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Machine Replacement and Productivity
Keiichi Shima

Abstract :

There is significant evidence that the time series of investment is lumpy rather than smooth.
Focusing on micro level studies, literature provides evidence for the OECD countries that a large
portion of investment at the plant level is concentrated in a few episodes. This paper examines
the frequency of large investment episodes. With a sample of 726 Japanese firms listed on the
Tokyo, Osaka, and/or Nagoya stock exchanges, I estimate a discrete hazard model to determine
the probability of having an episode of high investment, conditional on the length of the interval
from the last high investment episode. Estimates from a semi-parametric model that controls for
unobserved heterogeneity show that the baseline hazard is upward sloping, which is consistent

with models of lumpy adjustment.
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Economists have long argued that new capital embodies best-practice technology so
productivity of capital stock should be associated with its vintage. This paper also explores and
measures vintage and survival effects using cohort data based on the investment spike sample.
I examine the evolution of productivity in Japanese manufacturing firms for 10 years after each
investment spike, comparing the relative productivity of cohorts of different vintages. Regression
results indicate that the vintage effect is insignificant. On the other hand, surviving cohorts show

significant increases in productivity as they age.

Keywords: Investment, Improved Technology, Productivity.
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Byoo  0.859 0.441  * 1.669 0.528 ***

Byor  0.699 0.463 1.252 0.658  *
Brs  -0.226 0.339 0.420 0.463

Bro  0.185 0.212 0.711 0.304  **
Brio 0.270 0.246 -0.080 0.299
Brii 0.008 0.280 0.770 0.404  *
Briz  0.105 0.231 0.632 0.337  *
Bris  -0.026  0.162 1.495 0.304 FF*
Bria  0.123 0.170 1.042 0.293 ¥k
Bris  -0.123  0.187 0.427 0.270
Brig  -0.056 0.268 0.526  0.400

ai 0.497 0.026 ***
as 0.194 0.025 ***
as 0.309

Lo 4.434 0.585 FF*
3 8.235 (.738 *xk
Obs. 1170 1170

L.L. -1669.2 -1647.94

KT 1% . RRIE 5% . *IZ 10% KETOHBEMEEZERDL T, ¥ [7] KO 92-95 FEEDEMEIZ
ARNVGE TN 7 I =R S\ T,
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R4 N—XF5A4 N —-F#EFE

FEBDI R M2 U JEBUHN SR % R
Fal—vay ~N¥F—F SE. n¥—F S.E.
1 0.024  0.015  0.00001  0.00001
2 0.013  0.008  0.00001  0.00001
3 0.013  0.008  0.00001  0.00002
4 0.011  0.007  0.00002  0.00002
5 0.011  0.007  0.00003  0.00004
6 0.012  0.008  0.00007  0.00008
7 0.008  0.005  0.00008  0.00009
8 0.010  0.007  0.00017  0.00020
9 0.011  0.007  0.00032  0.00035
10 0.008  0.006  0.00038  0.00041
11 0.014  0.009  0.00100 0.00101
12 0.007  0.005  0.00096  0.00096
13 0.019  0.013  0.00405  0.00388
14 0.009  0.007  0.00203  0.00211

H2: N=ZX5A4 2 NY—FK

1.0 -
B Segment | +—+ Segment 2 -©-© Segment 3

5 BEANA/EEEN

i

=l

BRI Z 2B L2 — FEROHEETIR=20R %2227 X Y IR Eh, 2095 —
DDET XY FTIIEKEA A 7 OFEMFIZIERETH L 2 ARSI N, P TRZ DI
HHLU. BWERHOREICHOND A8 7 BREOAFEEICS X 5RO W TE T D5 & A
b0 THEEDPOIEEDE VT — Y DHE AN 7 2w, ZOEEITHERA N 7RIS i
FEIZOWT, ZORDOIVEROEENEOHER ZELET 5,

Power (1998) %°Jensen, McGuckin and Stiroh (2001) & [ U< . AN 02 ICIZ I8 41 %2 H
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Who T, FHE NN OFERFE & LT, A MISRETRAIC & 2 FRB ORI %
Mwde, 2L T, IEH 2B EI2y HOREFBIEH ZGFTL (Hj) . BERIEERR M, 2Hh
F72b 0% tINCBT 0% OFEHFGEIIMH; £ LTEXT %,

BTy GBI 3 A G A Il AE 2 A pE i & R A L DX Y RD B HHAPER p;, Y 1013
W B S M AE GO - ) 251 &, MIRAERZMA 723 0% H\v5, 2 H B
A pje M WIS BLE A TR E o R . %2, 2 L COMEIE ISR LS h B MR o E0 =2 %
FRt L2 0% w5, HASATOENAEWAGIRE - M5 pj  Hv, BEEER. 4 HPBRE$E
AFERALT % DX, FEAEEEZRO X HITERT .

Yie — M;

MH;,

K5 RTTHEEDPOBIEEDPE VT =V DAL 72XV TH 7V EEEE L. A8 7384
Vg CTOI0ER OB EREEOWHEREZ R2DDOTH 5, FETOITHIF. FEEIZBILEY VT
WAETOHBEREEDOTFHTH S, ZATHIZ. ZOEEICHE AL 2R SNz T3 v T
ETOHFMEEEDOTYTH L, MHEZEURDL|Y . AL 7 2 RFET 2975 2 T VOEEED
SEXRREDEETEY VTV DFEHE T L, SO EIZAN, 7 DFEREIZBNT, FEIZA
N4 7R SN B RFEDEEMIIRHERAE X ) IR 2 RIB T 5,

SHFHUTIR. EYF— VIR 23505 YO P 2 RIETBE LD TH b
BEANA 7 DY VT — DV TOHMAEEEOF I AR ISR T 5, Bz TTAEED R84
7 OGN D I8R5 TH o 1 FEEDTIERITIE. TTHEEDOY ¥ T — I DAL 7 DA
O TL02002HERE T 50 [MIBRICZ D104E1% (BTAREE) DEPEME O F3131054L % %0 I3 IZKE ¥
F—Y DA DR ZRT . WTROE Y F—VDHEEANAL ZIZHLTH, BhZzofAsk
CBOWTEREIZAEREO LA 2B 0632 L5 ANN S, 2D X9 ff)it. Jensen, McGuckin
and Stiroh (2001) 233533 % PRl 3 (survival effect) Z/RIBTHH D LB TE 5,

C Ty TTAEEED O 854 FE MM DI B A 84 7 e RER L 72 3 TV, & A8
A 7 OFA DS OREMAER & 7 RN & OBIRZ MUS AT X D MGES %o Bl B2 B0 57 ) 2k v
TETHY . LRI AN 73D O OFGBER Timy,« M Ind;. €Y7 —IVin, % ¥ I—
ERELTHVS, HRROBEIZROEY TH S,

LPy=Bo+ Y TimnBrn+ Y Ind;iBr; + Y Vinsfvs + € (8)

LPy =

R5: ANA I RELEFBEREEOHR

g7 78 79 8 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
(A) 580 6.34 6.09 594 6.33 675 7.14 7.71  9.00
(B) 885 525 519 6.82 557 629 6.59 7.59 9.87
148 10.20  5.08 5.69 7.37 582 6.79 7.53 859 10.86
2 % 10.53 5.33 6.02 7.81 5.86 7.29 811 9.09 11.52
REGE 7.02 550 6.17 815 6.55 1510 9.16 9.69 13.17
4 5% 721 617 6.62 7.18 6.87 1550 9.81 10.74 15.00
5 % 7.08 6.46 6.79 802 7.24 1620 9.91 11.01 13.52
6 1% 7.24 6.67 7.40 829 826 16.03 11.27 1222 17.11
74 757 737 718 898 889 16.36 11.81 12.87 18.92
8 % 835 7.53 830 9.05 9.70 19.44 11.46 13.26 22.29
9 % 9.08 793 995 9.07 11.11 21.99 12.05 13.85 22.18
10 fEt% 10.54 842 10.31 10.06 11.16 15.72 12.67 14.58 21.63

(A) BEFEEIC BT 28 ¥ TVEETOIHFEEELEDF, (B) 3EEZ A 7B S iy 79 v T VRETOIBEEED 2 RD T,
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K

3: EXT—IVBICL B FBEEMDOHR

| 1977 -e-e- 1978 R
1979 - 1980 4

[ x-x- 1981 e-o- 1982

20 ——-1983 ——- 1984
1985 s

80 85 90 95

%612 Q) ROMEMBETH 5. MFXOIFECHD ST, A4 795 5EHF TORBEKS
I-ICAHEEER SRV, L722%> T BRI~ OBRE R84 712X Y AREEDN A B3 B8R 0%
N2 E TS FEZRAA MM ZET 2 2 LARRI HANN D, 64 H L EORGRERTIE.
Z DAREHEE A O TR A EVE S IRE RIS LTl 2 s ohd, MY I -2 &40
BN T, #RERORICERERBEBOHFRONL Z 05, A EEO R ICIIEMEAL O
TRATRNZ LARBEN S,

V=3 I —ORBICH L TIEB2MEE LBFEICH VA RES oL, K5 L) X34 7%
RIS 2 S A EYE O INE8HIE LI ORI & D B RV, 824X T L A 7 IS E A
BNb, L7230 Ty BB ORE X5 7 DA I T AP LB 70 57—V
DRRIZOVTIR L VG ARG AV ETH Y. SHROBGEHEEE Lzv,

AR AFERMOBMIREICH SN L A58 712K H L. WSO EHi&ICB T 550217 -
720 EHEOEREERHET — 7 ICBWTANAL 7L LTBESNEKE REBOEMZ KIEZ %
2R TATEIE LTRAZ. AL 2 ORECHT 20— FRBROHE Z1T - 72 AL B
WREW L Z2EZBLENF - FEBOXI NG A M) v Z7HENDIZ. R—=ZAF 4 YN F— N3G
DIRIEBIETH B 72 L— 3 g VITKAE LTINS 2B S s,

N — FREBISHT 2 HEBOR BTV T, AR, BRMERmE B g2 2 28 L
HRIZBWTHETH Y. EORENRB SNz, LALLM, BE&I 2 MIAETEREL "=
FANORRIZAD SN d ol 720 BROE V7 —VREMICL HNF— FROER L HEIH
gExN, EBNRENEZZBL-EETIEIZ o0 7 A ¥ VOISR Sh, 72 v TR
WEANA 7 OFAEMERPRES R LI EPRMENTZ, 27X ¥ MEZHFI S NIR—ZAF 4 ~
NHF—= FITIZECREERGEZ R T 0L, RHICHBRLR AL 0 L AL INDS b D LA FERFICHER S
iz BARMICIEMIOED T 2L —Y g Y TR Z BH 757 A e, #IIR—ZF4 V&

_80_



BEAREA O R s & A Etk:

x6 : FEEEEORFEXHE

S.E. S.E. S.E. S.E.
Bo 7.650 1.129 *** 10.549 1.218 *** 5721 1.707 FFF 7.053 1.591 ***
Br2 0.454 1.620 0.385 1.383 0.374 1.609 0.324 1.372
Brs 1.680 1.644 1.578 1.404 1.545 1.633 1.493 1.392
Bra 2290 1.671 2.343 1.427 2.128 1.660 2.290 1.415
Brs 2.319 1.698 2.638 1.450 * 2225 1.687 2.678 1.439 *

Bre 3.338 1.729 *3.612 1476  ** 3.269 1.718 ¥ 3.660 1.465 @ **
Bry 3.897 1.753 % 4114 1.498 *** 3914 1.742 ** 4229 1486 ***
Brs 5.079 1.785 *Fx 5211 1.525 *** 5091 1.773 *** 5314 1.512 ***
Bro 5.932 1.818 *** 5936 1.553 *** 5927 1.806 *** 6.036 1.541 ***
Brio 5.700 1.843 ***  6.049 1.575 *** 5683 1.832 ***  6.155 1.563 FH*

Br7 122.8 3.395 **¥x 123.5 3.397 *xk
Brs -6.809 2.351 Rk -6.374 2.344
Bro -0.553  1.611 -2.076 1.626
Brio -5.505 1.809 **x* -6.794 1.818 k**
Bri1 -3.245 1.931 * -3.971  1.968  **
Bria -4.549 1.727 HFxx -4.931 1.734 ¥
Br13 -7.265 1.138 Rk S7.576  1.155 Rk
Bria -2.351 1.118 **x 22574 1.144  **
Br1s -8.887 1.229 H*x -8.965 1.244 F**
Brie -8.105 1.872 **x -8.926 1.892 kk*
Brs -1.955 1.980 1.306 1.701
B9 -1.181 1.937 2.000 1.673
Brso -0.132  1.808 3.008 1.574 *
Bysi -0.562 1.676 3.734 1479
Brso 6.062 1.788 ***  §.852 1.556 ¥
Brss 1.700 1.903 3.643 1.647  **
Brsa 2.854 1.737 0.711 1.547
Brgs 7450 1.695 *F* 9543 1.482 FH*
Obs. 4195 4195 4195 4195

R? 0.004 0.273 0.017 0.285

KT 1% . FRIE 5% . FIE 10% AKIEETOEREERZED T,

LTOEFTHZIIRELE LT A Y MR EIHIT bz,

NR—=2 T4 Y F— FRFRIIELE LTINS % 58 Cooper, Haltiwanger and Power (1999) .
Nilsen and Schiantarelli (2003) DFEIERIR L FAETH Y, HAD I 7 07— 12O T H Wik 5%
KHEET NV XRHTHRBEVZ Do NF— FEAG L) TH D Lid, BEAREN O EH SR
ARG LTINS 2 2 & 2 BT %o BEMGER I A% HAEBUT D < 2o, Bz B s
TR T 5. Thbb, TNICX Y RELEERA L 7 5FREIhEdbDLEZ OIS,
RO Lkl & BB L C X 2R RICHBEN R ON L Z o, RERmORHRZE. £
T REICBWTEVEHOF 2L —Y 3 YIZEWERRTIT SN 5,

B OBE A 54 7 L FEOAFENE L ORRICOVTIE, HEASL 72 OREIS LITSH I
AR Z M ESEARRIEESNT. 6 FEHURED SAEEORIMARD SN b, LEEOBIE A
XA 7RO OFGRER L IERBIOBIRIZH V. FNid]Jensen, McGuckin and Stiroh (2001) @ F
R 2 BMARERIRT 5D DOEMNTE %,
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