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ECONOMIC RESEARCH CENTER PUBLICATIONS POLICY

The Economic Research Centcr was established as an integral part of
the University of Hawaii by Act 150 of the 1959 Legislative Session. I -
functions, as prescribed by law, are:

"1l. To evaluate and secure evidence on the economic effects of
proposed and enacted legislation.

2. To perform basic economic research necessary for the operatio: -
of various government agencies.

3. To perform continuing economic and statistical research for the
welfare of the community as a whole.

4. To evaluate the effects of national legislation and national
and international developments on the economy of Hawaii.

5. To promote understanding of our =conomy.'

As a university research agency, the Economic Research Center seeks
to perform these functions in an entirely ohjective manner. This means
tae approach in each case must be from the viewpoint of the general wel-
fare and not from that of any social, economic, or political interest
group.

Each research study is carried out under the direction of a person
judged to be professionally competent according to usual academic stand-
ards. 1In keeping with the tenets of academic freedom, the Economic
Research Center encourages the full and free development of views on the
part of its research personnel, subject to the broad constraint of main-
taining scientific objectivity. Such a policy means that any opinions
expressed are those of the authors alone and do not necessarily represent
the views of the University of Hawaii nor any of its administrative or
academic subdivisions.
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FOREWORD

This report presents the results of a researc  project to develop
methodology for short-run forecasting of civil: .in personal inccme and
employment of Hawaii. It develops an econometric model for the Hawaiian
economy and uses it to make several sets of forecasts for the years 1971-
73.

The efficiency of the estimated model is quite encouraging providing
some confidence in the reported forecasts. While we hope that these fore-
casts will be helpful to public as well as private decision makers a great
deal of uncertainty currently surrou ds a number of predetermined variables.
For this reason our intention is to update the forecasts periodically as
new information about the predetermined variables becomes available.

The model, however, has broader applications. It may be used to
predict the effect of any change in the external conditions represented
in the model by exogenous variables. The predicted effects, in turn, may
have important policy implications. This is especially true in cases where
exogenous variables are subject to direct governmental controls or may be
influenced by public policy. The model may also be used to the effective-

ness of public policies.

Walter Miklius
Director

June 1970
Honolulu
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CHAPTER I

INTRODUCT ION

Objecgiggi

This study seeks to construct a system of relations, or an economic model,
fcr making short-run forecasts on civilian personal income and employment of
Hawaii. Specifically, we will make several sets of forecasts for the years
1969 to 1973 under alternative assumptions on external conditions.

Our approach differs from most existing forecasts for the State in two
important aspects. First, instead of forecasting personal income and employ-
ment as aggregates, we forecast their major components separately. Secondly,
most other forecasts are based on judgment or some extrapolation of past
experiences. (ur forecasts are defined by a set of functional relationships
which specify all the important underlying factors as well as how they operate.
While it does not necessarily follow that our forecasts will always be closer
to the mark than the "naive'" ones, this approach enables us to learn from
error as well as to incorporate effects of changes in internal and external
circumstances more effectively. As will be demonstrated, we can pinpoint
what went wrong in past forecasts in order to make adiustments. The effect
of a new development can be analyzed in terms of its influence on various
underlying factors and its impact on the relationship between these factors
and income and employment. We may, therefore, expect our approach to be more
efficient in repeated applications.

The results of our study can also be used to evaluate the effectiveness

of economiec policy. The impact of such public activities as changes in

RIC 9
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federal employment in the State or changes in expenditures of state and local
govarnment can be measured. The model also provides answers for many questions
of important policy implications, such as: What is the income and ewployment
genarating effect of the growth of the visitor industry? How great will the

pressure be on the labor market for a given acceleration of the rate of growth?

Nature and Uses of an Econometric Model

Econometric models have been used extensively at the national level to
analyze and to forecast the course of the economy. Its use at the regional
or state level, however, is recent and sporadic. Since this study represents
a first attempt at formulating and estimating an econometric model for the
entire economy of Hawaii,1 a brief description of an econometric model as a
research tool is perhaps in order.

The following building blocks go into the structure of an econometric
model:

variables - endogenous, exogenous
functional forms (model)
data and a technique of estimation

structure - structural form and reduced form

The researcher first determines the set of economic activities to be
explained by the model. Variables measuring the levels of these activities

are referred to as endogenous variables. Other activities or factors which

1Two econometric studies dealing with particular aspects of the Hawaiian
economy were published. In 1963, Ferber and Sasaki completed a study for
projecting employment and wages [4], and in 1969 Norman and Russell finished
a study for forecasting state tax revenue [10].

Aruitoxt provided by Eic:
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are not of an economic nature or which are beyond the scope of the model are
designated by a set of ex . genous variables. By definition, exogenous vari-
ables are not affected by endogenous ones. Given the continuative nature of
many activities, the course of endogenous variables may also be shaped by the
lagged values of some endogenous variables. Exogenous variables and lagged
endogenous variables are jointly referred to as the predetermined variables.
At any given time, they represent {he situation or 'stimulus' given from ocut-
side as well as historical data to which the economy responds.

Generally, an endogenous variable responds not only to predetermined
variables but to some other endogenous variables as well. Symbolically, the
determination of a particular economic activity may be written as

Yy ® Biov+ Bil z; +...+ Bik z, + A2 +.. .+ U Y + €
where Zys ZoseesZy refer to the se¢t of predetermined variables and Yis Yoo
SRR A refer to the set of endogenous variables other than yis the B's and a's
are parameters measuring the direct effect of Y; of a unit change in these
other variables; and Gi is the residual. Of course, not all endogenous vari=-
ables and exogenous variables contributed to a change in yi. Some B's and
t's are, thersfore, set to zero at the start. Changes in Yi» in turn, affect
other endogenous variables. Mathematically, we say that the y's are deter-~
mined simultaneously. A model of m endogenous variables and k exogenous

variables may be written generally as

¥y = Q1, ¥, + 013 Y3 +.. .+ alm Y + BlO + Bll X, +...¢ Blk oW + el
y2 = azl Y1 + 023 Y3 +...+ aZm Yo + BZO + le %y +...+ sz x + €2
ym = Qﬁl Y1 + am2 Yy + n3 b t... + BﬁO + Ehl * *o.ot Bmk K + em

11
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As just indicated some B's and Q's are set to zero as part of the model
specificatinn.2 Others are to be estimated statistically from data generated
by the economy through time.

Given a body of data the nonzero parameters in the model can be estimated
by one of several estimation procedures. The estimated model is referred to
as a structure. As mentioned, it can be used to forecast the course of the
economy and to evaluate the effectiveness of economic policy. To see how
this is done, we first rearrange the system of estimated relations, taking

all the endogenous variables to the left hand side of the equations:

=b + b z, +...+b z + €

" m Im 10 1 %1 1k %k 1

Y1 T %12 Y2 T

Tagy Yy h Yy Teem Ay, ¥ = byg H by 2y b by 2 FEy

- a ~...%y =b +b z, +...+ b z, + €

"B 71 m2 Y2 m @m0 © Pml 21 7T Pmk %k m

where b's and c': are vrespectively the estimated values for a's and B's.
The €'s are residuals. Employing matrix notation and ignoring the residuals,

the system can be written as
Cy=2B8z,

where y and z are vectors of the endogenous and predetermined variables, and
C and B are matrices of coefficients. The endogenous variables can then be

solved in terms of the predetermined variables as

The model specification also includes an assumption about the distribu=-
tion function of tue disturbances. Such statistical specification, as well
as similar technical details, will not be discussed in this paper.

12



This relation enables us to identify the values of the endogenous vari-
ables for givern values of the exogenous factors. Some exogenous variables
behave in a predictable fashion; others are policy variables subject directly
to the manipulation of the policy makers. Both of these can be predicted by
the policy makers with precision. Others can only be predicted with some
margin of error. But since they vary independently of the model, their
prediction is a separate problem. Conceptually, therefore, we can treat the
future values of z as given. The model can then be used to forecast the
values of y. Secondly, included among the predetermined variables are some
policy variables. Effects of changes in these policies on the endogenous
econon.ic activities can be inferred from the model. 1In other words, each
number in the P matrix measures the total effect--both cirect and indirect--
of a unit change in an exogenous variable on an encogenous variable.3 Thus,_
the model can be used for policy valuation. - Thirdly, the model can be used
for policy recommendation. In this application, a set of objectives or
targets is predetermined in terms of values of y. A set of policy variables
is also se”.ected from 2. The systems can then be solved for alternative
combinations of values that these variables may take--policy packages--to

achieve the desired values for y.

Characteristics of the Hawaiian Economy Reflected in the Model Structure

The model that we formulated for the Hawaiian economy may be described

3 . : .

More specifically, elements of the jth column in P measure the effect
of a unit change in the jth exogenous variable on various endogenus vaqiables.
In the literature, P matrix is also referred to as the matrix of multipliers.

13
ERIC
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in the above context. There are 30 endogenous variables in the model,
determined by 25 behavioral or institutional equations and 5 identities.
They consist of 18 components of employment, 7 components of income, 3 com~
ponents of housing demand, as well ac value of retail sales and population
age 14 or over. There are also 22 exogenous variables and 9 lagged endoge-
nous variables. Conspicuously absent from the list of endogenous variables
are investment in producers' durables and consumer expenditures. For most
econometric models, economic activity is analyzed from the product side in
terms of various kinds of expenditures. In our model, economic activity
is analyzed from the income side in terms of payments to various factors of
production. Wage income specifically is analyzed in great detail. This
unorthodox strategy, necessitated by the availability of data,5 will be
justified in terms of the special nature of the Hawaiian economy.

The equations in our model are recursive. That is, they can be arranged
in such a manner that in each equation che variables on the right hand side con-
sist only of predetermined variables and endogenous variables that are explained

by equations preceding it. Symbolically, the system can be written generally as
Y, = b11 X1 + b12 X2 +.. .+ blk Xk + €

Y, + by Xy F by, Xy et by X+ o€

Y2 + b31 X1 + b32 X2 +...+ b3k Xk + G3

Y. +a Y, + a4 Y3 + b41 X1 + b42 X2 +.. .t b4k Xk + e4

4Identities are definitional relations among variables. They require
no statistical estimation.

5Efforts to compile an income and expenditures account for Hawaii were
first initiated in the earlier 60s by the Economic Research Center. Prelimi-
nary results are now available for the years 1958-64 [11; 15].

O
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In theoretical terms, this means that the influences among the endogenous

variables are always in one direction as shown in the following diagram.

Yy

As will be pointed out in Chapter II, this formulation which simplifies the
estimation procedure conflicts with our general understanding that in the
aggregate economic activities tend to be interdependent. Given the unique
structure of the Hawaiian economy, however, our model is both relevant and
realistic. Briefly, the Hawaiian economy differs from the national economy
in the following important aspects:

(1) The economy is dominated by a small numbar of autonomous industries.
Increasingly, residents of the State derive their income, directly or indi-
rectly, from these industries: sugar-pineapple, tourism, or the federal
govermment. The activity in all three is cdetermined chiefly by external
factors.

(2) The manufacturing sector, excluding sugar and pineapple, is quite
small. Consequently, Hawaii imports most of its requirements for manufactur-
ing products and a substantial portion of its foodstuff and raw materials.

The prominence of the external and the public sectors is shown in Table 1.

RIC 15
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TABLE 1

EXPENDITURES ON GROSS DOMESTIC PRODUCT
(In millions of dollars)

1961 1962 1963 1964
Personal consumption expenditures $1,142.7 $1,136.9 $1,221.8 $1,364.5
Adjustment for discrepancy 100.5 29.6 65.8 130.5
Commodities 700.9 746.6 785.2 850.1
Services 341.3 360.7 370.8 383.9
Gross private investment 288.5 318.4 302.9 350.3
Adjustment for discrepancy 25.4 8.3 16.3 33.5
Construction 186.6 239.9 191.2 214.8
Equipment 76.5 70.2 95.4 102.0
Changes in inventory 16.2 13.7 16.2 17.6
State and local government expenditures 230.4 266.7 314.4 325.4
Federal government expenditures 459.4 441.9 451.5 495.9
Export of goods and services 535.7 578.1 664.7 702.9
Less: Import of goods and services 796.3 805.1 865.6 978.0

Expenditures on gross domestic product $1,876.6 $1,950.6 $2,105.9 $2,278.6

Source: Shang, et al., Hawaii's Income and Expenditures, 1961-64, with Certain
Revisions Of Previous Estimates, 1958-1960 (University of Hawaii, Economic Research
Center, 1967), 1-15.

Note that in 1964 export and import of goods and services amounted to 30 and
40 percent, respectively, of total GDP, and federal expenditures accounted
for 21 percent.

(3) The economy tends to be more labor intensive. Compared with the
nation as a whole, a considerably higher percentage of private employment
is engaged in trade, services, and construction. This, of course, is the
other side of the underdevelopment of the manufacturing sector as depicted

in Table 2.

Q 1 6




TABLE 2

DISTRIBUTION OF EMPLOYMENT IN THE PRIVATE SECTOR,
FOR THE UNITED STATES AND HAWAII: 1964

Percent Distribution

Industrial Component

Hawaii United States
Total 100.0 100.0
Farms and mining 7.7 10.1
Contract construction 9.8 5.8
Manufacturing 15.2 32.4
Wholesale and retail trade 28.7 22.8
Finance, insurance and real estate 7.3 5.5
Transportation, communications and
public utilities 9.4 7.4
Services 21.9 16.0

Source: Artle, R.A. and R.W. Rider, The Hawaiian Economy,
Problems and Prospect (State of Hawaii, Department of Planning
and Economic Development, 1966), Table 19.

Our focus on employment and labor income is, therefore, in consonance
with the labor intensiveness of the Hawaiian economy. For example, in 1964
wage and salary income made up 76 percent of personal income in Hawaii, as
compared with 68 percent for the nation as a whole.6 More importantly, the
special structure of the Island's economy justifies our somewhat unconven=~
tional approach of formulating our model from the income side rather than

the expenditure side.

6U.S. Department of Commerce, Statigtical Abstracts for the United

States (1966), 328.

17
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Generally, the demand oriented model of the national economy is built
on the theoretical foundation of the Keynesian theory of income and employ-~
ment. Income and employment are determined by effective demand which consists
primarily of consumption and investment. The propensity to consume is pivotal
to the whole system. And, given the propensity to consume, investment is the
main propellant of the economy. Consequently, the determination of consumption
and investment occupies rightfully the center of the stage. Diagramatically,

this can best be described as a circular flow:

consumptio

n .
investment ~;::::::i;§¥

income production

Nk\\\\\\\“ employment é—”’/////

Various activities are certainly interdependent. And in a market-oriented
economy, the key to understanding the system is through determination of the
aggregate demand.

The Hawaiian economy, however, does not fit this framework very well.
While it is still true thot income is allocated between consumption and
investment (abstracting other components), expenditures do not generate in-
come and employment in the same way as in a national economy due to the very
high propensity of import. It has been estimated that for each dollar spent

in consumption, only 49 cents stays in the State.7 A substantial part of

7First National Brnk of Hawaii, Department of Economic Research,
The Impact of Exports on Income in Hawaii, p. 19.

18
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this probably represents local taxes, retail and wholesale margins, and
gservices. The other 51 cents leaks out to pay for imports. The leakage
associated with investment expenditures on producers' durables is probably
at a much higher rate since there is practically no machine or tool-making

industry on the Islands. Diagramatically, the system may be described as

T
_ -
— Y
— - ]
-— - . ’
exports _ - construction
-
, N «— //’//a other
tourism ————3; 3 production —— income % 1nvestments __,*imports
-~ —
federal -~ -
~ consumption
expenditures ~ P S

—
~~ i
- - ’

There fore, the level of allocation of employment need not follow closely

the level and composition of '"domestic'" expenditures. Investment, in parti-
cular (aside from construction), has little “mmediate or secondary effect

on employment. With the income creating effect of consumption and invest-
ment greatly dampened by the high propensity to import, the resulting rela-
tion approaches a one-way causation. This, we recall, is the basic assumption
of a recursive type model. What we have drawn is, of course, a grossly
oversimplified picture. More details will be filled in when we come to

formulating the mod21 in the next chapter.

19



CHAPTER 11
THE MODEL

Variables

For the purpose of our discussion, we find it useful to make the

following classification of variables:

explained variables (current endogenous variables)
predetermined variables

exogenous variables

lagged endogenous variables

input variables

Endogenous variables depict economic activities explained by the model.
Exogenous variables are independent of endogenous variables. Lagged endoge-
nous variables, being fait accompli, are clearly independent of the explained
variables. Both are aﬁthentic predetermined variables. Input variables, on
the other hand, are those which on theoretical ground are likely to be depen-
dent on other endogenous variables. In our model, however, they are treated

. . 8
as predetermined variables for one or more of the following reasons:

(1) The relation is too complicated to be delineated in a simple
relation, or there is reason to believe that significant changes
took place during the sampling period.

(2) Published information about their main determinants are not

available.

8Note: The input variables will be incorporated into the category of

explained variables should the necessary information become available, or
should the empirical results indicate such a need.

20
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(3) Reliable forecasts have been furnished by informed scurces.

Since the main objective of our model is to describe the determination
of civilian personal income and employment, endogenous variables consist
largely of their components. Of the 30 endogenous variables used, 7 refer
to incomes: total personal income, proprietor income, property income,
corporate profit, wage rate, wage income of the private sector, and transfer
payments; 3 are expenditures: residential construction, commercial construc-
tion, and retail sales; 18 are relatea to employment: employments for 15
industries or industry groups, employment in the private sector, total
employment, and unemployment; and the remaining 2: population age 14 or
over and labor force.

The principal driving forces of the economy are commodity exports,
tourist expenditures, and defense expenditures. Their activities are re-

flected in the following exogenous variables:

outputs of sugar and pineapple

value of other commodity exports

number of visitors, their total days of stay and expenditures,
stock of hotel rooms and their occupancy rate

government expenditures, employment, wages, and public construction

The following exogenous variables are introduced specifically to explain

activity of the housing industry:
Aaa bond yield, FHA and VA ceiling interest rates, stock of housing.

Finally, the following components of income are exogenous:

Property income from investment overseas

Wage income from the public sector

| - 21
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Variables which way be expected to depend on other exogenous or
endogenous factors but are treated here as predetermined for simplicity

or for lack of data include:

income and employment of diversified agriculture
nonagricultural self-employed

population and immigration

consumer prices (cost of living index)

construction cost index

Income and employment from diversified agriculture constitute a case where
all reasons for not considering them as endogenous are present. Diversified
agriculture here consists of all agricultural products other than sugar and
pineapple, as well as poultry, cattle, and, by extension, fisheries products.
The large variety of crops is produced mainly by simall scale operators.

Herice. there is a serious data problem. The demand and supply of this sector
is complicated by such external factors as changing tastes, competition from

imports, competition for use of land and labor from other rapidly expanding

sectors, particularly the tourism industry. As a result, relations governing

income and employment of this sector are likely to be complicated as well as
unstable and cannot be introduced efficiently and easily in an aggregate
model. However, a comprehensive study of this sector was completed recently
by Professor Renaud of the Department of Agricultural Economics at the

University of Hawaii and his results can be used to provide extraneous

9Total value is small. In 1967 sales totaled $54.3 million, or 2.2
percent of the total personal income. (Bank of Hawaii, Annual Economic
Review, 1968), p. 30, p. 40.
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estimates on farm income and employment.10

The number of nonagricultural self-employed workers reported by the
State Department of Labor and Industrial Relations was estimated, industry
by industry, by multiplying a constant ratio to the number of existing

employing unite. The constant ratio is calculated as11

number of self-employed workers in the April 1960 U.S. Census

number of employing units in April 1960 in the State

It is dubious that this ratio should remain unchanged. Thus, our information
on this variable may be subjected to large measurement error, and any relation
estimated from it is questionable.

It can be argued that population growth for Hawaii should be considered
endogenous. There has been a sizable net immigration into Hawaii in recent
years. Presumably, immigration is responsive to economic opportunity. But
data on immigration are fragmentary. Preliminary analysis failed to establish
significant relation between net immigration and such economic indicators as
income and employment. Population projections are published regularly by
such national agencies as the Bureau of the Census, the Mational Planning
Association, and the U.S. Department of Commerce. 1In Hawail, the State
Department of Planning and Economic Development publishes periodic reports

on population projections for the State.

1
OIn that study [13] Professor Renaud estimated the demand and supply

relations for each of 17 selected products. Domestic productions were pro-
jected to the year 1975.

For a description of the method see: State of Hawaii, Department of
Labor and Industrial Relations, Description of Method of Estimating Labor
Force Data, January 1965, p. 2.
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A complete listing of variables in our model appears in Tables 3 and
4 at the end of this chapter. Their observed values for the period under

consideration and sources of information are found in Appendix A.

Structure

The present model portrays several aspects of the economy in highly
aggregate terms. The interrelations among them, their relation to prede-
termined factors, and the emphasis each of them receives in the model are
depicted in the following diagram. Exogenous variables are placed in
circles, endogenous variables in rhombuses. A solid arrow indicates direc-
tion of influence, and a broken arrow indicates direction of aggregation.
Variables are defined in Tables 3 and 4.

Income and employment in Hawaii originate from three well-defined
sectors: export, domestic, and government. They are represented in the
diagram by 3 boxes in the center. The export sector is made up primarily
of visitor expenditures and exports of sugar and pineapple. They contribute
directly to employment and profits of firms in this sector. Tourist expen=
ditures also spill over to retail establishments of the domestic sector.

The public sector of Hawaii is swelled by sizable defense-oriented federal
expenditures. Military payroll, however, is not included in our model since
a very small portion of this is spent locally.12 The defense establishrent

employs approximately twenty thousand civilian employees whose income, as

12, . . L .
This is due to the existence of military retail outlets which import

directly from the mainland, free supply of certain goods and services by the
government, and remittance of earnings to dependents on the mainland. See
Yuan-Li Wu, Fluctuations in Defense Spending and Their Economic Impact on
Hawaii (Economic Research Center, University of Hawaii, 1965), p. 33.
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well ag construction and other direct purchases, promote activities of the
domestic sector. Non-defense employment and procurement are undertaken by
federal, state, and local governments in order to provide various kinds of
public services. The demand of such services is determined primarily by
population, which is exogenous in our model.

Activities in both the export and the public sectors are considered
exogenous. The growth of the domestic sector, however, relies heavily on
expansions in other sectors. Since Hawaii imports most of its consumer goods
and all of its investment goods, resources for growth have to come from earn-
ings of the export sector or capital inflows attracted by prospects of such
earnings. The domestic sector is made up largely of the trade (retail and
wholesale), service, and construction industries. Diversified agriculture
and manufacturing catering to domestic needs are still of relatively minor
importance. And there is practically no manufacturing of producers' goods.

The relations between employment, income, and activities in various
sectors of the economy as described in the diagram are formulated into 25
structural equations and 6 definitional equations. Of course, the structure
chosen is one of many that can conceivably be formulated to represent the
system. It reflects to a large extent our preference for simplicity and
for using only readily available data. For behavioral equations, we give
only the variables involved; functional forms are to be determined from em-
pirical results. The equations define the relation between annual flows of
expenditure, employment, and income. They are divided into four groups:
determination of proprietor and property income, defermination of private

wage and salary employment, determination of wage income, and identities,.

2(‘»
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The subscript "-1" indicates that the variable is lagged one year, and the
symbol "A" gtands for first difference. Exogenous variables are underlined.

Proprietor and property incomes are determined by the levels of business
activities. Activity of the export sector is represented by total commodity
exports and total visitor expenditures, both of them considered given to the
system, as is value of public construction. Activity of the domestic sector
is represented by construction and retail sale. They are endogenous, and
their determinations are specified in the first three equations.

Three categories of construction are distinguished: public, residen-
tial, and commercial (D.1). In equation (1) we hypothesize that the demand
for new residential units is governed by three major factors: need, income,
and the availability and cost of credit. Need is indicated by growth of
pecpulation. The availability of credit is determined by the competitiveness
of the mortgage market, indicated here by the interest differential between
FHA and VA ceiliag interest rates and Aaa bond yield.13 In addition to regu-
lating the flow of FHA and VA financed comstruction, FHA and VA ceiling
interest rates may be considered by homebuilders as a sort of normal price
for mortgage loans. The interest rates on mortgages may be expected to move
up and down with bond yields, so the variable used in the equation also
measures the difference between actual and "normal" cost of credit to home-
builders. Since the decision to build a new house takes time and there is

also a congiderable gestation period between that decision and actual

13Thia variable was used by Suits in his national econometric model to

determine housing start. See D.B. Suits, 'Forecasting and Analysis with an
Econometric Model," (American Economic Review, March 1962), p. 1l1l4.
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conscruction, we decided that last year's income may be a more relevaat
determining factor than current income. For the determination of commercial
construction (2), we use both last year's hotel occupancy rate which indi-
cates the demand for new hotels and lagged profits of proprietors and cor-
porations which indicate both the need and the availability of funds for
new construction.

To a large extent, retail sales (SL) represent consumer expenditures
on commodities. As such, personal income is the most relevant determinant.
But for statistical reasons, we prefer not to use any endogenous variable
as regressor. We envisage three kinds of commodities traded over the retail
counter: necessities, consumer durables, and convenient-luxurious goods.
Inasmuch as the demand for necessities in an affluent society is inelastic
to income, past income is a good indicator of their demand. The demand for.
such durables as home appliances and furniture may be expected to follow
the completion of new housing units. Residential construction also indicates
general affluence and can serve as a proxy for demand factors of discretionary
consumption and luxuries. Given the structure of equation (1), the effect
of population change can also be accounted for by residential construction.
A portion of visitor and government expenditures is spent at retail outlets.
The variables chosen in equation (3) to determine retail sales, therefore,
are lagged income, residential construction, visitor and government expendi=
tures. A notable omission in our presentation of the domestic sector is
sales by service industries. This is due to the lack of data.

Proprietor income (Pl) measures the earnings of noncorporate businesses

and professionala. Such earnings originate predominantly from retail salas

9 8
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and sales of services. Therefore, in equation (4) proprietor income is
explained by retail sales and population. Since an upward shift has been
observed in the demand for services in this country, a trend variable (t)
is also introduced. Corporate businesses operate in both the export and
the domestic sectors, so in equation (5) corporate profit (Pt) depends on
all three major components of final demand thus far considered: exports,
retail sales, and construction.

Property income (P2) comprises of dividends, personal rental income
and personal interest income. Interest and rental incomes are bound to a
large extent by contracts, and corporations may be expected to maintain a
stable rate of return to their shareholders. Consequently, property income
tends to be much mcre stable than proprietor income. Therefore, we choose
to explain the annual increment of property income in equation (6). This
increment is hypothesized to depend on changes in corporate profits and resi-
dential construction of the previous year. Since the relation is estimated
by its first difference, a trend relation is implied. Given this annual
increment, property income is obtained in (6a) as a simple identity.

Wage and salary workers of the private sector (N1) are classified into
15 categories, following the general line of classification used by the
State Department of Labor and Industrial Relations in reporting ew,ioyment.
Of these, 4 are related to the export sector, 3 to construction and manufac-

turing, 3 to trade, 4 to services and utilities, and 1 nonclassified, In

14Sl:ate of Hawaii, Department of Labor and Industrial Relations,

Enployment and Payrolls in Hawaii (annual).
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general, when data on output are available, employment is determined as a
function of real output and a time trend. The time trend is introduced to
measure growth of labor productivity and is expected to have a negative
coefficient reflecting decreases i the relevant employment/output ratio.
This is the case for the following industries: sugar (7), pineapple (8),
hotel (9), contract construction (12), construction materials (13), and
retail (16). In cases where information on output is not available or out~-
puts included are too heterogenous to be represented by a single value,
factors determining the demand for such outputs are used as explanatory
variables. Thus population is used to explain employment in diversified
manufacturing (14) and public utilities (19) while population and visitors
are used to expl=in employment in recreational establishments (11) and
transportation (18).

Information on output of the garment industry is fragmentary. It has
been estimated that from 45 percent to 70 percent of the total sales of the
industry were made overseas while 60 percent of the local market was purchased
by tourists.15 Since the Hawaiian garment is still a relatively new product
on mainland markets, some sort of learnipg process is relevant for the develop-
ment of its demand. In this case, current sale will depend on lagged sales.
Therefore, in equation (10) employment in the garment industry is made a func-
tion of lagged employment and the total number of days that visitors spend

in Hawaii.

15E.L. Fundaburk, The Garment Manufacturing Industry of Hawaii (Univer-
sity of Hawaii, Economic Research Center, 1965), p. &4, p. 77.
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Wholesale establishments replenish the stocks of retailers, supply raw
materials and intermediste goods to manufacturers, sell building materials
to contractors, and £ill the orders for investment soods for all businesses.
In equation (16) we explain employment in wholesale trade and trucking-
warehousing as a function of retail sales and construction. Construction may
also be expected to pick up the effect of business investment since the two
are closely related.

For employment in finance, insurance, and real estate (17), total retail
and wholesale employment is used to indicate the size of the business commu-
nity served by the financial sector while construction indicates the need for
real estate services. Since employment in hotel and entertainment industries
have already been accounted for, the rest of the service industries primarily
serve the resident population. As the portion spent on services tends to
increase with personal income, a trend variable is also included in equation
(20). Finally, unclassified employment is determined simply as proportionate
to the sum of other private employmeants (21). Total wage and salary employ-
ment is defined as the sum of these 15 categories of employment (D.2).

The next step is to estimate the determination of wage rate in the
private sector, which in turn depends on the rate of unemployment. By now
we have determined totel emplcyment in the private sector. Civilian employ-
ment of the public sector (NG) is classified into three categories: defense-
related federal employment, other federal employment, and state and local
government employment (D.3). They are all exogenous. Employment in diversi-
fied agriculture (NF) and nonfarm self-employed (NS) are also determined

extraneously. Together they constitute total civilian employment (D.4).
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Unemployment then is the difference between labor force (LF) and this total
employment (D.5). The base of our labor force is civilian population age 14
and over. Each year the number of this age group is increased by the number
of 13-year-olds a year before minus the number of deaths among the 14 and
above over the past year, and net immigration (22), (223).16 A labor force
participation rate, together with a trend, determines the labor force (23).
The percentage change in average wage rates of the private sector is then
determined as a function of the unemployment rate and change in the cost of
living index (24). This is a version of the familiar "Phillips cuxrve" which
is widely used in empirical studies.17 Having determined both employment
and wage rate, the calculation of wage income from the private sector is an
easy matter (24a). Since transfer payments consist primarily of unemploy-
ment compensation and retirement benefits they are determined in equation
(25) by the number of unemployed and the size of population age 65 and over.
Four components of personal income are determined from the system: wage
income of the private sector, proprietor income, property income, and trans-
fer payments. Together they account for about 75 percent of total civilian
personal income in recent years. The remaining exogenous components are
wage income from the public sector, farm income from diversified agriculture,
and property income from overseas invéstment of residents Of the State. This

relation is defined in (D.6).

16The relation is used in the Michigan model. See D.B. Suits, Econometric

Model of Michigan (Michigan Department of Commerce, State Resource Planning
Program, April 1966), p. 23,

17A.W. Phillips, "The Relation between Unemployment and the Rate of Change
of Money Wage Rates in the United Kingdom, 1861-1957," Economica, 25 (1958),
pp. 283-299,
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The model just considered is of the recursive type: the structural
equations are arranged in such a manner that the endogenous variable explained
in each equation depends only on predetermined variables and endogenous vari=-
ables that have been explained in preceding equations. This greatly simplifies
the estimation procedure as unbiased estimates of the recursive-form parameters
can be obtained by applying classical least squares method to each equation.18
Such simplification is important in this case since the small size of our
sample19 greatly limits the use of any simultaneous estimation procedure. For
the same reason of data limitation, a small aqumber of explanatory variables,
vsually two, are used in cach equation. As a result, there may be specifica-
tion error in some relations which under certain circumstances can bias our

estimates of the parameters. This will be taken into consideration when we

discuss results of the estimation in the following chapter.

18Provided alsc the disturbances of the structural equations are uncor-
related, See A.S. Goldberger, Econometric Theory (New York: John Wiley and
Sons, 1964), pp. 382-83.

19

Vur sample period covers 1951 to 1968.
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STRUCTURAL EQUATIONS
}

Determination of Proprietor and Property Incomes

(1) HR = f (APN, YP_., [FHA + VA]/2 - Aaa)

1
(2) HC = £ (OR_;, P1_, Pt ;)
3) SL = £ (YP_,, HR, VE, GB)
%) Pl = f£ (PN, SL, t)

(5) PT = £ (X, H, SL)
(6) 4P2 = f£ (&Pt, HR_))
(6a) P2 = P2_; + AP2

Deternination of Employment

(7) nl = £ (Qs, t)

(8) n2 = f (Qp, t)

® n3 = f (RN, OR, t)

(10) né = £ (n4_;, VD)

(11) 05 = £ (PN, VD)

(12) n6b = f (H, t)

(13) n7 = £ (H, t)

(14) n8 = f£ (BN, t)

(15) n9 = £ (SL)

(16) nl0 = £ (SL, H)

(17) nll = f (n8 + nl0, H, t)
(18) nl2 = £ (PN, V)

(19) 0l = £ (BN

(20) nl4 = £ (BN, t)

(21) nl5 = p (nl + n2 + ... nl5)

ERIC 34
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Labor Force and Wage Rate

(22) APN14 = f (PN(13)_1, PN14_1, MN)
(22a) PN1l4 = PN14 (t-1) + APN
(23) LF = £ (t, PN14)
= NU
(24) Awl/wl_1 = f (LF’ Ap_l)
(24a) W1 = wl % N1

(25) UT = £ (PN65, NU)
IDENTITIES
(0.1) H = HR + HC + HG
(D.2) Nl = nl+n2+ ... nl5
(0.3) NG = NGy + NG + NG,

®.4) N N1 + NG + NF + NS
(D.5) NU = LF - N

(D.6) YP = W1+ Pl1+P2+UT+P3+W2+F
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TABLE 3

DEFINITION OF VARIABLES: PREDETERMINED VARIABLES

Variables Definition

Aaa Aaa bond yield

F Nonfarm proprietors' income

FHA Maximum permissible interest rate on FHA-insured mortgage loans
VA Mazimum permissible interest rate on VA-guaranteed mortgage loans
GE Gover ment expenditures on goods and services

HG Public construction put in place

MN Net immigration

NF Employment in diversified agriculture

NG Government civilian <mployment

NGd Defense~related federal civilian employment

NGf Other federal civilian employment

NGS State and local government employment

NS Nonagricultural self-employed

OR Average hotel occupancy rate

P3 Property income from overseas investment

PN Resident civilian population

PN(13) Number of 13-year olds in the civilian population
PN65 Civilian population age 65 or over

Qp Real output of pineapple

QS Real output of sugar
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TABLE 3 -- continued

Variables Definition

RN Total number of hotel rooms on July 1
t Time trend (1951 = 1)

\ Number of overnight visitors

VD Number of wisitor days

VE Visitor expenditures

w2 Wage income from the public sector

X Value of commodity exports

pl Cost of living index

p2 Construction cost index
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TABLE 4

DEFINITION OF VARIABLES: ENDOGENOUS VARIABLES

Variables Definition

H Construction put in place

HC Commercial construction put in place

HR Residential construction put in place

LF Civilian labor force

N Total employment

NU Unemployment

N1 Wage and salary workers of the private sector

nl Employment of the sugar industry

n2 Employment of the pineapple industry

n3 Employment in hotels and rooming houses

n4 Employment in the garment industry

n5 Employment in movie houses and other recreation services
né Employment in contract construction

n7 : Employment in construction-related manufacturing (lumber and

wood products, furniture and fixtures, stone, glass and clay)

n8 Employment in food processing, printing-publishing, and
miscellaneous manufacturing

n9 Employment in retail establishments

nlo Employment in wholesale trade, trucking, and warehousing

nll Employment in finance, insurance, and real estate

nl?2 Employment of the transportation industry (other than trucking

and warehousing)
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TABLE 4 =-- continued

Variables Definition

nl3 Employment by communications and other utilities

nl4 Employment in services (other than hotels and recreational
establishments)

nl5 Nonclassified employment

PN 14 Civilian population age 14 or over

Pt Corporate profit

P1 Nonfarm proprietors' income

P2 Property income earned by Hawaii residents from investment in
Hawaii

SL Retail sales

uT Transfer payments

Wl Wage income from the private sector

wl Average annual wage of the private sector

YP Personal income
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CHAPTER IIIX

ESTIMATION OF THE MODEL

Data and Methods of Estimation

Structural equations of the models were estimated with annual time
series data for the period 1951 to 1965. In a few cases where data were
not available for the early years, more recent observations were also in-
cluded in the estimation. Observations on variables used and their sources
are presented in Appendix A. For each equation both rhe linear form and
the logarithmic form were tried, and the form that yielded better results

in terms of the following criteria was chosen:

(1) explanatory power
(2) precision of parameter estimates and the absence of autocorrelation

(3) plausibility of coefficient estimates

A coefficient of determination in terms of natural number of the dependent
variable was calculated for each fitted relation as index of its explanatory
power. In other words, the effect due to transformation of variables has
been allowed for in comparing the explanatory power of alternative formula-
tions.20 Precision of coefficient estimate is indicated by the conventional
t-ratio. Autocorrelation is tested by the Durbin-Watson statistic. Plausi-

bility refers to the sign and magnitivie of coefficient estimates. Whenever

20For example, when the logarithmic value of the dependent variable (say
Y) is used as regressand, the conventional RZ2 measures the percentage of the
variation of log Y that has been explained, whereas the R? of a linear rela-
tion measures the percentage of the variation of Y that has been explained.
The two are not directly comparable. See A.S. Goldberger (1964), Econometric

Theory, p. 217.

O

ERIC Lo

Aruitoxt provided by Eic:



-33 -

a coefficient is estimated with a wrong sign, the original structural
relation is modified.

Numerical results for the "best performing" relation of the structural
equations are presented and discussed below. The relations are estimated by
single equation least squares method.21 Presented for each regression are
coefficient: estimates, with their standard errors placed in parentheses, and

the following statistics:

R2 = coefficient of determination in terms of natural number of
the dependent variable, followed in parentheses by the
coefficient adjusted for degree of freedom

s = standard error of estimate, also in natural number
D-W = Durbin-Watson statistic
y = sample mean of the dependent variable

Since most relaticns are estimated with 15 observations and two regres-
sors, a coefficient estimate is significant at the 5 percent level when it
is 2.2 times its standard error or larger. However, since our main objective
is forecasting rather than testing hypotheses, a regression coefficient is
retained as long as it exceeds its standard error.22 Results of the Durbin-

23 i a1
Watson tests  are mentioned only when the statistic indicates the presence

21Computations are performed using the "BMDO3R" program of the Health
Sciences Computing Facility, School of Medicine, UCLA (revised October 1968).
A supplementary program is used to compute the Durbin-Watson statistic and
to convert estimates of log formulation into natural numbers.

22This amounts to minimizing the estimated variance of the projection.
See H.S. Houthakker and L.D. Taylor (1966), Consumer Demand in the United
States, 1929-1970, p. 7.

23In making this test, the resul-: developed by Theil and Nagar [18] are
also used.
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of serial correlation or when the evidence is inconclusive. 1In the former
case, the relation will be reestimated by an iterative procedure.

In most cases, the estimated relation of the original formulation is
acceptable on both statistical and theoretical grounds. In two or three
cases, however, several alternative functional forms are tried before &n
acceptable one is discovered. These results should be accepted with reserva-
tion since they represent the outcome of curve fitting more than of testing
preconceived hypotheses. Such a situation is marked by a "*" to indicate
that that result should be reevaluated as soon as other sources of data are

available.

Empirical Results

Determination of Proprietor and Property Income

Due to data limitation we depart from the struct .re specified above in
several cases. Separate information for construction put in place for the
three categories specified in our model is not available. However; permit
values for the two categories of private construction (residential and commer-
cial) have been reported since 1958. Consequently, equations (1) and (2)
were estimated in terms of permit values for the years 1958-67.24 Information
on corporate profit was availablz only for 1958-64. In view of the =imple
corporate tax structure of the State, we may expect a simple proportional rela-

. . . 2
tion to hold between corporate net income and corporate tax collections. 3

241968 is not included. Permit value was unusually high for that year

primarily due to the rush to secure permits prior to the effective date of
the new Comprehensive Zoning Code for Honolulu on January 2, 1969,

25Corporate net income is taxed at only two rates, 5.85 and 6.43 percent.
About 88 percent of the corporate tax revenue was collected at the higher rate.

532



~35 -

Corporate tax collection was, therefore, employed as an instrumental variable
for corporate profit in equation (5), where it appears as regressand, and in
equations (2) and (6), where it appears as regressors. Since profits per se
do not enter into personal income, the approximation does not necessitate
any further adjustment to the model.

Variables in this section are measured in units of millions of current

dollars unless otherwise noted.

(1) Residential construction

log HR = -2.306 + .3786 log (APN) _, + 1.226 log YP_

(.330) (.312) 1

R? = .7107 (.6281) s = 20.1 y = 107.8 D-W = 2.213

For lack of information the relatieon was estimated with only 10 observa-
tions (1958-1967). 1In estimating the originally formulated equation, the
estimated coefficient for the interest rate variable came out with the expected
sign but was smaller than its siandard error, while the effect of population
change was both small and negative. Since demand for new housing may respond
to population change with a lag, the relation was reestimated with change in
population lagged one period QAPN)~1. The interest rate coefficient remained
small relative to its standard error so the variable was deleted. Coefficient
estimates are very reasonable. They indicate that housing demand is elastic
to income (income elasticity = 1.226), which is in general agreement with
results of other empirical studies. The response to population growth is

less than unity. This is typical of housing demand as the adjustment takes
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a number of years to complete.26

(2) Commercial construction

HC = -104.2 + .8629 OR_, + .3597 P1_, + 8.856 Pt*_,
(.567) (.320) (4.62)
R? = .8932 (.8398) s = ,8248 ¥y = 63.40 D-W = 2.606

The hypothesized relation for commercial construction is supported by
the data. Of particular interest is the hotel occupancy rate variable (OR)
since it is unique to Hawaii. Our estimated relation indicates that the
increase of occupancy rate by one percentage point will generate about a mil-
lion dollar's worth of commercial construction in the following year. Pt*
is corporate tax collection, which is about 6.3 percent of corporate profit.
The estimated coefficient in terms of corporate profit is about .5, which
is on a par with that estimated for proprietors' income. Both magnitudes
are quite plausible. There were two downturns in commercial construction

during the estimated period-~-in 1961 and 1963--and both are accounted for

by the estimated relation.

(3) Retail sales

log SL = 1.672 + .0947 log HR + .2409 log VE + .1942 log YP_

(.043) (.079) (.150) 1

R% = .9919 (.9884) s=24 7 = 1024 D-W = 1.60

Retail sales for 1957-67 are well explained by the postulated relation,

26The relation will be undefined when population change in the previous

year is negative. Should such a situation be envisioned in making forecasts,
the following linear version can be used:

HR = -69.34 + 2.543 (APN) _, + .0926 YP_

(1.96) 1 (lo24)

1
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both in its logarithmic and its linear form.27 The standard error is only

2 percent of the mean value of the dependent variable. Coefficient esti-
mates are also reasonable. In recent years total visitor expenditures were
about 28 percent of retail sales, so an elasticity of .24 is plausible. The
income (lagged) elasticity of .2 may appear to be too low, but the variable
was intended as an indicator for the demand of necessities while the demand
for discretionary consumer goods is to be associated with restdential con-

struction.

(4) Nonfarm proprietors' income

Pl = -43.39 + .1541 PN + .0622 SL
(.097} (.031)
R? = .9812 (.9771) s = 3.39 7 = 98.8 DW = 1.38

The proprietor income equation is estimated without the trend variable
as originally formulated. Since there is almost perfect correlation between
time and population in our sample, the taste effect associated with time would
have to be picked up by the population variable. The relation was estimated
for 1954-65 because information on nonfarm proprietor income is not available
for earlier years. Coefficient estimates are reasonable. Six percent is a
realistic retail margin. The population coefficient indicates that each
additional person contributed $154 to proprietors other than those engaged
in trade of diversified manufacturing producing for the home market. It

represents a plausible amount spent on medical and other personal services.

O

27Since there was almost perfect correlation (.9928) between lagged
income and government expenditures in our data, the latter was dropped.
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(5) Corporate profit

Pt¥ = .4683 + .0187 H + .0079 X
(.003) (.0088)

R2 = .9088 (.8936) s= ,651 ¥ =6.141 D-W = 1.634

Since information on corporate profit is not available, corporate tax
collections are used as proxies. This may have contributed to the larger
standard error of estimates. Values of retail sales and values of construc-
tion completed are highly correlated in our sample so only the latter is
retained. The coefficient estimate for export is slightly smaller than its
standard error. Nevertheless, as this is the only place where the value of
export appears directly in the model, the variable is retained. Coefficient
estimstes are reasonable. If we inflate the regression coefficients by a
factoir of 16 to account for the fact that profit is about 16 times that of
profit tax, the regression coefficient estimated for exports will be .126,

a plausible profit margin. The coefficient for construction will be .299,
not unreasonable if we remember that this coefficient also picks up the effect

of retail sales, which correlates positively with construction.

(6)* Property income

Estimation of the property income equation as formulated in the model
did not produce meaningful results. Coefficient estimates were unacceptable
on theoretical or statistical ground, And the overall explanatory power of

the regression was low. Several factors may have contributed to this failure.

(1) Variations in corporate profit may not be adequately rejresented

by the variations of corporate tax liability.

AL
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(2) We have too few observations. The relation was estimated for
1958 -68, years for which information on residential construction
is available.

(3) The three components of property income, namely, dividends,
personal rental income, and personal interest income may respond
differently to the independent variables (in terms of time lags,
symmetry with respect to positive and negative changes, etc.)
so that a single relationship fcr their determination is not

appropriate.

A promising alternative, therefore, is to analyze separately the three
components of property income. But information on them is not available at
present. However, we found that property income was well explained by the

total number of residential housing unlts in the following relation:

P2 = -164.3 + 1.978 HN
(. 083)
R? = .9776 (.9759) s =7.07 7 = 114.5 DW = 1.10

The relation was estimated for 1951-65. HN is the number of private
residential housing units on April 1 (measured in thousand units). In our
sample the number of residential housing units is highly correlated with
total visitor expenditures (correlation coefficient is .9834 for 1951-65
and .9912 for 1958-68). A high correlation between this number and other
major contributors to corporate profit such as population and retail sales
is also to be expected. This variable may actually serve as a conglomerate

of factors relating to property income. At any rate, the relation fitted
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performs well both in explaining sample variations of property income and in

predicting property income for 196€-68.

Determination of Employment

Except where indicated, the employment relations for the 14 industrial
groups are esStimated for 1951-65. Employment is measured in persons, popu-~
lation is mcasured in thousands, and sales are measured in millions of

constant dollars. Time (t) is measured with 1951 = 1.

(7) Sugar industry

log nl = 2.321 + .6881 log Q =~ .0231 t
(.099) S (.001)

R2 = ,9762 (.9722) s = 665 y = 16889 D-W = 1,431

The industry is characterized by relatively stable output and falling
employment. Between 1951 and 1965, total output (measured here in 1,000
tons of raw sugar) went up only 25 percent while employment decreased by
about half. The falling rate of employment is reflected in the negative
coefficient estimated for t which indicates that employment (given output)

is falling at the compounded rate of 5.4 percent per year.28

(8) Pineapple industry

log n2 = 3,407 + .3360 log Q =~ .0072 t
(.152) P (.o01)

2

R™ = .8509 (.8260) s = 355 10330 DW= 2.21

<l
|

8 .
Abstracting the output term, the structural form underlying the esti-

. . t
mated equation is: nlt = nlo (1+r) , where nlo is the initial employment.
The rate of growth (r) is related to the estimated trend coefficient, say b,
as follows: r = antilog (b) - 1.
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Like the sugar industry, the pineapple industry in Hawaii has had a
stable output and declining employment during the period under consideration.
Between 1951 and 1965, output showed little change while employment went
down 15 percent. The employment figures used are the number of "Full~-time
Equivalent Employees' reported by the Pinzapple Growers' Association. In-
formation on output of fresh pineapple is available only in recent years.
Previousiy, production was reported in terms of cases of canned juices and
cases of canned pineapples. We have used the value of pineapple production
deflated by a price index of canned pineapple as a proxy for real output.
The fitted relation does not explain the data as well as the case with the
sugar industry. The small variation in output may have caused this. The
coefficient estimated for the trend variable indicates that after allowance
has been made for changes in output, employment declines at the rate of 1.7

percent per year.

(9) Hotel and rooming houses

n3 = -1837 + .5568 RN + 45.82 OR - 196.3 t
(.099) (18.9) (120)
R2 = ,9806 (.9754) s = 368 y = 5175 D-W = 1.615

As information on occupancy rate is not available for the years 1951 to

1953, the relation presented was estimated for 1954-1968.29 In general, the

estimated relation is in agreement with a priori expectation. It indicates

29Employment is explained equally well by another plausible weasure of
output of the hotel industry, namely, the number of visitor days. But for
forecasting purposes, the relation presented is preferable since the number
of hotel rooms can be predicted with greater accuracy than the nivvber of
visitors and their average length of stay.

By
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that an increment of two hotel rooms will add one employee to the hotel
industry. The increase of one percentage point in the occupancy rate will
add 45 new jobs. On the other hand, the labor requirement itself is declin-

ing through time as in the cases of the sugar and the pineapple industries.

(10) Garment industry

n4 = 286.8 + .8405 n4_1 + .3374 v
(.082) (.192)
R? = .9608 (.9552) s = 127 F = 1796 D-W = 1.345
Employment in the garment industry is reported by the State Department
of Labor and Industrial Relations under "textile & apparel.'" However, it

was estimated that in 1964 about 98 percent of this employment was engaged
in making apparel, the rest in dyeing and finishing textile goods.30 For
our purposes, they may be considered as a single industry. The relation
presented above is estimated for 1951-67 since the relation did not perform

well when fitted to the 1951-65 data.

(11)* Employment in movie houses and other recreation services

log n5 = -.842 + 1.714 log GNP(US) - .032 ¢
(.634) (.014)
R% = .6591 (.6469) s = 154 ¥ = 2945 D-W = 1.345

Employment in recreation establishments was first estimated as a function
of population and the volume of visitors to the State (VD). However, the
coefficlent for population was estimated with a wrong sign. Results from

using visitor days and trend were also unsatisfactory. A cursory examination

3oFundaburk, op. cit., p. 129.

30
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of the data reveals that both the number of visitors to Hawaii and the
population of Hawaii are highly correlated with the gross national product

of the United States so the latter was chosen as an instrumental variable.

(12) Contract construction

n6 = 2836 + 83.46 H - 101.0 t
(6.21) (60.9)
R® = .9871 (.9750) s = 401 ¥ = 13150 D-W = 3.01

Between 1951 and 1965, the value of constr'ction completed measured in
real terms more than doubled. This rapid growth, as well as the increasing
popularity of highrises, may entail technological changes in the industry.
We would have liked to introduce the capital-labor ratio as an explanatory
variable in the employment equation, but direct observation on capital is
not available. Depreciation allowance, though, is reported by the State
Department of Taxation and can serve as a proxy. However, 98 percent of
the variation in employment is expiained by the output variable and a time
trend, and the estimated relation appears reasonable. We believe the results
presented, therefore, are sufficient for making short run forecasts. Output
is measured as the value of construction put in place deflated by an index
of construction cost for Hawaii. The growth of labor productivity is
reflected in the negative trend effect. The same conclusion is indicated
by results of the logarithmic relation which also fits the data well. An

3

elasticity of 0.82 was estimated.

(13) Lumber and wood products, furniture and fixture, stone, glass and clay
n7 = ~587.5 + 14.23 H+ 35.22 t
(3.10) (30.28)

R? = .9454 (.9367) s = 200 7 = 1590 D = 1.50

C
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Output data for these industries are not available from published sources.
Since demand for their products is closely related to new housing, we used
the value of construction completed as a proxy. Employment is well explained
by the fitted linear relationship. If we accept the trend effect as signifi-
cant, it would indicate that employment in these industries grows faster than
the demand for n. » housing. The same conclusion can be drawn from the esti-
mated multilog relation where an elasticity of 1.33 is estimated for H and
is highly significant. This may be caused by the substitution of domestiic

product for import.

(l4a) TFood processing and printing-publishing

n8a = -705.4 + 10.71 PN
(.91)

R? = .9140 (.9080) s = 245 7 = 5178 D-W = 1.89

When employment in the remaining diversified manufacture was analyzed
in a single equation, as intended originally, the explanatory powers of the
fitted regressions were relatively low. Closer examination of the data
revealed that employments of the industries included in this group followed
different trends in their variations. They should not be determined in a
single relation. Among the industries included, food process .g and printing-
publishing are by far the largest, and their growth patterns were more
systematic. Therefore, employmen; in these two industries was analyzed

. 5 g
together. The trend variable in éhe originalﬂformulation has been deleted
because its t-ratio was smaller than unity. Indeed, for the period under
consideration, the employment population ratio was remarkably stable. For

example, in 1965, 9.3 persons were engaged in these industries per thousand

of resident population compared with 9.5 for 1951.
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(14b) Miscellaneous manufacturing

log n8b = ~-.2056 + 1.262 log PN
(.249)

R2 = .7474 (.7159) s = 133 y = 2110 D-W = 1.199

This includes a hodgepodge of manufacturing of relatively minor impor-
tance: paper and allied products, leather and leather products, chemicals,
fabricated metal products, machinery, transportation equipment, and an uniden-
tified group. Together they account for only 1.4 percent of total civilian
employment. All but a few of the producing units are small firms employing
less than 20 persons.31 They serve primarily local markets so population is
the main determinant of demand. Understandably, total employment is very
susceptible to random movements of individual components. Changes in employ-
ment as reported were especially erratic before 1958. Consequently, efforts
to estimate a meaningful relation for the entire period of 1951-65 were not
successful. The above relation estimated for 1958-67 is quite significant.
It indicates that employment in these diversified industries has been growing
faster than population, suggesting that tne economy has diversified with the

expansion of the home market.

(15) Retail trade

log n9 = 3.458 + .2868 log SL + .0159 t
(.222) (.003)

R% = .9866 (.9843) s =720 7 = 27562 D-W = 1.457

31Hawaii State Planning Office (1960), '"Manufact -ing, Processing, and
Construction," Eccnomic Base Study of Hawaiji, pp. 2-4.
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Given the structure of the commodities sold at retail, the value added
by the industry is approximately a fixed proportion of its sales. Thus, real
sales may serve as a proxy for output. We found that trend variable added
considerably to the explanatory power of the equatioi.. The estimated coeffi-
cient indicates that employment is increasing at the rate of 3.4 percent per
annum, after the effect of growth in sales has been accounted for. Some

plausible explanations are:

a. substitution of salaried employees for self-employed
b. growth in the relative importance of sales of luxuries or

other items which are labor intensive

The fact that the average number of employees of retail outfits rose from
7.2 to 12.3 persons between 1951 and 1965 is consistent with the first hypo-
thesis. The rapid expansion of the tourist industry may have contributed

to the second factor.

(16) Wholesale, trucking, and warehousing

log nl0 = 1.397 + .9123 1log SL
(.047)

R% = .9668 (.9643) s = 367 7 = 12471 D-W = 2.014

Though we have strong reason to expect on a priori ground that activity
of the housing industry would affect employment in wholesale, trucking, and
warehousing, this conjecture is not supported by our empirical results. How-
ever, 97 percent of the variation in employment is explained by retail sales
alone (measured in millions of dollars at constant prices). And all three
downturns in employment during the sample period are registered by estimated

value from the fitted relation.
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(17) Finance, insurance, and real estate

log nll = -.1206 E .6929 log (n%+nl0) + .2816 log H + .0210 t
(.533) (.103) (.008)

R? = .9935 (.9917) s = 288 ¥ = 7270 DW = 1.483

Employment growth in this sector is explained extremely well by the
logarithmic form of the hypothesized relation. With the linear relation,
however, both the construction and the trend variables are not significant,
and the standard error of estimate is almost twice as large. To the extent
that the regressors used do approximate the volume of business handled, the
result indicates that employment is not linear to output, 1In view of the
nature of the business, this result is reasonable. The two regressor
coefficients sum to approximately unity, thus employment in this sector is

growing at the same rate as in trade and construction.

(18) Transportation

nl2 = =6503 + 26.40 PN - 157.0 t
(3.73) (60.1)

RZ = .9851 (.9827) s = 161 7 = 6740 D-W = .940

Transportation here includes bus lines, water transportation, air trans-
portation, and transportation services. They all serve visitors as well as
residents. However, as the _owth in population and the growth in the number
of visitors are highly correlated in our sample, it becomes difficult to
allocate their relative contribution to the expansion of the transportation
industry. When both variables were included in the regression, as intended

in the model, the coefficient estimated for the number of visitors was

on
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negative and statistically insignificant. Therefore, the functional form
presented is adopted. Test of serial correlation on the basis of the D-W

presented 1s inconclusive.

(19) Communication and utilities

nl3 = -643 + 8.900 PN
(1.17)

R2 = ,9471 (.9430) s = 157 y = 4232 D-W = 1.112

Since the linear form and the logarithmic form of the relation perform
about equally well in explanatory power as well as in other respects, we made
our choice on the basis of their extra sample performances for predicting
employments in 1966-68. 1In this case, the linear form is slightly better.
Employment increased slightly faster than population, suggesting that the
positive effect of income growth more than compensated for technological
growth. Autocorrelation was detected in the residuals of the simple least
squares estimation. The relation above was obtained by an iterative proce-
dure designed to remove the autocorrelation in the disturbances.32 The D-W
statistic presented here is consistent with the absence of autocorrelation

at the 1 percent level by the Theil-Nagar test.

(20) Employment in services other than recreation establishments

log nl4 = ~.4658 + 1.721 log PN
(.204)

RZ = .9381 (.9334) s = 1207 ¥ = 17470 D-W = 1.21

2

The procedure is described in many standard texts of econometrics,
e.g., Carl F. Christ, Econometric Models and Methods (New York: John Wiley
and Sons, 1966), pp. 483-484.
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Since employment in hotels and recreation establishments has been
considered separately, services produced here cater predominantly to the
needs of the resident population. The estimated relation indicates that
the growth of service employment is almost twice as fast as that of the
growth in population. An alternative formulation with employment as a
linear function of population and a trend variable indicates that service
employment increases at the rate of 500 per annum, after the effect of
population has been accounted for. Like the employment equation for commu-

nication and utilities, this relation was also estimated by iteration.

(21) Unclassified employment

This is defined as the difference between total wage and salary workers
in the private sector, as reported by the State Department of Labor and
Industrial Relations, and total employment in all categories under nl to nl4.
The latter is based primarily on the average monthly employment covered by
Hawaii Employment Security Law and also reported by the State Department of
Labor and Industrial Relations. The figure also represents the difference
in coverage between the two series. It averaged 3461 over 1951-68, about
1.5 percent of total employment. The observations do not bear any discern~-
ible relation to total employment as intended in our model. Observations
before 1960 are particularly erratic. After 1960, however, the number has
been decreasing. Therefore, we estimated the following exponential trend
relation for unclassified employmen. per thousand of total employment under

nl to nl4.

log (nl5/ns) = 2.658 - .0958 t
(.010)

R2 = .9597 (.9539)
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According to this relation estimated for 1960-68, the number is decreasing

at the rate of 20 percent per annum.

Determination of Wage Income

Largely as a result of data deficiency, we have made some substantial

changes in our estimated version of the relations determining labor force.
(22) Population age 14 and over

Estimation for equation (22) was complicated by the poor data on popu-
lation by age groups.33 For example, between April 1950 and July 195?, the
data show a decrease of 52,000 for civilian population age 14 or over. But
net outmigration of civilian population for the same period was only 32,000
and deaths 6,600.34 Even +f the 13-year-olds did not grow up, 13,000 versons
are still to be accounted for. Therefore, the relation was estimated with
the first two observations deleted. These estimated relations, however,
were not meaningful with either the sign or the size of regression coeffi-
cients inconsistent with theory.

We note that our structural relation may be interpreted as coming from

the following relation:

PN), = (1-d') PNj, (£-1) + (1-d") BN13(t-1) + p MN

1

where "d" denotes the mortality rate of a certain age cohort. In other words,

33According to Mr. Robexrt C. Schmitt of the State Department of Planning
and Economic Development, data on population by age groups for the 1950s are
extremely dubious due to a questionable method for age allocation employed by
the Bureau of the Census.

34The number of deaths is from the State of Hawaii, Department of Plan~
ning and Economic Development, Statistical Report 66 (April 30, 1969), p. 1l4.
Other data and their sources are shown in Appendix A.
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the l4-year-olds or over this year consists ot the survivors of the l4-year-
olds or over last year, the survivors of 13-year-olds last yeaxr, and the
portion of net immigrants age 14 or over. Rearranging the terms yields the

relation we estimate:

PN, - PN, (t-1) = = d'PN;, (£-1) + (1-d") BN13(t-1) + p MM

14

Since the mortality rate of 13-year-olds may be expected to be closely
approximated by that of the nation as a whole,35 we may introduce the national
mortality rate extraneously so as to reduce the number of parameters to be
estimated from our sample. For 1959-61, the number of deaths per thousand of
6

13~year-olds in the United States was estimated to be .48, or d" = .00048.3

Therefore, we transformed our data and estimated the following relation:

APN, - 99952 PN13(t-1) = = d'BN,, (t-1) + p MN

14
The results, again, were not significant or meaningful. Since the relation
we estimated was essentially a stable demographic relation, the lack of suc-

. R . . 37
cess indicates that the data are inconsistent.

(23) Labor force participation

LF = -68.39 + .5121 PN
(.019)
2 -
R = .9876 (.9863) s = 3.42 y = 256.1 D-W = ,9942

The same is not true, however, about the mortality rate of the group
age 14 or over since Hawaii is known to have a younger population than the
nation as a whole.

36Institute of Life Insurance, Life Insurance Fact Book, 1966, p. 110.

7 . . .
Closer examination of the data revealed that observations for the three
variables are indeed inconsistent for the majority of the years 1951-65.
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Since we failed to estimate a relation for the determination of
poprilation age 14 or over, labor force participation was redefined in terms
of total civilian recident population. Net civilian immigration was also
retained as a regressor since age combination, and thus participation rate,
may understandably be different from those of resident population. Infor-
mation on both migration and labor force for earlier years is questionable.38
And a preliminary analysis revealed that there is a systematic difference
between labor force participation rate for 1951-65 and that for 1958 -68.
Consequently, the relation was estimated for 1958 to 1968. Again, net civi-
lian immigration did nct contribute to the explanation and was deleted.
Nevertheless, the growth in labor force seems to be adequately explained in

this abridged and simplified version, with a standard error amounting to

only 1.3 percent of the sample mean of the dependent variable.

(24) Determination of wage rate

Owl/wl_ ) = 10.61 - 1.556 (NU/LF)
(.330)

R2 = ,6492 (.6200) s = ,999 y = 4.09 D-W = 2.932

The wage rate is measured simply as total wage income of the private
sector divided by total employment of this sector. Admiftedly, this is only
a rough approximate of the wage rate index or average hourly earnings, but
a composite wage index is not available for Hawaii. The coefficient estimate

for the price variable in the original formulation was very much smaller

38
In 1965, the State of Hawaii, Department of Labor and Industrial

Relations revised its labor force estimates for 1958-63. Since the revision

represented some change in methodology, the series before and after 1958 may
not be strictly comparable.
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than its standard error, so the relation was re-estimated as presented.

Both variables are measured in percentage points. The result indicates that
average wage income is quite responsive to the tightness of the labor market.
In the period under consideration, both unemployment and wage increases
averaged around 4 percent. If we consider a 3 percent unemploymeht rate as
equivalent to full employment, then according to the estimated relation, the
average wage would go up by 6 percent. Alternatively, if productivity grows
at an average rate of 3.5 percent per annum, then to keep wage growth in

pace the rate of unemployment would have to be at 4.5 percent.

(25) Transfer payments

log UT = -1.643 + 2.350 log PN65
(.117)

R? = .9710 (.9681) s = 4.105 7 =61.57 D-W = 1.335

Transfer payments are well explained by the simple relation using only
the number of civilian population age 65 or over. Unemployment has been
removed from the original formulation since its coefficient ectimate was
smaller than its standard error. The lack of a significant relationship
between the number of unemployed and transfer payments may be due to changes

in the coverage of unemployment insurance.

Summary

As a whole, the estimated results of cur model may be considered quite
salisfactory. The original structural relations are sustained in most cases.
Of the 25 equations considered, 3 cannot be estimated in their original form

due to lack of information or data inconsistency. These are corpcrate pr. “it,
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employment in diversified manufacture, and labor force. Of the remaining,
in only two cases are the hypothetical relations :rejected by our data such
that entirely different relations have to be formulated. The two cases are
properiy income and employment in movie houses and recreation services. In
a few othar cases, a regressor was dropped because its coefficient was smaller
than its standard error. But in most cases the cause can be traced to high
multicollirnearity or some inconsistency in our information on the variable
involved,

The proportion of variations explained (R2) is generally very hnigh.
This in iteslf is not unusual in time series analysis of aggregate relation,
as long as both the dependent and the independent variables are moving mono-
tonically in one direction. But in the several cases where values to be
explained did fluctuate considerably, as in construction; in employment of
sutch industries as pineapple, garment, recreation, construction, construction
materials, wholesale and warehousing; and particularly in the growth of wage
rates which changed direction seven times in 15 years, the fitted relaticns
generally perform very well in capturing such fluctuations.

In view of the facts that the relations were formulated primarily on
a priori ground without pretesting of any kind, the small number of regres-
sors used in each equation, and restrictions imposed by the requirement of
a recursive model, the agree nt between data and model that we have obtained
is rather encouraging. The real _est of the usefulness of the structure
obtained in this chapter rests in its ability to predic - changes beyond the

sample period. We will turr. to this test in the following chapter.
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Appendix: Determination of Construction Expenditures

As formulated in Chapter 1I, the model is self-contained in that expla-
natory variables used in any equation aye either exogenous or are determined
by some preceding equations. But in the estimated version just presented,
one link has been broken due toc an expediency imposed by data limitations.
Equations (1) and (2) deteiwine the permit values of residential and commer-
cial construction. But what determines employment in construction and
construction-related industries (equations (12) and (13)) is value of con-
struction put in place. A bridge has to be built, therefore, to connect
permit value and value of construct?on completed. Generally, it may take
anywhere from one to two years for the realization of a permit value into
construction, taking into consideration the lapse between the issuance of
permit and the commencement of work as well as construction time. However,
an earlier effort to relate the two in terms of annual observations was not
satisfactory. Therefore, we experimented with a quarterly distributed lag
relation. The distributed lag relation can be written in the following

general form:

C = aOP + alP_1 + aZP_2 +...+ anP-n

where C is private construction put in place in the current quarter, P is
total permit values of private construction in the current quarter, P_1 is

total permit values of last quarter, while P_, and P_n are respectively

2
permit values 2 periods and n periods ago. We let the data determine the

size of n--the number of quarters it takes for total permit value to be put

in place.

63



-56 -
Since 1960, permit values of private construction for all islands have
been reported by the Dodge report,39 and values of bid openings for govern-
ment projects are reported in the General Contractors' Association of Hawaii's
monthly publication Box Scure. Values of construction put in place each month
are reported in the tax base data of the Department of Taxation. However, no
distinction is made in the tax base data between public and private construc-
tion. To estimate government construction put in place we used the following

approximation:

H,=0.2B+0.3B_ +0.3B,+0.258_

1 2 3

where Hg is public construction put in place, B, B B_2, and B_, respec-

-1’ 3
tively are values of bid openings of the current and the last 3 quarters.

This relation implies that on the average a project is completed in 10

months after the contract has been awarded.40 This value is then subtracted
from the total value of construction put in place to obtain the value or pri-
vate construction put in place. A method developed by Almon41 for estimating
distributed lags was employed tc determine a xelation between private construc-

tion put in place and various lagged values of permits. The relation was

estimated for different lengths of lag ranging from &4 quarters to 10 quarters.

39F.W. Dodge Corporation, Cooperative Report of Local Construction.

4O'I‘his phasing formula was based on the work of the Department of Com-
merce, Bureau of the Census in this area. The same pattern was used in the
Economic Research Center's income and expenditures studies (Oshima et al.,
Hawaii's Income and Fpenditures, 1958, 1959, and 1960, p. IV-16).

41A1mon, S., "The Distributed Lag between Capital Appropriations and
Expenditures,' Econometrica (January 1965), pp. 178-196. The method was
found to be successful in predicting quarterly capital expenditures in
manufacturing industries from past appropriations.
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The coefficient of determination changed very little among the four structures
estimated with n between 8 and 5. The one estimated with 6 quarters was
chosen on grounds of statistical significance of parameter estimates and
plausibility of the distribution of lags. The relation, estimated with 31
observations from the second quarter of 1961 through the fourth quarter of
1968, yields the following coefficient for current and lagged values of per-

mits granted:

- = .0876 P + .1901 P_, + .2476 P_2 + .2335 P_3 + .1551 P_, + .0526 P

1 4 5

R% = .9509

In other words, about 97 percent of the total value of permits issued in any
given quarter will be realized during the current and the 5 following periods.
The highest proportion of that value is put in place during the third and

fourth periods.
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CHAPTER IV

HISTORICAL FORECASTS AND SIMULATIONS

Performance of Historical Forecasts

The structures presented in Chapter III can be used to compute the
estimates for the dependent variables associated with a set of values for
the predetermined variables. As the estimated version of the model departs
slightly from the a priori one discussed in Chapter II, it may be converient
for our discussion to review the set of predetermined variables used.

Twenty exogenous and input variables appear in the model. They may be

grouped as follows:

(1} number of gvernight visitors, total visitor expenditures, total
number of hotel rooms, average hotel occupancy rate

(2) total commodity exports, sugar production, pineapple production

(3) sgovernment civilian employment, civilian wage income from the
public sector, public construction

(4) farm income, employment in diversified agriculture, number of
nonagricultural self-employed

(5) civilian residential population, population age 65 or over

(6) conscruction cost index, Honolulu consumer price index

(7) property income from overseas investment, U.S. gross national

product, number of privately owned residential housing units
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In addition, the lagged values of the following endogenous variablzs also

appear in the structure:

residential sonstruction
commercial construction
sroprietors' income

corporate profit tax collections
employment in the garment industry
average wage of the private sector

total personal income

Given a set of values for the exogenous and lagged endogenous variables
listed above, values for the endogenous variables can be calculated in a
straightforward manner from estiunated equations. Our main concern in this
chapter is to investigate the forecasting performances of this structure
under various circumstances. Forecasts were made for 1966 to 1968. These
years, in general, are outside the sample period. Therefore, the performance
of our estimated model in predicting the course of the economy for these
years is a good indication of how well a structure estimated for 1951-1968

will do in making forecasts for, say, 1969-1971.

One-year Forecast with Actual Values of Predetermined Variables

We started with the simplest situation of forecasting. Actual values
of all predetermined variables were used.42 Of course, this situation is

never met in realistic ex ante forecasts. Many exogenous variables are not

42These values are found in the appendix.
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known i advance. Even lagged values of the preceding period are generally
not available at the beginning of a period due to time lag in the reporting
of economic series. But such a hypothetical forecast focuses our attention
on the ability of the equations to explain the behavior of the economy out-
side the sample by removing other sources of errors.

Forecast values for the 30 endogenous variables for the years 1966, 1967,
and 1968 are presented in Table 5 along with their observed values.43 The
error is the ratio of the deviation to the observed value. Thus, an error
of .09 means that the difference between the true value and the value fore-
casted is 9 percent of the former.

In general, the results are quite satisfactory, especially on the aggre-
gate. 1In all three years the forecast error for personal income is 1 percent
or less. The same is true for employment. Components of income are generally
closely predicted.44 Wage income of the private sector, which accounts for
about half of the total civilian personal income, is forecasted to about 1
percent of the observed value on the average. Performances in forecasting
comporients Of employment are mixed. Employments for the following industries
are predicted with less than 5 percent error on the average: retail trade,
wholesale and trucking, transportation, garment, pineapple, and hotel. Em-
ploymeut in finance and real estate and employment in communication and

utilities, on the other hand, are predicted with sizable errors which get

43Except where indicated otherwise, income and expenditures are measured
in millions of current dollars and employment is measured in number of persons.

44Transfer income for 1968 has been increased 13 percent from the level
estimated in order to account for the effect of the 1967 amendment which gave
a 13 percent across-the-board increase to cash benefits, effective the follow-
ing year.
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larger over time. The volume of retail sales is accurately predicted.
Private constructions (permit values) are also predicted fairly well consi-
dering that they are highly volatile. Thus, for example, the downturn of
residential construction in 1967 was correctly predicted. The sizable error
for commercial construction in 1968 is the result of an unusual upsurge of
permits for commercial construction due to the impending change in zoning
regulations.

Though forecast errors for many components of employment are of the
same sign for the three years, in only three cases is there evidence that
observations have progressively departed from the fittad relation over time.
These are finance and communication employments mentioned earlier, as well
as construction materials. We take this finding into consideration later
when tiiese relations are reestimated with the extended sample. The estimates
for construction put in place, with an error around 5 percent, are surpris-
ingly strong, considering its great variability and the many assumptions

involved in developing the estimating formula.

Three-vear Forecast Using Actual Values of Exogenous Variables

We now move cne step closer to realistic forecasting by generating
values of lagged endogenous variables internally. Specifically, we recall
that the lagged values of 7 endogenous variables, including personal income
and construction, are used as explanatory variables. In calculating our
forecasts for 1967, the predicted values of these variables for 1966 were
now used as inputs together with reported values of exogenous variables.
Similarly, the forecasted values of these variables for 1967 were used as

inputs for calculating the 1968 forecast. Though still short of the
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complexities encountered in realistic forecasting, this is a fair measure
of the efficiency of the estimated model in forecasting. By definition,
determination of the exogenous variables is beyond the scope of the econo-
metric model.

The results are presented in Table 6. Forecast values for 1966 are,
of course, identical to those of the one-year forecast presented in Table 5.
For the next two years, the quality of forecasts for those variables relating
to the 7 lagged endogenous variables is generally adversely affected. This
is to be expected since exact information has been replaced by estimates
which contain errors. Fortunately, the differences are small in most cases.
For 1967, the percentage error in absolute terms goes up by only one percent~
age point in almost all cases. Accuracy of forecasts for total employment
and personal income is not notably affected. TFor 1968, the deteriorations
of error ratios for individual components are more noticeable. For example,
the unemployment rate is now underpredicted to a much larger extent. By a
happy coincidence, this exror _.ancels out the downward bias of the wage rate
relation so that the forecast for personal income is actually closer to the
observed value.

For the three-year projections of growth in income and employment,
performance of the model is indeed impressive. Between 1965 and 1968,
observed perscnal income went from $1,721 million to $2,428 million, an
increase of $637 million. The forecasted increase is $630 million, an error
of $7 million or 1.1 percent. Similarly, employment went up by 36.8 thousand
over the same period. An increase of 37.2 is predicted in the model, also

an error of 1.1 percent.
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Comparison with Results from Other Methods of Forecasting

As far as we can tell, no documented method is yet used by 'ny state
agency or private research unit in Hasaii to forecast agiregaic income OT
aggregate employment. And the Ferber-Sasaki study mentioned e rlier is the
only know: attempt of forecasting components of employment and wage rates
by statistical method.

The most straightforward technique of forecasting is th. ‘xtrapolation
of past trends. Among the commonly used trend re:ations, th exponential
trend usually gives fairly close approximation to the growth path of income.

Generally, the relation is written as
YP = YP. (l+r)©
t 0

where YP0 is personal income in the current period, YPt is the predicted per-
sonal income t periods (years) from now, and r is the annual rate of growth.
In other words, we assume that income will grow by a constant perce. tage every
year just like a sum of money ’ent at a given rate of interest compounded

annually. The relation can be estimated through a simple logarithmic trans-

formation as

log YPt = log YP, + t log (1l+r)

0

bo + blt

The rate of growth r can be obtained from b1 as

r = antilog (bl) -1

A relation like this was used by the Department of Taxation of Hawaii to
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predict personal income for :-he projection of general fund tax revenue.
In accordance with our general approach, we estimated the following

trend relation for personal income for 1951-65:

log YP = 2.781 + .031 . t R = .9793
(.00 3)

This relation implies an annual -ate of growth of 7.53 percent. Using this
relation and personal income oi 1965 as our base, the predictions for 1966

and 1968 are as follows:

Predicted
Observed Income Error
Income ($ mil,) (%)
Year (8 mil,) 1-yr. 3-yr. 1-yr, 3-yr.
1966 2005 1941 1941 .2 3.2
1967 2165 2155 2087 0.5 3.6
1968 2428 2328 2244 4.1 7.6

The errors of forecast for both the one-year and the three-year predictions46
are considerably larger than those of our model.

A more sophisticated forecasting foruula for personal income was devel-
oped by Norman and Russell, After experimenting with various exogenous fac~

tors related to Hawaiian income on a priori ground, they chose the following

5The relation they used in 1969 to project personal income through 1976
was
log YP = 3.5687 + .0423 t.
This implies an annual rate of growth of 10.23 percent.
46
In the one-year prediction the observed income for 1965 was used to
make forecasts for 1966, the observed income for 1966 was used to predict

income for 1967, etc. In the three-year prediction only the observed income
for 1965 was used,

-t
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as an expeditious model for predicting personal income in Hawaii:47

Y = -188.2 + .414 POP + ,587 GNP + .826 E_

(-1.6) (1.7) (5.8) 1

where Y is Hawaiian quarterly personal income (in $ mil.), POP is Hawaiian
residential population (in 1,000), GNP is U.S. gross national product at
annual rate (in $ bil.), and E_1 is the lagged residual of the equation.
Placed in parentheses below, regression coefficients are their t statistics.
The relation was estimated with 36 observations from the second quarter of
1958 through the third quarter of 1967.

We made a one-year forecast on the personal income for 1968 using the
above relation as well as the following observed values for Hawaiian popu-

lation and U.S. gross national product:

POP (1,000) US/GNP ($ bil.)
1968 -1 760.9 835.3
1968 -IT 768.1% 858.7
1968 -111T 775.2 876.4
1968 -IV 791.4% 892.5

7Norman and Russell, op. cit., p. 97. The formula was introduced by
the authors primarily for illustrative purpose, since forecasting income was
beyond the scope of their study. We used it to make comparison because no
other forecasting formula was available.

8Population figures for the first and the third quarters are those
reported for January and July by the State of Hawaii, Department of Planning
and Economic Development, in its Statistical Report No. 66 (April 30, 1969).
The other two figures are the simple averages of the January and July figures.
The GNP figures are from Survey of Current Business (October 1969).
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The results are as follows:

Predicted Income

Observed with E_; without E_,
Income
I 653 639 --
II 654 645 634
III 678 655 647
v 721 683 663
Total 2706 2622 2583

Data on observed income are aggregated from monthly figures published

in Business Week, not seasonally adjusted. The annual total came to within

one million dollars of that in the Survey of Current Business. Understand-

ably, when the error made in one quarter is taken into consideration in fore-
casting the next quarter, forecasting errors are reduced considerably. But

since such information is not available when forecasting one year in advance,
the second series presented above is relevant. 1In either case, the forecasts

are not as accurate as those generated by our model.

Multiplier Analysis

Compared with the two simpler forecasting formulas considered, our model
requires considerably more information as input, but the forecasts it generated
have proved to be far more accurate and detailed. The payoff does not end
here, however. The model can also be used to predict the effect of any change

in the external conditions represented by exogenous variables. This ability
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is relevant both for forecasting and for policymaking. More often than not,
our vision on the future trend of some external factor is not definite but
consists of a series of alternatives held with various degrees of confidence.
For example, if at the end of 1968, we were to predict the growth in the
number of visitors for 1969, the outcome would depend on several rather un-
certain factors; namely, the award to airlines of new routes serving Hawaii,
the inauguration of the new '"jumbo" jet, and the troop level in Vietnam,
What would appear on the horizon then are several possible rates of growth
for tourism. And our model can indicate their implications in terms of in-
come and employment. The policy application of such analysis is well recog-
nized. Some of the exogenous variables are subject directly to governmental
control such as government expenditures and public construction. Others

can be influenced by government policy, such as the number of visitors,

cost of housing, and population. The effect of many government policies can,
therefore, be evaluated.

The full effects of many economic changes often take more than one year
to work out. To account for this, lagged values of both input and endogenous
variables appear in various places in the model. We can, therefore, distin-
guish between the impact effect and long run effect of a change. In our
analysis below, impact effects refer to those realized in the same year in
which the change takes place. The length of time relevant for analyzing the
long run effects, on the other hand, is not the same for all changes. We

will consider the five-year effect for illustration.
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The Impact Effects of Expansion in Tourism

In the most general case, an expansion in tourism may be expected to
affect three exogenous variables in the system, namely, the number of visitors
(V), total expenditures of visitors (VE), and hotel occupancy rate (OR). As
an example, we evaluated the impact effects on income and employment in 19606
resulting from an increase in visitor expenditures of $10 million by a larger
number of overnight visitors. At the expenditure rates of 1966-68, the
corresponding increase in the number of visitors would be 25,000, or a 3.5
percent increase for 1966. Assuming that they stayed for the average length,
this would also bring about a 3.5 percent increase in hotel occupancy rate,
or 2.9 percentage points on the basis of the then prevailing rate of 83.7.

In sum, the package change in tourism was:

A VE = 10 ($ mil.)
AV =25 (1,000)
AOR = 2.9 (%)

This will be referred to as a unit of change for our analysis.

The results presented iu Table 7 are quite interesting. Values origi-
nally forecasted for 1966 are presented in column 1 (under EY). Changes
resulting from the one unit of hypothetical expansion in tourism appear in
the second column (under P=1), followed by changes resulting from 2 units,
3 units, and 4 units of expansion. Consider the :ffects of a unit growth
(P=1). The increase in tourism promotes retail sales by approximately the
same amount, and it boosts employment for the following industries: hotel

and rooming house, garment retail, wholesale and trucking, finance and real
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estate. In sum, an extra 25,000 visitors creates 390 new jobs, sends up the
average annual wage rate by $11, and adds $4.74 million to personal income.
Looking across the table, we note that the effects are approximately linear.
That is, the effects of doubling the size of the expansion would approximately
double the effects across the board. Thus, our study estimates an impact
multiplier of 0.47 for tourist expenditures. An earlier study by the First
National Bank of Hawaii (now First Hawaiian Bank) found that 55 percent of
visitor expeunditures became income to Hawaiian residents. They arrived at
this result by analyzing the expenditure pattern of visitors and how the
recipients of visitor dollars allocate their revenues. In the words of the
author, "all expenditures...are traced to the point at which they either leak
out of the\State or become income tc residentc of the State."49 The close

agreement of the two results from diffcrent methods is indeed encouraging.

The Impact Effects of Expansions in Sugar and Pineapple Exports

The unit of expansion chosen for the sugar industry is as follows:

A QS

10 (1,000 tons)

AX

1.5 (8 mil.)

Ten thousand tons of raw sugar represents slightly over 1 percent of the
average annual output level in the years 1966-' R, At the 1968 price of $1438
per ton, it commands an export value of approximately $1.5 million. The
impact effects are presented in Table 8. The scope of the impact is consid-

erably smaller than that of the tourism industry as fewer industries are

9First National Bank of Hawaii, Department of Economic Research, The
Impact of Exports on Income in Hawaii, p. 6, p. 35.
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linked directly to the sugar industry. However, the size of the income-
creating effect is identical to that of tourism. A $1.5 million increase
in sugar exports and production results in an increase of $.71 million for
personal income, or 47 percent of the increase in export value becomes in-
come to the residents in llawaii. The effect is again linear in spite of

the logarithmic employment function for the industry.

The unit of expansion for the pineapple industvy is a $5 million in-
crease in both real output and export. The impact effects are shown in
Table 9 with 32.6 percent of the increase in export revenue becoming income

to residents.

Unlike the case with the expansion of tourism, the income-generating
rates from expansions in the sugar ard the pineapple industries are consi-
derably lower than those reported in the First National Bank study cited
above. The rates they estimated for sugar and pineapple were 67 percent
and 53 percent respectively, compared with 47 percent and 32 percent. Part
of the discrepancy may be due to the fact that we are not measuring exactly
the same thing. The First National Bank study measures the percentage of
the total export revenue that becomes personal income, or the average income-
generating rate. Our study measures the percentage of an increment in export
revenue that bacomes personal income, or the marginal income-generating rate.
Apparently, this difference is much more consequential for the sugar and
pineapple industries than it is for tourism, a service industry. Also, the
impact of commodity export is probably underrepresented in the estimated

version of our model.
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The Impact Effects of Government Expenditures

To evaluate the effects of an increase in government expenditures, we
have to determine first the allocation of the extra spendings. 1In recent
years, the state and local governmentg have been spending an average of 46
percent of their operating expenditures on wages and salaries to government
employees. Thus, we defined the following as a unit of change in government

operating expenditures:

AGE =5 ($ mil.)
AW2 =25 ($mil.)
A NG = 373

A HG = 2.5 ($ mil.)

The impact effezts are shown in Table 10. The impact multiplier at
1.2 is by far the largest of the changes considered so far. This is due to
the way we assume the addition in expenditure is to be allocated. Half of
it goes directly to wages; the remainder goes to construction, which also

has a high income-generating effect:.)0 Then the addition of over 500 jobs

boosts the wage rate by $15 which adds much to personal income.

Dynamic Responses and Long=Run Multipliers

In computing the impact effects of external stimuli we have not taken
full account of the secondary effects resulting from the spending and re-
spendings of the additional income. This is generally referred to as the
multiplier effect, suggesting that income generated by an increase in

autonomous spending is often several times that of the initial increase.

50The impact multiplier for construction was estimated to be .68.
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We computed the multiplier effects of t¢he various changes discussed at the
end of five years. The computation was done as follows. The values of all
the exogenous variables except those mentioned below were held at the levels
observed in 1966. To make the simulation more realistic we allowed popula-
tion to grow by 20,000 per year, which was the average size of growth for
1966-68. And, of course, the trend variable increased automatically. The
economy was allowed to operate for five years under this condition. This is
a simulation of how the economy would operate when all predetermined variables
except population and trend were 'frozen" at their 1966 levels. The simula-~-
tion was then repeated incorporating one of those packages of changes intro-
duced in 1966, and the predetermined variables affected were held at their
new level throughout the five-year period. The differences at the fifth
year between the two runs then measure the effects of the changes after they
have had a period of five years to make themselves felt.

We did this for the three changes in the external sector that are dis-
cussed above. Their effects on selected variables are presented in Table 11.
As expected, the changes are much larger and far more extensive then those
reported under the impact effects. For example, take the case of tourism
expansion and compare the first column in Table 11 with the column headed
"P=1" in Table 7. The impact is felt initially only by those sectors directly
related to tourism, such as the retail and the hotel industries. With the
second table the effects have spread to other sectors, notably tﬁe construc-
tion industry. This is reflected in a much larger increase in employment,
633 compared with 390, and an even larger increase in wage rate. All told,

the expansion of personal income resulting from a $10 million long-run

8b
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TABLE 11

FIVE-YEAR MULTIPLIER EFFECTS ON SELECTED ACTIVITIES
OF TOURISM OR TRADE EXPANSION

$1.5 mil. $5 mil.

$10 mil. increase in increase in

increase in sugar pineapple

visitor export and export and

Activities expenditures production production
Residential Construction 1.525 0.221 0.545
Commercial Construction 0.546 0.143 0.445
Retail Sales 13.37 0.426 1.052
Construction Completed 1.754 0.318 0.867
Private Wage Rate ($) 68.41 10.33 25.667
Private Wage Income 16.63 2.458 6.180
Private Employment (1,000) 0.633 0.087 0.228
Unemp loyment Rate (%) -.197 ~-0.027 -0.071
Personal Income 17.59 2.489 6.255

8¢
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increase of visitor expenditures is now almost $18 million instead of the
$5 million realized during the first year of the change. Similar stories
occur in the cases of expansions in sugar and pineapple. The multipliers

for them are respectively 1.7 and 1.3.

8y




CHAPTER V

FORECASTS

Methodology

Revision of the Structure

First, we reestimated the structure presented in Chapter III using all
the information at our disposal. Generally, this means extending our sample
for each equation from 1951-65 to 1951-68.51This updating serves the dual
purposes of improving our coefficient estimates through a larger sample as
well as providing some indication on the stability of the structural rela-
tions. When the new coefficient estimates for a given equation are within
two standard errors of their previous estimatas, we may assume that no
structural changes have taken place for that sector recently.

The new structure for making the 1969-73 forecasts is presented below.

Of the 26 equations (1), (2), (3), (9), (21), and (23) are the same as those

in Chapter III. Since data used in these relations are not svailable for
earlier years, observations for 1966-68 were already employed in their first
round estimations. Among the remaining relations, evidence of structural
changes was detected in only three equations. The population parameter
estimated for the determination of employment in food processing and printing-
publishing (equation 14a) represents a significant departure from that obtained

earlier. The same is true for the determination of employment in communication

and utilities (equation 19).

51The equation for transfer payments was estimated for 1951-67. A 13
percent across~the-board increase in benefiit payments took place in 1968. We
chose to handle the effect of this structural change hy adjusting our estimates.

-81-~
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From the data, we note that in 1967 there was a sizable dip in the
employment in food processing in the face of an expanding population, while
there was a sizable increase in employment in communication and utilirties.

A linear function instead of a logarithmic one was picked for the determina-
tion of employment in finance and real estate. The trend variable was also
dropped. It seems that employment in this sector has leveled off in recent
years so that a logarithmic relation resulted in sizable overestimation of
employment. For other equations, the use of larger samples has led to
improved estimates in general. Coefficients of determination are higher in
most cases, some substantially. In most equations t-ratios for coefficient
estimates are higher, indicating that parameters are estimated with greater
precision. For example, the coefficient of 2xport in the profit equation,
which was slightly smaller than its standard error in the relation estimatad

for 1951-65, is now 1.7 times its standard error.

Forecasts of Input Variables Made by OCther Researchers

Forecasts of the following variables are obtainable for at least part
of 1969-73: Hawaiian civilian population, number of overnight visitors,
number of hotel rooms, and gross national product of the United States. The
forecast values for 1969-73 and their sources are presented in Table 12.

On the basis of the number of overnight visitors and the inventory of
hotel rooms, visitor expenditures and hotel occupancy rates were inferred
as follows, The average length of stay for westbound visitors declined
steadily during the period of observation, from 25 days in 1951 to 11.3
days in 1968. But the records also ghow that it has stabilized in recent

years. The values for the last four years beginning with 1965 were 11.9,

e
=
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STRUCTURE USED IN FORECASTING 1969-1973

() log HR = -2.306 + 0.3786 log (APN)_, + 1.226 log YP_, R® = .7107
(2) HC = ~-104.2 + .8629 OR_, + .3597 PL_, +8.856 Pt_ % =.8932
(3) log SL = 1.672 + .0047 log HR + .2409 log VE+ .1942 log Yb_,  R* = .9919
(4) P1 = -58.51 + 0.2047 PN + 0.0467 SL r? = .9872
(5) Pt = -0.7621 + 0.0183 H + 0.0126 X R? = .9415
(6) P2 = -167.5 + 2.001 HN R = .9870
(7) log nl = 2.190 + 0.7294 log Q_ - 0.0219 ¢ R = .9766
8 logn2 = 3.539 +0.2713 log Q - 0.0081 ¢ R? = .8966
(9) n3 = -1837 + .5568 RN + 45.82 OR - 196.3 t R = .9806
(10) n4 = 258.5 + 0.8842 n4_, + 0.1663 V R? = .9680
(11) log n5 = -0.0636 + 1.402 log GNP - 0.0255 ¢ r? = .8703
(12) n6 = 2793 + 82.90 H - 80.80 ¢t R? = .9823
(13) n?7 = -521.9 + 14.89 H + 11.73 ¢t R? = .9336
(142) nBa = 845.9 + 7.672 PN R? = .7790
(14b) 1log n8b = =-0.5073 + 1.371 log PN | R? = .8248
(15) log n9 = 3.097 + 0.4137 log SL + 0.0144 t R2 = ,9924
(16) 1log nl0 = 1.637 + .8311 log SL R2 = ,9637
(17) nll = -7173 + .3171 (n9 + nl0) + 12.58 H R? = .9825
(18) nl2 = -7668 + 28.99 PN - 186.7 t r? = .9890
(19) nl3 = -5204 + 17.20 PN R = .8585
(20) log nl4 = =0.8833 + 1.875 log PN R? = .9648
(21) log (nl5/ns) = 2.658 - 0.0958 R? = .9597
(23) LF = -68.39 + 0.5121 PN R% = .9876
(24) (awlfwl_) = 10.67 - 1.587 (NU/LF) 8% = .5597
(25) log UT = 0.4658 + .7574 log PNG5 + .0255 t r% = 9848




-84~

€(6961) T-N-69 °ON 1x0day °sa1xa§ uorjzosloag oTwouody TruUOTIBN ‘UOFIBIdO0SSY SuTuuB]d TBUOTIBN

*3x33 9yl UI PaqIlidsap aae Suolldafoid Sujurewex syl SUTATISP 10 SPOYISK

*0¢1 *d ‘6//8/61 03 suorjloaloag dSTwouody JeUOTIEBN
/®

‘g9 *d ‘(g961) Yoieosoy WSTANOL 8, Fremeq ‘33Twyds °D .M\m

*sieak snotaaad omj 2yl 103 SI0ITSTA JO ©IBI ylmoxd

a8easAe o2yl 3@ #0188 []IM Swool T3j0Yy JO Iaqumu 3yjl 8yl Sutwnsse £q paure3lqo 3xsm s3In3TF. om3 3ISB] BUL °8F
*d €(3961) Tx0doy yoawsosey [enuuy ‘neaing SI0IFSTA FTTBMBH UO PSseBq 319M SUOTIBAIISQO 291yl ISIATI BYL —

/9

*(6961 4T 1°qUOAON) ,uBld [EIduUa) 938IS 9Y3 uT suorldafoxg
uopjeindod Jo UOTSTAdY Wriajuy, ‘jusudoysasg oFwouody pue 3uluuBId JOo Juswiaedaq STremeq Jo 23BIG —

/0

6121 8ET1 €901 £66 L26 \mA=0HaaHn $¢) °s°n jo 3onpoad [EUOTIBU SS0IH
g zeT 6°8¢1 1 TA 1R AAS AAN (00T=£9 °92Q) x°pul 2oFaxd I3WRSVOD NTNTOUCH
°982 9°¢2L2 9°6S¢ TANA T4 6°8¢C (00T=%S-0G) X3pufl 3802 UOTIONIJSUOYD
LEO6C £628¢C £96/2 2589¢ 08092 pafordws-3798 [eanjTnoraSeuou JO IIQENN
€129 €129 £129 €129 £129 jusufordus wieg
VANA] 9°GY 6°€Y A4 9°0% swoouT waeg
61 L7A 961 141 L2t S]USWISIAUT SBISIIA0 WOIJ SWOOUT
G°8¢9 9°£09 G°LLS T °8Ys 1°%2s 103998 277qnd 3y3 wWoiy SWOOUT IFem UBTTTAT)
68€8L %009. S1L€L T1STL 08869 JusmAojdud UBT]FATIO FUSWUIBA0H
1°€81 1°€81 1°€81 1°€81 1°€81 pe191dwod UOEIONIISUOD ITTqng
8°CTY 8°80% L°T0Y °E6¢E £°68¢ s3aodxe £3ppoumod TeIO]
6121 6121 6121 6121 6121 (suol gpo°1) uorzonpoad ae3ng
66 66 66 66 06 (eo1ad g4-/%61 38 UOTTTTW ¢§) uoflonpoad ayddesurg
€901 £68 86L 91/ %09 saanjtpuadxa 103TSTA TBIOT
%012 8681 011 6.1ST €8¢1 [o51031TSTA Jy8TuIaA0 JO I3qUNN
g9 19 6°29 [AR Y £°Z8 (%) @3ea Aouednoso 330y 98wiaAy
£801S GLS9Y GTLTY 0TO%E 19452 \mmsoou 1930y jo Iaqunu Te3l0],
6°SY 8° vy L'ty 9°TY 9°1Y 13A0 X0 G9 a8 uorjeyndog
8°1¢8 £°208 rAR%:74 9° %9/ VA2 7 \MEOHumazmom JUapIsSal UBTITTATD
€L61 L6t TL61 0L61 6961 sa1qeTIep

SYD I IWUNTIITInT Y

PO Vis s iaws

vV ahdria Awilats

AYT apon

ak. aaoar

SITEVIGYA AQVNIWITHIA J0 SINTVA QAIOHAL0dd

1 T19vVlL

O

92

Aruitoxt provided by Eic:

[E



-85 -

11.7, 11.3, and 11.3.52 We assumed, therefore, that the average length of

stay will be stabilized at 11 days for th: forecast pericd. Consequently,
total visitor days would grow at the same rate of visitors. Average visitor
expenditute per day was also quite stable in recent years. They were $39.0,
$41.7, and $39.6 for the years 1965, 1966, and 1967, respectively.53 For the
years 1968 -73 we let it increase at the observed or predicted annual infla-
tionary rate of the cost of living index for Honolulu.54 The average length
oY stay, the average expenditure per day, ard the number of overnight visi-
tors allow us to compute total visitor expenditures. At the same time, the
growth of total vis?tor cdays and the growth of the total number of hotel rooms
allow us to infer the occupancy rare. The results are shown in Table 12.

To predict the number of age 65 or over in the population, we note that
this group behaved very systematically for the years 1960 to 1968, rising
gradually and then leveling off, with a mean of 5.37 (percentage poiat) and
a standard deviation of 0.226, For the years 1969-73 we held this proportion
at 5.64, the average for 1966-68, and calculated their number from the pro-

jected population according to this ratio.

Estimation of Other Input Variables

Projections for the remaining predetermined variables are not available

from outside sources. Procedures used to estimate their values through 1973

52Hawaii Vigitors Bureau, Annual Research Report, recent issues, Table 1~

33 Robert C. Schmitt, Hawaii's Tourigm Reseaxah (State of Hawaii, Depart-
ment of Planning and Economic Development, Novewber 1968), p. 33, p. 35.

54This inflationary rate was 4.l percent for 1968 and 5.2 percent for
1969. The projected rates discussed in the next section are 4 percent for
1970 and 3 percent for 1971-73.
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are discussed below. Where applicable, simple projecting formulas were used.
The choice of these formulas was data oriented. A particular functional

form was chosen primarily because it fit the sample data well. In some cases,
estimates were made by judgment based on contemporary developments. The
approach must, however, be considered expeditious and the resulting projec-
tions tentative. They can be improved on with a more extensive search of
published materials and interviews with knowledgeable businessmen and govern-
ment cfficials. Fortunately, revision of our forecasts with new values for
predetermined variables can be done very ecasily.

Sugar, pineapple, and other exports. Both thz sugar and the pineapple

industries in Hawaii are confronted by shortages of land and labor. As a re-
sult, output has been quite stable for the last several years with variations
accounted for primarily by weather conditions or labor disputes. Therefore,
we assumed that annual output over the forecaét period will remain at the
average level achieved for 1966-68. The prices of cane sugar and pin:apple
depend primarily on their own supply conditions as well as the supply condi-
tions of their close substitutes throughout the world. In the past, they did
not follow the trend of other prices but have been fairly stable. For lack
of better information we assumed that they will remain at the 1966-68 level.
Other major exports are canned tuna, tropical agricultural products, garments,
and scrap metal. Of these, garment is by far the most important. Export of
tuna and scrap metal has been stagnant. The demand for the remaining "exotic"
island products depends on the number of people introduced to them. The
following relation was estimated for 1955-68 and used to predict the volume

of exports other than sugar and pineapple:
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XR = 18.00 + .0471 V_1 : R™ = .9230
(.004)

Government activities. Activities of the public sector are represented
in the model by government civilian employment, wage income of civilian govern-
ment employees, and public construction expenditures. We used the following
relation estimated for 1951-68 to determine employment by state and local

governments on the basis of population:

log NGs = 2.807 + .5059 log PN_l + .0152 t R™ = .9763
(.472) (.006)

Reliable information for federal civilian employment was available only
for the period 1958-68. The following relation was estimated:
NGf = -7736 + 2§.04 PN_1 R2 = ,9808
(1.25)

Defense-related civilian employment, however, is obviously determined
by different factors which are difficult to quantify. It was nct related in
any mean:ngful way to the number of military personnel stationed in the
Islands. However, for 1958-67, it was closely related to national defense

spending as follows:

NGd = 11845 + 138.4 DS R™ = .9091
(15.5)

where defense spending (DS) was measured in billions of dollars. For the
years 1969-71 when some information on the defense budget was available, the
above relation was used. For the remaining years we assumed that the defense
buaget will be held at the 1970 level as higher priority in our national

policy will be given to other needs of the country. The total wage bill for
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civilian government employees was inferred from employment using the

following relation estimated for 1958-68:

W2 = -285.3 + 9.02 NG + 9.424 t R” = .9949
(1.12) (2.56)

Public construction completed is perhaps the most difficult to estimate
by any simple relation. There is some prima facie reason to believe that
given the capacity of the construction industry as well as the availability
of funds, there will be some competition between prrivate and public construc-
tion put in place in a rapidly growing economy. Consequently, with the level
of demand held constant, the two kinds of construction would be negatively
correlated. Accordingly, we tried to explain public construction in terms
of lagged population changes and private construct:ion expenditures. But the
relation was not significant. The projected level of public construction has
to be determined, therefore, by judgment.

Employment in diversified agriculture and nonwage workers. Employment

in diversified agriculture consists of wage and salary employment other than
sugar and pineapple, agricultural self-employed, and agricultural unpaid family
workers. As reported by the Department of Labor and Industrial Relationms,
their total has been quite stable since 1960 without any notable trend. How~
ever, the data were estimated by intrapolation on the basis of census data

for 1950 and 196055 and may contain sizable measurement errors. Any relation

estimated from them, therefore, is of dubious value. We assumed that their

55State of Hawaii, Department of Labor and Industrial Relations, ''De-
scription of Method of Estimating Labor Force Data " (January 1965), p. 1.
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total will remain at the average level of 1966-68 for the next five years.
The interaction between this employment and the rest of the economy in our
model is confined to the rate of unemployment and wage rate. Since the size
of this employment is so small relative to total employmert, any alternative
realistic assumption concerning the growth rate of such employment will have
a negligible impact on the forecast values of other variables.

Other nonwage workers include nonagricultural self-employed, unpaid
family workers, and domestics. Accurate information on them is available
only in census years. Figures for the first two for other years were esti-
mated by the Department of Labor and Industrial Relations from the number of
employment units on the basis of their ratios reported in the 1960 U.S. Cen-
sus., The number of domestic workers was estimated from population by the
same principle.56 However, the total figures obtained by them for the years
1958 -68 are closely related to population alone in the following relation:

NS = -2353 + 38.20 PN R2 = ,9901

{1.27)

which was used as our predictor.

Others. Other predetermined variables are property income from over-
seas investment, farm income from diversified agriculture, the total number
of private residential housing units, consumer price indexes, and indexes
for construction costs. We expect the volume of overseas investment held by
residents of Hawaii to depend primarily on population of the State, wnereas

the profitability of such investment depends on the state of -he national

56Ibid., p. 2.
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economy. This conjecture was borne out by empirical results. Income from
overseas investment on a per capita basis is well explained by gross national

product in the following relation estimated for 1951-68:

P3/PN = -28.19 + .2172 GNP (US) R = .9790
(.008)

The regressand is measured in dollars and the regressor is measured in bil=-
lions of dollars. The relation was used to predict income from overseas
investment on the basis of projected population and gross national product.
For one-year furecasting, the growth in the number of residential hous-
ing units can be predicted fairly accurately on the basis of the number of
housing units authorized during the previous year. To forecast more than
one year ahead some formula has to be devised. The most promising determi-
nants seem to be real value of private construction put in place and permit
value. of residential construction for the pervious year. Both are generatad
by our model. However, neither variable succeeded in explaining the annual
changes in residential housing units for 1952 -68. It has been noted by other
observers of the economy that at least since 1958, the year-to-year increase
in housing inventory in Oahu and the annual growth in total employment tended

to move together.57

Accordingly, the following relation was estimated for
1958-68:

OHN = 4,229 + .330 AN R2 =,7011

(.08)

Theestimated values calculated from this relation pick up most of the turning

57Bank of Hawaii, Review of Business and Economic Counditions (December
1969), p. 8.
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points during 1958-68. The relation was incorporated into our model for
forecasting purpose.58
From 1960 to 1968, the cost of living index for Honolulu was increas-
ing at the average rate of 2.4 percentage points per year.59 Then it jumped
5.3 percentage points in 1969. 1In all likelihood, 1970 will remain an infla-
tionary year as labor unions will press for sizable wage increases to catch
up with inflation that has already taken place. We expect the cost-of-living
index to go up another 5 percentage points during 1970. After that, we
assumed that inflation will finally be brought under control. However, we
expect the rate of inflation in the'70s to be generally higher as more re-
sources are diverted to improve the enviromment. Cleaner air will be pur-
chased through higher prices for automobiles and gasoline. We assumed that
the cost~of-living index will be increasing at 4 percentage points per year
for 1971-73, or approximately an inflation rate of 3 percent. The cost of
construction index published by Builders Report Pacific increased at an
annual rate of about 5 percent in recent years up to 1968. The cost increase

for 1969 was estimated to be 13.7 percent by the Bank of Hawaii.60 The

demand for new housing in 1970 presents a mixed picture. On the one hand,

8 ... . , .
Since total employment is endogenous in our model, the relation has
to be integrated into the s$tructure of the model. It does not affect the
recursiveness of the model as income is not used as a determinant,

59The index was based on December, 1963. The rate of inflation for this
period was 2.5 percent.

6OThe value of total construction put in place in 1969 was estimated at
$640 million. Of the $177 million gain over 1968, $77 million represented
an increase in cost of construction. (Bank of Hawaii, Review of Businesg and
Economic Conditions, December 1969) p.l0.
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there will still be a sizable backlog resulting from the large volume of
authorized construction in 1968 and 1969; on the other hand, the tight money
and the recent dip in tourism will have a dampening effect. Based on our
expectation about labor costs for 1970 and general costs thereafter, we
assumed an 8 percent increase for 1970 and a 5 percent increase for each of
the succeeding years.

We were unable to estimate a statistically and theoretically acceptable
relation to project income of farm proprietors. Since we have assumed that
employment in diversified agriculture will remain stable for the forecast
period and the scope of productivity change is likely to be limited, farm
income was allowed to grow at & percent per year. This growth rate is higher
than the rate of inflation projected for consumer prices in order to account

for labor intensiveness in agriculture.

Forecasts for 1969-1973

Two sets of forecasts are presented below. In the first set, the fore~
casts were made using only information that was available by the end of 1968.
The extraneous forecasts are those published before 1969.61 Projections for
the remaining variables were prepared according to procedures previously
described using pre-1969 information. The only exceptions are the consumer

cost index and the construction cost index. Since they are projected on the

basis of judgment, we cannot unlearn what we already know. The second set

1The population forecasts that we used were released in November, 1969.
However, the birth rate projection was based on the national rate published
by the Bureau of the Census in late 1967, and the projected net immigration
was simply the 1960-1967 average. The projection could conceivably have been
made in 1968.
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consists of a fevision of the forecasts for 1970-1973, utilizing all relevant
information that had come to our attention by the time of computation (March,

1970} .

Preliminary Forecasts for 1969-1973

Forecasts for 1969-1973 obtained from direct application of the procedure
described in the last section are presented in Table 13.62 The growth rates
of personal income forecasted for the five years are: 9.0, 8.2, 10.0, 9.8,
and 10.7 percent, or an average of 9.5 percent which is lower than the 10.7
percent observed for 1966-1968. The growth rate for employment is around 3.4
percent, which is quite a bit lower than the 4.5 percent observed for 1966~
1968. 1In other words, the economy is expected to slow down from the brisk
pace of the last few years. However, the growth rates of income and employ=-
ment remain at satisfactory levels. The forecasts of the construction indus-
try are interesting in the sense that they cannot be anticipated on a priori
ground. While residential construction continues to grow, commercial con-
struction levels off after 1970. Secondly, construction put in place falls
absolutely in 1970 from the high level reached in 1969. After 1970, however,
the growth is uninterrupted.

There is an important flaw in the overall picture of the forecasts: the
demand for labor is outrunning its supplv. This is reflected in the declining
rate of unemwployment, which is down to less than one percent in 1973. For
all years, the forecasted unemployment rates are much lower than normal.

This has a far-reaching impact. The annual increase in average wage is

62

In computing this set of forecasts, we assumed that the real value of
construction completed for 1969 is at the average level of 1966-68, There-
after, public construction will be maintained at that nominal rate until 1973.
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considerably higher than in the late '60s and it is accelerating. Consequently,
the share of wage income is increasing from year to year. Obviously, the
economy is out of equilibrium.63 The increase in the labor force is not suf=-
ficient to meet the increase in demand generated from the projected growth

of the external and the internal sectors. Some adjustment has to be made.

Ad justment to the labor market can be made on the demand or the supply
side or by some combination of both. In this case, we may reasonably expect
that the adjustment will fall within certain limits on the supply side. In
other words, with rising wages and employment opportunities, workers will be
attracted or brought into the State.

The growth in the population projection we used was based on the assump-
ticn that net immigration will remain constant at the average level observed
for 1960-67. Of course, this is not necessarily so. Given the small size
of the Hawaiian economy relative to the nation, the labor supply .0 Hawaii
may be fairly elastic. We believe that a realistic unemployment rate should
be between 3 and 4 percent. After experimenting with alternative levels of
net immigration, we found that an increased immigration of 5,000 persons per
year would bring the average unemployment rate to around 3 percent. This new
rate of population growth does not seem to be excessive. The greatest abso-
lute increase in any year is only 25.2 thousand, compared with a 24.5 thousand
increase in 1967.

The results of the 1969-73 forecasts are presented in Table 14. Unem-

ployment averages 2.7 percent and is quite stable. The growth rate for wages

63Also, our projected inflation rate is no longer realistic under such

circumstances.
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estimated at 6.4 percent per year is only slightly higher than the 5.7 percent
experienced during 1966-68 and is consistent with the higher inflation rate
assumed. Proprietor income and property income are at a higher level but not
enough to compensate for the fall of wage iiicome due to lower wage rates. As
a result, total personal income is now at a lower level for all years. The
growth race i8 also more moderate with the average growth rate now 8.7 instead
of 9.5 percent. The shares of income from various sources are now fairly
stable. /he share of wage income from private sources is still increasing
slightly over the years. This is to be expected since tourism is the most
rapidly expanding sector and it is labor intensive. The patterns forecasted
for other sectors are not appreciably affected by the change. Given the re-
liability of our projection about external demands, especially the expansion

of tourism, the picture presented in Table 14 is a reasonable projection.

Revised Forecasts for 1969-1970

We have shown how the results of an initial prcjection can be used to
revise some of the original assumptions about the predetermined variables to
obtain a set of more consistent forecasts. Another standard procedure is to
revise and improve our forecasts by making use of new information about the
predetermined variables as soon as it becomes availablu.

At the time of this writing (March, 1970), preliminary information on
some economic series for 1969 was available. The January, 1970 issue of the

Bank of Hawaii's Monthly Review (subsequently referred to as Bank Review)

provides provisional estimates for the 1969 values of a large number of our

predetermined variables as well as their projections for 1970.64 This

4
6+Bank of Hawaii, Monthly Review (January 1970), ». 3.
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information, along with similar information from other sources, was used to
make a revised projection for 1969 and 1970.

There are a few significant discrepancies between the values of the pre-
determined variables used in our forecasting and the preliminary estimates
given in the Bank Review. Expansion of the tourism industrf was overestimated.
This was true for both the number of hotel rooms as well as the number of
visitors and their total expenditures. For the public sector, however, the
v Ines we used considerably underestimated the level of realized activities.
In particular, the value assigned for public construction is $74 million
below the one reported.65 The population figure reported in the Bank Review
(which was a provisional estimate by the Bureau of the Census) is smaller
than the f:yure we used by some 8,000 persons. But that is primarily because
the population figure ve used for 1968 is larger than the census figure by
zbout the same magnitude. Since there is prima facie empirical evidence to
support our original 1968 figure,66 we made no change in the population
figure for 1969. Revisions for other predetermined variables were generally
small. And the hotel occupancy rate that we estimated turned ouf to be

exactly the same as that reported by the Bank of Hawaii. The new values

used can be found in Table 15.

65Unlike the case for other predetermined variables, this wvalue had been

arbitrarily set at the average level for 1966-68. This was a poor judgment
since tlie public sector has been growing quite rapidly.

6We reestimated those equations in our model where population appears
as a determinant using the alternative figure for civilian population in 1968.
In all relations for which population predominated, estimates of the dependent
variables for 1968 based on the new relation and the new population figure
substantially underpredicted their true values. Reservation about the accu-~
racy of the census population figures for recent years was voiced also in the
Monthly Review, ibid., p. 5.
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The revised projections for 1969 are shown in Table 16. Compared with
Table 13 personal income is now higher by $59 million, or a 2 percent increase;
total wage employment of the private sector is up 2,400, about 1 percent.
Changes in other sectors are generally small. For the few cases where pre-
liminary information was available, which included the more important statis-
tics, performance of the forecasts is generally satisfactory. Activities
related to construction are estimated to within 5 percent of observed values.
Projection of total employment is almost perfect. Total personal income,
however, is underestimated by $83 million from the figure we compiled from
the Bank Review.67 Thie underestimation may be attributed to the unusually
high rate of inflation for 1969. Since the structure used in our forecast
was based on the experience of the last decade and a half, the effect of
change in inflationary rate has not been fully accounted for in our projec-
tion. Particularly, our estimates for property income and wage income from
the private sector will be too 1ow.68 The cost of living index for Honolulu
went up 4.7 percent in 1969, compared with an average rate of 2.5 percent for
1960-68. The sum of estimates for the two categories of income was $1,656
million, and 2.2 percent of that comes to $36 million which corrects about

half of our underestimation.

7The information given in the Bank Review was for total personal income.
We derived an estimate of civilian personal income by assuming that military
payroll went up by the same percentage in 1969 as the growth of midyear mili-
tary personnel in the State.

68 . . R . .

Since the volume of retail sales is used to derive nonfarm proprietor

income, the speed of inflation will be reflected in our estimate of proprie-
tor income.
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The most disturbing result is the unrealistically low unemployment rate.
Since our employment forecast is good, our labor force estimate must be too
low. From Table 5 we note that in 1966-6869 the labor force was underesti-
mated by an average of 1,800. We may reasonably adjust our 1969 estimate
upward by that amount. This will increase our labor force estimate to 314,600
and yield an unemployment rate of 1.2 percent. The unemployment rate is still
too low; but until we have correct information on population, labor force, and
total employment, this is all the reconciliation we can impose on our estimates.

On the basis of developments in 1969, revisions were made on the values
of a number of predetermined variables used for the 1970 projection. They
occurred primarily in the tourism and public sectors. Since recent reports
from the visitor industry seem to indicate that the ebb in tourism may continue
in the foreseeable future,70 we used the lower projection of the Bank Review
on the number of overnight visitors. It called for an 8 percent growth com-
pared with a 14 percent growth used in our first set of projections. This
changed tide has resulted in a drastic cut on planned hotel construction. As
indicated in a recent survey by the HVB, the number of hotel rooms scheduled
for completion has been reduced from 13,000, reported in a 1969 survey, to

6,000.71 The total number of hotel rooms was adjusted downward accordingly.

9Two important factors probably contributed to the unusually high labor
force parti:ipation rate in 1966-68: (1) increase in net immigration--9,700
for 1966-68 compared with 5,036 for 1958-68, and (2) high birth rates in the
earlier postwar years. This should serve to remind us that age distribution
and migration should be considered in determining labor force, as intended in
our original formulation.

70Visitor arrivals in January ran 4.7 percent behind last year. The
February figure was off 1.8 percent.

"l4onolulu Star-Bulletin, March 18, 1970, p. A-1.
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Due to this sizable cut in the planned addition to visitor plant inventory,
the occupancy rate projected for 1970, while substantially below that of 1969,
was slightly higher than the one computed earlier. The total projected for
visitor expenditures was, of course, substantially lower. New values for
government employment and nonagricultural self-employed were computed by
adding the projected growth to the actual number observed for 1969. Public
construction was increased 5 percent from its 1969 level on the basis of
changes in the State Capital Improvement Budget for fiscal years 1969-1971.
For the pineapple and the sugar industries, the projections of the Bank Re~
view were used. Civilian population on July 1, 1970 was projected at 774,000
in the Bank Review, which represents a 5 percent growth over July, 1969, com-
pared with a 2.6 percent growth over the same period a year earlier and an
average growth rate of 3 percent for 1966-68. We decided to use our earlier
projection. Changes for other predetermined variables are small. The set

of new values used is found in Table 15.

The observed values of residential and commercial construction and the
provisional estimates of personal income for 1969 were used in preparing the
revised projections for 1970. Published information on wage rates for 1969
was not yet available. We obtained some preliminary results from the Depart-
ment of Labor and Industrial Relations which indicated that the average annual
wage of employees cove.c. by the Hawaii Employment Security Law went up 7.8
percent in 1969. Imposing this growth rate on the private wage rate observed
for 1968, we obtained a wage rate of $6,609 for the year 1969. For the
remaining lagged endogenous variables used in the model, namely, nonfarm pro-

prietor income, corporate profit (taxes), employment in the garment industry,
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total employment, and number of privately owned residential units, results
of the revised projections for 1969 were used.

We made a 2 percent upward adjustment on the estimated values for prop-
erty income and private wage income in order to allow for the higher rate of
inflation projected for 1970. A 15 percent increase was added to transfer
payments to reflect the most recent increase in benefit payments authorized
by Congress.

The revised forecast for 1970 is presented in Table 16. Personal income
is projected to increase by 6.4 percent from the figure reported in the Bank
Review. A normal rate of growth is registered in most industries. Employ-
ment in the hotel industry is expected to grow by some 2,200.72 Activities
in construction, however, will fall appreciably from the record level reached
in 1969, Total employment goes up 7,500, n increase of 2.4 percent. 1In

calculating the labor force, we made the suggested correction by adding 1,800

to the estimated value.73 The unemployment rate remains too low.

Revised Forecasts for 1971-1973

The horizon faced by the forecaster is particularly foggy now. It seems
as though the experts are just as bewildered as the laymen about the course of
the national economy in the next year or two. At the same time basic national
priorities are being questioned, the outcome of which can bring about profound

changes in national economic policy. Finally, the political situation in

72This result, as well as the whole projection, rests on the hopeful

assumption that the number of visitors will grow by 8 percent in 1970

73This ad justment is probably too conservative since the birth rate of
Hawaii reached its peak in 1950-1954. See State of Hawaii, Department of Plan-

ning and Research (1962), Historical Statistics of Hawaii, 1778-1962, p. 10.
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Southeast Asia, which is of particular concern to Hawaii, is very unstable.
All these factors have a heavy impact on federal expenditures and tourism,
which are the primary sources of income for Hawaii.

Consequently, it is not realistic to chart the precise course that each
determining variable will take in 1971-1973. Instead, we constructed two
sets of values for most of the predetermined variables. The high one is
expected to prevail under the most favorable circumstances and the low one
under the most unfavorable. Both alternatives, however, may be considered
realistic with respect to past experiences or recent developments. The two
sets of values may be interpreted as forming a confident interval in which
the predetermined variables will most likely lie. The results are presented
in Table 17 and discussed below.

The following predetermined variables showed relatively large variations
in their annual growth rates during 1961-68. the number of visitors, the
number of hotel rooms, public construction, and farm income. 1In addition,
the future course of defense-related federal employment faces a wide range
of possibilities due to the very uncertain military and political situation
in the Far East. Consequently, there are wide spreads between the low and
the high forecasts for these variables in Table 17, For the low forecast,
the number of overnight visitors to the State is held constant at the level
projected for 1970 by the Bank Review. In that year the 1,475,000 prospec-
tive vigitors include some 261,500 servicemen and their families associated
with the Rest and Recuperation (R&R) Program.74 The latter group amounts to
about 22 percent of other visitors. We assume that the gradual reduction of

the R&R related visitors resulting from troop withdrawals from Vietnam

74Montnly Review, op. cit., p. 4.
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will be offset by an increase in other visitors. Assuming that troop
withdrawals and the phasing out of the R& R program are completed at an even
pace by the end of 1973, the number of traditional visitors will have to
increase about 6.7 percent per year for 1971-73 in order to take up the slack.
So our assumption is a realistic one. Should the number of traditional visi-
tors for 1971-73 increase at its 1961-68 rate (16.6 percent) while the number
of R&R visitors is dwindling to zero, the high estimate will prevail. Visi-
tor expenditures were inferred from the number of visitors by assuming an
average length of stay of 10 days and allowing for the effect of inflation.
We assumed that capital expansion of the hotel industry will, in general, be
in step with the growth of visitors. With sluggish growth, the number of
kotel rooms will be increasing at 5 percent per annum; otherwise it will

grow at 15 percent. The low value for public construction incorporates an
annual growth rate of 5 percent, which is just enough to cffset the projected
inflation rate of construction cost. For the high values we assumed that
public construction will increase at the rapid rate of 20 percent experienced
during 1964-69. For income of farm proprietors we used our earlier projected
rate of growth to derive the low estimates. The high estimates were derived
on the basis of outputs of the seven most important products of diversified
agriculture as projected by Renaud.75 Using their 1967 relative values as
weights, we computed that the weighted average growth rates for these commod-

ities in 1971-73 are, respectively, 2.9, 2.8, and 2.3 percent. To these

75Outputs for 1969-75 were projected for the following commodities: beef

and veal, pork, chicken (broilers), eggs, milk, macadamia nuts, and papaya.
In 1967 these commodities accounted for 81 percent of total farm value of
production of diversified agriculture in Hawaii. See Renaud, op. cit., p. 6.
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rate; we added another 4 percent to allow for the effect of inflation. Farm
employment was held constant under the high estimate since increases in output
were achieved in the past with a stable labor force. Under the low estimate,
it is decreasing at 3 percent per annum. The level of defense-related civi-
lian employment has been closely related with the size of American troops in
South Vietnam. From a stable level it started to rise steadily in 1965, reach-
ing its peak in 1968, and began to fall in 1969. Conceivably, the fall may
confinue so that by 1973 defense-related employment will be back to its 1963
levi:l. This assumption is incorporated in the low estimate for government

emp loyment. On the other hand, the withdrawal of American forces from the

Far East, particularly the scheduled return of Okinawa to Japan by 1972, may
lead to relocation of military facilities and personnel in Hawaii.76 As an
alternative hypothesis, defense-related civilian employment will continue to
fall in 1970 by the same magnitude as in 1969, but it will start to rise again
in 1971. The rise will continue intc 1973 at 6.6 percent per year, which was
its average growth rate for 1966-68. This alternative hypothesis is incor-
porated in the high estimate for government employment.

In contrast, a single value was used for the following variables for
both the high and the low projections: gross national product, consumer
price index, construction cost index, and sugar production. Obviously, the
first two variables will not be appreciably affected by the various turn of
events discussed above. We do not have knowledge to determine the response

of changes in construction cost to the volume of construction. In view of

76This possibility was noted by economists cf the Bank of Hawaili. See
Bank of Hawaii, Review of Business and Economic Conditions (December 1969),
p. 12.
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production quotas and tariff protection, the sugar industry is expected to
remain stable in the next faw years as it has been in the past.

The future of the Hawaiian pineapple industry is far less certain than
that of the sugar industry. The industry faces rising costs at home and
stiffening competition from abroad. Pineapple acrzage decreased 9 percent
from 1962 to 1968. PRacently some large local producers have started invest-
ing in foreign plantations.77 Consequently, we assumed that real output will
fall by 2 percent per year under the low estimate and that it will remain
constant under the high estimate.

We retained the population projections used in the preliminary forecast
as low estimates. The high estimates were obtained by iterations. We experi-
mented with alternative accelerated rates of population grcwth until we found
a population series which could supply a labor force consistent with the
demand of the rapidly growing economy. Our results represent a 3.7 percent
growth for 1971, 4.9 percent for 1972, and 4.7 percent for 1973.78 The
average rate of population growth in 1966-68 was 3 percent.

Values of the remaining variables were calculated by procedures described
earlier. Population age 65 or over, government civilian employment (other

than the defense-related), and nonagricultural self-employed were determirned

77State of Hawaii, Department of Planning and Economic Development,

Hawaii Economic Review (Jan-Feb. 1970), p. 8.

78These ad justments have special implications for the size of the labor
force. The labor force participation rate for the population as a whole has
been estimated at 51 percent. This is probably too low for immigrants so we
used a participation rate of 70 percent for that part of the populatian growth
added under the high estimate.
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by populaticn.79 Income from overseas investments was determined jointly by
population and the U.S. gross national product. Average hotel occupancy
rate was determined from the relative growth of hotel rooms and visitors.
Value of sugar export was assumed to grow at 3 percent per year from the 1970
level predicted in the Bank Review, mainly as a result of rising prices. The
same value was used for the high and the low projections. High estimate of
pineapple export was held at $120 million, the 1969 value of production. For
the low estimate, the value was dacreased 2 percent per year for 1972 and 1973
to coincide with the assumed decline in output. Value of other commodity ex-
ports was determined by the number of visitors. Only the sum of these three
categories of exports is shown in Table 17.

The two sets of projections for 1971-73 are presented in Table 18. Under
the low projection, civilian personal income is advancing at an average rate
of 7.2 percent per year, and total civilian employment is growing at 2.4 per-
cént.80 Both rates are very stable over the three years. But the rate of
unemployment is going up gradually, suggesting that the increase in employment
cpportunities is not sufficient to absorb the growth of the labor force. The
unemp loyment rate, however, remains quite low, and is not likely to have any

significant impact on the rate of population growth. 1If this low rate of

7gIt may be noted that the high estimates for population age 65 or over

are the same as the low estimates. We assumed that the additions to popula-
tion growth consist primarily of young immigrants.

OIn computing income and its components, the following adjustments were
made to both the low and the high estimates: property income and wage inc-me
from the private sector were revised upwards by 2 percent of the calculated
values to account for the higher rate of inflation. Transfer payment was
ad justed upward in two steps, respectively, 13 and 15 percent, to account for
the two increases in benefits that came into effect subsequent to our sampling
period,
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economic growth should persist beyond 1973, then the population expansion of
the State would have to slow down. As a result of visitor plant increase,
employment in the hotel industry will go up by 2,800 between 1970 and 1973,
even though the number of visitors is held constant over this period. More
than half of this increase will take place during 1971 when the 6,000 units
of additional hotel units scheduled for completion will come into service.
Consequently, a higher percentage of waged employment in the private sector
will be employed by the hotel industry in 1973 than is the case in 1970.
The share of employment in the trade sector (retail and wholesale) remains
unchanged. Also, there is no change in the relative share of public versus
private employment.

Under the high projectioun, the average growth rates for income and
employment are 12.1 and 6.4 percent, respectively. The unemployment rates,
in general, are considerably lower than those estimated under the low pro-
jection. This is reasonable. Should Hawaii grow at the unprecedented rate
mentioned above, it is likely that the demand for labor will outstrip its
supply as the cost of mobility between the State and any potential source of
supply is high. Under the tight labor market projected, wage rate will be
advancing at an average rate of 7.8 percent, which is 2 percentage points
higher than that prevailing in 1966-68. 1In view of the higher inflationary
rate that we have assumed, such increases are plausible. Therafore, we :hink
that the population series used is consistent with the projected rate of
economic growth. Between 1970 and 1973 the hotel and the construction indus-
tries are the big gainers as sources of employment, the sugar and the pineapple

industries the big losers, while the share of combined employment in trade,
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services, and utilities shows little change. As a whole, the economy will
be less dependent on the public sector for employment in 1973 than in 1970.
The growth rates observed in 1966-68 for major summary measures of
economic activities, such as personal income, total employment, and wage
rate, lie about midway between those underlying the high forecast and those
underlying the low forecast. This is to be expected in view of the way we
determined the values for the determining variables. But even under the low
forecast, the rates of growth during 1971-73 will still compare favorably
with those experienced during 1951-65. On the other hand, the growth rates
under the high forecast are of the same magnitude as those in 1968 and 1969.
In other words, both forecasts are well within the realm of possibility.
The spread between the low and the high forecasts for income and employment
is around 3 percent for 1971, and it widens to about 13 percent by 1973,
However, as the future draws closer and the outlook of major determinants
becomes more definitive, we will be able to sharpen our forecast and narrow

the band of uncertainty.



CHAPTER VI

CONCLUSTION

We have estimated a system of equations to quantify the mechanism relating
the flows of income and employment in Hawaii to the primary sources of demand
originated externally from the public sector. The estimated structures, in
general, are reasonable and stable.

The theoretical relations that we formulated in Chapters I and II came
through the estimations with only minor revisions. Where data permit, the
results estimated are in general agreement with theories and experiences.

Employment relations are well estimated. Interestingly, when output of
an industry is well measured by the variable used, as in the cases of sugar,
pineapple, construction, and trade, employment is log-linearly correlated
with output. This result is in agreement with the conclusion of other empi-
rical studies.81 The following industries showed a statistically signifi-
cant decline in their output/employment ratios over the period of the sample:
sugar, pineapple, hotel, recreation, construction, and transportation. The
reverse is true for retail trade and financr~. The remaining industries do
not show any significant trend.

These results, while not unexpected, are nevertheless interesting.

They reflect the natiorally observed phenomenon of a transition to a service

1For example, see Y. Kaneko, "An Econometric Approach to Annual Fore-
cast on Regional Economy by Local Government,' Papers and Proceedings of the
Second Far East Conference of the Regional Science Association (1965), Vol. 2,
p. 129.
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economy.82 While the demand for services increases faster than income in

an affluent society, the growth in labor productivity in the service=-producing
industries is significantly below that of both the agricultural and manufactur-
ing industries. As a result an increasingly larger proportion of the labor
force will be employed in service-producing industries.83 This is shown most
clearly in the employment equation in which service employment increases al-
most twice as fast as population.

Equations determining components of personal income were not as well
estimated as employment equations. Data are more limited both in quantity
and quality. Relations were estimated with smaller samples. Since observa-
tions on several variables were not available, proxy values were used. Coef-
ficients were estimated with larger errors. The estimated result for the
property income equation was not acceptable, and we had to settle for a
substitute which does not relate to export.

A relation for determining labor force as a function of net immigration
could not be estimated due to the lack of reliable information on migration.
Consequently, an important linkage of our model is missing in the estimated
version.

The predictive power of the model was tested rather extensively in

Chapter IV since prediction is the primary objective of this study. The

82For a discussion of recent developments in the service sector, see

W.S. Sheldon, '""The Service Sector ~-- Where the Action is,'" Federal Reserve
Bank of Kansas City, Monthly Review (March 1970), pp. 3-11.

83Ibid., p- 5, p. 9. Service-producing industries include: transpor-
tation and public utilities, trade, financ ., insurance and real estate,
service and governments.
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relations estimated for 1951-65 were used to make a one-year prediction and
a three-year prediction for 1966-68. The overall performance in both cases
was quite satisfactory. The model was particularly strong in predicting
employment. This can be attributed primarily to the success in predicting
the value of construction and retail trade, which account for over a third
of total employment in the private sector.

The accuracy of the forecast just described suggests that the relations
estimated for 195165 hold true for 1966-68. This was attested when the
relations were reestimated for 1951-68. Major changes in coefficient esti-
mates occurred only in the employment relations for two industries. Thus,
although the economic growth rate almost doubled in those three years, the
structure of the ecconomy remained basically unchanged. The new structure
was used to make the forecast for 1969-1973. When accurate information on
predetermined variables was used our forecasts of income and employment in
1969 agreed closely with preliminary information.84

Tourism has been the main driving force of the State's growth and will
likely continue to be in the foreseeable future. With a short-run multiplier
of 0.47 and a long-run multiplier of 1.8, the increase in annual visitor
expenditures from $131 million in 1960 to $580 million fn 1969 has contributed
a lion's share in the expansion of the Hawaiian economy.

The growth of tourism, however, is not an unmixed blessing. Tourism is

labor intensive. To provide some idea of the magnitude of this problem, we

8l’On page 14 of the April 1970 issue or Survey of Current Business, which

came to my attention after the last chapter was written, personal income for
Hawrii was estimated at $3,924 million, $76 million lower than the Bank of
Hawaii estimate that we used earlier. Making the same allowance for military
payroll (see p. 100), civilian personal income would be $2,703, which is very
close to our estimate in Table 16.
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considered its implications for 1971-73. We estimated that if tourism
maintains its 1961-68 growth rate for 1971-73, there will be 600,000 more
visitors in 1973 than in 1969 (Tables 15 and 17). If they average 10 days'
stay there will be 16,438 more visitors per day. This will create 15,192
new jobs,85 which require a population twice that size to fill. Altogether
there will be 46,800 more people on an average day. Certainly we do not
want all these additional people in Waikiki! If we are to rely on tourism
as our major source of growth, an effort must be made to achieve geographic
dispersion of the industry. At any rate, the cost of tourism-oriented growth
in terms of the quality of life for Hawaiian residents must be carefully
evaluated.

The work described in this report represents only a preliminary step in
specifying a comprehensive econometric model for Hawaii. Econometric research
in macroeconomic activities is necessarily a continuous effort. As additional
information becomes available it should be incorporated to improve the =~zcu-
racy of estimations. In all probability some part of the mod~-. has to oe
modified to accommodate changes in the economy. Tair .s particulary perti-
nent for the present study because of the small sample we used and the rapid
growth that the Hawaiian economy has been experiencing. We have already
carried out on. such updating in our analysis. In addition, our results
have suggested several refinements for our model which can be incorporated

quite easily once the required data are available.

85

This is based on the long-run effect of tourism expansion as presented
in Table 11. There we estimated that the addition of 25,000 visitors per
year will result in the creation of 633 new jobs. Since the multiplier analy-
gis is designed for measuring the effects of a small change, it is not directly
applicable here. The result may serve as a proxy, however.
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We found that population growth in Hawaii cannot be forecasted indepen-
dent of the rate of economic growth. Since the Hawaiian economy is highly
service-oriented,86 income and population tend to move closely together. This
link has not been established in our model. In making forecasts we found it
necessary to resort to an iterative procedure based on some arbitrary rate of
unemployment. To restore this link we should estimate the response of net
immigration to the demand condition of the labor market and the labor force
participation rate of immigrants. To do this effectively we probably need to
know the age distribution as well as the number of immigrants. As noted above,
we do not have reliable information on net immigration. However, it appears
that accurate estimates on net immigration by broad age groups can be compiled
from vital statistics (births and deaths), school enrollments, and the umber
of retirees in the State.

The estimates of property income could be improved if we use separate
equations for dividends, interest income, and rental income. In that way,
the role of exports could probably be estimated more accurately. It secems
that housing and taxation data should enable us to compile a fairly accurate
figure on the annual change of rental income. Given the high cnncentration
of corporate business in the State, an estimate of dividends can be compiled
from corporation reports and taxation data.87 Property income can then be

determined as a residual from the total property income information that we have.

86See Table 2.

87For example, it was estimated by the Bank of Hawaii that 95 percent
of the dividends paid by the sugar industry and 100 percent of those paid by
the pineapple industry became local income in 1960. See Bank of Hawaii,

The Impact of Exports on Income in Hawaii, p. 28, p. 30.
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The role of price has not been adequately accounted for, especially
in the estimated version of the model. Empirical results suggest that wage
changes respond to lagged price changes,88 but we failed to obtain this result
from our data. Consequently, our model is not equipped to handle the effect
of change in the rate of inflation. In making forecasts for 1969-73 we found
it necessary to introduce the effect of accelerated inflation in an heuristic
manner. It is likely that wage rates for different industries respond with
different lags. If so, we should divide private employment into several sec-
tors and estimate separate relations for their wage determinations. Informa-
tion on wage rates is available by sectors so this refinement can be readily
implemented.

In brief, once we are ready to go beyond the confines of published data,
the model can be improved through disaggregation. A highly aggregated variable
tends to depend on a large number of other variables. It is not possible to
include all of them in the equation due to multicollinearity and the smallness
of our sample size. Consequently, the estimated structure contains specifica-
tion errors. Also, with further disaggregation the logic of a recursive wmodel
stands on firmer theoretical ground, since there is likely to be strong inter-
action among highly aggregated variables. Several ways of extending the data
for this purpose have been mentioned. 1In addition, the work on income and
expenditure accounts for 1965-68 by Oshima and Shang at the Economic Research

Center is now nearing completion. With the two volumes already in print,

For a discussion of some of these results, see M.K. Evans, Macroeconomic

Activity, Theory, Forecasting, a2nd Control, pp. 266-269.
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we will soon have income and expenditure acaounts for 11 consecutive years
from 1958-68. They should provide valuable sources of information for dis-
aggregating the variables in our study. The amount of work involved is

considerable. But the apparenr success of our initial effort seems to war-

rant additional investigation of our model within its general framework.
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APPENDIX
DATA LISTING

I. OBSERVATIONS ON PREDETERMINED VARIABLES

Aaa E FHA EVA GE
Ceiling on Maximum Permissible
Interest Rate Interast Rate
Bond Yield Income of on FHA on VA-Guaranteed
Monthliy Average Faxm Guaranteed Loans Mortgage Loans Government

:’Year (Percent) Proprietors& (Percent) (Percent) Expendituves
1651 2.86 16 4,25 -- 131.0
1952 2.96 18 4.25 -- 136.8
195 3.20 20 4.44 4.38 151.1
1954 2,90 21 4.50 4.50 163.5
‘1955 3.06 24 4.50 4.50 162.8
1956 3.36 26 4.63 4.50 171.9
1957 3.89 28 5.13 4.50 184.9
1958 3.79 28 5.25 4.69 220.1
1959 4.38 32 5.50 5.00 256.9
1960 4.41 39 5.75 5.25 291.0
1961 4.35 45 5.31 5.25 324.1
1962 4.33 46 5.25 5.25 361.2
1963 4,26 58 5.25 5.25 384.4
1964 4.40 48 5.25 5.25 397.5
1965 4.49 30 5.25 5.25 438.8
1966 5.13 34 5.73 -- 526.0
1967 5.51 35 6.00 -- 587.7
1968 6.18 39 6.38 -- 639.3
a/

All income and expenditure figures are measured in $ millions.

Source: Aaa: U.S. Department of Commerce, Office of Business Economics, Survey of Current
Business (various issues).
F: Unpublished tabulation from the U.S. Department of Commerce.
FHA, FVA: Data before 1963 are from D.S. Huang (1966), '“The Short-run Flows of Nonfarm
Residential Mortgage Credit,"” Econometrica, Vol. 34, No. 2, p. 455.
Data after 1963 are from U.S. Savings and Loan League (1968), Savings and Loan
Fact Book, Table 90.

GE: Bank of Hawaii, Annual Economic Review, 1968, 1969.
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I. OBSERVATIONS ON PREDETERMINED VARIABLES (continued)

HG HN My NE NGy
Private Employment in -
Residential Net Civilian Diversified Agri. Defense-related
Public Housing Units Migration (includes self- Federal
Construction April 1 Years Ending employed, unpaid Civilian
Year Completed (1000) June 30 family workers)E/ Employment
1951 -- 111.8 -15,531 9,323 --
1952 -- 114.9 -16,417 9,497 --
1953 -- 117.8 -11,904 10,033 --
1954 -- 120.6 -8,012 10,306 --
1955 -- 123.6 1,265 10,425 --
1956 - 127.7 4,473 10,189 -
1957 -- 131.5 9,641 10,049 -
1958 85.5 135.8 10,369 7,060 18,350
1959 61.6 139.9 955 7,050 18,450
1960 91.4 149.0 3,216 6,790 18,650
1961 65.9 156.3 2,841 6,530 19,220
1962 62.7 162.4 4,626 6,410 18,700
1963 9.6 167.9 59 5,790 18,420
1964 104.1 174.4 -50 5,770 18,540
1965 130.5 180.6 7,041 5,790 19,040
1966 120.0 189.6 3,751 6,080 ' 20,730
1967 153.7 198.3 15,577 6,330 22,500
1968 210.2 206.0 7,537 6,230 23,120
b/

— Employment figures refer to annual average employments.

Source: HG:

HN:
M

NF, NG

d:

University of Hawaii, Economic Research Center (1967), Hawaii's Income and
Expenditures, 1961-64, p. V-6. Recent data are from results of work in
progress.

Bank of Hawaii, Construction in Hawaii, 1967, 1969.

State of Hawaii, Department of Planning and Economic Development, Statistical
Report No. 66 (April 1969). Also unpublished tabulations provided by Mr. Robe
Schmitt, State Statistician of Hawaii.

State of Hawaii, Department of Labor and Industrial Relations, Labor Force
Estimates (published annually). :
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I. OBSERVATIONS ON PREDETERMINED VARIABLES (continued)

NGf NG8 NS OR PN
Non-Agricultural Civilian
Federal Gov't. State and Self-Employment Hotel Population

Civilian Employ. Local (unpaid family Occupancy (as of

(not related Government workers and Rate in July 1)

Year to defense) Employment domestics) Waikiki (1000)
1951 - 14,754 19,285 -- 469,236
1952 -- 15,358 19,099 -- 460,162
1953 -- 16,020 19,099 -- 463,727
1954 -- 17,116 19,281 84.3 469,773
1955 -- 17,055 19,447 81.5 485,679
1956 -- 17,710 21,040 80.5 504,056
1957 -- 18, 244 21,175 84.6 527,247
1958 25,560 22,120 18,540 78.9 552,103
1959 26,200 21,410 19,130 88.3 566,675
1960 27,010 22,500 19,930 75.3 582,773
1961 27,290 23,100 20,590 70.1 600,132
1962 27,770 23,400 21,380 74,2 617,280
1963 27,910 24,980 21,990 77.4 630,441
1964 28,440 26,000 22,080 74.5 644,203
1965 29,570 28,150 23,400 82.1 665,877
1966 31,620 31,020 23,820 83.7 679,379
1967 33,900 32,440 24,390 90.0 703,925
1968 35,090 34,260 25,080 89.2 726,629

Source: NG NGs’ NS: Ibid.

f,
OR, PN: Bank of Hawaii, Annual Economic Review, 1968, 1969.
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I. OBSERVATIONS ON PREDETERMINED VARIABLES (continued)

——— —

P3 PN65 Q, e, RN
Civilian Pineapple Sugar
Return on Population Production Production
Overseas Age 65 or Over Real Qutput (1000 Hotel Rooms

Year Investments (As of July 1) (% mil.) short tons) (mid-year)g/
1951 22 22,000 85 996 2,100
1952 23 23,000 87 1,020 2,305
1953 26 24,000 102 1,099 2,668
1954 24 25,000 97 1,077 3,013
1955 26 25,000 98 1,140 3,608
1956 32 27,000 102 1,099 4,221
1957 34 28,000 96 1,084 4,541
1958 33 28,000 106 765 5,124
1959 37 -- 100 975 6,148
1960 49 29,162 90 936 8,162
1961 51 31,000 90 1,092 9,857
1962 59 32,000 88 1,120 10,554
1963 66 33,000 89 1,101 11,159
1964 73 35,000 93 1,179 12,153
1965 86 36,000 98 1,218 13,865
1966 90 38,000 100 1,234 16,022
1967 101 40,000 104 1,191 17,937
1968 113 41,000 94 1,232 20,729

c/

The original data are reported for December 31. The July 1 figures were obtained
by simply averaging successive December figures.

Source: P3: Bank of Hawaii, Annual Economic Review, 1968, 1969.
PN65: U.S. Department of Commerce, Bureau of the Census, Current Population
Reports, Population Estimates, Series P-25 (various issues).
Q_: Value of pineapple production deflated by price index (1947-49=100)
P of canrad pineapples. Production figures from Bank of Hawaii, Annual
Economic Review, 1967-1969. Price figures from U.S. Department of
Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes.
Q : State of Hawaii, Department of Planning and Economic Development,
The State of Hawaii Data Book. Figures for 1967-68 from Bank of
Hawaii, Annual Economic Review, 1969.
RN: Hawaii Visitors Bureau, 1968 Annual Research Report.
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I. OBSERVATIONS ON PREDETERMINED VARIABLES (continued)

Us GNP v VE w2 X
Civilian
Overnight Wage Income Commodity

U.S. GNP Visitors Visitor of Public Exports
Year ($ bil.) (1000) Expenditures Sector ($ mil.)
1951 328.4 51.6 29.0 159 238
1952 345.5 60.5 32.8 170 239
1953 364.6 80.3 42.6 177 266
1954 364.8 91.3 48.9 169 259
1955 398.0 109.8 55.0 178 270
1956 419.2 133.8 65.0 187 286
1957 441.1 168.8 77 .6 200 279
1958 447.3 171.6 82.7 213 253
1959 483,7 243.2 109.0 236 276
1960 503.7 296.5 131.0 257 264
1961 520.1 319.5 137.0 272 282
1962 560.3 362.1 154.0 294 294
1963 590.5 429.1 186.0 320 334
1964 632.4 508.9 225.0 339 322
1965 683.9 606.0 265.0 364 331
1966 747.6 710.6 302.0 432 351
1967 793.5 1001.8 400.0 466 373
1968 865.7 1209.4 460.0 520 378

Source: US GNP: U.S. Department of Commerce, Business Statistics.
V: Bank of Hawaii, Annual Economic Review, 1968.
VE: Hawaii Visitors Bureau, Apnnual Research Report, 1968.
W2: Bank of Hawaii, Annual Economic Review (1968); U.S. Dept. of
Commerce, Survey of Current Business (August 1969).
X: Bank of Hawaii, Midyear Report, 1951-60; Annual Economic
Report, 1961-67; Annual Economic Review, 1968, 1969.
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I. OBSERVATIONS OM PREDETERMINED VARIABLES (continued)

XP R XS pl p2
Pineapple Export Other Value of Sugar Consumer Price Construction
Export than Sugar Export Index Cost Index

Year ($ mil.) and Pineapple (§ mil.) (Dec 1963=100) (1950-54=100)
1951 90.6 16.3 131.1 75.6 95.7
1952 91.6 13.4 134.0 77 .8 99.8
1953 108.2 15.3 142.5 78.6 104.0
1954 103.4 28.1 127.5 79.3 107.6
1955 110.1 19.1 140.8 80.4 110.6
1956 116.8 25.6 143.6 81.5 118.4
1957 110.2 26.7 142.1 84.1 125.3
1958 124.3 26.0 102.7 88.0 132.3
1959 122.5 27.6 125.9 89.7 138.0
1960 113.3 28.1 123.0 91.8 142.0
1961 111.7 30.6 140.0 94.1 147 .2
1962 108.9 31.1 154.0 96.7 154.2
1963 117.5 32.0 184.0 99.8 161.5
1964 120.0 41.0 161.0 100.3 168.0
1965 122.0 39.0 170.0 102.1 175.0
1966 123.0 46.0 182.0 104.9 1€5.9
1967 126.0 61.0 186.0 107.8 193.7
1968 122.0 61.0 192.0 112.2 201.3

Source: XP, XR, XS: 1Ibid.

pl: State of Hawaii, Department of Planning and Economic Develop-
ment, State of Hawaii Data Book, 1967, 1968. U.S. Department
of Labor, Consumer Price Index.

P2: Builders Report Pacific (January 13, 1969).
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I1. Observations on Dependent Variables

H HC UR LF
Cormercial Residential
Construction Construction Construction Civilian /
Year Put into Place (Permit Value) (Permit Value) Labor Force~
195% 88.0 -- 31.0 191,678
1952 90.6 -- 35.1 194,067
1953 90,4 - 33.8 196,142
1954 88.1 -- 35.3 197,376
1955 94 .2 -- 42,6 199,276
1956 110.5 -- 43,5 204,082
1957 133.6 22.8 52,5 207,564
1958 174 .4 35.5 58.1 211,540
1959 206 .8 38.4 92.4 222,980
1960 268.5 67.5 91.7 235,140
1961 263.0 54,0 79.3 242,850
1962 264.0 63.8 116.5 246,180
1963 265.0 46,7 96 .4 250,880
1964 308.0 €3.3 100.8 257,630
1965 339.0 82.8 150.4 269,020
1966 371.0 82,8 168.5 281,880
1967 367.0 99.2 124,3 293,390
1968 442,0 162.5 207.2 305,480

a4/

Source: H: State of Hawaii, Department of Taxation, Annual Report, 1951-1961;
Tax Foundation of Hawaii, Government in Hawaii, 1961-1969.

HC, HR: Data for 1958-60 from University of Hawaii, Economic Research
Center, Hawaii's Income and Expenditures, 1961-1964 (1967), pp. V=6-V=7;
data for 1961-68 from Bank of Hawzii, Construction in Hawaii, 1967, 1968.

LF, N, NU, Nl: State of Hawaii, Department of Labor and Industrial Rela-
tions, Labor Force Estimates (annual),

Labor force and employments are measured as annual average of monthly observations,
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II. Observatlons on Dependent Variables (continued)

N NU N1 m&/
Wage and Sulary

Total Workers of the Sugar

Year Emp loyment Unemployed Private Sector Industry
1951 183,400 2,278 114,768 22,410
1952 185,645 8,422 116,433 22,346
1953 186,600 9,542 118,211 22,223
1954 185,617 11,759 116,948 21,751
1955 189,352 9,924 119,749 20,955
1956 195,075 9,007 121,042 17,937
1957 199,831 7,733 125,248 16,815
1958 204,460 7,080 128,300 12,770
1959 216,140 6,840 141,640 15,396
1960 228,050 7,090 151,820 14,633
1961 232,910 9,90 155,400 14,155
1962 234,580 11,600 155,460 13,407
1963 238,860 12,020 157,960 13,092
1964 247,580 10,050 163,710 12,808
1965 259,770 9,250 172,650 12,650
1966 272,730 9,150 180,200 12,370
1967 283,190 10,200 185,860 12,020
1968 296,600 8,880 195,070 11,700

e/

='nl-nl5 refer to employment by category.
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II, Observations on Dependent Variables (continued)

n2 n3 n4 n5
Pineapple Hotel and Rooming Garment Recreational

Year Industry Houee Industry Industry Establishments
1951 11,001 2,120 744 2,629
1952 11,186 2,283 873 2,848
1953 11,625 2,362 988 2,932
1954 10,434 2,535 1,138 2,881
1955 11,072 2,913 1,337 2,797
1956 11,140 3,176 1,551 2,934
1957 10,501 3,427 ' 1,569 2,942
1958 10,600 3,611 1,704 2,595
1959 10,376 3,669 2,033 2,643
1960 10,396 4,235 2,379 2,925
1961 10,113 4,669 2,244 3,023 -
1962 8,903 4,629 2,214 3,110
1963 9,420 5,621 2,242 3,007
1964 9,005 5,834 2,218 3,307
1965 9,190 6,308 2,279 3,595
1966 8,765 7,316 2,443 3,423
1967 8,646 8,944 2,580 3,765
1968 8,410 10,734 2,760 3,959

Source: nl-n5: State of Hawaii, Department of Labor and Industrial Relatioms,
‘Employment and Payrolls in Hawaii (annual),
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II. Observations on Dependent Variables (continued)

n6 a7 | n8a n8b
Contract Construction Food Processing and

Construction Related Industries Printing-Publishing Miscellaneous

Year Industry (Lumber, glass, clay) Industries Industries
1951 10,229 643 4,446 2,447
1952 10,111 744 4,453 2,385
1953 10,294 718 4,459 2,362
1954 9,182 713 4,493 2,345
19535 9,310 752 4,281 2,445
1956 10,160 879 4,456 1,972
1957 10,978 1,077 4,521 2,473
1958 12,731 1,969 4,803 1,727
1959 14,936 2,266 5,481 1,884
1950 17,470 2,355 5,464 1,952
19561 17,113 2,331 5,913 2,095
1952 15,089 2,172 5,122 2,276
1963 15,380 2,243 5,237 3,085
1564 16,320 2,611 6,336 2,018
1465 17,953 2,378 6,216 2,159
1¢66 19,378 2,513 6,362 2,274
1¢67 16,972 2,453 5,673 2,634
1568 19,071 2,612 5,921 2,715

Source: 1Ibid,
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II. Observations on Dependent Variables (continued)

n9 nl0 nll nl2

Transportation

Wholesale Trade, Finance, Insurance Industry--Other

Retail Trade Trucking and and Real Estate Than Trucking

Year Industry Warehousing Industry Industry and Warehousing
1951 19,320 10,832 3,805 5,584
1952 21,402 9,959 3,791 5,437
1953 21,780 10,423 4,173 5,426
1954 21,929 10,566 4,385 5,204
1955 23,053 16,940 4,629 5,443
1956 24,227 11,619 4,981 5,781
1957 25,018 12,284 5,442 6,132
1958 26,188 11,700 6,640 6,709
1959 28,781 12,147 7,339 7,227
1960 30,999 13,047 8,458 7,614
1961 31,763 13,997 9,368 7,734
1962 32,544 14,731 10,541 7,962
1963 33,483 14,682 10,681 8,097
1964 35,176 14,793 11,909 8,218
1965 37,769 15,360 12,921 8,534
1966 40,647 16,284 13,377 9,149
1967 43,341 16,3456 14,043 9,503
1968 45,130 16,820 14,268 10,325

Source: Ibid.
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II. Observations on Dependent Variables (continued)

nl3 nl4 nls PNI4 Pt
Services~~-Other Civilian
Communications Than Motion Population Corp. Profit
and Other Pictures and Non~ Age 14 Or Over, (Corp. Tax

Year Utilities Recreation Classified July 1 (1,000) (Collections)
1951 3,502 11,563 3,493 275 5.217
1952 3,597 12,493 2,525 257 3.764
1953 3,695 13,016 1,734 270 3.626
1954 3,685 13,266 2,441 283 3.642
1955 3,536 14,020 2,266 273 4,080
1956 3,597 14,982 1,650 285 4,869
1957 3,713 15,702 2,654 303 5.401
1958 4,161 15,820 5,072 318 6.552
1959 4,354 17,081 6,027 325 6.602
1960 4,641 18,185 7,067 368 6.826
1961 4,775 20,195 5,911 386 7.792
1962 4,860 21,949 4,951 398 6.683
1963 4,968 23,150 3,572 404 8.252
1964 5,049 24,479 3,629 415 8.853
1965 5,353 26,151 3,834 434 9,951
1966 5,746 28,374 1,779 446 10,525
1967 7,164 29,711 2,065 467 11,196
1968 7,722 31,843 1,620 -- --

Source: nl3-nl4: 1Ibid.

nl5: Derived as N1 - (nl + n2 + ... <+ nl4).

PN14: U. S. Department of Commerce, Bureau of the Census, Current Popu-~-
lation Reports, Population Estimates, Series P-25 (various issues}.

Pt: Tax Foundation of Hawaii, Government in Hawaii (annual). The data
have been adjusted to a calendar year basis as well as to the tax rate
effective since 1966.
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II. Observations on Dependent Variables (continued)

PL P2 SL ur WL
Non=-Farm Properf:y JTncome Wage Income
Proprietors’ Earned Inside Retail Transfer from Private

Year Income the State Sales Payments Sector
1951 68 54 569.8 35 340
1952 81 55 562.3 36 357

. 1953 71 63 593.0 38 372
1954 69 78 589.1 43 375
1955 71 88 636.7 46 394
1956 77 90 680.9 47 416
1957 80 96 733.7 52 450
1958 85 98 739.0 56 495
1959 94 112 844 .6 62 568
1960 102 138 948,2 66 651
1961 114 159 949.0 76 698
1962 118 158 1,027.6 85 715
1963 120 167 1,026.8 89 747
1964 125 181 1,101.8 91 819
1965 131 180 1,200.7 102 896
1966 147 205 1,297.2 120 972
1967 152 228 1,394.3 144 1,037
1968 159 254 1,559.2 163 1,180

Source: Pl, P2: Unpublished tabulations from the U, S. Department of Commerce.,
SL, UT, W1l: Bank of Hawsii, Annual Economic Review, 1968, 1969.
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II. Observations on Dependent Variables (continued)

wl YP
Average Annual
Wage of the Private Civilian Personal
Year Sector Income
1951 2,962 694
1952 3,066 740
1953 3,147 757
1954 3,206 779
1955 3,290 827
1956 3,437 876
1957 3,593 941
1958 3,843 1,009
1959 4,010 1,141
1960 4,288 1,303
1961 4,492 1,414
1962 4,599 1,475
1963 4,729 1,568
1964 5,003 1,677
1365 5,190 1,791
1966 5,39 1,999
1967 5,579 2,164
1968 6,049 2,428

Source: wl: Derived as W1/Nl,
YP: Unpublished tabulation from the U, S, Department of Commerce,
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