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ABSTRACT

This paper examines empirically whether information and communication technology(ICT)
has improved total factor productivity at industry level in Korea, considering time lag
between ICT capital accumulation and improvement of productivity. To evaluate if ICT is
pervasive enough to raise productivity, ICT capital stock of Korea is compared with those
of advanced economies. From the perspective of aggregate economy, the ICT capital in
Korea has increased fast since the mid-1990s and became comparable with advanced
economies. However it is mostly attributed to rapid growth of ICT-producing industries. In
other industries, ICT capital are still less accumulated than advanced economies. Growth
accounting results exhibit that the productivity has risen faster since 2000 in industries using
ICT intensively, but looking into specific industries, it is not likely for ICT to be the main
factor of productivity improvement except in business service industry. Regression results
provide some evidence that ICT is useful in raising productivity only after considerable
amount of time allowed. To fully exploit the positive effect of ICT on productivity, it may
be necessary for the Korean economy to create institutional environment facilitating
complementary innovations as well as ICT captial accumulation.
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[Figure 1] Price Indices in the
United States
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[Figure 2] Price Indices in Korea
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Note: Price indices are calculated using data from EU-KLEMS and National Accounts.
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(Table 1> EU-KLEMS Depreciation Rates

Asset type Minimum over industries Maximum over industries
Residential structures 0.011 0.011
Non-residential structures 0.023 0.069
Infrastructure 0.023 0.069
Transport equipment 0.061 0.246
Computing equipment 0.315 0.315
Communications equipment 0.115 0.115
Other machinery and equipment 0.073 0.164
Products of agriculture and forestry 0.073 0.164
Other products 0.073 0.164
Software 0.315 0.315
Other intangibles 0.315 0.315
Source: EU-KLEMS(2007).
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[Figure 3] ICT Capital Stock
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compared to total capital stock(after adj.) compared to capital equipment stock(after adj.)

Source: ICT Capital Stock are calculated using data from Pyo et @/.(2008) and National
Accounts.

[Figure 4] ICT Capital Income

(%)

1985 1990 1995 2000 2005

Source: 1CT Capital Income are calculated using data from Pyo er al.(2008) and National
Accounts.



{Table 2> ICT Capital Income Ratio by Sectors

(Unit: %)
1975 1980 1985 1990 1995 2000 2005
ICT-producing industries 13.5 11.2 8.4 9.7 9.0 17.1 19.7
ICT-using industries 11.0 8.9 10.2 14.0 18.5 20.2 19.1
Non-ICT industries 55 2.7 3.0 4.7 3.4 8.1 6.8
Total economy 6.6 43 4.5 6.9 6.5 11.2 10.4

Source: Capital income ratios are calculated using data from Pyo er @/.(2008) and National Accounts.

gate] ARARAES FAfor gt
12) JRFAAE L
SolA AA|sE HIE
Ao ZRkS AlQstd 20000 d F571A]
TES] Asdhe BaEs YERIL §lo]
S7 e ol 7ediH o
=t}

FRFAAEY] FHE AGEE A
1Y) 9eixe ATH AR FREO=
ARFAS 7IFo R 3 BRIV AFE
Aolty, B AFoM= van Ark et
al(2003)s W HRFA AARE, A
HEA 0] 85E, ARFA Aolgy
o2 Urelth AR A AE
F+ <Appendix 2> == o] gtk

AREA PARF = HREAT)
Az, LZEOE 23S ARFA
Au12=q] Fo] EFFEH, OECD(2002)9]
BHE 02 Ao® =9 ox7} 27
ot} wbH, PR EA 370|852 Stiroh

(2002)°14 AIABR= 19953 w]=re] AR

o 8

U

A0 HuEAAR] AAGHE HF

o] FHET =& 4

vk ko] eiA7} gl Alo] A

12) AEAh71E 9] FA47HL A14842008)S F=3t7] ulgch

|
T

AR AEH

i -

158 1990dt] FHbol=

1]
2 w7 F7sioy, 1990d) F
o]FollE ARFA AITE HHT

e -

Hoz HojHof



90 | sEmamE /2010 v

3. =Xy &l

32 AAlo] AREAARC] AA A
Hho] }\‘E}\]-/\-’I ‘o‘k/\Lé- 7].]:].52_ WE 2R3

woron) o]l whE Al oA 2005
73

F

J

S W - G vlgE EA
B . =93l H]L=3) 423 o]2 A
o L}E};&EHFlgure 5, Table 3 32).149)

FAALEA YR vl 4R § TN IR A A2
2 A AREAAE 2SHFES SN ZREAAE 25uF0] 4

1990t Z4F o]% AR AAZE AR IR, G, By vlE] we A

2] Azt FolEE Bo|th 1990 B2 RQIThY) FHFA A o] &FEd
ddl FAE diFEY] Azl 1 AMe A= 2pol7t A4 G2 RHY,

[Figure 5] ICT Capital Income Ratio by Countries

(%)
25

20

15 |

10 |

i

.
%
.
-

1991 1995 2000 2005

| I United States United Kingdom [ Japan Germany m Korea |
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{Table 3> ICT Capital Income Ratio by Countries

(Unit: %)
USA UK Japan Germany Korea
1991 12.2 113 7.8 10.5 7.0
1995 13.6 14.4 9.1 10.3 6.5
2000 16.1 18.3 10.9 11.1 11.2
2005 153 17.8 9.7 9.8 10.4

Source: 1CT Capital income ratios are calculated using data from EU-KLEMS and Pyo et al.(2008).
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[Figure 6] ICT Capital Income Ratios in Korea and Advanced Economies
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Note: Advanced economies include the United States, the United Kingdom and Japan.
Source: Capital income ratios are calculated using data from EU-KLEMS and Pyo et al.(2008).
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(Unit: %, %p)

VA L-H KIT | KNIT TFP

1981~85 75 0.7 0.4 33 2.6

1986~90 8.8 0.9 0.6 40 13

Aggregate 1991~95 7.0 0.8 0.5 3.6 0.5
economy 1996~2000 42 0.9 0.9 2.1 0.3
2001~05 45 0.7 03 1.7 1.1

1981~2005 6.4 0.8 0.5 2.9 12

Note: VA denotes value added; H total working hours; L-H labor composition; KIT ICT capital stock; KNIT
Non-ICT capital stock; TFP Total Factor productivity. Numbers for VA are annual growth rates while
other numbers are the contributions to the growth rates.
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[Figure 7] Aggregate TFP Growth Estimates
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{Table 5> Sectoral Growth Accounting by ICT Classifications
(Unit: %, %p)

VA H L-H | KIT | KNIT | TFP I&i‘ggﬁ’

1981~85 6.8 1.4 03 0.3 3.4 14 81.6

1986~90 73 2.7 0.4 0.3 41 -02 75.7

Non-ICT 1991~95 5.8 22 0.3 0.2 40 | -08 72.1
industries | 1996~2000 3.1 0.2 03 0.8 28 -09 68.6
2001~05 3.1 0.9 0.4 0.2 20| -04 63.3

1981~2005 5.2 15 03 0.4 32| -02 72.3

1981~85 103 6.3 0.6 0.7 23 0.4 17.0

1986~90 132 2.9 0.2 1.1 33 5.8 217

ICT-using 1991~95 9.5 43 0.2 1.1 2.7 1.3 24.4
industries | 1996~2000 2.9 0.1 0.8 0.8 0.5 0.8 24.7
2001~05 35| 02 0.5 03 0.4 2.4 23.6

1981~2005 7.9 2.7 0.5 0.8 1.8 22 223

1981~85 145 1.7 0.6 1.1 5.8 5.4 1.4

1986~90 19.9 5.0 0.5 12 5.5 7.7 25

ICT-producing | 1991~95 16.6 0.4 03 0.9 411 109 3.4
industries | 1996~2000 | 20.0 23 0.5 2.0 30 | 122 6.8
2001~05 14.0 23 0.7 1.4 3.4 6.2 13.0

1981~2005 17.0 23 0.5 13 43 8.5 5.4

Note: VA denotes value added; H total working hours; L-H labor composition; KIT ICT capital stock; KNIT
Non-ICT capital stock; TFP Total Factor productivity. Numbers for VA are annual growth rates while
other numbers are the contributions to the growth rates.
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{Table 6> Growth Accounting of Manufacturing Sector by ICT Classifications

(Unit: %, %p)

VA H LH | xiT | kniT| TRp | Industry
weight
1981~85 10.1 1.1 0.7 0.2 2.9 52 14.4
1986~90 10.7 3.1 0.5 0.4 6.3 0.4 16.8
Non-ICT 1991~95 66| 00| 05| 01| 37| 22 16.6
manufacturing
o 1996~2000 510 -13 0.5 0.6 1.9 33 16.4
industries
2001~05 31| 06 0.5 0.1 12 2.0 16.4
1981~2005 7.1 0.4 0.5 0.3 32 2.6 16.1
1981~85 114 45 12 03 2.6 2.8 4.0
1986~90 12.8 2.1 1.0 0.8 5.9 3.0 5.0
ICT-using |99 o5 92| 10| 07| 03| 30| 42 52
manufacturing
o 1996~2000 48 | -17 0.5 0.8 12 4.0 5.5
industries
2001~05 33| 05 0.7 0.2 2.0 0.9 53
1981~2005 8.3 1.1 0.8 0.5 3.0 3.0 5.0
1981~85 16.7 1.9 0.6 0.7 49 8.6 0.9
1986~90 213 6.6 0.6 1.0 5.8 73 1.7
ICT-producing | 59, o5 156 19| 05| 04| 36| 131 2.1
manufacturing
o 1996~2000 | 207 | -0.3 0.4 23 37| 145 43
industries
2001~05 15.0 18 0.6 1.9 4.6 6.0 8.5
1981~2005 17.8 1.6 0.5 13 45 9.9 3.5

Note: VA denotes value added; H total working hours; L-H labor composition; KIT ICT capital stock; KNIT
Non-ICT capital stock; TFP Total Factor productivity. Numbers for VA are annual growth rates while
other numbers are the contributions to the growth rates.
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{Table 7> Growth Accounting of Service Sector by ICT Classifications

(Unit: %, %p)

VA H L-H | KIT | KNIT | Tpp | Industry
weight
1981~85 57 | 32 | 03 0.5 39 | 222 4.0
1986~90 64 | 33 0.2 04 | 42 | -18 37.1
Non-ICT 1991~95 58 | 36 | 02 | 03 | 47 | 30 34.7
Service
o 1996~2000 | 3.7 | 23 0.1 12 | 38 | 38 336
industries
2001~05 30 | 21 02 | 03 29 | 26 314
1981~2005 | 49 | 29 | 02 | 06 | 39 | -27 358
1981~85 99 | 68 | 04 | 08 | 22 | -02 13.0
1986~90 134 | 3.1 0.0 1.1 25 6.6 16.7
ICT-using 199195 | 96 | 52 | 00 | 13 | 26 | 05 19.2
Service
o 1996~2000 | 24 | 05 09 | 08 | 03 | -01 19.2
industries
2001~05 36 | 00 | 05 03 00 | 29 18.3
1981~2005 | 7.8 3.1 04 | 09 15 1.9 17.3
1981~85 113 | 10 | 05 17 | 73 0.9 0.5
1986~90 173 | 16 | 02 19 | 48 8.8 0.8
ICT-producing | g5, g5 186 | 39 0.2 18 49 7.8 13
service
o 1996~2000 | 187 | 7.0 | 07 13 1.6 8.1 25
industries
2001~05 118 | 33 0.8 0.4 1.1 6.2 45
1981~2005 | 155 | 34 | 05 14 | 39 | 64 19

Note: VA denotes value added; H total working hours; L-H labor composition; KIT ICT capital stock; KNIT
Non-ICT capital stock; TFP Total Factor productivity. Numbers for VA are annual growth rates while

other numbers are the contributions to the growth rates.
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{Table 8> Growth Accounting of ICT—using Service Industries

(Unit: %, %p)

VA H L-H KIT | KNiT | TRp | Industry

weight
1981~85 8.2 5.9 0.4 0.2 21| -04 8.0
1986~90 10.7 20| 0.1 0.2 1.9 6.7 8.9
Wholesale and| 50, s 6.3 29 0.1 0.1 1.1 2.1 8.6
retail trade | 62000 37 0.7 1.1 0.5 0.6 22 8.3
(44, 45 46) - : e : ' ' ' :
2001~05 15| -05 11 0.0 0.5 0.4 7.7
1981~2005 6.1 1.9 0.5 0.2 12 22 8.3
1981~85 10.2 9.9 0.6 1.4 14| 3.1 29
1986~90 18.0 4.1 0.2 18 13| 106 47
Financial 1991~95 14.0 93| -0.1 15 1.7 1.6 6.8
ntermediation | - 2000 1.9 0.8 0.4 1.1 0.3 0 4
53, 54, 55) - . . . . . 0.7 7.
2001~05 63| -09| -04 0.9 03 6.3 7.7
1981~2005 10.1 46 0.1 1.4 1.0 2.9 5.9

1981~85 16.2 5.2 0.2 2.0 3.9 49 2.1

1986~90 142 50| -02 3.1 5.9 0.4 3.1
Business 1991~95 9.5 40 0.1 33 74| 54 37
services 1996~2000 0.1 3.0 12 0.8 0.8 4.1 3.5
(58, 60, 61) " : : : : e o '
2001~05 2.6 32 12| 04| -24 1.0 2.9
1981~2005 8.5 41 0.5 18 28| -06 3.1

Note: 1) 44. Sale, maintenance and repair of motor vehicles and motorcycles, retail sale of fuel; 45. Wholesale

trade and commission trade, except of motor vehicles and motorcycles; 46. Retail trade, except of

motor vehicles and motorcycles; repair of household goods; 53. Financial intermediation, except

insurance and pension funding; 54. Insurance and pension funding, except compulsory social security;
55. Activities related to financial intermediation; 58. Computer and related activities; 60. Research and
development; 61. Legal, technical and advertising.

2) VA denotes value added; H total working hours; L-H labor composition; KIT ICT capital stock; KNIT
Non-ICT capital stock; TFP Total Factor productivity. Numbers for VA are annual growth rates while
other numbers are the contributions to the growth rates.
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{Table 9> Regressions of Industry—level TFP Growth on ICT Capital

ICT-producing industri
) ) ICT-producing industries p roduciig mcus H?S’
All industries excluded Agriculture and Public
X
4 Admin. excluded
model 1 model 2 model 3 model 4 model 5 model 6
o 2.34%%* -0.31 1.07
krp
(2.36) (0.14) (0.41)
500 -1.25% -0.51 -2.37
Krr
(-1.98) (-0.70) (-1.09)
e 0.74%* 0.68* 0.79*
Krr
(2.36) (1.71) (1.71)
k’o_l‘:‘% 4.99 -3.72 -0.18
er (1.57) (-0.71) (-0.03)
kggjgo -0.95 -0.34 -4.86
er (-1.41) (-0.46) (-1.26)
kg;:% 0.98** 0.84 1.60*
= (2.04) (1.60) (1.77)
R? 0.13 0.10 0.08 0.08 0.10 0.12
Obs. 61 61 54 54 41 41

Note: Pooled OLS regressions. Dependent variable is the average TFP growth rate for the period of 2000~05
and explanatory variables are the contribution of ICT capital. Numbers in parentheses are t-statistics.
Coefficients with asterisks are significant at 1%(***), 5%(**), 10%(*) level.
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{Table 10> Regressions of Industry—level TFP Growth on ICT Capital and investment

ICT-oroducing industri ICT-producing industries,

-pr ing industri

All industries P OeuZI ie d ustes Agriculture and Public

xclu
Admin. excluded
model 1 model 2 model 3 model 4 model 5 model 6

JT=05_ 9600 1.07 -1.80 -3.60
i & 0.91) (-1.43) (-1.53)
9T=05_ 96=00 -0.17 0.42 -0.01
Ur Ur (-0.41) (0.70) (-0.01)

JOI=05_ 196500 8.68*** -1.96 2222
1cT 1cT (3.16) (-0.43) (-045)
OT=05_ 9600 -6.34%%x 0.93 475
ter —ler (-2.85) 0.27) (-0.90)

R 0.01 0.15 0.04 0.01 0.07 0.10
&2 5 61 61 54 54 41 41

Note: Pooled OLS regressions. Dependent variable is the average TFP growth rate for the period of 2000~05
and explanatory variables are the contribution of ICT capital. Numbers in parentheses are t-statistics.
Coefficients with asterisks are significant at 1%(***), 5%(**), 10%(*) level.
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{Table A—1> Asset classification
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n1?

i

National account

EU-KLEMS

1

. Residential structures

. Residential structures

2. Non-residential structures 2. Non-residential structures

3. Other construction 3. Structure

4. Transport equipment 4. Transport equipment
5. Computing equipment
6. Communications equipment

5. Other machinery and equipment 7. Other machinery and equipment
8. Products of agriculture and forestry"
9. Other products”

6. Gross capital formation 10. Software
11. Other intangibles"

Note: 1) No data is available for 8. Products of agriculture and forestry, 9. Other products, 11. Other

intangibles; these are excluded from further analysis.
Source: EU-KLEMS; Bank of Korea.
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{Table A—2> Industries by ICT classification

van Ark et al.(2003)

Inklaar et al.(2005)

Industry

Industry

ICT

. Agriculture

1. Agriculture, hunting and forestry

. Forestry

. Fishing

. Mining of coal and lignite

z|z |z |z

(O I S S R B S R

. Extraction of crude petroleum and

.
natural gas and services”

Z

. Mining of uranium and thorium

2)
ores

. Mining of metal ores

. Other mining and quarrying

2. Mining of coal and lignite

. Food and beverages

10.

Tobacco

3. Food and beverages

11.

Textiles

z|\z|z|z|z| Z

12.

Wearing Apparel, Dressing And
Dying Of Fur

. Leather, leather and footwear

4. Textiles and wearing apparel

14.

Wood And Cork

5. Wood And Cork

15.

Pulp and paper

6. Pulp, paper and Publishing

16.

Publishing

17.

Printing and reproduction

cl|lc|lz|Z2|z| C

18.

Coke, refined petroleum and
nuclear fuel

Z.

7. Mining of coal and refined
petroleum

. Pharmaceuticals

Z,

8. Chemicals

20.

Chemicals excluding
pharmaceuticals

Z,

9. Rubber and plastics

21.

Rubber and plastics

22.

Other non-metallic mineral

10. Other non-metallic mineral

23.

Basic metals

24.

Fabricated metal

11. Basic metals

25.

Machinery, nec

cl|Zz|z|Zz|z

12. General machinery




{Table A—2> Continued

B30 A YRSURED SRAYNY

van Ark et al.(2003)

Inklaar et al.(2005)

Industrial

ICT

Industrial

ICT

26.

Office, accounting and computing
machinery

27.

Insulated wire

28.

Other electrical machinery and
apparatus nec

c

29.

Electronic valves and tubes

30.

Telecommunication equipment

31.

Radio and television receivers

32.

Scientific instruments

33.

Other instruments”

oY | Y| T | T

13. Electric mahinery

34.

Motor vehicles, trailers and
semi-trailers

Z,

35.

Building and repairing of ships and
boats

36.

Aircraft and spacecraft

37.

Railroad equipment and transport
equipment nec

14. Transport equipment

38.

Other Manufacturing nec

15. Other Manufacturing

39.

Recyclingz)

5. Wood And Cork

40.

Electricity supply

16. Eelctricity, Gas and water supply

41.

Gas supply

42.

Water supply

43.

Construction

z|Z|z|Zz|c|c| c || C

17. Construction

44,

Sale, maintenance and repair of
motor vehicles and motorcycles;
retail sale of fuel

c

18. Sale, maintenance and repair of motor
vehicles and motorcycles; retail sale of
fuel

45.

Wholesale trade and commission
trade, except of motor vehicles and

motorcycles

19. Wholesale trade and commission trade

46.

Retail trade, except of motor
vehicles and motorcycles; repair
of household goods

20. Retail trade and repair of household
goods

47.

Hotels and restaurants

21. Hotels and restaurants
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{Table A—2> Continued

van Ark et al.(2003)

Inklaar et al.(2005)

Industrial ICT Industrial ICT
48. Inland transport N | 22. Transport and storage N
49. Water transport N
50. Air transport
51. Supporting and auxiliary transport
activities; activities of travel N
agencies
52. Post and telecommunication P | 23. Post and telecommunication p
53. Fi ial intermediati t
) mnanciat. nterme .1a on, .excep U | 24. Financial intermediation u
insurance and pension funding
54. Insurance and pension funding, U
except compulsory social security
55. Activities related to financial U
intermediation”
56. Imputation of owner occupied ) )
puz) v P N | 25. Imputation of owner occupied rents | N
rents
57. Real estate activities N | 26. Real estate N
58. Renting of machinery and ) .
) U | 27. Business activities U
equipment
59. Computer and related activities P
60. Research and development U | 15. Other Manufacturing U
61. Legal, technical and advertising U | 5. Wood And Cork N
62. Other business activities, nec N | 16. Eelctricity, Gas and water supply N
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{Table A—2> Continued

van Ark et al.(2003) Inklaar et al.(2005)
Industrial ICT Industrial ICT
63. }ét(l)lznh;ufs(j)rf;nsj:iil d:::z:;; N | 28. Other service activities N
64. Education N
65. Healh and social work N
66. Sewage and refuse disposal, N
sanitation and similar activities
67. Activities of membership N
organizations nec
68. Media activities N
69. Other recreational activites N
70. Other service activities N
71. Private households with employed N
persons
72. Extra-territorial organizations and
bodies” N
Note: 1) Data for extraction of crude petroleum and natural gas and services(#5) is available since

year 2004, so it is consolidated with 4. Mining of coal and lignite.

2) No data is available for 6.Mining of uranium and thorium ores, 33.Other instruments, 39. Recycling,
56..Imputation of owner occupied rents, 72. Extra-territorial organizations and bodies; these have been
excluded from further analysis.

3) 55. Activities related to financial intermediation is available since the year 1986, so it is consolidated
with 53. Financial intermediation, except insurance and pension funding.

4) N denotes Non-ICT industries; U ICT-using industries; P ICT-producing industries.
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{Table A—3> Industry—level Comparison of ICT Capital Income Ratio in Korea with
Advanced Economies

(Advanced economies = 1)

1990 1995 2000 2005
Agriculture, hunting and forestry 0.3 0.1 0.2 0.1
Mining and quarrying 0.0 0.0 0.1 0.1
Food and beverages 0.8 0.6 1.1 0.9
Textiles and wearing apparel 0.4 0.4 0.3 0.2
Wood And Cork 0.5 0.2 0.2 0.3
Pulp, paper and Publishing 0.6 0.4 0.6 0.6
Mining of coal and lignite 2.2 0.8 0.8 0.3
Chemicals 0.8 0.4 0.5 0.4
Rubber and plastics 1.0 0.8 1.4 1.0
Other non-metallic mineral 0.4 0.3 0.3 0.3
Basic metals 0.8 0.4 0.3 0.2
General machinery 0.7 0.4 0.4 0.4
Electric mahinery 0.6 0.4 0.6 0.7
Transport equipment 0.6 0.6 0.9 0.6
Other manufacturing 1.1 0.7 0.6 0.6
Eelctricity, Gas and water supply 0.0 0.0 0.1 0.1
Construction 0.8 0.1 0.5 0.3
Sale, maintenance and repair of motor vehicles
and motorcycles; retail sale of fuel 04 03 10 03
Wholesale trade and commission trade 0.3 0.3 0.6 0.4
Retail trade and repair of household goods 0.4 0.5 0.9 0.6
Hotels and restaurants 0.7 0.6 1.1 0.5
Transport and storage 0.0 0.0 0.0 0.0
Post and telecommunication 0.2 0.2 0.3 0.3
Financial intermediation 1.0 1.4 1.0 1.3
Business activities 0.6 0.6 0.5 0.4
Other service activities 1.0 0.8 1.3 0.9
All industries 0.7 0.5 0.7 0.7

Note: Advanced economies include the United States, the United Kingdom and Japan.
Source: ICT capital income ratios are calculated using data from EU-KLEMS, Pyo et a/.(2008) and National
Accounts.



