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ABSTRACT

The research study was originated with the purpose of testing the

hypothesis of a long-run excess supply of labor in Hawaii. In order to

test the hypothesis, a quantitative simulation model was developed.

The model relates the growth of employment (demand for labor) and popu

lation growth (supply of labor) by way of migration and labor participa

tion rates. The unemployment rate, as it influences migration, provides

an important linkage between the demographic and the employment sectors

of the model.

Because of the degree of disaggregation needed, computer-generated

data on population, labor force, and migration by age class were used to

substitute non-existent data. Labor force and employment was redefined

in terms of position counts instead of the number of persons so that

other people interested in the results of the study can use them direct

ly since they are consistent with the State Department of Labor

Statistics.

The analysis of Hawaii labor markets shows that most of the ex

pansion in employment in Hawaii in the last two decades has been ac

counted for by the service sector--over the last 20 years, the output

per worker iu the export sector has increased substantially while the

local serving employment groups are very closely related to the size

of the population.

The civilian labor force is determined by the age-specific labor

force participation rates, the size and composition of the civilian

population and its components of change: birth, death and migration
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rates. For the last two decades, age-specific birth rates in Hawaii

were almost identical to the national ones. In contrast, the compari

son of death rates for Hawaii and for the nation shows that the Hawaii

rates are now stabilizing at a much lower level for all age groups.

With the aid of the DYNAMO computer language, the model is simu

lated until the year 2000 using 1970 as the base year. Sensivity

experiments of the model help us to answer the research question:

Is labor force growth to "outrun" employment expansion in Hawaii?

The answer is that under conditions that we consider as the most

likely, labor force growth will not "outrun" employment expansion.

However, the long-run excess supply of labor hypothesis holds if one

of these conditions occurs: (1) a sharp cut-back in defense expenditures

associated with a slower growth of local and state government employ

ment; (2) a smaller number of tourists coming to Hawaii associated with

a slower growth of local and state government employment; and (3) a

high level of national unemployment associated with a very low level

of tourists coming to Hawaii and a low level of state and federal

expenditures.
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CHAPTER I

INTRODUCTION

1
The Setting

The economy of Hawaii has undergone accelerated development over

the last two decades. From the time when Hawaii became a U.S. territo-

ry until the outbreak of World War II, its economic development depended

primarily on expansion of two major industries: sugar and pineapple.

In the postwar years, while sugar and pineapple was mechanized rapidly,

defense spending and tourism contributed a large share in raising in-

come for all racial groups to levels comparable with most mainland

states.

In 1950, there was a half million resident population and this

number has increased to 769,913 by April 1, 1970. 630,528, or 82 per

cent, lived on Oahu, giving that island a population density of over

1,000 persons per square mile. In 1970, 50 per cent of the total state

population was under 25 years old and 48 per cent were females. On

the average, Hawaii's population has grown 2.2 per cent annually from

1950 to 1970. The breakdown shows the average growth rate of 2.4 per

cent for 1950-60 and 1.9 for the 1960-70 period. Migration has been

one of the major factors of population growth. For a ten year period,

1960 to 1970, there was a 52,000 net increase in in-migration to Ha-

waii, excluding military personnel and dependents. This number is

1
This portion relies heavily on information from State of Hawaii

Department of Planning and Economic Development, ~ Book 1971.



made up of 170,000 in-migrants, less 118,000 out-grants. Eighty two

per cent of total immigrants were from the U.S. mainland and the re-

maining 18 per cent were from foreign countries.

Expenditure on Gross State Product (GSP) had grown at a rate of

8.7 per cent annually, from $1.425 billion in 1958 to $3.305 billion in

1968. Personal income in Hawaii increased 133 per cent from 1.48 bil-

lion in 1960 to $3.46 billion in 1970, yielding a geometric growth rate

of personal income of 8.8 per cent annually. In terms of real personal

income, the annual rate of growth was 5.6 per cent for Hawaii as com-

pared to 4.3 per cent for the nation.

It is helpful at this point to examine several major factors af-

fecting the total income of the State of Hawaii: federal and state and

local government, agricultural, construction and tourist industries.

Total federal expenditures have more than doubled from 1960 to

the level of $1.08 billion in 1970. They included $683 million for

the military and $395 million for civilian expenditures. State and

local government expenditures of $626 million in 1968, account for a

smaller part of Gross State Product. However, their growth over the

last decade is of considerable importance: "The average rate of ex-

pans ion during this (1958-68) period was 16.9% per year, if calculated

as a simple average and 10.4% as a compound rate, making state and 10-

cal government expenditures one of the fastest growing components of
1

Gross State Product (GSP), second only to gross private investment".

1
Moheb Ghali and Joyce Iseri, State and Local Government Expendi

ture in Hawaii: 1959-1968. (Honolulu: University of Hawaii, Economic
R;;;arch Center, October, 1971), p.l.

2
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Output of the agricultural sector yields about 6 per cent of the

Gross State Product. The main products of this sector include sugar~

pineapple, diversified crops, and livestock. Total agricultural output

in current dollars increased 42 per cent from 1960 to the level of $213

million in 1970. Of this, $110 million came from sugar cane production

and $40 million from pineapple. The production value of raw sugar and

molasses totaled $198 million, sales of processed pineapple amounted to

$135 million, and the share of other diversified crops and livestock

accounts for about one-third of total agricultural output. In general,

the agricultural sector has experienced a relatively slow growth rate

as compared to other activities. Pineapple production, particularly

has encountered various problems due to high cost of production; the

future production of sugar and other diversified crops does not show

any better promise.

The construction industry has been a major factor contributing to

the economic growth of Hawaii. Approximately 21,000 construction pro

jects with a value of $552.7 million were authorized in 1969. $454.8

million, or 82 per cent, were for the city and county of Honolulu. The

current estimated value of new housing in Honolulu was $25.7 million in

1950, $78.5 million in 1960, and $171 million in 1970. This amounted

to a 205 per cent increase for the period 1950-60, and a 118 per cent

increase for the period 1960-70. Since 1960, the total dollar value of

all construction projects completed in the State of Hawaii has increased

around 7 per cent per year to reach the level of $775 million in 1970.

The rapid growth of the construction industry was partly due to the ra

pid expansion of the number of tourists coming to Hawaii.



Recent data have shown that the tourist industry has become in-

creasingly important for the Hawaiian economy. In 1950, there were

46,593 visitors staying overnight or longer in Hawaii. This number

rose to 296,517 in 1960 and 1,798,591 in 1970. From 1950, the number

of hotel units has risen 15 per cent a year to 30,323 units in 1970.

During the same period, visitor expenditure rose from 24.2 million to

570 million dollars, a compounded growth rate of 17 per cent annually.

In 1965-1966, average expenditure per visitor was an estimated $37.23

per day, where $10.84 was spent for lodging, $9.28 for food, $7.60 for

night clubs, liquor, and other entertainment.

In summary, Hawaii has been growing very rapidly for the last two

decades, especially in the 1960's after statehood was granted. Produc-

tion has grown at a compounded rate of 8.7 per cent a year. Government

expenditure has proved to be the most significant factor generating in-

come and employment. Construction and other tourist-related industries

have been major contributors to the rapid growth of the Hawaiian econo-

my. Agriculture, once the most important sector of the economy, has

been losing its strength due to high costs of production and relatively

low wages.

The rapid growth of the Hawaiian economy and its large share of

income from outside sectors such as tourism requires specific short-

term and long-term plans that could lead Hawaii to a pattern of quality

growth. As a result, the State of Hawaii's General Plan has been de-
l

signed as an active adjunct to the making of new government decisions.

1
State of Hawaii Department of Planning and Economic Development,

State of Hawaii General~ Revision Program, 1967.

4
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Most important goals of the General Plan can be summarized as follows:

1. Preserving Hawaii's natural resources. A beautiful environ

ment is one of the state's most valuable assets.

2. Promoting continuing growth of real peL capita income for the

State, development of quality labor force and taking measures toward full

employment and equal imcome distribution.

3. Maintaining the State Land Use Law as an active instrument to

encourage wise use of land.

4. Providing an efficient transportation network to serve Hawaii

on a total-system basis. This requires the coordination between air,

sea and land transportation, and the development of systems which satis

fy the special transportation problems on each of the islands.

It appears that these goals supplement as well as conflict with

one another. For example, since the Hawaiian economy depends heavily

on tourism, its natural beauty coupled with efficient transportation

would undoubtedly help promote the growth of employment and per capita

income. On the other hand, preserving natural beauty means keeping

land used for agricultural and conservation purposes, or limiting land

rezoned for urban uses. With the growth of population and the tourist

industry, limited urban land means higher prices for housing, hence

less real per capita income. Therefore the goals of planning should

be guided in such a way that these goals are fulfilled in an optimal

fashion.

As stated by Tinbergen, planning includes three steps. The first

is predictiQ~ of future changes of the economy. Such a prediction is

an estimate of likelihood of future developments based on considerations



of past and present trends. The second step is a comparison between

the prediction of future economic changes and the goals for planning.

The final and most important step consists of changes in policy needed
I

for improvements.

Thus, in moving toward such basic goals for Hawaii as an improved

transportation system, adequate recreation facilities, and a healthy

economy, projection of future changes of population, labor force and

employment are essential. The following discussion will expand this

statement.

While employment and hence its projection is one of the basic

concerns of the State, the projection of population was a part of the

State General Plan. Population plays a major role in determining an

essential factor of production, labor supply. On the other hand, it

defines the number of consumers, whose demand is the ultimate goal of

production.

The future population estimates help planners allocate urban land

to meet the increasing demand so that optimum growth of the economy

can be achieved, while agricultural and conservation land can still be

preserved. Population is also an important variable in determining

the demand for transportation. Adequate knowledge of this demand in

the planning process helps planners deal with traffic congestion and

other transportation problems more effectively.

Furthermore, future employment cannot be estimated without pro-

jected population figures. The population projections enable planners

1
Jan Tinbergen, Central Planning (New Haven: Yale University

Press, 1964), pp. 9-10.

6



to project the demand for labor by industry and by occupation. The

demand could then be translated into demand for workers by educational

attainment. Accordingly, decision-makers could have more personnel

t~ained in the appropriate fields. Manpower planning policies are of

particular importance in avoiding unemployment or labor bottlenecks

since the supply of trained workers needs time to adjust to different

levels of demand.

Recently, the Bureau of Economic Analysis, U.S. Department of

Commerce issued long-term forecasts of the population, employment and

income for Hawaii. These forecasts are reproduced in table 1. The

annual rates of growth of population, employment, per capita income and

personal income are lower than those experienced during the last two

decades. As can be seen from the table, the forecasted rate of popu

lation expansion exceeds the predicted rate of employment growth during

the 1980's. Unless the percentage of the population in the labor force

declines, the projections imply continuous increasing unemployment,

contradicting the full employment goal of the State.

Faced with unpredictable events, long-term projections have often

erred by a wide margin. Quite recently, computer simulation have been

introduced into the field of economic research. One of the main ad

vantages of computer simulation is that it is able to accommodate a

wide range of unforeseeable events and to compensate automatically for

anticipated conditions, both internal and external. In case of a

sharp cut-back in defense expenditures, for example, there may be a

serious problem of continuing unemployment in Hawaii, but with favor

able growth in the tourist industry, this may not be necessarily so.

7



TABLE 1

GEOMETRIC GRCMrH RATES OF POPULATION, PERSONAL INCOME,
PER CAPITA INCOME, AND EMPLOYMENT FOR SELECTED YEARS,

HAWAII

8

Item 1950-59 1959-69 1969-80 1980-90

Population

Personal Income (1967 $)

Per Capita Income (1967 $)

Employment

2.3~ 2.0~ 1.7~ 1.5~

5.0 6.7 4.4 4.2

2.7 4.6 2.7 2.6

3.4 2.2 1.9 1.4

Source: R. E. Graham, Jr., H. L. Degraff, and E. A. Trott, Jr.,
"State Projections of Income, Employment, and Population," Survey of
Current Business, Vol. 52, No.4, April 1972, p.47.



Computer simulation makes it feasible to test alternative hypotheses

under a large variety of conditions.

The purpose of this study is limited in this regard. We are inter

ested in examining historical trends and the fluctuation of population

and employment together in the expectation that computer simulation

which follows the findings will help us answer the following research

question:

Is labor force growth like ly to "outrun" the expansi.on of employ

ment? It is the objective of this study to explore this complex

question.

Objectives of the Study.

The central objective of the study is to test the hypothesis that

there will be a continuously increasing unemployment in the next three

decades (1970-2000) by developing a population-employment simulation

model. Because of this, the quantitative model will also serve as a

basis for computer simulation of Hawaii's population and employment

growth to provide useful information for use in planning the develop

ment of public services. It is clear that planners need information

on the shape and the size of the future population and work force in

anticipating public service needs. Computer simulation is able to

provide such necessary information.

Study Procedures.

To test the hypothesis of a long-run excess supply of labor, the

structure of the study is as follows:

9



In Chapter II, theoretical considerations in the formulation of

the model are presented. In this chapter, the interaction between the

growth of employment and the population expansion {s discussed. The

economic base study of emploYment is also presented. Next, we examine

various simulation techniques used in economic research and give an

overview of the entire population-employment model using the format

of Forrester's Industrial Dynamics.

The first objective: to examine the structural characteristics of

employment (the demand for labor) is treated in Chapter III. Together,

14 employment groups are included. All these major industry's groups

fall into two categories, basic and non-basic.

After the labor demand characteristics are analyzed, the dynamics

of labor supply (population) are presented in Chapter IV. Then the

evidence available concerning the characteristics of the civilian labor

force of Hawaii is examined: birth, death, migration, and labor parti

cipation statistics. Because of the need to go beyond the published

data, we describe a method to simulate population and migration by

age group over the period 1950-1970, using U.S. Bureau of Census data

and vital statistics (births and deaths).

In Chapter V, the results of the model's validation and alterna

tive sets of simulations are presented. We also examine the impact of

changing national and local conditions, as well as changes in fertility

patterns, on population and employment levels in Hawaii. With 1970 as

the base year, the Hawaii population and employment variables are si

mulated to the year 2000. The model generates projections for all de

mographic and employment variables under a variety of assumption and!

10
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or conditions. including: (1) national economic conditions; (2) tour

ism; (3) federal. state and local spending; (4) agricultural production;

and (5) birth rate. Finally. we test the hypothesis of continuously

increasing unemployment in the next three decades undCL a variety of

conditions. based on empirical results obtained from the model's

simulation.

In Chapter VI, a conclusion of the study is presented. Future

research suggested from the study is also discussed.



CHAPTER II

THEORETICAL BACKGROUND OF THE MODEL'S FORMULATION

2.1. Economic and Demographic Interdependency and the Linkages Between
the Demographic and the Employment Sectors of the Model.

One of the most important aspect in this study is the interaction

between employment growth and population growth. It is very common to

see independent studies of forecasting of employment growth and popula-

tion growth without considering the interdependency between the two

growth patterns. While the growth of population (supply of labor) and

the employment growth (demand for labor), are very closely related in

the long run, there has been no study that includes a feed back between

labor force supply and employment demand for Hawaii. As part of the

General Revision Plan, the Department of Planning and Economic Develop-

ment has formulated the State Economic Model as a planning tool to ex-

plore different possible economies generated on the basis of alternate

1
conditions. The model assumes an exogenous growth path of population

and a constant percentage of population in the labor force. An evalua-

tion of the State Economic MOdel conducted by Ghali showed that the

comparisons between forecasted and actual employment and output cast

serious doubts on the value of the model as forecasting and planning

2
devices. We are not suggesting that the only weakness of the State

1
Robert Rider, Pattern of Economic Growth: The State Economic

Model, (Honolulu: State of Hawaii Department of Planning and Econo
mic Development, 1967).

2
Moheb Ghali, ! Survey of ~ Planning and Forecasting Models for

~~ 2i Hawaii. (Honolulu: University of Hawaii, Economic Re
search Center, 1970).
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Economic Model is the lack of interaction between the growth of em-

ployment and the growth of population. However, _without consideration

of demography and economic interdependency, the State Economic Model

sheds no light on the State goal of maintaining a high level of employ-

ment, unless population and labor force participation grow independent-

ly of the level of economic activity assumed.

Another model of forecasting income and employment was done by
1

Chau and later revised by Pomponio While the State Economic MOdel

specified the interdependence between domestic sectors, the Chau econo-

metric model is a recursive model where exports, tourism and federal ex-

penditure determine output, employment and income, and the distribution

of expenditure plays a very minor role in the determination of
2

production.

As the State Economic MOdel, Chau's model treated population as

an exogenous variable. Thus, he used a growth path of population to

make the rate of unemployment reasonable:

"Since the Hawaiian economy is service-oriented, income and popu
lation tend to move closely together. This link has not been es
tablished in our model. In making forecasts we: found it neces
sary to resort to an it~rative procedure based on some arbitrary
rates of unemployment".

1
Laurance C. Chau, ~~ Economic~~ Forecasting Income and

Employment !n Hawaii (Honolulu: University of Hawaii, Economic Research
Center, 1970) and Arna1do Pomponi, Economic Forecasts ~ the State 9i
Hawaii, (Honolulu: State of Hawaii Department of Planning and Econo
mic Development, 1971), pp. 14-17.

2
The order of causation in Chau model is: (exports, tourism, fed

eral expenditure)~production~income--.(consumption,investment)--.
import. See Chau, p. 11.

3
Laurance C. Chau, 22. ~., p. 118
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An update of the Chau econometric model has very recently been
1

completed by Peterson. Some improvements were made. Population and

labor force participation are treated as endogenous variables in the

study. While the Hawaii civilian population is determined by its real

civilian income, the Hawaii civilian labor force is induced by the

wage rate and the size of the civilian resident population. This pro-

cedure, however, is not quite satisfactory because of the aggregation of

population and labor force participation. First, population projection

is a very complicated process which involves a determination of the

population age structure, birth rate, death rate and migration rate.

The simple projection of civilian population raises a seri~us question

whether the size of the population can be determined by a single equa-

tion (as a function of real income) without any effect of other "rest-

of-the-world" economic factors on out and in-migration, a major compo-

nent of population change. Second, like the original Chau model,

Peterson did not define labor force participation in terms of popula-

tion 14 and older age classes. Instead, labor force participation was

determined by the size of the total civilian resident population. Thus,

unless the age and sex composition of the population is unchanged over

time, the size of the labor force is determined not only by the size

but also the composition of the population.

From a rapid examination of these recent Hawaiian economic fore-

1
Richard E. Peterson and Charles F. Walls, An Income-Employment

Forecasting Model ~ Hawaii: 1951-1970. (Honolulu: University of
Hawaii, Economic Research Center, 1972).
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casting models, we find that none of these was approached with a signi-

ficant emphasis on demography. Earlier, Blanco has attempted to relate
I

the growth of employment and population growth by way of migration.

She argues that there is a negative relationship between migration (.M)

and potential unemployment (Up). "Potential unemployment" means that

amount which would have existed at the end of a period without migration.

Letting the observed change in employment, be designated dE, the change

in labor force dL, natural increase of the last by N, and Uo the initial

unemployment level, from the indentity

dE + dU = dL = M + N (where dU is the change in unemployment)

Substitute M =0, one obtains

Up = dE + N + Uo.

Potential unemployment is thus the negative of change in employ-

ment plus the natural increase of the labor force and the initial un-

employment. Accordingly, migration varies directly with employment

growth and inversely with natural increase of the labor force and ini-

tial unemployment.

However, the increase of employment or demand for labor as it

filled by an influx of migrants would have repercussions which even-

tually feed back to the demand for labor. As indicated by Lowry,

migration adds more people to the size of the local population, thus

expands the local market of goods and services, hence increasing the

1
Cicely Blanco, "The Determinant of Interstate Population Move

ment," Journal .Qi Regional Science, (Summer 1963), pp. 71-84.
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1
demand for labor in those industries produced for the local market.

Lowry further stated there are infinite series of feedbacks between

migration and the demand for labor and the relation M = f (dQ) approxi-

mates an "equilibrium" in the "comparative statics" sense of the term.

In a recent study, Muth attempted to find a relationship between
2

migration and the growth of emploYment in U.S. cities in the 1950's.

His findings show that migration not only affects but is affected by

employment growth. In this respect, Sonenblum pointed out that both

planning and projection reliability require that labor force and em
3

p10yment be paired in the analysis of regional change.

In the Susquehana River Basin Study, migration is a key linkage
4

between the demographic and economic sectors. This demographic-

employment linkage was basically included in this study. Figure 2.1

shows the interaction between labor supply and employment demand in

our model. Unemployment rate as it influences migration provides an

important linkage between the employment and demographic sectors.

Muth has attempted to explain the fact that employment growth and

migration interact with each other by designing a model in which the

1
Ira S. Lowry, Migration and ~ Metropolitan Growth: Two Ana

lytical Models (San Francisco: Chandler Publishing Co., 1966), P:-44.
2
Richard F. Muth, ''Migrat ion: Chicken or Egg," !h!. Southern ~

m1£ Journal, (January 1971), pp. 295-306.
3
Sidney Sonenblum, "Uses of Regional Pr9jections," Issues !.n Urban

Economics, edited by Harvey S. Per10ff and Lowdon Wingo, Jr., (Balti
more: The Johns Hopkins Press, 1968) pp. 141-180.

4
H.R. Hamilton et ale System Simulation~ Regional Analysis: An

Application ~ River Planning (Cambridge: The M.I.T. Press, 1969).



17

two can be simultanously determined. In our model, the rate of unem-

ployment and migration are not determined simultanously. Instead, in

the feedback loops, migration by age class in the current year is deter-

mined by the difference between national and local unemployment of the

previous year.

Another additional linkage between demographic and employment

factors is labor force participation rate by age class. The labor

participation rates and the size and age structure of the population

in a time period determine the size of the labor force, which, in turn

affects the rate of unemployment.

2.2 The Economic Base MOdel of Employment.

The Hawaiian economy is dominated by a small number of industries

which, taken together, account for the bulk of economic activity in the

State. The welfare of the remainder of the State's industries rests

on the development of these export industries, and of course, on the

local situation. Hawaii is separated from the rest of the United States

by 2,400 miles of water. This contributes substantially to the distinc-

tion that can be made between export and home industries. As a result,

we found that it is appropriate to study Hawaii's people and economy

within a modified version of an economic base study.

1
2.2.1. A Simple MOdel of Economic Base Income Theory.

1
This portion relies extensively on Harry W. Richardson, Regional

Economics (New York: Prager Publisher, 1969), pp. 247-254.
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Economic base theory divides industries into two categories accord-

int to the markets where they sell their products. Export industries

are those selling the majority of their product outside the region they

are located in. These industries are also called basic industries

which provide funds needed for the purchase of goods and services pro-

duced elsewhere. An "export base" is an essential support for many

needs a region may have. Normally, a decline in "export base" will lead

to an associated decline in the overall region's economy. To illustrate

that point, let us consider a simple base model:

First, a region's disposable income Y is the summation of domestic

absorption D (i.e., non-basic income), and total export X (including

not only commodity exports and tourist earnings, but also net wage pay-

ments and property income received by the region's residents from out-..
side, as well as net transfer from outside). Thus, X represents the

"export base", and:

We also have:

Where:

Y=D+X

B=X-M

(1) •

(2) •

B: the region's current balance,

M: the regional imports.

From (1) and (2) we get:

D + M + B = 1 (3)
Y

and:

D - D---X M+B
(4) ,



if the base increases dX, the equilibrium level of the region's will

rise by:

19

dX • l/m+b •

(5) •

Where m and b are the marginal propensities to import (dM/dX), and to

lend abroad (dB!dY). The marginal propensity to spend on home product

(d or dD/dY) is assumed constant.

As a result, the increase in domestic activity Dis:

D = d • dY = d/m+b • dX

From (4) and (5) we can write:

dD/D = d!mtb • M+B!D • dX!X

Assume that m + be = (M + B)!Y. Thus, if d = D!Y then:

dD/D = dX!X (6).

Thus, non-basic and basic income increase in the same proportion,

the base ratio D!X is constant, and if d:>D!Y the ratio will rise over

time, while if d<D!Y the base ratio will fall.

There are four main criticisms that can be levied against the eco

nomic base income theory. First of all, the theory seems inappropriate

for an analysis of a multiple region system. The world economy is

divided into only two components: The "region" and the "rest-of-the

world". As a result, the theory neglects the functional relationships

between regions and gives little understanding of the process of inter

regional growth. The lumping together of all other regions into the

"rest-of-the-world" would be a serious simplification since the effects

of other regions on the region under study are not generally homo·
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geneous. Fortunately, the fact that Hawaii is geographically an iso-

lated State with a very long distance to the mainland allows us to

reduce an inter-regional model to a two-region model.

The end product of the economic income base theory is the regional

multiplier. Most of the criticisms of the export base theory have dealt

with the problem of the ratio between the basic and non-basic components

of the regional economy. According to Richardson: "The value of the

base ratio as an explanatory variable will depend on the size, character

and structure of the region under consideration, and as structure
1

changes so may the size of the base ratio."

Another problem of concern is the difficulty of classifying an

industry as export or local. Usually, export industries are difficult

to identify, since many firms produce products for both local and non-

local markets. Tiebout has mentioned a few alternative techniques for
2

solving this problem. Among these, the approach often defines by as-

sumption manufacturing and agriculture as export and the rest as local.

This approach may cause serious error since a good deal of an industry's

products are locally-oriented. A location quotient can also be used

to indicate export sectors. However, extreme care should be taken in

interpreting whether a large coefficient implies an export activity.

The minimum requirement technique is a variation of the previous method

but it encounters the problem of deciding the cut-off point since ex-

1
Ibid., p. 252.

2
Charles M. Tiebout, The Community Economic~ Study (New York:

Committee for Economic Development, Supplementary Paper No. 16, 1962),
pp. 45-50.
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ports move in the opposite direction of the cut-off point.

Finally, and perhaps the most critical aspect of the economic base

theory is that exports alone are elevated to a key role as the sole ex-

ogenous influence on aggregate demand. The economic growth of the econo-

my would then be a function of the rate of growth of the export sector.

Thus, the theory ignores the fact that internal growth impulses may be

vital factors in regional growth. In fact, a transfer of productive

factors from basic to non-basic sectors may be associated with a rising

regional income if it is more closely related to the optimal allocation

of resources.

2.2.2 The Economic Base Theory of Employment: A More Acceptable View
of Economic Activity.

Economic activity can be measured by either output or employment.

Depending upon the availability of data, either the employment or the

output measure would be used since conversion from one to another can

be obtained by finding the relationship between output and employment.

However, our model measures industrial activity in terms of employment

rather than income or output. We take this approach because emploYment

data is available and also because employment and demographic variables

are directly and easily related.

For this purpose, the study incorporates an economic base theory

of employment. As discussed in the previous section, the local econo-

my is divided into two segments: (1) firms and individuals serving

the market outside the community; and (2) firms and individuals serving

the market within the community. The goods and services sold outside
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the region are considered as "export" or "basic" while the remaining

goods and services go to the local market. Export markets are the

prime movers of the local economy. This point is enhanced when we

consider the fact in increase in export of goods and services leads to

an increased demand for local service industries.

This event happens for two reasons: First, there is a direct re

quirement for business sources relative to the export industries. Sec

ondly, an increase of export employment lowers the local unemployment

rate which, in turn, attracts more in-migrants, thus results in a larger

population and an increased demand for household services. Employment

in export industries is the first major category in our model. This

category is further divided into several groups.

The second major category of employment is termed "business

serving". Firms classified as falling into this category supply the

goods and services needed by other businesses, and grow proportionately.

The third major category is labelled "household-serving". The

firms classified in the household-serving industries group supply the

needs of the ultimate consumer, and encompass such employment groups

as retail trade, restaurant, automobile, and so on. Employment in this

group varies directly with the size of the total population.

These are the main aspects of the present model of employment.

While it remains an economic base study, it is superior to the original

model of economic base in~ome theory because of its disaggregation of

the e~onomy into sets of differentiated activities. The remainder of

this section will concentrate of clarifying this statement.

Economists have long attempted to find a general theory of region-



a1 growth. Many well known growth models, such as those by Harrod,

Domar and Kaldor are not immediately useful in the case of a region;

long-run regional growth theories include the export base and the de-

velopment stages approaches. An eloquent debate between North and
I

Tiebout concentrated on the issues of the export base theory. North

implicitly assumed that at the beginning of the growth process, an

export sector comes into being and as a result, dependent residentary

industries are established. Tiebout in his argument concluded that

export may not be the sole generator of growth. In a recent study,

Gha1i and Renaud analyzed the determinants of investment in Hawaii

and concluded that: "The actual growth path of a region is determined
2

jointly by export growth and the dynamic properties of the economy."

The economic base study is improved by Tiebout definition of

"sectors" and "industries" which are both viewed as sources of demand

faced by industries. Again, the present model of employment has two

sources of demand, basic and non-basic. The latter is identical to the

local industries of the simple original economic base model. However,

they are disaggregated into groups of industries which produce similar

products.

The other sources of demand, the basic or export industry groups,

1
See Charles M. Tiebout, "Export and Regional Economic Growth,"

Journal of Political Economy, Vol. 64, No.2, (April 1956); Douglass
C. North, "A Reply, II ibid., pp. 165-168.

2
Moheb Ghali and Bertrand Renaud, "Regional Investment and Region

al Growth: Some Empirical Evidence,"~ Southern Economic Journal,
Vol. XXXVIII, No.2, (October, 1971), p. 228.
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are redefined by Tiebout as "sectors". Previously, basic industries

are those "exported". However, as Tiebout suggests, "basic industries

are those whose level of activity is not closely tied to the level of
1

economic activity in the local community". Hence, basic and non-basic

industry can be viewed as exogenous and endogenous industries, respec-

tive1y. The same definition is realized in the present model of

employment.

Based on the endogenous and exogenous considerations, and the

State D~partment of Labor statistics, employment be classified as

follows:

A. Basic Industries

1. Federal Government

2. Tourism

3. Sugar

4. Pineapple

5. Garment

B. Local-Service Industries

1. Household-Service Industries

a. Retail and wholesale trade

b. State and local government

c. Services (other than hotels)

d. Diversified manufacture

e. Diversified agriculture

f. Non-agricultural self-employed

1
Tiebout, ~ Community Economic~ Study, p. 74.
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2. Business-Serving Industries

a. Construction

b. Transportation, communication, and utilities

c. Finance, insurance and real estate

As will be discussed in section 4.1, data on labor force and em

ployment by industry which is given by the Department of Labor and

Industrial Relations, are simply job position counts. Here, we do not

reestimate these data on the basis of number of persons employed or

number of man-hours so that other people who are interested in the re

sults of the study can use them directly since they are consistent with

the State Department of Labor statistics.

The present model of employment does not use the basic/non-basic

ratio to measure the activities of the non-basic components. Besides

the export sector, the growth of local household-serving employment

depends on population growth. Local business-serving grows in propor

tion with the growth of other businesses. The growth of export or

basic industries depends upon the "rest-of-the-world" economic condi

tions and simulation of Hawaii's employment allows us to examine the

changes of the base/non-base ratio over time and under various exo

genous conditions, an improvement over the economic income theory.

As mentioned earlier, the local serving employment varies directly

with the size of the population. Thus, export industries are not the

sole mover of the economy. If we aggregate employment in retail and

wholesale trade, services (other than hotels), manufacturing, and

non-agricultural self-employed, the relationship between employment

in the private local-serving industries and the Hawaii total resident

25



population is estimated as follows:

WHS
t

= -28289 + .2745 PNt
(t = 107.6)

where:

2
R = .98

26

WHS: total number of workers in household-serving industries

PN: total resident population

t: time period

The result on household-serving employment obtained from the equa-

tion above is very close to the one obtained by the Susquehana Study

in which household serving was estimated from the cross-section data of

the Susquehana subregions. The estimated equation provides that the
I

ratio of employment increases as the population grows. This is very

comparable to the results of other studies, and may be explained by

import substitution. According to Tiebout:

•••with more consumers a market develops for specialty items:
a legitimate theater, a local baseball team, a Japanese curio
shop, and other such activities. Thus, consumers can now pur
chase locally items which previously had to be imported. An
added impact comes at the indirect consumer level. With more
food stores in the community, a local bottling plant becomes
profitable and soda pop need not be imported. Added local
dentists make a local dental supply house feasible. As econo
mists put it, the size of the market is now sufficient in terms
of economies of scale to support these new activities. 2

According to the theory of consumption, all other things equal,

people tend to spend more as income increases. Also, as income grows,

a proportion of the increase in income will be spent in services.

However, income is not a relevant factor in determining household

I
The elasticities of each individual group of the local household

serving category are given in table 3.4.1.
2
Tiebout, ~. cit. p. 66.
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serving employment is our model. Plotting the data on deflated per

capita income in Hawaii against the unexplained residuals, we determined

that there is virtually no relationship between these factors. Thus,

since the equation with population alone provides a very good fit, per

capita income does not enter in our model as a determinant of household

employment.

The lack of influence of income on household-serving employment

can be justified as follows:

1. The Hawaiian economy is service-oriented, and income and popu-

lation are highly correlated.

2. The general wage level of a high income region would be greater

than that of a lower per capita income region. Therefore the increased

spending might not produce more employment because of the wage differen-

tial involved.

3. A good proportion of the increased spending is to buy more

expensive goods and services that do not require additional workers.

4. Part of the increased spending may be used to buy specialized

services which are not available locally.

5. Labor productivity may increase with higher level of income.
1

Income effects can be also mathematically expressed:

First, considered the demand for labor in household-serving

business:

(1)

1
Hamilton et al., System Simulation~ Regional Analysis: An

Application 1£ River Planning, p. 167.
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where:

Total income Y, total population P and wage price wlp affect

the demand for labor in household serving Ld

Supply LS = bo + bl (w/p) + b3P

In equilibrium: LS = Ld = L

From (1) we have:

w/p = (l/a1) (L - ao - a2Y - a3P)

Substitute w/p in (2) we have:

(2).

(3).

(4).

L = bo + (bl/a l ) (1 - ao - a
2
Y - a

3
P) + b3P (5)

if b1a2/al is small, income will not appear in equation (5), then:

L = Co + e1P.

This quantitative relationship can be obtained for each of the

five local household-service industries.

2.3. The Value of Simulation in Economic Research.

With the advent of the electronic computer in the post-war years,

it became possible to obtain particular solutions to mathematical equa-

tions independent of the knowledge of their analytical solution, and to

some extent, irrespective of their complexity. One of the ways in

which the computer was used in this context consists of the following

steps:

1. Deriving a mathematical model describing the behavior of the

system.

2. Using the computer to obtain particular solutions of the model.

In doing so, the computer reproduces the appearance of the system

to be analyzed and simulates the behavior of the system. This is what



29

has been called simulation.

More recently, the idea of computer simulation of complex and dy-

namic social and economic systems has been initiated. It appeared to

economists that it would be fruitful to approach many complex problems

as an engineer approaches his, by making calculations for particular

cases and comparing results rather than seeking directly general

theorems or optimal solutions. Thus, simulation has become an important

word for economists since it serves an important purpose and helps fill

a large gap in the field of economic analysis. Economists have defined

simulation as follows:

Simulation is a numerical technique for conducting experiments
with certain types of mathematical and logical models describing
the behavior of an economic system on a digital computer over
extended periods of time. l

Naylor and Vernon2 gave some advantages of using computer simula-

tion over other mathematical tools in a four-stage procedure of scien-

tific methods. These four-stages consist of:

1. Observation of the economic system.

2. Formulation of a mathematical model to explain the behavior of

the system.

3. Prediction of the behavior of the system on the basis of the

model by obtaining the solution of the system.

4. Performance of experiments to test the validity of the model.

Naylor and Vernon went on to note that when one deals with an

1
Thomas H. Naylor and John M. Vernon, Microeconomic and Decision

Models 2i~ Firms (New York: Harcourt, Brace and World Inc., 1969),
p. 329.

2
Ibid., p. 329-331.
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economic system, difficulties may negate the use of one or more of the

above four steps. In order to alleviate this procedural problem, com

puter simulation was found to offer an acceptable substitute step (or

steps) causing disharmony of the four-stage method:

First, relative to the observation stage, it is sometimes either

impossible or too costly to observe the actual behavior of the system.

To illustrate this point, we only have to think of an underdeveloped

country where historical data on population, labor force, wages and

costs may be nonexistent. However, one might have access to sufficient

information to make realistic assumptions about the trends of these

variables over a given period of time. We might then have the computer

to simulate missing data.

Second, in formulating a model to explain the behavior of a system,

it is necessary to avoid a structure based on computer-generated data

only. It is of primary importance to use data from empirical observa

tions and to substitute simulated material only when the empirical ob

servations prove to be limited. Lastly, the model must be subjected

to extensive validity-testing in coming to grips with the fourth step

of the procedure in question.

Thirdly, simulation proves to be extremely useful in obtaining

particular solutions for dynamic and complex economic systems. A ma

jority of economic problems are very complex in nature and it is not

possible to obtain particular solutions to the model by standard analy

tical techniques. Solutions by straightforward analytical technique

are very difficult if not impossible for models which include high

order, non-linear equations and stochastic variables. As an alternate



31

path to analysis, economists use computer simulation under such circum-

stances. Hence, economic theories can be represented by precise models

and a large number of assumptions can be introduced so that the be-

havior of an economic system is reproduced as closely to the real world

as possible.

Finally, in dealing with the fourth step, the problem lies in

testing the validity of the model: just as the beginning step, the

last step is burdened by the problems of costliness or of non-existent

data. Hence, simulated data can be used to test different hypotheses

under a larger variety of conditions than are usually considered.

In ending, a comparative note between the analytical and simulated

methods should be mentioned: simulation can be inexpensive; minor

changes can be made; the model can be non-linear; and the model can

contain a large number of variables.

2.3.1. Alternative Techniques of Simulation: A Comparison of Three
Approaches.

There are some reasons why economists have used computer simula
1

tion as stated by Hamilton, et ale There are three types of simulation

that have been performed and are being used today:

Microanalytic or Event Simulation.

In this technique, a careful and completely detailed structure of

the system being simulated is reproduced in the model. The modeler

would have to use a sample population instead of the total population

1
Hamilton, et al., 22. £i!., pp. 96-97.
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whenever it is impossible or too costly to obtain all the details of a

broad economic system. However, the computing costs are still very high.

Simulation of Econometric MOdels.

Econometric models have been widely utilized to generate quantita-

tive forecasts of economic activity. The function of an econometric

model is to trace out the time paths of a set of economic variables such

as output, price, employment, etc. The model computes their values at

fixed intervals of time, usually, quarterly or annually.

The set of simultaneous difference equations which represent the

economy under investigation is typically of the following form:

AX +BY +BY +CZ +D =U
t t i t-i t t t

where:

Xt = an m x 1 vector of exogenous variables

Yt =an n x 1 vector of endogenous variables

(1)

Y = an n x 1 vector of lagged endogenous variables (i = l, ••• ,p)t-i

Z = an q x 1 vector of policy variables
t

U = an n x 1 vector of stochastic disturbance
t

A, B, C, D are coefficient matrices whose parameters have been

estimated by standard econometric methods.

The model is defined by a set of equations expressing variables

measured at time t in terms of time t-i, and the coefficients of these

equations are estimated from economic data. Certain variables are

considered to be external to the economic system in the sense that they

act upon it but are not influenced by it. These are termed exogenous

or autonomous variables. The model can be considered as a means of

determining the response of the economic system to changes in the exo-
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genous or autonomous variables. Random terms are often included in the

equations to represent the action of minor changes whose effects are

unpredictable. Policy variables are selected by the investigator.

If the model is linear, the equations (1) can be solved easily,

and take the following form:

Y = _B-1AX _ B-1B.Y .
t t 1 t-1

-1
- B CZ

t

The right-hand side of each equation contains only lagged values

of variables which are already performed for the previous time. In that

case, it is simple to simulate the time path of vector Yt over an ex-

tended period of time.

In more complicated models, there can be non-linear relations.

Such non-linearity exists typically in production functions and other

structural equations such as wage rate., labor force participation, and

income equations. In such a case, the primary obstacle lies in the

difficulty of manipulating the equations when they include a large num-

ber of non-linear difference simultaneous equations.

Continuous Simulation.

One of the new techniques of simulation recently used by economists

is called continuous simulation. It was chosen for our problem because

of its relatively low cost. In this technique, the real world is

translated into a set of continuous or discrete simultaneous equations.

These equations can then be rewritten under the format of the special

program, and are solved on a digital computer. The program, which is

called DYNAMO, is available to reduce significantly the cost of pro-

gramming and running the model. To get a clear view of continuous si-

mulation, Industrial Dynamics Control Theory and the DYNAMO program are
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presented next.

2.3.2. Industrial Dynamics.

The continuous simulation model considered in this study uses the

approach and the orientation to dynamic models developed by J. W.

Forrester in his book Industrial Dynamics. l What Forrester calls

'~ndustrial Dynamics" is the study of the time varying and dynamic be-

havior of the information feedback characteristics of an industrial

system. Such studies have been possible only since World War II. There

are four foundations for improved understanding of social organizations

which have been built, primarily as by-products of military systems re-

search. There are:

1. The theory of information feedback systems.

2. A knowledge of decision-making processes.

3. The experimental model approach to complex system.

4. The digital computer as a means to simulate realistic mathe-

matieal models.

Information Feedback Control Theory.2

Forrester gives a broad definition of an Information Feedback

system:

An information Feedback system exists whenever the environment
leads to a decision that results in an action which affects the
environment and thereby influences future decisions.

1
Jay W. Forrester, Industrial Dynamics (Cambridge:

Press, May 1968).
2
~., p. 14.

The M. I. T.



Thus, in an information feedback system, conditions are converted

into information that is a basis for decisions that control action to

alter the surrounding condition. The cycle is continous. We cannot

properly speak of any beginning or end of the chain. It is a closed

loop. Feedback loops can be found almost everywhere: they can be me

chanical, biological or social. This point of view is illustrated by

the following examples:

- The information and control loops extend from steering wheel to

automobile, to street, to eye, to hand and back to the steering wheel.

- A person senses that he might fall, corrects his balance and

thereby is able to stand erect.

- A population creates births that add to population.

The feedback relationships described here are dynamic: time is

required for the chains of causes and effects to close. Time delays

arrive in every stage of the system activity - in decision, in trans

portation, in averaging data, and inventories and stocks of all kinds.

In many cases, a study requires not only a forecast of future levels

but also an understanding of the time patterns of adjustment.

Structure. 1

The basic structure of Forrester's Industrial Dynamics Model is

quite simple. It consists of:

- Several levels

1
Ibid., pp. 67-72.
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- Flows that transport the content of one level to another

- Decision functions

- Information channels that connect the decision functions to the

levels.

Levels.

Levels determine the way in which levels change from one interval

to the next. A present time level is a quantity that results from its

value at a prevLous time and on other quantities at that time or in the

interval or past and present time. For example, a present stock de

pends on the value of the stock level at the previous time interval,

the rate of inflow during the interval and the rate of outflow.

Flow Rates.

Rates are the flows of tangible things from one level to the next.

Thus, rates define the present, instantaneous flows between levels in

the system. The rate corresponds to activity, while the levels mea

sure the resulting state to which the system has been brought by the

activity.

Decision Function.

These determine the way in which the rates change from one inter

val to the next. The effect of feedback control is represented by the

decision functions (or rate equations). It is usual to introduce auxi

liary equations which include some variables that simplify the main

decision functions.

36
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Information.

Information concerning the levels used to make the decision which

regulate the flows. Other information concerning exogenous factors

may influence the decisions, and hence the rate of flow, or the factors

may influence the rates of flow without affecting a decision.

Interconnection between levels, rates, and information is shown

diagrammatically in figure 2.2.

Computing Sequences.

One of the very important aspects which is poorly shown by the

diagram (figure 2.3) is the time dependence of the decision variables.

There are three time periods of importance: the present, K; the past,

J; and the future, L. The length of time between calculations is de

noted by DT. In other words, the past, J, is the immediately past DT

from the present, K. The future L is the next DT from K. The level

equation is first computed from observations about levels and other

auxiliaries at time J and rates over the interval JK. Next auxiliaries

are calculated from information about levels and auxiliaries at time

K and the rates over the interval JK. Finally, rates for the forth

coming KL are calculated from levels and auxiliaries at time K and

rates. over the interval JK. After evaluation at time K of levels,

rates, and auxiliaries, time is indexed forward; i.e., J,K,L positions

in figure move one time interval to the right. The K position is now

J, L is indexed. The sequence of calculation can then be repeated.

2.4 The Structure of The Model.
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In this section, a brief overview of the entire population and em

ployment growth model is presented. The details of each individual

sector and the technical description of the entire model are given in

Appendix.

The model is composed of two major sectors: a demographic and an

employment sector. The two sectors are linked together by an important

feedback loop including population, labor force, unemployment, and mi

gration variables as shown in the figure 2.1.

The demographic sector can be seen as the "supply of labor" sector.

And in the same manner, the employment sector is considered to be the

"demand for labor" sector. Imbalance between supply and demand will

set in motion a force toward equilibrium.

2.4.1. The Demographic Sector.

As stated above, the demographic sector is interacting with the

employment ·sector, the feedback effects between the two sector are

obvious. For example, if an external force causes a fall in employ

ment level in Hawaii, outmigration will begin to take place. Soon

births will begin to fall among the younger age groups in response to

the unfavorable situation. Also, many job-seekers will become dis

couraged and withdraw from the labor force. At the same time, outmi

gration lowers the labor force and tends to reduce unemployment.

Population changes are related to three factors: births, deaths,

and migration. Since these three factors are not homogenous to all

population ages, it is essential that population be divided into age

classes. The age structure is selected in such a manner that each age
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group will have a relatively homogenous birth, death, migration, and

growing rate.

Figure 2.4 describes the flows into and out of an age class over

time. People are added to an age class by in-migrating, or by growing

from the previous age class. In contrast, population in an age class

is decreased by dying, aging or out-migrating.

Births and Death Rates.

Birth and death rates are much eS$ier to predict than migration

rates. Death and birth rates vary from one age class to another. The

model study will detect the sensitivity of population to birth and

death rates in Hawaii.

Migration.

Migration is an important factor which ties population and employ

ment together. The rate of migration is determined by the difference

between the local unemployment rate and an assumed long-run national

unemployment rate. In-migrating will increase if the local unemploy

ment rate falls below the national rate, and vice versa.

Labor Force.

Labor force participation rates differ widely by age group. Al

though the labor participation rates of a specific region tend general

ly to follow the same pattern of the nation as a whole, there are

differences in over-all participation rates in different areas, a fact

which is quantitatively important.
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2.4.2. The Employment Sector.

As discussed earlier, the model incorporates the economic base

theory of employment. That is, some industries' sales are made outside

the region they are located. These export businesses provide funds

needed for purchases of goods and services produced elsewhere. Exports

include all sales made outside the community, not just trade with

foreign nations. Employment in export industries is the first major

category in our model.

The second major category of employment is termed "business

serving". In this chain, the foremost link is the proportional growth

of the business region proper.

The third major category of employment is labeled "household

serving". The forms classified in the household industries are respon

sible for supply the needs of the ultimate consumer.

Figure 2.5 illustrates the main feature of the employment sector

and figure 2.6 shows a few of the feedback loops involves in both de

mographic and employment sectors.
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CHAPTER III

THE DEMAND FOR LABOR

3.1. The Evolution of the Hawaii Labor Market.

While the population of Hawaii increased at a simple average rate

of 2.7 per cent annually for the period 1950-1960 and 2.2 per cent for

the period 1960-1970, the labor force increased at annual rates of 2.5

and 4.8 per cent respectively. As a result, the percentage of popula

tion in the labor force increased from 37.57 in 1950 to 45.46 in 1970.

Between 1950 and 1960, this rate fluctuated around the mean of 37,

however no significant changes were noted. In the 1960's, this rate

underwent a major change. Within a 10-year period (1960-1970), it

increased 22.3 per cent to the level of 45.46. Further breakdowns

(table 4.4.1) show that while the male labor force participation rate

slowly declined over the period 1960-1970 for all age groups, the fe

male rate increased significantly except for the 14-15 and 65-and-over

age groups. The female average rate for 14 and over age groups was

46.5 per cent in 1970, the highest in the nation.

Total employment was 170,075 in 1950, 228,050 in 1960, and 337,050

in 1970. This represents a 34 per cent increase for the period 1950

1960 and a 48 per cent increase between 1960 and 1970. For the past

two decades, the labor market in Hawaii was characterized by shifts

from agriculture to service industries.

Tables 3.1.2, 3.1.3 and 3.1.4 present the breakdown of employment

for the State of Hawaii. It is clear that the Hawaiian economy is

very much a U.S. metropolitan economy, oriented toward services. If



TABLE 3.1.1

BASIC AND l«>N-BASIC INDUSTRIAL
EMPLOYMENT (1950-1970)

46

Year

1950

1955

1960

1965

1970

Total

A
a 170,075

Bb N.A.
CC 100.0

A 189,352
B 11.33
C 100.0

A 228,055
B 20.44
C 100.0

A 257,200
B 12.78
C 100.0

A 334,840
B 30.19
C 100.0

Basic

56,406
N.A.

33.16

59,594
5.65

31.47

58,759
-1.40
25.77

59,980
2.08

23.32

68,900
14.87
20.58

Non-Basic

113,669
N.A.

67.84

129,758
14.15
68.53

169,291
30.47
74.23

197,220
16.50
66.68

265,940
34.84
79.42

B/N.B. d

49.62
N.A.
N.A.

45.92
N.A.
N.A.

34.71
N.A.
N.A.

30.41
N.A.
N.A.

25.91
N.A.
N.A.

aA: number employed •
bB: increase from previous 5 years •
cC: percent share of total employment •
dB/N. B.: ratio between basic and DOn-basic employment (percent) •

Source: State of Hawaii Department of Labor and Industrial
Relations, Labor Force Estimates (annual).



TABLE 3.1.2

BASIC INDUSTRY EMPLOYMENT (1950-1970)

Year Sugar Pineapple redera1 Hotel Garment Total
Government

Aa 22,893 12,167 18,891 1,829 626 56,406
1950 Bb N.A. N.A. N.A. N.A. N.A. N.A.

CC 40.6 21.61 33.5 3.2 1.1 100.0
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1955

1960

1965

1970

A 20,955
B -8.5
C 35.2

A 14,633
B -30.2
C 24.9

A 12,650
B -13.6
C 21.1

A 10,900
B -13.9
C 15.8

11,702
-3.9
19.6

10,396
-11.2

17.7

9,190
-11.7

15.31

8,140
-11.51
11.8

22,676
20.0
38.0

26,990
19.0
45.9

29,570
9.5

49.3

33,420
13.0
48.5

2,913
59.3
4.9

4,330
48.6
7.4

6,300
45.5
10;55

13,320
111.4
19.4

1,348 59,594
115.3 5.7

2.3 100.0

2,390 58,759
77.3 -2.0
4.1 100.0

2,270 59,980
-5.0 2.1
3.8 100.0

3,120 68,900
37.4 14.9
4.5 100.0

aA: number employed.
bB: percent increased from previous 5 years.
cC: percent share of total export employment.

Source: State of Hawaii Department of Labor and Industrial
Relations, Labor Force Estimates (annual).



TABLE 3.1.3

BUSINESS-SERVING EMPLOYMENT (1950-1970)

Transportation, Finance,
Year Consi:ruction Coumunication Insurance and Total

and Utilities R.eal Estate

Aa 8,798 11,206 3,429 23,433
1950 Bb N.A. H.A. N.A. N.A.

CC 37.6 47 .. 8 14.6 100.0
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1955

1960

1965

1970

A
B
C

A
B
C

A
B
C

A
B
C

9,768
+11.0
39.0

17,600
+80.2
42.3

17,560
-0.2
37.4

25,230
+43.7

37.6

10,709
-4.4
42.8

14,780
+38.0

35.5

16.360
+10.7

34.9

23,860
+45.8

35.5

4,568
33.2
18.2

9,240
+102.3

22.2

13,010
+40.8

21.7

18,040
+38.6

26.9

20,045
+8.4

100.0

41,620
+63.8
100.0

46,930
+12.8
100.0

67,130
+43.0
100.0

aA: number employed.
bB: percent increase from previous 5 years.
cC: percent share of total business serving employment.

Source: Department of Labor and Industrial Relations,~
Force Estimates (annual).



TUnE 3.1.4

HOUSEHOLD-SERVING EMPLOYMENT (1950-1970)

Local Services Diver- Non-
Manu- and (other sified agricul-

Year factur- state than Trade agricul- tural Total
iug govern- hotel) ture self-em-

mant p10yed

Aa 7,739 14,249 13,442 27,029 8,518 19,196 90,236
1950 Bb

Cc 8.6 15.8 14.9 10.0 9.4 21.3 100.0
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1955

1960

1965

A
B
C

A
B
C

A
B
C

8,308 17,055 16,718 32,847 10,425 19,447 104,000
7.4 19.7 20.4 21.2 22.4 1.3 16.2
7.9 16.3 16.0 31.3 9.9 18.6 100.0

10,571 22,500 24,980 42,720 6,970 19,930 127,761
27.2 31.9 49.4 30.0 -33.2 2.5 21.90
8.3 17.6 19.6 33.4 5.5 15.6 100.0

11,570 28,150 31,830 50,070 5,790 23,130 150,530
9.4 25.1 25.6 17.2 -16.9 16.1 17.8
7.7 18.7 21.1 33.3 3.8 15.4 100.0

1970
A
B
C

12,400
7.1
6.2

40,320 43,530 68,670
43.2 36.8 37.1
20.3 21.9 34.5

7,580 26,130 198,630
30.9 13.0 31.9
3.8 13.2 100.0

aA: number employed.
bB: percent increase from previous 5 years.
cC: percent share of total local household serving employment.

Source: State of Hawaii Department of Labor and Industrial
Relations, Labor !2!:!:! Estimates (annual) •
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we add employment in federal, state and local government, transportation,

communication and utilities, retail and wholesale trade, finance, in-

surance, and real estate and finally hotel and other service employment,

we have more than 70 per cent of total employment in 1970.

Recently writers like Stigler, Fuchs and Ginzberg have indicated

that the goods sector taken as a whole has ceased to contribute to

employment growth and that such growth as has occurred has been ac

1
counted for by the service sector of the U.S. economy. The case of

Hawaii is not different. If we aggregate agriculture (sugar, pineapple,

and diversified), garment, construction and manufacturing as the goods

sector, the net change in employment in the goods sector accounted

only for 3.3 per cent between 1950 and 1960 and 4.4 per cent between

1960 and 1970 of the total increase in total employment. For this

sector, the share of total employment declined from 35.7 per cent in

1950 to 27.4 per cent in 1960 and to 20.1 per cent in 1970.

The data indicates clearly that most of the decline in employment

in the goods sector was largely due to the decline of employment in the

agricultural sector where output per worker increased substantially and

output grew at a rate far below that of Gross State Product. In ma-

nufacturing, output increased at a rate less than the state as a

whole. The manufacturing sector is quite small. For these reasons,

the net result was a relatively low rate of growth of employment during

1
George J. Stigler, Trends in Employment in~ Service Industries,

(Princeton, Princeton University Press~ 1956), pp. 5ff; Victor R. Fuchs,
The Growing Importance 2!~ Service Industries, occasional paper 96
(New York, National Bureau of Economic Research, 1965), pp. 1ft; Eli
Ginzberg et al., ~ Pluralistic Economy (New York, McGraw-Hill, 1965).



the last two decades. In construction, output grew at a much faster

rate than that of other industries in the goods sector. Because of

this, employment in this category increased 101 per cent between 1950

and 1960, and 43.3 per cent between 1960 and 1970.

Most of the expansion of employment in Hawaii during the last two

decades was due to the increase in employment in the service sector.

According to the classification of metropolitan labor markets by

Stanback and Knight, Hawaii can be classified as a U.S. medium-size

metropolitan economy of both government associated and resort-type

with the highest rate of increase in employment in services as compared
1

with other types of metropolitan labor markets.

Within the service sector, there are very great differences in
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trends in employment. The fastest growing category is hotel employment,

which increased 137 per cent between 1950 and 1960 and 208 per cent

from 1960 to 1970. The high rate of employment expansion in this cate-

gory resulted from the rapid rate of increase in tourist expenditures,

which has increased substantially during the last two decades, indicated

the output per worker also increased rapiedly over time. The share of

government (local, state and federal) employment to total employment

has been quite stable over the years, i.e., 19.4 per cent in 1950, 21.7

per cent in 1960 and 21.8 per cent in 1970.

The data also indicated that employment in local service industries

grew faster than total employment. Employment in services (other than

1
Thomas M. Stanback and Richard V. Knight, ~ Metropolitan Econo

~, (New York: Columbia University Press, 1970)0
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hotels) increased 86.1 per cent between 1950 and 1960 and 74.3 per cent

from 1960 to 1970. For wholesale and retail trade, the rate of increase

in employment was lower than that of employment in services. Employment

in this category increased 57.6 per cent during the 50's and 60.7 per

cent during the 60's.

The business-service sector, notably finance insurance, and real

estate category also grew very rapidly. The percentage increase in

employment in finance, insurance and real estate occupation were 174.7

per cent during the 50's and 95.8 per cent during the 60's. This busi-

ness-service sector showed a very high rate of increase in output.

For example, deposits in island banks reached $1.6 billion in 1970 as
1

compared with $673 million in 1960 and $376 million in 1950. Thus,

the high rate of increase in employment in this sector reflects the

joint influence of a high rate of increase in output and a relatively

low rate of increase in output per worker for the period 1950-1970.

In summary, employment expansion during the last two decades cen-

tered upon government, hotel, and business and consumer services.

Manufacturing played a minor role in the growth of employment. Virtual-

ly no employment expansion was accounted for by the agricultural in-

dustries. The change in size and composition of employment during

the last two decades showed the increasing importance of the local

service industries as compared to the basic industries. For the local

service industries, the percentage share of employment to total employ-

1
State of Hawaii Department of Planning and Economic Development,

~~ 1972, p. 149.
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ment increased from 67.8 in 1950 to 74.2 in 1960 and 79.4 in 1970, and

the basic/non-basic employment ratio decreased from 0.496 in 1950 to

0.259 in 1970. (table 3.1.1).

302. Basic Non-Agricultural Employment.

3.2.1. The Federal Government.

The federal government has been Hawaii's main source of income for

many years. In response to Japan's growing hegemony during the forma

tive decades of the 20th century, the United States intensified its

preparedness and security by making Hawaii its major Pacific base for

military operations. This, in turn, caused the Hawaiian prosperity to

be tied to the federal government's activities to an important degree.

In 1970, about one-fifth of those gainfully-employed in the State were

paid directly by the federal government. Of this proportion, 13.4 per

cent were in the military forces, and 2.8 per cent were civilian defense

related employees not in the armed forces.

The fact that military expenditures represent the major volume of

federal spending in the state makes the problems of projecting future

trends most precarious, for clearly the military budget depends not

only on technological innovations or changing logistics but also on the

international situation. If there are basic shifts in U.S. government

spending priorities and if the government decides to spend more for

domestic programs, such as education, housing and welfare, one might

expect a significant drop in military expenditures. In couterpoint to

this, if more limited wars should break-out in some other parts of

Asia, a substantial increase in military expenditures might be expected.
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Thus, national policy regarding Asia and the Pacific will produce fluc

tuations in the amount of military spending in Hawaii.

Because of this situation, a solid foundation for projecting fed

eral activities in the State of Hawaii cannot be established. The

only reasonable alternative we have is to base assumptions on the pre

sent state of affairs and, in conjunction with this, the given know

ledge of past trends in federal activities in the state. Military

employment more than doubled from 1950 to 1960, and in the decade

1960-1970 there were approximately 54,000 officers and enlisted men

in the islands. At the same time, civilian employment both by military

forces and by other federal agencies has grown by roughly one-third

from 1950 to 1960, and more than one-fourth from 1960 to 1970.

For purposes of simulation, it is assumed that the present inter

national policy will continue. The basis of a "high" projection is an

increase of 30 per cent of the present level in the year of 2000. This

projection would account for the withdrawal of U.S. forces from some

part of Asia and the Pacific which may lead to relocation of military

activities in Hawaii. A "medium" projection of military personnel is

obtained by just carrying the 1970 figure forward at the same level.

The "low" projection assumes the need for armed forces in Hawaii will

be greatly reduced. The "low" projection is then obtained by reducing

by 30 per cent the 1970 figure of the military forces in the State.

Projection of civilian employment by the armed forces is based on

similar assumptions. The "high" projection is an increase of 20 per

cent of the 1970 level in the year of 2000. The "medium" increase

assumes the 1970 level will maintain for the next 30 year period, and,
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finally, the "low" projection is obtained by reducing by 20 per cent the

1970 civilian defense-related employment by the year 2000.

The projection of civilian non-defense employment is made on a

somewhat different basis, for such activity is not influenced by inter-

national events. In fact, civilian federal employment is expected to

be determined on the basis of total resident population and the follow-

ing relation was estimated:

NGf = -19,020.27 + 41.68 PN
(t = 14.88)

where

R2 = .9209

NGf: non-defense civilian employment

PN: total resident population, in thousand.

As a result, it was estimated that an increase of 1,000 people in

the State will lead to a gain of 42 employees hired by the federal

government. A change of 20 per cent of this parameter will be tested

to show the feedback effect of this sector on the total economy in the

year 2000.

3.2.2. The Tourist (Hotel) Industry.

Tourism is the only one of the five basic sectors in the Hawaii

that seems to offer promise of substantial growth. The number of tour-

ists visiting Hawaii has expanded tremendously during the post-war

years, from a very low level before World War II. The number of visi-

tors staying overnight has grown from 47,000 in 1950 to 243,000 in

1959, and 1,798,000 in 1970. During the same time visitor expenditures

rose from less than $25 million to $594 million. It is also worth

no~ifig that the data indicate that the annual rate of growth of tourist

expenditures is 17 per cent. To accommodate this flood of tourists the



inventory of hotel rooms has grown from 2,000 in 1950 to well over

30,000 in 1970, while hotel employment has risen from 1,829 to 13,320

during the same period. Indirect effects of this expansion have also

been substantial, particularly in the food, clothing and entertainment

industries.

The factors contributing to Hawaii's tourist growth are not diffi-

cult to discover. An impetus came from military families helping to

spread the popularity of Hawaii and themselves. With the advent of

advanced transportation, the islands became linked to a traveling popu-

lace that today scans the globe: in 1952, more than 80 per cent of the

total visitors staying overnight were westbound destined to Hawaii. In

1970, this category is only 65.1 per cent which shows that eastbound

and westbound beyond Hawaii visitors were coming to Hawaii with a fast

increasing number.

Many studies have attempted to forecast the number of visitors

coming to Hawaii. However, the margins of error were too large and

might not be permissible for planning purposes. According to Schmitt:
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Forecasting the number of visitors coming to Hawaii has always
been hazardous. Most of the past projection have been inaccurate
by more than 20 per cent; few foresaw the dramatic increase that
occured during the years 1965 to 1969. The 15 forecasts for over
night visitors made during the period 1948-1963 indicate the
average forecasting error is over 24 perlcent. Underestimates'oue
numbered overestimated by a wide margin.

As a result, we will project the number of visitors on the alter-

native assumptions: low, medium, and high, which is based on two new

1
State of Hawaii Department of Planning and Economic Development,

Hawaii Tourism Impact ~, 1972.



TABLE 3.2.2

OVERNIGHT VISITORS OF HAWAII

Year Total Visitors Annual Increase

1970 1,798,591 197,906

1975
Projection A 3,436,340 353,777
Projection B 2,200,000 120,892

1980
Projection A 5,279,580 372,468
Projection B 3,680,000 296,000

1985
Projection A 7,164,700 378,029
Projection B N.A. N.A.

1990
Projection A 9,057,240 378,683
Projection B N.A. N.A.

Source: State of Hawaii Department of Planning and Economic
Development, Tourism.!!! Hawaii, Hawaii Tourism Impact Plan, Vol. I :
Statewide, 1972, p.13.
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state projections which are given in table 3.2.2.

Given projections of the number of tourists visiting Hawaii, esti-

mated employment is obtained on the basis of the relation between these

two variables.
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Log (HE) = 2.41925 + 0.50253 log V
t (t = 26.85) t

where:

HE: hotel employment

V: visitor overnight.

.9743

Although the elasticity of employment with respect to tourists is

about only .50, which means that tourist influx has been growing twice

as fast as hotel employment, a tremendous annual increase of tourists

has accounted for the large share of the economic growth in Hawaii

during the past two decades. For many years to come, tourism will

maintain the same position as the most important stimulating force for

Hawaiian economic growth.

3.2.3. The Garment Industry.

Since the end of World War II, the apparel industry has experienced

rapid growth. From 1950 to 1970, employment rose from 626 to 3,120 or

about 400 per cent increase over the last 20-year period. The recent

growth of tourism is believed to have contributed significantly to the

acceptance and popularity of Hawaiian fashions on the mainland. The

fastest growing category of wearing apparel in the nation today is

leisure and casual wear, for which Hawaii is noted.

The garment industry in Hawaii is at a disadvantage competitively

because of the necessity of importing fabric from Japan and the United

States mainland, and also because rents for plants and offices are high
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compared with similar costs on the mainland. However, the occurrence of

the industry's remarkable growth is attributed to several factors:

1. The notable growth in tourism in recent years.

2. A predominantly oriental labor supply not only efficient but

talented in printing and design.

3. Hawaii has long been considred an island paradise, and conse-

quently its products have a certain intangible appeal.

4. The garment industry in Hawaii is not as strongly unionized

as in mainland centers.

To forecast the growth of this industry, the garment employment is

modelled through the growth of Hawaiian tourism. The following rela-

Log (GEPL) = 2.32458 + 0.37478 log Vt
t (t = 11.64)

tionship is estimated using time-series data 1950-1970:

R
2 =

Y =
.8770
1907

where:

GEPL: employment in the garment industry

V: annual overnight visitors

t: time period.

The fitted relation does not explain the data as well as in the

case of the hotel industry. Perhaps employment in this industry should

be determined by both the size of the resident population and the

volume of visitors to the State. But the data reveals that the number

of visitors to Hawaii and the population of Hawaii are highly corre-

lated. For that reason, employment in this is determined by the annual

number of overnight visitors alone. The elasticity of employment of

the Hawaiian garment industry with respect to tourism is smaller than

that of the hotel industry (.37 versus .50). However, since a substan-



tial annual increase of tourists is expected in the future, the steady

growth in production and export is projected to continue during the

next 30-year period.

3.3. Agriculture.

Hawaii's agriculture is composed of two general categories of

commodities: (1) those produced for export markets and (2) those pro

duced primarily for markets within the State. Sugar and pineapple

production belong to the first category, while the production of pork,

milk, fruits and vegetables fall into the latter category. (It is

noted here that some agricultural products such as papayas and macada

mia nuts are exported, however, because of the low level of employment

in the local serving category).

3.3.1. Sugar Industry.

The sugar industry has been one of the most stable segments of the

Hawaiian economy during the last two decades. The agricultural value

of cane sugar increased from 67 million dollars in 1960 to an estimated

110 million dollars in 1970, even though sugar employment has been

steadily decreasing over the past decade. The production value of raw

sugar and molasses, including government compliance payments under the

Sugar Act, totalled $198 million in 1970, an increase of 56 per cent

over the 1960 value.

The growth potential of the sugar cane industry is limited. Pros

pects of expansion are controlled by the United States Sugar Act of

1948 as amended. Second, Hawaiian sugar production is restricted by

the growing shortage of suitable land for raising sugar. The number

60



TABLE 3.3.3

EMPLOYMENT IN AGRICULTURE AND
RELATED PROCESSING INDUSTRIES
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YEAR 1960 1966 1967 1970 1975 1980

Sugar
field
Processing

14.361 12,370 12.020 10,854
8,420 6,800 6.660 5,888
6.391 5.570 5.360 4,966

9,085
4,760
4,325

7,136
3,362
3,864

Pineapple
Field
Processing

11,147
4,160
6,987

9.910
3.950
5,240

9,470
3,170
5,700

8,675 7,733 6,932
3,808 3,689 3,570
4,867a 4,044a 3,362a

Diversified
Field
Processing

Self-employed

4,952
1,390
3,562

5,400

5,600
1,840
3,760

4,240

5,910
2,200
3,710

4,130

6,131
2,196
3,935

3,422

6,730
2,664
4,066

2,517

7,329
3,132
4,197

1,612

Total 36,130 31,400 31,530 29,082 26,065 23,189

&these figures have been projected linearly by regression y = a + bx,
all other figures have been projected with an exponential function.

Source: State of Hawaii Department of P1annipg and Economic
Deve1~pment, Opportunities for Hawaiian Agriculture, Agriculture
Development Plan, State of Hawaii, 1970, p.129.
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of acres devoted to sugar has risen slightly over the last two decades,

amounting to 237.9 thousand acres as compared to 220.4 acres in 1950,

although the physical output of sugar has remained more or less constant

during the same period. No trend, up or down, is visible in these data.

Such factors as increasing cost of production, land scarcity, and a

price-cost squeeze, all act as deterrents to rapid expansion in the

near future. For these reasons, the future strength of the sugar in-

dustry depends upon increasing yields, raising labor productivity, .

increasing efficiency, and reducing costs.

Sugar production, then, is expected to remain stable, or to grow

at a very slow pace. The production of sugar can be translated into

employment estimates for long-run projection. The following relation

was estimated using 1950-1970 time-series data:

Log (SUEPL) = 2.28543 + 0.70143 log
10 (t = 6.27) 10

R2 = .9708 F = 296.0200

where:

SUEPL: sugar employment

(QS) - 0.02068T
(t = 22.98)

Sy = 0.02074

QS: sugar production (in thousand short tons)

t: time trend

Between 1950 and 1970, sugar production increased about 21 per cent.

However, employment has been reduced about 50 per cent. The fall in

employment was due to the increase of efficiency of labor through mecha-

nization, as indicated by the negative time trend parameter above.

Given the constant level of output, employment is falling at a

compounded rate of 5.2 per cent per year.



3.3.2. Pineapple.

Pineapple is one of Hawaiirs major industries. In recent years,

there has been a noticeable decline in the industry growth rate (mea-

sured by the volume of sale), relative to the expansion of other sec-

tions of the Hawaiian economy. Total sales were $107 million in 1950,

63

$118 million in 1960, and $135 million in 1970. The annual growth rate

between these years was 1.5 per cent. Slow growth has resulted from

relatively constant U.S. per capita consumption of pineapple products,

and rising competition from substitute canned fruits (peaches, pears,

fruit cocktail, apples, etc.), and juices as well as competition from

foreign producers.

For the next 30 year period, pineapple output is expected to re-

main stable, with eventual increases in value resulting mostly from

price changes. The main reason is that although the export of pineap-

pIe from Hawaii to the mainland will increase with population levels,

Hawaii's large share of the world pineapple market today is predicted

to diminish because of the rising cost of production, which includes

labor, materials, supplies, and land.

Once the pineapple output is forecasted, it will be translated in

terms of employment by the following estimated relation:

Log
10

(PNEPL) = 3.47972 + 0.30576 log
(t = 2.51) 10

(QP) - 0.00832 T
(t = 15.41)

where:

R
2 = .9321 F = 123.5642 Sy =0.01490

PNEPL: employment of the pineapple industry

QP: dollar output of canned pineapple in real terms

t: time trend.
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The elasticity of employment with respect to output of pineapple

is less than half of that with respect to output of sugar. However,

pineapple employment is falling at a much lower rate; it declines only

about 2 per cent a year. It should be noted here that data on output

of fresh pineapple is only available for recent years. As a substitute,

the value of pineapple deflated by a price index of canned pineapple

was used as an indicator of real output. Like the sugar industry, the

pineapple industry has experienced a stable output and a negative

trend of employment. It is expected that the same trend will continue

during the next 30-year period of our simulation.

3.3.3. Diversified Agriculture.

Diversified agriculture consists of all agricultural products

other than sugar and pineapple. This sector is producing mainly, but

not exclusively, to satisfy local demand. The export component of this

industry consists primarily of coffee, flower materials, papaya, and

macadamia nuts.

As far as Hawaii's diversified agriculture is concerned, the total

value of tropical fruits, vegetables, and livestock which was about

63.6 million dollars in 1970, account for slightly less than one-third

of the total state agricultural production. This share has not varied

significantly during the last ten years.

In the light of Hawaii's increasing population and income, and

also greatly expanding visitor industry, a previous study has shown

that "an increase in the production of diversified agriculture could

contribute to the welfare of Hawaii through a process of import substi

tution since an increase of local production of agricultural goods,
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and of their share of the growing local market, would contribute to a

1
reduction of the total consumption leakage to the mainland." However,

it is found that '~iversified agriculture does not appear to be in a

position to take advantage of the increase in population and income in

Hawaii, and the only factor which could reverse the trend would be

greater scale of production accompanied by greater efficiency, better

marketing techniques, and the development of local food processing faci

2
1ities." One of the reasons is that even though agricultural wages

paid by Hawaii producers are probably the highest in the world, the

annual wage of Hawaiian farm employees has not kept up with the wages

paid for construction, manufacturing, and government employees in the

State.

Projecting employment in diversified agricultural is hazardous.

First, it requires a very complicated and large diversified agricu1-

tura1 sector in the model. Second, even though production can be

easily projected, there is a serious data problem that makes it im-

possible to translate agricultural output into employment. As given

by the Department of Labor and Industrial Relations, total diversified

agricultural employment data has been stable during the period 1961-

1969. The data, crudely estimated by interpolation on the basis of

Census data for 1950 and 1960, is believed to contain a high degree of

measurement error which is not acceptable. In 1971, the Department of

1
Bertrand Renaud, The Impact of Economic Growth £n~ Agricultural

Trade Structure (Honolulu: University of Hawaii, Hawaii Agricultural
Experimental Station, August 1971), p. 91.

2
~., p. 92.
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Agriculture took over the task or estimating employment for this indus-

try. The estimated figure was 7,580 for 1970, as compared to a figure

of about 6,000 in 1969, which was published by the Department of Labor

and Industrial Relations. The increase 30 per cent in employment from

1969 and 1970 has not resulted from a massive increase in production

but from a change of method of estimating employment by different

agencies. As a result, there was no basis to estimate the elasticities

of employment with respect to output, wage or trend which is used to

reflect the improvements of technology.

3.4. Household-Serving Industries.

3.4.1. Diversified Manufacture:

Hawaii has never been known as a favorable location for manufac-

turing. The lack of raw materials and distance from raw material

sources make it impossible for Hawaii to be an important manufacturing

center. Deterrents of greater growth in this industry can be sum-

marized, as noted in a report, in the following fashion:

Economies of scale are such that for a new Hawaiian industry to
compete with the mainland, the producing unit would have to be far
larger, and with far greater capital investment than the island
market warrants, even considering the transportation differentials.
And furthermore, because raw materials, machinery, supplies, and
semi-finished products have to be imported, value added by manu
facture in Hawaii is a relatively small portion of the total pro
duction costs. l

1
Richard U. Ratcliff,~ Economic Goals and Federal Land Holding

in Hawaii (Honolulu: University of Hawaii Bureau of Economic Research,
1962), pp. 55-56.



TABLE 3.4.1

ELASTICITIES OF LOCAL HOUSEHOLD SEllVING
EMPLOYMENT WITH RESPBCT TO POPULATION SIZE

Industry 1950 1955 1960 1965 1970

Diversified Manufacture 1.34 1.48 1.27 1.27 1.29

State and local Government 2.91 2.63 2.38 2.08 1.59

Services (other than hotel) 3.85 3.47 2.67 2.30 1.83

Non-agricultural self-employed 0.64 0.68 0.80 0.75 0.72

Trade (Retail and wholesale) 2.45 2.19 2.00 1.88 1.49

Note: Calculation from the estimated equations in section 3~.4

and actual data.
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As a result, diversified manufacturing industry will continue to
1

satisfy primarily the local market. At the same time, the growth of

this industry depends on the level of expansion of the total resident

population in Hawaii. The following equation is estimated by using

time series data 1950-1970:
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WDM = -3,243.14 + 20.90 PN
t ( t = 12~05)

where:

WDM: workers in diversified manufacture

R2 = .8842
Y = 9810

PN: total resident population, in thousands

t: time period.

It is estimated from this relation that an increase of 1;000

people will lead to a gain of 21 jobs in this industry.

3.4.2. State and Local Government.

In constrast with the federal government, all state and local

governmental activities are produced to satisfy local needs exclusively

within the state. This sector is placed into the local household-

service industries group. In 1969, State revenue receipts totalled

$497 million. Out of this, $137 million came from General Excise and

Use Tax and $123 million from Federal grants-in-aid. The counties,

however, depended mostly on property tax for revenues.

Average employment reported for 1970 included 30,660 persons em-

p10yed by the state and 9,660 others on county payroo1s, and increase

1
Diversified manufacture includes food processing and canning ex

cept sugar and pineapple, printing and publishing, stone, day glass
products and other durable and non-durable products.
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of 150 per cent over the 1950 figure.

Population is the main determinant of employment in the state

and local government. The following relation was estimated using

time-series, 1950-1970:

where:

WLC
t

= -28,408.70 + 83.35 PNt
(t = 13.75)

2
R = .9026
Y = 23650

WLC: workers in the State and local government

PN: total resident population, in thousands

t: time period.

With an increase of a thousand people in Hawaii, a net gain of

83 jobs for the State and local government, or 4 times greater than

the manufacturing sector is estimated.

3.4.3. Employment in Services.

Since we have considered hotel employment as an export industry,

other service employment is then placed under local household industries.

The growth of employment in services undoubtedly depends on the growth

of the size of the total resident population. Thus, the following

equation has been estimated:

SE = -39,354.64 + 104.0928 PN
t (t = 21.82)t

where:

2
~ = .9616
Y = 25,498

SE, employment in services, PN, total resident population and

t denotes time period.

It is shown in the equation that employment in this industry has

been more closely related to population than in manufacturing and

government. Also, from an increase of 1,000 people would follow an
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increase of 104 jobs, which is five times employment in manufacturing,

and a 25 per cent greater increase than employment in state and local

government.

3.4.4. Non-agricultural Self-Employed.

Data on employment in this category are not reliable. As reported

by the Department of Labor, the number of non-agricultural self-employed

workers was calculated by multiplying the number of employment units
1

by a constant ratio. This ratio is formulated as:

k = Number of self-employed workers in the April 1960 U.S. Census
Number of employment units in April 1960 in the State

It is clearly dubious that this ratio remains constant over time.

Thus, the estimated data is subjected to large measurement errors.

Again, the growth of employment in this sector is modelled through

the growth of total resident population:

NASEP = 6,014.89 + 24.70 PN
t (t = 7.5£)

where:

2
R = .7476
Y = 21,440

NASEP is non-agricultural self-employed workers, PN is total

resident population, in thousands and t is time period.

The fitted equation does not explain the data as well as in the

case of other local service industries. That, again, is explained by

the serious data problem as discussed above.

3.4.5. Trade.

1
For a discussion of the method see: State of Hawaii Department

of Labor and Industrial Relation, Description of Method 2i Estimating
Labor Force ~, (January 1965), p.2.
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This category includes retail and wholesale trade. This economic

subsector has experienced a very fast growth during the last twenty

years. During this period, Hawaiian consumers have witnessed a substan-

tia1 expansion of this economic subsector in the State: the deve10p-

ment of supermarkets, local branches of mainland stores, and shopping

centers. Employment in this industry rose from 27,092 in 1950 to

42,720 in 1960 and to 68,670 in 1970. Retail and wholesale trade

supplies the needs of the local consumers and are just classified into

the household-serving business category and employment in this group

varies with the size of the total resident population:

where:

WWRTt = -40,431~51 + 0.~335 PNt
(t = 17.23)

R2 = .9398
Y =42,794

WWRT is workers in wholesale and retail trade, PN is total re-

sident population, and t is time period.

3.4. Business-Serving Industries.

The size of local business-serving industry depends on the amount

of business activity in the area. To test this hypothesis the fo110w-

ing relationship between workers in the business-serving industry and

workers in all other industries was obtained by using the time-series

data from 1950 to 1970 for the State of Hawaii:

WBS t = -32,070.56 + 0.36841 (TEt - WBS t )
(t = 22.13)

where:

2
R = .9627
Y = 38,836

WBS is employment in business-serving industry, TE is total

employment and t is time period.
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As shown in the equation, the coefficient of determination is

quite high; therefore, each industry in this category is modelled through

the growth of total employment in export and local-serving industries.

3.5.1. Construction.

Between 1950 and 1970, employment in this industry rose from 9,000

to 25,000 or about 180 per cent. The rapid growth of this industry re-

su1ted from a number of developments:

1. Methods of construction modernized and mechanized.

2. Rapid economic growth exemplified by tourist and defense

expenditures.

3. The growth of total resident population.

To forecast the growth of employment, the following relationship

was obtained:

WCRT = -8,792.78 + 0.123 (TE - WBS )
t (t = 13.67) t

.8963
14,844

Thus, an increase of 1,000 workers in export, and local serving

industries will follow by another increase of 123 jobs in construction

as estimated.

3.5.2. Finance. Insurance. and Real Estate.

Employment in this industry rose from 3,400 in 1950 to about 9,000

in 1960 and 18,000 in 1970. With the expansion of investment has come

a substantial increase in the diversity of services offered by financial

institutions. The estimated equation to project employment is as

follows:

= -16,649.59 + 0.1335 (TE t - WBSt )
(t = 19.63)

.9524
9,219
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where:

WFlRE is workers in finance, insurance, and real estate, TE is

total employment, and WBS is workers in business serving industry.

3.5.3. Transportation, Communication and Utilities.

The growth of employment in this industry resulted from the ex-

pans ion of the tourist industry and the growth of the resident popu1a-

tion in Hawaii. Between 1950 and 1970, employment increased from

11,000 in 1950 to 24,000 in 1970 or more than 100 per cent. This ine

dustry is placed in the business-serving category, and varies with

WTCU = -6,809.25 + 0.112 (TEt - WBS t )
t (t = 28.0u)

the growth of employment in export and local-serving industries.

R
2 = .9707

Y = 14,773

where:

WTCU is workers in transportion, utilities, and communications.

TE is total employment and WBS is workers in business-serving industries.



CHAPTER IV

THE SUPPLY OF IABOR

Since World War II, a series of social, economic and technical

events and developments have brought changes of population in Hawaii

be sectors. The total population, including armed forces, rose from

427,000 in 1940 to 871,000 in 1944. At the end of World War II, mi

litary cutbacks caused a massive out-migration. After a few years of

little change, the emergence of tourism as a major industry has shaped

a new period of growth, starting at 505,000 in 1950 and reaching

769,000 in 1970.

Attempting to forecast the population growth independently of the

rate of economic growth poses a very difficult question as to whether

it is the population projection, or the employment projection, or both,

that should be changed to make the rate of unemployment "meaningful".

Because of this, our study will introduce consideration of the inter

relationship between the economic and demographic sectors.

In our model, the employment sector privides the "demand for labor"

and the demographic sector provides the "supply of labor". Viewing

these sectors in this fashion would give a clear indication of a tie

between them. Imbalance between labor supply and demand will set in

motion forces tending to restore equilibrium and a major equilibrating

factor tying supply and demand is migration.

4.1. Data and Variab1~.

Analysis of the components of change in population is complicated



by the presence of a large military population. Babies born to mili-

tary couples now account for about one third of all live births in the

state. A few years after birth, these babies usually accompany their

parents to other places, as their fathers are routinely rotated to

other assignments. Children born to military couples thus increase

the birth rate and account for a large share of the out-migration.

For example, between April 1, 1960 and April 1, 1970 the island re-

corded 163,137 live births, 36,997 deaths, and net in-migration of

9,629. If military personnel and their dependents are excluded from

these data, however, the corresponding totals are 117,954, 34,710 and

152,083. Thus, the distortion should be avoided by restricting our

study to the civilian population exclusive of military dependents.

The problem of collecting and adjusting data is more complicated

since data on population are not simply available in the detail needed,

and in some cases, inconsistent. For our simulation study, the follow-

ing input variables are needed:

75

(1) Civilian population by age groups from 1950 to 1970 (annually,

military personnel and dependents excluded).

(2) Net migration by age class from 1950 to 1970, exclusive of

military personnel and dependents.

(3) Birth rates by age groups from 1950 to 1970 of the civilian

population, excluding military dependents.

1
State of Hawaii Department of Planning and Economic Development,

Statistical Report 77: The Population in Hawaii, 1970 (Honolulu, No
vember 1970), p. 11.
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(4) Death rates by age groups of the population of the State of

Hawaii (in which we assume that the same death rate applies for both

civilian and military people).

(5) Civilian labor force by age class from 1950 to 1970.

However, data officially published which we considered relatively

accurate are:

(1) Total civilian resident population from 1950 to 1959, which

includes military dependents.

(2) Total civilian population from 1960 to 1970.

(3) A breakdown of population by age class, which is only avail

able for Census years 1950, 1960 and 1970.

(4) Live births by age of mother, which includes military depen

dents, and total military live births, which are only available for the

period 1960-1970.

(5) Deaths by age group annually published by the Department of

Health, State of Hawaii.

(6) Total labor force, employment, and employment by industry,

published monthly by the Department of Labor and Industrial Relations,

State of Hawaii.

(7) Labor force by age group were only given by Census years 1950,

1960 and 1970. However, data on total labor force published by the

Bureau of Census differ from those published by the Department of Labor,

State of Hawaii,

One of the few possible ways to obtain necessary data is an in

direct one. First, by introducing a few assumptions, it is possible to

estimate the trends of demographic variables over time by using computer
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simulation. However, the DYNAMO language cannot "work in reverse", that

is, the DYNAMO program will simulate the future given the past and the

present patterns but it will not generate past data given present ones.

In that situation, we are forced to write a higher cost program in

FORTRAN IV language.

The detailed structure of the program is already presented in the

population report.
l

Some important characteristics are:

1. The age structure of the resident population for intercensal

years is not available, linear percentage change in the age structure

between 1960 and 1970 and between 1950 and 1960 is assumed as a first

approximation, when in fact they must have fluctuated slightly around

the basic trends.

2. Population is assumed to be uniformly distributed within each

5-year class. For example, within the age group of 5 to 9, there was an

equal number of individuals for each age of 5, 6, 7, 8, and 9.

3. The same death rates are applied for both civilian and mili-

tary population.

4. Total annual live births among military dependents is not

available for the period 1950-1959. It is assumed that the 1960 birth

rate of military population (84.4 per thousand people) prevailed for

the period 1950-1959.

5. To estimate civilian population (military dependents excluded)

between 1950-1959, it is assumed that the ratio between military depen-

1
Bertrand M. Renaud and Tu Due Pham, Population Dynamics in Hawaii

(Honolulu: University of Hawaii Economic Research Center, January,
1973), pp. 90-112.
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dents and armed forces was 1.1 (which is obtained by averaging all the

ratios between 1960 and 1970). This figure will be used again in the

later stage of simulation (to the year of 2000).

Just like data on population, those of total labor force were

given monthly or annually by the Department of Labor and Industrial

Relations, and only every lO-year period (Census years) by the U.S.

Bureau of Census with the breakdown by age and sex. However, there was

a significant degree of difference between these two sets of data for

1960, and for 1970 as given in table 4.4.2.

The differences result from different methods of obtaining these

data. Whereas the U.S. Bureau of Census performed household inter

views, the Department of Labor and Industrial Relations added employees

by firms and thus, overstated the actual level of labor force and em

ployment by the number of persons holding two or more part-time jobs.

Again, the only way to use these data is an indirect one. Even

though the proportion of persons of working age has remained relatively

stable during the period of observation (the ratio between civilian

labor force and civilian population was .392 in 1950, .371 in 1960,

.416 in 1970 for Hawaii), the size and the composition of future labor

force is, to a large degree, dependent upon the size and the composition

of future population. Since we are interested in determining how the

labor force will change in size, in composition, and in numerical rela

tions to other functional groups of the population, it is essential to

obtain the labor force data by age group. Just as we estimated annual

civilian population by age group, we generate the labor force data with

a few important characteristics:
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4.2.1.
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1. Labor force, employment and unemployment are redefined in

terms of positions (or jobs) instead of the number of persons.

2. Percentages of civilian labor force of each specific age group

are the ones given by the U.S. Bureau of Census for 1950, 1960 and

1970.

3. Linear percentage is assumed in the age structure between 1950

and 1960 and between 1960 and 1970.

Characteristics of the Civilian Population in Hawaii.

The Determinants of Birth Rates.

In studying the determinants of birth rate in Hawaii, two impor

tant facts should be noted: first, the sizable group of armed forces

and dependents has a crude birth rate significantly higher than that of

the pure civilian population; while the birth rate per thousand people

for military dependents were 67.6 in 1970, it was only 19.2 for other

civilians. As a result, it is desirable to separate the fertility

pattern of the pure civilian population and that of the military and

dependents. The crude birth rate for pure civilian (military and de

pendents are excluded) and resident population (military and dependents

are included) are plotted in figure 4.1a and figure 4.lb.

The second fact to be noted is that while the crude birth rate of

the resident population was markedly higher than that the rest of the

nation, these two birth rates are almost indentical for the civilian

population during the period 1950-1970. Thus, the projected trend of

birth rate given by the U.S. Bureau of Census will be used in our study

with a strong degree of confidence.
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The determinants of fertility can be grouped into three important

factors: economic, socio-educational and urbanization. In a relatively

short-run, it is possible to indicate a weak positive relationship be-

tween the growth of an economy and changes in the birth rates. Adelman

has attempted to relate fertility to per capita income or similar eco
1

nomic indicators. The results have not been clear in the case of a

very aggregative study over a large cross-section of nations. An at-

tempt to deal with birth rate by age group was carried out in the
2

Susquehana study. The study used a large sample of areas located in

West Virginia, Ohio, Michigan, Maryland and Pennsylvania and obtained

a negative short-run relationship between age specific birth rate and

unemployment. For analytical purposes, it is reasonable to hypothesize

that cyclical changes in economic conditions as reflected in the un-

employment.rates induce short-term changes of fertility pattern of

Hawaii's pure civilian population.

Another factor affecting the fertility pattern is urbanization.

Urbanization has influenced greatly the behavior toward family size

over time. This factor can be seen from the persistent differentials

between rural and urban areas. The last factor which influences the

birth rate is the educational level of the population. This determi-

nant is highly correlated with economic and urbanization conditions.

A detailed analysis of the influence of economic, sociological

1
Irma Adelman, "An Econometric Analysis of Population Growth,"

American Economic Review (June 1963), pp. 314-339.
2
Hamilton, et al., System Simulation~ Regional Analysis,

pp. 141-146.



82

TABLE 4.1.2

FERTILITY RATE RELATIONSHIPS BY AGE CLASSES
FOR THE STATE OF ~AII, 1950-1969*

Age Class Intercept UK_I T

Standard Means Elasticity
Error of with Respect to
Estimate UE-l

(1)15 to 19 35.1495 -0.7992 -0.3774 .4308 2.0362
(0.3017) (0.1057)

-.1353

(2)20 to 24 170.986 -6.5381 -2.3361 .3113 17.6175
(2.6102) (0.9150)

-.2620

(3)24 to 44 63.2531 -1.2101 -1.1733 .8037 2.923
(0.4331) (0.1518)

-.1242

*Standard error of parameter estimates given in parentheses.
Birth rates - per thousand people.
UK_I - unemployment rates, lag (percent).
T - time trend 195~. 1, 1951 • 2, •••••••• , 1969· 20.



83

and historical factors on birth rates and fertility patterns in Hawaii

is beyond the objectives of this study. It is considered sufficient

to introduce only two explanatory variables to reflect short-term eco

nomic conditions and long-term structural changes: Hawaii's rate of

unemployment lagged one year, which represents cyclical changes in

economic conditions and a trend variable which reflects in an aggre

gate fashion the net effects of changes in urbanization and general

improvement in educational factors. In the model, the following func-

tional form was estimated:

BRt = a + bUE_
l

+ cT

where:

BRt : birth rate per thousand in year t, for a given age group

UE overall unemployment rate in Hawaii, lagged one year.
-1

T: time trend (T = 1 for 1950, T = 2 for 1951, etc.).

Table 4.1.2 gives the results of birth rate equations.

As expected, birth rates of these three age classes decrease as

unemployment rates rise. The group appearing the most sensitive to

economic opportunity was the young-adult class, and the mean elasticity

of its birth rate with respect to unemployment rate has the greatest

value of -.2620. All groups experienced downward trends which reflected

general improvement of urbanization and of socio-educational conditions.

The best relationship is obtained for the prime-adult group (25-44),

where the largest total variance is explained. This fact can be ex

plained since the prime-age-adult group is the largest one, and these

other two groups include a high portion of school-age people.

4.2.2. The Dynamics of Death Rates.
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TABLE 4.2.2

MORTALITY TRENDS BY AGE CLASSES
FOR THE STAXE'OF HAWAII, 1950-1970

85

Age Group

(1) Infants

(2) 1 to 14

Intercept

0.03276

0.00075

Time Trend T*

-0.00022
(0.00006)

-0.00002
(0.00000)

.4353

.7593

F-va1ue

13.8746

56.7901

(3) 15 to 19 No trend x = .00070 6' = .00017

(4) 20 to 24

(5) 25 to 44

(6) 45 to 64

0.00080

0.00219

0.01095

+0.00002
(0.00001)

-0.00003
(0.00001)

-0.00016
(0.00002)

.2163

.3926

.7340

4.9681

11.6367

49.6653

(7) 65 and over 0.06554 -0.00075
(0.00014)

.6184 29.1756

*The standard errors of parameter estimates are given in parentheses.



Over the last twenty years, public health progress in the form of

declining death rates is observed for all age classes in Hawaii except

the young adult group (20-24) which exhibit a weak upward trend (table

4.2.2). It is expected that long and short-run population are very

insensitive to likely changes of death rates. First, death rates,

except for the 65 and older age group, are very low. For instance,

the 1970 crude death rate in Hawaii is approximately 6.0 per thousand

people, which is much lower than the national average. Second, given

that the only impact might be among the oldest age group, the feed

back effect of such a change is nil. This group includes a very low

percentage of working people, and by their continued life, they would

not produce children and in so doing raise the long-term population

level.

4.2.3. The Dynamics of Migration.

Migration is a very difficult variable to predict, and it is a

very important factor since it ties the demographic sector and the

employment sector together. In many studies, the migration component

of population is a trended value of past net migration. This proce

dure, however, is not satisfactory, partly because we do not have re

liable information about net migration, partly because economic condi

tions change over time.

Several studies have illustrated that economic factors are most

important in causing people to move. In her study of the determinants

of interstate population movements, Blanco indicated that 85 per cent

of the variation in civilian migration rates among the states between

1950-1957 can be explained by changed in the level of unemployment,

86



however, a survey conducted by Lansing et a1. indicated that 59 per

I
cent had moved mainly because of economic reasons.

Any theoretical analysis of migration starts with the premise that

an individual will migrate from one place to another if he is better

off from the move. Thus, the decision to move will depend upon three

main factors: the real earnings gain from moving, the direct costs of

movement and the disutility of moving. The supply curve of migrants

relating the number of migrants on the horizontal axis and potential

income gains on the vertical, has a positive slope, in the same fashion

as any other normal supply curve. Thus, the migration from one place

to anothet' varies directly with the income differential between the

two regions. To assume zero migration costs is unrealistic; a list of

relocation costs can be drawn including 'travel costs from migrant and

his family, readjustment and resettlement costs involved particularly

in finding and paying for new accommodation. The earnings gains re-

quired to induce the decision to move will vary from one individual

to another, partly because of variations in the direct costs of move-

ment but mostly because the disutility of moving is far greater for

some individuals than for others. The disuti1ity of moving, often

referred to as psychic costs, relates to an individual's degree of

preference for staying'where he is because of reluctance to leave his

hometown, old friends and a familiar environment.

1
Cicely Blanco, "The Determinants of Interstate Movements," Journal

2f Regional Science (Summer 1963), pp. 77-84; John B. Lansing et a1.,
.IWt Geographic Mobility .2i Labor: a. First Report (Ann Arbor, Michigan:
Survey Research Center, Institute for Social Research, 1963), pp.
119-125.
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Thus, if the income gain exceeds the migration costs, some indivi-

duals will tend to rationalize a decision not to move by the disutility

of moving or by reducing the income gain until it falls below the costs

of migration. Richardson referred to this reduction factor as "the mi-

gration propensity coefficient" and this coefficient is confined to the
1

interval between zero and unity. In the extreme case it has zero

value when an individual refuses to look at job opportunities elsewhere

and will not move irrespective of how large the income gain; i.e., he

is well satisfied with his present job and location. In another limit-

ing case, where the coefficient is unity, an individual is "economic

man", and he will move no matter how small the excess of income gain

over migration costs. If R is the cost of migration, dy represents

the income gain and m the migration propensity coefficient, an indivi-

dual will move if R< m • dy.

From the discussion above, we would expect that the propensity to

move varies significantly with age and sex. In a recent study, Lowry

compiled data on interstate migration rates by age and sex in the

United States between 1955-1960 (figure 4.2). The slope of the migra-

tion curve is quite easy to interpret. Among all age groups, young

adults are migrating with the highest rates. Their migration propensi-

ty coefficient is quite high as compared to other age groups. The pat-

tern of children's movement is similar to adult patterns since children

can only move with their parents. For Hawaii, data on 1970 intended

1
Richardson, Regional Economics, p. 303.
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residents show similar results (see figure 4.3). The data also indi-

cate that the highest percentage of migrants are between 20 and 29

years of age and the lowest percentage of migrants is formed in the

oldest group. In addition, data also indicate that more females

migrate to Hawaii than males in the 20-29 and 30-39 age groups, which

is in contrast with the national level.

The discussion of migration patterns has led us to conclude that

we should analyze migration by age group since the rates of migration

are not homogenous for all age groups. In a study of migration to

metropolitan areas, Lowry indicated that: "Net migration to a given

place is thus a function of (1) the size and composition of the resident

population, which determine the amount of out-migration, and (2) the

availability of jobs and level of wages (relative to other places in

the system of migratory movements), which determine the amount of in
1

migration." Thus, he suggested that separate calculations of gross

in-migration and gross out-migration to arrive at a net migration es-

timate can considerably improve results.

However, historical data in Hawaii on population, deaths, and

births have suggested that in-migration and out-migration data are

not reliable, and in section 4.1, we were only able to estimate net

migration from population and vital statistics in Hawaii. At the same

time, it is impossible to perform cross-section analysis for Hawaii

since the State is composed of only four counties, and more than eighty

1
Lowry, Migration and the Metropolitan Growth: Two analytical

Models, p. 96.
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TABLE 4.2.3

REGRESSIONS MODELS FOR HAWAII'S NET MIGRATION RATES*

Lagged
Hawaii Unemployment Time Hawaii's

R2Unemp1oymont Differential Trend Population F Standard Error
Age Class Intercept UE-1 DDUE-1 T Pt of Estimates

0-14 453.404 -- -5.734 16.653 -1.219 .7462 15.67 21.54
(3.399) (3.803) (0.260)

15-19

20-24

25-44

113.583

-254.657

405.254

-9.406
(2.908)

-12.483
(14.160)

-10.502
(2.629)

-1.775 .3967 5.5902 23.109
(0.776)

58.146 -16.579 .8358 10.177 15.762
(25.627) (8.648)

13.678 -1.074 .8499 30.20 16.66
(2.940) (0.204)

\0
N



TABLE 4.2.3 (continued)

REGRESSIONS MODELS FOR HAWAII'S NET MIGRATION RATES*

Lagged
Hawaii Unemployment Time Hawaii's

Unemployment Differential Trend Population R2 F Standard Error
Age Class Intercept UK. I DDUR.I T Pt of Estimates

45-64 428.763 -- -4.551 15.956 -1.165 .7869 19.68 17.67
(2.783) (3.113) (0.213)

65 and over 504.309 21.106
(3.008)

-1.453 .7515 25.70
(0.228)

20.77

*Standard error of parameter estimates given in parentheses.

\0
W
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per cent of the population lives on the island of Oahu. As a result,

we are forced to analyze net migration with time-series data.

Once the estimates of net migration flows are obtained, it becomes

possible to investigate the determinants of net migration flows by age

group. The rate of migration is then determined by the difference

between the local and national unemployment rates, the size of the to

tal civilian population (military dependents excluded), and a time

trend. As expected, the difference between the two unemployment rates

has a significant effect, except for teenagers when the local unemploy

ment rate has substituted for the difference in unemployment rates.

This is so because the unemployment rate for teenagers is usually very

high compared with the overall unemployment rate and errors in measure

ment might be significantly greater if we use the difference between

the two rates (see table 4.4.3).

The population size parameters in each equation suggested that the

increasing size of the Hawaii community has a dampening effect on net

migration so that the population size effect and the trend work in

opposite directions. It should be noted here that the estimated equa

tion of young adult migration using time-series 1950-1969 has a posi

tive coefficient on population size that would make our simulation

impossible, and we use just time-series data 1960-1969 to estimate

the equation, as an alternative. Also, since 65-and-01der population

have a low percentage of labor participants, the difference in the

unemployment rate variable does not occur in the estimated equation.

It is interesting to note that net migration is very insensitive

to the wage rate. A set of regression equations has been tested by
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substituting the real wage rate for the difference between the two

unemployment rates and shows that the wage rate has no effect on net

migration. Thus, employment opportunities are more powerful than wage

rate as an economic determining variable for Hawaii's migration.

As for our simulation, the local unemployment rate is determined

by the difference between total labor force and total employment in

the model. We will test the model with several alternative national

unemployment rates. The "high" projection assumes a constant level of

6 per cent national unemployment, the "medium" projection assumes a

constant level of 5 per cent, and finally, we assume a level of 4 per

cent for the "low" projection. The model then can detect the effect

of the national economy on the local situation.

4.2.4. Labor Force Participation Rates.

Table 4.4.1 illustrates that the labor force participation rate in

Hawaii differs widely among different age groups. It can be seen that

the labor force participation rates in Hawaii tend to follow the same

pattern of change as for the nation as a whole: the rate of female

participation is increasing, the rate of participation by older men

is declining because of early retirement, the rate of participation by

teenagers is declining, because of more schooling, and possibly because

of the slow growth in job opportunities.

Labor force participation is termed "labor supply". However, la

bor supply depends on the degree of labor force participation, as re

flected in annual hours worked, and among various groups of population,

part-time work is common. In this study, we are not able to incorporate

the hours-worked dimension into the model, and we assume that the ratio



TABLE 4.4.1

LABOR FORCE PARTICIPATION RATES IN HAWAII (PERCENT)

MALES MALES KALES FEMALES FEMALES FBMALBS
AGES 1950 1960 .!ill ~ 1960 .!m!

14-15 31.7 13.2 10.4 16.6 5.9 5.7

16-17 31.7 30.5 29.7 16.6 15.0 20.8

18-19 31.7 78.2 66.0 16.6 39.8 48.4

20-24 88.5 93.5 89.5 50.1 46.7 58.8

25-34 94.8 96.3 94.5 35.8 43.5 51.7

35-44 95.8 97.1 96.2 39.4 52.3 59.3

45-64 86.6 89.6 89.0 31.5 43.5 53.8

65 and over 26.9 23.0 22.0 6.5 9.4 8.7

Source: U.S. Bureau of the Census Census of Population: 1950,
Characteristics ~~ Population, Vol. II, Part 51-54: Territories and
Possessions, Washilllton D.C., 1953, p.52-90 and U.S. Bureau of the
Census Census of 'opulation 1970, General Social and Economic
Characteristics, Hawaii, December 1971, p.13-164.---
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TABLE 4.4.2

LABOR FORCE AND UNEMPLOYMENT RATE IN HAWAII, (1950, 1960 ARD 1970)

YEAR

1950

1960

1970

UP1

185,096

218,452

297,074

UF2

187,773

235,180

347,900

UER1

9.4

3.9

3.0

UER2

9.4

3.0

3.6

Source: UP1,UER1: Labor force and unemployment rate (percent),
respectively from U.S. Bureau of the Census Census of Population 1950,
Characteristics of the Population,. Vol. II, Part 51-54: Territories
and Possessions, Washington D.C., 1953, p.52-90 and U.S. Bureau of the
Census Census of Population 1970, General Social and Economic
Characteristics, Hawaii, December 1971, p.13-164.-uF2, UER2: Labor force
and unemployment rate (percent), respectively from State of Hawaii
Department of Labor and Industrial Relations, Labor Force Estimates
(annual).
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between total hours-worked and total labor force is constant over time.

The same assumption applies also for employment.

Forecasting labor force participation is rather difficult. Although

the error might be very small, it should be noted that a very slight

shift in labor force participation can have a dramatic effect on unem

ployment rates, and hence, migration. For instance, suppose a popula

tion class has an unemployment rate of 5 per cent and a participation

rate of 50 per cent. A rather small increase of participation rate

brings it from SO to 51 per cent, a 2 per cent change, would increase

the unemployment rate from 5 to 7 per cent, a 40 per cent shift for the

same population.

Labor force participation is influenced by both demographic and

economic factors. To an important degree, the size of the labor force

depends on the composition of the population with respect to certain

characteristics which have much to do with people's ability and propen

sity to be employed. Important characteristics in this connection in

clude sex, age, race and nationality, women's marital status, and wo

men's family characteristics.

No attempt was made to include all demographic factors affecting

labor force participation rates, and only the age structure of the ci

vilian population is used as the determinant of the size of the future

labor force in Hawaii. This means that some important characteristics

remain stable:

(a) The ratio between males and females is not changed over time.

(b) The net effect of race and nationality composition is.

negligible.
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The size of the labor force is undoubtedly also influenced by

changes in economic circumstances such as the trends in per capita in-

come, development of technology, and shifts in consumer demand affect-

tng the occupational composition of demand for labor. Over the last

twenty years, the proportion of the male population of working age

from 20 to 64 is relatively stable, and it is clear that its labor

force participation is relatively insensitive to changes of other eco-

nomic variables. However, the so-called "secondary workers", which

include the male population from 14 to 19 males 65-and-older, and all

females are very much influenced by economic conditions during the

period of observations.

Alternative economic hypotheses have been tested in order to ex-

plain the trend of labor force participation. One of these approaches

might be termed the "discouraged worker hypothesis" which is to be

referred to as the unemployment approach, i.e., as employment opportu-

nities decline, workers withdraw from, the labor force and cease hunting
1

employment. To test this hypothesis, the Hawaii labor force participa-

tion rate was estimated in the form:

(1)

where all variables are in logarithmic form, (L/P)i is the labor part i-

cipation rate of subgroup i, and U is the aggregate unemployment rate.

The time trend, T, may be interpreted as representing socio-educational

changes of preferences which are sending women from the home into the

1
Alfred Tella, "The Relation of Labor Force to Employment," ~

trial~ Labor Relation Review (April, 1964).
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labor market and older workers from the labor force into the home.

However, it was found that there was no link between the unemployment

rate and labor force participation for most of the age groups. Except

for teenagers, labor force participation of all other working age

classes is very insensitive to the unemployment rate. One of the

reasons is that birth rates are rather sensitive to unemployment. A

decrease of the unemployment rate will increase the birth rate in all

fertility age classes, and hence, increase women's responsibility as

homemakers. The other reason can be seen as the "additional worker"
1

effect. The "additional worker" hypothesis states that if the prima-

ry worker in the family becomes unemployed, a second family member

enters the labor force. It has been also found that the labor supply

is a function of the real wage, and the unemployment rate is only
2

significant during periods of high unemployment. That explains why

the unemployment variable is sensitive to labor force participation of

teenagers (14-19 age class) since the level of unemployment of this

age group is usually much greater than that of other working age

classes.

Some theorists have postulated that there was an inverse relation

3
ship between wage levels and the size of the labor force.

1
Kenneth Straud and Thomas Dernbug, "Cyclical Variation in Civilian

Labor Force Participation," Review of Economics Statistics (November,
1964) and "Hidden Unemployment 1953 to 1962: A Quantitative Analysis
by Age and Sex," American Economic Review (March, 1966).

2
Michael L. Wachter, "A Labor Supply Model for Secondary Workers,"

~ Review £i Economics !Bd Statistics (May, 1972), p. 149.
3
Richard A. Lester, Economics 2!~ (New York: Macmillan Com

pany, 1945), p. 106.
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TABLE 4.4.3

UNEMPLOYMENt RATES (PBRCENr) OF TEENAGERS
VERSUS THE AGGREGATE UNEMPLOYMENT RATES:

U.S. DECEMBER 1970, HAWAII 1950 AND ~AII 1970

U. S. Unemployment Rate:

Aggregate
Men, 20 and over
Women, 20 and over
Both sexes, age 16-19

(December 1970)

5.6
4.5
4.8

16.3

Hawaii Unemployment Rate: (1970 average)

Aggregate
Males, 14-15 years old
Females, 14-15 years old

2.6
12.1
10.7

Hawaii Unemployment Rate:

Aggregate
Males, 14 and over
Females, 14 and over
Males, 14-19
Females, 14-19

(1950 average)

9.4
10.9
7.9

28.4
24.2

Source: U.S. unemp1~nt rate: (December 1970): U.S. bureau of
Labor Statistics, Employment.!!!! EarniD8s, Vol. 18, No. ~, Washington
D. C., January 1972, p.29. Hawaii unemployment rate (1970 average): U. S.
Bureau of census Census of Population 1970, General Social and Economics
Characteristics, Washington D.C., December 1971, p.13-164. -uBWaii
unemployment rate (1950 average): U.S. Buraau of CensU8 Census of
Population 1950, Characteristics!! Population. Vol. II, Part 51-54,
Territories and possessions, Washington D.C., 1953, p.52-90.
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The main reason for expecting a negative association is that the

desire for additional income presumably increases when the level of

acutal income falls, and diminishes when actual income rises. However,

what has actually happened is suggested by the fact that the per-

centage of women in the labor force increased very greatly while real in-

come was rising. The reason is that if the standard of living in terms

of economic goods and services had not risen during the last twenty

years, increased real earnings would doubtless have meant a strong

tendency to reduce the number of women seeking work. In fact, the

standard of living has risen along with, and at least in part because

of the rising income. Since the rise of the living standard has out-

stripped that of the real wage, the net effect has been to increase

women's propensity to be in the labor force.

Furthermore, Wachter indicates that the response of the labor

force is composed of two components: a substitution effect and an in
1

come effect. The former effect is positive since the opportunity

cost (in terms of goods) rises with an increase in the real wage (with

income constant), thus encouraging individuals to enter the labor force.

On the other hand, the income effect is negative since workers will

press for shorter working hours, more leisure time and increased quan-

tities of goods, with increases in income. Since evidence suggests

that an increase in the real wage should lead to a larger labor force,

the substitution effect must overweight the income effect.

Although it would be desirable to study age-specific labor force .

I
Michael L. Wachter, 22. s!!., p. 150.
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participation rates of females, it is not possible in our time-series

context because of the lack of data on the sex of workers. Nonetheless

it can be shown the same model is applicable and yields meaningful re-

suIts. Let us consider the labor participation rate of an age group:

(L/P)i = (Lri + ~i)/(PFi + PMi) = (~i/(PFi + PMi» + (1Mi/(PFi + PMi »

(1) •

Where (L/P)i = labor participation rate of age group i

L = total female labor force of woman of age group i
Fi

~i = total male force of men of age group i

P
Fi

= total female population of women of age group i

P
Mi = total male population of men of age group i

Since we assumed that the ratio between men and women is constant

over time and the rate of labor participation of men is stable, we have

PMi = kl • PFi

L /p = k2Mi Mi

where k
l

and k
2

are constant.

From (1) we get:

or

where c is also a constant.

Thus if:

(2)

(3)

(4)

(5)

(6)

where U is the local unemployment rate, W/P is the real wage and T is

the time, then:

(L/P)i = g(U, W/P, T) (7)



To examine the characteristics of the Hawaii civilian labor force,

the following functional form was estimated:
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(L/P)i = bO + bl U + b2 <W/P) + b3 T

where all variables are in logarithmic form and:

(LIP) = labor force participation rate age group i
i

U = aggregate unemployment rate

W!P = current real wage

(8)

T = time trend which reflects other demographic factors.

The findings are presented in table 4.4.4.

It is found that the unemployment rate (U) is insignificant in

every equation with the exception of the equation for teenagers. The

wage rate, on the other hand, is the main determinant of labor force

participation for population in 20-and-younger age classes. The best

results are obtained by estimating equation (8), after omitting the

unemployment rate for all 20-and-older age groups, and the wage rate

in the case of teenagers (see table 4.4.5). As expected, the teenager

participation rate is quite sensitive to the unemployment rate since

the growth in job opportunities for this specific age class is quite

slow in comparison with other working-age population classes.

The time trend variable has a negative value for all age groups,

except for teenagers. The trend variable has the highest value for the

65-and-older age class, also indicating that an increase in the propor-

tion of older people will result in a decrease in the size of the total

labor force. The net effect of the trend on population of 20-64 is

quite small in comparison with the wage effect. At the same time, with

respect to labor participation, the trend elasticity decreases with age
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(-0.18587 for young adu1st, -0.11987 for prime adults, and -0.08287

for middle-age adults) within the same age bracket (20 to 64). Thus,

schooling could be considered as an important factor, as reflected by

the trend variable.

The wage rate, as a matter of fact, has a very strong effect in

determining labor force participation in 20-and-older age classes. It

is found that the wage rate is more significant for younger people.

The elasticities of wage rate with respect to labor force participation

rate are 1.1454 for young adults, 0.73654 for prime adults, and about

.50 for people 45 years-01d-and-over.

Over the past twenty years, the real wage rate in Hawaii has risen

about 2 per cent a year. We would expect that wages will tend to fol-

low the past trend. However, prices of goods and services are believed

to increase faster in the futre than in the past. If this is true, the

annual increase in real wage rate will follow a declining trend in the
1

future. For purpose of simulation, a constant level of 1 per cent

annual increase in real wage is assumed for the next 30-year period.

1
Another reason may be the fact that it is more difficult to in

crease productivity in the service sector, which is an increasingly
larger segment of the economy.



TABLE 4.4.4

BASIC K>DEL OF LABOR FORCE PARTICIPATION RATES*

Age class Intercept
Real wage Unemployment Time trend

W/p rate U T a2 F
Standard error

of estimate

14-19

20-24

25-44

-1.49590

-9.83027

-6.11895

0.01166
(0.10240)

1.16714
(0.13988)

0.72507
(0.10926)

-0.04802
(0.06895)

0.01719
(0.03955)

-0.00907
(0.03089)

0.05310
(0.02817)

-0.18578
(0.18582)

-0.11987
(0.02333)

.8203

.8726

.8264

22.8214

34.2352

22.8354

0.01994

0.02724

0.02128

....
o
0'



TABLE 4.4.4 (continued)

BASIC K>DEL OF LABOR FORCE PARrICIPATION RATES*

Age class Intercept
Real wage Unemployment Time trend

W/p rate U T R2 F
Standard error

of estimate

45-64 -4.18208

65 and over -5.54364

0.48717
(0.10191)

0.52001
(0.12973)

-0.01008
(0.02881)

0.01341
(0.03668)

-0.08287
(0.02176)

-0.24895
(0.02770)

.7012

.9308

11.7342

67.2122

0.01984

0.02526

*All variables are in logarithmic form.
Standard error of parameter estimates given in parentheses.

~

o.....



TABLE 4.4.5

REVISED K>DELS OF LABOR FORCE PARTICIPATION RATES*

Age class

14-19

20-24

25-44

Real wage Unemployment
Intercept W/P rate U Time trend

-1.40057 -- -0.04919 0.05330
(0.02619) (0.00997)

-9.62448 1.14540 -- -0.18519
(0.12728) (0.02907)

-6.22752 0.73654 -- -0.12013
(0.09908) (0.02263)

R2

.8201

.8710

.8193

Standard error
F of estimate

36.4783 0.01932

53.9961 0.02654

36.2818 0.02066'

t-'
o
00



TABLE 4.4.5 (continued)

REVISED K>DELS OF LABOR FORCB PARTICIPATION RATBS*

Age class Intercept

45-64 -9.30094

65 and over -5.38243

Real wage Unemployment
w/p rate U

0.49992
(0.09252)

0.50298
(0.11783)

Time trend

-0.08327
(0.02113)

-0.24812
(0.02691)

R2

.6998

.9301

Standard error
F of estimate

18.5581 0.01929

106.5164 0.02457

*All variables are in logarithmic form.
Standard error of parameter estimates given in parentheses.

t-'
o
\0



CHAPTER V

SIMULATION OF THE MODEL

After analyzing the determinants of the labor force and employ

ment, we are now able to simulate within one model, future population,

labor force and employment. First, we test the performance of the

model, i.e., the validity of the interaction between labor force growth

and employment expansion for Hawaii. Next, the empirical results of

the model's simulation are presented under a variety of future condi

tions. Finally, we test the central hypothesis and examine whether

or not there will be continuously increasing unemployment during the

next three decades under various assumptions.

5.1. Model Validation.

Since our model is utilized to generate conditional quantitative

simulations of Hawaii's people and economy in the future, it is neces

sary to examine how well the model performs this function for past

years. At first, the distinction concerning the validity of the model

is between ~ post and ~~ forecasts. In ~ post forecasts, the

actual predetermined variables are available and used to simulate the

values of the model itself. To evaluate the predictive power of the

model, it is preferable to test data beyond the sample period; more

confidence would be placed in the model's ability to predict if the

available standard statistical testing techniques give good results.

Usually, if some of the data on exogenous variables are preliminary

and subject to extensive revision, the ~~ forecast procedure is
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utilized. In this case, the prediction error may be due to either an

incorrect specification of some structural equations in the model or

to an error in the estimate of the exogenous variables. A good testing

result would indicate both the ability of the analyst in estimating the

predetermined variables and the confidence of the model's predictive

power.

It is obvious that a representation of the past does not guarantee

acceptable projections for the future. However, substantial additional

work should be undertaken if the model is run over the sample period

and does not reproduce history reasonably well. Thus, before performing

the conditional forecasts, we must evaluate the reproduction ability

of the model. A method that can measure the discrepancies between the

actual and predicted values of historical data should be employed, for

this permits us to test the accuracy of the model's representation of

the real world.
1

One such measure of accuracy is the Theil's inequality coefficient.

The coefficient, U, is a measure of degree of the difference between

predicted values and the actual ones, or more precisely, the difference

from 0 and 1, respectively, in the equation: Ai = a + bPi.

Where P
1
· and A are the forecasted and actual values, respectively.

i

The Theil U coefficient is represented by:

"lin £ {P. - A.)2 "r-{-P-.-.-A-.-)-2
U= V: 1 1 = ~ 1 1

~/n~P/ +Vl/n%Ai
2 VZP/ + VEA/

1
Henry Theil, Economic Forecasts !n£ Policy (Amsterdam: North

Holland Pulbishing Co., 1958).
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Where the notation is the as above. By definition, the value of U

is confined to the interval between zero and unity. Perfect predic-

tion (U = 0) holds when Pi = Ai holds for all observations. An U

value of 1 indicates perfect inequality and shows a very bad ability

of the model's predictive power. Furthermore, following Theil, U can

be broken down into three components, UM' US' Uc which represent the

proportion of inequality due to unequal means, variance, and covaria-

tion respectively:

U2 =
2 2 2

~ +u +U •S C
M S C 2

Define U , U , U by normalizing U

M U 2 S U 2 C U 2
U =~ U S U C

=~ = -;;"'"'2"
U U U

Then we have:
M S C

U +U +U =1
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where:
M

U = the fractional loss of forecasting due to unequal means
S

U = the fractional loss of forecasting due to unequal variation
C

U = the fractional loss of forecasting due to unequal covariation.

Thus J Theil's inequality is useful in analyzing the discrepancy

between two series as well as the compostion of this discrepancy.

With 1950 as the base year, the model generates estimates of popu-

lation and employment variables until 1970. The results of the U-test

between generated and actual values of population, labor force and

employment variables are given in tables 5.1 and 5.2.

It can be noted from these tables that U-values are very low for

all series tested except for migration flows and unemployment rates.

Although the U-values are high for migration series, they are very



TABLE 5.1

MODEL VALIDAXION: VALUES OF U-STATISTICS
FOR THE PERIOD 1950-1970 FOR ANNUAL DATA

OF POPULATION VARIABLES

Series tested Total Size Net Migration
of the Group Estimates

Total Population 0.2069 0.3197

Total Live Births 0.0083 N.A.

Total Deaths 0.0230 N.A.

Total Labor Force 0.0210 N.A.

Children (0-14) 0.0132 0.:3197

Teenagers (15-19) 0.0128 0.3390

Young Adults (20-24) 0.0280 0.2960

Prime Adults (25-44) 0.0082 0.~O35

Middle Aged (45-64) 0.0082 0.3444

Old Adults (65 and over) 0.0345 0.3567
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TABLE 5.2

loI)DEL VALIDATION: VALUES OF U-STATISTICS
FOR THE PERIOD 1950-1970 FOB. ANNUAL DATA

OF EMPLOYMENT VARIABLES

115

Series Tested U-Value

Unemployment rate

Total employment

Export (total)

Sugar

Pineapple

Federal (non-defence)

Federal (defence)

Hotel

Garment

Household serviag (total)

Manufacturing

State and local government

Diversified agriculture

Services

Non-agricultural self-employed

Retail and wholesale trade

Business serving (total)

Construction

0.2594

0.0239

0.0121

0.0217

0.0166

0.0672

N.A.

0.0320

0.0708

0.0318

0.0337

0.0473

N.A.

0.03172

0.0268

0.0318

0.0400

0.0524

Transportation, communication &utilities 0.0415

Finance, insurance and real estate 0.0380
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low for the civilian population, its distribution among age classes,

and the civilian labor force. We conclude from this fact that for

long-run projection, the migration formulation shows sensivity, although

for short-run projection, it is substantially less adequate. Even

though the simulation performed very well for total labor force and

for total employment, the U-value of the rate of unemployment is also

high. As explained in section 4.2.4, a small error of labor force

participation has a dramatic impact on unemployment rate.

In a recent study, Jorgenson et a1. indicated that the conven-

tiona1 criteria for goodness of fit outperforms the Theil's inequality
1

coefficient for evaluating econometric models. However, the problem

of verification of the model becomes more complicated since the age-

specific population group, labor force participation, and net migration

data are all computer generated data, and are, in fact, estimated from

the model's population sector. Moreover, the time-series against which

the performance of the simulation was tested were identical to those

used in formulating the model.

At this point, one might think that the available data are not

good enough to warrant making our simulation study. The objection is

that simulation is useless without much more precise and reliable data

than those used in other techniques of planning and analysis. However,

the aim of our simulation study is to find under what condition in an

unpredictable future there would be continuously increasing unemp10y-

1
Dale W. Jorgenson et a1., "The Predictive Performance of Econome

tric Models of Quarterly Investment Behavior," Econometrica, Vol. 38,
No.2 (March, 1970), pp. 213-234.



mente It is not the aim of our study to forecast in absolute terms
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the values that will be attained by certain variables at certain times.

For the short-run--a few months or a year--forecasting might be

fairly reliable. As longer periods of time are considered, cummulative

effects inherent in some economic processes will compound errors that

are minor in the short-run, making the resulting deviations proportion-

ally larger in the long-run.

As a result, the objective of our long-range study is not fore-

casting but testing the hypothesis under an unpredictable future. This

can be accomplished by repetitive simulation, testing the hypothesis

under a variety of conditions. This will give guidance for planning

and for the choice of policies, contributions which in themselves are

very valuable and are the most that can be expected from this model.

Thus, the real issue is: "Is the model good enough to test the

hypothesis of a long-run excess supply of labor in Hawaii?" In order

to test this hypothesis, we have built a model in which the growth of

labor force supply and the growth of employment interact. So the ques-

tion is whether the interaction is sufficient.

Considering the linkages we have established between labor force

participation, employment demand and population, a different set of

historical runs for the population sector alone, using all actual data

of labor force and unemployment, have been performed in our population
1

report. In this report, we have tested the past performance of age-

specific population, migration, birth and death rates by Theil's in-

1
Renaud and Pharo, Population Dynamics in Hawaii, p. 48-50.
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TABLE 5.3

MODEL VALIDATION: VALUES OF THEIL'S U-STATISTIC FOB.
THE PERIOD 1950-1970 FOil ANNUAL DATA
OF THE SBPARATED POPULATION II>DEL.

U-Values
Series Tested Total Size Net Migration

of the Group Estimates

Total Population 0.0084 N.A.

Total Live Births 0.0083 N.A.

Total Deaths 0.0230 If.A.

Children (0-14) 0.0133 0.3298

Teenagers (15-19) 0.0147 0.4063

Young Adults (20-24) 0.0287 0.2825

Prime Adults (25-44) 0.0100 0.2438

Middle Aged (45-64) 0.0137 0.3496

Old Adults (65 and over) 0.0298 0.3378

Total Civilian Migration 0.3118 0.3118

Source: Bertrand K. Renaud and Tu Duc Phut Population Dynaadc8
in Hawaii t Honolulu: University of Hawaii Economic Research Center, p.49.
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equality test. The results were reproduced in table 5.3. It is very

interesting to see thet when we added the labor force participation

subsector in the population sector and the employment sector in the

model and after we established the important linkages between popula-

tion and employment sectors, the results of the U-test (Theil's ine-

quality coefficient) were almost identical for the population sector

(table 5.1). The U-value of the total population was very low; the

U-values of births and deaths were identical for both models; between

all age groups, the highest U-values obtained were for old adults and

young adults; U-values of children, teenagers, prime adults, and mid-

dIe-aged adults were very slightly different between the two cases.

From the rapid comparison, we conclude that the economic-demo-

graphic interdependence in our model reflects well the actual economic

system during the past two decades. With a high degree of confidence,

the model was simulated until the year 2000. The results of population,

labor force participation and employment simulations are discussed in

the following section.

5.2. Basic Simulations of Population and Employment in Hawaii.
(The Base .Run).

The simulation of population and employment growth has been per-

formed under various conditions of external forces: national economic

condition, government spending, tourist spending, migration pattern,

level of output in pineapple, sugar, diversified apriculture, birth
1

and death rate trends. In this section, the population and employment

1
See Chapter III and Chapter IV for discussions of selecting alter

native conditions of future events.
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TABLE 5.5

TRENDS OF BIRTH AND DEATH BATES (1970-2000)

1970 1975 1980 1985 1990 1995 2000

Birth rate trend 1 .8565 .8556 .8507 .849 .849 .849

Death rate trend
0-14 1 .96 .92 .88

15-19 1 .9647 .9294 .8941
20-24 1 .9647 .9294 .8941
25-44 1 .9052 .8105 .7158
45-64 1 .9833 .9667 .9500
65 and over 1 .9819 .9639 .9548

Source: Bertrand M. Renaud and Tu Duc Pham, Population D;yDamics in
Hawaii, Honolulu: University of Hawaii Economic Research Center, January
1973, p.53 and p.S5.
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growth is forecast under external conditions that we considered the

most likely. These external characteristics can be cited as follows:

1. The number of tourists is on the order of 9.9 million in the

year 2000. This figure is obtained by averaging the two most recent

forecasts of growth rate as mentioned in table 3.2.1 is felt to be on

the high side.

2. Federal, state, and local government employment will follow

the past trend of growth according to the size of population.

3. Birth and death rates will follow the slowly declining trends

as shown in table 5.5.

4. The level of defense spending is constant over time. This

also implies that the number of military personnel and dependents is

stable over time.

5. The constant--assumed national rate of unemployment-- is 5

per cent during the entire period 1970-2000.

6. Employment in diversified agriculture is unchanged over time;

the effect of increasing output is offset by the effect of technological

improvements.

7. Other equations used are those presented in Chapter II and

Chapter III.

5.2.1. The Dynamics of Population and Labor Force in Hawaii.

Table 5.6 presents the population sector output of the simulation

model in total. The projected civilian population is 650,000 in 1970,

786,200 in 1980, 942,000 in 1990, and 1,082,900 in the year 2000. The

growth of population and its structure is quite sensitive to the level

of local unemployment rate. The rate of local unemployment is lower



than the national norm and net in-migration causes a significant change

in the size and structure of population. The impact of migration on

the changing population structure is more important than on the chang-

ing of population size. Between 1970 and 1980, the high level of net

migration brought a drastic change in the age structure of the local

population. Young adults (20-24) increase from 8.6 per cent to 11.0

per cent of the total population since this age class has a stronger

propensity to migrate than others. Thus, young adults' migration tends

to follow the national patterns. At the same time, the dependency

1
ratio substantially drops from 83.15 to 73.61. After 1980, net in-

migration starts to decline mostly because of the dampening effect of

the size of the population. Accordingly, net in-migration declines

from 8,600 in 1980 to 2,200 in 1990, and net out-migration of 1,300

occurs in the year 2000. During the period of 1980 to 2000, a decline

of the dependency ratio from 73.61 to 71.23 is expected. Although

birth and death rates in any given age class decline over time, as

assumed in the foregoing premises, the crude rates for both birth and

death increase. This seeming paradox is understood when it is realized

that an increase in the percentage of fertile members is responsible

for rise in the over-all rate. One should be aware that migration not

only adds to the size of a population but it may also be responsible

for a greater crude birth rate due to young in-migrants. This has been

true in Hawaii.

1
Dependency ratio defines as: (Population (0-19) + Population

(65 and over»/Population (20-64).
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TABLE 5.6

PROJECTED VALUES OF POPULATION VARIABLES (1970-2000)

Variables 1970 1980 1990 2000

Total civilian populationa 650.6 786.2 924.4 1,082.9

Childrenb 29.4 24.3 23.1 23.8

Teenagersb 9.3 7.3 6.1 5.6

Young adultsb 8.6 11.0 12.9 14.3

Prime-aged adultsb 25.2 26.1 28.8 30.0

Middle-aged adultsb 20.8 20.5 16.4 14.1

Old adultsb 6.7 10.8 12.7 12.2

Net migration 10,920 8,638 2,282 -133.8

Deaths 3,836 6,015 7,856 8,225

Births 12,999 13,389 20,038 22,800

Birth rates of teenagersC 24.8 19.8 20.6 20.4

Birth rates of young adultsC 102.3 75.4 82.6 79.4

Birth rates of prime adultsC 35.0 27.9 28.9 28.3

Dependency ratiod 83.2 73.6 72.1 71.2

aTotal civilian population, military dependents excluded, in thousands.
bpercent to total population.
cBirth rates per thousand peuple.
dpercent.



In 1970, the labor force participation rate of prime adults (25-
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44 year of age) was 83 per cent, the highest among all age groups. The

average labor force participation rate for all age groups, including

those under 14 years of age, was 46.92 per cent. This relatively low

average rate was due to the fact that close to one-third of the total

population was less than 14 years old in 1970.

The projections show that over the next 30 years, the total labor

force will almost double as compared to an only 65 per cent increase

in population. Such a rapid increase of the labor force.was partly

due to changes in population age structure. For the 0-14 age class,

the per cent share of total population declines from 29.4 in 1970 to

23.4 in 2000. The labor force participation rates of the young adults,

prime adults and middle-aged adults increase 19.4 per cent, 12.0 per

cent and 7.8 per cent respectively from 1970 to 2000. The relative

stability of the teenage labor force participation rate (average 28

per cent) over the projected years is expected since this rate is not

very sensitive to changes in either unemployment rate, real wage rate
1

or time trend. The assumed increase in real wage rate of 1 per cent

per annum provides better family living conditions and early retire-

ment and the labor force participation rate of old adults is expected

to decline 6.8 per cent from 1970 to 2000.

In terms of the relative importance of each ag~ group, the per

cent share of total labor force increase for all age groups, with an

exception of the teenagers and middle-aged adults, for the 1970-2000

1
See table 4.4.4.



TABLE 5.7

LABOR FORCE PROJECTIONS BY AGE GROUPS
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Year

A
1975 B

C
D

A
1980 B

C
D

A
1985 B

C
D

A
1990 B

C
D

Total

333,470

100.0
46.92

375,220
12.5

100.0
48.88

428,480
14.2

100.0
49.46

481,350
12.3

100.0
52.00

534,440
11.0

100.0
53.32

14-19

21,991

6.6
27.673

20,784
-5.5
5.5

27.033

20,806
0.1
4.8

27.487

21,061
1.2
4.5

27.959

21,547
2.3
4.0

28.334

20-24

48,380

14.7
80.014

61,220
25.2
16.3
81.420

76,470
24.9
17.8
83.431

93,530
22.3
19.4
85.910

112,040
19.8
21.0
88.763

25-44

147,380

44.2
83.034

160,820
2.1

42.9
83.950

187,010
16.3
43.6
85.262

219,150
17.2
45.5
86.869

253,320
15.6
47.4
88.763

45-64

107,630

32.3
79.015

122,170
13.5
32.5
79.576

130,250
6.6

30.4
80.293

130,400
0.1

27.0
81.368

128,230
1.7

24.0
82.548

65 and over

7,563

2.3
17.165

10,216
35.1
2.7

16.692

13,943
36.5
3.2

16.384

17,210
23.4
3.6

16.187

19,291
12.1
3.6

16.070



TABLE 5.7 (continued)

LABOR FORCE PROJECTIONS BY AGE GROUPS
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Year Total 14-19 20-24 25-44 45-64 65 and over

A 588.170 22,252 131,890 285,800 127,880 20,341
1995 B 10.0 3.3 17.7 12.8 -0.2 5.4

C 100.0 3.8 22.4 48.6 21.7 3.4
D 54.72 28.499 92.006 90.760 83.819 16.013

A
2000 B

C
D

642,610
9.2

100.0
56.23

23,063
3.6
3.6

28.496

153,160
16.1
23.8
95.557

314,540
10.0
48.9
92.986

130,690
2.2

20.3
85.194

21,155
4.0
3.3

16.004

aA: labor force size by age group.
bB: percent increase from previous 5 years.
cC: percent share of the total labor force.
dD: labor force participation rates.
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period.

A summary of special features of the labor force projections is

presented in table 5.7.

5.2.2. The Growth of Employment in Hawaii.

Table 5.8 gives the overall picture of employment growth in Hawaii.

Total labor force is growing at a faster rate than the total resident

civilian population.

The export sector is the prime mover of the local economy. The

ratio between export and total employment declines about 2.5 per cent

over the next 30 years and accounts for the continuing process of im

port-substitution of the local-service industries.

It must be noted that the base/non-base ratio is declining from

0.285 in 1970 to 0.272 in 1990, and stable after 1990. Thus, if we

use a fixed base/non-base ratio to forecast employment in local-service

industry according to the 1970 ratio, an overestimate of employment in

this category may bring a negative unemployment rate or a much larger

population, due to migration response. Even if this ratio is stable

over time, each local-service industry groups has a different growth

rate which is changing over time. In such a case, the base/non-base

ratio is the only good measure to forecast the total size of employ

ment, but not its structure.

5.2.3. Basic Industry Employment.

Table 5.10 presents the 30-year projection of basic industry em

ployment. From 1970 to 2000, employment in sugar and pineapple is

declining 47 per cent and 73 per cent respectively. To support the

increasing population and labor supply, tourist spending and govern-



TABLE 5.8

BASIC ESTIMATES OF EMPLOYMENT CHANGES IN HAWAII (1970-2000)

Business-
KdYear Total Total Unemployment Export Local-serving Serving

Labor Force Employment Rate Employment Employment Employment

Aa 333,470 311,920 6.5 69,180 182,200 60,540 28.5
1970 Bb

C
C -- -- -- 22.2 58.4 19.4

1975

1980

1985

A
B
C

A
B
C

A
B
C

375,220
12.5

428,480
14.2

481,350
12.3

353,410
13.3

100.0

407,150
15.2

100.0

461,200
13.3

100.0

5.8

4.9

4.2

78,620
13.6
22.2

89,100
13.3
21.9

99,490
11.7
21.6

203,070
11.4
57.5

86,180
14.2
56.9

260,970
12.5
56.6

71,710
18.4
20.3

223,870
20.2
21.2

100,730
16.9
21.8

28.5
0.0

28.0
-1.8

27.6
-1.4

....
N
00



TABLE 5.8 (continued)

BASIC ESTIMATES OF EMPLOYMENT CHANGES IN HAWAII (1970-2000)

Business-
KdTotal Total Unemployment Export Local-Serving Serving

Year Labor Force Employment Rate Employment Employment lEmployment

A 534,440 514,220 3.7 110.080 289,130 115,010 27.2
1990 B 11.0 11.5 -- 10.6 10.8 14.2 -1.5

C -- 100.0 -- 21.4 56.2 22.4

1995

2000

A
B
C

A
B
C

588,170
10.0

642,610
9.2

565,060
9.9

100.0

613,820
8.6

100.0

3.9

4.4

120,720
9.7

21.4

131,390
8.8

21.4

315,650
9.2

55.9

340,610
7.9

55.5

128,690
11.9
22.7

141,820
10.2
23.1

27.2
0.0

27.2
0.0

aA: number employed.
bB: percent increase from previous 5 years.
cC: percent share of total.
dK: base/non-base ratiO, in percentage.

t-'
N
\0
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TABLE 5.9

ANNUAL GROmi BATES OF EMPLOYMENT BY SECTORS
(1970-2000) FOR HAWAII

1970-1980 1980-1990 1990-2000

130

Basic (total)
Federal civilian
Defence-related
Sugar
Pineapple
Hotel
Garment
Household-serving
Diversified agriculture
Diversified manufacture
State and local gove1'lllll8nt
Service
Retail aDd wholesale trade
Non-agriculture self-employed
Business-serving (total)
Construction
Transportation, communication and
utilities
Finance, insurance and real estate
Total civilian employment

2.6~

3.7
0.0

-4.0
-1.7
8.5
3.5
2.5
0.0
2.1
2.8
3.0
2.6
1.2
3.6
3.0

3.2
4.5
2.7

2.1~

3.1
0.0

-4.9
-1.9
4.5
1.8
2.3
0.0
2.0
2.5
2.7
2.4
1.2
2.9
2.8

2.7
3.2
2.4

1.8~

2.0
0.0

-4.9
-1.9
3.2
1.3
1.5
0.0
1.4
1.5
1.7
1.5
1.0
2.2
2.2

2.0
2.5
1.8



TABLE 5.10

BASIC ESTIMATES OF BASIC INDUSTRY EMPLOYMENT

Civilian
Total Defense- Federal Hotel Sugar Pineapple Apparel

Year Export Related Employment Employment Employment Employment Employment
Employment Employment

Aa 69,180 20,993 12,850 13,633 10,027 8,163 3,511
1970 »b

CC 100.0 30.3 18.6 19.7 14.5 11.8 5.1

1975

1980

1985

A
B
C

A
B
C

A
B
C

78,620
13.6

100.0

89,100
13.1

100.0

99,490
11.7

100.0

20,993
0.0

26.7

20,993
0.0

23.6

20,993
0.0

21.9

15,224
18.5
19.4

18,499
21.5
20.7

21,809
17.9
21.1

22,287
63.5
28.3

30,940
38.8
34.7

39,593
28.0
39.8

8,299
-17.2
10.5

6,847
-17.5

7.7

5,397
-21.2

5.4

7,490
-8.2
9.5

6,870
-8.3
7.7

6,242
-9.1

6.3

4,330
23.3
5.5

4,949
14.3
5.5

5,460
10.3
5.5

I-'
W
I-'



TABLE 5.10 (continued)

BASIC ESTIMATES OS BASIC INDUSTRY EMPLOYMENT

Civilian
Total Defense- Federal Hotel Sugar Pineapple Apparel

Year Export Related Employment Employment Employment Employment Employment
Employment Employment

A 110,080 20,993 25,012 48,246 4,253 5,673 5,902
1990 B 10.6 0.0 14.7 21.9 -21.2 -9.1 8.1

C 100.0 19.1 22.7 43.8 3.9 5.1 5.4

1995

2000

A
B
C

A
B
C

120,720
9.7

100.0

131,390
8.8

100.0

20,993
0.0

17.4

20,993
0.0

16.0

28,027
12.0
23.2

30,866
10.1
23.5

56,900
17.9
47.1

65,553
15.2
49.9

3,352
-21.2

2.8

2,642
-21.2

2.0

5,154
-9.1
4.3

4,683
-9.1
3.6

6,295
6.6
5.2

6,650
5.6
5.0

aA: number employed.
~B: percent increase from previous 5 years.

C: percent share of total export employment.

.....
\..oJ
N
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ment expenditures are the determining factors of economic growth in

Hawaii. With about 10 million of overnight tourists assumed by the

year 2000, employment in hotel industries is anticipated to increase

much faster than in other groups, with annual growth rates of 8.5 in

the 70's, 4.5 in the 80's, and 3.2 in the 90's. Between 1970 and the

year 2000, civilian federal employment is expected to increase 140

per cent as compared with a 380 per cent increase in hotel employment.

During the same period, no change occurs in the size of civilian defense

related employees as previously assumed.

5.2.4. Growth of the Local Household-Serving Industry.

Table 5.11 presents the growth of Hawaii's hO'usehold-serving em

ployment. Although household-serving employment varies directly with

the size of resident population, it is, in fact, influenced by the

export sector because of feedback loops. An increase in export employ

ment lowers the local unemployment rate, net migration follows, and thus

adds to the actual size of Hawaii's resident population. As a result,

employment in this sector follows a pattern related to that of the basic

sector, and increases at a diminishing rate. Between 1970 and 1980,

employment in this sector increases 27.3 per cent, as compared with

27.0 between 1980 and 1990, and with 15.6 per cent between 1990 and

2000.

Employment in services grows at a faster rate than other household

serving industry groups, and reflects in part the increasing demand

for medical, educational, and a variety of other services. The second

fastest growth group in this category is the state and local government,

and steady advancement is expected because of an increasing demand for



TABLE 5.11

BASIC ESTIMATES OF LOCAL HOUSEHOLD-SERVING EMPLOYMENT (1970-2000)

Non-agri-
Diversified Diversified cultural

Year Total Manufacture Agriculture State Service Self- Trade
employed

Aa 182,200 12,558 7,580 35,324 24,899 61,650 40,191
1970 Bb

CC 100.0 6.9 4.2 19.4 22.0 13.7 33.8

1975

1980

1985

A
B
C

A
B
C

A
B
C

220,070
11.4

100.0

231,870
14.2

100.0

260,970
12.5

100.0

13,748
9.5
6.8

15,391
11.9

6.. 6

17,050
10.. 8

6.. 5

7,580
0.0
3.7

7,580
0.0
3.. 3

7,580
0.0
2.9

40,072
13.4
19.7

46,621
16.3
20.1

53,240
14.2
20.4

46,116
14.7
22.7

54,291
17.7
23.4

62,552
15.2
24.0

26,306
5.6

12.9

28,247
7.4

12.2

30,208
6~9

11.6

69,250
12.3
34.1

79,740
15.1
34.4

90,340
13.3
34.6

to-'
W
~



TABLE 5.11 (continued)

BASIC ESTIMATES OF LOCAL HOUSEHOLD-SERVING EMPLOYMENT (1970-2000)

Non-agri-
Diversified Diversified cultural

Year Total Manufacture Agriculture State Service Sel£- Trade
employed

A 289,130 18,656 7,580 59,645 70,546 32,106 100,600
1990 B 10.8 9.4 0.0 12.0 12.8 6.3 11.3

C 100.0 6.4 2.6 20.6 24.4 11.1 34.8

1995

2000

A
B
C

A
B
C

315,650
9.2

100.0

340,610
7.9

100.0

20,168
8.1
6.4

21,592
7.1
6.3

7,580
0.0
2.4

7,580
0.0
2.2

65,675
10.1
20.8

71,352
8.6

20.9

78,072
10.7
24.7

85,158
9.1

25.0

33,892
5.6

10.7

35,575
5.0

10.4

110,260
9.6

34.9

119,350
8.2

35.0

aA: number employed.
bB: percent increase from previous 5 years.
cC: percent share to total household-serving employment.

~

w
U1
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additional health, education, protective and other services. The

biggest group in the household-serving category is wholesale and retail

trade, with 62,000 jobs in 1970, 80,000 jobs in 1980, 100,000 jobs in

1990 and 120,000 jobs in the year 2000. Much of the growth in this

sector results from increases in personal income and population. The

rate is much lower and employment increases are due to gains in con

struction materials in related manufacturing sector. Employment in

diversified agriculture is assumed constant for the next 30 years.

5.2.5. Growth of the Business-Serving Industries.

Business-serving employment grows faster than employment in other

categories (table 5.9). However, the growth of this employment cate

gory depends on the expansion of all other industries, which, in turn,

depends on the level of tourist spending and government expenditures.

The fastest growth group in this sector is finance, insurance and real

estate. The growth rate of this employment group ranks second after

that of hotel employment (table 5.9). The other two groups are first

construction, and secondly transportation, communication and utilities

which are projected to increase with almost identical annual growth

rates (table 5.12).

5.3. Alternative Simulations of the Model.

In the simulation of the model, we investigate the following

questions:

1. What happens when employment conditions on the mainland are

changing?

2. What would be Hawaii's economic growth with respect to the



TABLE 5.12

BASIC ESTIMATES OF BUSINESS-SERVING EMPLOYMENT (1970-2000)

Tl"ansportation, Finance,
Year Total Construction Cc:mmunications Insurance and

aJ:ld Utilities Real Estate

A8 60,640 22,019 21,380 17,082
1970 Bb

CC 100.0 36.5 35.3 28.2
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1975

1980

1985

1990

A
B
C

A
B
C

A
B
C

A
B
C

71,710
18.4

100.0

86,180
20.2

100.0

100,730
16.9

100.0

115,010
14.2

100.0

25,802
16.9
36.0

30,625
18.7
35.5

35,476
15.8
35.2

40,235
13.4
35.0

24,780
15.9
34.5

29,184
17 .8
33.9

33,614
15.2
33.4

37,958
12.9
33.0

21,128
23.7
29.5

26,370
24.8
30.6

31,642
20.0
31.4

36,813
16.3
32.0



TABLE 5.12 (continued)

BASIC ESTIMATES OF BUSINESS-SERVING EMPLOYMENT (1970-2000)

Transportation, Finance,
Year Total Construction COllllDUDications Insurance and

and Utilities Real Estate

A 128,690 44,797 42,125 41,772
1995 B 11.9 11.3 11.0 13.5

C 100.0 34.8 32.7 32.4

138

2000
A
B
C

141,820
10.2

100.0

49,173
9.8

34.7

46,120
9.5

32.5

46,528
11.4
32.8

aA: number employed.
bB; percent increase from previous 5 years •
cC; percent share of total business-serving employment •
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changing demand of the hotel industry?

3. What is the effect of state and local spending?

4. What is the impact of changing defense expenditures?

5. What is the impact of changing federal government spending,

exclusive of defense expenditures?

6. What is the influence of increasing output of sugar, pineapple

and diversified agriculture?

7. What is the effect of declining birth rates?

The answers of the changes in demographic and economic conditions

are given in the detailed tables containing the breakdown of all main

components of the population and employment variables that will be

discussed in the next 7 sections.

5.3.1. The Effect of National Unemployment Conditions.

To identify the effect of changing national employment conditions,

all but one of the conditions previously mentioned for the base run

will hold. Two sets of simulation (run 111 and run 112) have been

performed and they are different from the base run by changing the

long-run national unemployment rate from 5 to 4 and 6 per cent over

the entire period of 1970-2000. All the assumptions on national un

employment rates selected are stable since there is no meaningful

alternative time path which suggests itself a priori. (In fact, the

model could be performed under any other year-to-year variation without

any difficulty).

The influence of changing national economic conditions as reflected

in the national rate of unemployment is given in tables 5.13 and 5.14.

It is quite interesting to note that local and national economic con-



TABLE 5.13

DFEers OF NATIONAL UNEMPLOYMENT CONDITIONS
IN THE YEAR 2000
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Variables Base Runa Run 1Ua Run 112a

National unemployment rate 5~ 6~ 4~

Total civilian population 1,082,900 1,081,100 1,084,600

Dependency ratio 71.23 68.92 70.82

Births (civilian) 22,800 21,440 24,141

Deaths (civiliB~) 8,225 8,294 8,036

Migration (civilian) -1,338 313 -2,972

Total labor force 642,610 648,840 636,560

Total employment 613,820 612,840 614,760

Unemployment rate 4.5~ 5.5~ 3.4~

Basic industry employment 131,390 131,330 131,400

Business-serving employment 141,820 141,560 142,070

Household-serving employment 340,610 339,570 341,320

aFor assumptions of alternatives runs, see table 5.4.1 •



TABLE 5.14

EFFECtS OF NATIONAL UNEMPLOYMENT CONDITIONS
ON HAWAII DEMOGRAPHIC SEC'lOR (YEAR 2000)
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Base Runa Run ll1a Run l12a

National unemployment rate 5~ 6~ 4%
Total civilian population 1,082,900 1,081,100 1,084,600
Children}) 23.8 22.8 24.7
Teenagersb 5.6 5.4 5.9
Young adults: 14.3 14.3 14.3
Prime adults 30.0 30.2 29.7
Middle-ageg adultsb 14.1 14.6 13.5
Old adults 12.2 12.6 11.8
Net migration -1,338 313 -2,972
Children migration rate -14.063 -12.930 -15.934
Teenagers migration rate -35.850 -41.061 -28.704
Young adults migration rate 14.322 14.765 13.913
Prime adults migration rate -49.943 -48.951 -42.097
Middle-aged adults migration rate -15.784 -14.111 -17.296
Old adults migration rate 74.76 10.027 3.240
Births (total) 22,800 21,440 24,141
Birth rate of teenagers 20.64 12.430 20.889
Birth rate of young adults 79.390 73.380 85.320
Birth rate Qf prime adults 28.315 27.204 29.419
Deaths (total) 8,225 8,l.29 8,036
Dependency ratio 71.23 68.92 70.82

~For assumptions of alternative runs, see table 5.4.1.
bpercent share of total population.
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ditions are likely to follow the same pattern: higher national unem-

ployment rate is followed by a greater level of Hawaii's net in-migration

which, in turn, adds more people to the Hawaiian civilian labor force

and thus drives up the local rate of unemployment. The difference be-

tween local and national unemployment rate is almost the same for the

three different long-run national unemployment rates (4, 5, and 6 per

cent). As a result, the absolute size of the Hawaiian population does

not change significantly. The reason is that the higher net migration

leads to higher local unemployment rate and thus lowers the birth rate

of all fertile age classes. Although migration does not affect the

total population size, it influences greatly the distribution of popu-

lation by age class (see table 5.14). During the 1970-2000 period,

employment by sectors is not changed since all other economic condi-

tions, i.e., visitor expenditures and government spending, are held to

be the same for three sets of simulations (base run, run 111 and run
1

112).

5.3.2. The Influence of Tourism.

In the past decade, tourism has been the most important sector in

giving the island state substantial economic growth. In Chapter III,

we have used the number of overnight visitors as a determinant of hotel

employment since the average per visitor expenditure has not signifi-

cantly changed over time. As a result, we change this number in order

1
It is noted here that tourism and other economic conditions are

greatly affected by the change of national economic conditions. This
will be discussed in section 5.4.
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to determine the influence of visitor expenditures on the Hawaiian popu

lation and on employment by sectors. We further assume that per visitor

expenditure will not change significantly during the next 30-year period.

However, with its flexibility, the model is easily adjusted if the

expenditure per visitor increases over time.

For purposes of simulation, three other sets of simulation have

been performed (run 121, run 122 and run 123). For these runs, all but

one of the assumptions for the base run hold. Run 121, run 122 and run

123 are different from the base run by assuming that the number of

overnight visitors in the year 2000 will be 8.1 million, 11.5 million

and 14.0 million, respectively. As tbe base run, overnight visitors

will be linearly increasing for the 1970-2000 period.

The results are giving in tables 5.15, 5.16, 5.17, and 5.18. As

expected, the degree of expansion in tourism affects significantly the

size and the composition of the Hawaiian population, labor force and

employment.

Given different levels of visitors, table 5.15 presents the com

parison of the civilian population and its components of change result

ing from 3 different sets of simulations (run 121, run 122 and run 123).

The size of the total population in the year 2000 increases by about

9,000 people with an expansion of 900,000 overnight tourists, the total

civilian population would be 1,103,500 as compared with 1,074,300 if

8.3 million tourists are assumed in the year 2000.

More important than the change in the total size of the population

is the different age structures resulting from various levels of visi

tors. As can be seen in the table 5.15, the age distribution with a
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very favorable (high) number of tourists will maintain a very young

population with only 8.1 per cent being 65 years and older, and a very

low dependency ratio of 66.94. In contrast, the very unfavorable (low)

number of tourists leads to a significant 'aging of the population with

14.8 per cent of people in 65 and older age group and a much higher

dependency ratio of 74.52. It is very interesting to note that the

per cent share of young adults to total population remains unchanged

for all 4 sets of simulations noted above (14.3 per cent). As expected,

the higher percentage of children (0-14 age class) resulted from the

higher level of tourists and better economic conditions (as reflected

in the lower unemployment rate, which drives the birth rate upward).

Migration is the most important factor that affects the population

age structure. As discussed in Chapter IV, the net migration rates are

determined by the difference between the national unemployment rate and

the local rate on the one hand and the absolute size of the total civil

ian population on the other hand. The dampening effect of the popula

tion size is clearly shown in table 5.15, especially for old adults

(65-and-over age group) where net migration is only determined by the

population size. The same effect can be seen for middle-aged adults

(45-64 age class) to a lesser degree and children (0-14 age class) that

migrate with their parents. For these two age classes, despite the

better economic opportunities, net migration decreases with a higher

level of population.

The Hawaii unemployment rate has a significant effect on net mi

gration for population of 15-44 age classes. In spite of the dampening

effect of the population size, the rate of unemployment strongly af-
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fects net migration for teenagers, young adults and prime adults. Be

tween the 4 runs, the net migration rate for young adults is quite

stable and the net migration rates for teenagers and for prime adults

increase with a lower unemployment rate although the population size

is increasing along with better employment opportunities.

As a result of changes in the size and structure of the population,

the size and composition of the civilian labor force is also greatly

affected. The percentage of population in the labor force rises from

55.71 to 57.22 between low level and high level of overnight tourists.

The most significant change in the composition of the labor force is

an increase from 47.8 to 50.9 per cent of prime adults (25-44). For

old adults, the share of total labor force declines from 4.1 per cent

to 2.1 per cent between the most unfavorable case (run 123) and the

most favorable case (run 121). It is noted that the number of prime

adults in the labor force increases 38,000, or 3,000 more than the to

tal labor force between these two runs. This is due to migration. As

discussed in Chapter IV, lower rates of unemployment (better economic

conditions) in Hawaii attract more young in-migrants, while the greater

size of population has a very strong dampening effect for old people.

Table 5.17 gives the total picture of the impact of touri~lli. The

changed in population, size and age composition, taken together by

different levels of overnight tourists expected for the year 2000 give

a very significant change in the absolute size of the labor force.

The most favorable conditions projected for the tourist industry will

result in a total civilian labor force of 665,730, or 5 per cent higher

than that of the lowest level of tourists projected for the year 2000.



TABLE 5.15

EFFECTS OF EXPANS ION OF TOURISM ON THE
POPULATION SECTOR (YEAR 2000)
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Total civilian population
Cblldrenb

Teenagersb
Young adu1tsb

Prime adu1tsb
Middle-aged adultsb

Old adu1tsb

Net migration (total)
Migration rate of childrenc
Migration rate of teenagersC

Migration rate of young adultsC

Migration rate of prime adultsC

Migration rate of middle-aged adultsC

Migration rate of old adultsC

Births
Birth rate of teenagersC

Birth rate of young adultsC

Birth rate of prime adultsC

Deaths (total)
Dependency ratiod

1,074,300
22.5
5.4

14.3
28.9
14.1
14.8
2,392

-11.497
-41.464

14.747
-54.278
-11.635

19.954
20,762
19,292
72.250
26.994
9,456

74.5

1,092,800
24.9
5.9

14.4
30.9
14.0
9.9

-4,669
-18.731
-29.131
13.916

-46.653
-20.994
-6.858
25,098
21,100
87.04
29.733
7,185

68.6

1,103,500
25.9
6.1

14.3
31.8
13.8
8.1

-6,339
-23.612
-21.660
13.543

-42.542
-26.966
-22.406
27,496
22.067
94.960
31.198

6,339
66.9

aFor assumptions of alternative runs, see table 5.4.1.
bpercent share of total population.
~per thousand people.
Percent.



TABLE 5.16

EFFECTS OF EXPANSION OF TOURISM ON THE DISTRIBUTION
OF LABOR FORCE IN HAWAII IN THE YEAR 2000

Age Class bRun 121a c Run 122a Run 123a
I 11 I II I II

14-19 21,566 3.42 24,663 3.77 26,575 4.0

20-24 151,990 24.10 154,380 23.59 155,620 23.3

25-44 301,670 47.84 327,100 49.99 338,990 50.4

45-64 129,750 20.58 130,770 19.99 130,200 19.7

65 and over 25,566 4.06 17,409 2.66 14,344 2.6

Total 630,540 100.0 654,320 100.0 665,730 100.0

LIp ratiod 55.59 56.76 57.22

aFor assumptions of alternative runs, see table 5.4.1.
bI : labor force by age group.
cII: percent share of total.
dL/p ratio: percent of population in the lahor force.
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TABLE 5.17

EFFECTS OF EXPANSION OF TOURISM ON POPULATION
AND EMPLOYMENT IN HAWAII (YEAR 2000)
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Total civilian population
Dependency ratio
Births
Deaths
Net migration
Total labor force
Total employment
UnemploYment rate
Export industry employment
Hotel employment
Garment employment
Business-s.eving employment
Household-serving employment

1,082,900 1,074,300 1,092,800 1,103,500
71.23 74.52 68.83 66.94
22,800 22,467 25,098 27,496
8,225 9,456 7,185 6,339

-1,338 2,133 -4,699 -7,844
642,610 630,540 654,320 665,730
613,820 594,220 634,070 634,740

4.5 5.8 3.1 1.6
131,320 120,210 142,590 153,760
65,553 55,169 75,937 86,321
6,650 6,220 7,039 7,395

141,820 136,350 147,270 152,840
340,610 337,460 344,220 348,150

aFor assumptions of alternative simulation runs, see table 5.4.1.



TABLE 5.18

EFFECTS OF EXPANSION OF TOURISM ON THE DISTRlBtJrION
OF EMPLOYMBNr IN THE YEAR 2000

Run 12la Run l22a Run 123a

Basic· 120,210 142,570 153,760
Federal civilian 20,993 20,993 20,993
Defense-related 30,508 31,277 31,724
Hotel 55,169 75,937 86,321
Sugar 2,642 2,642 2,642
Pineapple 4,683 4,683 4,683
Garment 6,220 7,039 7,394

Business-serving 136,550 147,270 152,840
Construction 47,414 50,991 52,846
Transportation, communi-
cation and utilities 44,515 47,780 49,474
Finance, insurance and
real estate 44,616 48,503 50,519

Household-serving 337,460 344,230 348,150
Manufacturing 21,412 21,798 22,022
Diversified agriculture 7,580 7,580 7,580
State and local government 70,636 72,174 73,066
Services (other than hObe1) 84,264 86,184 87,291
Non-agricultural se1f-
employed 35,362 35,818 36,082
Retail and wholesale trade 118,210 120,670 122,100

149

Total 594,220 634,070 654,740

aFor assumptions of alternative simulation runs, see table 5.4.1.
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During the 1970-2000 period, total employment increases more than

10 per cent (60,520) from the lowest level of tourists to the highest

level assumed. Out of this, 32,000 jobs are gained by the hotel indus

try. The garment industry also makes a significant gain, from 6,220

to 7,395 jobs between two extreme cases. Each of the local household

serving and the business-serving industries makes a smaller gain of ap

proximately 7 to 8 thousand jobE. Together with a more than 54,000

annual increase of overnight tourists, the unemployment rate drops about

1.3 to 1.5 per cent, and a near zero rate of unemployment can be ob

tained by the year 2000 with an annual increase of 378,000 overnight

tourists.

Not only does the base/non-base ratio change over time, but it also

changes under alternative economic conditions. In the year 2000, this

ratio is 25.36 and 30.69, with the assumed number of tourists of 8.5

million and 14.0 million respectively. Table 5.18 presents a compari

son of employment by industry groups among 3 conditional simulations

(run 121, run 122 and 123).

5.3.3. The Effect of Changing Defense Expenditures.

To determine the impact of changing defense spending, all the

assumption for the base run but one are maintained. Run 131 and run

132 are different from the base run by assuming that the level of

armed forces and their dependents increase or decrease 30 per ~ent,

and civilian numbers of civilian defense employees increase or de

crease 20 per cent from the present level.

The projections to the year 2000 for population and employment

from these two sets of simulations compared with the base run are given
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in table 5.19 and table 5.20. As can be seen from these tables, chang-

ing defense spending greatly affects all groups of the two sectors in

Hawaii. The size of total civilian population changes about ±9,OOO

with a 20 per cent increase or decrease in civilian defense employees

by the year 2000 from the present level. The size of the total resi-

dent population (which includes military and dependents) varies from

1,150,300 under the low projection of defense spending to 1,244,700 un

der the high one.

For the year 2000, the size of the Hawaiian civilian labor force

is projected to be 658,230 under high defense spending or 5 per cent

higher than that of the low one. The rate of unemployment increases

from 3.1 per cent for the favorable case to 5.5 per cent for the un

favorable one. The reason is that although the difference in labor

force between two extreme cases is 5 per cent, the difference in total

employment will be 8 per cent. Different from changes in tourism,

where about half of the gain or loss in jobs goes to the hotel industry,

only less than 20 per cent of the gain or loss of total employment

goes to the civilian defense agencies due to changes in military spend

ing. This is because the number of military personnel and dependents

are rising along with the level of defense spending adds to the total

size of the Hawaiian resident population, thus adds more jobs to the

local-serving industries.

As in the case of tourism an increase in defense spending changes

significantly the population age structure. It can be seen in the

table 5.20 that better economic conditions will result in a younger

Hawaiian population. The high level of defense spending will result
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in 9.9 per cent of the population 65 years old or more, and a very

low dependency ratio of 68.92. In contrast, the low level of defense

spending will lead to 14.8 pe~ cent of the population being 65-and

over, with a much higher dependency ratio of 74.52. As expected, the

percentage of children is higher with more defense expenditure, since

better economic opportunities drive the birth rate of all fertile age

classes upward.

One of the main factors of the changing age structure is migration.

Old adults migrate more with a smaller size of population since mi

grants in this age class are not influenced by economic conditions as

reflected in the difference in unemployment rates. The dampening

effect of population can be seen also for the migration of a population

less than 65 years old, especially for the 45-64 group, where net mi

gration rate decreases with a larger civilian population. For young

adults, migration rates are almost identical for all three cases since

the effect of lower unemployment rate is offset by the dampening effect

of population size. For teenagers (15-19) and prime adults (25-44),

migration is more sensitive to unemployment: higher rates of net mi

gration associate with higher levels of military spending.

Table 5.21 gives the effect of defense spending on the size and

the distribution of the civilian labor force in the year 2000. The dif

ference of civilian labor force between the two extreme cases is 32,000.

However, the percentage of population in the labor force does not

change significantly. The reason for this is that there are more mili

tary dependents associated with higher levels of defense spending, a

fact which, in turn, adds more people to the Hawaiian civilian resident



TABLE 5.19

EFFECTS OF DEFENSE SPENDING IN THE YEAR 2000

Variables Base Runa Run 131a Run 132a

Total resident population 1,197,900 1,150,300 1.244,700

Total civilian resident population 1,142,900 1,114.300 1.172.700

Total civilian population 1,082,900 1,074,300 1,092.700

Dependency ratio 71.23 74.52 68.92

Births (civilian) 22,800 20,680 25,080

Deaths (civilian) 8,225 9,451 7,190

Net migration (civilian) -1,338 2,142 -4,680

Total civilian labor force 642,610 626,620 658,230

Total civilian employment 613,820 590,560 637.780

Employment rate 4.5~ 5.7~ 3.1~

Basic industry employment 131,390 125,890 136,950

Business-serving employment 141,500 135.560 148,270

Household-serving employment 340,610 329,120 352,550

Civilian defense-related employment 21,000 16,800 25,200

aFar assumptions of alternative simulation runs, see table 5.4.1.
bpercent.
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TABLE 5.20

EFFECTS OF DEFENSE SPENDING ON
HAWAII'S DEMOGRAPHIC SECTOR (YEAR 2000)

Base Runa Run 131a Run 132a

Total resident population 1,190,900 1,170,300 1,244,700
Armed forces 54,000 56,000 72,000
Military dependents 60,000 40,000 80,000
Total civilian population 1,082,900 1,074,300 1,092,700
Childrenb 23.8 22.5 25.0
Teenagersb 5.6 5.4 5.3
Young adu1tsb 14.3 14.3 14.3
Prime adu1tsb 30.0 28.9 30.9
Middle-aged adu1tsb 14.1 14.1 14.0
Old adultsb 12.2 14.8 9.9
Net migration -1,338 2,142 -4,696
Migration rate of ~hi1drenc -14.063 -11.496 -18.702
Migration rate of teenagersC -35.850 -41.442 -29.202
Migration rate of young adultsC 14.322 14.754 13.917
Migration rate of prime adu1tsC -42.273 -54.247 -46.092
Migration rate of middle-aged adultsC -15.784 -11.369 -20.955
Migration rate of old adu1tsC 7.476 19.917 -6.743
Births 22,800 20,680 25,080
Birth rate of teenagersC 20.164 19.295 21.092
Birth rate of young adu1tsC 79.790 72.280 86.980
Birth rate of prime adu1tsC 28.315 27.000 29.721
Deaths 8,225 9,451 7,190
Dependency ratio 71.23 74.52 68.92

aFor alternative simulation runs, see table 5.4.1.
bpercent share of total population.
cPer thousand people.
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TABLE 5.21

EFFECTS OF DEFENSE SPENDING ON LABOR FORCE
PARTICIPATION IN THE YEAR 2000

Age Class Run 132a Run 131a
Ib IIc I II

15-19 24,937 3.79 21,296 3.40

20-24 155,310 23.59 lSI, 050 24.11

25-44 329,590 50.07 299,150 47.74

45-64 130,960 19.90 129,590 20.68

6S and over 17,437 2.65 25,537 4.07

Total 658,230 100.0 626,620 100.0

L/pd 56.51 55.83

:For assumptions of alternative runs, see table 5.4.1.
I: number employed.

cII: percent share of total.
dL/p: percent of population in the labor force.
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TABLE 5.22

EFFECtS OF DIFENSE SPENDING ON THE
DISTRIButION OF EMPLOYMENT IN THE YEAR 2000

156

Industry
Run l32a Run 131a

Number Percent Number Percent
employed of total employed of total

Export
Federal civilian
Defense-related
Hotel
Sugar
Pineapple
Garment

136,950
25,200
32,224
65,553
2,642
4,683
6,650

21.47
3.95
5.05

10.28
0.41
0.73
1.04

125,890
16,800
29,559
65,553
2,642
4,683
6,650

21.32
2.85
5.00

11.10
0.45
0.79
1.13

Business-serving 148,270 23.25 135,560 22.95
Construction 51,323 8.05 47,086 7.97
Transportation, communi-
cation and utilities 48,084 7.54 44,215 7.49
Finance, insurance and
real estate 48,865 7.66 44,960 7.49

Household-serving 352,550 55.28 329,120 55.73
Manufacturing 22,273 3.49 20,986 3.55
Diversified agriculture 7,580 1.19 7,580 1.28
State and local government 74,068 11.61 68,738 11.64
Services (other than hotel)· 88,548 13.88 81,895 13.87
Non-agricultural self-
employed 36,379 5.70 34,800 5.89
Retail and wholesale trade 123,700 19.41 115,170 19.50

Total 637,780 100.0 590,560 100.0

aFor assumptions of alternative simulation runs, see table 5.4.1.
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population. As in the case of tourism, changes in defense expenditures

bring about changes in the age structure of population, hence the struc

ture of the labor force. For prime adults, the per cent share of the

total labor force increases from 47.7 to 50.1. For old adults, the

per cent share declines from 4.1 to 2.7 between the most unfavorable

condition and the most favorable one.

The distribution of employment among industry groups is given in

table 5.22. It is interesting to note that the base/non-base ratio in

the year 2000 is quite stable with respect to changes in defense spend

ing. Unlike changes in tourism, changes in defense spending do not

affect the distribution of employment among industry groups significantly.

5.3.4. The Effects of Non-Defense Federal Spending.

To identify the impact of non-defense federal spending, all equa

tions but one in the model remain unchanged. In Chapter III, it was

estimated that an increase of 1,000 resident population in Hawaii would

lead to a gain of 42 jobs for the federal government. In order to de

termine the effects of civilian federal spending, we assume a 20 per

cent higher and lower gain in federal jobs due to an increase in popu

lation (run 141, and run 142).

Tables 5.23, 5.24, 5.25 and 5.26 present the comparison of 3 dif

ferent simulation sets (base run, run 141, and run 142). As can be

seen in these tables, the difference between unemployment rates is

about 1 per cent between the favorable case and the unfavorable case.

With a 20 per cent change, the size of the total civilian population

changes about 3,200, the size of the civilian force changes about

4,000, and there are even more changes with a total employment of



TABLE 5.23

EFFECTS OF NON-DEFENSE FEDEBAL EXPENDITURES ON
HAWAII f S DEMOGRAPHIC SECTOR (YEAR 2000)

Base luna lun 141a Run 142a

Total cigilian population 1,082,900 1.079,800 1,086,100
Children b 23.8 23.4 24.2
Teenagers 5.6 5.6 5.8
Young adultsb 14.3 14.3 14.3
Prime adultsb b 30.0 29.6 30.3
Middle-aged adults 14.1 14.1 14.0
Old adultsb 12.2 13.0 11.4
Net migration -1,338 -159 -2,502
Migration rate of chi1drencc -14.603 -13.405 -15.917
Migration rate of teenagers -33.850 -37.943 -33.630
Migration rate of young adultsC 14.322 14.464 14.142
Migration rate of prime adultsC -49.793 -51.385 -48.618
Migration rate of middle-aged adultsC -15.784 -14.226 -17.460
Migrati~n rate of old adu1tsC 7.476 11.979 2.780
Births 22,800 22,053 23,561
Birth rate of teenagersC 20.164 19.858 20.475
Birth rate of young adu1tsC 79.390 76.890 81.930
Bi~th rate of pr~e adu1tsC 28.315 27.852 28.787
Deaths 8,225 8,616 7,816
Dependency ratiod 71.23 72.41 71.82

:For assumptions of alternative runs, see table 5.4.1.
Percent share of total population.

~per thousand people.
Percent.
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TABLE 5.24

EFFECTS OF NON-DEFENSE FEDBllAL EXPENDITURES ON
POPULATION AND EMPLOYMEN'l' IN THE YBAll 2000

Variables Base Runa Run 142a Run 141a

Total civilian population 1,082,900 1,086,100 1,079,800

Births 22,800 23,561 22,053

Deaths 8,225 7,861 8,616

Net migration -1,338 -2,502 -159

Total civilian labor force 642,610 646,540 638,600

Total civilian employment 613,820 620,530 607,120

Unemployment.rate 4.5'1 4.0'%. 4.9~

Basic employment 131,390 135,110 127,630

Household-serving employment 340,610 341,790 339,470

Business-serving employment 71,352 143,630 140,020

aFor assumptions of alternative runs, see table 5.4.1.
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TABLE 5.25

EFFECTS OF NON-DEFENSE FEDERAL EXPENDITURES ON THE
DISTRIBUTION OF LABOR FORCE IN THE YEAR 2000

Run 141a Run 142a
Age Class Labor Percent Labor Percent

Force of total Force of total

14-19 22,555 3.53 23,557 3.65

20-24 152,750 23.92 153,570 23.75

25-44 310,080 48.57 318,840 49.31

45-64 130,550 20.44 130,710 20.22

65 and over 22,555 ' 3.53 19,848 3.07

Total 638,600 100.0 646,540 100.0

LIp ratiob 56.03 56.41

aFor assumptions of alternative simulation runs, see table 5.4.1.
bpercent of population in the labor force.
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TABLE 5.26

EFPleTS OF NON-DEFENSB FBDDAL EXPENDITURES ON THE
DISTRIBUTION OF DPLOYMBNT IN THE YEAR 2000

Run 141a Run 142a
Number Percent Number Percent

emr10yed of total employed of total

Export 127,630 21.02 135,110 21.77
Federal civilian 20,993 3.46 20,993 3.38
Defense-related 27,110 4.47 34,585 5.57
Hotel 65,553 10.80 65,553 10.57
Sugar 2,642 0.43 2,642 0.43
Pineapple 4,683 0.77 4,683 0.75
Garment 6,650 1.09 6,650 1.07

Business-serving 140,020 23.06 143,630 23.15
Construction 48,572 8.00 49,775 8.02
Transportation, communi-
cation and utilities 45,572 7.51 46,670 7.53
Finance, insurance and
real estate 45,875 7.55 47,183 7.60

Household~serving 339,470 55.92 341,790 55.08
Manufacturing 21,527 3.55 21,659 3.49
Diversified agriculture 7,580 1.25 7,580 1.22
State and local government 71,094 11.71 71,622 11.54
Services (other than hotel) 84,835 13.97 85,494 12.78
Non-agricultural se1f-
employed 35,498 5.85 35,654 5.75
Retail and wholesale trade 118,940 19.59 119,780 19.30
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Total 607,120 100.0 620,530 100.0

aFor assumptions of alternative runs, see table 5.4.1.



162

6,700.

The degree of change in population and its structure is much less

than that of employment. As many other cases, the percentage of young

adults in the total population is quite stable for all 3 runs above.

Once again, better economic opportunities lead to a younger population.

Migration behaves in the same pattern as in the cases of changing

tourist and military levels. The most significant dampening effect of

population can be found in the oldest age group, the 65-and-older age

class. The rate of migration of young adults is quite stable between

these three cases, and the rate of unemployment plays a dominant role

in determining the migration rate of teenagers and prime adults. The

migrated older people from 45 to 64 years old are affected quite

strongly by the population size, and the same thing happens for children

who suppose1y migrate with their parents.

5.3.5. Effect of State and Local Government on Population and Employ
ment in Hawaii.

To find the effects of state and local government spending, all but

one of the equations in the model remain unchanged. In Chapter III, it

is estimated that an increase of 1,000 resident population in Hawaii

would lead to a gain of 83 jobs for local and state government. As in

the case of changing federal spending, we increase or decrease this

parameter by 20 per cent and perform 2 other sets of simulations (run

151 and run 152). The results are given in tables 5.27, 5.28, 5.29

and 5.30.

It is quite interesting that these effects are much more 8ignifi-

cant than effects of non-defense federal spending. The rate of unem-

ployment changes about .9 per cent with the high or low projection as



TABLE 5.27

EFFECTS OF THE STArE AND LOCAL EXPENDITURES
ON POPULATION AND EMPLOYMENT IN THE YEAR 2000

Base Runa Run ISla Run 152a

Total civilian population 1,082,900 1,076,900 1,089,500

Births 22,800 21,319 24,327

Deaths 8,225 9,003 7,545

Net migration -1,338 975 -3,610

Total civilian labor force 642,610 634,740 650,240

Total civilian employment 613,820 600,760 627,080

Unemployment rate 4.5~ 5.4~ 3.6~

Export employment 131,390 131,140 131,660

Business-serving employment 141,560 138,300 145,390

Household-serving employment 340,610 331,310 350,030

State and local government employment 71,352 63,748 78,915

aFor assumptions of alternative simulation runs, see table 5.4.1.
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TABLE 5.28

EFFECTS OF STATE AND LOCAL GOVEllNMENr EXPENDITURES
ON HAWAII'S DEMOGRAPHIC SBCTOR (YEAR 2000)

Base Runa Run ISla Run l52a

Total civilian population 1,082,900 1,076,900 1,089,500
ChUdrenb 23.8 22.9 24.6
Teenagersb 5.6 5.5 5.8
Young adultsb 14.3 14.3 14.3
Prime adultsb 30.0 29.3 30.6
Middle-aged adultsb 14.1 14.1 14.0
Old adultsb 12.2 13.9 10.7
Net migration -1,338 975 -3,610
Migration of childrenc -14.063 -12.354 -17.234
Migration of teenagersC -35.850 -39.913 -31.218
Migration of young adultsC 14.322 14.957 14.054
Migration of prime adultsC -49.973 -52.801 -47.323
Migration of middle-aged adultsC -15.784 -12.828 -19.229
Migration of old adultsC 7.476 16.151 -2.055
Births 22,800 21,319 24,327
Birth rate of teenagersC 20.164 19.568 20.789
Birth rate of young adultsC 79.390 74.51 84.50
Birth rate of prime adultsC 28.315 27.413 29.262
Deaths 8,225 9,003 7,545
Dependency ratiod 71.23 73.31 66.91

aFor asoumptions of alternative simulation runs, see table 5.4.1.
bpercent of total population.
cPer thousand people.
dpercent.
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TABLE 5.29

EFFECTS OF CHASING GRWlH RATE OF
EMPLOYMENT IN STATE AND LOCAL GOVERNMENr

ON EMPLOYMENr BY INDUSTRY (YEAR 2000)

Run 151a Run 152a
Number Percent Number Percent

employed of total employed of total
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Basic
Federal civilian
Defense-related
Hotel
Sugar
Pineapple
Garment

131,140
20,993
30,617
65,553
2,642
4,683
6,650

21.83
3.49
5.10

10.91
0.44
0.78
1.11

131,660
20,993
31,140
65,553
2,642
4,683
6,650

21.00
3.35
4.97

10.45
0.42
0.75
1.06

Business-serving 138,300 23.02 145,390 23.18
Construction 48,001 7.99 50,364 8.07
Transportation, communi-
cation and utilities 45,050 7.50 47,027 7.50
Finance, insurance and
real estate 45,254 7.53 47,822 7.62

Household-serving 331,310 55.15 350,030 55.82
Manufacturing 21,467 3.57 21,729 3.46
Diversified agriculture 7,580 1.26 7,580 1.21
State and local government 63,748 10.61 78,915 12.58
Services (other than hotel) 84,536 14.07 85,840 13.69
Non-agricultural se1f-
employed 35;427 5.90 35,737 5.70
Retail and wholesale trade 118,560 19.74 120,230 19.19

Total 600,760 627,080

aFor assumptions of alternative simulation runs, see table 5.4.1.



TABLE 5.30

EFFECT OF ClfAR;ING GRWrH RATE OF EMPLOYMENT IN STATE
AND LOCAL GOVERNMENr ON THE DISTRIBt1lION OF

THE CIVILIAN LABOR FORCE (YEAR 2000)

Run ISla Run 152a
Age Class Number Percent Number Percent

employed of total employed of total

14-19 22,080 3.48 24,078 3.70

20-24 152,370 24.01 153,970 23.68

25-44 305,970 48.20 322,980 49.67

45-64 130,380 20.54 130,500 20.07

65 and over 23,940 3.77 18,710 2.88

Total 634,740 100.0 650,240 100.0

LIp ratiob 55.83 56.57

aFor assumptions of alternative runs, see table 5.4.1.
bpercent.
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compared with the base run. The civilian population change about +6,000

or +12,000 person difference between the very favorable case and the

very unfavorable case. The total civilian labor force changes much

more, about +8,000, and there is an even higher change for total em

ployment, about +13,000 jobs. Almost 60 per cent of the gain in total

employment is due to gains in state or local government jobs. Similar

to the changes in tourism or in the military sector, better economic

conditions due to increases in local and state government employment

lead to the greater size and younger population. The age-specific mi

gration rates, are partly determined by the size of total civilian

population. Again, as can be seen in the tables, the dampening effect

of population size on migration is best noted in the case of middle-

age adults and children. And similar to the case of a change in tour-

ism and the military, the effects of unemployment on migration can be

seen in the case of a population in the 15 to 44 age classes.

5.3.6. The Effect of Changing Agricultural Production.

To determine the net effects of the agricultural sector, all as

sumptions for the base run but one hold. Run 161 assumes that sugar

production in the year 2000 increases 20 per cent from the present level,

run 162 assumes that the production of pineapple increases 20 per cent

from 1970 to the year 2000, run 163 and run 164 assume that the level

of diversified agriculture employment increases and decreases 20 per

cent. The output in diversified agriculture can be calculated given the

elasticity of agricultural production with respect to employment. The

results are given in table 5.31.

As expected, changes in output in sugar or pineapple industries do



TABLE 5.31

EFFECTS OF AGRICULTURAL PRODUCTION ON
POPULATION AND EMPLOUMENr SECTORS IN HAWAII (YEAR 2000)

Run 161a Run 162a Run 163a RUn 164a

Total civilian population 1,083,300 1,083,100 1,084,500 1,081,300

Dependency ratiob 71.23 71.23 69.12 71.82

Live births 22,889 22,858 23,184 22,423

Total civilian deaths 8,189 8,197 8,035 8,419

Net migration -1,461 -1,442 -1,933 -1,756

Total civilian labor force 643,010 642,920 644,649 640,590

Total civilian employment 614,540 614,330 617,250 610,430

Basic employment 131,770 131~670 131,450 131,350

Business-serving employment 142,010 141,960 142,740 141,910

Household-serving
employment 340,750 340,700 343,050 338,200

Unemployment rate 4.4~ 4.4~ 4.2~ 4.7~

Sugar employment 3,008 2,642 2,642 2,642

Pineapple employment 4,683 4,953 4,683 4,683

Diversified agriculture
employment 7,580 7,580 9,425 5,745

aFor assumptions of alternative runs, see table 5.4.1.
bpercent.
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not affect Hawaii's employment significantly. The age structure of

the population has basically remained the same; a very small increase

in population size; and only .1 per cent decrease in unemployment rate

due to a modest gain in employment in these industries. With a 20 per

cent change in employment in diversified agriculture employment, the

size of the civilian population changes about ±1,600. Thus, changing

agricultural production, after all, does not affect other sectors of

the Hawaiian economy significantly.

5.3.7. Effect of Declining Birth Rate.

To identify the effect of declining birth rate, all but one of the

assumptions for the base run hold. Run 171 assumes that birth rate will

decline 30 per cent from 1970 to 2000. The results are given in tables

5.32 and 5.33. It is quite interesting to find that the lower the

birth rate (the smaller the size of the population), the higher the lo

cal unemployment rate, although other demographic and economic condi

tions are held to be the same as the base run. This is because birth

rates affect the population age structure a great deal. With a lower

birth rate, population size is smaller. However, the dependency ratio

is also very low, in effect increasing the size of the civilian labor

force. At the same time, fewer jobs for local serving industries re

duce the level of total employment. Less employment and a larger labor

force thus drive the unemployment rate upward, in turn reducing the

birth rate even further. In general, there are more aged, a smaller

size population and a larger labor force. The following "package of

change" in birth rate trend is obtained from the model's simulations:

dTBR (change in birth rate trend) = -15 percent



TABLE 5.32

EFFECTS OF CHAlGING BIRTH RATE ON THE
DEMOGRAPHIC SECTOR IN THE YEAR 2000
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Total civilian population
Childrenb
Teenagersb
Young adultsb

Prime adultsb

Middle-aged adultsb

Old adultsb
Dependency ratioC

Migration (total)
Migration rate of childrend
Migration rate of teenagersd
Migration rate of young adultsd
Migration rate of prime adultsd
Migration rate of middle-aged adultsd
Migration rate of ~ld adultsd
Live births
Birth rate of teenagersd
Birth rate of young adultsd
Birth rate of prime adu1tsd
Total civilian deaths

Base Runa

1,082,900
23.8
5.6

14.3
30.0
14.1
12.2
71.23
-1,338
14.063

-35.850
14.322

-49.793
-15.784

7.746
22,800
20.164
79.390
28.315
8,225

1,070,400
22.4
5.7

14.4
30.3
14.7
12.5
68.35
-1,364

2.963
-15.858

14.160
-51.246
-7.590
25.620
17,301
15.845
59.070
22.164
8,247

aFor assumptions of alternative simulation runs, see table 5.4.1.
bpercent share of total population.
cpercent.
dper thouaaad people.



TABLE 5.33

EFFECTS OF CHA5:1ING BIRTH RATE ON
POPULATION AND EMPLOYMENT IN THE YEAR 2000

Base Runa Run Ina

Trend of birth rateb 1/.85 1/.70

Total civilian population 1,082,900 1,070,400

Dependency ratioC 71.23 6,835

Live births 22,800 17,371

Deaths 8,225 8,247

Net migration -1,338 2,963

Total civilian labor force 642,610 645,700

Total employment 613,820 606,840

Basic employment 131,390 130,870

Business-serving employment 141,820 139,940

Household-serving employment 340,610 336,940

Unemployment rate 4.5~ 6.0~

aFor assumptions of alternative simulation runs, see table 5.4.1.
bl/.85 means that birth rate drops 15 percent over the next 30-year
period.

cpercent.
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dP (change in total population) = -12,500 persons

dU (change in total labor force) = +3,100 persons

dTE (change in total employment) = -7,000 jobs

dLB (change in live births) = -5,500 live births

dm (change in total deaths) = +25.

5.4. Tests of the Long-Run Excess Labor Supply Hypothesis.

In earlier sections of this chapter, we have examined the expected

changes in the size and composition of the population, exployment, labor

force under a variety of conditions and/or assumptions. We are now

prepared to calculate the rates of growth of labor force and of employ

ment to test whether there will be a continuously increasing unemploy

ment in the next three decades under alternative conditions.

Table 5.4.1 presents alternative simulations of the model and their

assumptions and table 5.4.2 gives the growth rates of labor force and of

employment estimated from these simulations. As shown in table 5.4.2,

the growth rates of employment in all simulations are greater than

those estimated by the Department of Commerce, U.S. Bureau of Census

(see table 1). In every simulation, the growth rates of employment

are greater than those of the labor force during the 70's and the 80's,

and we can expect a relatively prosperous Hawaiian economy between 1970

and 1990. However, there will be a continuously increasing unemploy

ment when the growth rate of the civilian labor force exceeds the

growth rate of employment during the 90's if one or more of these con

ditions occur: (1) a low level of visitor expenditures; (2) a cut

back of defense expenditures in Hawaii; (3) a continuing high level
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TABLE 5.4.1.

ASSUMPTIONS OF ALTERNATIVE SIMULATION RUNS:
TESTING OF THE BASIC HYPOTHESIS.

RUN NUMBER

100 Base Run (see section 5.2, Chapter V).

111 Assume a long-run national unemployment rate of 6 percent.

Other assumptions are not different from those of the base

run.

112 Assume a long-run national unemployment rate of 4 percent.

Other assumptions are not different from those of the base

run.

121 Assume that there will 8.5 million tourists coming to Ha-

waii in the year 2000. Other assumptions are not different

from those of the base run.

122 Assume that there will be 11.5 million tourists coming to

Hawaii in the year 2000. Other assumptions are not dif-

ferent from those of the base run.

123 Assume that there will be 14.0 million tourists coming to

Hawaii in the year 2000. Other assumptions are not dif-

ferent from those of the base run.

131 Assume that civilian defense-related employment declines

20 percent from 1970 to 2000. Other assumptions are not

different from those of the base run.

132 Assume that civilian defense-related- employment increases

20 percent from 1970 to the year 2000. Other assumptions

are not different from those of the base run.



RUN NUMBER

141

142

151

161

162

163

164

171

174

TABLE 5.4.1 (continued).

ASSUMPTIONS OF ALTERNATIVE SIMULATION RUNS.

Assume a net gain of 33 jobs in non-defense federal gov

ernment due to an increase of 1000 people. Other assump

tions are not different from those of the base run.

Assume a net gain of 50 jobs in non-defense federal govern

ment due to an increase of 1000 people. Other assumptions

are not different from the base run.

Assume a net gain of 66 jobs in state and local government

due to an increase of 1000 people. Other assumptions are

not different from those of the base run.

Assume sugar production increases 20 percent from 1970 to

the year 2000. Other assumptions are not different from

those of the base run.

Assume pineapple production increases 20 percent from 1970

to the year 2000. Other assumptions are not different

from those of the base run.

Assume employment in diversified agriculture increases 20

percent from 1970 to the year 2000. Other assumptions are

not different from those of the base run.

Assume employment in diversified agriculture decreases 20

percent from 1970 to the year 2000. Other assumptions are

not different from those of the base run.

Assume birth rate trend drops 30 percent over the period

1970-2000. Other assumptions are not different from those
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TABLE 5.4.1 (continued)

ASSUMPTIONS OF ALTERNATIVE SIMULATION RUNS.

RUN NUMBER

of the base run.

181 Assume there will be 14.0 million tourists coming to Ha

waii in the year of 2000 and a net gain of 100 jobs in the

state and local government due to an increase of 1000 peo

ple. Other assumptions are not different from those of

the base run.

182 Assume there will be 8.5 million tourists coming to Hawaii

in the year 2000 and a net gain of 66 jobs in the state and

local government due to an increase of 1000 people. Other

assumptions are not different from those of the base run.

191 Assume a constant level of national unemployment of 6 per

cent associated with 8.5 million tourists coming to Hawaii

in the year 2000 and a net gain of 33 jobs and 66 jobs in

federal (non-defense) and state government respectively

due to an increase of 1000 people. Other assumptions are

not different from those of the base run.

192 Assume a constant national unemployment rate of 3 percent

associated with 14 million trouists coming to Hawaii as

sociated with a net gain of 50 and 100 jobs in federal

and state and local government respectively, due to an in

crease of 1000 people. Other assumptions are not different

from those of the base run.

201 Assume civilian defense-related employment increases 20



TABLE 5.4.1 (continued)

ASSUMPTIONS OF ALTERNATIVE SIMULATION RUNS.

RUN NUMBER

percent from 1970 to the year 2000 associated with a net

gain of 100 jobs in state and local government due to an

increase of 1000 people. Other assumptions are not dif

ferent from those of the base run.

202 Assume civilian defense-related employment decreases 20

percent over the period 1970-2000 assoicated with a net

gain of 66 jobs in the state and local government due to

an increase of 1000 people. Other assumptions are not

different from those of the base run.
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TABLE 5.4.2

ANNUAL GEOMETRIC GRaml RATE OF LABOR
FORCE AND EMPLOYMENT (1970-2000), ~AII

Run numbera 1670-1980 1980-1990 1990-2000
LF TEc LF TE LF TE

Base Run 2.51 2.71 2.3~ 2.41 1.81 1.8~

111 2.6 2.7 2.3 2.4 1.8 1.7
112 2.4 2.7 2.2 2.4 1.8 1.8
121 2.4 2.4 2.2 2.3 1.8 1.7
122 2.6 2.9 2.3 2.4 1.8 1.8
123 2.7 3.1 2.4 2.5 1.8 1.8
131 2.7 2.9 2.3 2.7 1.8 1.8
132 2.4 2.4 2.2 2.3 1.8 1.7
141 2.6 2.8 2.3 2.4 1.8 1.8
142 2.5 2.6 2.2 2.3 1.8 1.7
151 2.6 2.8 2.3 2.4 1.8 1.8
152 2.5 2.6 2.2 2.3 1.8 1.7
161 2.5 2.7 2.3 2.4 1.8 1.8
162 2.5 2.7 2.3 2.4 1.8 1.8
163 2.5 2.7 2.3 2.4 1.8 1.8
164 2.5 2.7 2.3 2.4 1.8 1.8
171 2.6 2.6 2.2 2.3 1.8 1.7

aFor assumptions of alternative runs) see table 5.4.1 •
bLF: annual geometric rate of labor force growth.
ctE: annual geometric rate of employment expansion.
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of national unemployment; (4) a faster declining trend of birth rate;

and (5) a low level of non-defense federal spending or state and local

expenditures.

According to the alternative simulations, the hypothesis does not

hold during the 70's and the 80's whatever the conditions will be. How

ever, what we have done so far is to change only one of the basic as

sumptions or external conditions of the base run and hold everything

else the same as the base run. In reality, it may not be necessarily

so. For example, a high level of national unemployment may be caused

by lower level of federal spending (which in effect, reduces the number

of federal government employees in Hawaii). A low level of employment

on the mainland might lead to a low level of mainland visitors to Ha

waii. Also, a low level of tourist expenditure could also result in

slower growth of employment by the local and state governments since

the revenues of the state would be much less. Thus, since some of the

exogenous variables are highly correlated, the hypothesis may hold true

during the period 1970-1990 in cases of higher levels of national un

employment, or lower levels of tourist or defense expenditure.

Other runs were performed to determine the influence of defense

spending, visitor expenditure and national unemployment conditions on

the growth of employment and labor force, assuming that some of the

exogenous variables are interdependent.

As can be seen on table 5.4.3 the low projection of defense employ

ment which is associated with lower state revenues or employment, results

in continuously increasing unemployment from 1980 to the year 2000, and

thus the hypothesis holds true for the 80's and for the 90's. In con-



TABLE 5.4.3

ANNUAL RATE OF GRami (PERCENT) OF LABOR FORCE
AND OF EMPLOYMENt (1970-2000) IN HAWAII

Run Numbera 1970-1980 1980-1990 1990-2000
LFRb TERc LFR TER LFR TER

181 2.8 3.2 2.5 2.6 2.0 2.0
182 2.4 2.3 2.2 2.2 1.8 1.6
191 2.5 2.2 2.2 2.0 1.8 1.5
192 2.7 3.3 2.5 2.6 2.0 2.0
201 2.8 2.0 2.4 2.1 2.0 2.0
202 2.4 2.4 2.2 2.1 1.8 1.6

Note: afor the assumptions of different runs, see table 5.4.1 ~
bLFR: annual rate of growth of labor force •
cTER: annual rate of growth of employment •
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trast, the high projection of defense employment, which associates

with a greater growth rate of employment in the local and state govern

ment, results in much faster growth rates of the labor force and of

employment. A continuing high level employment in Hawaii is maintained

and the hypothesis does not hold in this case.

As far as the effects of tourist expenditure are concerned, under

very favorable conditions, where high tourist expenditure is projected

with a high level of local and state government employment, the Hawaii

an economy can generate high levels of output to provide a sufficient

number of jobs to maintain full employment, thus the hypothesis does

not hold. On the contrary, under a very unfavorable condition, where

a low level of tourist expenditure is associated with slower growth

of employment in the local and state government, the annual rates of

growth of the labor force exceed the annual rates of growth of employ

ment during the next three decades. The hypothesis holds in this case.

The growth rates of employment and of the labor force will be much

higher in the case of low-level national unemployment than those for

high-level national unemployment. The hypothesis holds if the national

economic condition is very bad (assumed 6 per cent long-run unemploy

ment rate on the mainland connected with a very low level of tourist

expenditure, federal and state spending). However, the hypothesis does

not hold in case of a very high-level of national employment (assuming

a 3 per cent U.S. long-run unemployment rate, associated with a high

level of visitors coming to Hawaii and a high-level of state and fed

eral expenditure).

There would be no end of simulations of the model if the combined
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set of future conditions and/or assumptions change (due to unpredict

able factors determined outside the system). However, we have examined

the likely change in size and composition of population, labor force

and employment in the next 30 years and the changes of population, of

labor force and of employment variables if one or more basic conditions

and/or assumptions change. To add all the effects of these changes,

we can find that the growth rates of labor force and of employment for

all possible simulations are located in the range between those for

very bad economic conditions for Hawaii and those for very good econo

mic conditions for Hawaii which are presented in table 5.4.4.

As expected, very bad economic conditions include very low visitor

expenditure, high U.S. unemployment, low level of federal (defense and

non-defense) expenditures and would result in very serious continuing

unemployment. On the contrary, very good economic conditions, which

include a very high number of visitors coming to Hawaii, a high-level

of defense and non-defense federal spending, would result in very

high-level employment in the state.

To summarize, the, under the conditions specified for the base

run (the likely future) or better, the hypothesis of continuously in

creasing unemployment over the next 30 years does not hold. However,

this hypothesis holds if one or more of these conditions occur: (1)

higher rate of national unemployment; (2) faster decline of birth

rate; (3) lower level of federal or state spending; (4) a signifi

cant cut-back in defense expenditures; and (5) a smaller number of

tourists coming to Hawaii.

According to our simulations, total resident population will be in



TABLE 5.4.4

ANNUAL GEOMETRIC GROWTH BATE OF LABOR FORCE
AND OF EMPLOYMENT IN HAWAII (1970-2000)

182

1970-1980
Total Labor Force
Total Employment

1980-1990
Total Labor Force
Total Employment

1990-2000
Total Labor Force
Total Employment

Very Good Conditions

2.6
2.7

1.8
1.8

Very Bad Conditions

2.4~

2.1

2.1
1.9

1.7
1.5



the order of 1,200,000 ± 67,000, labor force varying from 598,000 to

700,000 and employment projected to be 614,000 ± 74,000 in the year

2000.
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CIiAPTER VI

SUMMARY AND CONCLUSION

This research study was originated with three objectives: (1) to

examine the dynamics of population in Hawaii; (2) to investigate the

characteristics of employment in Hawaii; and (3) to study the inter-

action of population growth (the supply of labor) and the growth of

employment (the demand for labor) and to test the hypothesis that there

will be continuously increasing unemployment in Hawaii over the next

three decades.

With respect to the formulation of the model, we found that the

goal of simplicity is desirable because simple models are more easily

understood, more operational and more easily implemented than comp1i-

cated ones. However, because of the detail required to realize the

objectives of the study, "simplicity" does not mean that the model

should be both simple and small. Thus, the model emphasizes simplicity

and disaggregation. As a result, the theoretical relations we formu-

1ated in Chapter II came tested in regressions models without any

difficulty and the model is operational. The model is on the computer

1and can be operated easily at a very low cost.

Throughout the model we have studied the interaction between the

employment sector and the population sector of the Hawaiian economy.

1
It should be noted that our estimates of migration for the

last two decades using a Fortran IV program costs 89.0 machine-unit
seconds in the computer compared with a 30-year simulation program
written in DYNAMO language which generates all demographic and employ
ment variables costing only 26.7 machine-unit-seconds in the same
computer (IBM 360 at the University of Hawaii).
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We found that the model would be distorted if population is assumed to

grow exogenously at a given rate, for clearly population and employment

are very closely related in the long-run. Therefore, the model included

a demographic sector. Birth rates, death rates: growing rates, net mi

gration rates and labor participation rates by age group have been

examined and used in the process of simulation. These factors make the

model's output change in response to changes of the size and composition

of the population.

Because of the degree to which disaggregation is needed, we encoun

ter population data problems. The data of age-specification of the

civilian population, labor force participation, net in-migration and

net out-migration are not available, except for Census years. In addi

tion, many of the published migration data contained serious errors.

Thus, we introduce a method to determine estimates of population, labor

force and net migration by age group for the peri~d 1950-1970. These

generated data, which were derived from the annual estimates of civilian

population, civilian live births and civilian deaths, are then used to

examine the characteristics and dynamics of the Hawaiian population and

employment.

Employment equations are generally satisfactory. When output is

used to determine the level of employment of an industry (as in cases of

sugar, pineapple, hotel and garment), employment is log-linearly corre

lated with output. Respective employment/output ratios which decline over

the period of observation indicate that output per worker increases

substantially over time. All the Hawaiian local-serving employment

groups are very closely related to the size of the total population.
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The import substitution effect makes their employment/population ratios

larger as the population size increases over time. At the same time,

employment in business-serving industries is determined by the growth

of employment in all other groups.

All the equations for determining the size of the labor force are

quite satisfactory. The size of the labor force is determined by the

age-specific labor force participation rates, the size and composition

of the population and its components of change: birth, death, and

migration rates. For the last two decades, age-specific birth rates in

Hawaii were almost identical to the national ones. The analysis of

fertility behavior in Hawaii shows that birth rates of all fertile age

groups are sensitive to economic conditions as reflected in the local

rate of unemployment. In contrast, the comparison of age-specific

death rates for Hawaii and for the nation shows that the Hawaiian rates

are now stabilizing at a much lower level for all age groups.

Two other components which influence more significantly the size

and the composition of the labor force are migration and labor partici-

pation by age group. While the wage rate is the main determinant of the

age-specific labor participation rates, net migration rates for all age

groups are influenced greatly by the difference between the local and

national rate of unemployment. A separate study on the population

sector alone has shown that without migration the size of the popula-

tion would be only 903,800 or 38.9 per cent larger in the year 2000
1

than in 1970; with migration the increase is about 70 per cent.

1
Renaud and Pham, Population Dynamics is Hawaii, p. 60.
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Because of the inadequate information available for migration and labor

force, we do not analyze sex-specific rates in the model.

The study has led to the use of simulation techniques different

from other methods previously used for economic projections. With the

aid of the DYNAMO computer language, we are able to write the entire

population-employment simulation model under the format of Forrester's

Industrial Dynamics. The simulation ability of the model against the

annual changes of the Hawaiian population and employment variables was

evaluated by using Theil's Inequality Coefficient.

The validity of the model simulation for the period 1950-1970

indicates that the model performed very well for the past distribution

of the Hawaiian population, labor force, employment and the interaction

between labor force growth and employment expansion. With a high degree

of confidence, the model was simulated until the year 2000. Together,

24 sets of simulations of the Hawaiian economy have been performed

under alternative conditions. Sensitivity experiments of the model

help us to answer the following questions:

1. What is the likely future of the size and composition of the

Hawaiian population, labor force and employment?

2. What happens when employment conditions in the mainland are

changing?

3. What would be the Hawaii economic growth in response to the

changing demand o'f the tourist industry?

4. What is the effect of local, state and federal government

expenditure on the economic growth in Hawaii?

5. Is there any change on the size and composition of the Hawaiian
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population, labor force and employment due to the increase of output

of sugar, pineapple and diversified agriculture?

6. What happens if the trend of birth rate changes?

The answers of these questions are as follow:

1. The 30-year population simulation gives an indication that

there will be a downward trend in the annual rate of growth of population

and employment in Hawaii. If we assume a military population of 120,000,

the total population in the state is projected to reach the one million

mark in 1968. The population in Hawaii is growing older with a declin

ing trend in the percentage of children and with an upward trend of

population 6S-and-older. As the size of population grows, the degree

of importance of migration declines because a larger size population

discourages people from moving into the state. In the year 2000, the

civilian population and the civilian labor force are projected on the

order of lj082,900 and 642,600 respectively.

Tourism has been the prime mover of the state's growth and will

likely to be so in the long-run. Civilian defense-related employment

and employment in agriculture have reached a stage of maturity in which

further growth is unlikely. During the next 30-year period, the local

serving employment/population ratio increases over time, accounting

for the continuing process of import substitution of the local household

serving industries. In the year 2000, total employment will be on the

order of 613,800 while employment in basic industries will be approxi

mately 131,390.

2. In case of changing employment conditions in the mainland (and

everything else is held to be the same), we find that the total size of
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population and employment remains relatively unchanged. The reason is

that a greater level of migration (mostly young people) adds more people

to the labor force and drives up the local rate of unemployment. As a

result of an increase in the local unemployment rate, birth rates would

be significantly lower and the population size would decline.

3. An analysis of changing number of tourists expected by the year

2000 shows that the degree of expansion in tourism affects significantly

the size and composition of the civilian population, the civilian labor

force and civilian employment.

It is estimated with a change of ± 900 1 000 tourists, the size of

the civilian population will change about i 10,000, the size of the la-

bor force will increase or decrease about 12,000 and the change in the

size of total employment will be higher, on the order of 20,000. Be-

cause of this, the local rate of unemployment will drop about 1.4 per

cent in the year 2000 with an increase of 900,000 visitors. The study

shows more than half of the gain in employment, due to an expansion of

tourism, goes to the hotel industry and the ratio total employment/total
1

population will increase significantly. This, in turn, results in a

significant rise of per capita income in Hawaii, even if we assume a
2

fixed level of wage.

4. As one would expect, change in government expenditure would

cause significant effects on the level and structure of population, la-

boT. force and employment in Hawaii. Just the same as with the case of

1.
This is based on the results presented in table 5.17. There we

estimated that an increase of less than 3 per cent of population size in
the year 2000, due to a change of tourist level from 8.3 million to 14.0
million, will be associated with a gain of 10 per cent in employment.

2
In fact, the wage rate might rise along with the increasing demand

of the tourist industry.
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changing tourist spending, the difference between the very favorable

and the very unfavorable conditions of defense expenditure will result

in a 3 per cent change in the size of the civilian population, and a

5 per cent shift in the size of the labor force.

However, between the two extreme cases, total employment will be

different about only 8 per cent, due to a change in defense spending,

as compared with 10 per cent difference (due to changing tourist level)

in the year 2000. Different from the changes in tourism, where more

than half of the gain or loss in jobs goes to the hotel industry, less

than 20 per cent of the gain or loss goes to the civilian defense agen

cies. The size of the total resident population changes more signifi

cantly since a greater level of defense spending associates with a

larger size of military and dependents in Hawaii.

Changes in non-defense federal and local governmental expenditures

will cause similar effect, but to a much lesser degree. The "packages

of change" of non-defense federal and local government expenditure are:

a. dSE = change in state employment from very unfavorable condi-

tions to very favorable ones.

dP (change in total population) = 12,000

dLF (change in labor force) = 16,000

dTE (change in total employment) = 26,000

b. dFE = change in non-defense federal employment from very un-

favorable conditions to very favorab1es one

dP (change in total population) = 6,300

dLF (change in total labor force) = 8,000

dTE (change in total employment) = 13,000
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5. The model shows that the feedback effect of changing agricul

tural production is insignificant. Because the size of agricultural

employment is so small relative to total employment, the rate of unem

ployment is not affected by such changes. For example, the percentage

of sugar, pineapple and diversified agriculture in the year 2000 are

0.44, 0.77 and 1.30 respectively. Since the rate of unemployment is

insensitive to the growth rate of agricultural employment, age-specific

net migration and birth rates remain unchanged. Thus, a change in the

growth rate of agricultural employment has a negligible effect on the

size and composition of population, labor force and employment in

Hawaii.

6. The analysis of changing fertility patterns in Hawaii shows

that because of in-migration we would never have zero rate of annual

increase in the size of the population. A faster declining birth rate

will lead, in the short-run, to a smaller population and a lower rate

of unemployment in Hawaii, factors which will bring more in-migrants to

Hawaii. Because of this, the population size will not be significantly

smaller and more people will enter the labor force. As a result, the

only significant effect of a faster declining trend of birth rate will

be an increase in the unemployment level.

With the empirical results obtained from alternative simulations

of the model, we are able to test the hypothesis of continuously in

creasing unemployment in the next three decades. In other words, we

can answer the following research question:

Is labor force growth to "outrun" employment expansion?

The answer is that under conditions at least as good as those
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specified for the base run, labor force growth will not "outrun" em

ployment expansion. However, there will be a serious problem in the

1990's when the annual rate of growth of labor force e~ceeds the annual

rate of growth of employment if one of these conditions occurs: (1)

smaller number of tourists coming to Hawaii; (2) cut-back in defense

expenditure in Hawaii; (3) a high level of national unemployment; (4)

a faster declining birth rate; and (5) a low level of non-defense

federal or state spending.

We found that some of the external conditions above might be

highly correlated, and the hypothesis holds for the entire period

1970-2000 if: (1) a sharp cut-back in defense expenditures associates

with a slower growth of local and state government employment; (2)

a smaller number of tourists coming to Hawaii; and (3) a high level

of national unemployment associated smaller numbers of tourists

coming to Hawaii and lower levels of state and non-defense federal

expenditures.

The present work, once again, demonstrates that computer simu

lation is a valid technique in planning and analysis. Because of the

lack of adequate data, the forecasting in absolute terms of values of

certain variables at certain times is almost impossible. However, the

objective of a long-run simulation study is not forecasting but testing

hypotheses or designing strategies for an unpredictable future. In

this model, the computer has been used to generate 1950-1970 data on

age-specific population, net migration and labor force participation

for simulation runs.

The empirical results obtained from alternative simulations of the
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model not only test the hypothesis of continously increasing unemploy

ment in the next three decades, but also suggest some interesting

conclusions:

1. The growth of Hawaiian population, labor force and employment

is dependent on the rate of economic growth on the mainland. Simulations

of the model indicate that changes in the national employment picture,

tourist expenditures and federal spending have dramatic effects on the

size and composition of population, labor force and employment in

Hawaii.

2. Hawaiian economic growth is not entirely determined by the

growth path of exports. Alternative simulations of the model indicate

that the base/non-base employment ratio is not stable over time and

under various conditions.

3. Employment expansion in the next three decades will be largely

accounted fo~ by the service sector.

4. The composition of the Hawaiian population is not stable over

time. For young adults (20-24 age class), prime adults (25-44 age class)

and old adults (65-and-over age class), respective per cent shares of

total population are increasing over time. As a result, the population

percentate in the labor force is increasing with time, partly because

age-specific labor participation rates are increasing along with real

wages (higher productivity) and partly because the population age

structure changes through time.

5. The population in Hawaii is growing older with a lower annual

rate of growth than that experienced during the last two decades.

6. Unless migration can be controlled, a faster decline in the
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birth rate trend will not help Hawaii to maintain its goal of full em

ployment. With migration, a faster declining birth rate will result in

a smaller size population but a larger labor force.

The findings of the study are also essential for purposes related

to land use, transportation and human resource planning in programs

dealing with income distribution, training and welfare. For example,

the present model is very useful in planning educational facilities

because it simulates population by age group over time. Thus, planners

can have information of school-age children through time. Water re

source planning requires some idea of the future industry-mix in order

to determine the extent of likely pollution. Such estimates can also be

derived from the model. With an expanded transportation sector included,

the present model may be helpful in providing estimates of the extent

to which different public transportation and land use programs affect

Hawaiian economic growth.

Not only can the present model be useful to public decision-makers,

but also to private sector planners. The outputs of the study include

total population, total employment, total labor force, population and

labor-force participation by age group and em~loyment by sector. Such

projections would be relevant for evaluation, for example, of future

demand for telephone service, electricity and housing construction.

With the addition of specialized subsectors in the model, large private

firms or industries would be able to improve their future decision

making.

These are major contributions and findings of the study. It is

expected that further research and future events will provide more
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needed information to test or to modify some of this study's assumptions

or conclusions. Additional research, economic analysis, and simulation

is neccessary, perhaps to include the following:

1. Concentrated efforts to collect historical data on population,

migration and employment in Hawaii. As noted before, we had many prob

lems in collecting data to conduct the study and had to compile data on

age-specific annual population, migration and labor force.

2. A simulation study of the tourist industry. The study has

shown that tourism is the main driving force of economic growth in Ha

waii. The margins of errors of existing forecasts in this field are

considerably high and are not permissible for planning purposes.

3. Other continuous efforts to improve this study would be useful

to provide much better information for public service needs. The im

provements might be made one or more dimensions to this model. There

might be included separate models for each county, the addition of sex

specification in the model, and the association of income sector with

population and employment sectors.



APPENDIX

DYNAMO PROGRAM FOR THE STATE POPULATION-EMPLOYMENT SIMULATION MODEL.

In this section, the entire population-employment simulation model
1

is described under the format of the DYNAMO computer language. The

structure of the entire model is given in Figure 2.6. The system of

the equations listed in the DYNAMO computer program permits numerical

solutions of the model. The structural parameters of the equations in

the model are derived from the analysis presented in Chapter III and

Chapter IV. The definitions of all variables used for computer simu·

lation are given in the program.

1
For the description of DYNAMO computer language, see

Pugh, DYNAMO 11 User's Manual (Third Edition). Cambridge:
Press, 1970.

Alexander
The M.I.T.



FO~ DEFINITIONS OF POPULATION VARIABLES,SEE RENAUD AND PHAM,
POPULATION DYNAMICS IN HAWAII, ECONOMIC RESEARCH CENTER
UNIVERSITY OF HAWAII, JAN. 73
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• POPLTN-EMPLNT MODEL
RUN OELAYl
NOTE SIMULATION 14,POPULATION EMPLOYMENT MODEL
NOTE THE POPULATION SECTOR
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE POPULATION FIGURES .
A POPDl.K=CHlDZ.K+TNOZ.K+YADZ.K+PMOZ.K+MADZ.K+DlDZ.K
A CHLDZ.K=CIOZ.K+C20Z.K+C3DZ.K
l CIDZ.K=CIDZ.J+IDTJIBCHOZ.J+MCIDZ.J-GCIDZ.J-DLIDI.JJ
N C10Z=51704
l C2Dl.K=C2DZ.J+IOTJIGC1DZ.J+MC201.J-GC20Z.J-Ot2DZ.JJ
N C2DZ=67924
l C3Dl.K=C30l.J+IOTIIGC2Dl.J+MC301.J-GC3Dl.J-OC3DI.JI
N C3Dl=71930
l TNOl.K=TNDZ.J+IDTJIGC3DZ.J+MTNOI.J-GTNOl.J-DTNDZ.JJ
N TNOZ=60285
l YAOZ.K=YADZ.J+IOTIIGTNDl.J+MYADZ.J-GYAOZ.J-OYADZ.JI
N YADl=56197
A PMDZ.K=PIDI.K+P20Z.K+P3DI.K+P40Z.K
l PIDl.K=PIDZ.J+IDTJIGYAOZ.J+MPIOZ.J-GPIDl.J-OPIDI.JI
N P101=45424
l P20Z.K=P20Z.J+IOTJIGP1DZ.J+MP20Z.J-GP2DZ.J-DP2DZ.JI
N P2Dl=36664
l P30Z.K=P30Z.J+IDTJIGP20Z.J+MP30Z.J-GP3Dl.J-OP30Z.JJ
N P30l=37721
l P40l.K=P40Z.J+IOTJIGP30Z.J+MP40Z.J-GP40l.J-OP4DZ.JJ
N P4DZ=43891 .
A MAOZ.K=M10l.K+M2Dl.K+M3DI.K+M40Z.K
l MIDl.K=M10Z.J+IDTJIGP40Z.J+MMlOZ.J-GMlDZ.J-DHlDI.JJ
N M1Dl=4431Z
l M2Dl.K=M2DI.J+IOTIIGMlDZ.J+MM2DZ.J-GM2DZ.J-OH201.JJ
N M20Z=37463
l M3DZ.K=M3Dl.J+IDTJIGM20Z.J+MM3DI.J-GM30l.J-DM3DI.JI
N M30Z=30107
l M4DZ.K=M40Z.J+IDTJIGM3DI.J+MM40,.J-GM40Z.J-DM4DZ.JJ
N M40Z=Z3255
l OLOZ.K=OlOZ.J+IDTJIGM4DZ.J+MOlDZ.J-DOLOl.JI
N OLDZ=43763
NOTE GROWING RATES
A GCIDZ.K=CIDZ.K/GROD
A GC2Dl.K=C2Dl.K/GROD
A GC3DI.K=C30Z.K/GRDD
A GTNDZ.KcTNDZ.K/GRDD
A GYADI.K=YADl.K/GPDD
A GPIDI.K=PIDZ.K/GRDD
A GP2DZ.K=PZDl.K/GRDD
A GP3DZ.K=P3Dl.K/GRDD
A GP4DZ.K=P4DZ.K/GROO
A GMIOZ.K=MIDZ.K/GROD
A GM2DI.K=~ZDl.K/GRDD

A GM301.KcM3Dl.K/GRDO
A GM401.K=M401.K/GRDD
C GROO=5
NOTE BIRTH RATES
A BCHD1.K=lBCDl.K-DNCDZ.K



A LBCDZ.K=CI/BAOJJCBTNOZ.K+8YADZ.K+BPMOl.K)
C BAOJ=.998
A BTNOZ.K~(B~TDZ.K)CTNDZ.K)

A BRTOZ.K=CTR~RO.K)CBRTT.K'

A BRTT.K=BRTA+BRTUE.K+BRTTR.K
C BRTA=35.14QS4E-Q3
A BRTU~.KzCBRTBJCLAGUE.K'

C BkT~=-799.Z4E-06

A BRTTR.K=CBRTCJaTR.K'
C BRTC=-377.37E-06
A TR.K=TABHLITRXX,TIME.K,O,30,30)
T TRXX=21/Zl
A BYADZ.K=IBRYDZ.K)CYAOZ.K)
A BRYOZ.K=CTRBRD.K'CBRYY.KI
A BRYY.K=BRYA+BRYUE.K+BRYTR.K
C BRYA=170.98654E-03
A BRYUE.K=CBRYBJCLAGUE.K)
C BRYB=-6.5381ZE-03
A BRYTR.K=CBRYC)CTR.K)
C BRYC=-2.33611E-03
A BPMOZ.K=CBRPMZ.KJCPMDZ.KI
A BRPMl.K=CTRBRD.K)CBRPP.KI
A BRPP.K=BRPA+BRPUE.K+BRPTR.K
C BRPA=63.25311E-03
A BRPUE.K=CBRPB)CLAGUE.K)
C BRPB=-1.21044E-03
A B~PTR.K=(BRPCICTR.K)

C BRPC=-1.1733ZE-03
A TRBRD.K=TABHLCTTBRD,TIME.K,O,30,5)
T TTBRD=1/.B565/.B55bl.8507/.849/.849/.849
NOTE DEATH RATES
A ONCDZ.K=CORNCO.K)CTDRND.K)CLBCDZ.KJ
A ORNCD.K=DRNCA+ORNCT.K
C ORNCA=Z3.76E-03
A DRNCT.K=(ORNCB)lTR.KJ
C DRNCB=-O.22E-03
A TORNO.K=TABHLCTTOND,TIME.K,O,~O,lOJ

T TTONO=1/.96/.92/.88 .
A DCIDZ.K=CORCHO.K)(TDRCD.K.CCIOZ.K.
A DCZOZ.K=IORCHD.K)ITDRCD.K)(C20Z.K)
A DC3DZ.KaCORCHD.KJCTDRCD.K)lC3Dl.K)
A DCHDZ.K=(DRCHD.K)(TORCO.K)(CHLOZ.K)
A ORCHO.K=DPCHA+DRCHT.K
C DRCHA=O.75E-03
A ORCHT.K=CORCHB)lTR.KJ
C DRCHB=-Q.OZE-03
A TDRCO.K=l~BHLITTCCO,TIME.K,O,30tlOJ

T TTOCO=1/.975/.9501.925
A DTNOZ.K=IORTND.K)ITORTD.KJCTNDI.KJ
A DRTND.K=DRTNA+DRTNT.K
C DRTNA~O.70E-03

A DRTNT.K=CDPTNBJCTR.KJ
C DRTNB~O.O

A TORTD.K=TABHLCTTOTD,TIME.K,O,30,lJJ
T TTDTD~1/.9647/.92q4/.8941

A OYADZ.K=IORYAD.KJITDRYD.KICYADZ.K)
A ORYAD.K=DRYOA+ORYDT.K
C D~YDA=O.80E-03

A DRYOT.KaCORYDBiCTR.KJ
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C ORYDB=-O.02E-03
A TDPYO.K=TARHLCTTDYO,TIME.K,O,30,301
T TTDYD=1/~8941

A DPMDl.~=(DRP~D.KIITDRPD.KJCPMDl.KI

A DPIDl.K=IORPMO.K'ITDRPD.K'IPIDl.KI
A DP20l.K=IDRPMD.K'ITDPPD.K'CP20l.K,
A DP3DZ.K=IORPMO.KI(TORPO.KIIP30Z.KI
A DP4Dl.K=IDRPMO.K'ITDRPD.KJIP4Dl.KI
A DRPMO.K=DRPOA+DRPDT.K
C DRPDA=2.19E-03
A DRPDT.K=CDRPD61ITR.KI
C ORPOB=-O.03E-03
A TDRPO.K=TA6HLITTDPO.TIME.K.O,30.30J
T TTDPD=1/.71578
A DMIOl.K=CORMAD.KIITDRMD.KICM1DZ.KI
A DM2DZ.K=IORMAO.K'ITDRMO.KICM2DZ.KI
A DM3Dl.K=IDRMAO.KICTDRMO.KICM3Dl.KI
A OM4Dl.K=CORMAD.KICTDRMD.KICM4DZ.KI
A DRMAO.K=DRMDA+DRMDT.K
C ORMOA=lO.95E-03
A DRMDT.K=IORMD6ICTR.K)
C DRMOB=-O.16E-03 °
A TDRMD.K=TABHLCTTDMO.TIME.K.O,30,301
T TTDMD=1/.925
A OOLDl.K=COROLO.KICTDROD.KICOLDl.K)
A OROLO.K=DROOA+DRODT.K
C OROOA=65.54E-03
A DRODT.K=CORODBICTR.KI
C DRCOB=-O.75E-03
A TDROD.K=TABHLCTTDOD,TIME.K,O,30,301
T TTOOO=1/.9548
NOTE MIGRATION
A MCIDl.K=IMRCOZ.KICCIDZ.KI
A °MC20l.K=CMRCDZ.KICC2DZ.KJ
A MC3Dl.K=IMRCDl.KIIC3DZ.KI
A MRCDl.K=MCHDA+CMCHDB'CPOPIZ.KI+IMCHDC)IDDUE.K)+CHCHDOJ CPER.KJ
C MCHOA=240.455E-03
C ~CHDB=-1.19426e-03

C MCHDC=-15.1987E-03
C ~CHOD=3.451E-03

A MCHDl.K=IMRCOZ.K)ICHLOZ.K)
A MTNDl.K=(M~TDl.K'(TNOZ.KI

A ~RTOZ.K=~RTDA+IMRT06'ILAGUE.KI+CMRTDCJCTNDZ.KJ

C MRTOA=113.58331E-03
C MRTOB=-9.40619E-03
C MRTDC=-1.7749E-03
A MYAOl.K=IMRYAO.KICYADZ.KI
A MRYAO.K=MRYOA+IMRY061IDDUE.KI+IMRYDCIIYADZ.KI+IMRYDDII PER.KI
C MRYDA=-254.65723E-03
C MP,Y06=-12.48315E-03
C HRYDC=-16.57935E-06
C MRYOD=58.14624E-03
A POPIZ.K=POPDl.K/TEN3
A HPMDl.K=CM~PMD.KI(PMDZ.KI

A MPIDZ.Ks(MRPMD.KICPIOZ.KJ
A MPZOl.K=CMRPMD.KJCP20Z.KJ
A HP30l.K=C~RPMD.KtIP3DZ.K)

A MP40l.K=I~RPMD.KJIP40Z.KI

A MRPMO.K=MRPOA+MPOPZ.K+MPDUE.K+MPOTR.K
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C MRPDA=40S.2041SE-03
A HPDPZ.K=IM~PDBIIPOPIZ.K)

C MRP~B=-1.07086E-03

A MPDUF.K=IMRPDCI(DOUE.KI
C MRPOC=-lO.502U4E-03
A MPOT~.K=(MRPDDI(PER.KI

C MRPOD=13.67825E-03
A MMAOZ.K=IMPMAD.KI(MADZ.K)
A MMIDZ.K=CMRMAO.KIIMIDZ.KI
A MMZDZ.K=IMRMAD.KIIM2DZ.K)
A MM3DZ.K=eMRMAD.KII~3DZ.KI

A M~4Dl.K=IMRMAD.KIIM4DZ.KJ

A MRMAD.K=MRMDA+MMDPI.K+MHDUE.K+MMDTR.K
C MRMDA=4Z8.74268E-03
A MMOPZ.K=(MRM~BICPOPIZ.KI

C MRMDB=-1.16471E-03
A MMDUE.K=IMRMDCIIODUE.K)
C MRMDC=-4.S5418E-03
A MMOTR.K=CMRMOD'IPER.KI
C MRMDO=lS.95595E-03
A MOLDl.K=(MROLO.K'IOLDZ.K'
A MROlD.K=MRODA+MODPZ.K+MODUE.K+MODTR.K
C MkOOA=504.309E-03
A MODPZ.K=IMRODB,(POPDZ.K)
C MRODB=-1.45ZBE-06
A MODUE.K=(MRODCIIODUE.K,
C MROOC=O.O
A MODTR.K=IMRODDIIPER.K'
C MROOD=ll.1057E-03
S TDPOP.K=DNCDZ.K+OCHDZ.K+DTND1.K+DYADZ.K+DPHDZ.K+DMADZ.K+DOLDZ.K
S TMPCP.K=MCHDZ.K+MTNDl.K+MYAD1.K+MPMDZ.K+MMADZ.K+MOLD1.K
A DMAOZ.K=DM1DZ.K+DMlDZ.K+DM3DZ.K+DM4DZ.K
A PCHDZ.K=(TEN2JeCHLDZ.K/POPDZ.KI
A PTND1.K=eTEN2'ITNDZ.K/POPDZ.K,
A PYADZ.K=(TENZIIYADZ.K/PQPDZ.KJ
A PPMDZ.K=ITENZ,IPMOZ.K/POPD1.K'
A . PMADZ.K=CTENlJIMADZ.K/POPDZ.K)
A POlDZ.K=(TENlIIDLDZ.K/POPDZ.K'
C TENl=100.
C TEN3=1000.
NOTE
A PER.K=TABLE(PXXX,TIME.K,O,30,30.
T PXXX=21/51
NOTE
NOTE LABOR FORce BY AGE GROUP
A TCLF.K=CLFT.K+CLFY.K+ClFP.K+ClFM.K+CLFO.K
NOTE TCLF: TOTAL CIVILIAN LABOR FORCE
NOTE ClFT: lABOR FORCE AGES 14-19
NOTE ClFY: lABOR FORCE, AGES 20-24
NOTE ClFP: LABOR FORCE, AGES 25-44
NOTE ClFM: LABOR FORCE, AGES 45-64
NOTE CLFO:lABOR FORce, AGES 65 AND OVER
NOTE LABOR FO~CE--TEENAGERS

A CLFT.K=I~TLF.KJ(TTNDZ.K+C4DZ.KJ

A C4DZ.K=C3Dz.rIGROD
NOTE TTNDZ: CIVlll£N RESIDENT POPULATION, AGES 15-19
NOTE C4D11: CIVILIA~ RESIDENT POPULATION, AGES 14
NOTE RTLF: lABOR FORCE PARTICIPATION RATE OF TEENAGERS
A RTLF.K=ExpelRTlF.KJ



A LRTLF.K=TLFA+eTLFBteLLAGUE.K.+eTLFC.ILPER.KJ
C TLFA=-1.40057
C TLFB=-0.04919
C TLFC=O.0533
A LLAGUE.K=LOGNeLAGUE.KJ
A LPER.K=LOGNePER.K'
NOTE LABO~ FORCE--YOUNG ADULTS
A CLFY.K=IRYLF.K.lTYADZ.KI
NOTE RYLF: lABOR FOPCE PARTICIPATION RATE OF YOUNG ADULTS
NOTE TYAOl: CIVILIAN RESIDENT POPULATION, AGES 20-24
A RYLF.K=EXPlLPYLF.K.
A LRYLF.K=RYLA+eRYLB.eLWP.K.+IRYLC.eLPER.K.
C RYLB=1.1454
C RYLA=-9.62448
C RYLC=-185.19E-03
A LWP.K=LOGNlWPO.+eLOGNlABCD•• lTREND.KJ
C ABCD=l.Ol
C WPO=6.0E+03
A TRENO.K=TABLElTREXX,TIME.K,0,30,30'
T TREXX=0/30

.NOTE WP IS REAL WAGE AND LWP IS LOG OF WP
NOTE LABOR FORCE--PRI~E ADULTS
A CLFP.K=IRPLF.K.eTPMDl.K'
NOTE RPLF: LABOR FORCE PARTICIPATION RATE OF PRIME ADULTS
NOTE TPMDZ~ : CIVILIAN RESIDENT POPULATION, AGES 25-44
A RPLF.K=EXpeLRPLF.K'
A LRPLF.K=RPLA+I~PLB.eLWP.K'+IRPLC'lLPER.K'

C RPLA=-6.2275Z
C RPLB=0.73654
C RPLC=-0.12013
NOTE LABOR FORCE--MIDDLE-AGED ADULTS
A CLFM.K=eRMLF.K.ITMADZ.Kt
NOTE RMLF: LABOR FORCE PARTICIPATION RATE OF MIDDLE AGED ADULTS
NOTE TMADZ: CIVILIAN RESIDENT POPULATION, AGES 45-64
NOTE
A RMLf.K=EXP1LRMLF.K. '
A LRMLF.K=~M~A~eRMLB.eLWP.K~+eRMLC)eLPER.KJ

C RMLA--4.30094 .
C RMLB=O.49992
C RMLC=-0.08328
NOTE LABOR FORCE--OLD ADULTS
A CLFO.K=eROLF.K)eTOLDZ.K'
NOTE ROLF: LABOR FORCE PARTICIPATION RATE OF OLD ADULTS
NOTE TOLDl: CIVILIAN RESIDENT POPULATION, AGES 65 AND OVER
A ROLf.K=EXPILROLF.KJ
A LROlF.K=ROLA+lROlB.elWP.KI+eROLC.eLPER.K.
C ROLA=-5.38243
C ROLB=0.50298
C ROLC=-O.24812
NOTE
A TTNOZ.K=TNDZ.K+TNHOZ.K
A TYADl.K=YADZ.K+YAMDZ.K
A TPMDZ.K=PMDZ.K+PMMDZ.K
A TMADZ.K=~AOZ.K+MAMDZ.K

A TOLDZ.K=DLOZ.K+OLMDZ.K
A TNMDl.K=eTFTD.epOMDZ.KJ
C TFTD=a2.0E-03
A YAHDZ.K=lTFYO.ePQMDZ.K'
C TFYD=82.0E-03
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A PMMDZ.K=ITFPDIIPOMDZ.Kt
C TFPO=Z30.0e-03
A MAMDl.K=ITFMD)CPOMDZ.K)
C TFMO=lS.0E-03
A OLMDZ.K=ITFDDJCPOMDZ.K)
C TFOO=5.0E-03
NOTE
NOTE HAWAII UNEMPLOYMENT RATE
A TUESH.K=TCLf.K-TESHW.K
NOTE TUESH IS TOTAL UNEMPLOYMENT
NOTE TESHW IS TOTAL EMPLOYMENT
A UERSH.K=ITEN2)CTUESH.K/TCLF.K)
NOTE UERSH IS THE HAWAII UNEMPLOYMENT RATE
L LAGUE.K=lAGUE.J+IDT)IUERSH.J-RRR.J)
N LAGUE=2.7
A RRR.K=CTEN2)CLAGUE.K/SSS)
C 55S=1.0E+02
NOTE LAGUE IS UNEMPLOYMENT RATE LAGGED ONE YEAR
A ODUE.K=LAGUE.K-LNUE.K
NOTE LNUE IS NATIONAL UNEMPLOYMENT RATE,LAGGED ONE YEAR
A LNUE.K=TABLECTNUE,TIHE.K,O,30,30)
T TNUE=5./5.
NOTE LABOR FOPCE
NOTE
NOTE EMPLOYMENT SECTOP
A TESHW.K=EXSHW.K+LSSHW.K+BSSHW.K
NOTE TE5HW IS TOTAL EMPLOYMENT
NOTE
NOTE BASIC EMPLOYMENT
A EXSHW.K=FDEPL.K+TR£PL.K+SUEPL.K+PNEPL.K+TAPPR.K
NOTE EXEPL 15 EMPLOYME~T IN THE FEDERAL GOVERNMENT
NOTE TREPL IS HOTEL EMPLOYMENT
NOTE SUfPL IS SUGAR EMPLOYMENT
NOTE PNfPL IS PINEAPPLE EMPLOYMENT
NOTE TAPPR IS GARMENT EMPLOYMENT
NOTE FEDERAL EMPLOYMENT
A .FDEPL.K=FDCD.K+FDCND.K
NOTE FDeD IS CIVILIAN DEFENSE-RELATED EMPLOYMENT
NOTE FDCND IS NDN-OEFE~SE FEDERAL EMPLOYMENT
A FDCD.K=TABHLITFCD,TIHE.K,0,30,30)
T TFCD=21000/21000
A FDCND.K=FCNDA+IFCNDB)CTPODZ.K)
NOTE TPODZ IS TOTAL RESIDENT POPULATION,MILITARY INCLUDED
C FCND~=-19020.27e-03

C FCNDB=41.6BE-03
A TPODZ.K=POPDZ.K+POPML.K+POMDl.K
NOTE POPML IS MILITARY PERSONNEL
NOTE POMOZ IS MILITARY DEPENDENTS
A POPML.K=TABLECMLXX,TI~E.K,O,30,301

T MLXX=54000/54000
A POMOZ.K=TABLECMDXX,TIHE.K,0,30,30)
T MDXX=60000/60000
NOT~ HOTEL EMPLOYMENT
A TREPl.K=EXPILTREPL.KJ
A LTREPl.K=CTRLA)+ITRLB)CLOGNCVISIT.K))
C TRLA=2.4192S
C TRlB=O.S0253
A VISIT.K=TABHLCTOVTS,TIME.K,O,30,30)
T TOVTS=198E+6/9.9E+06
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NOTE VISIT IS NUMBER OF OERNIGHT VISITORS
NOTE

.NOTE SUGAR EMPLOYMENT
A SUEPL.K=EXPCSUEL.KJ
A SUEL.K=CTSGEA)CCSTJ+CTSGEBJ(SUPDT.K)+CTSGECJCCSTJCPER.KJ
NOTE SUPOT IS SUGAR PRODUCTION
C TSGEA=2.28543
C TSGF.B=701.43f-03
C TSGEC=-20.68E-03
C CST=2.3026
A SUPOT.K=lOGNCSUOUT.KJ
A SUOUT.K=TABLE(SUGAR,TI~E.K,O,30,30J

T SUGAR=1162/1330
NOTE
NOTE PINEAPPLE EMPLOYMENT
A PNEPL.K=EXPCFNPl.KJ
A P~PL.K=CTPNEAJ(CSTJ+CTPNEBJ(LPN.KJ+CTPNEC)(PER.K)

A lPN.K=LOGNCPNL.KJ
NOTE PNL.K IS PINEAPPLE PRODUCTION
C TPNEA=3.47942
C TPNEB=307.56E-03
C TPNEC=-8.32E-03
A PNL.K=TA8LECPNXX,TIME.K,O,30,30)
T PNXX=94/100
NOTE
NOTE THE APPAREL INDUSTRY
A TAPPR.K=EXPCAPPR.KJ
A APPR.K=(TAPPAJICSTJ+ITAPP8JILVlSIT.KJ
A lVISIT.K=LOGNIVISIT.K/TEN3J
C TAPPA=2.32549
C TAPPB=374.78E-03
NOTE
NOTE THE HOUSEHOLD-SERVING INDUSTRIES
A LSS~W.K=DIVM~K+DIVAG.K+STEPL.K+SEMPl.K+NASEP.K+WWRT.K

NOTE LSSHW IS TOTAL LOCAL-SERVING EMPLOYMENT
NOTE DIVAG IS DIVERSIFIED AGRICULTURE
NOTE DIVM IS DIVERSIFIED MANUFACTURE
NOTE STEPL IS STATE AND LOCAL GOVERNMENT
NOTE SEMPL IS EMPLOYMENT IN SERVICES
NOTE NASEP NON-AGRICULTURAL SELF-EMPLOYED
NOTE DIVERSIFIED MANUFACTURE
NOTE 'WWRT IS RETAIL AND WHOLESALE TRADE
A DIVM.K=DIVMA+(DIVMBJITPODl.KJ
C DIVMA=-3243.14
C OIVMB=20.9E-03
NOTE DIVERSIFIED AGRICULTURE
A OIVAG.K=TABLEIAGRXX,TIME.K,O,30,30J
T AGRXX=6000/6000
NOTE STATE AND LOCAL GOVERNMENT
A STEPl.K=GVSTA+IGVSTB)ITPODl.K)
C GVSTA=-28048.7
C GVSTB=83.35E-03
NOTE EMPlOYMfNT IN SERVICES
A SEMPL.K=SEHPA+(SEMPBJITPODZ.KJ
C SEMPA=-39354.64
C SEMPB=104.03E-03
NOTE NON-AGRICULTURAL SELF-EMPLOYED
A NASEP.K=NASEA+INASEBJITPODZ.K)
C NASEA=6014.9
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C NASEB=24.697E-03
NOTE RETAIL AND WHOLESALE TRADE
A WWRT.K=WWCTA+(WWCTBJITPODZ.KI
C WWCTA=-40431.51
C WWCTB=O.1335
NOTE
NOTE LOCAL BUSINESS-SERVING EMPLOYMENT
NOTE
A BSSHW.K=WHCTR.K+kTCU.K+WFIRE.K
NOTE BSSHW IS TOTAL BUSINESS-SERVING EMPLOYMENT
NOTE WHCTR IS CONSTRUCTION
NOTE WTCU IS TR~NSPO~TATION,COMMUNICATION AND UTILITIES
NOTE WFIRE IS FINANCE,INSURANCE AND REAL ESTATE
A WBSD.K=EXSHW.K+LSSHW.K
NOTE CONSTRUCTION
A WHCTR.K=WHCTA+(WHCTBJIWBSD.KI
C WHCTA=-12736.48
C WHCTB=184.49E-03
NOTE TRANSPORTATION,COMMUNICATION AND UTILITIES
A WTCU.K=WTCUA+(WTCUB'(WBSD.K'
C WTCUA=-1~624.32

C WTCUR=169.89E-03
NOTE FINANCE,INSU~ANCE AND REAL eSTATE
A WFIRE.K=WFIRA+IWFIRBIIWBSD.K'
C WFIRA=-207B6.79
C WFIRB=200.72E-03
PRINT lJPOPDZ/ZJTMPOP/3JMCHDZ,MTNDZ,MYADZ,MPMDZ,~MADZ,HOLDZ

PRINT 4JPCHDl,PTNOZ,PYADZ,PPMDZ,PMADZ,POLDl
PRINT SJMRCDZ,MRTDZ,MRYAD,MRPMD,MRMAD,MROLD
PRINT 6JlBCDZ,RRTT,B~yy,BRPP/7JTDPOP'
PRINT 8JTClF,TESHW,UEPSH,LAGUE
PRINT 9JEXSHW,FDCO,FDCND,TREPL,SUEPl,PNEPL,TAPPR
PRINT lOllSSHW,DIVM,DIVAG,STEPL,SEMPL,NASEP
PRINT IlIBSSHW,wftRT,WTCU,WHCTR,WFIRE
PLOT POPDl=P,TMPOP=M/LBCDZ=B/TDPOP=D,TESHWaE,TCLF-L
SPEC DT=1/LENGTH=30/PRTPER=1/PLTPER=O.5
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