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ABSTRACT

A previously estimated regional econometric mode! of Hawaii was modi-
fied in order to simulate the economic impacts of population and labor force
change due to immigration. Estimates of the foreign immigrant component of
population growth in the study period (1961-1968) were generated from INS and
Census data and were used as the change in simulation. Census data also
provided the source for determining the functional makeup of the diiferent
income classes. After a satisfactory model with a stable solution was created,
the values of the population variables were reduced by the estimated immigra-
tion and the model was solved again. The difference between the control
solution and the solution after reducing the population values was the simulated
change.

In general, the results were consistent with conventional expectations
derived from basic microeconomics. The model showed immigration to increase
total income somewhat while decreasing per capita income. Returns to labor
were reduced, but property, entrepreneurial and transfer income are increased.
Unexpectedly, the model showed that consumption could decrease if the effect
of income distribution change ofisets the increase in disposable income. When
simulated functional income changes were applied to the estimated distribution
for Hawaii, the middle income groups were shown to bear the largest proportion
of the costs of immigration while the highest income group gained.

The general applicability of these results is qualified by several factors.
An econometric model is limited in its completeness of causal specification and
interaction. The constant parameters imply that no structural change

accompanijes the policy change. Numerous immigrant characteristics that
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differ from the resident population could neither be tested for significance nor
included in the simulation. These and other problems are limitations of the
technique, but is has shown itself to be a good framework for the empirical

analysis and a foundation for insight into the problem.
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CHAPTER I

Introduction

The Problem

The empirical determination of the distribution of personal and functional
income and the extent to which distribution is influenced by governmental and
other institutional forces has recently been the subject of substantive economic
analysis. The economics of interference with a competitive ideal may still be
debated, but social and political reality dictates that the analytic tools of
economics be used to aid those who make critical decisions so they will be
aware of the anticipated effects of alternative policies on distribution patterns.
This study is an attempt to perform such an analysis.

The class of phenomena to be considered is the influence of a non-fiscal
government action on the redistribution of income in Hawaii. Examples of non-
fiscal government activities having an effect on the economy are: trade and
capital movement restrictions, money supply control, agricultural stabilization
policies, industrial regulation, various labor laws, occupational licensing, mini-
mum wage enforcement, and land use zoning. Ideally, a method would be
developed which would allow for the simultaneous determination of the impacts
of all of these actions on income distribution, but in view of the magnitude of
such a task only one has been selected. The specific policy chosen for study is
the authorization of foreign immigration, because (1) the economic effect of
immigration is of great current interest in Hawaii, partly because of its position
as the state with the highest per capita foreign immigration rate, and (2) this
relatively large immigrant inflow should facilitate the empirical examination of

its cffect on income redistribution. In other words, if this activity could not be



shown to have a noticeable impact in Hawaii, then it might be reasonable to
assume that its income redistributional impact in other states was slight or non-

existent.

Anticipated Effects of Immigration

This problem was presumed to be amenable to analysis since there is
already a base of "conventional wisdom' from which hypotheses can be derived
and against which results can be compared. For convenience, expectations are
presented separately for different sectors and phenomena following the form of
Parai's comprehensive survey (1974) prepared as background to analyze Cana-

dian immigration.

Labor Force

Immigration increases the size and changes the composition of the
population and labor force. The result of such an increase in a productive
resource is clouded by the fact that immigrants often differ from residents in
age, sex, skills, labor force participation rates and other qualities. Therefore
they are not direct substitutes for an equal number of residents. Migrants tend
to have a higher working-age component than the indigenous population (Okun
and Richardson, 1961, p. 131), with the added advantage to the receiving
country that the social capital costs of education and training have already
been paid. The positive effects of these productive stimuli are countered by
the fact that the skills brought by the immigrants are often not immediately
applicable to their new situation. Selective immigration policies also distort
the direct substitution effect. To the degree that the immigrant labor force is

complementary to established activities, "the resident population would



experience little or no adverse substitutive effect" (Spengler, 1956, p. 254).

Capital Transfers

Net financial capital entering the country with immigrants is likely to be
negligible. Historical evidence from the U.S. (Hill, 1975, pp. 51-52) and recent
Canadian data (Parai, 1974, pp. 56-57) show that remittances by immigrants

most often offset inflows.

Consumption

Immigrants setting up a new household will tend to have larger durables
expenditures in the early years, but spending patterns become more like other
residents as length of stay increases (Parai, 1974, p. 58). Overall, if immigra-
tion increases total income, one would also expect total consumption to
increase. The increase could be offset somewhat by the effect of redistributed
income on the average propensity to consume. To the degree that the returns
to lower income wage earners are reduced by immigration and transferred to
upper income level capital owners, the average propensity to consume would

decline.

Investment

Business expectations and returns to capital are the primary determinants
of capital formation. Increased labor supply and increased potential sales have
a positive eifect on both of these, so an absolute increase in investment would
thus be likely. The question is whether or not "the induced increase in the rate
of investment would be sufficient to offset the diminished output per worker (if

capital were constant) resulting from increased immigration" (Reder, 1963,



p. 222). Thomas (1963, p. 158), reporting on the waves of immigration
experienced by the United States, found an inverse relationsnip between the

rate of capital formation and the rate of immigration.

Government Expenditures

"Perhaps because immigrants are treated much the same as the indigenous
population, immigrants likely do not have a significantly different impact on
government budgets" (Parai, 1974, p. 59). Exceptions to this premise are
exemplified by the former Australian program to pay passage and temporary
support to immigrants and the European migration of male adults from south to
north requiring less social expenditure than complete family units. Otherwise,
the marginal costs of added population through immigration should be similar to

those caused by natural population increase.

Efficient Allocation of Resources

Immigration reduces labor bottlenecks during periods of rapid expansion
(Parai, 1974, p. 61). It also "can result in a more rapid realization of technical
progress", while "increasing structural differences between sectors as regards
the relative use of productive factors" (Ekberg, 1977, p. 17). Both proposed
impacts imply greater per capita outputs due to immigration, but Ekberg claims
that it can tend to split the labor force into categories and cause redistribu-
tional effects between categories as well as between capital and labor.
Because immigrants often concentrate in "certain sectors and occupations, the
relative wages in these can become lower than otherwise" while "stimulating
the demand for labor in those markets where immigrants are not usually to be

found" with their purchasing power. This intensifies capital formration in



non-immigrant industries.

Unemployment and Price Levels

The relative increases in aggregate supply and aggregate demand deter-
mine the effect of immigration on unemployment and price levels. If aggregate
demand increases more than aggregate supply, there will be upward pressure on
prices and the tendency for unemployment to decrease. The opposite should
occur if the increase in aggregate supply exceeds that in aggregate demand.
The former case is described by Mishan and Needleman (1968a) in a study of
Jamaican immigration to the U.K., while an example of the latter is discussed
in Kindleberger (1967, pp. 45-46) describing a flow of workers without their

families to relieve bottlenecks in the Swiss economy.

Relative Factor Prices

A simple increase in a productive factor should decrease its marginal
productivity and reduce per unit returns. This approach, exemplified by Mishan
and Needleman (1968b) and Berry and Soligo (1969), projects decreased wage
rates and increased returns to capital. Other studies on the subject show that
the result cannot be generalized and is dependent on conditions unique to each
case. As earlier mentioned, the impact of immigration on the capital-labor
ratio is a function of the change in the rate of capital formation. Ekberg (1977,
pp. 15-16), using a demographic-economic simulation model (Denton and
Spencer, 1975), showed that while short term impacts would almost certainly
favor returns to capital, this might be reversed in the long run. Kmenta (1966),
with an econometvric model based on the Australian situation, found that wages

responded negatively to immigration "through the effect on the productivity of



labor", Epstein (1974) shows through the general equilibrium approach that the
effects of immigration on the wage rate and relative returns are dependent on

the degree of substitutability of different types of labor and capital.

Per Capita Output and Income

Change in output per person or worker may be related to immigration, but
the influence is tied up with relative capital growth and technological change.
Denison (1962, p. 177) points out that "knowledge of economies of scale would
be pertinent to the appraisal of immigration policy." He shows that if
increasing returns to scale exceed the share of returns to fixed resources in
national income (which he believes to be the case in the United States), per
capita income can be raised. This is possible if investment opportunities keep
readjusting the capital-labor ratio to its original levels. He also concludes that
the per capita income of the native populatin will be increased by immigration
under any conditions except decreasing returns, but he does not predict

distributional effect.

Income Distribution

"No significant empirical analysis exists on the impact which immigration
has had on the distribution of income... A cursory glance at aggregate data
suggests that the impact of immigration likely was not large" (Parai, 1974, p.
69). So many factors interact to determine the distributional response that the
direction or magnitude of effect will depend on the characteristics of each
individual case.

All the previously discussed factors will be considered in this analysis, but

emphasis will be placed on the relationship between immigration and income



distribution. The lack of conclusive evidence on the issue is one of the reasons
for pursuing the present study. Selection of the appropriate method of analysis
will be primarily influenced by its applicability to the income distribution

question.

Analysis of Income Redistribution

The effects of governmental activities on the economy have been of
primary importance since the earliest civilizations. Indeed, the concept of an
economic system directed by the forces of the market alone is of 18th century
origin (Dalton, 1968, p. 3) and "while American economic life...has always been
characterized by relatively free entrepreneurial activity, it has never, in
practice, incorporated the extreme tenets of laissez-faire" (Fainsrod, et.al.,
1959, p. 50). The present American economy, while structured around private
ownership in most industries, is interwoven with regulations and laced with
controls to the point that most economic activities are to some degree
influenced by government decisions. The unavoidable result of this govern-
mental influence is an income distribution pattern different from that which
would occur in a free market situation.

The '"rightness" of this fact has been a point of contention since the
advent of economics as a field of study. The positions taken have varied along
a continuum between Marx, who proposed that ultimately the individual's
income should be completely divorced from his productive capacity, and Clark,
who held that determining the return to a factor by its marginal productivity
was a "natural law." Nevertheless, from the time of Adam Smith, writing in the
area of welfare economics consistently has conveyed the feeling that perfect

competition will yield an optimal distribution, at least in some sense



(Samuelson, 1947, pp. 203-205). The basis for this optimum has variously rested
on the individual's ability to make the most of his resources under perfect
competition or on its provision of the necessary conditions for the sum of total
satisfaction to be maximized.

Under the influence of the prevailing views on the marginal utility of
income, Marshall and Wicksell contended that perfect competition could not
maximize total satisfaction unless the existing distribution of wealth and ability
were "optimal" (Samuelson, 1947, p. 206). This led them to propose that
transfers of income from the rich to the poor would be beneficial. Pareto
opposed this concern with the existing distribution on the grounds that an
"optimum" position would be one from which no move could be made without
leaving someone worse off.

The relationship between the distribution of income through the ownership
of factors of production and the likely attainment of an "optimal" or "just"
personal income distribution remains unresolved. While the "ethical appeal of
reward for contribution" (Okun, 1975, p. 41) remains, the political and social
realities of income inequality have compelled augmenting the functional
distribution mechanism with public transfer policies and market intervention.
These programs are generally intended to improve the income or competitive
position of some segment of the populace, but it has been noted that their
actual results are often uncertain or unknown.

Economic study has removed some of this uncertainty, and this body of
research has stimulated the present study. In the following section background

on the chosen research methods will be presented.



Approaches to ‘Government Impacts on Income Distribution

The type of study most clearly identified government with income
redistribution is the fiscal approach. These studies estimate the redistribu-
tional impacts of taxes and government expenditures. Examples of important
work in this area are Tarasov (1942), Musgrave, et. al. (1951), Gillespie (1965)
and Aaron and McGuire (1970). As policy makers and researchers began to take
more interest in the potential of non-fiscal government actions to influence
income distribution the general equilibrium approach was used. This procedure,
employing the duality between unit cost and transformation functions, has been
applied to organized labor (Diewart, 1974), immigration (Epstein, 1974), and
tariffs (Burgess, 1976), immigration (Epstein, 1974), and tariffs (Burgess, 1976).
Based on an aggregate production function, it provides justifiable indicators of
the direction of movement of returns to factors, but problems with (1} the
empirical estimation of elasticities of substitution and (2) the high degree of
aggreegation limit the technique's usefulness.

A third method used to analyze changes in income distribution is
simulation with a structural econometric model. The objective is to create a
system which can reproduce, for the sample period, the levels of activity in the
economy it was built to describe. If this is accomplished with sufficient
accuracy, the model may then be used to study the effects of changes in
variables or parameters. Examples of models of this type are found in
Duesenberry, et. at. (1965), national; and Crow (1973), regional.

Such simulation efforts using national econometric models are recognized
as potentially powerful methods for judging alternative government actions. On
the regional level, specifically Hawaii, we have the basis for a similar method.

The necessary income-expenditure accounts for the state covering the period



1958-1968 have been accumulated by Shang and Albrecht (1967, 1970) and
Oshima (1965). Also, a number of general equilibrium planning models and
forecasting models have already been constructed. Most notable among these is
the model published by Ghali and Renaud (1975). Although it has common
elements with two previous forecasting models by Chau (1970) and Peterson and
Wall (1972), it is a structural model which includes a strong interactive
component and an iterative method of solution.

Econometric modeling, in its application to distributional work, is similar
to the production function technique in that it is a set of simultaneous
equations describing economic relationships. Econometric models, however,
allow for a wider scope of analysis, greater disaggregation, and may be less
constrained by assumptions.

Although the popularity of mathematical economics and model building
has been steadily increasing, the trend is not viewed with universal acclaim.
Leontief (1971, p. 3) contends in his 1970 Presidential address to the AEA, that
"in no other field of empirical inquiry has so massive and sophisticated a
statistical machinery been used with such indifferent results." Economists, he
adds, are hampered by "the palpable inadequacy of the scientific means" with
which to solve relevant problems. His criticism is leveled primarily at the
basing of statistically elaborate structures on an incomplete theoretical founda-
tion using questionable data.

While recognizing the current deficiencies and limitations, others are
making efforts to develop a systematic framework for evaluating econometric
models. Numerous efforts at defining an appropriate tecnnique have been made
at the subsector or single equation levei, exemplified by the work of Ramsey,

using classical hypothesis testing, and Gaver and Geisel, employing a Bayesian
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approach (Zarembka, (1974), p. 51). Exercises of this type are normally aimed
at small linear models.

When considering large-scale models, Dhrymes claims that "we suffer the
lack of a clear and accepted analytical basis for the selection of proper criteria
for model evaluation." This situation has led to the use of what he terms
"Sherlock Holmes inference," a data analysis procedure in which all available
evidence is used to judge the apparent "correctness" of model operation. This
style of evaluation is heavily dependent on the potential uses of the model
(Dhrymes, et.at., 1972, pp. 292-293). He does not see this state of affairs as
entirely negative, however, since "the need for purely descriptive kinds of
evaluation procedure points as much to the richness of the areas of application
of econometric models as it does to any inability of economists to put forth a
strong axiomatization for their models." (Dhrymes, et.al., p. 310).

A useful survey of the linkage between the principal explanatory metho-
dology used in econometric modeling and its philosphical bases is found in

Causal Explanation and Mode] Building in History, Economics, and the New

Economic History, by Peter D. McClelland (1975). This work emphasized "the

inescapable uncertainties in human generalizations" (p. 62) and the fact that all
knowledge is tentative. Since the usage of the terminology and techniques of
mathematics and logic has become common in economics, McClelland feels that
many economists "bring to the problem of causal explanation the ideal of
subsuming facts under universal generalization,” but that "this particular
intellectual baggage must be jettisoned from the start" (p. 63). Economics is an
empirical discipline constrained to depend on inductive processes to reach
probabilistic generalizations and conciusions. Going beyond the problems

associated with causal analysis, the author introduces the complications of
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counter-factual speculation. Delimiting causal influences and assigning relative
importance to them is difficult enough when guided by historical facts. There
is even more reason to give critical attention to procedures portraying
"development in a world that never was" (p. 145), and speculation which
"requires knowledge of the unknowable" (p. 161). Far from categorically
repudiating the application of econometrics to difficult questions, however,
McClelland has rigorously dissected the technique in order to cause the
practitioner to be more aware of its inherent limitations so that he may use it

appropriately.

Conclusion

Despite the inevitable shortcomings of the technique, a regional econome-
tric model was chosen as the basic empirical tool for three main reasons. First,
the availability of previous modeling efforts provides a solid foundation for the
work. Second, data have been collected for Hawaii expressly suited to this use,
unlike most regions for which no comparable statistics have been prepared.
And finally, the comprehensive nature of a disaggregated econometric model
allows the observation of the effects of simulated changes throughout the whole
economy.

The objectives chosen for the study are:

(1) to determine the pattern of contribution of the different factors of
production (functional income types) over the range of income levels,

(2) to devise an appropriate simulation to demonstrate the cffect of
immigration on the Hawaiian economy,

(3) to adapt the best current econometric model of the region to

analyze changes in population and labor force size,

12



(4) to apply the simulated changes in functional income to each
personal income class to estimate the distributional change, and

(5) to critically appraise the reliability of the quantification of simu-
lated changes and their support or contradiction of a priori expectations about

the effects of immigration.
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CHAPTER II

Hawaii's Income Distribution

Relation of Personal and Functional Income Distribution

A primary intention of this study is to quantify the redistribution of
income among people at different income levels (personal income classes). But
policy simulation with an econometric model only produces changes in returns
to income types such as labor and capital (functional income types). The
relationship between these two approaches to income distribution must be
empirically determined in order to achieve the intended result, but first the
general manner in which the concepts may be empiricized will be briefly
examined.

The two distributional problems are seldom considered simultaneously.
Studies of functional distribution concentrate on defining either the conditions
under which returns to factors will equal their marginal value product (e.g.
Robinson, 1934) or, in the case of Marxist or institutionalist analysis, the
political and social forces outside the productive process which influence
distribution (Chiodi, 1978). Personal income distribution theory, on the other
hand, concentrates on the factors which promote income inequality between
individuals or types of people. Populations and economies can be compared as
to the degree of personal income inequality by many measures such as Lorenz
curves and Gini coefficients. Explanations for income differences variously
rest on factors such as ability, education, inheritance, choice, chance, or stage
of life (Sahota, 1978).

The relationship between functional and personal income distribution

essentially remains unresolved. Functional income studies are of productive
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aggregates in which the personal characteristics or the ownership of the factor
are not considered. Personal income studies take as given that each individual's
current income is dependent on his command of the factors of production and
then go on to explain either the unequal ownership of factors or unequal returns
to different types of labor and entrepreneurial effort.

A common simplifying assumption with respect to the connection between
income level and factor control also must be made for this study. Information
defining the functional source of all personal income classes is combined with
simulated changes in functional income to estimate redistribution. This
necessitates the assumption that a change in the return to a factor effects the
incomes of all owners of that factor in proportion to its share in their total
income regardless of the level of the owner's total income. In other words, a
ten percent decline in capital income will decrease the capital share of both
poor and rich people's income by ten percent.

Ideally, one would prefer a disaggregated sirnulation system which allows
for the possibility that changes in returns to a factor might vary with income
levels. Given the nature of the model and the data from which it was
constructed, however, this was impossible. The proposed method of propor-
tional assignment of the changes in functional income type to the different
income classes may not precisely reflect reality, but by reviewing the ways
these types of income are earned, it appears that this proportional technique
may be sufficiently close to reality.

Transfer income, of which a large share is welfare assistance, by its
nature is proportional to the poverty status of the recipients and it would be
expected that a change in the poverty status would result in a proportional shift

in receipts. Property income (rents, interest, and dividends) is also proportional
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to holdings so that land owners or holders of other capital would stand to gain
or lose in relation to the size of their assets. Labor income, although not as
clearcut, can also be viewed as proportional in the sense that industry deals
basically in sets of workers; a group of laborers coordinated with technicians,
foremen, and managers. When a change occurs in the economy, this mix will
remain roughly the same while the absolute numbers change. Income derived
from self-employment is the least amenable to this assumption in that the high
level earners, including professionals and owners of larger businesses may be
better able to maintain their income position than small-scale shopkeepers.
This proportionality technique then appears overall to be the most easily

justifiable means of apportioning the changes.

Empirical Determination

Information on the functional source of income for different income
classes in Hawaii is not available in published form. Functional distribution
(Figure 1) is reported annually by the Department of Commerce while personal
income distribution can be derived from taxation figures, but they are not
presented together. Since this breakdown is necessary in order to allocate the
effects predicted by the simulation, a distribution table was constructed using
data from several sources. Two one-percent samples from the 1970 census and
a one-percent sample from the 1960 census were the sources for the initial
division of the different income classes by income type. In the 1970 census
respondents were asked for their total income in 1969 and how much was gained
from six categories: wages and salaries, own business or fees, own farm, social
security, welfare, and other (other being predominantly rents, interest, and

dividends). The 1960 census has responses for total income, labor, self-
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employment, and other income earned in 1959. Although the summation of the
business and farm self-employment figures from the 1970 census are equivalent
to the self-employment figures from the 1960 census, no equivalent breakdown
for transfer and property income could be derived for 1959. Out of necessity, it
was assumed that the relative magnitude of these income types were the same
as in 1969 so that the "other" income category could be divided.

While the data from the census samples provides a reasonable concurrence
with functional income types used in the simulation model, the results in their
raw form could not be used for two reasons. Since the income figures in the
two censuses were in current dollars, a division into income classes of thousand
current dollar units would have made comparing the two distributions inappro-
priate. To correct for this, data for both years were converted to 1963 dollars
(the base year for the simulation data). The second problem with the raw data
was that the totals for income of the different types in both censuses were
below that reported by sources drawing on more reliable information than
personal surveys (notably the Survey of Current Business, Department of
Commerce). By assuming that this variation, due to uninformed respondents or
misrepresentation, was proportional to income reported, a correction factor
was devised by calculating the ratio of the Department of Commerce figures
(which were used in the model estimation) to the income reported in the
censuses and then multiplying each census observation by this factor. The
corrected observations were then sorted into income classes and the functional
income components were added within each class.

After completing the tabulation procedure, the percentage of each
functional income type in each income class was calculated for both years. The

results are shown in Figure 2. Since the distribution within classes was
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Source, 1959 and 1969

Source: 1960 and 1970 Census, 15 Percent Sample.
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different for 1959 and 1969 and no personal distribution information is available
for the intervening years, linear interpolation was used to obtain estimated
annual distributions.

t was then possible to apply these estimates of the functional components
of each income class to the simulated changes in each of the four functional
types and calculate the potential effects on the particular income class. This
was accomplished by multiplying the percentage of the income class attribu-
table to each functional income type by the projected percent change in that
income type and then summing the four changes to produce the percent annual
change in the income of the people who were orginally included in the different
income classes.

It may be said in support of the personal income portion of this sample-
generated distribution, that the numbers of earners per class coincide fairly
well with the 1969 distribution reported from the full census of Hawaii (1970
Census, Detailed Characteristics of Hawaii, July 1972). This is mentioned
primarily because the distribution produced for this study differs quite notice-
ably from another estimate by Ebel and Kamins (1975, p. 25) which was updated

from a 1961 household expenditure survey.
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CHAPTER IHI

Hawaii's Immigration Situation

Recent Immigration to Hawaii

As a destination for foreign immigrants, Hawaii is an extreme case in the
United States. Aliens composed 8.1 percent of Hawail's population in 1973, a
higher proportion than any other state in the nation and 3.7 times the national
average (Ikeda, Dec. 1975). In recent years the annual rate of foreign
immigration into Hawaii has been consistently in the neighborhood of eight
immigrants pef thousand population, which is also the highest rate in the nation
and which is more than four times the national! average. Because of its
location, labor history, and cultural diversity, Hawaii has long been attractive
to people from Asia and the Pacific, and the flow was most recently
significantly increased by the Immigration Act of 1965. This law abolished the
national origin system which had favored European and American countries.
The new law also provided for the reuniting of families and the preferred entry
of skilled and professional workers.

During the period of study, which included the transitional phase of the
new law, the percentage of the net annual population increase accounted for by
foreign-born immigrantsl climbed from about ten percent in the early 1960's to

thirty-five percent in the later years. The remainder is made up of the excess

i For the purposes of this study, the term immigrant will refer to those who
arrived during the simulation period (1961-1968) whether cr not they may have
been naturalized in the meantime. Resident will mean anyone born in Hawaii,
the U.S. mainland, or who immigrated prior to 1961. When using 1970 census
data, immigrant will mean anyone who responded as having entered the country
between 1960 and 1970 as no more specific date can be inferred.
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of local births over deaths and net in-migration from the mainland. Studies on
the national level have shown that thirty-four percent of the immigrants will
enter the work force on arrival and fifty-two percent will be in the work force

after two years (lkeda, Oct. 1975).

Data Sources and Problems

Estimates of the numbers of immigrants entering the Hawaii population
and labor force can be obtained from two sources. The Immigration and
Naturalization Service (INS) publishes an annual report on the characteristics of
those admitted during the fiscal year, including the state of intended residence.
Also, the five-percent sample of the 1970 Census contained a question to
determine the five-year period during which any foreign-born respondent
immigrated. Combining information from these sources to estimate the impact
of immigration on the labor force is complicated by several issues.

Due to limitations in the data from which it was estimated, the
econometric model to be used for simulation takes no account of different
population characteristics other than age. This inflexibility is most trouble-
some in the determination of the labor force. It is apparent that factors such
as sex, marital status, ethnicity, and education also play a part in labor force
participation, but since participation rates based on these criteria are unavail-
able, their effects cannot be built into the model.

It is obvious that the male-female ratio of immigrants is different from
that of the resident population.1 Although a published breakdown of Hawaii's

immigrants by age and sex is not available, INS data for the nation as a whole

1 A test for homogeneity yielded a Chi-square of 12.7 with | degree of
freedom.
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and the census sample both show a sizable excess of women over men.
Furthermore, this imbalance occurs most noticeably in the middle age groups
(about double in the early 1960's, but less in later years) which have the higher
labor force participation rates.

This discrepancy in sexual composition cannot be compensated for within
the model. However, the impact of the larger female component of the
immigrant labor force may be mitigated by the propensities of male and female
immigrants to participate in the labor force compared to the rest of the
population. For all respondents over the age of thirteen in the 1970 Census
sample, 37.6 percent of the immigrant women said that they were either at
work, temporarily laid-off from a job, or were unemployed (in other words, in
the labor force), whereas 46.2 percent of the resident women claimed to be in
the labor force. Immigrant men, on the other hand, reported a higher rate of
participation (79.7%) than native men (72.1%). While qualifications of the
results of the simulation will still be necessary because of this model limitation,
the influences of these two factors should be somewhat offsetting.

In order to create a series representative of the actual immigration during
the simulation period, information from the INS Annual Reports was used, and
it was further supported by the 197C Census sample. Neither source is
sufficiently complete to be used without question. The INS data on the age,
sex, and country of origin of all the immigrants admitted during the fiscal year
and the intended state of residence at the time of entry. Proportions generated
from the national statistics may be applied to the number intending to reside in
Hawaii to create an age-sex breakdown, but this necessitates the assumption
that those coming to Hawaii are the same as their countrymen who choose to go

elsewhere. The intended residency figure is also suspect in that, as a primary
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port of entry from Asia and the Pacific, many people may claim their original
destination as their intended residence and then move on once they become
more familiar with the country.

The data from the Census sample are also unable to stand on their own,
mainly due to problems encountered in handling discrete cells generated from a
small portion of a 1-in-i00 sample. Two hundred and sixty-eight individuals
responded as having immigrated to Hawalii since 1960, two hundred and eight of
those in the labor-force age range. When this figure is divided into two sexes,
two five-year periods of immigration and six age groups, the resulting cell
contents are often not large enough to confidently be used as a base for a series

interpolation.

Estimation of Immigration by Age Group

In order to estimate an age-sex breakdown from the INS Annual Report
data, the numbers of people intending to reside in Hawaii from the major
countries of origin for the state (shown in Table 1), were divided into
proportions generated from the age and sex figures for immigrants to the nation
from these countries. The percentage of people in each age-sex category was
computed on an annual basis for each of the four countries and these
percentages were applied to the number of people from that country who stated
an intention to reside in Hawaii upon entry that year. The "other" category was
divided using a weighting of the four major countries in lieu of a better method.
Five-year sums of these annual series are presented in the INS rows of Table 2
for comparison with the equivalent numbers from the census sample.

The age grouping in these two series is not entirely comparable, however.

The Census figures represent the respondents' ages in 1970 when the survey was
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Table 1

INS Data: Intended Residents of Hawaii by Country of Origin, 1961-1968

1961
1962
1963
1964
1965
1966
1967
19638

Total

1762
2048
1767
1623
1721
3070
3825
4693

Canada

218
240
210
249
312
273
135
159

Source: lkeda (Dec., 1975, p. 7)

China
Taiwan

123
109
121
96

92

322
327
238

Japan

349
348
314
281
261
344
382
186

Phil.

530
776
569
455
447
1352
2147
3033

Other

542
575
553
542
609
779
834
1077



taken, not their ages in the year of entry as in the INS figures. In comparing
the two projections one would expect :he census figures to be biased toward the
higher cells, but more biased in the 1960-1964 group than in the 1965-1969
group. Another reason for deviation comes from the length of time to which
the two sources apply. The Census was conducted in early 1970, so respondents
who had immigrated in that year would also be included, while the 1969 figures
from the INS are as of July 1, 1969. This may account in part for the five-year
Census total being larger in the later years (19,200 compared to 18,508) and
smaller in the earlier period (7,600 to 8,819).

Keeping in mind the potential sources of discrepancy between the two
projections in Table 2, they do not show a particularly wide divergence in the
patterns of age-sex distribution. In choosing the more appropriate series to be
used in the simulation, the INS estimation was judged superior since it was more
amenable to annual calculation and was not subject to the uncertainties of
being generated from a small sample.

The total and age-group figures which will be subtracted from the
observed population figures to simulate a discontinuance of immigration from
1961 to 1968 are presented in Table 3. It will be noted that no adjustment has
been made for aging or mortality. A simple summation does not account for
the fact that some of those entering in the early years will move into older age
groups and some will die during the course of the simulation. This could be
accounted for by using the Hawaii Life Tables (H.E.W., 1966) and polynomial
interpolation such as presented by Feeney (EWC Population Institute). The
effort involved in making the adjustments was judged to exceed the value of the
increased accuracy for two reasons. First, the age group distribution is not

likely to get too far out of line in this limited number of years, since one can
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Males

1960-1964

Females

Males

1965-1969

Females

Comparison of INS and Census Estimates of

Immigration to Hawaii by Age and Sex1

INS

Census

INS

Census

INS

Census

INS

Census

0-13

973
(31)

1100
(46)

946
(17)

600
(12)
1984
(26)

2400
(30)

1947
(18)

1500
(18)

Table 2

14-19

387
(12)

200
@)

389
@)

300
(6)

658
€))

400
(5)

682
(6)

1300
(12)

Numbers in parentheses are percentages of rows.
Source: INS Annual Reports; 1960 and 1970 Census, 15 percent samples.

20-24

378
(12)

0
(0)

1122
(20)

400

@8)
917
(12)

1400
(16)

1912
(18)

2000
(19)

25-44

1064
(33)

300
(33)

2652
(47)

3100
(60)
3174
(1)

3800
(44)

4880
(45)

3900
(37)

45-64

301
(9)

200
8)

453
(8)

700
(14)
854
(11)

500
(6)

1065
(10)

1100
(10)

65+

&5
(3)

100
4)
73
(1)

100
(2)

190
(2

100
(1)

245
(2

400
(&)



8¢

1961
1962
1963
1964
1965
1966
1967
1968

Source:

Table 3

Cumulative Estimated Immigration to Hawaii, 1961-1968

Total 14-19 20-24  25-44 45-64
1762 155 311 733 141
3810 330 662 1593 328
5577 487 ou9 2352 480
7200 636 1214 3020 623
8921 788 1505 3723 776
11991 1035 1954 5034 1115
15816 1295 2507 6751 1537
20509 1618 3228 8796 2024

INS Annual Reports, 1962-1969

65+

28

74
105
134
167
259
365
462



assume that the number moving up from the lower age groups will roughly
approximate the number moving out. Mortality, too, over the total immigrant
population is assumed to be balanced by children born to immigrant parents.
Secondly, it is necessary to keep in mind the degree of accuracy which is
possible with a regional econometric model and not create a false sense of
precision in an intermediate stage which cannot be matched in the actual
simulation. The immigration figures, as they stand in Table 3, should give a
reasonable view of possible policy impacts, but they cannot be used with

quantitative precision, which would necessarily be illusory.
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CHAPTER IV

The Model

Introduction

The problem of determining the income redistributional impact of the
federal government's foreign immigration policy is undertaken in two stages.
The first step is the estimation of a regional econometric model to simulate the
effects of policy on the functional distribution of income. In the second step
these effects are allocated to income classes.

The econometric model selected as the base for the first-stage calcula-
tions is the one developed by Moheb Ghali and Bertrand Renaud in their book,

The Structure and Dynamic Properties of a Regional Economy: An Econometric

Model for Hawaii (Hereafter cited as G-R). It is an outgrowth of earlier

modeling attempts in Hawaii1 and also of several studies by the same authors of
the structure of the various sectors of the Hawaiian economy. Elements of
these previous studies were combined into the most comprehensive model yet
created for Hawaii. It was constructed to represent the structural characteris-
tics of the economy and the equations were specified to conform as closely as
possible to expected theoretical relationships, with some allowance made for
non-economic decisions and institutional effects. The dynamic properties of
the model were arranged to most accurately reflect the proposed simulation of
changes in (1) production in plantation agriculture, (2) the tourist industry, and
(3) methods of taxation. Test runs verified its reasonable application to such

problems.

! Chau (1970) and Peterson and Wall (1972).
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As a result of data corrections, source changes, and the process of
bringing the model into alighment with national income accounting techniques,
the coefficients of all the equations were reestimated for this study. The data
for the components of two sectors, imports and government expenditures, were
adjusted to eliminate all intersectoral transfers which were left over from the
original studies that the authors consolidated into a full-economy model.1 Other
changes and corrections are explained in Appendix IV-1. In the reestimation of
each equation the first relationship fitted was that used in the original model.
Alternative specifications were employed only when the original proved in
appropriate for the proposed simulation or unsuited to the altered data.

Following Ghali and Renaud's response (G-R, pp. 107-110) to the problem
of having explanatory variables which are endogenous to the system, a reduced
form composed of the aggregate equations of the model was constructed.
Variables from this reduced form were then used to estimate instrumental
variables. However, equations which contained only the lagged values for gross
state product or disposable income were not reestimated using the lagged
instrumental variables as was done in the G-R model. This was done because it

was felt that estimates of predetermined variables would be inappropriate.

! National income accounting techniques provide for calculation of the total
annual output of an economy by arranging the various sectors into double entry
accounts and charting the flows. Those receipts which are in payment for goods
or services are charged against gross product, the remainder being transfers
from other sectors. Likewise for expenditures on gross product. In the analysis
of an individual sector all types of receipts and expenditures can be modeled,
but when the sectors are to be combined into an economy-wide model only
those categories which reflect the purchase or sale cf goods and services should
be included. c.f. Oshima and Ono (1965), Vol. I, Chapter 2.
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Estimztion Techniques

The parameters of individual equations in the model were estimated by
using four estimation procedures:

(1) Ordinary Least Squares (OLS) was used to estimate all the initial
specifications. This technique was preferred as it allows hypotheses to be
tested.

(2) Instrumental Variables were employed for the equations in which
endogenous variables appear as explanatory variables. In this situation instru-
mental variables are expected to give a more consistent estimate of structural
parameters. This technique is analogous to Two Stage Least squares and shares
its small-sample problem.

(3) Ridge Regression was used in certain circumstances when
multicolinearity was considered a problem. The major drawbacks to its use are
(1) that it produces a biased estimate, thus ruling out the standard statistical
tests, and (2) that the estimate is dependent on the ridge factor selected.
Three general guides to its use can be identified from previous work.1 First,
the ridge estimate is more appropriate as a response to multicollinearity when
the fit between the dependent variable and the independent variables is poor.
Second, the expected bias of the ridge estimate is a function of the absolute
size, the relative size, and the signs of the true parameters of the model. If the
true parameters are small, close to the same size, and the same (opposite) sign
if the variables are positively (negatively) correlated, the ridge estimates are

most justifiable. Finally, in order to use ridge regression most effectively,

! Theil (1957, as cited in Brown, 1973), Klein (1962), Farrar and Glauber (1967),
Hoerl and Kennard (1970), Brown and Beattie (1975), Feig (1978), Fujii and Mak
(1979).
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prior information about the true parameters is very helpful. The method of
solution was that presented in Garrod (1977). The coefficient-standard error
ratio was also calculated and presented in parentheses below each coefficient.
Although they cannot be viewed as T-values, they are included to show the
magnitude of the variance of the estimate.

(4) Restricted Least Squares was used where a single equation technique
ignored known structural relationships. The regression was performed subject
to linear reestrictions from other studies or a prior knowledge of the relation-

ship implied by theory.

The Estimated Structure

1. Consumption

Ghali and Renaud (pp. 30-34) tested various specifications of the aggre-
gate consumption function beginning with a simple linear function of the level
of current disposable income (YD).l This single variable produced a good fit,
but it did not include any of the more sophisticated explanations of consumption
expenditure such as the different behavior of consumers receiving income from
capital or labor as suggested by Keynes or the permanent income hypothesis in
the Friedman-Koyck formulation. Specifications to approximate these hypothe-
ses used the wage-property income ratio (WPD) or lagged consumption as
explanatory variables. Neither variable proved significant in combination with
disposable income. A joint analysis of the permanent income and income
distribution factors as suggested by Kelin (1963, p. 3) was performed, although

it was "not expected to yield superior results" because of the limited number of

1 A complete key to variable names is found in Appendix IV-2.
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observations (G-R, p. 33). Once again, only disposable income was significant.
A high degree of multicolinearity was noted between disposable income and
lagged consumption which may have caused the imprecision in coefficient
estimation.

The functional form suggested by Evans, the consumption-income ratio as
a function of the percent change in income and the lagged consumption-income
ratio, was also tested. This formulation is recommended for its trend-removing
properties, although a potential simultaneous equation bias is recognized due to
the appearance of current income on both sides of the equation. Both
coefficients are significant and provide the basis for calculations of short- and
long-run marginal propensities to consume yielding results which are reasonably
ciose to Evans' estimates.

Disaggregated consumption functions were desired for inclusion in the
regional model, so the applicable formulations were tested against the four
components. The Evans model was not tested since it is only valid when
considering the behavior of aggregate consumption (G-R, p. 34). Once again the
simple form of the consumption function produced a good fit and the sum of the
partial MPC's was .693 compared to the aggregate MPC of .669. The difference
between them was within the range of the standard error of the aggregate
MPC.

When the income distribution variable was added to the equation, non-
durable consumption (CN) was the only component which was not significantly
influenced. Durables consumption (CD) was positively affected by an increase
in the labor share, while housing (CH) and services (CS) were negatively
affected. The impact of disposable income was slightly decreased by the

inclusion of the new variable but the sum remained consistent with the
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aggregate MPC.

In estimation of the Klein-type function using the lagged rather than the
current wage-property income ratio to reduce nonlinearities and increase
recursiveness, the coefficients of the WPD variable retained their previously
discussed characteristics. Much of the influence of the disposable income
variable was taken on by the inclusion of lagged consumption due to a
correlation of .986 between the two. In all four cases only one of the pair had
an estimated coefficient significar.zly greater than zero at the 95% level.

The Klein function was selected for inclusion in the original model and the
reestimation. The initial sector estimation and analysis was done using the
tabulated values of disposable income while the coefficients of the equations
included in the model were estimated using an instrumental variable for
disposable income. None of the signs were altered by this procedure.

The values in parentheses beneath the coefficients are the estimated T-
values. The number of observations depends on the number of years explana-
tory variables are lagged. Equations with no lagged variables were estimated
using eleven observations.

CN =-10.36 + .2307YD + 21.73WPD! + .2308CN!

RZ - .955

CD = -148.7 + .1164YD + 18.80WPD1 + .4262CD!
(-3.82) (4.16) (3.75) (1.93)

2_.973

R

CS = 404.6 + .1848YD - 27.31WPDI - .7160CS1
(2.89) (4.04)  (-1.96) (-1.79)

RZ - 953
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CH =161.7 + .1487YD - 12.19WPDI - .6255CH]!

(2.16) (3.74) (-1.46) (-1.51)

R? - .94

The durables consumption equation quite closely matches that used in the
original model. The nondurables equation took the same form as it did in the
G-R analysis using current income, all signs being positive, which reduced the
impact of income on this component. Lagged consumption of housing and
services had a negative influence which increased the effect of income. The
sum of the partial MPC's is .621, which is reasonable.

The equations included in the model estimated using an instrumentai
variable for disposable income were:

CN = -7.738 + .2115YD + 21.18WPD1 + .2252CN1

R? = .94y

CD = -153.8 +.0987YD + 18.07WPD1 + .4358CDl1
2

RZ = .969

CS = 405.9 + .1809YD - 27.53 - .6957CS1
R?Z - .930

CH = 148.0 + .1303YD - 10/S4WPDI - .4436CHI
RZ 938

The sector total (CT) is the sum of its parts. CT = CN + CD + CS + CH

2. Investment

Capital spending is the most variable of the components of Hawaii GSP.
Not only does its level double between 1959 and 1968, but it also exhibits two
notable declines in contrast to the fairly steady upward trends in the other
components. This volatility is not unique to Hawaii or to the period under

study. It is inherent in the durable nature of productive capital, its generally
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fixed relationship to output, the lag effects in the decision process, and the
constraints of available funds.

The purpose of the study on which the investment section of the G-R
model was based was as a "test of the regionally endogenous investment
hypothesis" (Ghali and Renaud, (1971), p. 220). As a result "the basic
assumptions underlying the study are (a) that the desired level of capital stock
is a function of expected output and (b) that expectations are formed on the
basis of past experience" (G-R, 1975, p. 37). These criteria suggest the use of a
modified accelerator hypothesis as proposed by Evans (1969, p. 86). A weighted
average of lagged changes in output (Eisner, 1964) provides the demand
influence to which Ghali and Renaud added a weighted average of profits to
account for the supply of funds in the economy.

A number of combinations of weightings for the two composite variables
were estimated for producers durables (IP) and non-residential private construc-
tion (IO) and the combination giving the best fit was selected. Different
weights provided the best fit for these two investment types implying different
planning and decision lags. This is consistent with the G-R findings that the
gestation lag for construction is longer than that for machinery.

IP = -22.45 + .1627 [.8(GSP-GSP1) + .2(GSP1-GSP2)] +

(-1.43) (3.09) .4863(.4P11 + .6P12)
R2 - .925 (7.62)
10 = 25.53 + .1715 [.6(GSP-GSP1) + .4{(GSP1-GSP2)] +
(.945) (1.59) .3221(.4P11 + .6P12)
RZ - 682 (2.96)

Investment in residential construction (IR) was thought to be a function of
income, credit availability, and speculative pressure. Income was represented

by a weighted average of the type proposed by Lovell (cited in G-R, p. 40).
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Credit availability was included in the form of the FHA mortgage rate, the
AAA bond rate, or the differential between the two. The credit variables were
found to be insignificant in the original work and were not used in reestimation.
Speculative pressure would have been introduced by the lagged rate of change
in the average price of properties sold on Oahu in the original study, but since
this was unavailable, the rate of change in general price levels (CPI) was
substituted in this reestimation. Population and population change, current and
lagged, were tested as substitutes for price change, but none of these variables
worked as well.

While the income component explained most of the variation by itself, and
the price variable (rate of change lagged two periods) was insignificant, price
change was retained because it caused the fitted values to better recreate the
dips and peaks in the series.

IR = -26.9 + .0823 (.4 GSP + .2 GSP1 + .4GSP2) - 898.8 [(CPIl - CPI12)/CPI1]

(-5.13) (3.70) (-1.61)

R? - 693

Hotel construction (IH) is considered a function of expected tourist
demand and occupancy rate. Lagged visitor expenditure (VE) and lagged
occupancy rate (OR) are both exogenous, but the equation was reestimated for
use in comparative simulation with the original model.

IH = EXP (~71.99 + 1.526 InVE + 9.455 InOR)
(-2.47)  (2.01) (2.13)
RZ - .632

Inventory change (IV) is estimated the same way as in the original model,
but a different data series is used. For the sake of consistency, the data from
Shang (1970) were sequentially summed into an inventory stock (IS) series. The

desired stock is thought to be responsive to current output and lagged change in

38



output. This function was fitted and inventory change was produced by

subtracting lagged stock from current stock.

IS = -327.5 + .1907GSP - .0602(GSP1-GSP2)
(-12.1) (15.3) (-1.06)
RZ - 974

IV + 1S - ISl
After reevaluating the selected specifications using the predicted GSP the
investment equations to be included in the model were;

IP +-18.62 + .1632 [.8(GSP-GSP1) + .2(GSP-GSP2)] + .4705(.4P11 + .6P12)

R? - .892

I0 = 25.98 +.2037 [.6(GSP-GSP! + .4(GSP1-GSP2)] +.3037 (.4P11 + .6P12)

R? = 674

IR = -26.56 + .0822(.4GSP + .2GSP1 + .4GSP2) - .8%8.88 [(CPIl - CP12)/CPI1]
2

R? - .704
IS = -351.83 + .1952GSP + .0340(GSP1-GSP2)
RZ - .989

Construction investment (ICT), used to estimate construction and durable
manufacturing employment, is the sum of residential hotel, and other construc-
tion.

ICT =IR + IH + IO

The sector total (I) is:

I=ICT+IP+1V

Government Expenditures

In the G-R model, current government expenditures were estimated as a
function of lagged per capita GSP. Since it was intended in the present study to

simulate a change in population size, per capita explanatory variables were
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replaced by their corresponding totals. An apparent accounting change between
the general government (GCGG) and public safety (GCPS) accounts was
corrected for by using a dummy variable for the last four years. The authors
had no a priori grounds for specifying a linear or non-linear function, so both
were tested. Although the log-log function produced a slightly higher R2 value,
the linear equation was used because it had an elasticity closer to unity and was
considered more stable.

GCGG =-12.59 + .0152GSP1 + 13.80D5678
(-1.23) (2.89) (3.69)

2 _ 956

R
Public health, public safety, and school expenses are assumed to be
determined by the size of the population and lagged GSP. The resulting

equation for public health corresponds quite well to that in the original model.

GSPH = -23.34 + .0238GSP1 + .0099POP
(.850)  (4.25) (.176)
R? - .970

Public safety expenditure however, produced much too large a coefficient
for population. An attempt to correct for the high correlation between lagged
GSP and population using ridge regression did not help. Since the average per
capita public safety expenditure over the study period was about 50 dollars, a
coefficient of .05 was set for population (expenditure data is entered in
thousands of dollars) and restricted least squares was used.

GCPS = -30.12 + .0146GSP1 + .05POP - 6.649D5678
(-4.26)  (4.01) (-2.60)
RZ = .726

In the original model, school expenses (GCS) were disaggregated into

separate equations for public schools and higher education, but the data series
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employed were inconsistent with Shang (1970). For the present model the
aggregate equation was judged adequate and was estimated using the lagged
state output and population (POP).

GCS = -102.1 +.0814GSP1 + .0211POP
(-1.04)  (4.05) (.104)

2 _ 966

R

Although many of these expenditure categories are likely to be affected

by tourist demand for services, natural resources and recreation (GCNR) was

thought to be the most sensitive. For this reason, the number of visitor days

(VDAY) is used as one explanatory variable and lagged GSP is included to
reflect local demand.

GCNR = -6.666 + .0079GSP1 + .0017 VDAY
(-6.1%) (10.47) (L.77)

The original model "assumed that current expenditures on highways are
determined by the proceeds from gasoline tax TG, and the number miles per
automobile". Miles (MILS) and automobiles (A) were also made endogenous by
estimating miles as a function of federal highway grants (FGHW) and automo-
biles as a function of lagged per capita disposable income.

MILS = 282.9 + 18.23 FGHW
(141)  (21.5)
R?Z - .983

The number of auiomobiles was specified to be determined by disposable
income and population to avoid the effect of a per capita explanatory variable.

A =-2698 +.1450YD + .1391 POP

(-2.14) (12.9) (1.64)

RZ - .99

Reestimating the original specification for the highway expenditure
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equation (GCHW) produced no significant coefficients. The exogenous variable
for gas tax collections was felt to be strongly related to the number of

automobiles and was dropped. The relationship estimated was then:

GCHW = 28.269 - 10.247 (MILS/A)
(0.14)  (-4.45)
RZ-.713

The miles of highway-number of autos ratio is a measure of intensity of
use and as the number of autos increases the ratio decreases. Thus a negative
sign is realistic.

Miscellaneous current expenditures (GCM) include airport and haibor
operations, urban renewal, other commercial activities and miscellaneous
expenditures (G-R, p. 71). The original model assumed that these influences
could be represented by the number of visitors (NOV) and lagged GSP. Upon
reestimation, the same problem was encountered as in the original, a negative
sign for lagged GSP. The correlation between the independent variables was
very high (.957), so ridge regression was applied, but without success. After
becoming satisfied that respecification would not solve the problem, the
miscellaneous component was made exogenous.

Government capital expenditure (GK) has been aggregated due to the
unavailability of a breakdown of construction and equipment expenditures which
coincide with the totals used in the GSP calculations. The specification of the
equation is based on the assumption that desired output of publicly produced
goods is a function of population and that capital expenditure is to make up
some portion of the gap between existing and desired capital stock.

GK = 48.97 + .0106 POP + .108 GKS
(.380) (.052) (4.37)

R? - .966
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Possibly due to the high correlation between population and capital stock
(GKS, the sum of all GK), the sign of the capital stock coefficient is wrong, but
the relationship explains almost 97% of the variability in capital expenditure.
Ridge regression was used to reestimate the equation, but correct signs were
not produced, so the OLS was retained. The expectations implied by the
original hypothesis are not substantiated by the capital expenditure equation,
but it may still accurately reflect the motivating influence. Bureaucratic
forces being what they are, it may in fact be easier to get funding for increased
facilities the larger they grow.

The equation for the number of automobiles after reestimation was:

A =-77.31+.1477YD + .1183POP

R? = .966

Total government expenditure (G) is

G = GCGG + GCHW + GCM + GCNR + GCPH + GCPS + GCS + GK

Imports

Imports are disaggregated into sub groups which might be assumed to
respond to similar factors in the economy.

Food, vehicles and parts, and fuel (M%4) are treated similarly to the
consumption functions. Expenditures on these items are expected to be
influenced by current disposable income and lagged purchases in this category.
The signs of the coefficients are positive, as expected, although they are not
significantly different from zero.

M& = 2.760 + .0902 YD + .3842 M41

(.081) (1.67) (.950)

R? - .876

Imports of construction materials (M5) are assumed to be determined by
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expectations about investment in private construction (IC), which are repre-
sented by the previous years construction activity. An unexplained decline in
construction material imports in 1962 and 1963 is treated as an exogenous shock
and accounted for by a dummy variable.

M5 = 23.03 + .1117 ICI - 22.75 D23
(3.06) (3.44)  (-5.10)
RZ - .843

A rough aggregation of productive inputs and non-food and fuel consumer
goods make up the other imports category (M6). The heterogeneity of the
components suggest a specification which reflects general changes in the
economy. A Koyck-type distributed lag function was fitted.

M6 = -66.98 + .0598GSP + .8902M61
(-.716)  (.638)  (L.7%)
RZ - .305

Payments for transportation, travel, education, and business services
(M11) were also seen as responding to the level of economic activity.

M1l = -16.16 + .1026GSP
(-.503) (7.40)
RZ - .873

Return on non-Hawaii finances (M12) is a function of non-Hawaii owned
capital stock, but since the appropriate data is unavailable, this too was
estimated using GSP.

112 = -60.78 + .0601GSP
(-3.77) (8.63)
RZ - .904

The import equations estimated using the instrumental variables were:

M4 = 3.263 + .0902YD + .3818Mi41

RZ - o0
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M6 = -73.37 + .1125GSP + .5790M61
R? - .825

M1l = -19.28 + .1039GSP
2

R? - .887
MI2 = -62.84 .0610GSP
R? = 922

Total imports (M) is:

M = M4 + M5 + M6 = M11 + M12

Exports

The level of exports purchased from Hawaii was thought by Ghali and
Renaud to be primarily "determined by the economic performance in the U.S.
economy... Under these conditions, one can safely treat exports as exogenous
to the model" (pp. 88-89). However, forecasting or simulation properties of a
model may be made more flexible and complete by including an equation which
expresses Hawaii's dependence on the Mainland economy. Since the policy
change to be simulated would have an impact on the national economy, the
latter alternative would be preferred. However, the effect of a decreased GNP
and an increased per capita income on defense spending in Hawaii, tourism, and
the demand for sugar and pineapples is uncertain. For this reason, the sector
was made exogenous.

Gross State Product (GSP) is the sum of the sector totals.

GSP=CT+I+G-M+X

Employment

The employment sector is divided into 18 individual categories. The

functional specification for each industry is created with an eye to any special
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characteristics of the industry, but generally within the framework of a Cobb-

Douglas production function of the form: (G-R, p. 83)

Q = AeSt k¥ N

Where: Q = industry output
K = capital
N = labor

t = time trend
a,b = factor shares

c = productivity coefficient

Labor demand can then be derived as
NP - A'lQK'a e % which becomes, in logarithmic form

log N=-1/blog A +1/ublogQ-a/blogK -c/bt

It is assumed that output is a distributed lag function of aggregate
disposable income. Because information on capital stocks of the industries is
unavailable, a simplified estimating equation of the demand for labor is:

logN =a_ +a; log [Z) (YD) i - at

This basic arrangement is used for all sectors except when a more explicit
functional relationship can be defined. In light of the intended use of this
model, the exogenous structural change variable was replaced by population.
This is justified on the grounds that the major force for change in the Hawaii
economy during the 1960's was the great growth in population. This increases
the response to simulation, while the correlation of the explanatory variables is
relatively unaffected. In equations where it proved to be significant or had an
impact of justifiable size and direction it was retained. The effect of
technological changes is expected to be less in this model since the original

model used a 21 year time series to estimate this sector.

Investment in construction (ICT) is used as a measure of output in the
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construction industry (N1). The population variable produced a negative sign
and was discarded,

N1 = EXP [8.309 +.2586 In (ICT)]
(19.7) (3.38)

2 _ 599

R

The manufacturing sector is broken into four diverse classifications.
Manufacture of durable goods is a group of businesses directly influenced by
construction activity, so the demand for labor in this sector (N2D) was also
based on construction investment.

N2D = EXP [6.744 + .1109 In (ICT) +.0012 POP]

(22.2) (1.21) (1.78)

R2 - .599

Food processing (N2F) is dominated by sugar (QS) and pineapple products
and the outpuis of these industries were used. The impact of the quantity of
pineapple canned proved not significantly different from zero and the popula-
tion coefficient was negative. The time trend variable (T) was returned to the
equation where its significant negative coefficient reflects productivity gains in
the sector.

N2F = EXP [8.442 + .1997 In (QS) - .0295 T]
(5.09) (.824) (-3.81)

2 _ 876

R
Textile and apparel employment (N2T) is largely for tourists and export
and the basic demand model is not used. Visitor expenditure (VER) and lagged

employment in the sector are the explanatory variables.

N2T = 1653 + 1411 VER + .1677 N2T1
(4.16) (3.33) (.815)
R? - 837

The remainder of manufacturing employment (N2R) is dependent on local
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demand and the basic model is applied. Due to collinearity between lagged
disposable income and the other possible regressors, population and the time
trend, a negative sign is generated for income. Ridge regression was used for
estimation and coefficients of the proper sign were produced.

N2R = EXP [5.857 + .2485 In (YDI) + .0006 POP]

(46.8) (5.76) (4.72)

R? - .875

The transportation sector (N3) could not be accurately represented by the
basic model. When the time trznd was included with lagged disposable income
or a weighted distribution of YD and YD1, the signs of the income variable, the
time trend, or both were wrong, depending on the weighting. When population
was substituted for the time trend, it too produced an incorrect sign. Following
the response of the authors cf the original model, the weighted income variabie
was used independently.

N3 = EXP [5.305 + .5399 In (.6YD + .4YDI)]
(14.0) (10.5)
R? =.933
Employment in communications and utilities (N4) was also unresponsive to

the productivity or population variables.

N& = EXP [1.442 + .9654 In (.6YD + .4YD1)]

(1.32) (6.52)

RZ - .842

Various weighted lag forms were tried for employment in wholesale trade
(N5) and the best results were obtained using lagged income. The sign is as
expected for the productivity variable, so it was retained.

N5 = EXP (1.593 + 1.103 In YDI - .0381 T)
(.561) (2.71) (-1.63)
RZ - 949
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The simple weighted lag of income proved most effective for explaining
the variability in retail employment (N6)

N6 = EXP [4.001 + .8766 In (.8YD + .2YDI)]
(10.6) (17.2)

2 _ 974

R

The finance, real estate, and insurance sector (N7) is very "closely related
to the growth of other domestic activities." (G-R, p. 88). This is born out by
the extraordinarily good fit provided by the basic specification.

N7 = EXP [-6.515 + 2.205 In (.4YD + .6YDI) - .0578T]
(1.7%) (4.12) (1.98)
R? - .990

Employment in the hotel industry (N8) is assumed to be largely exogenous
to the domestic economy and is estimated as a function of the number of hotel
rooms (RN) and the occupancy rate (OR).

N8 = EXP (-3.633 +.7163 In OR + .8002 1n RN)
(2.52)  (3.05) (1&.1)
R? - .976

Miscellaneous services (N9) was best explained by the simple weighted lag
structure.

N9 = EXP [3.518 +.9216 In (.4YD + .6YD1)]

(25.2) (48.6)

RZ

=.997
Federal government employees (N10) are involved in both military service
and programs with a local orientation. For this reason variable to reflect both

considerations were selected; population and the federal defense budget (FDB).

N10 = -700.0 + .0298 POP + 17.61 FDB
R2 = .930
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The formulation selected for estimating the workers employed by the
state and local governments (NI11) is similar to that used for the federal
government. Employment was assumed to be dependent on population and the
size of the current budget (G). The population series generated a negative
coefficient, however, and was dropped, since current budget alone explained
most of the variability.

NII = 11915 + 44.995G
(13.1) (17.0)
<2 _ 973

Employment in the sugar industry (N12) has been declining steadily over
the period of study while the output had increased. Perhaps knowledge of
capital expansion would allow for a specification which would both fit the data
and produce explainable coefficients, but this information is unavailable. Sugar
output and the time trend produce a good fit, but the coefficient of the
quantity variable is wrong. Since this relationship will be exogenous to the
intended simulation, however, the relationship is used.

N12 = EXP (9.872 - .1103 In QS - .0295 T)

(11.0)  (-.840) (-7.03)

R? - 978

The labor demand situation in the pineapple industry (N13) is analogous to
that in sugar, so no attempt was made to correct for the improper sign of the
acreage variable (AP). The dummy variable is the result of a strike in 1968.

N13 = EXP (8.756 - .1015 In AP - .0054 T - .1218 D)

(22.1) (-1.13) (-1.29) (-3.51)

R2

=.805
Estimating employment in other agriculture (N14) is complicated by the

inclusion of both self-employed farmers and labeorers in diversified agriculture
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in this category. This problem is compounded by its decreasing and then
increasing irend. In the original model a simple quadratic "time-trend equation
was fitted to permit a complete coverage of state employment" (G-R, p. 93).
An alternative hypothesis which allows this component to remain endogenous is
that workers in agriculture remain in agriculture until attracted away by the
non-agricultural wage rate (WP). This variable did not produce a significant
relationship alone, but when a dummy was included to correspond to the
irregular drop in 1963-1965, a good fitting equation resulted with all coeffi-
cients significant.

NI14 = 9542 - 737.9 WP - 663.0 D345
(12.8) (-4.11) (-5.71)
RZ - .885

Non-agricultural self-employed workers (N15) are estimated as a function
of the total population.

NI5 = -16130 + 55.99 POP
(-6.29), (15.0)

2 _ 967

R

In recent migration-employment studies exemplified by Pham's study in
Hawaii (Pham, 197&), substantial evidence had been put forth for a feedback
linkage between demographic and economic factors. Potential for employment,
judged by the unemployment rate, is a major influence on the decision to
migrate. As immigration occurs in an area it will have the dual effect of
increasing unemployment and also increasing the demand for locally produced
goods and services which would reduce unemployment. The balance of these
effects must be sought in the analysis of changes in population and employment.

The nature of the simulation proposed for this study, however, mitigates

the need for a direct feedback linkage. A policy change discontinuing
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immigration would have a nation wide impact reducing the labor supply in many
areas. Thus, the potential for increased employment opportunity in a number of
areas should preclude the expectation that immigration from the Mainland
would rapidly make up the slack resulting from the exclusion of foreign
immigrants.

Those employment equations which were reestimated using predicted
disposable income are:

N3 = EXP[5.296 + .54111n(.6YD + .4YDI)]

RZ - 933
N& = EXP[1.401 + .97151n(.8YD + .2YD1)]
R? - 847

N6 = EXP[3.979 + .87961n(.8YD + .2YD1)]
2

R? - 974
N7 = EXP[-6.212 + 2.1621n(.4YD + .6YD1)]
R? - 990

N9 = EXP[3.506 + .92321n(.4YD + .6YD1)]
RZ = 997

Total government employment (NG) is

NG = N10 + N1l

Total private employment (NP) is

NP = NI + N2D + N2F + N2T + N2R + N3 + N4 + N5 + N6 = N7 + N8 + N9 +
NI12 + N13 + N14 + N15

Total employment (NT) is

NT = NG + NP

Annual rate of change in employment (DNT) is

DNT = NT - NT1
NT
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Labor Fcrce

In order to account for the increase in the different components of
popuiation, the series estimated for labor supply is for the labor force
participation rates (LFi/POPI).

Three potential sources of error snouid be kept in mind when considering
this sector. '

(1) The basic date for the five age groupings of population and labor force
come from the 1950, 1960, and 1970 U.S. Census reports. Figures for the
intercensal years were simulated by interpolation combined with allowances for
death and migration (Pham, 1974). These, then, are not observed values in the
strict sense of the term.

(2) The population and labor force data are not broken down by sex.
Although it is recognized that the propensity of both men and women to seek
employment is changing, lack of information on differentials in wage rates or
employment makes the distinction impossible to incorporate in the model.

(3) The range of variation within each of the five labor participation
rates is relatively small (.304 to .320 or 5.26% for the lowest, LFl and .646 to
.764 or 18.33% for the highest, LF2).

Thus it is quite possible that the impact of improperly estimated
population or labor force figures cculd easily overwhelm any trend in labor
force participation rates and opposing effects of male and female participation
could make for estimated coefficients of questionable validity.

Ghali and Renaud expected most of the variation to be a function of the
participation of secondary workers which "should be explained by the level of
aggregate unemployment and a time trend" (G-R, p. 96). These variabies, along

with the average deflated wage rate to account for the work-leisure trade-off,
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made up the basic model. In the current modification of the model a "perceived
wage rate" was used to allow for the money illusion which is thought to operate
in the labor market. It is created by multiplying the real wage rate by the ratio
of the price index over the lagged price index.

When the equations were estimated using all three explanatory variables,
the coefficients were insignificant, the wrong sign, or both. Where incorrect
signs were encountered, various combinations were tested with a variable left
out. As it turned out, the size of the wage rate coefficient is critical in
producing model stability (discussed further in the next section), so a specifica-
tion with a small response to wage rate change was favored. Dummy variables
to remove the influence of values which were not explained by the relationship
further reduced the wage rate coefficients in two cases and these equations
were used.

LF1 = (.2609 + .0140PWP - .0026UE + .0092D025) POP1
(27.9)  (7.35) (-3.01)  (8.43)
RZ - 946

LF2 = (.2180 + .1116PWP) POP2
(5.09) (11.1)

2 _ 939

R

LF3 = (.5085 + .0622PWP - .0041UE) POP3
(8.76) (5.40) (-.732)

2 _ 830

R

LF4 = (.6126 + .0374PWP - .0007UE - .0210D35) POP4
(18.7) (5.83) (-.204) (-4.00)

2 _ 905

R

LF5 = (.0947 + .0234PWP - .0037TT) POP5
(1.30) (1.15) (-1.63)
RZ = .515
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Total labor force (LF) is
LF =LFl + LF2 + LF3 + LFi + LF5

Annual rate of change in the labor force (DLF) is

DLF =LF - LF1
LF

The unemployment rate (UE) is

UE =LF - NT
NT

income

The income sector includes the most critical equations in the model. This
central importance is the result of income's crucial interactive position in the
model itself and also because the intended simulation hinges on the changes in
the components of personal income; labor, property, entrepreneurial, and
transfer income. The largest portion of income is wages and salaries,
consistently accounting for about 75% of total income. Data for labor income
are unavailable for private industry, civilian government employees, and
military personnel which allows estimation of each type by its own determining
characteristics.

In general, labor income "can be expressed as the product of the number
of workers employed in the sector and the average wage rate: W, = WiEi'"
(G-R, p- 100). Total employment in the private and civilian government sectors
are endogenously determined by the model while the number of military
personnel stationed in Hawaii and the rate at which they are paid is determined
in Washington (WhM-exogenous). The factors remaining to be estimaied then,
are the average wage rates in private industry and the government sector.

During the 1958 - 1968 period, the government employees in Hawaii did
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not yet have a collective bargaining agreement and wage adjustments could be
hypothesized to follow trends in the private sector. A delayed response
specification was fitted and proved to be a good estimator for the average
government wage.

WG = -.0276 + 1.506WP1
(-.050) (11.0)
R? - 938

Producing an equation to determine the average wage rate in the private
sector is not as simple. Fromm and Taubman (1968, p. 22), when discussing the
imprecise reproduction in certain sectors of the Brookings Model, point out that
the "source of this difficulty in the solution is the output-employment-labor
force~-unemployment-wages-prices nexus". The combustion of problems
referred. to is associated with large systems which, although theoretically
simultaneous, defy empirical simultaneous solution. Such models often employ
large numbers of explanatory variables and the annual period of the typical
regional data base virtually guarantees insufficient observations for solution.
This results in the independent estimation of each equation in accordance with
the specification deemed most appropriate by theory. Certain equations,
however, can be valid by themselves, but be incompatible with other equations.
This type of error became critical when considering the wage rate and labor
force equations.

A limiting feature of the iterative sclution technique is that convergence
of the endogenous elements to a mutually consistent vector is not guaranteed.
Feedback relationships can create a divergent pattern or a cycle effect which
recurs in each pair of iterations. When this happens, a control solution for the

model cannot be produced. It is against this background of model instability
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that the specification and estimation of an equation for the change in the
private wage rate must be approached.

The first step is to settle on the appropriate form of the dependent
variable. Since the behavior of the wage rate, rather than simply its level or
trend, is the important consideration, previous structural models have concen-
trated on the annual percentage change in the average wage rate (DWP).
Schultze and Tryon, in their exposition of the basis of the wage change
equations in the Brookings model, propose that they "basically derive from a
disequilibrium model" (Duesenberry, etal., 1965, pg. 31l) where there is a
lagged adjustment process to several other factors in the economy. In their
Hawaii regional models, Chau and G-R chose the same variable, citing the
implications of the Philips curve. Because of its theoretical appeal and
potential for stimulating model interactién, this approach was followed in the
current study.

Specification of the causal relationship clearly must include some mea-
sure of the availability of workers and the demand for workers. The
unemployment rate provides an indication of the interrelation of these factors
within one variable and is thus t'he‘most commonly proposed variable. Being the
difference between the total labor force, the unemployment rate will respond
to changes in both factors. The residual calculation of the unemployment rate
turns cut to be simultaneously its greatest advantage and its greatest weakness.
The latter characteristic is related to mode!l stability ard will be discussed
below.

The Brookings model also used as explanatory variables the ratio of
profits to income and, because it included a price sector and used valuation in

current dollars, the rate of change in the consumer price index. Possibly
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because of their use of quarterly data which provided more observations and a
more flexible lag structure, all of these variables were significant. This did not
prove to be the case in this estimation of a Hawail regional model using annual
data.

The first relationships fitted were the non-linear functions proposed by
Ghali-Renaud. 1

The reciprocal of the rate of unemployment was used as well as a log-log
function.

DWP = -.0386 + .2421 (1/UE)
(-1.34) (2.36)
R? - 410

DWP = EXP (.1754 - 2.7956 1n UE)

(.103) (-2.14)

RZ - .3642

Both the hyperbolic and log-log functions produced significant coeffi-
cients with the correct sign. With little difference between the two forms to
aid selection, the log-log form was included as in the original model.

The explanatory relationships for property and proprietors' income (own
business) income are explained in G-R as revolving around the link between the
demand for productive inputs and the demand for commodities that is affected

by per capita income (G-R, p. 10%). For the reasons previously discussed in this

variables. An alternative specification uses (1) GSP as a measure of the

1 In previous Hawaii regional models, the change in the wate rage has been
estimated in current dollars. Following the argument put forth in, for example
Tobin (1947), the effect of "money illusion" has been limited to the labor supply
function by estimating wage rate change in real terms and inflating this figure
before its use in the labor force participation equations.
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productive level of the economy and thus the need for capital and (2) population
as a measure of the pressure on housing. The correlation between these
variables is .944, so it is apparent that multicolinearity is a problem. This may
cause some imprecision in the coefficients, but will not necessarily preclude
their use if they otherwise meet apriori expectations. (G-R, p. 32).

The OLS estimation for property income was satisfactory, providing
positive significant coefficients.

Pl = -269.71 + .0924 GSP + .4434 POP
(-3.64) (6.53) (2.93)
RZ - .99]

For proprietors' income, however, OLS gave an insignificant negative
coefficient for GSP. Removing the population variable produced a significant
positive coefficient, but the reduced interactive potential of a single variable
equation, where more than one factor is felt to be important, prompted the
application of ridge regression. Using the ridge factors computed as explained
previously, an equation with positive significant coefficient was produced. The
R2 is somewhat less than the comparable OLS estimation, but Wallace's non-
central F-test shows the new equation not to be signhificantly different from the
OLS estimation, so the ridge estimate is included in the model.

P2 =37.42 + .0111GSP + .1487POP
(.999) (2.80) (3.51)

2 _ 601

R
Transfer income was expected by G-R to be a function of the number of
people over 65 and the unemployment rate in order to account for social
security payments and unemployment benefits. Both in the original and current
model estimations, the sign of the coefficient for unemployment is negative and

not significantly different from zero. Multicolinearity was not the problem in

59



this case, so ridge regression was of no use. The unemployment variable was
thus dropped and the equation was reestimated using population over 65.

TR = -73.12 + 5.167POP65
(-3.89) (9.19)
R? - 914

The final income equation accounts for the tax component in personal
income. The coefficient for personl income implies a tax rate of about 15% and
the strength of the relationship implies a fairly stable proportion over the
period of the study.

YD = 61.57 + .8492 YR
(L.11)  (28.9)
RZ - .990

The property income equation was reestimated using the instrumental
variable for GSP.

P
R

= -269.7 + .0924 GSP + .4434 POP
=.990

1
2

Proprietors' income was not reestimated because of uncertainty about
combining ridge regression and instrumental variables.

The private wage rate (W P) is equal to the previous years wage rate (WP1)
increased by the rate of change.

WP = WP1 * (1 + DWP)

Labor's share of income (WX) is the sum of private, government, and
military wages.

WX = (WP x NP) + (WG x NG) + WM

The income distribution variable (WPD) is the ratio of labor income to

property income.

WPD = WX/Pl
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Personal income is the sum of the facter shares and transfer income.

YP=WX+Pl +P2+TR

At this point the problem of model instability was encountered. When the
model was completed and run for solution, a diverzent pattern was produced.
The ordering of calculation was altered and the hyperbolic function was tried,
both to no avail.

A unique source for the instability would be difficult, if not impossibie, to
determine, since all values of endogenous variables change during the conver-
gence process. It was noted, however, by observing the successive iterations,
that when labor force and total employment figures fluctuated only slightly, the
impact on the percentage of their diffeence (UE) can be enormous. It was
decided, then, to center the corrective efforts on this variable, since it controls
the wage rate calculation, which in turn influences personal income, which
impacts on consumption and imports, and thus GSP, which is instrumental in
other sectors. Reliance on such a volatile factor can be eliminated by replacing
it with lagged unemployment rate.

This specification is probably as theoretically acceptable as using the
current unemployment rate. It is most often the case that wage rates are set
and then remain constant for a period of time. This form was used in solution
of the original G-R model. However, given the labor force, employment and
real wage rate data used for this study (1958-1968), the correlation between the
change in the wage rate and lagged unemployment rate was almost zero (r =
.0466) and provided the following equation that has the correct sign but very
little explanatory power.

DWP = EXP (-3.38693 - .246581 1n UEI)
(-1.58) (-.147)

2 .003

R

61



This equation allowed the model to converge and produce a solution, but
its minimal explanation of the variation in wage rate change prompted
respecification. Almon lags of several lengths were estimated, but the current
unemployment rate continued to cause instability. Some success was had with
weighted averages of current and lagged unemployment rates. Stability was
obtained with 30% current plus 70% lagged unemployment and lower percen-
tages of current, but the amount of variation explained by this technique was
not greatly increased over the straight lag equation.

Returning to the original hypotheses mentioned earlier about the labor
supply and demand influences on the change in the wage rate, another
specification was considered. The rates of change in both labor force and total
employment were introduced as explanatory variables in a logarithmic functin.

DWP = EXP (-2.91774 -~ 1.2437 In DLF + 1.48185 1n DNT)
(-1.37) (-1.03) (2.12)

2 _ 569

R

The combined effect of these two variables should be similar to the
unemployment rate without some of its drawbacks. If increase in labor force
outpaces increase in employment, this would result in an increased unemploy-
ment rate. The signs in this equation allow for a slowing of wage rate increase
in this situation, as in the equation that depended on the unemployment rate,
while removing the effect of the volatility of the latter and providing
countervailing forces in the equation. This equation has the added advantages
of computing a rate of change as a function of rates of change rather than
ievels. This equation proved workable, but was not stable in all circumstances.
It necessitated further modification of the labor force sector (previously

described) and was shown in test simulations to diverge when responding to very
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large population changes. On the whole, though, it was chosen as an acceptable
compromise between the dictates of theory and the need for compatibility in
the model.

The complete model is a set of 71 equations: 52 behavioral relationships,
five cumulative or change relationships between time periods, and fourteen
structural identities. The model is solved for a consistent set of values in each
time period by iteration. The following chapter will explain the solution

process and evaluate explanatory precision and suitability for use in simulation.
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Appendix IV-1

Data

The primary sources of the data to be used in this study are the same as
those used in the original Ghali~-Renaud formulation. Where alterations have
been made, they have been (1) in order to bring the components of the model
into line with conventional national income accounting techniques, (2) to
correct discrepancies with cited sources, or (3) to promote internal consistency.

In introducing their modeling approach, G-R state that "the unsatisfac-
tory quality of many, if not most, regional macro-models can be attributed
directly to their data base...the basic difficulty...is that regional accounts...
seldom, if ever, meet the four criteria for good accounts of comprehensiveness,
internal consistency, comparability, and periodicity" (G-R, p. 8). The compar-
ability of accounts between regions and the availability of a complete set of
cata series in other than yearly intervals are wholely outside the control of the
analyst, but the Hawail accounting effort, with its double-entry system of
income and expenditures, provides an unusually comprehensive and consistent

base with which to begin.1 Of the four criteria, the one over which the person

1 Shang, et. al. (1970) - While this publication is a considerable asset in the
construction of a Hawaiian model as a presentation of believable estimates of
disaggregated government expenditure, it also effectively limits the scope of
such a model to the years 1958-1968. An updated version will scon be
available, however. Figures from the Tax Foundation publications, "A Compen-
dium of Governmental Finances in Hawalii; 1949-1968" and later editions of the
annual "Government in Hawaii" could have been substituted, but since I felt
that only the magnitudes of change in the simulation would be affected by using
a diiferent time series, it was not felt necessary. Using more current figures to
expand the length of the series brings with it the attendant problems of
structural change. More observations could be seen as beneficial as the
variance of the estimated coefficients would be reduced, but the effect of the
ever-changing patterns of interaction in the economy would be increased. c.f.
Chau (1970), pg. 81
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constructing the model has the most controi is internal consistency; and
whenever a question arose concerning data selection, it was resolved in favor of

consistency.

Gross Domestic Product

The base data series for real expenditures on Gross Domestic Product
(GNP) is Table VIII-1, pages 102-103 in Shang, et. al (1970). To maintain
consistency, the disaggregated components of the sums in this table will be
forced to conform in all cases when this does not occur. Table li-1, pages 11-
12, displays the corresponding figures in current dollars. The data series
representing the personal income component of the charges against GDP is
taken from the Annual Economic Reviews to the Business Research Depart-
ment, Bank of Hawaii, (1967, pg. 40 and 1570, pg. 44) supplemented by referral
to their source, "Survey of Business", U.S. Dept. of Commerce. This series was
selected because the personal income totals coincide exactly with those
published in Shang (1970), while the breakdown into the functional income
distributional categories is a more convenient form for the model. The data is
in current dollars, but deflation by their index for personal consumption

expenditures, Table VIII-7, pg. 110, Shang (1970), relates it to Tabie VIII-1.

Personal Income

The series for real personal income, Table VIII-1, pg. 103, is the
remainder of the nominal GDP less factor payments and corporate profits
remitted abroad, indirect business taxes, business transfer payments, capital
consumption allowance, corporate iancs, and undistributed profit deflated by

the index for personal consumption expenditures.
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Disposable Income

Real disposable income was calculated by subtracting personal taxes from
nominal personal income and deflating by the personal consumption index.
Personal taxes are the sum cof federal income taxes (calculated by subtracting
customs collections and civil service contributions, Table V-3, pg. 36, from
other Federal Taxes, line 4, Table V-1, pg. 32) and state personal taxes
(calculated by subtracting non-tax payments from state personal tax and non-

tax receipts, Table VII-2, pg. 46).

Consumption and Investment

In compiling these accounts, the authors collected information indepen-
dently on income and expenditures. Noting that these two separate accounts
did not balance, and having more confidence in their income estimates,
adjustments were made for statistical discrepancies in the expenditure
accounts. The data on government expenditure, exports, and imports were felt
to be reliable, so "the statistical discrepancy was allocated proportionally to
personal consumption expenditures and gross private investment on the grounds
that these estimates were over or under estim a'cecl".1

The disaggregated data for predicting consumption comes from the
original expenditure estimations, Shang (1970), Table 1I-2, pp. 13-20. The table
is broken down into 80 classes of personal consumption expenditure, each
designated as either a durable commodity, a non-durable commodity, a service,
or a housing expenditure. The data has been combined in accordance with these

four designations with the following three exceptions: (1) Housing - other

I Shang (1970), pg. 2
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(service) is distributed half to service and half to non-durables, (2) the combined
category, Recreation-non-durable toys and sport supplies (n.d.c.) and Recrea-
tion-wheel goods, durable toys, sports equipment, boats, and pleasure aircraft
(d.c.), could not be disaggregated and was included in non-durable commodity
expenditures, and (3) the effect of expenditures in Hawaii by non-residents
(ser.) was deducted half from services and half from non-durable commodities.
The series are deflated by the procedures outlined in G-R (pp. #3-45,
manuscript) and the aggregate consumption figure is the sum of the four
deflated series. The adjustment for statistical discrepancy was then allocated
to the components in proportion to the respective size. To facilitate computa-
tion, the already deflated consumption figures for the four categories were
summed, subtracted from the adjusted total, and the difference then allocated.

Private investment was disaggregated in the same way as the G-R model,
but the inventory series was taken from Shang instead of other sources.
Construction figures were taken from Table II-4 pp. 22-24. Hotel construction
{IH) was taken from line 5. Residential construction (IR) was calculated by
subtracting line 5 from line 2. Non-residential construction was calculated by
subtracting line 2 from line 1. These series were deifiated by implicit
construction deflator from Table VIII-7, p. 110. Producers durables investment
comes from Table VIII-5, p. 108. Inventory change figures were taken from
Table VII-!, p. 102. Adjustment for statistical discrepancy was not included in
the figures used for parameter estimation and were added as an exogenous
element.

There is reason to question the validity of the inventory change figures,
but they were used in'the absence of a substitute series which would be

consistent with the GDP calculation.
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Government Expenditures

Current expenditure - (Shang (1970), Table VII-3, pp. 49-51). Following
the suggestion in Ghali and Iseri (1971), pp. 30, data for the period 1958-1960
was taken from Shang (1967), vol. I, I cannot justify this decision except to
state the visual inspection shows the trends in certain categories in the 1970
version to include unexplainable breaks which do not occur in the earlier work,
implying possible accounting changes. The totals for the seven functional
classifications included in the calculation of GDP deflated by the index for
local government goods and services, Table VIII-7, pg. 110, are consistent with
the economic categories of personal services and other expenditures, Table
VII-2, pg. 46-47.

Capital expenditure - (Shang (1970), Table VII-3, pg. 52-53). The totals of
the appropriate functional categories for new construction, which were derived
from state and county comptrollers and auditors reports, do not coincide with
the economic categories in the summary, Table VII-2 which came from the

Compendium of State Government Finances, U.S. Dept. of Commerce (annual)

and Facts and Figures, Honolulu Chamber of Commerce. No explanation for

the divergence in sources is given, but since the totals from the Table VII-2
summary are the ones used in the GDP calculation, they will be used to
maintain consistency. The figures for government purchase of equipment are
consistent in disaggregated and summary forms, but since no appropriate
breakdown of state and county new construction could be obtained, the

government investment data will be used in aggregate form.

Imports
The data on imports, Shang (1970), Table VI-2, pg. 41, lines 13-18, were
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supplemented in the merchandise categories with unpublished disaggregated
data available from the Research Dept., Bank of Hawaii, which was apparently
the original source of the information published by Shang. The series were

deflated by the index for imports of goods and services, Table VIII-7, pg. 110.

Exports

Exports are the total of goods and services exported and purchased by the

federal government, Table VIII-1, pg. 102.

Employment

Final revisions of the State Department of Labor and Industrial Rela-

tions., Labor Force Estimates, (annual were obtained which produced totals

consistent with the accepted figures (Hawaii Data Book, Bank of Hawaii, Ann.

Ec., Rev., etc.).

Population

Total resident population was taken from the State of Hawaii Data Book;
1958 and 1959 figures from the 1971 edition and the rest from the 1974 edition
which had been revised using the 1970 census. The disaggregated population
series were prepared for the G-R model by Tu DucPham using the interpola-

tions from the Renaud (1973) study as a base and adding military dependents.

Labor Force

The age group figures for labor force participation were also created by
Pham. They were based on the annual totals from the Dept. of Labor and Ind.
Rel. and were broken into age groups by using participation trends derived from

the 1950, 1960, and 1970 census.
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Appendix IV-2

CD
CH
CN
CS
CT

GCGG
GCHW
GCM
GCNR
GCPH
GCPS
GCS
GK
GKS

GSP

ICT
IH
10
1P

IR

Key to Variables

Endogenous

Number of automobiles

Consumption - durables

Consumption - housing

Consumption - non-durables

Consumption - services

Consumption - aggregate

Government expenditure - total

Current Government expenditure - general
Current Government expenditure - highways
Current Government expenditure - miscellaneous
Current Government expenditure - natural resources
Current Government expenditure - public health
Current Government expenditure - public safety
Current Government expenditure - schools
Government expenditure - capital

Government Capital Stock

Gross State Product

Total investment

Construction investment

Hotel construction

Other construction

Producers durables investment

Residential construction
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IS Capital Stock

Iv Inventory Change
LF1 Labor Force 14-19
LF2 Labor Force 20-24
LF3 Labor Force 25-44
LF4 Labor Force 45-64
LF5 Labor Force over 65

M Total imports

M4 Imports - food, vehicles, parts, fuel
M5 Imports - construction materials
Mé Imports - other commodities
M7 Imports - payments to Federal Government
M1l Imports - transportation services, travel, education, and business
services
Ml12 Imports - return on non-Hawaiian investment

MILS Miles of highway

N1 Employment - construction
N2D Employment - manufacturing - durables
N2F Employment - manufacturing - food processing
N2R Employment - manufacturing - other
N2T Employment - manufacturing - textiles
N3 Employment - transportation
N4 Employment - communication, utilities

N5 Employment - wholesale trade
N6 Employment - retail trade

N7 Empioyment - finance, real estate
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N8
N9
N10
N1l
N12
N13

N4

NG
NP
NT
NPC
PCP
PYD
Pl

P2

UE
WG
WP

PWP

YD

YP

Note:

Employment - hotel

Employment - oth&r crvices
Employment - Federal government
Employment - State, local government
Employment -~ sugar

Employment - pineapple
Employment - agriculture, self-employed
cmployment - self-employed, non-ag
Employment - total government
Employment - total private
Employment - total

Annual change in total employment
Per capita Gross State Product

Per capita disposable income
Property and capital income

Self employment income

Transfer income

Unemployment rate

Wage rage - government

Wage rate - private (Real)

Wage rate - private (Perceived)
Disposable income

Personal income (from income sector)

Except for Pl, NI, and LF1, any of the above variables followed by

the numeral | is a one-year lag of that variable.
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Exogenous
AP Pineapple acreage
CPI Consumer price index
FDB Federal defense budget
NOV Number of variables
OR Hotel occupancy rate
POP Total population
POP1 Civilian population - 14-~19
POP2 Civilian population - 20-24
POP3 Civilian population - 25-44
POP4% Civilian population - 45-64
POP5 Civilian population - over 65
QS Sugar output
RN Hotel rooms
TG Gas Tax
TT Time trend

VDAY Visitor days

VER Visitor expenditures
WM Military income
Note: Any variable beginning with a D followed by numbers is a dummy

variable with the value 1 for the years in the 50's and 60's

corresponding to the numbers, and zero otherwise.
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CHAPTER V

Model Solution And Evaluation

Control Solution

Before an econometric mode! can be used for simulation, an equilibrium
solution must be found for all the endogenous vaiables in each time period.

In a small linear system a solution may be obtained directly, but for this
model a simultaneous equation solution is impossible (G-R, p. 120). Some
models overcome this problem by formulation as recursive systems (Chau, p. 11)
or with recursive sectors. In order to create this type of arrangement,
nowever, a direction or path of interaction must be known or hypothesized. In
the crucial labor force participation-unemployment-wage rate linkage as well
as several other interactions, no clear order of influence could be defined, so an
iterative solution was used.

In this technique, the observed values for all variables are used to
calculate first-round values for all endogenous variables in the first time
period. These calculated valuss are then compared to the originals. If, as is
usually the case, the calculated values differ from the originals by more than
.1% (an arbitrary but conventional tolerance level), the calculated vector is
used as input for calculation in the second iteration. Values of endogenous
variables dependent wholly on exogenous or lagged endogenous variables will
not change in subsequent iterations, but new values will be produced for the
other jointly determined variables. These are then compared to the vector
produced in the previous iteration. The process is repeated until a vector of
values for all endogenous variables is obtained which is consistent for that time

period. Calculation of an equilibrium vector for the next year then proceeds in
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the same manner except that values for lagged endogenous variables are taken
from the vector just calculated. This technique is similar to the substitution
method of solution used in the Brookings Model which is described as essentially
the block recursive method expanded ""so that there are as many blocks as there
are single equations in the system" (Duesenberry et.al. 1969, pp. 373-382).

This set of estimated encogenous values provides the control solution for
any simulation to be performed. The accuracy with which the model recreates
the observed economic levels and trends will affect the type of economic
structure that is presented by the model. This in turn will have an influence on

the results of the simulation.

Evaluation
Deviation From Observed Values

Table 4 shows how much the value of each estimated variable deviates
from its observed value. These discrepancies reflect the combinecd effects of
three sources of error: the unexplained variation in the individual relationships,
the impact of the process of finding a consistent endogenous vector in iterative
solution, and the effects of cumulated and lagged variables passing on distur-
bances from previous calculations. While no standardized tests exist for judging
the accuracy of large econometric models, Klein and Glickman (1977, p. 14)
suggest the calculation of Mean Absolute Percentage Errors (MAPE) for the
values in the control solution and they report the MAPE figures for three
regional models which used this measure. For the present study, 36 variables
show a MAPE of less than 3%, for 18 the MAPE was greater than 3 but less than
6%, and for 17 variables it was greater than 6%. These results are very similar

to the other models reported.
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The components of the expenditure part of the model perform differently
from one another, largely as a result of different approaches in specification.
The total consumption sector produced the most accurate results. Its depen-
dence on lagged variables, which appears to have produced most of the
disturbance in the import sector, is mitigated by two positive and two negative
lag coefficients. No distinct .trend of disturbance is visible in the sum of the
disaggregated estimates, although overestimation is more common. Govern-
ment expenditure is the next closest fit. The consistent overestimation is to a
great degree the result of capital costs reacting to the cumulative effect of
capital stock. This sort of effect feeds on itself, producing ever larger
disturbances, since no counterbalance exists. Investment and imports show the
most deviation from actual values, investment being extremely volatile and
imports being consistently overestimated.

While some of the component elements are not notably precise, their sum,
GSP, follows its observed trend fairly well. The deviations in the components
balance each other fairly well. The average absolute percent difference for
GSP estimation is 1.9%4. GSP is a crucial interactive variable, so its closeness to
the real trend is an asset.

The income part of the model is noticeably more precise. Its major
explanatory linkage with the expenditure sector is through the GSP variable
which we have seen to be fairly good. The glaring exception is the unemploy-
ment rate, large errors in which are caused by very small errors in labor force
and employment estimates. The interactive effect of this error has been
limited to its minor impact on labor force participation. The error trend in
employment is reflected in labor income (WX), but it is not a large error.

Proprietor's income and transfer income are the least accurately estimated, but
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are also the smallest components of personal income. Disposable income, the
major feedback link to the expenditure section, is even more closely estimated
than GSP.

The model as a whole, then, tends to overstate expenditures especially in
the early years, but the distortion of GSP is tempered by the simultaneous
overestimation of import payments. The income sector performs better but
with some greater discrepancy in the smaller functional components of personal
income. The qualities of the model as they differ from those of the actual
economy are irnportant to consider, because although the model has been
constructed as an approximation of reality, the characteristics which it exhibits
in simulation will reflect the traits of the model and will permit counterfactual
speculation with respect to the true economy only to the extent that the two
can be assumed similar. For this reason, we must remain cognizant of the areas
in which the mode! diverges from reality. On the other hand, since the impacts
of the simulated changes will be measured from the control solution rather than
the observed value, these errors will have been removed from simulated
solution and wiil be a factor in causing inaccuracies only by producing a solution
within an inappropriate range of a function. This point will be discussed further
in the presentation of the model results.

Figures 3 through 6 show examples of how the model economy can be
expected to differ from the actual economy. Although the values of GSP and
YD do not seriously diverge from observed values,- the growth and recession
periods are altered. Because of the inclusion in the model of change and
weighted average variables, fhis influence will be felt. The second two graphs
show variables which diverge quite severely from the observed. The force of

these deviations is softened somewhat by their limited use as explanatory
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variables, investment serving only as a component in GSP and unemployment
being used in three labor force equations. These differences must, however, be

kept in mind when analyzing the simulation results.

Test Simulation

Being able to reproduce the observed situation is only the first step in
model evaluation. The reason for building the model was to predict the impacts
of a change in an exogenous factor. In order to appraise this aspect of the
model, two test simulations were performed. In each case, a change in tax
rates and a change in federal spending, the expected economic impacts were
clear and straightforward, providing a standard against which model
performance could be compared. A measure of model performance, then, is

how well the simulated results meet with a priori expectations.

Tax Increase

The first test simulation recreates one of the simulations reported in the
original G-R model (pp. 122-123, 126-129)--a | percent increase in direct
taxation. In estimating the model, it was found that the relationship between
disposable income and personal income (YD = 61.57 + .8492 YP) implied a
marginal direct tax rate of 15.1 percent. Decreasing the personal income
parameter to .8392 has the eifect of increasing direct taxation to 16.1 percent.

If we assume that the tax increase reduces disposable income in Hawaii
without increasing local government expenditure as, for example, a federal tax
increae to reduce a spending deficit might do, we would expect to see a
generally depressive effect on the economy. Reduced disposable income should

retard consumption and private investment, which would slow the economy,
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causing decreased employment and income. Then reduced demand should
further reduce employment and output.

The percentage differences from the control solution in the major
variable aggregates after the simulated 1 percent tax increase (actually a 6.6
percent increase in the rate) are shown in Table 5. The results show that the
model equations interact to produce changes which move in the expected
direction and are of reasonable magnitude. The crucial variable, disposable
income, shows the direct effect of the | percent reduction plus a further half
percent reduction as a result of declining personal income in a slowed economy.
The economy tends to rebound from the shock rather than enter a declining
spiral. The total decrease in personal income is less than 1.5 percent after the
8 year simulation, with most of that occurring in the first two years.

Consumption decreases are 70 to 80 percent of income change providing a
reasonable reflection of the marginal propensity to consume. Imports of food,
vehicles and fuel (M4) lead the general decline in imports. Investment dips
initially in reaction to the decreased output and demand, but recovers to a level
consistent with the new GSP. Government expenditure shows the smallest
decline of the endogenous sectors. The labor component of personal income is
the primary source of reduced personal income and employment declines more
than participation in the labor force, so that unemployment goes up 15 to 20
percent.

Although the disaggregated components generally follow the same declin-
ing trend, two exceptions were noticed, both of which are realistic responses to
changes in income and wage rate. Inventory stocks were seen to cycle, which
can be attributed to a period of readjustment to new buying patterns.

Agricultural labor was hypothesized to be atiracted away by increases in the
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Consumption
Investment
Government
Imports
Exports

GSP

Labor Force

Gov. Employment
Private Employment
Total Employment
Unemployment
Property Income
Business Income
Transfers

Labor Income
Gov. Wage
Private Wage
Personal Income
Disposable Income

1961

-1.118
-2.010
-0.083
-0.711
0.0

-0.733

-0.145
-0.020
-0.421
-0.333

5.713
-0.655
-0.105
-0.409
-0.409

0.0

-0.257
-0.392
-1.499

1962

-1.317
-0.854
-0.840
-0.963
0.0

-0.641

-0.350
-0.202
~-0.967
-0.798
17.707
-0.546
-0.090
-1.045
-0.258
-0.258
-0.607
-0.844
-1.932

Table 5

Impacts of Increase in Direct Taxation

1963

-1.630
-0.664
-0.721
-1.128
0.0

-0.709

-0.419
-0.130
-1.163
-0.946
14.922
-0.609
-0.105
-1.309
-0.610
-0.610
-0.717
-1.044
-2.125

1964

~1.812
-0.990
-0.746
-1.233
0.0

-0.818

-0.454
-0.198
-1.263
-1.026
19.634
-0.688
-0.126
~-1.424
-0.720
-0.720
-0.780
-1.144
-2.225

1965

-1.933
-0.904
-0.777
-1.293
0.0

-0.822

-0.479
-0.232
-1.327
-1.083
14.456
-0.690
-0.129
-1.524
-0.783
-0.783
-0.812
-1.214
-2.295

1966

-1.985
-0.710
-0.743
-1.277
0.0

-0.788

-0.487
-0.228
-1.360
-1.103
13.043
-0.663
-0.133
-1.573
-0.816
-0.816
-0.826
~-1.237
-2.321

1967

-2.059
-0.741
-0.683
-1.268
0.0

-00794

-0.497
-0.218
-1.397
-1.121
17.202
-0.668
-0.144
-1.599
-0.829
-0.829
-0.833
-1.267
-2.354

1968

-2.128
-0.831
-0.648
-1.300
0.0

-0.834

-0.512
-0.222
-1.458
-1.159
24.572
-0.693
-0.153
-1.643
-0.836
-0.836
-0.854
-1.314
-2.405



private wage rate. The decrease in wage rate growth slows the ofi-farm
migration and maintains agricultural labor.

This simulation produces magnitudes of average change similar to the
G-R model, but the trends are different in certain variables. While all the
aggregate responses are negative in the current simulation, definite cyclical
patterns are produced by the G-R model. Investment, GSP, and employment all
increased in the first year of the tax increase and then their values progress
along a cycle of increasing amplitude. Since the changes in imports and
government expenditure are not reported by G-R, it is not possible to isolate
the sector or sectors which are causing the difference. However, the
investment sector in the G-R model reacts in a stronger fashion than the one in

the current study, and this may be the major difference.

Export Increase

The second test simulates the impacts of an exogenous boost to the
economy. An increase in federal military spending in Hawaii was chosen since
(1) it is the largest export industry, (2) changes of this type have occurred and
have had major impacts on the economy, (3) the steps required to approximate
this change were fairly clearcut, and (4) a change in federal expenditure, in
terms of the present model, can be treated as a change in only exogenous
values.

Specifically, an expanded national defense effort was h}'potheSized which
produced an increased military presence in Hawaii with no direct increase in
civilian population or construction investment. Three exogenous variables were
increased in all 8 years to simulate this policy change. The federal defense

budget was increased by 2 percent. The military component of labor income
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(which made up about 15 percent of total labor income) was increased 20
percent per year and total exports were increased by 4 percent to account for
the increased military income and some extra support necessitated by the
increased military activity.

It was expected that the impacts of this infusion of added income would
be opposite in direction to the first test and of a greater magnitude. This was,
in fact, the result as shown in Table 6. In the first year, private investment
leads the advance in the evpenditure secter as businessmen adjust to meet the
higher level of demand. Local government spending, based on a budget
prepared a year in advance, changes very little. Increases in imports outweigh
increased consumption and overall the GSP advances slightly more than the
exogenous export change. The labor force increases, but employment increases
more, bringing down the unemployment rate and increasing the wage rate and
labor income. Property and proprietors' income are not raised as much, which
implies that all military personnel and dependents are being taken care of on-
base. Over the years, consumption increases steadily, imports increase at an
increasing rate and then taper off in the last three years, and government
spending increases at a decreasing rate. Investment shows the ups and downs as
expected in an accelerator-based model and total GSP increase generally hovers
just below the exogenous increase. With both wage rate and employment
increasing, income is raised beyond the exogenous military income increase.
Unemployment is generally down about 50 percent.

It should also be noted that while the income and expenditure sectors are
linked through explanatory variables, there is no income-expenditure identity
equation. Such a constraint is nét necessary for the natural working of the

system. Observing the movement of the simulated values of GSP and YP
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Consumption
Investment
Government
Imports
Exports

GSP

Labor Force

Gov. Employment
Private Employment
Total Employment
Unemployment
Property Income
Business Income
Transfers

Labor Income
Gov. Wage
Private Wage
Personal Income
Disposable Income

1961

2.623
11.815
0.136
3.364
4.000

4.314

0.393
0.369
1.075
0.921
-15.928
3.855
0.615
0.0
4.270
0.0
0.653
3.667
3.513

1962

3.220
4.419
4.601
4.163
4.000

3.598

0.916
1.443
2.390
2.181
-49.269
3.061
0.507
0.0
6.067
0.656
1.490
4.889
4.696

Table 6

Impacts of Increased Exports

1963

4.000
2.164
3.718
1446
4,000

3.463

i.056
1.269
2.841
2.495
40.177
2,975
0.511
0.0
6.562
1.496
1.719
5.223
5.023

1964

4.672
4.991
3.42)
4.903
4.000

4.106

1.143
1.242
3.108
2.693

-52.410

3.453
0.633
0.0
6.998
1.727
1.868
5.633
5.430

1965

4.782
4.247
3.685
5.020
4.000

3.993

1.210
1.402
3.258
2.843
-38.467
3.349
0.626
0.0
7.009
1.876
0.951
5.612
5.416

1966

4.748
3.374
3.419
4.883
4.000

3.821

1.180
1.374
3.206
2.790
-33.532
3.217
0.643
0.0
6.812
1.959
1.923
5.409
5.229

1967

4.820
3.621
3.150
4.828
4.000

3.856

1.180
1.380
3.199
2.772
-43.195
3.241
0.698
0.0
6.743
1.931
1.904
5.409
5.241

1968

4916
3.547
3.014
4.815
4,000

3.862

1.216
1.426
3.311
2.856
-61.156
3.211
0.711
0.0
6.819
1.911
1.945
5.505
5.347



provide another measure of the fitness of the model. 1f they diverged widely,
the model must be missing some important interaction. If they move together,
the model could be viewed as being in some sort of balance, through luck,
proper specification or both. In the previously reported tests, the relationship
between them is not exact, but they do not differ enough to cause serious
concern.

The model, then, contains some of the inconsistencies and limitations
common to an artificial system estimated from a small sampie. Overall,
though, it would not seem to be entirely unsuited to analysis of the problem at

hand.
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CHAPTER VI

Analysis of Simulation Results

Results of Policy Simulation

Upon completion of the model evaiuation and testing, a policy simulation
using the INS data was performed. For each time period the age-group and
total immigration figures from Table 3 were subtracted from the corresponding
observed population values. The model was then run to a new solution using the
reduced population values. This solution represents the path the various sectors
in the economy would have followed in the event that the population of Hawalii
had not been expanded by foreign immigration. The percentage change from
the control solution was then calculated. These values are presented in Table 7
along with the percentage changes in population.

While reviewing the results, it is a good idea tc keep in mind the
magnitude of the exogenous changes and the mechanism through which the
simulation results were produced. Subtracting the immigration estimates from
the population values causes a cumulative decrease of about a quarter of a
percent of the total for the first five years and about twice that from 1966 to
1968. The working-age group decreases by slightly more than .3 percent in the
first 5 years and about double that in the last three years. These changes have
their greatest direct impact in the income sector of the model. The over-14%
age groups multiplied by their participation rates become the labor force total.
Property, proprietors' and transfer income estimation is directly influenced by
population as are several of the emplovment variables. Within the expenditure
sector, only government expenditure is directly influenced by population

change. The other reactions presented in Table 7 are produced indirectly
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POP (Total)

POP (14+)

T
cn
CH
CN
CS

G

GC
GCGG
GCHW
GCM
GCNR
GCPH
GCPS
GCS
GK
7G5S
A

MTLS

Table 7

Percent Change Induced by Reduced Population Growth

1961

-.27

-.36

-0e05
- 05
-0.‘)(‘
—~0e)4
~0.07
-J).08
Del)
0.2
0.0
-JeN6
"0.?8
=005
-~ eN3
-0 401
~D.10
O e
-0,12
~0 o)
-0.03
Ne0
-0e19
-Oc la
~Ve3?
-0.65
-0.04
-0.l4
Ne9
"'0 .')3
~DeN9
00
~0e¢04
Q.23

1962

-.56
-.78

-2
DelI
-0el15
Ve 0O
~Ja21
-De18
"'0007
—-Ne?2
Qed
-0a07
-%.13
—-0.€0
-0.19
~Dedb6H
"0.02
-0.23
0.0
-% 14
~0e10
—0e04%
D¢
-Nel8
~-Ne23
-0 .38
094
-Na05
=004
~J.06
-Dad4y
-0es05
-DeVB
D e
—-Je D4
Ne52

1963

-.82

-1.09
Ded2
JeH6

~Qe29
Je13
-0+ 39
~Je23
-D«3)
-0e07
~Ve31l
Jel)
"003':)
~Je23
~0e836
~(1e23
-0s08
-0 «04
~0e33
0«0
~0e23
~0Ne 19
=005
Jed
-0 436
~UeH0
-Je 26
000::)
-JeU3
~Je0DD
-JalJ
-J3.05
~0«00
—3e03
el
—~JeldG
078

1964

-1.03

-1.40

Uel 2
De 3
-0s23
Del29
—Qe« 39
—QJe20
—-Ce34
"’UOO?
-0 e29
')‘0
-J.06
~-Je27
-1.02
—~0e206
~0.09
—De0%
~Je35H
0.0
~-2e32
-Ve23
-00%
Jae0
-0e45
~J«89
= JeJO
0.37
—J«23
-Qe3
"")ol)
-J.03
~Ue01
e
_")n')l
1.03

1965

-1.27

-1.64
DelH
1«12

=035
D435
—0.49
—-Je25
~Je¢31
-Uool
-0035
Oe
-Je02
—Jel4
"Oog{)
"0-21
-0.11
-DeJO
-0043
0.0
=064
—Je 32
-0e0%
90
"0073
"1.28
-Jel2
~0.66
-3 .O’l-
"0003
-000’4
-0.04
~0.96
Ve0
-0s04
1.25

1966

-1.69

-2.17

Dell
124
Jeob
~Ue 4
-0e33
=D o4l
-Ve00
-7 649G
Qe U
=JeJd5
~1.31
...:J.l I
~JeJts
~D a3
0.0
—J)e7THh
"'0.45
“OQJb
Jed
"l 439
-Je28
"-)075
"3 .39
—0.05
-Uel9
~JeVu?7
"‘0.%)9
~Jal4a
Ue 0
—Je)8
letr3

1967

-2.19

-2.82
Je2)
let2

—UJed 2
Jeltd
"j.")?
=Jelt1
~-VeU8
~J a4 8
J et}
~J2s11
—-N 4t
—IDOE
—Je/1l
-Jel7
—JeJY
Ue O
-Jennl
-Jet 3
-7
Seld
~Ue 3G

‘()olf;
Jel?7

-).J8
—~Jei)i3
—~)e27
—Jel?

"".)o'.)()

-)eC 8
Je U
~Jed
2el®

1968

-2.79

-3.56

Jed2
le71
—Je37
daletd
=JerV
~Jde'te!
-\) .._,L:i
=Je)5H
-Jeb
Qs
—-JeJL
~Qe3 t
-1 ey
-Je2 )
~Jell
~) e 7
Uet)
—308(:‘
=) el
-Jed 7
e’}
-lslC
-1 PR
~J o213
Je 7(.‘
-9 25
Qe
—Jed7
-Jedo
—-Jeis4t
‘0 .:,'E)
Je v
- 2603
2etitd
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1961

—Oo 14
—0e78
-Ve 30
-1 606G
-0.01
-N,N2
—-De?P2
0.0
-Nell
0.0
—-(0e02
=04
NN
'-O N4
-0 oof‘
J.0
—-) N2
-0.1G
~0e006
0.0
Je¢0
—D D7
-0-48
-Jel?2
-N.0¢
-5e36
-0.41
-Jel7?
~0418
0,01
D40
DelH
-7
""000()
021
Det2

Table 7 {continued)

1962

—0e5H4
~0.29
-1e4¢
-Je61
—-de220
0.02
-0.03
=D el 7
0.)
-~Ne24%
0.0
"')003
-2 e)H
“‘0.07
-0D4
~0a.12
Ded
-O .()5
~Det )
~N e
0.0
0.3
-0 a21
'-'.)09()
-Vel26
=-0.17
-%.18
"1400‘3
—DelY
-Je36
~0e40
Je 15
Jal1l5
\)./4()
"0 .QQ
-0De04
DeB2
0695

1963

~0e8U
-Jde 39
=1 e99
‘:’093
~Je 273
D 0D
-0e99
—-)euwd
i)e)
~Je 34
0.0
—~)ad3
=~V edYH
-Je 05
el EXA IS
-Jell
JeC
=095
= D5t
‘O. lé
O
Ue )
~(e293
-1 ./"l
‘—00 3()
-0.22
-0.25
~15.49
_0052
'00‘35
.21
Deltb
Ved>%
-D..06
~0s00
Qe ?77
132

1964

QoY
_00:)0
—2033
—~1e29
-LJ. J(’)
0eNB
—00')6
-39
D)
- Je 4D
0.0
-0.92
~JeU3
~D eV
-Ne92
~-0e072
0.0
~Ded4%
~Ja72
~Jde 15
UeO
Oe0
~-Jed2
=170
-Jed5
~-Qe27
~De31
~2345
~1e26
~De6GO
De32
Je54
Ue78
"00:32
"0.02
102
le€2

1965

-1 135
-JOS()
-2471
1645
"0042
008
—0.03
~1e11
Del
-0e54%
UsU
-0 .Cl
-0ed 3
~0Ded2
-0 3
-U.OS
) o0
-002
—\).gd
—-delbH
0«0
Ned
—0.46
~2.15
—DeH3
~0e31
-0«36
2)e) 0O
—1e54
—-De 77
‘—0.71
N.37
De78
D.83
-ds3
~0e03
125
l1e94

1966

-1e01
_'3.73
"3. J?
—UJas03
U‘J3
~Jel2
“1.49
Ded
Vel
—D ed0
-._).JC,
—=Je )4
-JelD
Jed
=Ve07
-1 17
"UQZ\)
0«0
JeJd
~2e834
-Je 68
-0e43
~) el
—1¢93
=lei5
Je 33
Je34
ledl
"0013
~Qell
159
2 3G

1967

-2e00
=73
~3e%3
-Z2e70D
-U.«'J'd
Ged?
~Dell
-1e9%
Ded
~JeId
Vel
~0s0%
"‘")ol/‘
~Jde07
°;J02£
D et
"UQU':J
Jerd
BIPEY
-3 61
-Jet34
-V 35
~Y402
~40e %)
~-2e25
-1 e34
-1e36
De58
ledZ2
1ed0
~Je07
-Jel7
2417

Ze% 0

1968

—2eb7
-Je32
~4ab07
~3e43
=l eJdt}
Je3 2
—J e}
—2e0 0
Jeu
~le24
Ja)
Jell
DeV2
D e}
J.L“’C
~Jed2
Joed
"'Oo()l
-1 073
~J 28
Je)
iYe)
~1el l
-4 o'd
"‘.)c‘)(.)
-Dew1
~JelC
~72e8%
=277
-1 o /2
-1e57
Je21
] o4 €
195
Jev 3
VU8
265
3e78



through changes in other endogenous variables such as disposable income, GSP,
wage rate, or unemployment rate.

Considering first the areas of greater direct impact, one sees that the
labor force does decrease in the first year, but not as much as the over-14%
population. Labor force participation has increased due to the rise in the wage
rate and decline in the unemployment rate. Both of these effects have
occurred because the labor force has .decreased more rapidly than employment.
Some of this excess in employment could be attributed to lagged adjustment to
resource availability and some to demand sustained by increased per capita
income. While total personal income has decreased, the wage rate increase has
more than compensated for the lower level of employment so that labor income
has increased. All other functional income types have declined led by property
income. The wage-profit ratio has thus swung in favor of wage earners.

The effects of the decreased population are also apparent in the expendi-
ture sector. All components of GSP decline in the first simulation period
(except exports which were assumed to be exogenously determined). Decline in
imports is overwhelmed by the other components so the total GSP goes down.
Per capital GSP increases, since population has declined relatively more than
output.

Progressing on to later time periods, lagged values from the previous
year's solution begin to impart dynamic properties to the results. Eight of the
aggregate series are presenied in Figures 7 to l4. Beginning again with the
labor force (Figure 7), the trend is steadily down at an increasing rate since
immigration was greater in the last three years. Labor force decline is never as
large as the decrease in working-age population, however, as the increasing

wage rate and decline in unemployment act to increase labor force participa-
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tion. Employment (Figure 8), under the influence of increasing per capita
incomes and exogenously maintained export industries, does not decrease nearly
as much as the labor force impacts are in the middle age groups which have the
largest immigrant components. The greatest declines in employment are found
in (1) the local government sector due to reduced expenditures, (2) non-
agricultural self-employment due to its direct relation to population, (3)
agricultural workers as a result of the increased wage rate, and (4) in
endogenously determined local manufacturing.

The consumption sector proved to be very sensitive to the income
distribution variable (Figure 9). After a decline in all the components in the
first year, consumption of durables and nondurables began a constant increasing
irend in the second year. This can only be explained by the effect of more
money in the hands of lower income earners whose marginal propensity to
consume is greater than those who lost income. This effect seemed to be
compounded by the lagged consumption variables which has been specified to
represent the permanent irome hypothesis. The trend seems to be leveling off
after the fifth year, but the simulated reduction to account for a higher rate of
immigration renews the expansion caused by the relatively greater wage
income.

Government expenditure decreases fairly steadily led by the public safety
component (Figure 10). The relatively small decrease in education costs is in
keeping with the small school-age immigrant group.

Investment (Figure 11) shows the largest proportional decrease in the
expenditure sector. Responding to smaller relative returns to capital and
reduced pressure in the residential market, the impetus to increase capital

assets has been dulled. The trend is led by producers' durables and business
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construction which are functions of property income and the state oi the
economy. Irregularities in the trend come mostly from inventory changes which
seem to be gradually adjusting to a new situation.

Imports (Figure 12) are slightly reduced at a steady rate. This may be
explained by the conflicting effects of consumer purchases and decreased
spending by business and government.

Overall, GSP is slightly reduced (Figure 13), decreases in government
spending and investment offsetting increased consumption and decreased
imports. It does not follow the steady downward trend of declining labor force,
the factor which is responsible for the decrease in output. Personal income
follows a similar pattern in the first seven years (Figure 14). Total income is
slightly reduced with the change dependent on whether labor income is
increasing faster than the other income series are declining. In the last year,
however, personal income exceeds the pre-simulation level. This the result of a
dramatic rise in labor income without a compensating decline in property and
proprietors' income. The change was not expected and is not easily justified,
but the general coincidence of the GSP and YP series in the earlier years of
simulation is a positive measure of the reasonable internal balance of the
model.

The results of the model are, for the most part, expected, reasonable, or,
at least, explainable, but the lack of complete interaction in the modei is
exposed in several areas. One of these is an extensicn of the questionable
changes in consumption. In all periods except the first, imports decreased more
than consumption. Given increased per capita spending, especially on consumer
durables, one would expect to see the change in imports more closely aligned

with consumption. Since employment (and therefore output) in local manufac
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turing and agriculture did not increase, it is unclear how the increased
consumption of these goods can be accounted for. Import of construction
materials is also not closely aligned with construction investment.

On the income-employment side an anomalous situation occurs in the
relationship between non-agricultural self-employment (N15) and returns to
entrepreneurial business (P2).  Self-employment decreases drastically in
response to reduced population, but proprietors' income is much less noticeably
affected. Some of the difference might be explained by a less attractive entry
into a small business while established businesses continue to do well. The
magnitude of the discrepancy makes it cause for some concern, however.

In the previous section on model solution the potential problem of solution
within an appropriate range of a function was mentioned. A situation which
may fall in this category is caused by the decrease in the unemployment rate to
a level which might be below the frictional unemployment level. Although the
effect of the unemplyment rate has been greatly reduced by removing it from
the wage rate equation, it still influences labor force participation. Since no
unemployment rates this low were used in estimating the functional relation-
ship. its inclusion in simulation is an extrapolation. The functicnal form is
assumed o hold beyond its estimated range but we cannot have the same
coniidence in the result as if the value were within the observed range.

Apart from the mechanistic observation of the model, what set of
economy-wide responses does the simulation portray? To be useful as an
analytical tool it must tell a plausible story in terms of explainable human
behavior. Beginning with possibly the most crucial reaction to the more slowly
growing population, the labor force is declining more than employment. The

greatly reduced unemployment rate has a double-edged impact on the whole
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economy, but more precisely on the unexpected response in the consumption
sector. First, with a reduced regional labor pool, employers must offer more
money to maintain the high level of employment. The resulting increases in
both per capita income, per capita output and labor's share of income provide a
vital stimulus, the result of which is shown in the consumption sector. Also,
people who were collecting government transfers are attracted newly into
employment and their gross incomes increase. Given the high marginal
propensity to consume of low income groups, this movement is an added boost
to consumption. Both of these factors, (1) the increased marginal productivity
of labor as each unit combines with more capital and, (2) increased efficiency
as a larger percentage of the economy's resources are being used, are also
responsible for sustaining a high level of GSP and YD in the face of declining
total resources.

Individually, most of the other expenditure sectors follow readily explain-
able paths. Government branches such as public health, safety, highways and
schools, which are all related to the number of people served, decline more than
parks and natural resources and general government, which includes administra-
tive overhead. Investors, faced with a more slowly growing economy and lower
relative and absolute purchases of producer's durables. High demand sustains
import levels.

On the income side, most importantly we see that the composition of
income shifts more toward labor income and away from capital, entrepreneurial
and transfer income. While labor income does not increase enough to make up
the whole loss from reduced productive inputs, on a per capita basis people are

getting more and the new distribution is causing them to spend it differently.

106



Redistributional Impacts

In Chapter 2 it was shown how the personal income classes vary in
relation to functional income source. Now,; based on the simulated changes
provided in Table 7, the impacts on each income class can be estimated and the
relative changes observed. The results of apportioning the simulated changes to
each income class in accordance with their proportional contribution is pre-
sented in Table 8. The numbers in the table are the perceni change between
the total amount of income earned before and after the policy change by the
resident workers in each class. In other words, in 1961 the resident population
in the $8000- to $9999-class would be sharing .05 percent less income than
before the policy change, while the residents in the over $25,000 category
would be sharing .23 percent less total income. Referring to Table 8 for 1961,
all income classes lose in the first year, since the labor income does not offset
the decrease in the other components. In succeeding years, with labor income
more significantly exceeding its orginal levels, those income classes relying
most heavily on wages and salaries show increases, while the income classes
which get large shares from property or their own businesses have a lower total
income. The negative change which reappears in 1966 in the lowest income
class comes from the large decrease in transfer income while wage income is
increasing only slightly. This is just an extreme in the tapering trend during
1965 and 1966 caused by continued reductions in employment and non-labor
incomes, while the wage rate was holding steady. The large differences in the
last two years reflect the impact of greatly reduced unemployment on the wage
rate.

In an attempt to present a more comprehensible picture of the impacts of

the policy on the resident population, an estimate of the income difference per
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1961

1962

1963

1964

1965

1966

1967

1968

0-

999

-0.05

-0.03

-0003

0.01

0.02

-0.05

-0.03

0.11

1000-

1999

-0.04

0.01

0.02

0.07

0.09

0.03

0.08

0.25

2000-

2999

-0003

0.02

0.03

0.08

0.09

0.03

0.07

0.24

Percent Difference in Income to Income Classes

3000-

3999

-0-03

0.03

0.05

0.11

0.12

0.06

0.13

0.31

4000-

4999

-0002

0.07

0.09

0.17

0.19

0.15

0.25

0.46

Table 8

5000-

5999

-0.01

0.07

0.10

0.18

0.20

0.16

0.27

0.49

6000-

6999

"0003

0.04

0.06

0.14

0.16

0.13

0.25

0.49

7000-

7999

-0.03

0.05

0.08

0.16

0.20

0.18

0.33

0.59

8000-

9999

-0.05

-0.00

0.0l

0.08

0.11

0.08

10000-

14999

-0.08

-0.08

-0.09

-O.olf

-0.14

-0.10

-0.00

0.18

15000

24999

-0.13

-0.17

-0.24

-0.23

-0.27

-0.39

0.38

-0.33

25000+

-0.23

-0.41

-0.56

-0.63

- 0076

-0.97

"‘l-ll

-1.29



earner can be calculated. In the process of calculating the distribution of
functional income by income class from the Census samples, the number of
earners in each class was determined for 1959 and 1969 (Table 9). Also, from
the 1970 Census, the immigrant component of each income class was found. A
reasonably smoothed distribution of the immigrant earners (Table 10) was
interpolated for the pre-1969 years by weighting it by the ratio of that year's
working-age immigrant group to the 1969 figure for working age immigrants.
For example, the 14-and-over figures for 1968 and 1969 were 16,128 and 20,205
respectively, or a 1968/1969 ratio of .798. Therefore, 79.8 percent of the 2300
immigrant earners in the lowest income class in 1969, or 1836 immigrant
earners, were allocated to the lowest income class in 1968. This procedure may
tend to overstate higher immigrant earners in the earlier years, since the
distribution available for 1969 included people who had a chance to increase
their income over that on arrival. However, the relatively small number of
immigrants in the earlier years should help to minimize this bias.

With these estimates, it was then possible to calculate per earner incomes
for each income class before and after the simulated immigrant exclusion. The
percent differences in these two figures are presented in Table 11. These
figures show the effects of both the simulated income changes and the
decreased population.

The key difference to be noted between this arrangement and the income
class changes in Table 8 is that the lower income groups show positive changes
equalling or exceeding those high-labor income middle range groups which
showed the greatest absolute increases. This is obviously a resuit of the larger
proportion of immigrants in the lower income range. Although not specifically

considered in the calculation, this increase in the lower range would, in reality,
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oIt

0-
999
1959 478
1969 532
0-
999
Sample 23

Adjusted 23

1000-
1999

428

468

1000-
1999

19

20

Table 9

Earners Per Income Class (hundreds)

2000- 3000~ 4000~  5000- 6000- 7000-  8000-
2999 3999 4999 5999 6999 7999 9999
394 408 417 299 211 145 132

427 383 397 345 330 230 387

Source: 1960 and 1970 Censuses, 15% Sample

Table 10

Immigrants Per Income Class, 1969 (hundreds)

2000-  3000-  4000- 5000- 6000- 7000-  8000-

2999 3999 4999 5999 6999 7999 9999
20 8 16 6 11 4 10
17 12 11 10 10 5 9

Source: 1970 Censuses, 15% Sample

10000- 15000
14999 24999
132 73
426 196
10000- 15000
14999 24999

7 2

7 1.5

25000+

29
77

25000+
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1961
1962
1963
1964
1965
1966
1967
1968

0-
999

0.27
0.66
0.98
1.30
1.60
2.07
2.77

3.73

1000-
1999

0.27
0.68
1.01
1.33
1.63
2.11
2.83
3.82

Table 11

Percent Income Difference Per Earner in Income Class

2000-
2999

0.25
0.64
0.94
1.25
1.53
1.96
2.63
3.55

Between Control Solution and Simulation

3000-
3999

0.17
0.48
0.71
0.96
1.13
1.52
2.07

2.86

4000-
4999

0.16
0.46
0.68
0.92
1.13
1.43
1.97
2.72

5000-
5999

0.21
0.55
0.79
1.05
1.26
1.59
2.15
2.90

6000~
6999

0.26
0.64
0.91
1.18
1.40
1.74
2.31

3.08

7000-
7999

0.18
0.48
0.69
0.91
1.08
1.33
1.80
2.44

8000-
9999

0.28
0.64
0.85
1.06
1.21
1.45
1.91
2.52

10000~
14999

0.16
0.39
0.52
0.66
0.75
0.88
1.19
1.62

15000
24999

-0.02
0.03
0.03
0.08
0.08
0.05
0.16
0.32

25000+

-0.14
-0.24
-0.34
-0.36
-0.46
-0.61
0.66

-0.75



be likely to be enhanced by a shift in the functional components of the
categories. While earners in the upper range may be receiving a different
return on roughly the same economic participation, there will be many
individuals in the lower groups moving from a substantial dependence on
welfare and unemployment compensation to full-time employment.

The positive changes for the first year in the less-than-$1500 classes are
accounted for by the impact of population decrease outweighing the decrease in
total income. This outcome might have been expected knowing that the model
predicted overall increases in per capita income for all years. The population
effect is also responsible for the reversal of the decline in 1965 and 1966 noted
in Table 8.

While the over-$10,000 income classes are mostly income losers in
absolute terms, only the highest class fails to gain on a per earner basis. The
number of immigrants with incomes above $25,000 was not sufficient to reverse
the sigr. Although quantitatively imprecise for the many reasons already
mentioned, Table 11 serves to emphasize the potential magnitude of the policy

effects and the income groups most likely to benefit.

Qualifications of the Results

The first caveat is one which will automatically be included in any study
using a regional econometric model. As an artificial construct with indepen-
dently estimated equations, statistically generated from a short series of annual
data, the results must be used with caution. A model of this type is
extraordinarily good at forcing one to continually acknowledge the many
interrelated facets of a problem, but, since complete specification of any

causal relationship can never be achieved, perfect structural recreation will
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never be possible.

The estimated coefficients in a model imply a constant relationship
between the variables through the entire period of observation. In a growing
economy such as Hawaii, this is quite likely not the case. This point is also
important with respect to simulation in that the policy change, rather than
simply causing different variable values, could cause the parameters to change.
Important sectors (food processing, hotels, retailing and other services) which
now depend heavily on abundant, low-wage labor would have developed differ-
ently, either not attaining their current size or doing so with more capital
intensive techniques.

Another problem stems from the simulation of a national policy in a
regional framework. The coefficients of the model reflect the explanatory
relationships estimated for the Hawaii region. Simulation over an 8 year time
span is predicated on the assumption that the rest of the country is
experiencing similar readjustments, such as approximately equal wage rate
increases which would limit the impetus to interregional migration. It has
previously been mentioned that Hawaii receives a proportionally greater
immigrant inflow than the rest of the country, so that the impact of its
cessation might be more striking. It is likely, in reality, that interregional
flows reacting to deviations in wages and employment possibilities could reduce
the regional impacts and reduce the effective length of the simulation.

More specific to this study is the question of whether or not the desired
precision of the simulation might not overstep the limits of applicability of a
regional econometric model. Compounded by the simplifying assumptions which
accompanied the distribution and immigration estimations, this is a wvalid

criticism. Direction of movement, rather than actual quantities, may still be
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observed, however. In any case, it makes no sense to base a simulation on less
precise data than the best available.

The analytical framework employed in this study would apply just as
easily to in-migration to Hawaii frem the U.S. mainland, but this inflow was not
considered for two reasons. First, there is currently no acceptable policy
change possible which could stop interstate migration and second, figures would
be even more difficult to estimate than foreign immigrants.

The conclusion drawn from this study are strictly economic in nature and
are, moreover, applicable only in the short run. The obvious benefits accruing
to the state and nation from the constant infusion of talent and entrepreneurial
drive cannot be readily measured in econometric analysis. While econometric
model simulation has not proven to be a completely reliable technique for
quantifying impacts of policy decisions, it is probably the most enlightening

framework within which to empirically examine such a problem.

Conclusions

The results of this study generally support conventional expectations
about immigration. For the sake of clarity, observations on the various
hypotheses drawn from previous work will be presented by sector as in the

introduction.

Labor Force

The combined data from INS and Census sources confirmed initial
expectations about the direct impacts of immigration on the size and composi-
tion of population and the labor force. The specification and workings of the

model allowed the consideration of an additional factor: that the labor force
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participation rate of the entire population will respond to wage and unemploy-
ment rate changes induced by immigration. The simulation suggested that the
direct effect is likely to be somewhat reduced by indirect impacts on resident
workers. The effect of selective immigration and social capital embodied in

immigrants could not be analyzed in the model framework of this model.

Capital Transiers

Negligible capital transfers were assumed as a basic premise of the study
rather than as a hypothesis to be tested, due to the previous evidence of
immigrants' remittances exceeding their capital and lack of current data for

Hawaii.

Consumption

The reaction of total consumption to the simulated population change was
contrary to expectation. The positive influence of the income distribution
variable offset decreases in disposable income. This may be viewed in two
ways. Either this is a realistic response to a population change which was
misunderstood through the overemphasis on the importance of total disposable
income, or the effect of single-equation estimation with collinear variables has
introduced inappropriate interactions to the system. Theoretical specifications
for a whole-economy system may have to be modified from ideas developed to
explain single-sector behavior. Feedback from econometric models should help
advance the understanding of whole-economies, but, for the time being, certain
results remain ambiguous. The supposed propensity for immigrants to purchase
higher than average quantities of durable goods in the process of setting up a

new residence could not be included in the model.
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Government Expenditures
A priori expectations of spending changes were largely met. Reduced
population produced some decrease in spending, but at a level below average

costs, suggesting marginal impacts.

Investment

Responding to decreases in returns to capital (property income) and total
economic activity (GSP), the simulated solution reinforces previous opinions
regarding the effect of immigration on capital formaticn, that the investment
rate is increased by immigration. In the case of the growing Hawaii economy,
however, which was used to estimate the model, it appears that the effect of
increased population to induce a higher rate of investment would not offset

decreased marginal productivity of labor to enable higher per capita output.

Efficient Allocation of Resources

Since neither the special skills of immigrants nor their concentrated entry
to certain industries could be considered using this model, the impact of the
reduction of bottlenecks or provision of otherwise unavailable abilities could

not be analyzed.

Unemployment and Price Levels

The Hawaii regional model suggests that, primarily through its impact on
the wage rate, immigration will increase unemployment. A major assumption
underlying this conclusion is that immigrants are direct substitutes for residents
in their own age group. Complete substitutability is not likely, so that resident

employment could be somewhat less affected than predicted. Price effects are
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outside the scope of the model in that all relationships were estimated in real
terms. One would like to feel confident enough in the model simulation to
suggest possible price influences from the relative changes in aggregate supply
and aggregate demand (YP and GSP), but these differences of this small
magnitude are as likely to arise from inaccuracies in the model as from a

proper portrayal of economic forces.

Relative Factor Prices

The model strongly supports conventional expectations about the effect of
immigration on relative returns to capital and labor. Wage rate growth was
slowed by the larger labor force while returns to capital and own-~business
income were stimulated. It should be reemphasized that this result is
dependent on the specification of the equations in the model and that the
theoretical basis for the specification is the same as that used in arguing for
the conventional expectations. Both the model formulation and previous
immigration studies relied heavily on basic microeconomics. The model's
predicted responses of the returns to productive factors is in line with the law
of diminishing returns. The long-run effect proposed by Ekberg (1977) of a
reversal of relative value would not be supported by this model, since the

structure of the economy is not allowed to change.

Per Capita Output and Income

The model simulation suggests that, in the Hawaii case, immigration
probably did not stimulate growth in per capita income. Investment stimulated
by immigration did not match the rate of immigration-induced population

growth which reduces productivity per worker. This assumes that the other
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factors which determined per capita output during these years, such as
technological advances and the state of the mainland economy, were wholly
independent of the rate of immigration. These factors are probably not
completely independent, but the influence should not be enough to alter the

conclusion.

Income Distribution

i the wage rate and functional income changes predicted by the model
approximate the actual economic impacts of an increase in the labor force,
immigration reduces the per capita incomes of people in the lower and middle
income groups who rely on wage income. People in the highest income group,
on the other hand, who have a high proportion of business and property income,
stand to gain. This conclusion is based on the presentation in the previous
section. As a personal comment on the realism of this result, I think that the
responsiveness of the wage rate change relationship in the model may exceed
that in real life. Many institutional and external forces could not be included in
the model. The lack of any wage rate feedback on the level of employment
intensifies this effect causing me to suspect that any bias in predicting the
distributional impact is more likely to be in the direction of overestimation
than underestimation. In any case, the predicted transfers on a per capita basis

are small.
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