41% |1.33% 1.22% 1.16% 1.05% [2.04% 2.12% 2.16% 2.25%

*Coefficient applied to average wage rate of salaried workers in order to value the average wage of self-employed workers.
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