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ABSTRACT

This paper reviews both the theoretical treatment of
investment in the ORANI model and the implementation of that
theory in the linearised ORANI equations. The relationship
between the coefficients in the linearised investment equations
and various elements of the ORANI database is examined in

detail. Anomalies in the cwrent method of calculating these
coefficients are portrayed as symptoms of a problem  of
calibration -- the process of ensuring (through appropriate

selection of parameter values) that the database is indeed a
solution of the model equation system. A slightly more flexible
functional form is proposed for the investment equations, which
allows the requirements of calibration to be satisfied, without
unduly constraining the specification of investment behaviour.






A HODIFIED THEORY OF INVESTMEHT FOR ORANI
by

Mark Horridge and Ian Bruce

1: XNTRODUCTION

This paper reviews the treatment of investment in ORANI. The
following three areas are examined in detail:

{a) the restrictiveness of the functional form chosen by Dixon,
Parmenter, Sutton and Vincent (1982) (hereafter DPSV);

{b) the accuracy of the implementation of the DPSV theory in the
computer package which solves the ORANI model; and

(c) the sensitivity of simulation results with respect to the settings
of the investment parameters in the DPSV theory.

The discussion leads to the proposal of a slightly modified theory of
investment. A method is then suggested, to implement the modified theory
in a way which is consistent with the ORANI database.

The remainder of the paper is laid out as follows. Section 2
summarizes the current ORANI theory of investment. Section 3 presents a
eritique of this theory. Section 4 examines difficulties in implementing
the existing theory. Two methods of implementation are compared, but each
is found te be wanting. In Section 5 a modified theory is proposed, which
is easier to implement satisfactorily. Conclusions, and suggestions for
further research appear in Section 6.
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Ind.Name

PASTORAL. .
WHEATSHEEP
HIGHRAINFL
NORTHNBEEF
MILKATLPIG
OTHFARMEXP
QTHFARMIMP
POULTRY...
AG.SERVICE
FORESTRY..
FISHING...
FERROUSORE
NONFERRORE
BLACK COAL
OIL,GAS,BR
OTHER MINS
MIN.SERVCE
MEAT PRODS
MILK PRODS
FRUIT, VEGE
.OILS,FATS
FLOUR, CERL
BREAD, CAKE
CONFECTNRY
OTHER FOOD
SOFT DRINK
BEER MALT
OTHALCDRNK
TOBACCOPRD
COTTONGING
MMDEF IBRES
COTTONYARN
WOOLWORSTD
TEXTLFINSG
TEXTLFLOOR
OTHERTEXTL
KNIT MILLS
CLOTHING. .
FOOTWEAR. .
SAWMILLPRD
VENEERBRDS
JOINRYWOOD
FURNITURE.
PULP, PAPER
BAGS, BOXES
PAPER NEC.
NEWS, BOOKS
COMM PRINT
CHEM FERTL
OTHBASCHEM
PAINTS, VAR
PHARMACEUT
SOAP,DETER
COSMETOILT
OTHCHEMGDS
PETROL PRD
GLASS PROD

1.103

1.101
1.095
1.096
1,105
1.173
1.299
1.153
1.150
1.110
1.157
1.156
1.146
1.109
1.117
1,092
1.111
1.111
1.112
1.106
1.117
1,114
1,136
1.119
1.132
1.087
1.089
1.118
1.099
1.100
1,099
1.106
1.106
1.120
1.092
1.124
1.101
1,117
1.085
1.115
1.124
1.104
1.097
1.100
1,106
1.109
1.089
1.083
1.087
1.085
1.081
1.094
1.135
1.084

1.029

1.022
1.210
1.126

1.108

1.129

1.056

1,070

1.072
0,913

1.006

0.936

0.986
1,035

0.934

0.903
0.988

1.026

«..continued

will have the form:

k(1) 7 B
Ry(1) = R, (0) J , 2.2
J K;(0)

where mu is a positive parameter, xunov is the current level of capital

stock in industry j and muﬁwv is the level at the end of one period.

The fourth step is to assume that total private investment
expenditure d1s allocated across industries so as to eguate the expected
rates of return. This means that there exists some anticipated rate of
return £ such that:

- B,
w“AHv J

R.(0) = Q. 2.3
K,(0) J

The fifth step is to assume that:
Kj(1) = k300) (1 - dy) + ¥4, 2.4
establishing Kj(1) as the capital stock in one year's time.

DPSY illustrate the theory by a diagram, reproduced as Figure 1.
It graphs, for one industry, the relationship between the expected rate of
return, Rj(1), and the rate of growth of capital stock, Kj(1)/K5(0). Note
that the position of the Rj(1) schedule is dependent on the current rate of
return R;(0). The diagram is normally interpreted as follows: to find an
initial equilibrium, we imagine moving along the schedule. If the rate
expected for next period, Rj(1), were equal to the current rate R3(0), no
growth would be planned, so that Kj(1)/K;j(0) would equal 1. In actual
fact, investors in the industry expect its rate of return to be equal to
the economy-wide expected rate, . Therefore, they invest enough to bring
about growth rate (Z-1).

To move from one equilibrium to another, we imagine moving the
schedules themselves. If Rj(0) rises, the Rj(1) schedule moves up and will
cross the @ line at a higher value of Z. If the 0 line rises, the

appropriate Z will be smaller. If Rj(0) and @ rise by an equal proportion,
Z will be unchanged.
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Ind.Name

PASTORAL..
WHEATSHEEP
HIGHRAINFL
NORTHNBEEF
MILKATLPIG
OTHFARMEXP
OTHFARMIMP
POULTRY...
AG.SERVICE
FORESTRY. .
FISHING...
FERROUSORE
NONFERRORE
BLACK COAL
OIL,GAS,BR
OTHER MINS
MIN.SERVCE
MEAT PRODS
MILK PRODS
FRUIT, VEGE
.OILS,FATS
FLOUR, CERL
BREAD, CAKE
CONFECTNRY
OTHER FOOD
SOFT DRINK
BEER MALT
OTHALCDRNK
TOBACCOPRD
COTTONGING
MMDEF IBRES
COTTONYARN
WOOLWORSTD
TEXTLFINSG
TEXTLFLOOR
OTHERTEXTL
KNIT MILLS
CLOTHING. .
FOOTWEAR, ,
SAWMILLPRD
VENEERBRDS
JOINRYWOOD
FURNITURE.
PULP, PAPER
BAGS, BOXES
PAPER NEC.
NEWS, BOOKS
COMM PRINT
CHEM FERTL
OTHBASCHEM
PAINTS, VAR
PHARMACEUT
SOAP,DETER
COSMETOILT
OTHCHEMGDS
PETROL PRD
GLASS PROD

267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267,2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2887
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867
267.2867

G

0.1508
0.1528
0.1519
0.,1501
0.1522
0.1530
0.1529
0.1508
0.1898
0.2920
G.1819
0.,2122
0.1832
0.2008
0.2010
0.2017
0.1745
0.1631
0.1639
0.1637
0.1657
0.,1632
0.1586
0.1635
0.,1648
0.1639
0.1511
0.1609
0.1693
0.1632
0.1854
0.1707
0.1719
0.1709
0.1662
0.1658
0.1826
0.1610
0.1910
0.1625
0.1749
0.1543
0.1532
0.1847
00,1703
0.1650
0.1685
0.1732
0.1812
0.1665
0.1468
0.1461
0.1624
0.1456
0.1476
0.1795
0.1617

0.0747
0.0747
0.0747
0.0747
0.0747
0.0747
0.0747
0.4941
0.1299
0.0581
0.0651
0.2670
0.2781
0.4404
0.4404
0.2402
0.2854
0.1521
0.2867
0.1877
0.2337
0.3393
0.2731
0.4190
0.3207
0.4219
0.3050
0.5757
0.18388
0.1129
0.1001
0.1259
0.2488
0.1252
0.2037
0.4363
0.2130
0.3473
0.3021
0.3260
0.2328
0.2305
0.5174
0.2848
0.3060
0.4293
0.4103
0.2763
0.4340
0.2240
0.2806
0.3472
0.5488
0.9024
0.3089
0.2427
0.2098

100/p6

2.4813
2.4486
2.4623
2.4922
2.4582
2.4458
2.4475
2.4807
1.9707
1.2813
2.0573
1.7632
2.0417
1.8628
1.8615
1.8545
2.1438
2.2939
2.2832
2.2853
2.2574
2.2922
2.3597
2.2876
2.2696
2.2832
2.4760
2.3250
2.2102
2.2923
2.0176
2.1918
2.1770
2.18%0
2.2513
2.2572
2.0450
2.3237
1.9591
2.3019
2.139%4
2.4253
2.4422
2.0251
2.1941
2.2681
2.2203
2.1605
2.0649
2.2472
2.5486
2.5615
2.3038
2.5630
2.5351
2.0845
2.3132

%
100Q3/86,

0.1855
0.1830
0.1840
0.1863
0.1837
0.1828
0.1829
1.2257
0.2560
0.0744
0.1340
0.4708
0.5678
0.8203
0.8198
0.4456
0.6119
0.3489
0.6547
0.3832
0.5275
0,7778
0.6444
0.9586
0.7277
0.9633
0.7551
1.3384
0.4173
0.2588
0.2021
0.2760
0.5416
0.2740
0.4587
0.9848
0.4365
0.8072
0.5918
0.7505
0.4981
0.5589%
1.2636
0.5767
0.6715
6G.,9738
0.9119
0.5970
0.8961
0.,5033
0.7150
00,8892
1.2643
2.3183
0.7830
0.5059
0.4853

+««continued

In percentage change form, Equations 2.1, 2.3 and 2.4 may be
expressed as follows:

_ (1) _
wuﬁov = ogAmAm+H.Nvu :uv. 2.5
mumxuﬁwv - xuﬁovu = 1uAcv - o, 2.6
wuﬁwv = Wuﬁov (1 - 0uv + <u0u~ 2.7

where Q3 = (R3(0) + dj)/R;(0), i.e., Q3 is the ratio of the gross rate of

return in industry j to the net rate of return. ou = mu\xuﬁuv* i.e., mu is

the ratio of gross investment in industry J to its future capital stock.
muu the (negative of the) elasticity of the expected rate of return in

industry Jj with respect to the size of its capital stock, will satisfy:

womﬁxuhcvu -~ logl@l

By = . 2.8
wommzuﬁwv\mquvu

Since the capital stocks, Kj, are held constant in short run
simulations, Equations 2.6 and 2.7 can be reduced to:

vy = euaquov 1av~ zsmwm eu = H\ﬂmumuv. 2.9

In sum, the theory rests on the equalisation of the muﬁpv to sone
rate 0 which will satisfy the aggregate investment constraint. In most
simulations wherse the theory has been implemented, aggregate investment is
exogenous, and the variable € endogenocus. Thus a given aggregate
investment is redistributed towards those industries with a rising rate of
return., The severity of the redistribution depends on the values of the
@u& Indeed, industries which have similar changes in their rates of return
may experience quite different percentage changes in their investment.
Alternatively, an exogenous increase in investment may be distributed
unevenly between the industries. This discrimination between industries
will be more marked as the values of au are more dispersed. Alzo, the
higher the average value of the @@. the more will a given differential in
industry rates of return redistribute investment between the industries.
Therefore, unless the theory were known to be an accurate representation of
reality, we would hope that the @u had both low and uniform values. This
would correspond to a more agnostic stance.
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7
Table A3: DPSY Investment Param
1878-79 ORANI Database
No. Ind.Name nu Qu D.u H\wuou Du\muou
1 ¢ PASTORAL.. 8.4651 0.1508 4.,0988 0.7835 3.2113
2 ¢ WHEATSHEEP 8.4651 0.1528 20,6697 0.7732  15.9810
3 ¢ HIGHRAINFL 8.4651 0.1519 7.6770 0.7715 5.9687
4 ¢ NORTHNBEEF 8.4651 0.1501 3.2320 0.7869 2.5433
5 ¢ MILKATLPIG 8.4651 0.1522 9.4780 0.7762 7.3566
6§ ¢ OTHFARMEXP 8.4651 0.,1530 31.5902 0.71723 24.3965
7 ¢ OTHFARMIMP 8.4651 0.1529 24,1366 0.7728 18.6526
8 POULTRY... 18.0704 0.1508 1.14335 0.3669 0.4196
9  AG,SERVICE 0.6883 0.1898 1.6258 7.6532 12,4428

10ab FORESTRY.. 8.4651 0.2920  ~2.6447 0.4046  -1,0700

11 ¢ FISHING... 8.4651 0.1819 8.0084 0.6496 5.2022 R.(0)/Q
12 FERROUSCRE 6.3117 0.2122 1.5424 0.7467 1.1517 N

13 NONFERRORE 9.0977 0.1832 1.5090 0.5999 0.9052

14 BLACK COAL 11,1836 0.2008 1.2073 0.4452 0.5375

15  OIL,GAS,BR  11.2219 0.2010 1.2099 0.4434 0.5365

16  OTHER MINS 5.6706 0,2017 1.54635 0.8742 1.351¢9 B

17a MIN.SERVCE  9.9921  0.1745  1.4234  0.5735  0.8163 : Ry Ky 13

18 MEAT PRODS  1.7585  0.1631  1.7483  3.4867  6.0959 : =

19  MILK PRODS  11.6577  0.1639  1.4348  0.5235  0.7511 : e K.(0)

20  FRUIT,VEGE  2.8489  0.1637  1.7362  2.1441  3.7225 : J

21 .OILS,FATS  7.6723  0.1657  1.4561  0.7864  1.1451 :

22 FLOUR,CERL  12.4399  0.1632  1.2557  0.4917  0.6174 ZORE . By= 3

23 BREAD,CAKE  10.3623  0.1586  1.3388  0.6087  0.8149 : P "

24 CONFECTNRY  14.4070  0.1635  1.1853  0.4244  0.5030 : /

25 OTHER FOOD  11.6401  0.1648  1.2788  0.5212  0.6664 : 6. =1

26 SOFT DRINK 12.9478  0.1639  1.1360  0.4713  0.5354 : 3

27  BEER MALT 11.3220  0.1511  1.1985  0.5845  0.7005 :

28  OTHALCDRNK  16.1179  0.1609  1.0962  0.3856  0.4226 :

29 TOBACCOPRD  2.9453  0.1693  2.0654  2.0058  4.1427 ZONE 1 :

30 ¢ COTTONGING  8.4651  0.1632  4,7202  0.7238  3.4164 :

31 c MMDEFIBRES  8.4651  0.1854  5.9838  0.6371  5.7233 :

32 ¢ COTTONYARN  8.4651  0.1707  3.4105  0.6921  2.3603 : e = 0,2
33 WOOLWORSTD  8.4171  0.171%  1.557F  0.6913  1.0764 : 3

34 ¢ TEXTLFINSG  8.4651  0.1709  3,4606  0.6912  2.3920 :

35  TEXTLFLOOR  5.6088  0.1662  1.6152  1.0728  1.7328 1.0 B e
36  OTHERTEXTL  16.0423  0.1658  1.2163  0.3761  0.4574

37  KNIT MILLS  5.1688  0.1826  1.6524  1.0596  1.7508 ZONE 4

38  CLOTHING.. 14.8461  0.1610  1.3195  0.4184  0.5520

39  FOOTWEAR..  9.2644  0,1910  1.4281  0.5652  0.8077

40  SAWMILLPRD 12,9520  0.1625  1.3161  0.4750  0.6252

41 VENEERBRDS  6.9506  0.1749  1.5067  0.8227  1.2396 ZONES 1.0 X.(1)/K.(0)
42 JOINRYWOOD  8.8943  0.1543  1.5523  0.7288  1.1314 3 3
43 FURNITURE. 17,1625  0.1532  1.1216  0.3803  0.4266 1 AND 2

44  PULP,PAPER  8.8458  0.1847  1.4176  0.611%  0.8874 ZONE 2

45  BAGS,BOXES 11.3985  0.1705  1.3777  0.5145  ©0.7088
46  PAPER NEC. 16.9879  0.1650  1.2420  0.3569  0.443%
47  NEWS,BOOKS 15.9062  0.1685  1.2636  0.3731  0.4715
48  COMM PRINT  9.7320  0.1732  1.4485  0.5934  0.8597
49  CHEM FERTL 15.1108  0.1812  1.2687  0.3652  0.4534
50 OTHBASCHEM  7.1426  0.1665  1.6950  0.8409  1.4261
51 PAINTS,VAR 13.2158  0.1468  1.3742  0.5154  0.7083
52 PHARMACEUT 16.1039  0.1461  1.2594  0.4251  0.5354
53  SOAP,DETER  22.7098  0.1624  1.1990  0.2712  0.3251
54  COSMETOILT 31.3430  0.1456  1.0924  0.2191  0.2393 Figure 2: The Restrictive Hature of the DPSV Theory
55  OTHCHEMGDS 13.5224  0.1476  1.2791  0.5611  0.6410

56 PETROL PRD  7.0138  0.1795  1.3964  0.7944  1.1093

57 GLASS PROD  6.2509  0.1617  1.7660  0.9801  1.7487

««.continued
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Ind.Name

PASTORAL. .
WHEATSHEEP
HIGHRAINFL
NORTHNBEEF
MILKATLPIG
OTHFARMEXP
OTHFARMIMP
POULTRY...
AG.SERVICE
FORESTRY..
FISHING...
FERROUSORE
NONFERRORE
BLACK COAL
OIL,GAS,BR
OTHER MINS
MIN.SERVCE
MEAT PRODS
MILK PRODS
FRUIT, VEGE
OILS,FATS
FLOUR, CERL
BREAD, CAKE
CONFECTNRY
OTHER FOOD
SOFT DRINK
BEER MALT
OTHALCDRNK
TOBACCOPRD
COTTONGING
MMDEFIBRES
COTTONYARN
WOOLWORSTD
TEXTLFINSG
TEXTLFLOOR
OTHERTEXTL
KNIT MILLS
CLOTHING. .
FOOTWEAR. .
SAWMILLPRD
VENEERBRDS
JOINRYWOOD
FURNITURE.
PULP,PAPER
BAGS, BOXES
PAPER NEC.
NEWS, BOOKS
COMM PRINT
CHEM FERTL
OTHBASCHEM
PAINTS, VAR
PHARMACEUT
SOAP,DETER
COSMETOILT
OTHCHEMGDS
PETROL PRD
GLASS PROD

(1)
KsPizin, 2

94.49
349.24
109.90

30.16

79.25
101.50

45.02

45.45

54.93

27.63

20.30
272.86
459.07
505.58
480,55
113.79

17.64
112.40

56.00

18.85

16.53

32.83

58.43

17.85

85.99

47.85

78,19

33.73

11.62

3.03
11.54
12.95

6.84

4.43

8.93

16.27

13.86

35.38

10.09

86.04

14.59

40.57

45.39

53.45

38.35

28.04

77.12

93.92

40.55
116.54

8.73

40.02

25.94

10.35

17.79

77.25

20.54

K.
3]

1264.12
4672.37
1470.25
403.48
1060.24
1357.93
602,34
91.99
422,87
475.88
311.70
1021.83
1650.80
1148.08
1091.23
473.62
61.82
739.00
195.31
112.42
76.73
96.75
213,97
42.59
268.16
113.41
256.40
58.59
61,55
26.85
115.23
102.85
27.48
35.40
43.82
37.29
65.08
101.86
33.39
263.89
62.68
176.03
87,72
187.69
125.33
65.30
187.96
339.91
93.44
520.37
31.13
115.28
47.26
11.47
57.60
318.30
97.%0

47.20
12.24

14.98
38.97
23.60
11.82
34.83
65.09
18.78
94.39

4.95
18.31

8.33

1.81

9.30
64.83
17.17

0.0565
0.0711
0.0650
0.0516
0.0669
0.0724
0.0717
0.0620
0.0500
0.0800
0.0570
0.0939
0.0938
0.0756
0.0764
0.0849
0.084%
0.0651
0.0869
0.0711
0.0732
0.0691
0.0651
0.0655
0.069%
0.0505
0.0505
0.0505
0.0974
0.08%0
0.0890
0.0890
0.0890
0.0820
0.0776
0.0776
0.0841
0.0841
0.0907
0.0783
0.0783
0.0820
0.0561
0.0839
0.0839
0.0839
0.0856
0.085¢6
0.0919
0.0919
0.0764
0.0713
0.0911
0.0763
0.0674
0.0689
0.0%10

muﬁcv

1.8236
0.3616
0.9736
2,3127
0.7886
0.2366
0.3087
43.2119
7.9893
-2.,1950
0.8133
17.3130
18.4288
36.4772
36,3970
15.5347
20.0525
8.6992
19.9844
9.6575
16.0477
27.0218
20.3971
35.3542
25,0752
37.1403
25.4465
52.5178
9.1422
2.3924
1.1148
3.6921
15,9763
3.6169
12,6143
35.8710
12.8913
26,3249
21,1366
24.7734
15,4533
14.8461
46.1308
20.0894
22.2132
34 .5442
32.4684
15.0708
34.2068
13.2064
20.4165
27.5655
45,7694
82.6141
24,1454
17.3796
1.8806

.+ .continued

4: TIHMPLEMENTATION OF THE CURRENT INVESTMENT THEORY

The practical implementation of the DPSY theory of investment may
be reduced to the task of finding values for the mu. Gj and Qj mentioned
above. These parameters and coefficients might be calculated directly by
using formulae derived from equations in Section 2:

pommmuﬁovu - logl@l

wu = ’ 2.8
wommquHv\mquv_
Y. Y. Y x
8° X © F(00d -dJ +¥ ufovnmmavlm 4.1
Y J i j j 3 J j i
muﬁov + ag 1
4= TR0 = E00) @ . 4.2
’ P-d S
K400 Proiy 2y

Magnitudes m@mu, muaov i, and muhovawwH~mvu may be identified as
values from the ORANI didtabiase, ‘ney are, in order, the total expenditure
on investment (at purchasers’ prices) by industry j, the column sums of the
capital stocks matrix, and the rentals to fixed capital. au is an estimate
of the average rate of depreciation of fixed capital in industry j. This
vector forms a subsidiary part of the ORANI database. Thus the only new
information needed to calculate the coefficients is a value for Q, the
economy—-wide anticipated rate of return. This direct method of calculating
the B3, G and Q3 has recently been provisionally attempted by Bruce
(1986). Some of his numerical results are reported in the Appendix. Here
we use a diagrammatic approach to explain how the values of mu may be
related to the ORANI database.

4.1 Direct Estimation of the Investment Par ters from the ORANI Database

The direct procedure may be illustrated by a diagram. In log form
Equation 3.1 is linear:

loglRj(0)/0] = pjloglK;(1)/K3(0)1, 4.3

The linear form is represented graphically in Figure 3, by a line passing
through the origin. Figure 4 shows how data for a range of industries may
be plotted on the same diagram. Each industry is represented by a dot, the
position of which is derived from the ORANI dastabase (given some value for
). Each dot in either of the northeast or southwest quadrants lies on a
line given by Equation 4.3, passing through the origin. The arrows show
the slopes of these lines - the Bj. Thus the diagram shows very clearly
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how the original data values are related to the calculated mu. It alsoc

shows how the capital growth rate of each industry is affected by a change

No. Ind.Name mu mu 0u p\uumu OQ\wumu in its rate of return (relative to Q). This corresponds to a movement
along the appropriate arrow. ’

1 b PASTORAL.. 39.2000 0.0920 1.6300 0.2773 0.4520

2 b WHEATSHEEP 9.8000 0.1860 1.9760 0.5486 1.0840

w b mwmmwmwmmw Nw.mmww w.wwww w.wwwm w.wwww m.wwww The direct method of parameter estimation gives rise to several
5 b MILKATLPIG  9.8000  0.0240  6.2070  4.2517  26.3903 problems:

6 b OTHFARMEXP 9,8000 0.0600 5.1200 1.7007 8.7075

7 b OTHFARMIMP 38,2000 0.0980 2,1600 0.2603 0.5623 T . .

8  POULTRY... 18.9000 0.1150 2.0330 0.4601 ¢.9354 va he Bj vary greatly and many are small numbers. This leads to
9 AG.SERVICE 30,4000  0.0870  1.7580  0.3781  0.6647 dispersed and high §j. As noted in Section 2, this causes either a
wwm wmmmmmmw.. wm.wwww w.wwww w.wwww w.wwww m.wmmw uniform change, or a small relative disturbance, in industry rates of

Hm m.mmwocmomm HN.NOQO O.NHwG M,mwwo Q.wmhm c.qoqq n.mﬂc.m.ndOUﬁHbmmUOEnmEm‘u.Ow.w,maan%HUﬂﬁMOB OMMB<mwnEde.
13 b NONFERRORE 30,7000 0.1510 1.5650 0.2157 0.3376 -
14 BLACK COAL  13.8000 0.,2010 1.5000 0.3605 0.5408

15  OIL,GAS,BR  17.9000  0.1610  1.6790  0.3470  0.5826 (b) Observations with negative Rj(0) cannot be plotted on the diagram.
16  OTHER MINS 17,3000 ¢.1810 1.8270 00,3194 0.5196 They are inconsistent with the theory and have to be discarded. The B3
17a MIN.SERVCE  17.3000 0.1810 1.6270 0.3194 0.5196 : . . .

18 b MEAT PRODS 282000 0.0960 2.2540 0.3694 0 8326 for the nowwmmvosapwm industries must be assigned a default value. In
19  MILK PRODS 81.5000 0.1010 2.1910 0.12158 G.2662 our example of the direct procedure, detailed in the Appendix, we chose
20  FRUIT,VEGE  34.2000 0.,0930 2.5820 0.3144 0.8118 an average value of P for the default value, so that the arrows for
21 LOILS,FATS 29,6000 0.1170 1.,8910 0.,2888 0.5460 h ; : L

22  FLOUR.CERL  49.1000 0.1010 1.6340 0.2016 0.3305 these industries do pot point through the origin., Therefore, these
23  BREAD,CAKE 106,4000 0.0840 1.6390 0.1119 0.1834 default values of B are inconsistent with the DPSV theory.

24  CONFECTNRY  89.5000 0.0810 1.8040 0.1379 0.2488
25  OTHER FOOD 52,2000 0.0920 2.0130 0.2082 0.4182

26 b SOFT DRINK 28,2000 0.0980 1.5990 0.3618 0.5786 (c) Some of the calculated Bj will be negative. These are inconsistent
27 BEER MALT  41.9000 0.0830 1.5990 0.2875 0.4598 ; .

28 OTHALCDRNK 419000 00830 13990 0. 2875 04508 with ﬂww ﬂswoww and have to be ‘discarded and replaced. Thus,
2%  TOBACCOFRD  88.8000 0.1180 1.6470 0.0954 0.1572 observations in the northwest or south east quadrants must be assigned
30 COTTONGING  39.4000 0.1160 2.3390 0.2188 0.5118 s default 1 £ 8. Agai n ; .

31 MMDEFIBRES 31.4000  0.1230  2.3380  0.2589  0.6056 . value of B. Again, these default values are inconsistent
32 COTTONYARN  31.4000  0.1230  2.3390  0.,2589  0.6056 with the DPSV theory.

33  WOOLWORSTD  31.4000 0.1230 2.,3390 0.2589 0.6056
34  TEXTLFINSG  86.5000 0.1020 2.3390 0.1133 0.2651

35 TEXTLFLOOR 57.0000 0.0950 5 3276 0.1847 0.4297 (d) Results are highly dependent on the value c¢hosen for @ -~ this
36 OTHERTEXTL 51.6000 0.0970 2.327¢C 0.1998 0.4649 governs the vertical position of the origin.

37  KNIT MILLS 104.9000 0.0980 1.8820 0.0973 0.1831

38  CLOTHING.. 78,9000 0.1020 1,8820 0.1243 0,2339

39  FOOTWEAR..  95.8000 0.1080 1.7470 0.0967 0.1689 (e) Values for the Qj, given by Equation 4.2, also tend to be highly

Mw wmwﬂmwwmww wwuwwww w“wwww w”wwww wuwwmm wﬂwmww dispersed - some are even negative! The possibility of negative values

42 JOINRYWOOD  29.1000 0.1380 1.6550 0.2490 0.4121 for the ou is unsettling, for reasons similar to those which motivate

43 b FURNITURE. 28.2000 0.,1090 1.5450 0.3253 0.5026 the elimination of negative G 0 i S

44 PULP,PAPER  20.4000  0.1300  1.9186  0.2616  ©.5021 ﬁ € ross Operating Surplus from the ORANI

45  BAGS.BOXES  29.4000 0.1300 1.9190 0.2616 0.5021 ) database (see Bruce (1985), pp. 11-12). It would mean that a positive

Mm mmmmewmmw Mw.wwww w.wwww w.mwmw w.WMWM M.WWWW value of r3(0) in a printout of simulation results could represent

48 nozx.meza am”mcoo ouumwc H”mmwo c“Hmow c“wwwq either an increase in a positive rate of return or a decrease in a

49 CHEM FERTL 35,2000 0.1280 2.1196 0.2219 0.4703 negative rate. In either case, the industry in question would receive

50  OTHBASCHEM 35,2000 0.1280 2.1190 0,2219 0.4703 i « : X

51 PAINTS VAR 52,9000 01040 1 7590 0 1818 0. 3107 s ww pso%mmcma share om.«wwww investment, according to the DPSY theory.

52  PHARMACEUT  30.8000 0.1150 1.8180 0.2823 0.5133 Dispersion of the positive Q4 has a similar effect to dispersicn of the
3 E 30.2000 0.1450 1.7210 0.2284 0.3930 "

M& mmwmmwowmw 02000 o.wpwc e 0 To80 0 3220 @u. It means that a uniform change in industry rentals to capital
55 OTHCHEMGDS  45.6000 0.1080 1.4340 0.2031 ©.2912 leads to varying changes in rates of return, and to varying effects on
56 PETROL PRD  30.4000 0.1060 2.,0160 0.3103 0.6256 industry investment.

57 b GLASS PROD  28.2000 0.1260 2.5280 0.2814 0.7115

. ..continued
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f was chosen such that the mean value of the Dg\amumuv in Table AL
(identified above as the key coefficient in the reduced form investment
equations) was the same as the mean value of the uooom\Ammuv in Table A4.
This means that, on average, the relationship between real rental rates,
and investment levels is the same for the modified theory as in the current
treatment of investment. Thus our attention is focused on the dispersion
of the cocefficients in each case. The dispersion of the wodified
Hooowxﬁmcuv is only slightly less than that for the current parameter set
(.45 as against .54) but the source of the dispersion is different in Table
A4: it stems from dispersion of the Q¥, rather than from the Bj. If the
same data were used to calculate coefficients according to both DPSV and
modified theories, it is likely that the modified theory would yield a much
less dispersed sebt of coefficlents. The dispersion of the modified
wcc\ﬂum@v is very low, implying that an increase in aggregate investment
will be distributed impartially amongst the industries.

Table AS Capital Growth Factors Z and 2* Compared

Table A5 shows the Nu. or the growth factors of capital,
K3(1)/K35(0), implicit in the current ORANI database. These were calculated
from Table A2 as:

JS:&.:AJV + ff

Z, = .
J K. (0)n
3L0my
The table also shows the 2%, or ‘underlying’' growth factors which
appear in the modified theory of investment. These are vreally the

component of growth in each industry which the modified theory cannot
relate to the rate of return in that industry. Bearing in mind our caveats
{at the the end of Section 5) against a too-literal interpretation of the
Nw» we found it interesting to calculate their values. This gives sowme

idea of the overall plausibilty of the modified theory. To do this, we
require not only the data listed in Table A2, but also values for § and £.
We combined our assumed value of P with a proxy for @, the mean value of
the muﬂov listed in Table AZ., The Nw were then calculated by rewriting
Eguation 5.3: ’

E:4
-a= z,
Ry(0) - a=p loglz,/Z,]
as: . Ry(0) - @
Z, = Nu exp .
J B

In addition, this table algo shows the ratios of the NM to the wu. They
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This procedure does not ensure that the commodity composition of
investment, ¥33/Y¥3, is equal to the commodity composition of an industry's
capital stock, Kjj/Kj. Rather it seems to be a compromise between two
conflicting hypotheses: first, that the commodity composition of investment
is that of the existing stock: second, that the gross (non-depreciation—
adjusted) growth rate of the capital stock is the same in all industries.
To appreciate the second point, note that there is no other reason why each
column of the qu matrix should receive the same weighting in the
redistribution of the Y;, Whatever the merits of the procedure, it does
lead to fairly uniform values of the ou_ At the same time, little
reliance should be placed on these calculated values of the Mu.

In summary, ORANI's investment and capital stock data are of poor
quality, although they may be the best available at present, A salient
theme of this paper is that where the data are poor, only bland or neutral
conelusions should be drawn from them. Because it leads to high, dispersed
values of the @u, the direct method of estimating the investment parameters
does not meet this criterion.

The Industries Assistance Commission (IAC) is currently exanining
methods to improve the quality of ORANI's investment and capital stock
data. However, the arguments advanced in Section 3 suggest that more
aceurate data may still be incompatible with the DPSV theory of
investument.

4.2 Estimation of the Investment Parameters Usi

In contrast, the method by which the investment parameters and
coefficients were derived for the first (1968-69) ORANI database produced
lower and more uniform values of the eu~ 50 that the ORANI investment
distribution mechanism tended to be more neutral between the industries.
This is still the standard method of recalculating the mu‘ mu~ and Ou when
& new database is produced (see Dixon et al. (1977), pp. 164-71, DPSV,
p. 197, Brooks and Stevenson (1981) and Cox (1984)); it uses ‘oubside’
data, which are quite independent of the ORANI database. The mu were
estimated from observations of net rates of return averaged over time,

><MmuAcvuu average growth factors, AvIK;(1)/K3(0)], and the average safe
rate of interest, Avi0l, which was set at 2 per cent:

log ><~muﬁovw ~ log Av[Q]

(1 (0
log ><mmua v\auA )}

The G; and Qj were computed according to the formulae:

(0
muA )

G, =1 - Avi

3 1 -4, 4.6
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For some of the columns of figures, measures of the wmean and of
dispersion around it are included. Because the investment coefficients are
used multiplicatively, geometric means are most often chosen. Similarly,
the measure of dispersion is the variance of the logs., In computing these
aggregate measures, ‘exceptional’ industries whose number is annotated by
'a', 'b', '¢', ete., are sometimes excluded from the sample.

COMMENTARIES ON TABLES AL TO A3

Table Al ts Used in the Current

Table Al shows the values of @.HT m...w and Qu used in the current
(1978~79) ORANI database. Their derivation is described by Cox (1984},
The reduced form coefficlents 1/{3G4) and Qj/(BjGj), are also shown. The
salient feature 4in this table is the rather high dispersion of the Bi.
which is responsible for most of the variance of the coefficlents M\Amumwu
and au\Awumuv. Industries for which investment d1is normally modelled
exogenously (marked ‘a‘’ in the table) were excluded from the calculation of
the means and variances. For industries marked with ’b’', Cox (1984) used
a boundary rule to determine Bj, since his ’outside’ data were inconsistent
with the DPSV theory.

Table A2 Data from Lhe 1978-79% ORANI Database

This table shows excerpts from the 1978-72 ORANI database which are
relevant to the treatment of investment. From left to right the columns
show:

(13

m Acvm (g+1,2)3

the rentals to capital in each industry,

the replacement value of industry capital stocks

K, (0)1
J J or column sums of the capital stocks matrix,

au the depreciation rate in each industry, expressed as a

fraction, (percentage rate divided by one hundred), and
Yo the total value of investment in each industry,
3 including margins and taxes.

The table also shows the derived figures for:

R, (0} the industry rate of return., in percentage points,
J calculated using Equation 5.4:

e
500 Plgrr,ayy

R,(0) = 100 R
J K.(0) 1, J
J j
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wom%u Brax R Buin

Homﬁmuﬂmv\mquvu

The slope of the arrows shows the values of the estimated mu
Points outside the seclor bounded by msmx and waH: have arrows parallel to
the mamw and wgwn lines, which have the slopes given respectively by twice
and one half the mean B value.

Figure 5: Current Hethod with Axes Showipg Outside Data: the Constraints

womﬁmuhov\bv

\,\
.
77 @\{

kMM km@ KM% \M& wommmuﬁwv\muﬁovu

The slope of the arrows shows the values of the mu
estimated from outside data, as implemented in ORANI.

Figure 6: Current Method with Axes Showing ORANI Data, and Arrows
Slope of which Shows *Outside’ mu
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Thus we find that although the original estimates of the eu dis—
played the desirable properties of smallness and uniformity, subsequent
attempts (by different people) to repeat the estimation procedure gave rise
to larger and more dispersed @u. By contrast, the majority of ORANI's
equation coefficients are computed from input-output data by 'direct’
methods. The method of calculation is well defired and repeatable - it is
implemented by the same computer programs for each new dataset.
Alternatively, those parameters (mainly elasticities) which do require
'outside’ estimation are . interpretable as unchanging constants. They do
not necessarily need to be re-estimated each time a new dataset is
prepared.
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have higher 7%, Last, different industries adjust at different speeds to
variations in their rate of return - giving varying mu‘ These ‘Lhres
complete vectors of parameters - an @j and B3 ~ separate out the three
different roles of the wu mentioned in Section 3.

In the suggested treatment, we constrain all the 3 to be equal,
and ignore the wu‘ This enables parameters to be drawn from a single
cross~sectional observation. Much more data would be required to estimate
a full set of Bj, 25, and z%. The Z} from our simplified model, which may
be calculated as residuals, reflect several different mechanisms, and so
may perhaps bear no simple economic interpretation. However, unexplained
dispersion in the Nm will not affect simulation results.

19

another. Instead, they merely account for characteristics of the initial
equilibrium,

For example, consider the CES functional form used in many general
equilibrium models:

n . o—hlp
Y= “H,Mmmm “ﬂ \ 5.1
i=1
which contains three sets of parameters, A, {85} and p. Adopting the

convention that base year prices are unity, values of Y and X may be drawn
from the equilibrium dataset. The calibration problem is to choose values
for parameters A, &3 and p which satisfy §.1. Prior theoretical conviction
guides the assignment of A to unity. enforecing constant returns to scale.
The value of p is also assigned, by identifying 1/{1+p) as the common
elasticity of substitution, probably drawn from a literature search.
Through applying optimality conditions we can expand 5.1 into a group of n
individual demand equations, which must also be satisfied by the database
values of Y and X. This will determine values for the remaining, free, &;
parameters. In the CES case the proper choice of free and assigned
parameters seems so obvious that it may escape notice that a choice has in
fact been made ~ especially since few model-builders highlight this aspect
of their work. Consider, however, the logical possibility of assigning
values to two of the 83, and allowing the remaining A, 65 and p parameters
to be determined by the demand equations and the database. To reject such
a procedure as absurd, we must appeal to criteria of sensible calibration -
eriteria which, although not explicit, are nevertheless widely recognised.

Calibration is still an art rather than a science; its rules are
only beginning to be codified (see Adams and Higgs (1986), and Mansur and
Whalley (1984)), It certainly allows scope for individual variationl
Notoriously, the settings of key assigned parameters may be disputed. Even
the choice of ’'neutral' parameter values is open to question, Again, there
is often a tension between attempts to reduce the sensitivity of model
results to circumstantial features of the database, and the need for the
model to represent an actual economy. The possibility of a neat division
of roles between free and assigned parameters also depends on the number of
parameters in the model equations, and the way in which they appear.
Indeed, the model should be specified with the calibration process in mind.
Previous sections of this paper indicate the problems which may arise from
the failure to take this into account.

The difficulty of calibrating the DPSV theory of investment lies in
the need for the B; parameters to perform two distinct roles. On the one
hand, the $; are supposed to account for the variety of industry
characteristics in the initial, unshocked, equilibrium, so that they will
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where the square bracketed term is constant across the sample, and ¢ is a
normal error term. The estimated value for B is then merely the reciprocal
of the OLS coeffiecient on zuﬁov.

Unfortunately, the results of such a regression, using the 1978-79
database referred to above, are unsatisfactory. The reason is that the Nu
derived from the ORANI database tend to be tightly clustered aboul one
common value - the economy-wide growth rate of capital. This follows from
the procedure used to construct the Nu:u vector, described in Section 4.
On the other hand, the database R3(0) are very widely dispersed, as shown
in the Appendix. In effect, we are regressing a constant against noise.
The regression has little explanatory power (R?* = 0.04) and leads to a very
high B value (about 3000). For illustrative purposes, the Appendiz shows
instead the implications of assigning to B a value derived from 'outside’
the ORANI database. The value chosen is that which lsads to an average
value for the new eu which is the same as the average value given by the
current {Cox,1984) method of parameter estimation from ’outside’ data.

The result of reducing B to a scalar value is seen in Figure §,
which is analogous to Figures 3, 4 and 5. Instead of specifying the model
so that each industry schedule has its own slope and a gommon intercept
(the origin), we have revised the DPSV theory so that the industry
schedules have a gommon slope but different intercepts. This is implied by
a uniform value for all the Bj. Thus, Figure 8 is similar to Figure 4,
which depicts the original, inconsistent parameter settings, except that
in Figure 8 the arrows point in gxacghly the same direction. However, in
this case the free parameters Nm allow the arrows to have different
intercepts, so that the model gan be calibrated. Specimen values of the
NM are shown in the Appendix.

Hot too much weight should be placed on the interpretation of the
Nw as the industry secular growth rates, because of the simplicity of the
proposed model. A more completely specified relation would link Nu» the
industry’s actual growth rate, to the following variables:

2%, the industry’s secular growth rate,

mu‘ the industry-specific adjustment rate,

mumov. the industry rate of return,

a, the economy~wide expected rate of return, and
2j, the industry risk premium.

To see this, we may note that, in a long run equilibrium, not all
industries have the same rate of return -~ the risk premiums wu will cause
some dispersion. Also, even with equal (risk-adjusted) rates of return,
some industries {e.g., the service sector) grow faster than others - they
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