62

90

IT

2002-2003

Strange 1998

1990

90

Solow

1987  “You can see the computer age everywhere but in the productivity statistics”

05 1.2

90
2003 3 Baliy 2002

Sichel 2000 Gordon 2002 Jorgenson 2001

1 IT
1.6 90

3
L 2001 CEA 2001

ibid., p. 23 p. 35

1 4
Oliner and

Whelan 2000 CEA 2001, 2002



62

2002 Financial Times Wall Street Journal
2
TFP MFP
3
1 1990
2
Pasinetti 1959
3 1982 2000
4 3
5
IT IT
Solow 1957
1 1909 1949
movement along the
production function shift in the production function
Q=Alt)f(K,L)
9 A, KL
Q A K L

0, QK QL
oK Q LQ

2 2002 3 7 FT “US productivity rise fastest in two years”

2003 6 5 WSJ “Workers' productivity tops earlier estimate”

3 2000



62

1 A TFP

MFP
Solow 1957
1909 1949
87.5 12.5
IT
1 Q=AKZKFLY
K, K, IT L
a+p+y=1 IT
40
1
Pasinetti, 1959
3
“Comment” “reply”
Sraffa 1960
Pasinetti, 1998
1 capital intensity
4 2
3 1
2
3
4
Pasinetti, 1981, pp. 186 — 188, pp.



62

Q L C N

capital in terms of capacity
5

B Harrod, 1948,

pp.22 23 % <,

Pasinetti,
1981, 9 6 1909 1949
Pasinetti 1959

Gowdy and Miller (1990) Miller and Gowdy (1992)
Rymes 1971, 1972, 1983 Cas and Rymes 1991

Rymes 1971 1972

1

217 - 219

5 Pasinetti 1959 C N

1
2
p
6 degree of mechanization
1
Pasinetti, 1981, pp. 180 — 183, pp. 211 — 215



62

3 PQ=WL + (R+A)PK
P Q W L R & K
3
4 q-ek—(yl +5k)=yo +5(p+r)—(p—ep)=t
_APK WL RPK 3
PQ PQ PQ
4 t
“Hicks-Meade-Solow concept of technical change” HMS
t=(1—8)tN
5 q ek _[ vl N Sk ]E YO +6(p+r)_( P €p jEtN
l1-¢ 1-¢ l-¢ 1-¢) 1-¢ 1-¢ 1-¢ 1-¢
ty HMS
4 5
HMS
4 5
6 q—[yl+(6 +g)(k—t*)]sy(m—p)+(8 +s)(r+t*)st*
; { q _a(k—t*)}_{ vl +8(k—t*)}z{ym +8(p+r+t*)}_{ p _g(p+t*)}5t;‘
l-¢ l1-¢ 1-¢ 1-¢ l-¢ 1-¢ 1-¢ 1-¢
“Harrod-Robinson-Read measures of technical change” HRR
HRR HMS
4 5 6 7 HMS
Uzawa 1961
g=k
r=0 5
« v(a-1)=7( - p)=t
. va-0_r-p)_,
1-¢ l1-¢
6 7
6’ q-l=w-p=t
7' q—lzoo—pzt:\l



62

gross net
HMS 4 5 gross
net HRR 6' 7
HMS
Cas and Rymes 1991 1
Pasinetti 1973, 1981 vertical

integration

“Our new measures of productivity advance provide the measures...by Pasinetti’'s vertically
integrated sectors without...going to the extreme of reducing all primary inputs to labour
alone” Cas and Rymes, 1991, p. 93

direct
labor
Pasinetti 1981, p. 207, p. 241
going to the extreme
7
Rymes, 1972,
p. 84
biased
technical change Foley and Michl, 1999

Pasinetti 1973



62

1
Sraffian
1 Pasinetti 1959
Solow 1957
90
90
IT
IT
1
1
IT
IT 8
1
Pasinetti 1959
Pasinetti 1973 1981
Pasinetti 1959
Equipment & software
8 2001 IT 1 IT
Pasinetti 1959 1973 1981
2001
IT TFP IT IT
TFP IT
TFP
TFP

Solow 1957



62

1T
1 1T
18 1982 1982
3 1982 2000
Pasinetti 1959
5
Pasinetti 1959
1995 2000 5
2 1 1982 1995
3 1995 2000 4 1982
2000
1995 2000
3 1982 1995 13
36.7 42 14.3
C
13 Al 9.1 13.1
29.5
14.3 43.8
4.02 3.2
10 1.03
9 capacity utilization CEA 2002

Bureau of Economic Analysis http://www.bea.doc.gov/
in 1982 prices  Capital in 1995 prices
“Chain-Type Quantity Indexes”

10 t

Rossiter 2000
X T

“Chain-Type Quantity Indexes”

2000

A

Capital


http://www.bea.doc.gov/

62

3.86
5 1982 1995 1

2 IT

Equipment & softwarell

Nonresidential structures
Residential structures

Pasinetti 1959 1 1982
capacity 1 6
1982 1995 13 Equipment & software 9.1
12.7 39
Nonresidential structures 9.1 11.6 27
Residential structures 9.1 111 22
Equipment & software
Pasinetti
1959 1
7 1982 1982 1982
1995
9.1 11.6
27.2% 1982
1982 1995 1995
9.1 11.6
0.2% 13
X; p T-t=1

(54"

11 Equipment & software  computers & peripheral equipment Software communication
equipment instrument information processing equipment & software
fabricated metal product engines & turbines  metalworking machinery

industrial equipment  transportation equipment  other equipment

Nonresidential structures  nonresidential buildings utilities mining exploration, shafts,

& wells Residential structures  housing units improvements
8 BEA



62

14.3
27.2
0.2 295
21
43.8%
1995 2000 4 5
7.03% 0.92%
7.03
7.95
5
1.37 291
8 5
Equipment & software
5 Nonresidential structures Residential
structures
9
Equipment & software 20
4 2000 Equipment & software 1995
Equipment & software
10
3.2%
0.6%
0.92%
1939 1947
Pasinetti, 1959, p. 281
DVD
12
12 Baily and Gordon 1988

10



62

5
Equipment & software
IT Economist 2003a
5 1982 1995
1995 2000 5
5
1982 2000
1
3 2
1995 2000 5
95
94
1990
1 2
14
3 4 full-time equivalent employees
1982 119.5 1995 170.8 2000 199.7

IMF 2002 2

11



62

15

1995 2000
Pasinetti, 1974 1
16 1982 1995
43.8
4.6 1995 2000 7.95
11.95
1970
1 capacity utilization 2 1960 1990
1960
1990
1960
17
productive
capacity 60
15 2003, p. 33
2002 GDP 15
16 BEA “Wage and Salary Accruals Per Full-Time Equivalent Employee by
Industry” Private industries CPI Bureau of Labor
Statistics http://www.bls.gov/
1 Gordon 1998
NAIRCU Non-Accelerating Inflation Rate of Capacity Utilization
1990
1 NAIRU Non-acceleration Inflation
Rate of Unemployment NAIRCU 1992 pp.138 146
1990

12


http://www.bls.gov/

62

100%

Sylos Labini, 1969

2 Baily and Gordon 1988, pp. 386 — 387

“when someone purchased a computer in 1975 that had the same capabilities as today’s PC,
this 1975 computer was used intensively and was essential to the tasks being performed.
Today, many computers sit idle in peoples’ offices. However, the way computers are used

today is what one would expect, given their low price”

1990 1990
1960

1996 1999 CPI 1992
0.65% 18
1990

18 Gordon 1998 1999

13



62

1
2
3 1990
1 2
Krugman 1996 1997 1
19 1960 GDP
2.2% 1990 2.8% 30
10
3
1990 4%
Yellen 2001 10 12% 1995
1998 a trade-weighted basis 18%
2% 20
1990
5
1
1
1959 1990
2
94 1990
3
19
20 Blinder and Yellen (2001) 96 3 99 1
98 0.6 0.8%
benefits

15%

Blinder and

2

Pasinetti

14



62

21

2002
2
1
22
IT IT
2 Economist 2003b IMF 2003 2
22 Gordon 1993 2003
29 WSJ “Why for many this recovery feels more like a recession”
1990

15



Pasinetti

1981

62

16



10.

11.

12.

13.

14.

15.
16.
17.
18.

62

Baily, M and Gordon, R. 1988 “The Productivity Slowdown, Measurement Issues, and
the Explosion of Computer Power”, Brookings Papers on Economic Activity, No. 2, pp.
347 - 431

Baily, M. 2002 “The New Economy”, Journal of Economic Perspectives, Vol. 16, No. 2,

pp. 3-22
Blinder, A. and Yellen, J. 2001 The Fabulous Decade, New York, The Century
Foundation Press 2002 BP

Cas, A. and Rymes, T. 1991 On Concepts and Measures of Multifactor Productivity in
Canada, 1961 — 1980, Cambridge, Cambridge University Press

Council of Economic Advisers 2001 Economic Report of the President, Washington
D.C., Government Printing Press 2001 2001

Council of Economic Advisers 2002 Economic Report of the President, Washington
D.C., Government Printing Press 2002 2002

Economist 2003a “Coming of Age”, A Survey of IT industry, May 10th

Economist 2003b “Close to Bursting”, A Survey of Property, May 31st

Foley, D. and Michl, T. 1999 Growth and Distribution, Cambridge, Harvard
University Press 2002

Gordon, R. 1993 “The Jobless Recovery: Does It Signal a New Era of Productivity-led
Growth?”, Brookings Papers on Economic Activity, No. 1, pp. 271 - 316

Gordon, R. 1998 “Foundations of the Goldilocks Economy: Supply Shocks and the
Time-Varying NAIRU”, Brookings Papers on Economic Activity, No. 2, pp. 297 — 346
Gordon, R. 1999 “Has the “New Economy” Rendered the Productivity Slowdown
Obsolete?”, in http://faculty-web.at.nwu.edu/economics/gordon/researchhome.html
Gordon, R. 2002 *“The United State”, in Steil, B. and Victor, D. (eds), Technological
Innovation and Economic Performance, Princeton, Princeton University Press, pp. 49 —
73

Gowdy, J. and Miller, J. 1990 “Harrod-Robinson-Read Measures of Primary Input
Productivity”, Journal of Post Keynesian Economics, Vol. 12, No. 4, pp. 591 — 604
Harrod, R. 1948 Towards a Dynamic Economics, London, Macmillan

IMF 2002 World Economic Outlook, Washington, D. C.

IMF 2003 World Economic Outlook, Washington, D. C.

Jorgenson, D. 2001 “Information Technology and the U.S. Economy”, American

17



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

62

Economic Review, Vol. 91, No. 1, pp. 1 — 32
Krugman, P. 1996 Pop Internationalism, Cambridge, MIT Press
1997
Krugman, P. 1997 “How Fast Can the U.S. Economy Grow?”, Harvard Business

Review, July-August 1998

Miller, J. and Gowdy, J. 1992 *“Vertical Integrated Productivity Measures”, Review of
Income and Wealth, Vol. 38, No. 4, pp. 445 — 453

Oliner, S. and Sichel, D. 2000 “The Resurgence of Growth in the Late 1990s”, Journal
of Economic Perspective, Vol. 14, No. 4, pp. 3 — 22

Pasinetti, L. 1959 “On Concepts and Measures of Changes in Productivity”, Review
of Economics and Statistics, Vol. 41, No. 3, pp. 270 — 286

Pasinetti, L. 1973 “The Notion of Vertical Integration in Economic Analysis”,
Metroeconomica, Vol. 25, No. 1, pp. 1 - 29 1988

Pasinetti, L. 1974 Growth and Income Distribution, Cambridge, Cambridge
University Press 1985
Pasinetti, L. 1981 Structural Change and Economic Growth, Cambridge, Cambridge
University Press 1983
Pasinetti, L. 1998 “A Note on Richard Stone’s Paper on Changes in Productivity”,
Structural Change and Economic Dynamics, Vol. 9, No. 2, pp. 233 — 235
Rossiter, R. (2000) “Fisher Ideal Indexes in the National Income and Product Accounts”,
Journal of Economic Education, Vol. 31, No. 4, pp. 363 — 373
Rymes, T. 1971 On Concepts of Capital and Technical Change, Cambridge, Cambridge
University Press
Rymes, T. 1972 “The Measurement of Capital and Total Factor Productivity in the
Context of the Cambridge Theory of Capital”, Review of Income and Wealth, Vol. 18,
Vol. 1, pp. 79 — 108
Rymes, T. 1983 “More on the Measurement of Total Factor Productivity”, Review of
Income and Wealth, Vol. 29, No. 3, pp. 297 — 316
Solow, R. 1957 *“Technical Change and the Aggregate Production Function”, Review of
Economics and Statistics, Vol. 39, No. 3, pp. 312 — 320

1970
Solow, R. 1987 “We’'d Better Watch Out”, New York Times Book Review, July 12
Sraffa, P. 1960 Production of Commodities by Means of Commodities, Cambridge,

Cambridge University Press

18



35.

36.

37.

38.

39.
40.

41.

42.

43.
44,

62

Strange, S 1998 Mad Money, Manchester, Manchester University Press

1999
Sylos Labini, P. 1969 Oligopoly and Technical Progress, Cambridge, Harvard
University Press 1971
Uzawa, H. 1961 “Neutral Inventions and the Stability of Growth Equilibrium”,
Review of Economic Studies, Vol. 28, No. 2, pp. 117 — 124
Whelan, K. 2000 “Computers, Obsolescence, and Productivity”, Finance and
Economics Discussion Series Paper of Federal Reserve Broad, 2000-6,

www.federalreserve.gov/pubs/feds/2000/index.html

2001 IT July
2002
61
2002-2003 575 578

2003

1992
2000

19


http://www.federalreserve.gov/pubs/feds/2000/index.html

62

1
Oliner and
Sichel Gordon Jorgenson\Whelan [CEA CEA
(2000) (2002) |(2001)  |(2000) |(2001) |(2002)
73 95 |72 73 90 [74 96 (713 95 [713 95
S 9 00 95 00 95 99 96 98 195 00 |95 01
____________________________________________________ 14 142 126 11§ 139 139
2.55 211 2.15 3.01 2.6
__________________________________________________ 119 144 085 099 163 121
__________________________________________________ 034 037 04y naj 038 057
__________________________________________________ 077 ..052 0y _na 119 107
0.04 -0.1 n.a. 0 0.04
92 100 74 49 63

20



62

Basic Data for technical change in U.S., 1982 — 1995

1982 1995
Personal consumption

expenditure (millions of dollars) 2,079,300 4,969,000
Gross private investment

(Millions of dollars) 516,100 1,143,800
Total (Millions of Dollars) 2,574,900 6,028,500
Implicit price deflator for personal
consumption expenditures
(year 1996=100) 63.48 97.9
Implicit price deflator for personal
consumption expenditures
(year 1982=100) 1000 154.2218
Capital at current price
(Millions of dollars) | 8,376,085 15,908,450
___________________________ Equipment and Software| 1,696,268 3,243,817
ooo__._.___Nonresidential Structures| 2,736,973 4941378

Residential Structures| 3,942,844 7,723,255
Capital in 1982 prices
(Millions of dollars) | | 11,472,073
___________________________ Equipment and Software| | 2,554,763.1
o_.._.___Nonresidential Structures| | 3,570,959.7
Residential Structures 5,346,349.8

Full-time equivalent
employees, private sector
(thousands of man-years) 70,108 93,133
Gross income per full-time

employee ($ thousand) 36.728  64.73001
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Basic data for technical change in U.S., 1995 — 2000

1995 2000
Personal consumption

expenditure (millions of dollars) 4,969,000 6,683,700
Gross private investment

(Millions of dollars) 1,143,800 1,755,400
Total (Millions of Dollars) 6,028,500 8,073,600
Implicit price  deflator  for|
personal consumption
expenditures
(year 1996=100) 97.9 107.39
Implicit price  deflator for|
personal consumption
expenditures
(year 1995=100) 100 109.69
Capital at current price
(Millions of dollars) 15908450 21,215,246
______________________ Equipment and Software} 3243817 4,288,317
____________________ Nonresidential Structures) 4941378 6,479,978

Residential Structures 7,723,255 10,446,951
Capital in 1995 prices
(Millions of dollars) | | 18,635,282.6
______________________ Equipment and Software) | 43950252
____________________ Nonresidential Structures) | 54937709
Residential Structures 8,746,485.5

Full-time equivalent
employees, private sector
(thousands of man-years) 93,133 106,233
Gross income per full-time

employee($ thousand) 64.7300098|  75.998983
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Technical change in U.S., 1982 — 1995

1982 1995
Employees in the consumption
goods sector
(thousands of man-year) 56,614.07| 76,765.012
Man-year in the
capital stock (thousands) I 228,059.6| 245,766.22
______________________________ Equipment & software) ___ 46,185.08 50,113.031
___________________________ Nonresidential structures) ___74,520.84) 76,338.286
Residential structures 107,353.6| 119,314.91
Real consumption goods
production=capacity
($ million 1982) 2,079,300| 3,221,982.8
IAg= input of labor in
one unit of output 0.027227) 0.0238254
Ak=input of labor in
one unite of capacity 0.109681] 0.0762779
1/Aq=Q/L 36.72762| 41.972023
1/Ak=C/N 9.117355  13.10995
capital-output ratio 4.02832 3.2015395
Technical change in U.S., 1995 — 2000
1995 2000
Employees in the consumption
goods sector
(thousands of man-year) 76,765.0124  87,944.597
Man-year in the
capital stock (thousands) | 245,766.22 27915171
___________________________ Equipment & software) 5011303 ~ 56/425.978
_______________________ Nonresidential structures) __76,338.29 85,264.009
Residential Structures 119,31491) 137,461.72
Real consumption goods
production=capacity
($ million 1995) 4,969,000 6,093,064.8
AQ= input of labor in
one unit of output 0.01544878  0.0144336
Ak=input of labor in
one unite of capacity 0.0494599  0.0458147
1/Aq=Q/L 64.7300098  69.282992
1/Ak=C/N 20.2184008  21.827073
capital-output ratio 3.20153955 3.1741769
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Percentage composition of one unit of capital

1982 Physicall1995

capital Physical

current capital 1995 Current

values in 1982 unit |values
Equipment & software 0.202513  0.2226941 0.203905
Nonresidential structures 0.32676] 0.3112742 0.310613
Residential structures 0.470726| 0.4660317| 0.485481

Breakdown of change in capital productivity in U.S., 1982 — 1995

1982 1995
Physical Equipment
capital & software | 421,085.8 634,200.7
Nonresidential
structures | 6794329 8864639
Residential
structures 978,781.3 1,327,191
Total 2,079,300, 2,847,856
Labor Equipment
inputs &software | 0109681 0.079018
Nonresidential
structures | | 0109681 0086116
Residential
structures 0.109681 0.0899
Labor Equipment
productivities & software | 917355 126554
Nonresidential
structures || 9117355 1161231
Residential
structures 9.117355] 11.12343
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Weighted labor productivity

The labor productivity in 1982
weighted by capital proportions in 1982 9.117355
The labor productivity in 1995
weighted by capital proportions in 1982 11.59342
The labor productivity in 1995
weighted by capital proportions in 1995 11.61677

Percentage composition of one unit of capital

1995

Physical

capital 2000 Physical

current capital 2000 current

\values in 1995 units |values
Equipment & software 0.20390528 0.2358443 0.2021337
Nonresidential structures 0.31061342 0.2948048 0.3054397
Residential structures 0.4854813 0.4693509 0.4924266

Breakdown of change in capital productivity in U.S., 1995 — 2000

1995 2000
Physical Equipment &
capital software | 101320535 137278492
Nonresidential
structures | 154343806 171597783
Residential
structures 2,412,356.58 2,731,962.34
Total 4,969,000 5,820,725.09
Labor Equipment &
inputs software | 0049459896 __0.041103291
Nonresidential
structures | 0049459896 __0.049688293
Residential
structures 0.049459896) 0.050316111
Labor Equipment &
productivities software |l 2021840082 24.32895194
Nonresidential
structures | 2021840082 __20.12546502
Residential
structures 20.21840082 19.87434998
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10 Weighted labor productivity
The labor productivity in 1995
weighted by capital proportions in 1995 20.2184008
The labor productivity in 2000
weighted by capital proportions in 1995 20.8606666
The labor productivity in 2000
weighted by capital proportions in 2000 20.9989725
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