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ABSTRACT 

This paper is an econometric examination of the 

export of a basic building material from the U.S.A. to 

Japan. This material is, of course, Pacific Northwest 

region softwood logs. Two fundamental economic aspects of 

this subject are covered in chapters two and three of this 

study: 1) The international trade aspects of these 

tractions are examined through simple econometric models 

which incorporate such key factors as the differing rates 

of inflation of the two countries and exchange rate 

fluctuations; and 2) The domestic factors determining the 

level of investment in building stock in Japan are 

discussed and determined in considerable detail. The link 

between these chapters is the fact that the logs are used 

primarily as a building material, and no other component of 

Japanese G.N.P. is as closely related to the level of log 

imports as investment in building stock. 

vi 



CHAPTER ONE 

INTRODUCTION 

The current study analyzes the economic determi

nants which underlie the very rapid recovery and growth of 

softwood log exports from the Pacific Northwest Region to 

Japan during the post World War II era. There are three 

perspectives which give on insight into the relevance, 

timeliness, and scholarly import of this topic: 1) this 

study is a testament to the remarkable degree to which the 

social and economic mechanism of international trade can act 

as the driving engine of interregional cooporation and 

international political stability; 2) it assesses the 

varying roles of taste, technology, prices, and income in 

the demand for a basic building material in a highly 

industrialized nation; and, 3) the current study gives one 

much evidence of the fact that international trade in 

renewable natural resources can be a vital cornerstone in 

sustainable economic growth in the world economy. Taking up 

the last point, there is certainly no attempt in this 

analysis to assess the degree to which increasingly effec

tive utilization of the world's endowment of renewable 

natural resources can support or offset depletion of the 

1 
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non- renewable natural resource endowment. But clearly the 

Japanese building and housing industries are vital cogs in 

the Japanese economy; in 1980, per capita real' income (in 

1935 yen) was 1280.0 yen; per capita gross investment in 

new building stock was 152.28 (1935) yen; while the per 

capita value of total wood products imports from the U.S.A. 

was 12.638 1935 yen. 

The U.S.A.'s western softwood forests have been 

plagued by a number of problems associated with more 

intensive management and increasing concentrations of 

atmospheric pollutants. But since the log shipments 

represent a relatively minor part of the annual U.S.A 

production of construction materials, these problems can 

hardly be blamed upon the export of very sizeable numbers 

of logs to Japan. The shipments have had no effect upon 

the forest resource base or the health and safety of the 

American public and the American lumberjacks or millhands. 

This is a very sharp and pleasant contrast, to cite one 

example from the Pacific Basin region, with the rapacious 

use of the forests of New Guinea by the giant Honshu paper 

company of Japan. The land leases of a subsidiary of 

Honshu, JANT, allow JANT to cut very sizeable tracts of 

timber [1] in the rainforests of New Guinea; these 

agreements stipulate that JANT replant at the same rate at 

which it cuts timber; but JANT is replanting in these 

tracts at a rate which is one-tenth as fast as the rate at 
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which they are clearing and cutting. Moreover, JANT is 

selling the cut wood to the parent company, Honshu, at such 

a low rate, that it shows no significant paper profits, 

thereby eluding any taxes. If it were taxed for the 

profits generated from selling the wood at prevailing world 

market prices, JANT would pay the New Guineans eleven 

million dollars per annum in taxes [1]. Also, the fact 

that the Japanese use softwood log imports (Table 1), 

regardless of the supply source, as a construction material 

which is used by the domestic market doubtless silences 

considerable portions of American criticism of these log 

exports; criticism which would be ineluctable if, like the 

hardwood log exports of Malaysia and Indonesia to Japan, a 

substantial fraction of the logs were employed in making 

wood products which were in turn exported by the Japanese 

to various (Pacific Basin and other) nations. Of course 

exports of log shipments from the U.S.A. to Japan is by and 

large, an indicator of the degree of harmony between the 

two nations in the political sphere. But it would probably 

surprise most Americans to know that substantial shipments 

of U.S.A. wood products, including logs, to Japan, began in 

the 1920's, and that sizeable shipments continued during 

the second-half of the 1930's until late in 1939. 

So the longevity of the purchases by' the Japanese 

of sizeable quantities of U.S.A. softwood logs and lumber, 

the magnitude of the transactions, the benign political 
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Table 1. U.S.A exports of Logs, 1950-78, by major region 
of destination in millions of board feet, log-
scale. 

Year Canada western Japan Other Total 
Europe 

1950 42.5 3.6 - 2.1 48.2 
1951 71.8 4.7 1.4 1.6 79.4 
1952 53.8 3.0 6.5 0,4 63.7 
1953 69.2 3.8 41.6 0.6 115.1 
1954 75.4 4.8 54.5 4.7 139.5 
1955 138.4 8.9 18.0 0.8 166.2 
1956 160.2 5.7 20.5 1.2 187.7 
1957 97.1 5.3 36.0 1.0 139.3 
1958 112.6 7.7 47.9 1.6 169.8 
1959 126.6 7.2 70.1 0.7 204.6 
1960 150.7 15.9 98.6 1.1 266.3 
1961 99.6 16.3 364.8 1.1 481. 8 
1962 167.3 24.8 329.0 1.2 522.2 
1963 209.3 32.2 691.1 18.8 951.3 
1964 288.5 19.0 755.4 23.4 1,086.3 
1965 352.9 29.4 804.4 6.2 1,192.8 
1966 266.2 17.3 1,083.0 26.5 1,393.1 
1967 335.8 20.8 1,583.6 30.6 1,970.7 
1968 341.8 28.8 2,119.2 78.4 2,568.1 
1969 324.6 29.9 2,007.8 34.8 2,397.0 
1970 291.8 23.6 2,377.3 60.3 2,753.2 
1971 343.6 20.8 1,847.1 80.9 2,292.4 
1972 519.1 31.9 2,529.9 62.4 3,143.3 
1973 417.8 42.0 2,634.7 127.1 3,221.6 
1974 332.3 39.1 2,114.2 156.7 2,642.4 
1975 277.6 35.3 2,256.4 97.6 2,666.9 
1976 362.5 48.6 2,675.1 163.6 3,249.9 
1977 350.0 48.0 2,470.5 211. 6 3,080.1 
1978 368.4 56.4 2,646.1 338.3 3,409.2 

Reprinted from [12], but the original source is " The Demand 
and Price Situation of Forest Products", by R. B. Phelps, 
U.S.D.A. Forest Service Miscelloneous Publication 1357, 
(U.S.) Governmnet office, Washington, D.C., 1977. 
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climate in which they occur, and the absence of deleterious 

social and economic side effects (including depletion of 

the resource base) suggest that these transactions strongly 

merit close quantitative documentation. The magnitude of 

the transactions is amplified, from the point-of-view of 

U.S.A policy makers, by the sizeable and endemic trade 

imbalance (on the goods account) that mars and 

characterizes U.S.A international transactions with Japan. 

There is widespread appreciation of U.S.A. food exports in 

American international trade transactions and' the fact that 

they finance sizeable U.S.A imports of foreign goods. A 

subtler appreciation of the role that forestry products 

play in our international trade transactions could possibly 

lead to some shifts in U.S.A. forest policies. However, 

certain peculiar aspects of the Japanese wood products 

markets indicate rather strongly that the use of standard 

econometric techniques to estimate price elasticities for 

the demand for logs should shed some very interesting 

insight into previous econometric efforts to estimate the 

demand for basic building materials. Typically, price 

elasticity estimates of the demand for basic building 

materials is rather low. Of course, the price elasticity 

estimate will depend upon the narrowness with which the 

commodity whose demand curve is being estimated is defined 

(see [2] for a stimulating discussion of the elasticity of 

demand for factors of production). The U.S.A. is a very 
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important source of sawlog supply for the Japanese; in 1978, 

the U.S.A supplied 37% of Japan's consumption of sawlogs, 

while the U.S.S.R. supplied 15%, and" 28% was supplied from 

domestic sources. Over 75% of Japan's imported softwood 

logs are used by the Japanese construction industry [3], So 

an estimate of the demand curve for U.S.A. softwood log 

imports by the Japanese has interesting social implications 

due to the magnitude of these particular transactions and to 

the fact that Japan imports a variety of wood products which 

could serve as construction materials. There are a number 

of major alternative sources of supply of softwood logs 

(hardwood log imports are also a viable construction 

material) and the wide variety of alternative sources 

suggest that the Japanese market for wood-based construction 

materials is one of the most competitive (hence, possibly 

one of the most sensitive to price changes and price 

differentials) in the world. Currently, the U.S.A. consumes 

60% of British Columbia's lumber production, while the 

Japanese currently consume 6% [3]; so given sufficient 

changes in demand prices, the Japanese could consume much 

more Canadian lumber. Also, the big increase in U.S.A. 

softwood log exports which occurred during the late 1960's 

through the early 1970's coincided closely with both a large 

increase in Japanese housing starts, which increased from 

the 400,000 level (early 1960's) to 2 million in 1973 [3], 

and a decline in domestic lumber production. The Japanese 
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forests were damaged by neglect and overcutting during the 

war and early postwar years. The annual timber harvest 

declined from 51.8 million cubic meters in 1967 to a low of 

34.2 million cubic meters in 1975 [31. The build-up in 

timber inventories since 1975 has coincided with a slight 

increase in the annual cut, but the slow continuous growth 

in timber potential gives the Japanese another possible 

source for increases in timber consumption. 

Hardwood plywood dominates the Japanese market for 

plywood; the hardwood logs used in the manufacture of their 

plywood comes primarily from Malaysia and Indonesia, though 

in the early postwar years, the Phillippines was an 

important source of supply. However, the tropical 

hardwoods of the Pacific basin offer another important 

potential source of lumber supply, if domestic demand 

prices should change sharply [3]. And the U.S.S.R. is 

another source of supply of softwood sawlogs; increases in 

the magnitude of Soviet softwood log exports to Japan are 

deemed unlikely [3] until the 'BAM' railroad is completed 

in the late 1980's. And of course, since the Japanese 

consume a relatively small fraction of the total U.S.A. 

timber harvest, the U.S.A. could increase its supply of 

sawlogs or lumber to Japan. In 1970, the U.S.A. domestic 

construction industry consumed 39,500 million board feet of 

lumber and 17,822 million board feet of plywood, while 



shipping 2,377.3 board feet of logs (log scale)1 to Japan, 

and 284.0 million board feet of softwood lumber to Japan 

[3]. During the postwar period, California has declined in 

importance as a source of supply of softwood log exports to 

Japan, while the Pacific Northwest Region has played a more 

dominant role. Log shipments from Alaska (to Japan) offer a 

source of regional competition for the Pacific Northwest 

exporters. 

The use of a vast ocean network transport system to 

tie together disparate, widely separated sources of supply 

suggest that the price elasticity estimates for U.S.A. 

softwood logs might indicate greater sensitivity to price 

differentials than is usually the case because of the large 

number of regional sources of supply. This study does, 

indeed, document a higher demand price elasticity than one 

would anticipate for a basic building material. Some of the 

policy implications of this finding are discussed in the 

conclusion, but it is quite useful to point out that these 

high demand price elasticity estimates could influence a 

spectrum of policy issues, such as a ban on log exports. 

That is, the sharp rise in the quantity of log exports from 

1. The number of board feet in a log is estimated 
from measurements of various dimensions and computations 
utilizing a fixed formula relating the mesasurements to the 
board foot estimate. Such a formula is called a 'log scale 
rule', and such estimates are called 'log scale' estimates, 
or more simply, a certain number of board feet 'log scale'. 
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Russia to Japan is, in part, a response to increases in 

price of American logs. A ban on log imports from the 

U.S.A. to Japan might not have the desired effect if there 

is considerable divergence between the price of the U.S.A. 

lumber and Canadian lumber (this point is amplified in the 

conclusion). 



CHAPTER II 

THE EFFECT OF PRICES, EXCHANGE RATES, AND PER CAPITA 
INVESTMENT IN JAPANESE BUILDING STOCK UPON THE 

PER CAPITA LEVEL OF LOG IMPORTS 

This paper will analyze the role of key economic 

variables upon the export of U.S.A. (Pacific Northwest 

region) softwood logs to Japan. The key economic issues, 

from the American point-of-view, engendered by the export 

of logs to Japan, are those of the export of jobs, and of 

the issue of the impact of export shipments upon the prices 

of domestic stumpage and lumber. These problems will be 

given scant discussion in this paper, in which the primary 

focus will be upon the collection of observations of 

variables which might determine the level of U.S.A. log 

exports to Japan, and the analysis of regression 

specifications which contain these variables as independent 

variables. One must acknowledge that these topics are made 

doubly fascinating by the fact that the Japanese woodworking 

and paper manufacturing industries have had a rather 

ruthless attitude toward [1] the forest resources of some of 

the underdeveloped Pacific Basin nations. While importing 

sizeable quantities of tropical hardwoods from these 

countries for use in products such as veneer, plywood, and 

paper, in the 1970's the Japanese raised their tariffs upon 

10 
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finished wood products to a level of of approximately 15%. 

This represents a very pointed effort on the part of the 

Japanese to keep nations such as Indonesia and Malaysia 

from using the large Japanese market as a springboard in 

developing their own woodworking and paper manufacturing 

industries. These higher tariffs now fall upon lumber 

exports from the U.S.A. and Canada (see Table 2). 

Potential Explanatory Variables and the Data 

The list of potential economic variables and 

causative economic forces which could determine the level of 

Pacific Northwest region log exports to Japan is a long and 

formidable one, while relatively few variables are tested in 

the actual econometric models and equations used to analyze 

the data. This is in part due to data limitations, but it 

also is partly a matter of methodology. Roughly speaking, 

the fewer independent variables, the better the connection 

between a causal economic mechanism and any inputed explana

tory power of the independent variables. Also, a relative 

abundance of certain types of data had a profound impact 

upon the nature of the regression equations which are 

analyzed in this paper; much of the discussion of the 

regression equations which were prepared for this analysis 

focuses upon a number of equations which deal with two or 

three variables, an approach which is profitable due to the 

ready availability of certain types of data. The following 
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Table 2. Timber products consumed in Japan, 1975-77, by 
source of supply (million cubic feet, roundwood 
equivalent). 

Item and source 1975 1976 1977 

Domestic supply 1,583.5 1,642.5 1,610.2 

Foreign supply : 
Logs : 

United States 368.0 397.1 373.9 
U.S.S.R 273.1 292.0 276.6 
Canada 6.6 10.1 15.8 
Asia 644.5 815.4 784.7 
New Zealand 18.1 31.6 30.9 
Other 2.3 1.9 5.4 

Total 1,312.6 1,548.1 1,487.3 

Lumber : 
United States 78.3 78.2 70.2 
U.S.S.R. 7.4 8.0 8.4 
Canada 71.4 104.6 119.5 
Asia 23.3 37.5 43.5 
New Zealand 6.0 7.8 13.3 
Other 0.6 0.8 2.2 

Total 187.0 236.9 257.1 

Wood chips and pulpwood : 
United states 232.0 234.0 229.1 
Australia 77.0 92.2 111.7 
New Zealand 10.6 9.3 14.3 
Asia 39.1 30.5 28.5 
U.S.S.R. 11.4 36.5 52.1 
Other 1 r 3 10.0 16.5 

Total 371.4 412. 5 452. 2 

Woodpulp : 
United states : 65.7 64.2 69.7 
Canada 70.8 75.6 68.7 
New Zealand 24.7 27.0 37.7 
Western Europe 2.1 ... 1.7 6.6 
Other 3.0 4.8 4.7 

Total 166.3 173.3 187.4 

(continued) 
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(Table 2.— continued) 

Item and source 1975 1976 1977 

Paper and board : 
United States 7.7 7.2 10.5 
Canada 2.8 5.6 6.4 
Western Europe 4.8 6.7 8.4 
Asia 2.7 0.4 0.3 
Other 0.1 0.1 0.1 

Total 18.1 20.0 25.7 

Total other products 94.0 91.3 92.4 
Total foreign supply 2,149.4 2,482.1 2,502.1 

Total supply 3,732.9 4,124.6 4,112.3 

Source: Derived from data published by Japan Forestry 
Agency, "Timber demand and supply for 1977-78, 
"Japan Lumber Journal, 19(8), April 29, 1978; and 
Ministry of Finance, Japan Tariff Association, 
"Japan exports and imports by county," Tokyo, 
December 1975, 1976, and 1977. 
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effects and forces could be discussed in an econometric 

model dealing with international transactions in softwood 

logs (and lumber) (see Table 2, for data on the relative 

importance of imports and domestic supply of wood products. 

These data are given in [3]). 

(1) The specification of alternative sources of supply 

(U.S.A., Canada, or the U.S.S.R.) is important in assessing 

the price, cost, and income variables upon quantity demanded 

per unit time; 

(2) Prices net of shipping costs are relevant to the ship

pers of logs; prices plus transportation costs are the key 

cost parameters for the Japanese purchaser's of logs and 

lumber; 

(3) Short-run rental rates, the long-run equilibrium price 

of housing, and per capita real income (or per capita perma

nent income) could play an important role in determining log 

imports since they doubtless play an important role in 

determining the long run equilibrium demand for building 

stock in Japan. Thus they help determine the level of gross 

investment in building stock. 

(4) Expectations may play a key role in determining housing 

demand, and therefore they might play a key role in determi

ning the demand for log imports; expectations have been 

introduced into models of housing demand with marked success; 
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(5) Exporters wish to be paid in dollars; importers wish to 

pay in yen, hence exchange rate fluctuations will affect 

both supply and demand; 

(6) The supply of logs for export to Japan will vary with 

domestic demand for investment in new building stock in the 

U.S.A.; 

(7) The imposition of a tariff on imported finished wood 

products in the early 70's divides the postwar into two 

distinct eras (more precisely, the tariff was raised from a 

low level to a higher level) . 

There are two basic sources of information on the real price 

of softwood log exports from the U.S.A. to Japan. The first 

is a publication of the Commerce Department of the U.S.A. 

government which lists volumes (or weights) of exported 

goods, their value in nominal dollars, and the country of 

destination. The volume of softwood log shipments is given 

as a number of MBF shipped per annum (thousands of board 

feet shipped in a calendar year). The value of softwood log 

shipments grows rather rapidly during the postwar period, 

and as it grows, the 'softwood log shipments' category is 

broken into a number of components. In 1952, there is only 

a single category, that of 'softwood logs'; in 1982, this 

component is listed, by value and volume, along with Western 

hemlock, Western Red cedar, and spruce; the latter three are 
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all also listed by both value and volume. The exchange rate 

can readily be used to convert the value number from dollars 

to yen; the G.N.P. deflator listed in The Japan Statistical 

Yearbook [4] can then be used to convert the nominal yen 

value of the shipment to its value in cons-tant or real yen; 

from this last value, one can derive the real or relative 

price, in yen, of the log exports. Export Schedule B [5], 

published by the U.S.A. Commerce Department, lists the 

volume and value of Douglas fir and Port Orford Cedar log 

shipments, and these numbers, plus the aforementioned volume 

and value numbers (which were originally undifferentiated 

sub-components of the 'softwood logs' volume and value, or 

were the 'softwood logs' value and volume) were used to 

derive a value weighted real yen 'price' of softwood log 

shipments from the Pacific Northwest region to Japan. For 

example, the U.S.A. shipped 1,579 MBF of Douglas fir 

softwood logs to JApan in 1952, and 999,502 MBF of'Douglas 

fir softwood logs to Japan in 1982. The value in dollars of 

these two volumes was $156,019 (in 1952 nominal dollars) and 

$428,484,000 (in 1982 nominal dollars). The value weight 

for Douglas fir softwood logs in 1952 was 0.2244, and in 

1982 it was 0.5174. The yen-dollar exchange rate was 360.00 

yen = $1.00 in 1952, in 1982 it was 249.05 yen/dollar (this 

last number was taken from The Japan Statistical Yearbook); 

the price of the Douglas fir log shipments in 1935 yen was 

121.24 yen/MBF in 1952, and in 1982 it was 80.02 yen/MBF. 

r 
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In 1952, the value weighted real price of all U.S.A. 

softwood log shipments to Japan was 196.13 yen/MBF and in 

1982 it was 82.93 yen/MBF (in 1935 yen). 

The information given in The Japan Statistical 

Yearbook, and the information given in Export Schedule B of 

the U.S.A. Department of Commerce provide useful information 

on prices and changes in the prices of softwood log imports 

by the Japanese from the U.S.A. This is so because the 

Japanese list the nominal value of total payments for wood 

products to the U.S.A. in nominal yen for each of the 

postwar years, while the U.S.A. gives the value, in nominal 

dollars, of receipts received by American producers, by 

product, and Export Schedule B also gives the tonnage (or 

volume) of each woods products shipment to any given country 

of destination. In principle one can total the value of 

wood products shipments to Japan for all wood products or 

any sub-total category (such as softwood logs) to derive a 

total receipts number. To derive a corresponding nominal 

yen value for any given sub-total category, multiply the 

value of the total yen payments by the Japanese for U.S.A 

wood products by the ratio of receipts for the product in 

question for American exporters who ship this product to 

Japan to total receipts received by American exporters for 

all wood products exports to Japan. The difficulty with 

this procedure is that the extreme degree of disaggregation 
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of the U.S.A. data makes arriving at a total annual value of 

wood products exports to Japan a very time consuming task. 

But, this procedure can be used for later versions of this 

research project; but at this stage, a useful first 

approximation for the import (Japanese) price was obtained 

by simply dividing total Japanese payments for U.S.A. wood 

products by the volume of U.S.A. log shipments. Since 

softwood logs are used in many of the other products, and 

the value of the logs themselves is always 50% or more of 

the total value of the U.S.A. shipments, this procedure 

should give one some useful indication of the degree of 

response the quantity demanded has with regard to changes in 

price, it seems unlikely that such a procedure would over 

estimate import price elasticities. 

There are flaws in the refined version of this 

procedure. It will not detect changes in the relative bulk 

shipping costs of various exports, and the correct Japanese 

price is the sum of the material price plus the shipping 

costs. Moreover, some data on Japanese payments for total 

wood products from the U.S.A. as well as the total tonnage 

of the wood products received from the U.S.A. is now 

available in some United Nations publications [6], and these 

data shows that the Japanese and American volume data 

differ. That is the Japanese report a higher price for the 

wood products since they report higher total payments (this 

is reasonable since they pay for transportation costs), and 
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they also report higher prices due to lower volume (tonnage) 

figures (which is a 'statistical discrepancy'). 

But this procedure should provide an accurate set of 

observations on changes in softwood log prices paid by the 

Japanese. The import price index for wood products could 

not be used in this study because it includes the prices of 

the wood products of all the major exporters who ship wood 

products to Japan. Further discussion of the empirical data 

used in the regression analysis of this study is given 

below. 

Key Independent and Dependent Variables used in 
the import-Export Regression Equations 

Import price - Designates a real yen price of softwood 

log imports which includes both transport and material 

cost components. 

Export price - Designates a real dollar price for softwood 

log exports which includes the material component (transport 

costs excluded) only. 

Both import and export prices are more accurate than 

they often are since they are not 'listed' prices, but are 

constructed from the actual nominal value of the transac

tions (in the relevant currency) and the quantities of 

materials transported and sold. Naturally the exchange rate 

can be used to construct a yen-Export Price and a dollar-
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Import Price, but the use of these (and other) variants is 

limited. 

Real Dollar - The real per annum dollar value of softwood 

log exports. This is an annual value, it is constructed by 

using the U.S.A Commerce Department G.N.P. deflator and the 

value data listed in Export Schedule B [5], The G.N.P. 

deflator is in the P.S.A. Statistical Yearbook [71. 

Real Yen - The real per annum yen value of Japanese wood 

products imports from the U.S.A. This is a per capita 

variable which includes transport costs. Obviously, removal 

of the non-log wood products from this variable would yield 

more accurate elasticity estimates. This will be done in 

subsequent versions of this paper. Another variable, the 

per capita real yen version of 'Real Dollar' was used as a 

variable in one regression specification. 

Real Yen-Export - The per capita real yen version of 'Real 

Dollar'. This variable is flawed by the omission of 

transport costs, hence it is neither the quantity 'supplied' 

nor the quantity 'demanded'. However it does not contain 

non-log wood product expenditures as does 'Real Yen'. 

Quantity - This is the per capita volume of U.S.A. softwood 

log exports to Japan. Volume is expressed in MBF (log 

scale). 
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Volume - This is the total volume of U.S.A. softwood log 

exports to Japan; it is not deflated by the Japanese 

population figures. 

All of the volume data on log shipments is U.S.A. 

data; the scant Japanese data indicates smaller volumes (and 

larger payments) than the American data. 

Real Investment - This variable indicates the level of real 

per capita gross investment in new building stock in 1935 

yen. 

Physical Investment - This variable indicates the level of 

physical per capita gross investment in new Japanese 

building stock (in square meters per person). 

These last two variables are key dependent variables 

in the second section and are key independent variables in 

the first section. Some variables ('real income* and 

'permanent income') are used in some equations reported in 

this section, but their role is usually superseded by that 

played by the listed variables. Of course exchange rates, 

G.N.P. deflators, transportation costs , and other economic 

parameters were used to construct certain of these 

variables. 
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The Regression Specifications and an Analysis 
of the Results 

One of the peculiar characteristics of international 

trade regression and estimation analysis and research is 

that values must be expressed in different currencies in 

order to be congruent with the estimation of a supply 

elasticity (for which the exporting countries currency 

should be used) or a demand elasticity (importing countries' 

currency should be used). In a regime of fixed exchange 

rates, but widely differing inflation rates between the 

importing and exporting countries, this distinction is 

economically important, since a stable 'price' in the 

currency of the exporting nation implies a sharply changing 

real price for the importing nation. In fact, exchange 

rates between the yen and dollar were fixed from the end of 

the war until 1970 at the level of 360 yen to the dollar. 

The need to specify the currency in which values and prices 

are being expressed unfortunately tends to make reporting of 

the actual regression equations rather long and tedious. 

Also, it makes 'quantity' variables expressed in physical 

units very useful as dependent variables since they make it 

possible to include supply variables, expressed in a given 

currency, and demand prices (as as well as other demand 

components such as real income) in another currency in the 

same (reduced form) equation in a coherent fashion. This 

last technique was not actually employed in this paper. 
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Also, despite the fact that the multiple currencies 

sequester demand and supply components of the models, one 

must be careful to not specify and estimate 'over-

identified* or 'under-identified' supply and demand 

equations. 

Turning to some of the actual equations, the import 

price always acts as a demand price, while the export price 

usually performs like a supply price; this is quite evident 

in equations (1) and (2). 

Y = {0.7333 + 32.71 X } * 105 (1) 

Period = 1952-1982, Corrected R2 = 0.592, DW = 0.439 

Elasticity with respect to X at (Y,x) ,  the mean values; 
+2.14. 

Value of t-statistic of the independent variable; 6.67. 

Y = Real Dollar - the real per annum dollar value of 
log exports. Not a per capita value; does not 
include transportation costs. 

X = Export Price - the value of U.S.A. log shipments 
divided by the volume. 

On the other hand, 

Y = 2.783 - 62.13 • X (2) 

Period = 1952-1982, Corrected R2 = 0.489, DW = 0.807. 

Elasticity at the mean values; -0.816. 

Value of the t-statistic; -5.45. 
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Y = Real Yen - the per annum real yen value of wood 
products imports. This is a per capita value, 
and includes transport costs. 

X = Import Price - the real yen price of U.S.A. 
softwood log imports, constructed from Japanese 
value data and U.S.A. volume data. 

The R^-values of (1) and (2) are not overwhelming 

and the low values of the Durbin-Waston statistic indicates 

that the residuals of both equations are (positively) 

autocorrelated. But the high absolute values of the t-

statistics suggest that the observations and the 

specifications are congruent with economic theory. The price 

variables are statistically significant explanatory 

variables for real value of U.S.A. softwood log exports to 

Japan at the 1% level of significance (note that the 

definition of the dependent variable in (2) is different 

from that used in (1)) (see Appendix A for a discussion of 

the t-statistic and related matters). 

Replacing the per capita real yen and per capita 

dollar value of Japanese wood products imports with the per 

capita quantity of log shipments as the dependent variable 

in (1) and (2) facilitates comparison between the estimated 

supply price elasticity and demande price elasticity. This 

is primarily due to the fact that (2) utilizes the per 

capita value of wood products (in real yen) as a dependent 

variable, but (1) utilizes the real dollar value of log 

exports as a dependent variable. For equations (3), (4), 
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and (5), the per capita quantity of log shipments is the 

dependent variable 

Y = 0.0788 + (2.869 X) • 103 (3) 

Period = 1952-1982, R2 = 0.201, DW = 0.219. 

Value of t-statistic; 2.93. 

Elasticity at the means; 0.9994. 

Y = Quantity; the per capita volume of U.S.A 
softwood log exports to Japan (the population 
base used is total annual Japanese population as 
reported by the Japan Statistical Year Book). 

X = Export Price; the real dollar price of U.S.A. 
softwood log exports to Japan. 

Of course it would be preferable to use 'volume', the total 

quantity of log shipments, rather than the per capita 

'quantity' as the independent variable in (3); but there is 

very little difference in the result when 'volume' is 

substituted for 'quantity' in (3), and the use of 'quantity' 

facilitates comparison with the estimated demand curves. 

Y = 229.4 - (5.398 X) • 103 (4) 

Period = 1952-1982, R2 = 0.5333, DW = 0.667. 

Value of t-statistic; -5.939. 

Elasticity at the means; -0.8997. 

Y = Quantity; the per capita volume of softwood 
log imports from the U.S.A. 
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X = Import price; the real yen price of softwood 
imports from the U.S.A. This price includes 
transportation costs. 

Using an export or import price as the single exogenous 

variable in a system formed by (1) and (2) or (3) and (4) 

seems to identify as independently estimated pair of 

equations in which supply and demand are jointly specified 

for any given price tuple. That is, supply and demand 

elements seem to be effectively sequestered by 

transportation costs and national currencies. 

The relative importance of the three statistical 

indicators, t-values,- corrected R2-value, and DW, is, to 

some degree, a matter of preference. A good argument could 

be made for ranking them in importance by putting the t-

values of the coefficients of the independent variables 

first, and the DW last. In econometrics studies there are 

usually only a few observations, while there are a very 

large number of quantifiable variables which could affect 

human behavior, hence any set of econometric data could be 

•explained1 by a very large number of independent variables. 

The purpose of econometric (regression) analysis is not, 

then, to merely 'explain* the data, but to find those 

parameters which can explain the data in question and have a 

simple, clear relationship to economic theory and analysis. 

Bearing this simple methodological principle in mind, one 

will often rank the value of the three statistics in the 
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same order given earlier. But this ranking could easily 

change with the structural complexity of the model, the 

number of observations, and the number of parameters which 

must be estimated. A DW which indicates that the error 

terms are usually correlated might be due to the absence of 

some economic variable. And sometimes the 'missing' or 

'omitted' variable is of little or no economic interest. 

Elasticity Estimates with Respect to Real Income 
and Real Investment; Further Analysis of the 

Regression Results 

In the case of equations (1) - (4), there are three 

obvious candidates for the 'missing' variable : 1) the per 

capita value of real annual (or per capita permanent) 

income; 2) the per capita value of real gross investment in 

new building stock; and 3) the per capita quantity of 

physical investment in new building stock (square meters of 

new floorspace per person). If no prices or values are 

included in the regression of the volume of per capita 

softwood log imports upon the per capital level of physical 

investment in building stock, the delineated relationship is 

not very interesting from the viewpoint of economic 

analysis, so these three variables are not interchangeable. 

When the per capita volume of softwood log imports from the 

U.S.A. is regressed upon real per capita income, the 

elasticity estimate varies between +1.25 and +2.6 depending 

upon the exact regression specification 
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Y = -35.56 + 0.2196 * X (5) 

Period = 1952-1982, R2 = 0.820, DW = 0.558 

Value of the t-statistic; 11.751 

Elasticity at the means; +1.294 

Y = Quantity; the per capita volume of softwood 
log imports from the U.S.A. 

X = Real per capita Japanese income. 

Using the same dependent and independent variables but 

regressing the natural logarithm of the dependent variable 

generates (6) 

Y = -13.07 + 2.659 • X 1 (6) 

Period = 1952-1982, R2 = 0.855, DW = 0.510 

Value of the t-statistic; 13.34 

Elasticity; 2.659 

However, when the value of real per capita gross 

investment in new building stock is added as an independent 

variable to either (5) or (its logarithm is added to) (6), 

then real per capita income has a negative coefficient, 

while the coefficient of real per capita gross investment i 

new building stock has a positive and statistically signifi 

cant coefficient. Therefore, real per capita income is an 

•inferior1 candidate for the missing 'quantity* variable 

relative to real per capita gross investment in building 
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stock. This brings up an interesting issue, since the 

'best' estimate of the income elasticity of the demand for 

U.S.A. softwood log exports would involve estimating a sepa

rate elasticity for the value or quantity of softwood log 

imports with respect to the gross investment in building 

stock variable, then estimating the elasticity of gross 

investment in new building stock with respect to income. 

The two estimates can be combined to provide an estimate of 

the elasticity of log imports with respect to real income 

in an obvious fashion. Income elasticities for real gross 

investments in building stock are given in Chapter 2 of 

this paper. 

The use of the logarithmic transformation is quite 

common in econometric analyses because the estimated regres

sion coefficients of the equation are also the estimated 

elasticities; in this approach, the least squares 

methodology is applied to the data so as to generate best 

linear unbiased estimates of the (constant) elasticities. 

With the data used in this study, the use of the logarithmic 

transformation often increases the corrected R2-value, the 

t-values, and increases the DW (there is no 'negative' 

serial correlation in the error terms in any of the regres

sions estimated in Chapter 1 or Chapter 2 of the present 

study). 

When the per capita real yen value (in 1935 yen) of 

gross investment in new building stock is added to equation 
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(2) as an explanatory variable in an ordinary least squares 

regression, the import price variable is statistically 

significant at the 2.5% level. The estimated elasticities 

for the real gross investment and import price variables 

are +0.8534 and -0.2596 respectively. The R2-value is 

high (0.873), but the low DW indicates that the error terms 

are positively autocorrelated. The logarithmic version of 

this equation is (7), in which the estimated elasticities 

are larger (in absolute values). 

Y = -7.134 - 1.803 • Xx + 0.9440 * X2 (7) 

Period = 1952-1982; R2 = 0.976; DW = 1.57 

Vector of t-values; t" = (-13.97; -8.821; 8.881) 

Elasticity vector; ¥ = (-1.803; +0.9440) 

Y = Natural Logarithm of Quantity. 

= Natural Logarithm of Import Price. 

X2 = Natural Logarithm of Real Investment, the 
per capita real yen value of gross 
investment in new building stock. 

Since DD (31, 2) = 1.57, the hypothesis of positive auto

correlation in the error terms cannot be rejected at the 5% 

level, but the DW does not indicate that the residuals are 

autocorrelated. When the per capita volume of softwood log 

imports from the U.S.A. is regressed upon the per capita 

physical level of gross investment in new building stock and 

the import price in a logarithmic least squares regression, 
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the elasticity estimates for the gross investment and price 

variables are +1.536 and -1.737 respectively. The R2-value 

of the equation is 0.976, and the DW = 1.716. When the per 

capita real value of wood products imports from the U.S.A. 

is regressed the per capita real value of investment in new 

building stock and import price, the elasticity estimates 

generated by a logarithmic version of least squares are 

+0.9440 for the investment variable and -0.8033 for the 

price variable. 

Note that neither the elasticity estimate for the 

quantity of log imports with respect to the quantity of 

physical investment in new building stock nor the elasticity 

estimate for the value of log imports with respect to the 

value of new investment in building stock holds the price of 

investment constant, since the 'price' of new investment is 

the value of new investment divided by the quantity of new 

investment. So the fact that one is greater than the other 

cannot be rationalized along these lines. Various estimated 

elasticities are summarized in Table 3. Also included in 

Table 3 are the estimated elasticities for an equation in 

which the dependent variable is the per capita real yen 

value of the payments received by American exporters for 

their shipments of softwood logs to Japan. This variable 

excludes transport costs, so it is not the correct indepen

dent variable for a demand equation. However it does 

exclude non-log wood products exports to Japan, which are 
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Table 3. Listing of demand equation elasticities, R2-values, 
and DW values. 

All of the independent variables are per capita; the 
quantity variable is the per capita volume of U.S.A softwood 
log exports, and the value variables are real yen (1935 yen) 
per capita variables. The investment variable is the real 
per capita value of gross investment in new building stock. 
The price variable is the real yen price of log imports, 
including transport costs. All of the variables are 
defined earlier. 

Dependent Variable Investment Elasticity Price Elasticity 

i) Quantity +0.9440 -1.803 

ii) Real Yen +0.9440 -0.8033 

iii) Real Yen-
Export +1.196 -1.510 

The elasticity of the per capita quantity of log imports 
with respect to the per capita level of physical investment 
in new building stock is given below, along with the price 
elasticity from the same regression. The corrected R-value 
for this equation is 0.976; the DW is 1.716. 

Dependent Variable Elasticity with Price Elasticity 
Respect to Physical 

Investment 

iv) Quantity +1.536 -1.737 

The corrected R2-values for the equations corresponding to 
the elasticity estimates of (i), (ii), and (iii) are given 
in (v), (vi), and (vii). 

(continued) 
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Table 4. — (continued) 

Dependent Variable Corrected R DW 

v) Quantity 0.976 1.570 

vi) Real Yen 0.955 1.570 

vii) Real Yen-
Export 0.924 1.716 

unfortunately, a component of 'real yen'. The inclusion of 

these non-log components probably accounts for the fact that 

the elasticity of 'real yen' with respect to the import 

price is lower than for the other dependent variables. 

Alternative Estimation Procedures and Concluding Remarks 

There is very little room in the present paper to 

discuss the identification problem, or the appropriate 

estimation techniques for the estimation of 'supply price' 

and 'demand price' elasticities in models in which both 

quantities and (import and export) prices are endogenous 

variables in the market. The demand schedule for log 

imports is determined by supply and demand conditions for 

building materials in the Japanese building market; the 

supply schedule of log exports is determined by supply and 
• 

demand conditions for sawtimber in the U.S.A. and British 

Columbia (this last point is very important; typically the 

cubic meters of U.S.A. softwood lumber imports from Canada 
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are greater than the cubic meters of U.S.A. softwood log 

exports to Japan). The Japanese home purchaser is, ever 

more, a potential condominium purchaser, and the proportion 

of new wooden Japanese houses is shrinking, though slowly 

[12]. And these two developments in the Japanese building 

and housing market become relevant economic factors at about 

the same time (mid - 60's) that U.S.A. log exports to Japan 

first rose to substantial numbers. Remember that while 

about 29% of the construction softwood used in Japan comes 

from the U.S.A. as softwood logs, this is significantly less 

than 5% of U.S.A. production for the entire postwar period; 

if the price of the logs had fallen by 25% between 1978 and 

1979, one would expect the quantity of logs shipped to Japan 

to rise very substantially (however, the price of logs in 

Japan would fall, but not by 25%, due to shipping costs), 

but one would not expect the price of U.S.A. and Canadian 

sawtimber to rise, so one would not expect the price of log 

exports to rise as a consequence of the increase in the 

volume of shipments and exports as a-consequence of the 

intitial fall in the price of exports. 

Nevertheless, an alternative model for the case in 

which both prices and quantities are endogenously determined 

could be estimated. Estimating a simultaneous supply-demand 

equation model with both prices and quantities being 

endogenous variables will result in a loss in efficiency in 

the estimated coefficients if the market is one in which 
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price is exogenous; presumably, there will also be an 

estimation bias for the coefficients and elasticities, 

though the nature of this bias has not been indicated in the 

econometric literature. It is known that estimating a model 

in which there is no feedback from quantity-to-price (price 

is assumed to be exogenous) when, in fact, the market is 

such that there is indeed feedback, will tend to produce 

biased estimates of both supply and demand price elastici

ties. Clearly, if the price is exogenous in both the log 

export market and in the log import market, estimating an 

equilibrium price as the intersection of the estimated 

demand and supply curve is economically vacuous. 

To encapsulate the regression analysis : 1) The data 

suggests that both demand price and supply price elasticities 

are greater than unity; and 2) the investment elasticity is 

probably greater than unity. 

The quantitative data indicates that the Japanese 

have well defined tastes and preferences for certain types 

of construction lumber. These tastes seem to be expressed 

in their reforestation programs (this phrase refers to their 

collective decision to replace hardwoods with preferred 

native softwood species in their national forests; probably 

the decision to restock and replant their national forest is 

a more fundamental expression of their cultural solidarity 

and their fondness for wood products). There are 25.3 
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million hectares of forest land in Japan, and the forests of 

Japan contain 2.2 billion cubic meters of standing commer

cial grade timber, which'is over 60 times the 33 million 

cubic meters of industrial roundwood harvested in 1981. 

Most of the forest land (58%) is privately owned, although 

the national government (31%) and local governments (11%) 

own a sizeable fraction of the nations forests. According 

to [9], contemporary reforestation programs are ameliorating 

the effects of overcutting during the war and postwar years. 

Sixty per cent of Japan's forests are softwood; about 9.4 

million hectares of forest land are on plantations. 

National forests are being converted to (planted or seeded) 

softwood forests after harvesting the hardwood timber. Two 

key species which are being used heavily in the reforesta

tion programs are Japanese cedar (sugi) and Japanese cypress 

(hiroki). Japanese forests do not have large numbers of 

trees per unit area, and the current growing stock is close 

to 88 cubic meters per hectare. Unfortunately, many of the 

forested regions are on hilly or inaccessible mountain 

terrain. 

The Japanese prefer the Pacific Northwest region 

true-firs, Western hemlock, and various cedars (especially 

Port Orford cedar and Western Red cedar). They import 

sizeable quantities of Douglas fir-.(not a true fir), and 

sizeable quantities of the spruces of the region. Balsam 
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fir is not native to the Pacific Northwest region, so the 

coastal region true-firs include Noble fir, Grand fir, 

Silver fir, Red fir, Shasta fir, and Western White fir. 



CHAPTER III 

THE JAPANESE MARKET FOR NEW BUILDING STOCK 

Per capita income variables do not explain the 

level of log imports as well as the per capita value of 

investment in new building stock; this is one of the more 

straightforward conclusions of Part I of this paper. But 

if income plays an important role in determining the level 

of investment in new building stock, the role of income in 

determining the level of log imports must be determined in 

a multi-equation framework. Once regression equations 

linking gross investment in new building stock to per 

capita real or permanent income have been specified and 

tested, the circuitous but vital role that the growth in 

per capita real income in postwar Japan plays in the per 

capita growth of softwood log imports from the U.S.A. can 

be demonstrated with clarity and precision. 

The Data and Alternative Models of Investment 
in Building Stock 

The level of gross investment in new building stock 

can be explained in terms of a 'naive' model in which lags 

in the adjustment of the level of new investment in 

building stock to changes in income, prices, and rates of 

38 
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return are quite short ('short' in this context means 

shorter than a year). Or the level of real gross investment 

in building stock can be explained in terms of a stock 

adjustment model, in which the level of the real value of 

per capita gross investment will vary with the discrepancy 

between the desired stock of buildings and the actual stock 

of buildings, in the former model, with annual data, the 

actual building stock and the desired building stock are 

identical. In the latter model, the desired building stock 

changes with changing rates of return and income, and the 

level of gross investment is determined by the cost of 

building materials and changes in the discrepancy between 

the desired and actual building stock. In the stock 

adjustment model, the discrepancy between the desired and 

actual building stock may take years to eradicate. 

One could construct a naive regression model for 

housing stock, the stock of automobiles, the stock of 

tractors, or the stock of refrigerators (actually, this 

list of topics was not chosen randomly; each of these items 

is the subject of an excellent doctoral dissertation in the 

volume edited by A.C. Harberger, The Demand for Durable 

Goods [10]; the essay by J. Muth in this volume, on housing 

stock, deals with a number of issues discussed in the 

present paper), and, given data on stocks, investment 

flows, prices, and rates of return, one could test the 

performance of the naive model relative to the performance 
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of the stock adjustment model. Such tests are featured in 

the present paper. 

In the first part of this paper, the impact of a 

paucity or plethora of certain types of data upon the 

econometric tests actually performed was paramount. The 

same situation prevails in this discussion of the 

determinants of the level of real per capita gross 

investment in new building stock. Certain types of data 

are very sparse. One of the key points of Muth's study was 

that the expected rate of return on housing is a much 

better explanatory variable for real investment in housing 

stock than the current rate of return on housing. The rate 

of return variable was constructed by deflating a rentals 

rate by a price-of-investment variable. Various price-of-

investment variables are available in The Japan Statistical 

Yearbook, but no good time series of rentals rates observa

tions spans the years for which excellent time series 

observations of per capita gross investment in new building 

stock exist (Table 4). Therefore, some other method of 

measuring the rate of return on the building stock must be 

utilized in this study. 

Moreover, the gross investment variable used in 

this study is different from the gross investment variable 

utilized in Muth's study. Muth was interested in housing 

stock; there is excellent data on investment in housing 

stock in The Japan Statistical Yearbook, but it only spans 
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Table 4. Nominal rental rates in Yen/month/tatami. 

Period Nominal Rental Rate 

1939 - 44 226 Yen/month/tatami 

1945 - 55 320 Yen/month/tatami 

1956 - 60 442 Yen/month/tatami 

1961 - 65 550 Yen/month/tatami 

1966 - 68 628 Yen/month/tatami 

The tatami is a traditional measure of area and floorspace 
One tatami = 1.672 square meters. 

Source: The Japanese Statistical Yearbook. 
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a subset of the postwar years. The time series observa

tions of investment in new building in The Japan Statisti 

cal Yearbook are numbers which include investment in housing 

floorspace, new factory floorspace, new floorspace for 

government buildings, and new office building floorspace. 

Many Japanese shop owners and small businessmen live in 

their place of business, or they rent a part of the building 

that they use as an office or retail outlet to a family or 

individual(s) as a residential apartment. This may render 

the task of determining the level of investment in new 

housing stock more difficult than that of determining 

investment in new building stock. 

The Japan Statistical Yearbook not only has a long, 

continuous series of observations of nominal gross 

investment in new building stock, it also contains a lengthy 

set of time series observations of physical gross investment 

in new building stock. This last set of numbers is given in 

units of square meters (or, originally, in tatami, a 

Japanese measure of area and floorspace) of new building 

floorspace per annum. These data can be used with end-of-

World-War-II benchmark data to construct a 'moving 

inventory' set of time series observations of the actual 

physical stock of buildings (the estimates of the total 

floorspace embodied in Japanese buildings). The 'moving 

inventory* approach and the end-of-World-War-II estimates of 

the value of war damaged and undamaged building stock were 
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used to construct a set of time series observations of the 

real yen 'value' of the stock of buildings. 

However, there is a fundamental difficulty in 

relating the value of the building stock to the level of 

gross investment in new building stock when the value and 

quantity time series are derived from benchmark data and 

the moving inventory technique. Namely, with the use of 

this technique, there is no possibility of the value of the 

capital stock changing relative to the value of new 

investment. Suppose that the demand for automobile 

•services' is falling, so that the value of the stock of 

older automobiles is declining. This does not imply that 

the price of new automobiles must decline; if the supply 

price of certain key factors of production rise (or if the 

supply curves of certain factors of production shift to 

the left), the price of new automobiles could actually rise 

during a period of declining demand for the services 

yielded by automobiles. The moving inventory technique 

allows the value of the capital stock to change only through 

a change in the value of investment. If revaluation of the 

capital stock is an important factor in determining the 

level of gross investment while supply factors cause diver

gent shifts in the value of the capital stock and the value 

of new investment, the model will be misspecified (or will 

have a missing independent variable) if the level of real 
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investment is the dependent variable in a regression speci

fication which includes the value of the capital stock as an 

independent variable. Keeping this fact in mind, it is 

relatively simple to rationalize Z. Griliches' result 

(contained in his paper in The Demand for Durable Goods 

[10]) to the effect that the quantity of tractors in 

existence and the value of the stock of tractors in 

existence are both useful independent variables in explai

ning the level of real gross investment in new tractors. In 

the present analysis, both real gross investment and physi

cal gross investment are used as dependent variables, while 

moving inventory estimates of real value of the building 

stock and the physical stock of buildings are used as depen

dent variables. None of the models investigated here incor

porated a variable or set of variables to express the reva

luation of the capital stock (relative to investment); but 

this omission is clearly more serious in certain regression 

specifications than in other equations. The following 

issues should be kept in mind when reviewing the regression 

results of this section: 1) The relative performance of real 

income and permanent income; 2) The best measure of the 

stock of capital; 3) The performance of naive versus lagged-

rates- of-adjustment models; and 4) The corrected R^-value 

is always a useful measure of fit, but it cannot distinguish 

between good and mediocre econometric models; this is parti-

calarly true with models which include capital stocks and 
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income in postwar Japan, due to the high rates of growth in 

wealth and income. 

Equation (8) illustrates this last point; 

Y = -922.79 + 48.43 • XI + 35.842 * X, (8) 
+ 1.4587 • X3 

Period = 1952 - 1982: R2 = 0.911; DW - 0.227 

Vector of t-values; "t = ( ; 1.883; 0.8994; 13. 672) 

Vector of elasticities; E* = ( ; 0.504; 0.354; 1.27) 

Y = Per capita value of the stock of build
ings estimated from benchmark data 
(1945-46) and moving inventory estimates. 

X^ = The real price of building materials. 

X2 = The yield on five year corporate bonds. 

X3 = Real per capita income. 

Both the interest rate and the real price of investment (a 

'real' index of building prices that was derived from data 

on nominal building prices and the G.N.P. price deflator 

taken from The Japan Statistical Yearbook) variables have 

the wrong sign in (8). Also, DW<DL, so there is positive 

autocorrelation in the residuals of this regression 

equation. This version of the naive model performs quite 

poorly despite the high R2-value. If per capita permanent 

income replaces per capita real income (per capita permanent 

income is derived by using Friedman's weights for. his study 

of consumption, and applying them to Japanese data; thus 
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permanent income for any year is a weighted average of past 

and current incomes, the weights are non-negative, sum to 

unity, and are geometrically declining, with the current 

year being given the highest weight), and the regression 

period is extended to 1948-1952, the increases to 0.953; 

but the overall performance of the model is not improved. 

The signs of the interest rate and the real price of 

building materials are still positive and DW = 0.216. 

There are two time series of the per capita value 

of the stock of buildings that were used as dependent and 

independent variables in this study. The difference is 

that for one series, the rate of value depreciation was 

assumed to be 2% per annum, while in the other the rate of 

depreciation was assumed to be 3%. There is no significant 

difference in the regression results obtained with these 

two time series estimates of the Japanese building stock, 

so they are not distinguished in the reports of regression 

results given in this section. Muth reports that various 

investigators indicate that the rate of depreciation of 

the value of the U.S.A. housing stock is around 3.2%-3.4%. 

However, evidence on the time profile of the housing stock 

of Japan reveals that a large number of houses that were 

built in the 19th century still exist, and based on these 

data, the 2% number seems to be the more realistic of the 

two for Japan (see The Japan Statistical Yearbook for this 



data). Also, the stock variable used here is different 

from that used by Muth, and the rate of depreciation of the 

housing stock is only one of the components of the rate of 

depreciation of the entire building stock. If the per 

capita physical stock of buildings is used as the dependent 

variable, the signs of the coefficients of all three 

independent variables are still positive, and DW<DL, so 

there is no improvement with this substitution. 

According to the lagged-rate-of-adjustment model, 

gross investment in building stock is the sum of a 

replacement demand and a term which varies directly with 

the magnitude of the difference in value between the 

desired stock of buildings and the actual building stock. 

The desired stock of buildings (housing) is a function of 

the net pecuniary and non-pecuniary returns to owning 

buildings, the returns on other assets, and an income 

variable. The cost of acquiring ('building') additional 

building stock will affect the level of the desired building 

stock, by affecting the private and social returns to 

acquiring building stock. The income generated by 10,000 

square meters (or $5,000,000 worth of new floorspace) must-

be calculated as a rate of return on the cost of acquiring 

this floorspace, thus the cost of building material will be 

one of the determinants of the equilibrium building stock. 

Unfortunately, data on replacement demand is not available 

in The Japan Statistical Yearbook. Moreover, the replace
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ment component in the gross investment in new building stock 

series is presumably zero; however, the value of the capital 

stock depends upon the rate of depreciation, so the rate of 

depreciation will still be a powerful, if indirect, determi

nant of the level of investment in new building stock. 

The regression equations estimated in this paper to 

test the lagged-rate-of-adjustment theory were roughly 

based upon (11). 

Ig(t) = q * Hd (Y (t) ; r(t); p (t) ) - c * H(t) (9) 

and ig is real per capita gross investment (actually, gross 

and net are the same in view of the definition of the 

investment variable; but the term 'gross' is used throughout 

the paper because it is less misleading than the term 'net 

investment' and it is probably useful to designate 

investment as belonging to one or the other category) in 

time period (year) t, Hd is the desired per capita stock of 

housing in year t, Y is per capita real or permanent income, 

r is the interest rate, and p is the cost of adding new 

building stock. Muth [9] writes (9) as (9a) 

Ig = c 1  • H + q * {Hd - H} (9a) 

Ig = q * Hd - (q - cx) * H; 

Ig = q Hd - c • H; c= q-c 1  

to indicate that replacement demand increases with the size 

of the actual stock of housing (or building). One could 



49 

argue that once gross investment in building stock becomes 

the dependent variable (as opposed to gross investment in 

new housing stock), the role of the income variable is no 

longer clearcut. However, the typical office building can 

easily be converted to an apartment building, and many 

buildings house both offices and apartments. It is true 

that most large factories cannot be easily converted to 

dwelling units, but many large barns serve as residence 

units for farmhands. And the demand for more and improved 

government services is a function of per capita income; 

these improved services require more and better government 

buildings. Finally, housing stock is the major component 

of the stock of buildings, so if income is an important 

determinant of the desired stock of housing, it will be an 

important determinant of the desired stock of buildings. 

The Dependent and Independent Variables, and 
Some Regression Results 

If the per capita real value of investment in 

building stock is the dependent variable, both per capita 

permanent income (or per capita real income) and the per 

capita real value of the building stock must be included in 

the regression specification in order to have DW>DL. But 

when both quantity variables are included in the equation, 

the performance of the interest rate and the real price of 

building materials perform poorly as independent variables. 
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Y = 24.427 - 1.079 * X1 + 0.8213 • X, (10) 
+02388 * X3 -0.0689 * X4 

Period = 1954 - 1982; R2 = 0.965; DW = 1.512 

Vector of t-values; t" = ( ; -0.4075; +0.4379; 
7.726; -3.438) 

Elasticity vector; ~E = (-0.1069; +0.8633; +1.983; 
-0.664) 

Y = The real per capita value of gross 
investment in new building stock. 

Xj_ = The yield on five year corporate bonds. 

X2 = The index of real building materials costs. 

X3 = Per capita permanent income in 1935 yen. 

X4 = Per capita value of the real building stock 
in 1935 yen. 

Despite the fact that Dw > dl and the very high R2-value, 

equation (10) does not identify the economic mechanism 

underlying the investment process due to the incorrect sign 

of the coefficient of the real price of investment. The 

coefficient of the interest rate variable in (10) has the 

correct sign, but when the same equation is estimated for 

the period 1952-1982, the coefficient of the interest rate 

variable is also positive. 

The remedies for this situation are threefold: 1) 

the same specifications perform better when the logarithmic 

versions of least-squares regressions are estimated; 2) the 

dependent variable can be changed - the per capita level of 

physical investment can be used as the dependent variable, 
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and the per capita physical stock of building capital can 

be used as an independent variable; and, 3) presumably, the 

role of the price variables has been obscured somewhat by 

the strong trend in both per capita permanent income and the 

per capita level of building stock - so a technique for 

redefining the variables was utilized to remove much of the 

strong time trend. Once more, this introduces such an 

assortment of dependent and independent variables that it is 

useful to list them below. 

The Key Variables used in the Regression Analysis 
of the Investment in Building Stock Model 

Interest Rate - The annual average yield on five year 

corporate bonds as reported in The Japan Statistical 

Yearbook; there is no segregation by risk classes as in 

Durand's work on yields of American bonds. 

Investment Price - A nominal index of building materials 

costs as reported in The Japan Statistical Yearbook; each 

observation was deflated by the G.N.P. deflator reported in 

the same source. 

Real Income - Per capita annual real income, which utilizes 

the national income, population, and G.N.P. deflator series 

from The Japan Statistical Yearbook. 

Permanent Income - Per capita permanent income. This series 

was generated through the use of Friedman's original 
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weights, though there is no reason for Japanese weights to 

be identical to U.S.A. weights. This variable usually gives 

the capital stock variable higher (absolute) t-values and 

elasticities than the real income variable, with no decline 

in statistical significance for the income variable. 

Real Investment - The real per capita yen value of gross 

investment in new building stock. Of course, this does not 

include the repair-improvement component of investment in 

building stock, and annual depreciation of existing building 

stock is not deducted. 

Physical Investment - The real per capita level of physical 

gross investment in new building stock (in square meters of 

new floorspace per person). 

Marginal Return - The marginal value product of the per 

capita real stock of capital if the 'true' aggregate 

production function were Generalized Cobb-Douglas; 

operationally, this is is {Y/K}, with Y being annual real 

income, and K being the real yen value of the building 

stock; the constant 'a' is the exponent (0 < a < 1) in the 

aggregate Generalized Cobb-Douglas production function. 

Relative Investment - The ratio of Real Investment to Real 

Capital. This is a relatively trend free dependent 

variable, and one which theory suggests is a function of the 

same variables as real Investment. 
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Real Capital - A moving inventory estimate of the real yen 

value of the per capita stock of capital. Two series of 

this independent variable were constructed, one utilizing a 

2% rate of depreciation of the value of the stock of capital 

and one utilizing a 3% rate of depreciation. For the 

purposes of the current study, they are interchangeable; 

both were derived from benchmark estimates of war damage and 

the value of the remaining capital stock. 

Physical Capital - A moving inventory estimate of the total 

per capita floorspace of the Japanese building stock. Two 

time series of this independent variable were constructed, 

one used a 0.5% rate of depreciation, the other a 0.75% rate 

of depreciation; for the purposes of this study, they are 

perfectly interchangeable. Both time series utilized 

benchmark estimates of war damage and the remaining capital 

stock made at the end of World War II. 

Total Investment Price - Dividing the total expenditures, in 

real yen, by the total additional floorspace for any given 

year, defines a real price of investment, one which includes 

components for services as well as building material; this 

is Total Investment Price. 

Resolving Problems in the Regression Results 

None of these techniques works perfectly, but they 

do indicate, with varying force, that the 'quantity* 



54 

variables are not the whole story of investment in building 

stock in postwar Japan. For example, omitting both price 

variables results in an equation in which DW < DL, an 

indication that some key independent variables might have 

been omitted. Equation (10) is as good as any of the linear 

models utilizing real per capita investment as a dependent 

variable. 

The logarithmic version of (10) is equation (11); 

Y = -3.722 - 0.1464 * X, - 0.0478 * X2 (11) 
+ 2.089 * X3 - 1.528 * X4 

Period = 1952-1982; R2 = 0.991; DW = 1.397 

Vector of T-values; t1 = (-5.301; -0.7146; -0.3211; 
+21.83; -7.402) 

Elasticity vector; ~E = ( ; -0.1464; -0.4775; 
+2.089; -1.528) 

Y = Natural Logarithm of Real Investment. 

Xx = Natural Logarithm of the Interest Rate, the 
yield on five year corporate bonds. 

X2 = Natural Logarithm of investment Price. 

X3 = Natural Logarithm of Per capita permanent 
income. 

X^ = Natural Logarithm of Real Capital, the real 
yen per capita value of the building stock. 

The signs of the price of investment variable and of the 

interest rate variable are negative in (11), as economic 

theory suggests they should be; but, they are not 

statistically significant. Note that DW > Dg (31, 4) = 
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1.16. Equation (11) switches the signs of the coefficients 

of the price variables as recorded in the linear version 

that covers the same time period. The elasticity of real 

investment with respect to the capital stock is almost 

unchanged/ however, since the shift to a slightly longer 

time period yields an elasticity estimate of -1.526 for the 

linear model. The elasticity of the investment variable 

with respect to permanent income is close to + 2 which 

indicates that building stock is a superior good. Of course 

this last point is put rather broadly, since only the 

housing component of the building stock is a 'good' which 

fits into the household utility maximization framework in 

which goods can be heatly classified into 'luxury' and 

'inferior' goods. Note however, that housing stock is a 

major component of the total building stock. 

In equation (12), the per capita level of physical 

investment in new building stock is the dependent variable 

(in square meters of new floorspace per person per annum) 

and the capital stock variable is the per capita quantity of 

building floorspace in square meters per person. 

Y = 3.025 - 0.0527 • X-, - 0.0274 * X, (12) 
+ 0.00467 • X3 - 0.1465 * X4 

Period = 1952-1982; R2 = 0.946; DW = 1.289 

Vector of t-values; t" = ( ; -1.343; -1.023; 
+10.27; -7.612) 

Elasticity vector; ¥ = (-0.3292; -0.1805; +2.309; 
-3.138) 
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Y = Physical Investment, the per capita addition of 
new floorspace to the stock of building floor-
space. 

Xx = interest Rate; the yield on five year corporate 
bonds. 

X2 = Investment Price. 

X3 = Permanent Income; per capita annual permanent 
income in 1935 yen. 

X4 = Physical Capital, the per capita total building 
floorspace in Japan. 

The signs of price variables are negative in (12), 

although, since they do not have coefficients whose t-

values indicate that they are statistically different from 

zero at the 5% level of acceptance, the elasticity estimates 

for these variables is rather suspect. The elasticity of 

the income variable in (12) is higher than it is for (11) or 

(12) and it is now estimated to be greater than 2 1/3 (in 

absolute value). There is no easy way to rationalize the 

doubling of the absolute value of the elasticity of 

investment with respect to the capital stock. Clearly (12) 

holds the relative prices of new and old building stock 

constant, while (11) and (12) do not; however, the impact of 

this constraint is not easy to predict. Once again, Dg (31, 

4) = 1.74 > DW > (31, 4) = 1.16. The logarithmic version 

of (12) is the 'best' regression specification estimated 

with this approach and this data, since three of the four 

estimated coefficients have t-values which indicate that 
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they are (statistically) different from zero at the 1% 

level. 

Y = -2.748 - 0.1656 • Xx - 0.4078 • X2 (13) 
+ 1.446 ' X3 - 1.527 * X4 

Period - 1952-1982; R2 = 0.976; DW = 1.230 

Vector of t-values; t = (-3.686; -0.7612; -2.582; 
+14.23; -6.966) 

Elasticity vector; E = (-0.1656; -0.4078; +1.446; 
-1.527) 

Y = Natural Logarithm of Physical Investment. 

Xj_ = Natural Logarithm of the Interest Rate. 

X2 = Natural Logarithm of the investment Price, the 
nominal index value of building materials costs 
deflated by the G.N.P. price deflator. 

X3 = Natural Logarithm of per capita Permanent 
Income. 

X^ = Natural Logarithm of Physical Capital, the per 
capita total building floorspace in Japan. 

The income elasticity of (13) is only +1.446, and 

the elasticity with respect to the building stock is -1.527. 

These are the best available elasticity estimates for these 

independent variables because one of the price elasticities 

is firmly estimated at -0.4078. The purpose of this chapter 

is to estimate the magnitude of the income elasticity of 

investment in housing stock, and to amass evidence from regres

sion analysis as to wether or not it is greater than or less 

than unity. Since the estimated income elasticities 
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elasticities range from +1.446 to +2.309, the income 

elasticity for investment in building stock is clearly 

significantly greater than one for all of the better regres

sion results of this analysis. The estimated elasticity for 

the capital stocks range from -0.6604 to -3.188. Due to the 

wide span of these estimates, the question of the best 

estimate of the capital stock elasticity is quite interes

ting, and will be discussed subsequently. 

The Neoclassical Theory of Investment, and the 
Removal of Time Trend. 

Turning now to techniques for removing trend from 

the time series observations of some of the quantity 

variables without gross distortion of the implicit 

intertemporal maximization process which presumably 

underlies individual and collective investment decisions, 

let K(t) be the building stock at time t, and I(t) the 

level of gross investment in the building stock at time t; 

if {I(t)/K(t) } is used as the dependent variable in a 

regression analysis, much of the time trend in the 

dependent variable would be removed from the data, which 

would probably make it easier to identify the role of 

certain key non-trending variables in the investment 

process. But this is not a purely statistical device, such 

as including time as an independent variable or dividing 

all of the growth variables by a monotone increasing 

function of time. There are a number of intertemporal 
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maximization problems which cogently model the proce s of 

capital accumulation (or dissinvestment) over on infinite 

horizon under conditions of perfect foresight, and in many 

of these models, I(t) and fI(t)/K(t)} can be used inter

changeably in solving the mathematical equations which 

underlie the investment process (table 5 gives one data, on 

the 'non-trending' early part of the time series of capital 

during the postwar years; in later years, the growth of the 

capital stock is faster and more sustained). The papers of 

modern capital theorists illustrate this last contention 

more precisely. I(t)^0 implies that {I (t) /K (t)} ^0 since 

K(t)_> 0 is a key constraint. Moreover, if for any K, I (t) 
* * A 

is optimal, then q (t) = {I (t)/K(t)} is optimal in the 

sense that for each I*(t) there is a unique, well defined 

optimal q (t), and for an optimal q (t) there is a unique 

I*. Hence this method of removing trend has desirable 

properties which no purely statistical technique possesses. 

If I(t) is gross investment at time t, and K(t) is 

the stock of capital at time t, then the following model is 

the (rough) basis of the regression equations used to test 

the neoclassical theory of investment (with (I(t)/K(t)) as 

the dependent variable) 

I(t) =f(K*,K(t)) (14) 

K* = h (|I (t); Y (t); r(t); p(t)) 
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Table 5. Benchmark Observations and the Building Stock 

Nominal Value of 
Housing Stock in Yen 

22,843.3 X 106 Yen 

26,211.48 X 106 Yen 

War Damage 

Ratio of Damage to Real 
Value of 1945 Stock 

24. 6% 

Year 

1930 

1935 

1945 

Real Value of 
Housing Stock in 

1935 Yen 

23,795.1 X 106 Yen 

25,952.22 X 106 Yen 

Ratio of Damage to Real 
Value of 1935 Stock 

29.2% 

1945 

Remaining nominal value 
of Building Stock 

68,215 X 106 Yen 

Nominal Value of 
Total Damage 

22,220 X 106 Yen 

1945 

Remaining floor space 
in square meters 

1,603,126 X 106 m2 

Damaged floor space 
in square meters 

242,400 X 106 m2 

Building Stock floor 
space in square meters 
at 0.075% depreciation 
rate. 

Real Value of the 
Stock ofvBuildings 
at 2% depreciation 
rate. 

1946 1,596. 3 X 106 m2 26,205.4 X 106 Yen 

1947 1,600. 0 X 106 m2 25,984.6 X 106 Yen 

1948 1,609. 19 X 106 m2 25,956.3 X 106 Yen 

1949 1,629. 82 X 106 m2 26,001. 5 X 106 Yen 

1950 1,647. 44 X 106 m2 25,984.5 X 106 Yen 

1951 1,664. 82 X 106 m2 26,182.3 X 106 Yen 

1952 1,706. 62 X 106 m2 26,530.8 X 106 Yen 

1954 1,858. 01 X 106 m2 30,829.0 X 106 Yen 
(continued) 
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Table 5. — (continued) 

Recovery (to pre-damage levels) of the real value of the 
stock of buildings occurs in 1960; recovery of the physical 
stock of buildings occurs in 1959. But the ratio of value 
destroyed by war damage to the value of the building stock 
was 24.6%; the ratio of floorspace destroyed to total 
floorspace was only 13.1%, so the value actually recovered 
at a faster pace than did the physical stock. 
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Y = f^KU); t); r(t) = f2(K(t); t); 

||= f4(K(t); t); p(t) = f3(K(t); t) 

With Y(t) being real income at time t, while K* is the 

optimal stationary stock of capital/ r is the discount 

rate, p is the price of the investment good, and = g(K) 
uK 

is the marginal value product of capital. A number of 

contemporary difficulties bedevil the theory, including the 

appropriate treatment of risk, and the response of the 

optimal path to shifts in the parameters. However, when 

well-defined solutions exist, (14) and (15) are often 

equivalent 

= F (K*, K (t)) (15) 

I = H (̂ I(t); Y(t) ; r(t) ; p(t) ) 
K QK 

When Muth [10] estimated a regression specification 

of (15) for per capita investment in housing stock, he used 

the ratio of {R/p}, rental receipts for housing units 

•deflated1 by the cost of adding new floorspace, to represent 

dY 
{•jjg}. One of Muth's fascinating discoveries was that 

{(R/p) (t)} does not explain investment in housing stock as 

well as the 'expected' returns from new housing stock 

E{(R/p) (t)}. Expected returns from new housing stock can be 

estimated as 'permanent' returns from new housing stock or 

indirectly, by using a variant of distributed lags in which 
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the lagged dependent variable is used as an explanatory 

variable (this is often called the 'Koyck' distributed lag 

estimation procedure). But, as noted earlier, the data on 

rentals receipts made available in The Japan Statistical 

Yearbook are neither long enough nor precise enough to use 

for this purpose. 

But since the capital stock variable in question 

represents a large fraction of the total stock of 

physical capital, a production function technique can be 

used to estimate the marginal product of capital. Suppose 

that the aggregate production function is Generalized Cobb-

Douglas in a few highly aggregated capital and labor inputs. 

Call Y real output (and income), let K = (Klf..., Kn) be an 

n-dimensional vector of capital inputs, and fT = (L^,...,Lm) 

be an m-dimensional vector of labor inputs. Of course K>0, 

while "L£~0. Output (income), is given by (16) 

Y = C * Kf * K|2... * K* * Lbl * h\2 ... Lbm (16) 

C>0 is a positive constant, a^>0, i=l, ..., n, and bj >0, 

j=l,..., m. Also, assume that payments to factors exhausts 

product so that 

£ a^ + £ bj = 1 ; and C = C(T), 

with T being an index of techincal progress; this implies 

that the production function exhibits constant returns to 

scale (is homogeneous of degree 1 in the factor inputs). 
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The marginal value product of the first capital input is 

{which can represent the value of the building stock) is 

(17); 

dYl 
_ = C • a! • K1

(al"1) * K§2 ... K®n (17) 

• Iifl ... r.Jm 

or, more simply, the marginal value product of capital is 

given by (18) 

dYi a-i Y 

DK- = IQ- (18) 

which is simply output divided by the value of the i-th 

capital stock (or the i-th capital flow input). 

If (16) is used to estimate the marginal value 

product of some capital input, certain conceptual and 

measurement problems should be confronted. One of these 

difficulties is 'distributing' technological progress among 

the various factors of production. Another is measuring or 

distributing cyclical unemployment among the factors of 

production. Still another arises from the fact that 

capital inputs should really be flows of capital services, 

whose prices should be short-run rental rates. Solow [13] 

has derived a set of proportionality assumptions which 

enable one to readily estimate (16) from highly aggregated 

time series observations. These assumptions include the 
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premise that unemployment in the capital input is 

proportional to unemployment in the labor input, that 

capital services are proportional to the capital stock, and 

that technological progress is neutral (leaves the ratios 

of any two marginal products unaltered). These are 

powerful, but useful assumptions. However, the building 

stock variable was not adjusted for cyclical unemployment. 

Of course much of the private capital stock of housing is 

owned for the pecuniary rentals receipts it generates, so 

it need not be a specification error to treat the housing 

stock as a productive input. 

Note that the excellent data on the physical stock 

of buildings and gross physical investment in new building 

stock cannot be used in estimating (15), since inputs and 

output must both be measured in the same units, dollars. 

Equation (17) is the marginal value product of the capital 

input in dollars. The output is also measured in dollars, 

and the inputs must be measured by their dollar values. 

Equation (19) confirms the fact that trend removal 

(accomplished by substituting (I/K) for I as the dependent 

variable) alters the importance of the key independent 

variables. 

Y = 25.930 - 1.024 • X1 - 1.082 • X2 (19) 
+ 0.00129 * X3 

Period = 1953-1982; R2 = 0.399; DW = 0.449 
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Vector of t-values; t = ( ; -1.667; 
-2.834; 0.744) 

Elasticity vector; E = ( ; -0.9365; 
-1.047; 0.09623) 

Y = Relative Investment; the per capita real yen 
value of per annum investment in new building 
stock divided by the real yen value of the 
building stock. 

= The Interest Rate 

%2 = Investment Price, the index of nominal building 
materials prices deflated by the G.N.P. 
deflator. 

X3 = Per capita Permanent Income. 

Low R^-values and low DW Mar (19), although the t-

value of the price is variable is significant at the 5% 

level, while the interest rate variable is significant at 

the 10% level. Of course the real quandry created by (19) 

lies in the fact that the per capita permanent income 

variable is no longer an important explanatory variable when 

most of the trend is removed from the investment variable. 

This conflicts strongly with the impression from the 

previous regression results which suggest that the income 

elasticity of real investment (or physical investment) with 

respect to permanent income is significantly greater than 

unity. If the marginal value product of the building stock 

is used as an independent variable, the difficulty of 

reconciling the earlier high elasticity estimates with the 

'insignificance' of permanent income as an explanatory 
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variable for trend free per capita real investment 

disappears. In a simple regression, with relative 

investment (the ratio of real investment to the real value 

of the capital stock), the R2-value is 0.365, and the t-

statistic for the independent variable is 4.268. However, 

the DW = 0.107, indicating positive autocorrelation among 

the residuals since Dl(31,1) = 1.36. The most important 

change which occurs from including the short run marginal 

value product of the building stock as an independent 

variable in equations in which relative investment in the 

dependent variable is that the per capita permanent income 

variable becomes significant at the 0.5% level of 

significance, regardless of the inclusion or omission of the 

interest rate and investment price variables. This, of 

course, strongly corroborates the earlier indications that 

the true income elasticity of real investment is greater 

than unity. The principal defect of these equations is a 

tendency for the DW to be less than the relevant Dg. 

Increasing the time period was not a palliative for 

the tendency of the DW to be slightly less than the relevant 

Dq (recall that Dy is a monotone increasing function of n^^ 

the number of observations), but it did lead to significant 

increases in the t-value of the coefficient of the invest

ment price. In (20) DWOg (34, 4) =1.21, by a small margin, 

but the coefficient of the investment price variable is 

significant at the 0.5% level. 
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Y = -2.2014 - 0.1072 * X, - 0.4676 • X2 (20) 
+ 0.00458 • X3 + 13.90 * X4 

Period = 1949-1982; R2 = 0.906; DW = 1.18 

Vector of t-values; ¥ = ( ; -0.3713; 
-3.262; 7.727; 11.94) 

Elasticity vector; ¥ = (-0.1094; -0.4871; 
0.3410; 1.530) 

The results of the regression .analysis of Chapter 2 

indicate that the income elasticity of real investment is 

significantly greater than unity, so that the 'true' income 

elasticity of Japanese log imports, which is the product of 

the elasticity of log imports with respect to real 

investment and the elasticity of real investment with 

respect to income (the chain rule for elasticities can be 

used to demonstrate this fact), is significantly greater 

than unity. The capital stock variable plays a very 

important role in determining the level of investment in 

building stock. The role of the real cost of building 

materials was difficult to document, but there is little 

doubt it is a key determinant of the level of investment in 

building stock. The role of recorded and non-recorded 

interest rates (and rates of return) has not been sharply 

demonstrated in the present analysis. The recorded yield on 

bonds is not an important explanatory variable in any of the 

regression specifications (except 21). The short run return 

is important only if relative investment, the ratio of 
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investment to the capital stock, is the dependent variable. 

The minor role played by the recorded yield on bonds is 

probably due to the fact that it is a nominal rate of 

return, and does not accurately indicate changes in the real 

cost of borrowing. The poor performance of this variable 

does not reflect upon the accuracy of the neoclassical 

theory of investment. Also, the imprecision in the cost-of-

borrowing variable may be a contributing factor to the 

serial correlation among the residuals in some of the 

regression results. 

Implications of the Analysis for the Neoclassical 
Theory of Investment and Final Regression Results" 

The poor performance of the interest rate variable, 

leads to other subjects, including the conceptual problems 

which arise from 'inputing' a marginal value product to the 

housing stock, and the low DW values of the models tested 

thus far. The approach used here is only a mild generaliza

tion of Muth's, in- that an implicit premise of Muth's 

research is that an inputed rate of return can explain the 

level of investment in housing stock. Many single family, 

single dwelling housing units in the U.S.A. are not rented, 

so this inputed rate of return does not refer to transac

tions which actually occur in the marketplace. But as the 

costs of renting rise, more families will buy and fewer 

families will rent, even though few of the families which 

buy will actually rent a part of their dwellings to others. 
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Holding other factors constant, a rise in the rentals rates 

is a pari passu increase in the cost of renting for 

renters, and a rise in the rate of return to owners of 

housing stock. 

The problem of the low DW values is no longer 

particularly perplexing; there are a number of regression 

results which indicate that the primary cause of low DW 

values of the early regression results is a failure to 

identify the cost-of-housing as an explanatory variable for 

the level of investment. Certainly an accurate time series 

of the expected real cost of borrowing by the construction 

industry and by home purchasers would indicate that this 

cost is a key explanatory variable in investment behavior. 

There are sharp limitations to the interest rate data 

available in The Japan Statistical Yearbook; some data on 

bank loan interest rates span most of the postwar period, 

but there is scant information on mortgage rates. 

Certainly, some regression results clearly indicate that 

bank loan rates measure the real cost of borrowing (in order 

to finance housing purchases) better than bond rate of 

interest (see equation (23)). 

Also, to a degree, the difficulty can be resolved in 

a subtler fashion; recall that the moving inventory versions 

of the capital stock omit changes in the market value of 

the stock of capital (per unit of physical capital) save for 

those changes which occur in the value of investment. This 



71 

is overly simplistic because changes in the value of 

investment per physical unit of investment can arise from 

shifts in prices (supply curves) of the factors of 

production, or from those demand factors which change the 

price of the capital stock. Thus the price of investment, 

like moving inventory estimates of the value of the capital 

stock, is an imperfect measure of quality and productivity 

changes. But it might be better to use crude measures of 

quality and productivity change than to use variables whcih 

do not incorporate such changes. Thus the failure to 

indentify the interest rate variable as one of the key 

explanatory variables of the level of physical investment in 

building stock might be due to the fact that the quality of 

the building stock is improving over time. This improvement 

is reflected in the price of investment and in the value of 

the stock of capital, but it is not incorporated in physical 

measures of the stock of capital. These subtle effects 

might not affect the identification of the statistical role 

of some of the independent variables, but it could affect 

the value of the t-statistic of the interest rate variables 

and the behavior of the regression residuals. Since the 

value of the stock of capital, in conjunction with good 

estimates of the price of investment, provides a rough 

measure of the quantity of capital as well as the value of •. 

capital, it might be possible to dectect this relatively 

subtle shift in the demand curve by regressing the level of 
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physical investment upon the interest rate, the price of 

investment, per capita permanent income, and the value of 

the capital stock. This specification does indeed make it 

possible to identify the statistical role of all four 

explanatory variables (at the 5% level of significance) in 

equations (21) and (22). The aforementioned improvement in 

the quality of the building stock might be due to an 

increase in the quality of new housing, an increase in the 

productivity of new factories and office buildings, or both. 

Y = 8491.8 - 647.9 • Xx - 205.1 * X2 (21) 
+ 54.67 * X3 - 17.13 * X4 

Period = 1952-1982; R2 = 0.963; DW = 1.691. 

Vector of t-values; F = ( ; -1.712; -2.984; 
+12.614; -7.619) 

Elasticity vector; E = ( ; -0.3795; -0.7588; 
+2.538; -1.015) 

Y = Physical Investment. 

X^ = interest Rate - the yield on five 
corporate bonds. 

X2 = Total Investment Price - the real 
value of annual investment in new building 
stock per unit of physical investment. 

X3 = Permanent Income - per capita permanent income. 

X4 = Real Capital - the per capita real value of the 
capital stock. 

Still DW <DU (31,4) = 1.74 in (21), but DW is now at 

the upper end of the 'grey zone1; the relevant value for the 
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t-statistic for acceptance of the hypothesis that the 

coefficient of the interest is non-zero is 1.708. Since Du 

(33,4) = 1.73, the DW of (22) is also at the upper end of 

the grey zone. There is a bit of a decline in the DW of 

(23), which is near the mid-rrange region of the grey zone. 

All of the other independent variables in (21), (22), and 

(23) are significant at the 0.5% level, but the increase in 

the value of the t-statistic of the price of investment 

variable over some of the previous results is worth noting. 

In (21), the bond yield represents the real cost of 

borrowing; in (22), the rate of interest on bank loans 

represents the cost of borrowing; 

Y = 1.2155 - 0.06146 * X, - 0.0212 * X, (22) 
+ 0.004915 * X3 - 0.1719 • X4 

Period = 1950-1982; R2 = 0.962; DW = 1.714 

Vector of t-values; "t = ( ; -2.023; -4.011; 
+11.82; -7.910) 

Elasticity Vector; ¥ = ( ; -0.4741; -0.8377; 
+2.425; - 1.093) 

Y = Physical Investment 

X! = Loan Rate - the interest rate on 
bank loans. 

X2 = Total Investment Price 

X3 = Permanent Income 

X4 = Real Capital 
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In (22), 'Real Capital', the value of the capital 

stock, is an independent vaiable; in (23), 'Physical 

Capital', the quantity of capital, is an independent 

variable. The elasticity estimates of the other three 

independent variables are virtually unaffected by this 

substitution, but the change from the value of the capital 

stock to the quantity of the capital nearly triples the 

(absolute value) of elasticity of investment with respect to 

the capital stock variable. 

Y = 3.1725 - 0.05328 • Xx - 0.02164 • X2 (23) 
+ 0.005339 * X3 - 0.1332 * X4 

Period = 1950-1982; R2 = 0.963; DW = 1.561 

Vector t-values; ¥ = ( ; -1.7481; -4.155; 
+11.847; -8.066) 

Elasticity Vector; "E = ( ; -0.41094; -0.8550; 
+2.634; -2.931) 

Equations (22) and (23) are, from a statistical 

point-of-view, the best equations estimated with these data. 

So the list of potential remedies for the failure of the 

first regression equations to validate the price and 

interest rate variables as key determinants of the level of 

investment must be enlarged to include changes in the 

independent variables. 

When real per capita investment is the dependent 

variable in an equation in which the marginal value product 

of the building stock is an indenpendent variable, the real 
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value of the capital stock must be dropped from the 

equation. Otherwise the sign of the coefficient of the 

margianl value product (of capital) variable becomes 

negative. Omitting the value of the capital stock from the 

regression equation generates a somewhat unorthodox 

specification of the model. But the DW does rise to 1.61 

when the other independent variables are permanent income, 

whose t-statistic now rises to 42.75; investment price 

(material components only), whose t-statistic is -2.29; and 

the bond interest rate, whose t-statistic is -0.600. The 

investment mechanism underlying the model is not the stock 

adjustment model, but these results can probably be 

rationalized (the overall R^=0.99, and t-statistic of the 

marginal value product variable is -6.38) in terms of the 

neoclassical theory of investment if one assumes that 

permanent income is a surrogate for aggregate wealth. Such 

a model suggests that investment behavior can be explained 

in terms of the shifts of the long run desired stock of 

capital. As wealth or the rate of return on capital 

increases, the optimal stationary stock of capital also 

increases, which in turn leads to an increase in investment. 

The most plausible reason for including the stock of any 

particular kind of capital in an investment function rather 

than total net wealth, is that certain types of risk are 

assoicated with each particular kind of capital stock (or 

asset), and investment in that particular capital good is 
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sensitive to these unique risk factors. The best argument 

for substituting a wealth constraint and the rate of return 

on the asset (or the marginal value product of some type of 

capital services) in an investment function is that the 

institutions for shifting risks are such that there are 

small (if any) scale effects for the cost (per unit of 

capital stock) of risk-bearing associated with changes in 

the capital stock. The important point is that an 

investment function of the type 

I = f(r,p,W,Mp) (24) 

with r being the rate of interest, p being the price of 

investment 'good', W being total wealth on a surrogate for 

wealth such as permanent income, and Mp being the rate of 

return on the asset or the marginal value product of the 

capital input, is a very different type of investment 

function from the stock adjustment eqautions estimated 

previously. 



CHAPTER IV 

SUMMARY AND CONCLUSION 

Per capita real income (or per capita permanent 

income) is the key explanatory variable in the present 

study. It is better represented by a component of itself, 

per capita gross annual investment in new building stock, in 

the trade model, but it is a more than adequate substitute 

or surrogate for this variable in these models, and it is a 

very important explanatory variable of the level of real per 

capita gross investment in building stock. High income 

elasticities on the demand side suggest that tastes are an 

important element in the demand for the 'final' goods and 

services which enter the household utility functions and are 

part of the set of key parameters in the utility 

maximization process. And clearly tastes are an important 

element in the demand for U.S.A. softwood logs imports. 

First, tastes are an important element in the demand for 

housing services; tastes shape the relative demands for 

wooden and non-wooden houses; tastes affect the demand for 

U.S.A. log imports indirectly since the demand for logs is a 

'derived demand', each demand curve for wooden houses 

determining a 'derived' demand schedule for log imports 

given some specification of other supply conditions. But 
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this is an awkward and clumsy way of categorizing the fact 

that the Japanese like exposed wood surfaces in their 

houses, and have distinct preferences for certain types of 

clear lumber made from Pacific Northwest region cedars and 

hemlocks ([3] and [10]). 

Thus the present approach is simpler and more direct 

than the approach used by M. Ueda and D.R. Darr [12] in 

their study of the Japanese housing market and Japanese 

imports of U.S.A. softwood lumber and logs. They relate 

long run changes in the rate of new household formation to 

the demand for housing and the derived demand for imports of 

U.S.A. softwood logs and lumber. And they relate the level 

of household formation to per capita and real income; as 

real income rises, household size shrinks and the number of 

households rises. Per capita real income is, implicitly, 

still the key variable their forecast model. By predicting 

trends in income and prices, the current model can also be 

used as a forecast model. Statistically speaking the two 

approaches are different, since the rate of formation of new 

households is not a component of real income, while the 

levels of real log imports and of real investment in new 

building stock are components of real income. The 

superiority of the present approach lies in the fact that 

the higher the implicit income elasticities for investment 

in buildings and log imports, the more important the element 

of (collective and individual) tastes for housing services 
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and wood products have been in determining the level of log 

imports, and these elasticity estimates are given in the 

preceding sections of the paper. Also, one could easily 

doubt the validity of predictions which utilize an income 

variable, but fail to explicitly include any variables which 

express the social costs of new household formations or 

higher levels of new housing starts. 

The present model differs from many econometric 

studies of this genre, which focus upon income and price 

demand elasticity estimates, in two interesting respects. 

First, a supply price elasticity for U.S.A. softwood log 

exports is also estimated by standard regression 

techniques. And, demand (and supply) curves are estimated 

which utilize volume as the dependent variable. Of course 

the value of output or purchases is also used as a 

dependent variable in separate regressions. These two 

developments are not unrelated; the use of volume as a 

dependent variable makes it possible to estimate supply and 

demand elasticities for softwood log exports. It is 

clearly useful to compare the use of both variables 

whenever the data allows one to use both; aside from 

allowing one to make meaningful specifications of supply 

and demand components in different currencies, the use of 

volume enriches the use of regression estimation techniques 

in much the same fashion as the use of logarithmic (or other 

types of) transformations. 
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The demand price elasticities which were estimated 

with the various data sources used by this study are puzz-

lingly high. This has some interesting policy 

implications. The impact of a ban on softwood logs exports 

to Japan cannot be assessed on the basis of this one piece 

of evidence. But given the alternative sources of supply 

for sawlogs and lumber, it will probably be costly in terms 

of foreign exchange, it not jobs, if the U.S.A. is not able 

to keep price differentials between its softwood exports to 

Japan and softwood lumber exports to Japan from other major 

lumber exporters to 15% or less. This is a narrow range. 

Certainly this elasticity estimate suggests that consider

ation of a ban on log shipments to Japan would be extremely 

premature without serious consideration of the ability of 

the U.S.A. to compete with other lumber exporters, 

including Canada, in terms of price. One wonders if all of 

the advocates of such a proposal understand that the 

Canadians limit the export of logs (regardless of the 

foreign price), but do not limit the export of lumber. 

There are other aspects of such a ban that may not have 

been considered in the popular press, such as the fact that 

it would probably lead to an increase in the price of 

Canadian lumber, hence even if the price of U.S.A. lumber 

were to remain unaffected by the ban, the price of 

construction materials could rise significantly in certain 

parts of the U.S.A. 
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An interesting topic for future research would be 

the role of ocean transportation in altering regional, 

insulated markets into much more highly competitive 

international markets. The high demand elasticities suggest 

that geographic isolation sequesters supply regions and 

demand regions less than it did at, say, the turn of the 

century. No single research project could document such a 

sweeping proposition, but it does seem important to 

objectively document the fact that, economically speaking, 

the world is shrinking. Of course changes in tariff 

structure can also lead the world to ever more effective 

economic isolation. 



APPENDIX 

T-STATISTIC AND RELATED MATTERS 

Recall that the definition of the elasticity of Y 

with respect to X, given that X and Y are functionally 

related by continuously differentiable functions f(x) and 

g(y), is simply 

y = f(x) , x=g(y) 

ey dy x x ex dx y y 
ex dx (y) = (y)f' ; ey = dy^x' = ^x'9' 

The generalization to functions of more than one variable is 

straightforward. Point elasticity is, for most problems, a 

more useful concept than arc elasticity, though the 'point' 

selected to 'represent' the demand curve, is perfectly 

arbitrary. In this paper, the elasticity is reported for 

the mean of the dependent and independent variables, a 

widely used, if arbitrary, procedure. 

The R -values reported in this paper are corrected 

R^-values; the correction and adjustment is for the number 

of independent variables relative to the number of observa

tions. The unadjusted R2-value must, like the square of any 

o 2 
real number, satisfy R >0. But the adjusted R can be 

2 
negative. The regression theory underlying the R and the 

8 2  
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corrected R2-values is a bit complicated; but in purely 

algebraic terms, if n is the number of observations of the 

dependent and independent variables, and the number of 

independent (or explanatory) variables is (K-l), K>2, the 

unadjusted and adjusted R2 (defined by the symbol R2 in (1)) 

are related to each other by 

" 2  n-1 9 
R = 1 ~ nHc (1-R ) (1) 

As Johnston [8] explains, adding an extra independent 

variable to a linear regression equation, can, at worst, 

leave the unadjusted R2 unaffected. But it can actually 

decrease the adjusted R2-value; (n-l)/(n-K) will increase, 

*2 1 
so for R to remain unchanged, R must increase in value. 

The Durbin-Watson statistic is used in this paper to 

indicate the presence or absence of serial correlation 

among the residuals. Recall that the Durbin-waston 

statistic is used to indicate the presence or absence of 

positive (or negative) serial correlation among the error 

terms of a least squares regression equation based on the 

small sample sizes usually encountered in econometrics. The 

Durbin-Watson statistic is a function of the number of 

explanatory variables, K, and the number of observations. 

For any given level of acceptance, Durbin and Watson found 

two numbers, DL(n,K) and D(j(n,K), which could be used to 
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correlation. The 5% level of acceptance is used in this 

paper, and if DW<Dg(n,K) for this level, then the 

hypothesis that the error terms are positively correlated 

must be accepted; if 2 > DW > D0 (n,K), then the hypothesis 

of positive serial correlation among the residuals must be 

rejected. But if DW > 2, then there might be negative 

serial correlation among the error terms, and the quantity 

{4 - DW} bears the same relationship to DL(n,K) and Du(n,K) 

when testing for negative autocorrelation that DW has when 

(0 < DW < 2, so that) one is testing for positive serial 

correlation. One other statistical point should be 

mentioned, and this is simply that the assertion that the 

explanatory variable X^ has a statistically significant t-

value is, of course, a shorthand expression for indicating 

that the coefficient of X^ estimated by the regression 

analysis is statistically different from zero at a certain 

acceptance level for an appropriate t-statistic. 
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