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ABSTRACT 

The generation of externalities in the production of public 

goods has long been recognized, but an interesting question that 

should be considered is: do local communities take the receipt of 

any externalities into their production function when determining 

optimal levels of expenditure for public services. 

This dissertation hypothesizes that a rational community 

should produce an amount of a public good determined by what is 

optimal for its jurisdiction minus the amount it can capture as a 

(positive) externality. In other words, in the case of positive 

spill-ins, a rational community should produce less than its 

optimal amount because part of consumption can be captured from the 

production of surrounding communities. Production from these 

distinct yet contingent jurisdictions will be the source of the 

generated externalities, and therefore one measurement of the exter

nality received by any one locale is the number of surrounding 

communities upon which it may draw. 

Testing of the hypothesis was conducted for twelve separate 

categories, based on a sample of fifty individual communities. Each 

sample community was located within a Standard Metropolitan Statis

tical Area, which both defined the boundary of contingent communi

ties and thus the number of surrounding communities. Testing of the 

hypothesis (that the receipt of externalities enters into expendi

ture decisions of locales) was conducted via multiple-regression 

vii 
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analysis, with expenditure per capita serving as the independent 

variable, and number of surrounding communities serving as one 

independent parameter (with the coefficient of this variable 

indicating perception and utilization of the externality by the 

receiving community). 

Analysis of the series of testing undertaken indicates 

that only in a few cases is there support for the hypothesis that 

communities incorporate receipt of externalities into expenditure 

decision functions. The dissertation concludes with a critical 

examination of the economic consequences resulting from communi

ties' failure to do so. 



CHAPTER I 

INTRODUCTION 

In an article to the National Tax Journal J 

Werner Z. Hirsch postulates a list of traditional public-type 

services which he expects would have "major spatial benefit 

spil1-overs." They include such public goods as: air pollution 

control, sewerage disposal, transportation, public health services, 

hospitals, education, public housing, urban renewal, street main

tenance. A priori, this taxonomy represents his expectation of 

goods exhibiting widespread (positive) externalities. 

However, such postulations raise the question: for any par

ticular public good, do communities recognize either the generation 

or receipt of such externalities? If they do recognize the possi

bility of externalities, do they take positive spill-ins into account 

when determining expenditure levels for each particular good? 

Background to Local Government Provision 

Politically the United States is a multi-jurisdictional 

system, and there are Constitutionally two sovereign levels of 

government: the federal and the state. However, states have it 

within their legal rights to authorize to lower levels of government 

1. Werner Z. Hirsch, "Local Versus Areawide Urban Govern
ment Services," National Tax Journal. December, 1964, Volume 17, #4. 

1 
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the right of allocation of public services (and therefore, coinci-

dentally, the authority to tax). Over the years the emerging 

pattern has been the authorization of many jurisdictions—known 

alternatively as cities, towns, villages, boroughs--within close 

geographic proximity, and particularly in close proximity to a 

major metropolitan center. Thus, especially around major urban 

centers, the pattern of development has been the proliferation of 

contingent, yet legally distinct, urban places all of which under

take expenditure for some public services. The questions now 

become: what characterizes certain goods as "public" goods or 

services? And when is it rational for any one community, one among 

many, to undertake expenditures for those public services? Specifi

cally, once the decision is made as to what are public goods, what 

is the optimal amount for a jurisdiction to produce? And what is the 

impact, if any, of the spill-ins from other communities on the 

optimal decision of the jurisdiction in question? 

Determination of a Public Good 

Some goods and services are said to be "public" in nature. 

That is, certain characteristics distinguish these goods definitively 

from marketable, privately-produced and exchanged goods. Thus, one 

means of establishing publicness is to identify these characteris

tics, and identify the goods exhibiting the distinguishing features. 

Under such a listing, goods considered to contain some degree of pub

licness are those with such characteristics as: joint demand; 

joint supply; and "socialness"--that is, externalities generated 

from either the production or consumption of the good. 
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However, referring to the publicness of a good raises the 

question: when should the public sector (as opposed to the 

private sector) allocate a particular good? Thus one measure of 

publicness may be the necessary (or efficient) means of allocation. 

If provision is not possible through the price exclusion mechanism, 

then that marks a degree of "publicness." Therefore, one specific 

argument for publicness may be the degree or type of market failure. 

Examples of market failure include: 

1. Cases of decreasing average cost. In such a situation, the 

producer would not rationally select the socially optimal 

point of output (where marginal cost = average revenue) 

because such an output would require him to charge a price 

below average cost (since marginal cost is everywhere 

below average cost when the latter is falling, thus marginal 

cost = average revenue must lie below average cost). The 

producer instead will select output where marginal cost = 

marginal revenue, thereby producing less than the socially 

optimal. 

2. Cases where marginal cost is zero. In such extreme cases, 

where the additional cost for additional provision is 

zero, the socially optimal output (marginal cost = 

average revenue) would indicate a price of zero. A 

private producer, instead, would attempt to operate at 

the output where marginal cost = marginal revenue (and 



charge the corresponding price, as indicated by the 

demand curve) which would be an output less than the 

socially optimal level. 

Both these cases indicate some form of market failure, and 

therefore imply a need of another form of provision. But inadequate 

supply in itself becomes socially relevant if: 

1. The good were deemed important or public in nature, or 

2. If an "important" good would not be provided privately at 

all because of the inability of the market to charge a 

(profitable) price. Thus, in addition to market failures, 

some investigation must be made to the public or social 

nature in the consumption or utilization of goods them

selves. 

For instance, from the point of view of consumption (or 

utilization), similar to zero marginal cost is the case of joint 

supply. This is a situation where services or output of a good 

are available jointly to all consumers; once a unit is made avail

able to one individual, that service unit (of the same quality) 

may be made available to another at no extra cost, e.g., additional 

visitors to a museum, art gallery, lighthouse services, etc. Where 

the good is totally in joint supply (i.e., where no one person can 

be excluded from enjoyment of its services), then the good is 

entirely a pure public good. 
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A case of total joint supply implies, of course, joint con

sumption. That is, a pure public good implies not only the impossi

bility of excluding a consumer, it also implies the impossibility of 

rejection by the consumer for that quantity of the good (quantity 

determined by the vertical summation of all demands, intersecting 

with a horizontal supply curve). Thus, any one individual might not 

have chosen to consume that specified amount; nonetheless, all will 

be included at that level even though any one individual's price 

evaluation for that amount of output could conceivably be negative. 

However, collective or joint consumption need not be total. 

That is, a good may be a public good even if it is only partially 

indivisible—if some or a major degree of its benefits or services 

are consumed collectively. In other words, a good may be a public 

good if individuals consuming at least some of its benefits cannot 

be excluded for failure to pay. This is the same as saying that a 

good may be a public good if it exhibits some degree of exter

nal i ties or "spill-overs." 

Externalities are additional gains (or losses) that accrue 

to those external to the original transactions—to those who are 

not priced for the extra benefits received or paid for the addi

tional losses incurred due to the original consumption (or supply) 

of a good. When external gain occurs (either in the form of 

profits or utility), a positive externality is generated. When an 

external loss ensues, either as a reduction of profits or utility, 

it is a negative externality. 
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In reality, almost all goods generate some amount of 

externalities, either positive or negative. But for many goods, 

the externalities generated are non-relevant. That is, they are 

too unimportant to stimulate a desire for action on the part of 

the recipient (such as someone's distaste for a particular tie). 

However, where the externality exerts a strong enough influence to 

incite an individual to action, either to reduce a negative 

externality or increase the effects of a positive one (such as 

the desire to increase general, public education by voting to 

increase general tax financing), then the externality becomes 

relevant. Relevant externalities are the critical ones for 

determining (identifying) the public nature of certain goods. 

Some (relevant) externalities can be "internalized." 

That is, market externalities, given clear-cut definitions of 

property rights, may be subject to pricing via supply and demand 

functions. In such cases, there may be no call for public provi

sion because private negotiations can handle and internalize the 

externalities if they are deemed important to those involved 

(i.e., relevant). For example, in the case of a negative, market 

externality, adjustment can be made privately so that either the 

person incurring the externality would pay the originator to 

reduce his level of activity, or. the person originating the 

externality would pay the recipient so to be able to continue or 

increase his level of activity. A common example is the case of 
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neighbors or apartment dwellers, one of whom abhors loud music and 

another who thrives on it. If the externality is truly relevant, 

either the offended could pay the offender to reduce the volume, 

or the offender could pay the neighbor(s) for (necessary) permission 

to continue with high volumes. From an economic efficiency stand

point, it doesn't matter which adjustment occurs. But as long as 

the recipient(s) agrees that the externality is important, and as 

long as those involved can privately negotiate some adjustment 

arrangement, then the fact of the externality alone does not 

warrant the good to be labeled a "public" good. 

However, non-market externalities indicate collective 

consumption which cannot be priced through the market or "inter

nalized" through private negotiations. That is, non-market 

externalities occur if the exclusion principle does not apply: 

if there are benefits received but no market means to force 

payment for these benefits (such as in the case of education, 

where benefits are received by many not directly receiving or 

paying for the service). Or, in the case of negative externali

ties, a non-market externality exists if there is not present a 

viable market mechanism to either force payment by the originator 

(to increase activity or to compensate for the level of activity 

itself), or by the recipient (to reduce activity). Examples 

include air pollution from whatever sources, untreated dumped 

sewage, etc. It is in such cases of non-market externalities 

that the public element (collective consumption element) of the 
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good overwhelms any private element (benefits) and decisively 

labels the good public in nature. 

What distinguishes non-market from market-type externali

ties? It appears that an important dimension to the publicness 

of a good, or an important parameter determining non-market 

externalities, is the number of individuals engaged in the collec

tive consumption. That is, for relevant externalities, the fewer 

the numbers collectively consuming, the more likely the chance for 

private bargaining and adjustment. However, the larger the num

bers, the less likely the ability of the group affected to inter

nalize the relevant externality, even when the good and its 

benefits (or losses) are recognized as important and action is 

desired. Therefore, in addition to the collective consumption 

element (or degree of indivisibility) of the good, the size of 

the interacting group may importantly determine whether the good 

is primarily public in nature, or primarily private—that is, 

whether the externalities are market (priceable) externalities, 

or non-marketable in nature. 

A classification system based both on degree of indivisi

bility of the good (element of collective consumption) plus the 

numbers affected can be indicated by the following box diagram 

(Figure I).2 

2. James M. Buchanan, Demand and Supply of Public Goods. 
Rand-McNally & Co., Chicago, 1968. 
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For instance, point A, showing a low level of collective consumption 

and few numbers engaged or affected by the activity, would most 

closely indicate increasing levels of indivisibility to the good. 

Additionally, since the size of the interacting group is small, 

the goods would still remain basically private goods (i.e., the 

externalities would be marketable or subject to negotiation). 

Category F would indicate a good which was only partly 

divisible—only some of its services were collectively consumed— 

but whose externalities were extended over a large number of con

sumers. The large numbers involved would indicate a reduced 

ability to bargain privately to finance the good and hence would 

most strongly indicate that the good was basically public in 

nature. Category G, indicating nearly total indivisibility spread 

over wide numbers, would most closely approximate a pure public 

good. 

The intermediary categories D and E both indicate substan

tial group interaction, with varying degrees of indivisibility in 

the consumption of the good. Whether or not these goods would be 

deemed primarily public goods would depend upon the property rights 

involved and possibility of private bargaining (or the possibility 

of price exclusion). That is, these categories would indicate pri

vate goods if the externalities could be made marketable, depending 

on clear definition of property rights and whether the price 

exclusion mechanism could be made operable. 
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The nature and determination of public goods seem best 

summarized by this classification scheme (Figure 1). In itself, 

market failure is not a sufficient criteria to qualify a good as 

a public good; what become most critical are both the degree of 

relevant externality and the widespread nature of that externality. 

In such cases, where the market fails to adequately supply a good 

exhibiting widespread indivisibility (collective consumption), a 

public good is indicated. 



CHAPTER II 

DEVELOPMENT OF THE MODEL AND THE TEST SAMPLE 

Any jurisdiction will use one (or more) of these criteria 

to isolate public or social characteristics of goods. But a 

community makes its selection of which goods it will produce by 

determining those goods which, for that locale, generate relevant 

externalities. Thus a high degree of externality becomes a 

critical consideration in the final selection of goods to be 

provided by the public sector. 

The next decision to be made (once the goods themselves 

are selected) is: in what amount shall each good be provided? 

Each community makes its selection of goods with externality as a 

major source of reference. If any one jurisdiction is rational, 

it will recognize that providing for goods which release exter

nalities will, as well, be the decision of other (similar) juris

dictions engaged in public production. Therefore, recognition of 

the externality associated with each public production would be 

part of the decision-making process which determines the amount 

of the good to be provided. 

Model 

Economic efficiency criteria requires that a jurisdiction 

consume an amount of a good so that social marginal benefits from 

12 



3 provision within that community equal social marginal costs. 

Even though the criteria for public production centers around 

the concept of externalities, it is only the external benefits 

received and costs imposed within the community that the juris

diction would or should rationally consider. (The community has 

no reason to include, in the determination of its optimal output, 

the externalities [costs or benefits] that are incurred beyond 

its boundaries, even though there are undoubtedly some "spill-

outs" beyond its boundaries resulting from its provision). How

ever, the amount demanded from the efficiency standpoint is not 

necessarily the amount the jurisdiction should undertake to pro

duce or provide. That is, if a jurisdiction is truly rational 

and economically efficient, it will recognize that some amount 

of its optimal output for a good should be forthcoming in the 

form of spill-ins from other surrounding communities (who are 

also selecting amounts which are optimal internally, but selecting 

3. Private benefits and costs represent the internal or 
direct effects of economic action retained within the economic 
framework of the initiating agent(s). Social benefits and costs 
represent both internal (direct), private effects as well as 
external (indirect or non-market spill-overs within that commun-
ity) that are felt beyond the economic framework of the initiating 
agent. Therefore, the allocation criterion for socially efficient 
allocation is: MBj = MCj (total marginal benefits = total marginal 
costs), which can be rewritten: MBp + MBj = MCg + MCI (with D = 
direct, internal effects, and I = indirect, external or social 
effects). If the social effects or benefits exceed the private 
benefits, then in Pigovian terms, an external economy (positive 
externality) exists. If, on the other hand, social costs exceed 
private costs, then an external diseconomy (negative externality) 
exists. 



goods which exhibit significant degrees of externalities, some of 

which cannot be prevented from "spilling over"). Thus, a juris

diction would be rational to produce that amount (determined by 

community-inclusive social marginal costs = social marginal bene

fits) minus the proportion of the amount of output from other 

communities that results as a spill-in. 

Let us assume: 

k = a single jurisdiction 

j = all other jurisdictions within the same 

geographic boundary (e.g., county) 

i = a public good 

B = benefit 

E = some measure of quantity of expenditure 

(e.g., per capita expenditure) 

C = cost 

S = satisfaction or utility 

N = the number of jurisdictions within the 

(same) geographic boundary. 
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Benefit-Cost Framework 

Benefit 

Assumption: The benefit derived depends primarily on the 
level of expenditure made for that good. 

Equation: B ki 

Benefit in 
k for good i 

9kEki 

Measure of expendi
ture by that juris
diction, with 
coefficient g, a 
preference parameter 
indicating useful
ness or satisfaction 
per dollar spent 
(transforms expendi
tures to some measure
ment of benefit). 

dkEk 

Opportunity 
cost of other 
public goods 
(with coef
ficient d 
measuring the 
opportunity 
cost). 

B.. 
Ji 

Benefit for 
all other 
jurisdic
tions 

gjEji d.E.. 
J Ji 

Cost 

Assumption: Cost also depends on the expenditure level. 
We shall allow cost to be an exponential 
function, increasing at an increasing rate, 
to take into account any possible decreasing 
returns to factor inputs. 

2 Equation: C.. = cE .. Exponential function, increasing 
at an increasing rate 

2 C-- = cE .. Exponential function, increasing 
J J at an increasing rate 
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Satisfaction (Net Benefits) 

Assumption: Net benefits must be any excess of benefits 
over costs. (If cost should exceed benefits, 
then the result would be net loss.) 

Equation: S^. ~ Bki " Cki 

S.. II CO
 1 o
 

01 

Question: What is the optimal level of expenditure on good i 

in jurisdiction k? To determine the optimal level, we need to 

maximize S^. = B^. - Cki, subject to Eki: 

sM = gkEki " dkEki " dE2ki; 

ski 
= gk - dR - 2cEki = 0; 

or •n 
UJ u

 
CM II "O 1 C7> 

cni in f v. f • f = 9k " dk (A statement of social marginal 
9 ki' ki 2C benefits = social marginal costs.) 

This is the optimal output level of good i for community K 

to consume. But how much should community K produce? 

9k " dk gi " di 
Eki^ = 2C ~ mi 2C 

In time t The optimal Spill-ins (of net 
it should level of minus benefits) from all 
produce Consumption other jurisdictions) 

The assumption here is that k is a successful free rider; 

other areas cannot prevent spill-overs. 
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Therefore, in time (t+l),k should produce: 

(1) Ek. (t+1) = 2c ~ ~ m
1Ej1 (t) This assumes that k can 

only perceive the spill-
in of the past time per
iod from all other juris
dictions; i.e., it has no 
method of anticipating 
and discounting future 
spill-ins. 

And for all other jurisdictions: 

(2) E„(t).?i^l-» iEk1<t-l) Assuming other communi
ties behave similarly. 
(Note: The coefficient 
m may or may not be the 
same as in equation (1); 
i.e., the perception of 
the spill-in may or may 
not vary between the two 
groups of jurisdictions.) 

If we substitute (2) into (1): 

tr /*1-4.1 \ - ^k 
ki 2c " i •s-i + n,?Eki(t-1> 

4. From equation (1), the term mjEj-j(t) refers to what 
can be captured as spill-over. The more communities, the greater 
this adjustment factor, therefore the larger the second half of 
the equation. This means the smaller will be the difference, 

9, - d 

IE" - m. 2a 
^ + (etc.); 

i.e., more communities would add more to the adjustment factor, 
leaving less for any one community to provide to meet its target 
or desired output level. 
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This is a well-behaved second order, non-homogeneous difference 

equation whose solution will be: 

This is a statement of 
the optimal, internally 
produced output (expen-

/, 2 \ diture of good i by 
* i' community k after all 

adjustments. 

This is a dynamic adjustment model. That is, E*^. will be the 

amount of output that a community would provide, allowing for 

adjustments in other communities' provisions. 

In a Cournot type framework (as demonstrated in Figure 2), 

if we had two output functions so that AA showed the output of 

community k, dependent upon E.. (other communities' outputs), and 
j  '  

BB showed the ith output function for jurisdictions j (dependent 

upon k's output), then adjustment to an equilibrium will continue 

until the point of intersection of the two curves. For instance, 

if we began at E^. - 1, that would imply an optimal output level of 

E.. - 1 for the j jurisdictions. But that output level by j 

jurisdictions requires only the expenditure of E^. - 2 by the kth 

community. However, this lower level of output by k (E^ - 2) 

would require an increase in output by E.. - 2--and so forth until 
J ' 

the point of intersection is reached where output by each community, 

given the output level of the other, remains stable. 

E* , = k 
ki 

= % - d 
k -

2c 
mi 

g, - d" 

2c 
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B 

ki-1 

ki-2 

Figure 2. Interdependent Output Functions 
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If we took the partial derivatives of this (dynamic 

adjustment) equation, we would expect: 

E*^. with respect to E^ <0 

E*^ with respect to m^ <0 

E*^. with respect to c <0. 

Now, if the number of other jurisdictions increases, the 

optimal value of output by all other jurisdictions would equal: 

z + E*(j + 1 )i 

The optimal plus The additional output expendi-
value of j ture by the (j + l)th juris-
jurisdic- diction 
tions (E*.j) 

J ' 

i.e., with an increase in communities, BB shifts to the right, 

intersecting the E.. axis at a higher level. 
0 • 

Therefore: E*.. = f(N) -- Output expenditure of all other 
J1 jurisdictions is a function of 

the number of jurisdictions, 
with the partial derivative: 

f > 0 — As the number of juris
dictions increases, 
E*ji should increase; 
i.e., the position of 
BB will depend on the 
number of communities 
contributing to E*j-j. 
The greater the number, 
the further to the 
right will be BB. 



But: E*ki = f(N) -- Output expenditure by the kth 
community is another function 
of the number of jurisdictions, 
with the partial derivative: 

f' < 0 -- As the number of 
jurisdictions 
diminishes, this 
community's pro
vision of public 
good i should in
crease. Or as the 
number of communi
ties increases, this 
community's provi
sion of i should 
decrease. In other 
words, as BB shifts, 
to the right (in 
response to greater 
numbers of communi
ties), it will inter
sect AA at a lower 
level of expendi
ture for the kth 
community (lower 

Hypothesis 

The greater the number of separate jurisdictions within 

a geographic area (such as county or Standard Metropolitan Statis 

tical Area), the greater the (opportunity for) spill-ins that 

any one community can capture. Therefore, we should expect an 

inverse relationship between the number of jurisdictions and the 
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expenditure (output level) by any one community for any particular public 

good. Or, we should be able to test: 

E*R.j = a + bN + u — With the hypothesis that b < 0. 

In the testable hypothesis, "a" would stand for the amount 

of good actually in demand, whereas (-b)N would show the adjustment 

factor for spill-ins as N (number of jurisdictions) increased or 

decreased. However, additionally, the size of the coefficient b 

would be a very important parameter indicating the degree of 

publicness of that good i. The greater the absolute value of 

b (|b|), the more public the good. That is to say, the greater 

the absolute value of the coefficient of N (or the lesser the 

value of (-b)), the less will any one jurisdiction spend for that 

good because the more it can capture as spill-overs from surround-

ing communities (see example below ), assuming all communities do 

not adjust simultaneously. In the extreme case, where 

5. Let a (true demand) = 20, and N = 10. 
As b increases, expenditure of the kth community is less: 

if b = -.2 if b = -.3 if b = -.4 

E = 20 - .2(10) E = 20 - .3(10) E = 20 - .4(10) 
= 2 0 - 2  = 2 0 - 3  = 2 0 - 4  
=  1 8  = 1 7  = 1 6  

If b is such that a + bN = 0, then k would be a totally free 
rider, and i would be a pure public good. 



a + bN = 0, the community's expenditure would be zero, indicating 

a pure public good which the community can capture entirely from 

surrounding communities (i.e., other jurisdictions cannot exclude 

consumption at all, hence there would be no reason for the kth 

community to even undertake expenditures for that good). 

In itself, E^. = a + bN + u is a testable hypothesis, 

with (bN) indicating the perceived externalities or spill-ins 

received. However, the development of the hypothesis included a 

number of factors (particularly demand-oriented parameters) which 

were considered to influence the desired output level ("a") and 

hence the expenditure decision. Thus, even though the hypothesis 

itself concentrates on the externality factor (through the parameter 

"N"), the requisite test of the hypothesis will, of necessity, be 

a multivariate model. Economic analysis plus experience have 

strongly indicated that no one factor alone is generally sufficient 

in explaining variation in the level of any dependent variable. 

Logic would indicate that no one factor, in itself, would in partic

ular explain local expenditures. 

Nonetheless, subsequent analysis will concentrate on the 

relationship between "E*^" aid "N"> and the implication is that 

"b" measures the degree of anticipated spill-ins based on observa

tion from the past time periods (and past production by the other 

communities). The greater the absolute value of b,(|b|), the 

greater the confidence of that community that it can act as a 

free rider. That is, the greater the anticipation that the 
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community can capture spill-ins from all other communities' 

provision of that good. Therefore, the greater the magnitude of 

|b|, the greater, in the view of the community making the expen

diture decision, that this is a true public good whose benefits 
g 

(spill-overs) it cannot be denied. 

The hypothesis concentrates particularly on the relationship 

between E and N to center attention on the externality feature. 

However, it is important to note that the model implies that it is 

a one-sided consideration: in determining optimal output, the 

communities do not include externalities which are received outside 

their boundaries (i.e., "spill-outs" that they may generate in 

production); however, they do account for externalities (from 

other communities) received within their boundaries. 

Goods to Be Tested 

Output of goods actually considered "public" by most 

communities will determine which goods should be subjected to 

testing. In addition, data availability, plus information on 

expenditure levels by each community for each good, will further 

determine just what goods will be applied to the test procedure. 

6. Note: It is conceivable that "b" may be positive. 
But where this is the case, it then implies that the community 
is perceiving a negative spill-in from surrounding communities. 
In other words, it is experiencing external costs from the pro
duction of the good by other communities and therefore must in
crease expenditures accordingly to achieve its optimal output 
level. 



From the best data source currently available,'7 expendi

ture figures for 1967 on the following goods are available for 

each community (at the town or borough level) whose population 

exceeded 10,000 as of the 1960 Census of Population: 

Education ("total", and "other than capital outlay") 

Highways ("total", and "other than capital outlay") 

Public Welfare 

Hospitals ("total", and "other than capital outlay") 

Health 

Police Protection 

Fire 

Sewerage ("total", and "other than capital outlay") 

Sanitation other than sewerage 

Parks and Recreation 

Housing and Urban renewals 

Libraries 

Utility, Total 

Water 

Current operation 

Capital outlay 

Interest on debt 

Financial Administration 

7. Census of Governments: Finances of Municipalities 
and Township Governments. Washington, D.C.: U.S. Department of 
Commerce, Bureau of Census, Government Printing Office, Vol. 4, 
No. 4 (1969). 



General Control 

General Public Buildings 

Interest on General Debt 

Exhibit: Municipal contribution to own retirement systems 

Debt outstanding, total 

Long-term 

Full faith and credit 

Other and unallocable ("total", and "other than capital outlay") 

Twelve of those goods listed will be selected to test the 

hypothesis. Eliminated will be those which are basically expendi

tures for administration, and additionally, those not always con

sidered to be public goods by a consensus of jurisdictions. For 

instance, utility provisions are often provided by private firms 

with some city (or higher governmental unit) regulation. In many 

places such goods are not viewed as primarily a responsibility of 

public provision, particularly since prices may be charged, and thus 

exclusion is possible. Therefore, technically the public sector 

does not provide the good. 

Goods included for testing purposes are: 

Education (total, including capital outlay) 

Highways (total, including capital outlay) 

Public Welfare 

(4) 

(3) 

( 2 )  

( 1 )  

( 2 )  

(3) 

Hospitals (total, including capital outlay) 

Health 

Police Protection 
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Fire Protection 

Sewerage (total, including capital outlay) 

Sanitation (other than sewerage) 

Parks and Recreation 

Housing and Urban Renewal 

Libraries 

(3) 

(4) 

(3) 

(1) 

(2) 

(2) 

Where given, total figures including capital outlays will be used 

because it is important for test purposes to include any new or 

increased expenditures for that particular good. 

After the sample is developed and observations of the 

expenditure for each good, city by city, is annotated, each cate

gory of good (e.g., education) will be subjected to regression 

analysis. Specifically, the per capita expenditures (of the sample 

cities) for that good will be the dependent variable (E^) 

subjected to regression analysis. Included as an independent 

parameter will be N, the corresponding number of contingent 

surrounding communities. 

A priori, however, we should be able to anticipate 

different results from the distinct regression tests. Next to 

each good is a number or rank: those goods with number 1 are 

thought (a priori) to exhibit high degrees of externalities or 

spill-overs; those with number 2 are thought to exhibit moderate 

degrees of externalities; those with number 3 are thought to 

exhibit only minor externalities, and those with number 4 are 
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felt to release few, if any, spill-overs to surrounding communi-
o 

ties. Specifically, the hypothesis is constructed to explain how 

surrounding communities' provision, particularly of goods with 

(anticipated) large degrees of externalities, affect any one 

community's level of provision. Therefore, the type of good 

should affect the magnitude of the expected spill-in (from surround

ing places) anticipated by any one community and thereby affect 

the regression results. 

For instance: A priori, for goods ranked #1, we would 

expect the highest degree of spill-ins. That is, we would antic

ipate for parks and hospitals that there would be a high degree 

of externality involved because any one community cannot easily 

exclude residents of other communities from these services. If 

this a priori expectation is correct, in the regression tests for 

these two goods we should encounter a high degree (or at least a 

statistically significant) correlation between N and E^, as well 

as a relatively greater absolute value for b compared to the 

regression tests of other public goods. 

For goods ranked #2, we should still expect some degree 

of spill-ins and therefore at least a moderately significant 

correlation between E and N in the regression tests. That is, 

Criteria for ranking is based on the a priori obser
vations by the author as to which types of goods would logically 
appear to generate largest external effects (spil1-overs). 
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even though such goods as libraries, public welfare and health 

services are designed specifically for the residents of that one 

community, it is often not difficult for residents of other 

communities to capture the benefits from those goods. To the 

extent that any one community feels that its residents can capture 

the benefits from surrounding communities, it should reduce its 

per capita expenditure on that good. 

The inclusion of housing and urban renewal in #2 may seem 

curious, but the thought here is: if any one community sees that 

surrounding communities are spending money in this area, they may 

be motivated to reduce their per capita expenditure and allow 

those individuals needing subsidized housing to migrate. However 

the possibility also exists that in regards to urban renewal, 

surrounding communities' expenditures may be seen as competition 

for downtown improvements and aids to business, and thus may spur 

one community to increase its per capita expenditure in this area. 

(A third possibility exists: urban renewal may reduce the total 

number of housing units available and thus force net migration 

away from urban renewal programs. This possibility [of a negative 

spill-over] may also cause any one community to increase its per 

capita expenditure in this area). 

Goods ranked #3 would appear to exhibit few externalities. 

That is, any one community may benefit to some minor degree that 

surrounding communities spend for sanitation, highways, police 

and fire protection, but one community cannot easily capture the 



direct services from other communities' expenditures. There

fore, the anticipation is that one community would reduce its 

per capita spending little because of other cities' expendi

tures in this area. 

And last, goods ranked #4 are thought to release smallest 

degrees of externalities. It would be most difficult for resi

dents of any one community to capture the (direct) benefits of 

sewerage and even education without direct migration. There

fore, for this group, we should expect the smallest absolute 

value for b and the least significant regression coefficient of 

any of the regression tests. 

Development of Sample and Testing Procedure 

To test the hypothesis that (in the case of positive 

spill-ins) expenditures for any particular good by any one 

community is inversely related to the number of surrounding 

communities, one must first decide what defines the boundary 

of contingent, economically related—yet politically independent--

communities. 

There are two approaches to this problem: 

1. Make up one's own definition of contingent communities and 

then identify the group of communities meeting that 

definition; 

2. Use some official, predetermined definition of a metro

politan or urban area with joint communities. 
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For simplicity and uniformity, this test will use the latter 

approach to identify groups of contingent communities. 

The official definition used is that of Standard Metropoli

tan Statistical Areas, as identified by the Department of Commerce 

(Bureau of the Census). An SMSA is a metropolitan area that is 

an integrated and social unit with a recognized, large population 

nucleus. It contains at least one city of 50,000 and includes the 

county of such a central city plus adjacent counties found to be 

metropolitan in character and economically and socially integrated 

with the county of the central city. (In a few cases, such as 

SMSA's in Connecticut and Massachusetts, only a portion or segment 

of the surrounding counties are included in each particular SMSA). 

An SMSA may contain more than one city, and it may cross state 

lines; as of the Census year (1970) there were 243 recognized 

SMSA's. 

However, not all recognized SMSA's are suitable to be 

included as sample observations in this test (nor would it be 

particularly advisable or practical to have a sample so large). 

To bring the sample down to manageable size and to include those 

SMSA's which would be relevant for testing the hypothesis, the 

following criteria was developed: 

1. Eliminate any SMSA of only one city (as not suitable for 

test purposes). 



Eliminate the SMSA's where one-third or more of the 

communities are unincorporated. The status of unincor

porated places varies from state to state, but in many 

states (such as Arizona), unincorporated places are not 

allowed to tax by their own authority. Therefore, to 

eliminate the problem of identifying the legal status of 

each unincorporated place, SMSA's containing large numbers 

of these communities will not be included in the sample. 

For SMSA's included in the sample which do have some 

unincorporated places (however, fewer than one-third of 

the total), such communities will not be counted as legal, 

separate cities (capable of independent allocation 

decisions) within the metropolitan area. 

Obviously unincorporated urban places do occupy 

some spatiality and would thus be expected to make some 

impact on surrounding communities and their public expen

diture decisions. Therefore if (for testing purposes) 

the number of places within the SMSA boundary were reduced 

substantially by the number of communities of unincorpora

ted status, serious biases would be introduced into the 

results. As an a priori rule, in this study one-third 

will be considered a "substantial reduction" of the 

number of communities involved and constitute reason for 

removal of that SMSA from the sample. 
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3. Eliminate SMSA's where the population in the majority of 

the cities (50% or more) is less than 1000. Many SMSA's 

are characterized by one central city and many small, 

surrounding communities of less than 1000 in population. 

Data on public expenditures by such small towns is not 

presently available; therefore, the selected sample city 

(for the test purposes) would have to be the exceptional 

(i.e., over 10,000 in population), rather than the 

characteristic city of that SMSA. And because so many 

small towns are limited in the extent of their expendi

tures, by using the main city or the exceptional, larger 

city as a sample city, we may really be measuring the 

extent to which the sample city must provide services, 

rather than the extent to which it anticipates spill-ins. 

4. Eliminate an SMSA if no other city except the main (cen

tral) city (cities) is over 10,000 (the minimum size for 

data on expenditures). For at least the first regression 

test runs, the sample city for each SMSA should not be the 

main or central city (cities) of that SMSA, because it is 

expected that the largest or lead city would anticipate 

relatively smaller degrees of spill-ins from surrounding 

smaller communities. 
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5. If there are any (two or more) SMSA's with the same number 

of communities (incorporated areas only, or total minus 

unincorporated places), eliminate duplicates and include 

in the sample only one SMSA with that number of communi

ties. To eliminate the duplicate SMSA's, eliminate those 

SMSA's from those states or areas of the country already 

included elsewhere in the sample. This will allow a 

greater variance logistically (i.e., randomness) to the 

sample. 

Once the sample of SMSA's is selected, the sample city 

within each SMSA (for testing purposes) must be determined. To 

allow for some conformability, as nearly as possible the sample 

cities should be relatively uniform in size. Therefore, sample 

cities will be towns between 20,000 and 30,000 in population 

(moderate-sized communities in the majority of the sample SMSA's). 

If for any one SMSA there are two or more cities within the range, 

the city with the most complete expenditure data information will 

be selected. If there are no cities within that range for any 

one SMSA, a community above 30,000 in population, closest to that 

range, will be selected in preference to a city below 20,000. 

This is a practical criteria: expenditure data of 1967 will more 

likely be available for those towns above 30,000 (instead of below 

20,000) because available expenditure data is based on cities with 

10,000 or more population as of the 1960 Census. Additionally, 
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for purposes of conformability, only cities who have experienced a 

positive rate of growth since 1960 wi!l be selected as sample cities. 

Once the sample cities are selected, expenditures for each 

type of public good will be divided by the population so that 

expenditure per capita for each good becomes the dependent, test 

9 parameter. Expenditure data will come from the Census of Govern

ments, Volume 4, No. 4, 1967, which gives expenditures of all 

urban places of 10,000 or greater population (as of 1960) for 

the fiscal year 1967. 

Population figures are officially available for 

the years 1960 and 1970.^ Therefore, to establish popu

lation as of 1967, population estimates for each sample 

9. Even though the sample cities are all of "similar" 
size, gross expenditures for any good could vary substantially 
given the population range (20,000 - 30,000 persons) from which 
the sample cities were selected. In fact, this range of 10,000 
(or more in instances where a sample city could not be 
encountered within the predetermined population range) could 
create as great as a 30% to 50% variation in population between 
or among these communities. The population variations alone 
could cause a similar degree of variation in expenditures for 
that good. In such cases, we would be incorporating into the 
regression results variations in E due to population change 
and not because of differences in the independent variable "N." 
Thus to reduce any possible bias in the results that would be 
due to population changes among communities, expenditure per 
capita will be the test (dependent) variable. 

10. Census of Population for 1970: Population of 
Standard Metropolitan Statistical Areas: 1950-1970. 
Washington, D.C.: U.S. Department of Commerce, Bureau of 
Census, Government Printing Office, 1972. 
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city will be determined from the formula: 

P1970 = P1960^ + ^10 

Where: Pi970 1S P°PUTon as of 

Pi960 is the population as of 1960; 

i is the annual, compounded rate of growth. 

The solution is to solve for i, and then compute the estimated 

1967 population by the formula: 

P1967 = P1960 ̂ 1 + ^7* 

This formula makes use of an annual compounding to estimate the 

1967 population, based on the 1960 population and the total rate 

of growth (or decline) to 1970. 

The independent parameter of most concern will be N, the 

number of contingent, incorporated cities for the corresponding 

SMSA of each sample city. Determination of the number of towns 

in each SMSA will entail several processes. 

1. SMSA's (central cities and included counties) as of 1967 

will be found from Standard Metropolitan Statistical 

Areas (Bureau of the Budget, Executive Office of the 

President, Government Printing Office, Washington, D.C.). 

2. Towns within the jurisdiction of each included county may 

be found in Number of Inhabitants (volume by state, 1970 

Census of Population, Bureau of the Census, U.S. Department 

of Commerce, Government Printing Office, Washington, D.C., 

1971). 



37 

3. A listing of all towns, their status (unincorporated 

versus incorporated) and population (as of 1970 and as 

of 1960) for the relevant counties (or section of counties) 

will be noted from the same source as in number 2 (above). 

Then determination will be made as to percent of unincor

porated jurisdictions and percent of towns less than 1000 

in population. 

However, this information aids not only in determining N, 

but in establishing the sample as well. Given the above informa

tion and the aforementioned criteria for selection of appropriate 

SMSA's (or the elimination of unsuitable SMSA's), the SMSA's to be 

included in the sample can be determined. Then, for each sample 

SMSA, the total number of recognized urban places (cities, towns 

or boroughs) minus unincorporated jurisdictions will determine N. 

Lastly, from each sample SMSA a sample city will be selected 

according to the criteria as stated. 

Selected Sample 

Using the criteria described above, fifty SMSA's were 

initially selected as suitable for the testing purposes. For each 

SMSA, a sample city was selected according to the predetermined 

criteria, and then population estimates for 1967 were computed 

(from the official 1960 and 1970 figures) by use of the compound

ing formula as described. The resulting sample included, as 

indicated in Table 1: 



Table 1. Selected Sample Data 

(Incorpora- (For the (For the 
ted, contin- correspond- sample city) 
gent urban ing SMSA) 1967 estima-
places within Standard Metropolitan Selected ted popula-
the SMSA) N Statistical Area Sample City tion 

3 Roanoke, Virginia Salem 20006 

4 Petersburg -
Colonial Heights, 
Virginia Hopewel1 21637 

5 Durham, 
North Carolina Chapel Hill 20647 

6 Green Bay, Wisconsin DePere 12232 

7 Ann Arbor, Michigan Ypsilanti 26648 

8 Bridgeport, 
Connecticut Shelton 24086 

9 Portland, Maine S. Portland 21322 

10 Knoxville, Tennessee Oak Ridge 27969 

11 Waterloo, Iowa Cedar Falls 26776 

12 Lawrence-Haverhill, 
Massachusetts -
New Hampshire 

Andover 
(Mass.) 21499 

13 New London - Groton -
Norwich, Connecticut Waterford 16654 

14 Chattanooga, 
Tennessee - Georgia East Ridge 21105 

15 San Jose, California Los Altos 23245 

16 Des Moines, Iowa W. Des Moines 14940 

18 Phoenix, Arizona Glendale 28294 



Table 1. Selected Sample Data (Continued) 

(Incorpora- (For the (For the 
ted, contin- correspond- sample city) 
gent urban ing SMSA) 1967 estima-
places within Standard Metropolitan Selected ted popula-
the SMSA) N Statistical Area Sample City tion 

19 Canton, Ohio Massillon 32142 

21 Springfield -
Holyoke -
Chicopee, 
Massachusetts Westfield 29790 

22 Wilmington, Delaware 
New Jersey - Maryland Newark, Del. 17343 

23 Salt Lake City, Utah Bountiful 20458 

25 Gary - Hammond 
E. Chicago, Indiana Valparaiso 18442 

26 Anaheim - Santa Ana -
Garden Grove, 
Cal i form" a Westminster 46479 

27 Miami, Florida N. Miami 32826 

29 Tulsa, Oklahoma Sapulpa 14890 

30 Akron, Ohio Kent 24569 

31 Albany - Schenectady -
Troy, New York 

Saratoga 
Springs 18151 

32 Allentown, Bethlehem, 
Easton, Pennsylvania -
New Jersey Emmanaus 11121 

33 Providence - Pawtucket -
Warwick, Rhode Island -
Massachusetts W. Warwick 23411 

36 Portland, Oregon -
Washington 

Vancouver 
(Wash.) 39196 



Table 1. Selected Sample Data (Continued) 

(Incorpora- (For the (For the 
ted, contin- correspond- sample city) 
gent urban ing SMSA) 1967 estima-
places within Standard Metropolitan Selected ted popula-
the SMSA) N Statistical Area Sample City tion 

38 W. Palm Beach, 
Florida Lake Worth 22786 

40 Denver, Colorado Englewood 33606 

41 Fort Worth, Texas Hal torn City 26525 

42 Columbus, Ohio Whitehall 23838 

45 Peoria, Illinois Pekin 30369 

48 Seattle - Everett, 
Washington Renton 22988 

51 Newark, New Jersey Nutley 31300 

54 Birmingham, Alabama Homewood 20954 

55 Indianapolis, 
Indiana Shelbyville 14857 

58 San Francisco -
Oakland, California San Bruno 33927 

61 Houston, Texas Baytown 28474 

75 Paterson - Passaic -
Clifton, New Jersey Paramus 27459 

81 Los Angeles -
Long Beach, 
California San Gabriel 27010 

84 Dallas, Texas University Park 23409 

85 Detroit, Michigan Trenton 22257 



Table 1. Selected Sample Data (Continued) 

(Incorpora
ted, contin
gent urban 
places within Standard Metropolitan 
the SMSA) N Statistical Area 

92 

104 

107 

115 

140 

181 

247 

Cleveland, Ohio 

St. Louis, Missouri 

Cincinnati, Ohio -
Kentucky - Indiana 

Minneapolis -
St. Paul, 
Minnesota 

Philadelphia, 
Pennsylvania 

Pittsburgh, 
Pennsylvania 

Chicago, Illinois 

(For the (For the 
correspond- sample city) 
ing SMSA) 1967 estima-
Selected ted popula-
Sample City tion 

Parma Heights 24066 

St. Charles 28175 

Ft. Thomas 
(Ky.) 

Crystal 

W. Chester 

15891 

28761 

18143 

Monroeville 26862 

Morton Grove 24463 



CHAPTER III 

TESTING RESULTS 

A preliminary investigation was undertaken to determine 

any possible bivariate relationship between E^. and N. Although 

not statistically significant, the results are included in the 

Appendix as background for the interested reader. 

Normally, however, a serious question arises as to the 

legitimacy of the use of bivariate analysis in statistical testing 

of economic relationships. In particular, the strong possibility 

exists that a simple bivariate analysis results in misspecification 

of the model. 

Even though the final statement of the hypothesis in this 

dissertation is in terms of only two variables, the development of 

that hypothesis included demand-oriented factors as well as an 

externality parameter. This consideration, plus the doubts 

intrinsic with bivariate testing, lead to the formulation of a 

multivariate testing model. 

Multivariate Regression 

In spirit with the original hypothesis, the "expanded" 

or multiple regression model should contain certain features. 

Specifically, the central feature of the new regression model 

must be: to preserve the concept of externality in an attempt to 

42 
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measure its effect on local spending decisions. Additionally, 

however, the model needs to include these features: 

(1) The model must add additional variables with the goal 

of accounting for unexplained variations that results 

in simple bivariate regression. 

(2) The expanded model must nonetheless maintain its 

generality, so to allow for explanatory variables 

that are reasonable and attainable parameters for 

each of the various, diverse communities (sample 

cities) and across the diverse SMSA's. 

The goal, then, of the multivariate model is to answer the question: 

to what extent, if any, do externality considerations enter into 

the expenditure functions (decisions) of local governments? 

Formulation of the original hypothesis resulted in a demand-

oriented model of community expenditure. That is, the model con

cluded that communities should maximize utility or satisfaction; 

they should determine per capita expenditures of any good based on 

what was desirable (via some cost-benefit analysis), minus antici

pated spill-ins. 

Therefore, the multivariate regression model should account 

for revenue factors (a constraint on cost) as well as demand deter

minants and any "spill-over" or externality considerations. 
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Appropriate revenue factors would appear to be: 

(1) Federal and state aid (i.e., intergovernmental shared 

revenues); 

(2) Tax revenues (i.e., revenues from own sources). 

Generally applicable, appropriate demand variables would include: 

(1) Annual rate of population increase (computed for the 

decade 1960-1970); 

(2) Lagged or past general expenditures of the locale; 

(3) Per capita income of the sample community. 

11.• Both revenue considerations and "lagged" or past expen
diture levels are included as independent variables in this model. 
"Lagged" expenditures are included for two reasons: (1) Sometimes, 
for purposes of developing a model to explain a particular variable, 
we must relax the strict statistical assumption of no causality 
from dependent to independent variable; (2) Additionally, statis
tics of the lagged dependent variable may act as independent 
parameters for regression analysis. 

The question may arise, however: why are both tax revenues 
and lagged expenditures included in the model? Is it indeed even neces
sary to include both as independent parameters (particularly since there 
is a possibility of sizeable multi-collinearity between the two)? 

For at least some testing, it was deemed preferable to include 
both variables; there is not necessarily a direct correspondence or 
coincidence between revenue intake and expenditure level. (The fact 
of municipal bond financing indicates that expenditure decisions often 
diverge from revenue considerations.) Further, taxes are included 
here because they may enter expenditure decision making as a possible 
constraint variable. This model would wish to include tax revenues 
so as to be able to determine to what extent this may be true, and to 
what degree of importance is this constraint factor. 

Lagged, general expenditures, however, serve as a demand vari
able and are not seen as primarily a constraint parameter. Since 
governments often separate revenue considerations from expenditure 
decisions, it is not unreasonable to expect these two factors to 
separately and differently affect current expenditure decisions. 



Finally, externality considerations would include: 

(1) N, the original independent variable indicating number of 

surrounding communities within the associated (relevant) 

SMSA; 

(2) D, a new externality variable that would indicate the 

distance, from sample city to central city, center to 

center, measured via road mileage. (In essence, D would 

be an attempt to incorporate a measurement to indicate 

the "degree" or strength of the externality.) 

The expanded model for regression testing, then, would be 

as follows: 

Eki = al + alRl + a2 R2 + a3P + a4El960 + a5Y * a6N + a7° 

with: 

Eki = Per caP1ta expenditure on any good i by community k 

for 1967. 

R-j = intergovernmental revenues (1967) from state and 

federal sources. 

Rg = general revenues (1967) from own, local sources 

(taxes, including property taxes, charges, and 

miscellaneous, but not including utility revenues). 

P = annual rate of population increase (computed via the 

compounding formula from available data of 1960 and 

1970). 



E]geo = lagged per capita general expenditure of 

associated county, 1950 (proxy variable because 

of unavailability of local data on per capita 

basis). 

Y = Estimated 1967 per capita income of associated 

12 
county (proxy variable because of unavailability 

of local income data). 

N = Number of surrounding communities within the 

associated SMSA. 

D = Road distance in miles from central city to sample 

city, center to center. 

As before, N is assumed to be negatively related to 

(indicating anticipated positive spill-ins). However, the rela

tionship between Ekl- and all other variables is assumed to be posv 

tive. That is, particularly in the cases of Revenues (R-| and R2), 

Population increases (P), and Income (Y), we would expect a direct 

variation between each of these variables and E^. Similarly, 

there should be a positive relationship between the lagged expen

diture (E-]95q) anc* the current level of expenditures, with the 

12. County per capita income figures were available for 
the years 1959 and 1969. Therefore, 1967 income estimations 
were made by straight-forward interpolation, assuming 1/10 of 
the total 10-year growth per year. 



expectation that for most types of public goods, current per 

capita expenditures would at least match, if not exceed past per 

capita expenditure levels. Thus, a positive relation between 

past, general per capita expenditure and current levels of per 

, . . 13 
capita expenditure (for each good) is anticipated. 

Finally, the expected relationship between E^. and D— 

Distance, the new externality consideration—is positive. The 

reasoning here is: the greater the distance, the less the 

anticipated spill-ins that the sample city should expect, and 

therefore the greater the per capita expenditure. 

With the possible exception of R-j (intergovernmental 

revenues), it is believed that the new independent variables 

selected are predetermined, that is, not influenced by values of 

the dependent variable. The inclusion of may be an exception 

to this condition, for it is highly likely that levels of per 

capita expenditure influence the size of shared revenue from non

local sources. Nonetheless, the decision was to include R^, for 

ultimately the goal is to be able to explain E^. in light of 

diverse, possible influences. All forms of receipts, then, 

including intergovernmental shared revenues, must be considered 

as possible influential variables on E^.. 

l3. However, the possibility exists that where the community 
can capture economies of scale, per capita general expenditures 
may decline. 
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The introduction of more than one independent variable 

raises the possibility of multicollinearity among those independent 

variables. Multicollinearity is not necessarily a problem if our 

only aim is to explain or predict E^.. But if we wish to separate 

out the influences of each independent variable on E^., yet multi

collinearity exists among any pair of independent variables, we 

will be unable to place confidence on the regression coefficients or 

the test of significance of each independent variable's contribu

tion to the overall regression equation and to variations of the 

dependent variable. 

A method to check for multicollinearity is use of the 

correlation matrix, and it revealed two instances of high partial 

correlations: a coefficient of .54882 between and 1^; and a 

coefficient of .54232 between E-jggQ and Y. Theoretically, 

associated movements between the two revenue variables is not 

unreasonable, and a relatively high partial correlation coefficient 

would suggest or indicate this associated variation. In this case, 

the problem of possible multicollinearity between these two partic

ular variables can be dealt with directly. Later tests will be 

run by combining and R£ to form one independent variable (in 

place of the two) which will be labeled R--total revenue receipts. 

Unanticipated, however, was the rather high (partial) 

correlation coefficient between and Y (the proxy variables). 

It is possible that those counties with higher current per capita 

income spent more in 1960 than those with lower current incomes. 
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However, on theoretical grounds (particularly in a cross-sectional 

study), it would seem a tenuous premise that variations (across 

counties) of past (lagged) county per capita general expenditures 

were strongly related to (or strongly influenced) variations 

across counties of current levels of per capita income (unless, of 

course in the majority of cases local government was a relatively 

major employer of labor and could thereby strongly influence the 

per capita income levels seven years later). Additionally, a 

moderately high partial correlation coefficient in itself is not 

a conclusive test for multicol linearity, just an indication of 

that possibility. 

Nonetheless, later tests will be run with the elimination 

of these two variables, both because these two variables are proxy 

variables and because of the relatively high partial correlation 

coefficients. (Also, additional tests will be made on transformed 

values of all variables, both to check for the possibility of non

linear relationships and to correct for any undetected or 

unevident multicollinearity in any of the seven [original] indepen

dent variables.) 

The development of a multivariate testing model lead to a 

series of test runs. Each test computed separate regressions 

(usually for each of the twelve categories of expenditure) with 

testing based on variations of the (expanded) multiple regression 

model. The test runs made were as follows: 
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(1) A series based on the raw data and all seven independent 

variables; i.e., twelve separate regressions of per capita 

expenditures, category by category, via Ordinary Least 

Squares. 

(A) Tests on combined categories (three regressions)--

in an attempt to correct for those categories with 

large numbers of zero expenditures. 

(2) A series on the raw data, based on six independent variables 

(formed by combining R-| + f^) to eliminate possible multi-

coll inearity among the separate revenue variables. 

(3) A series on the raw data based on four independent variables 

(formed by eliminating E-jggo ancl t0 see resu^ ts 

regressions without the proxy variables and to counter any 

possible multicollinearity among E-jggg and Y. (Independent 

variables: N, D, P, [R^ + R2J.) 

(4) A series on the transformed values of all variables, 

based on the (original) seven independent variables, to 

check for the possibility of any non-linear relationships. 

(A) Tests based on the logarithmic form of all variables; 

(B) Tests based on the squared form of all variables; 

(C) Tests made with the squared values of the independent 

variables but regressed against the "raw" data for 

the dependent variables 



(5) A series without the zero data points, based on the 

following variations: 

(A) Tests on the raw data, with six independent 

variables (formed by combining R-j + R2). 

(B) Tests on the raw data with four independent variables 

(formed by eliminating the proxy variables E^q and Y). 

In each test run, the same original sample formed the 50 

observations applied to each regression. What then, were the results 

based on the diverse variations of the expanded multiple regression model 

Test #1: Regressions with Seven Independent Variables 

Test #1 was simply Ordinary Least Squares regression (based 

on the raw data and the seven stipulated independent variables) applied 

to each of the twelve categories of expenditures per capita. A 

summary of the numerical results is indicated in Table 2. 

In this series six cases revealed computed F's that exceed 

the critical F (at either the 5% or 1% significance level); those 

regressions with significant F's included: 

Education (at the 1 % significance level); 

Welfare (at the 1 % significance level); 

Health (at the 5% significance level); 

Police (at the 1% significance level); 

Fire (at the 1% significance level); 

Library (at the 5% significance level). 
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For the regression on Education expenditures, those 

variables with significant t values were: D (at the 5! level); 

R.j (at the 1% level); and R (at the 5% level). Thus, revenue 

factors and an externality consideration appeared to be important 

determinants of per capita Education expenditures, but the sign 

2 attached to D was opposite of that expected. The R for this 

2 regression (.65725) was the best of any R in this test run, 

and the Durbin-Watson statistic fell within the region of no 

14 autocorrelation evident. 

At this point it is important to note that in many 

regressions that follow, a negative sign is attached to D, and 

additionally, positive signs are at times indicated with the 

14. The appropriate critical Durbin-Watson values (for 
independent variables = 7, and observations = 50) are not acces
sible. Thus the closest Durbin-Watson values, for five indepen
dent variables and 50 observations at the 5% level of significance, 
are d-| = 1.34, and du = 1.77. Therefore, we will accept the null 
hypothesis of no autocorrelation whenever 1.77 < d < 2.23. If, 
however, d < 1 -34, there is evidence of positive autocorrelation; 
if d>2.66, negative autocorrelation is indicated. 

Usually Durbin-Watson statistics are not included in 
cross-sectional regression analysis because there is no reason 
to anticipate serial (or time-related) correlation in the error 
terms. However, the Durbin-Watson test may be used in cross-
sectional analysis to indicate the possibility of a non-linear 
relationship. Therefore, this statistic will be included in 
the summary table for this series only, with the specific 
purpose of detecting any possible non-linearity in the regres
sions. 
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independent variable N. These perverse signs are difficult 

to interpret, but the possibility exists that such signs 

(reversed from the a priori anticipation) indicate the per

ception of negative externalities. That is, a positive 

sign attached to N in essence indicates that with increased 

numbers of surrounding jurisdictions, communities increase 

their expenditure level. Thus, a community may be perceiving 

negative spill-ins from increasing numbers of surrounding 

jurisdictions and correspondingly adjusts its expenditure 

and output upward to reflect this. 

The objection may be made, however, that these are 

public goods which (presumably) generate positive benefit. 

From the point of view of any one community engaged in 

output production, this is probably true. This is not to 

say that as that community produces the good internally, 

it does not generate negative externalities to other surround

ing jurisdictions in its production process. For example, as 

the number of surrounding communities increases and thus 

the availability and number of highways and roads expands, 

it may require any one community to increase its own expenditure 



on highways to accomodate the resulting increase in popu

lation, traffic flow and other associated problems. Thus 

(with regard to highway expenditures for example), an 

increase in N may be an indicator of a negative spill-in 

to the sample community. This interpretation of perverse 

signs on N would appear to be the most reasonable expla

nation. Hence, positive signs attached to N are attribu

ted to a perception of negative spill-ins by the sample 

community from surrounding jurisdictions' production 

activity. 

Similarly, a negative sign attached to D indicates 

the possibility that negative spill-ins are associated with 

closeness to the "big" or central city. The logical deduc

tion may be as follows: the further away is the community, 

the less likely it will encounter problems associated with 

urban living and the less likely will be migration from 

the central city to its locale, therefore the less the 

needed per capita expenditure. In general, negative signs 

attached to D will be interpreted as an indication of nega

tive spill-over resulting from proximity to the central 

city. 



For some equations, a problem was encountered in attempt

ing to identify the independent variables which made the most sig

nificant contributions to the regression. Specifically, in many 

regressions, the regression coefficients for and were printed 

out as ".00000." However, since signs, either positive or negative, 

were attached to the coefficients, the indication was not that the 

true regression was zero but that it was too small to be indicated 

in a field width of five decimal places. Correspondingly, in every 

case the standard errors recorded as zero, and thus t values could 

not be computed. A way around this dilemma is by use of the Sum

mary Table. The Summary Table indicates the contribution of each 

2 independent variable to the overall R . Thus a check of the Sum

mary Table indicates those variables which resulted in the rela-

2 tively greatest change in the overall R value for that entire 

regression. 

For example, in the regression on Welfare expenditures, 

not one of the independent variables for which t's could be com

puted proved significant, even though the computed F value for the 

entire regression proved significant at the 1 % level. A check of 

the summary table revealed that a significant contribution to the 

2 R2 value of .44939 came from the two revenue variables: the R 

2 change due to R^ was .25756, and the R change due to R2 was 

.25079. These two variables alone accounted for .40835 of a total 

2 R of .44939, and thus we will accept these two as being the 

significant explanatory variables in the regression on Welfare 
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expenditures. The Durbin-Watson statistic here also fell within 

the region of no autocorrelation. 

In the regression on Health expenditures, the computed F 

exceeded the critical F only at the 5% significance level, and 

correspondingly the R value (.33759) was comparatively lower than 

the previous two regression results. A check of the t values of 

the independent variables shows two variables to be significant at 

the 5% (but not 1%) level: E-|96q and Y; but the E^go parameter 

had a sign perverse to the expected (a possible indication of 

achievement of economies of scale in public production). The t 

values for the revenue variables were again uncalculable, but a 

check of the summary table revealed that the contribution of R.j to 

2 2 the overall R (i.e., its R change value) was .25670, whereas the 

contribution of R2 proved less than 1 % (.00396). Thus the signi

ficant variables in this regression would appear to be EiggQ> Y> 

and R.j. The computed Durbin-Watson statistic again fell within 

the range of acceptance of the null hypothesis of no autocorrela

tion. 

The next significant regression equation was that for 

Police expenditures, with a computed F that exceeded the critical 

f at the 1% level of significance. Only one variable among those 

for which t's could be computed indicated a significant t (at 

the V/o level); but a check of the summary table indicated neither 

revenue variable to be a significant contributor to the overall 



R^ (both R's showed an change of .02545 or less). In fact, Y 

2 
was the variable which contributed most to the overall R (with an 

R^ change of .34439), and R^ followed but only with an R^ of .02545. 

Thus the significant independent variable for Police expenditures 

appears to be Y alone. 

The next regression with a significant value for F was 

the equation on Fire expenditures. The F exceeded the critical F 

at the 1% level, but the R (.38054) was relatively low compared 

2 
to the R of Police, Education and Welfare expenditures. The 

obvious significant variables were P and E^gggj with the computed 

t exceeding the critical t at the 1% level for the E-jggQ variable, 

but the computed t for P significant only at the 5% level. Addi-

15 tionally, the sign attached to P was perverse from that expected. 

A check of the summary table indicates that the revenue variables, 

2 separately, are only moderate contributors to the overall R . 

(R^ change for R-| = .09; R^ change for R2 = .05.) 

In this regression, the computed Durbin-Watson statistic 

just exceeded the upper limit of the range of no autocorrelation 

15. For several separate tests, negative signs are 
attached to P in the case of regression on Fire expenditures. 
The explanation here may be: an increased population (i.e., an 
annual rate of growth) is anticipated to increase population 
density, and thus lower the needed per capita expenditure for 
Fire protection. In other words, in the output of this public 
good, the community is utilizing economies of scale in production. 



and thus fell into the indefinite region between no and negative 

autocorrelation. This is not a particularly strong indication of 

a non-linear relationship, but later tests (with transformed 

variables) will check for the possibility. 

Finally, the regression on "Library" expenditures revealed 

an F which (just) exceeded the critical F at the 5% significance 
p 

level. The R was the lowest within this group (of significant 

regressions) in Test #1. The variable with a significant computed 

t value was E-jggo' 1ts t just barely exceeded the critical t 

at the 5% level, and its sign was perverse to the expected. 

(Again indicating the possibility of economies of scale achieved 

in production.) A check of the summary table indicates that f^j with 

? 
an R change of .11142, was the most significant contributor to the 

2 overall R , and thus regression; R-j S influence, however, was only 
p 

moderate (with an R change of .04291). Thus the significant 

variables in this regression were R£ and E-jggg- The Durbin-Watson 

statistic fell within the region defining no autocorrelation. 

Of those regression equations that did not prove to be 

significant in explaining per capita expenditures (i.e., those 

with non-significant F ratios), several revealed Durbin-Watson 

statistics which exceeded the definitive region of no auto

correlation. In the case of "Highways," the Durbin-Watson 

statistic fell within the indefinite region between no auto

correlation and negative autocorrelation. In the case of 



"Housing," the Durbin-Watson statistic fell between the regions 

of no autocorrelation and positive autocorrelation. Again, this 

is not conclusive evidence of the existence of non-linearity of 

relationship, but later tests with transformed variables will 

check for the possibility of non-linear relationships between 

E^.. and any of the independent variables. 



Table 2. Regressions with Seven Independent Variables 

(1) Education 

e = 75.99062 - .09124N - 1 .76739D - 1.53636P - . 11574E7g6Q - .01664Y+ .00005R1 + .00002R2 

(.13589) (.91135) (3.0598) (.12805) (.01620) (.00001) (.00001)(standard errors) 
(.67) (1.94) (.50) (.90) (1.3) (5.00) (2.00) (computed t's) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 11.50551 2.24 (5%) .65725 1.82554 
2.423 (15J) 3.10 (1%) 

(2) Highways 

e = 29.73072 - . 03390N - . 25031D - . 01190P + .03100E ]  g60 - .00548Y + .00000R.J + .00000R2 

(.0398) (.2671) (.8968) (.03753) (.00475) (.00000) (.00000) 
(.85) (.94) (.01) (.83) (1.15) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) .76553 2.24 (5%) .11315 2.31706 
2.423 (1%) 3.10 (1%) 

(3) Welfare 

e = -. 34628 + . 01436 - . 05785D - . 13119P - . 00315E ]  %0 - . 00102Y + . 00000R ]  + . 00000R2 

(.01498)(.1005) (.3373) (.01412) (.0017) (.00000) (.00000) 
(.96) (.57) (.39) (.22) (.57) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 4.89706 2.24 (5%) .44939 1.85315 
2.423 (1%) 3.10 (1%) 



Table 2. Regressions with Seven Independent Variables (Continued) 

(4) Hospital 

e = 11.66885 - .02059N + .62580D - .65975P + .01440E1 g6Q - .00633Y - .OOOOOR-j + .00000R2 

(.0385) (.25815) (.8667) (.03627) (.00459) (.00000) (.00000) 
(.53) (2.42) (.76) (.397) (1.38) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 1.39866 2.24 (5%) .18904 1.99303 
2.423 (1%) 3.10 (1%) 

(5) Health 

e = 1.23697 - .0080N + .00018D - .07117P - .00444E ig5Q + .00082Y + .00000R ]  + .00000R2 

(.00401) (.0269) (.0903) (.00378) (.0005) (.00000) (.00000) 
(.199) (.0067) (.79) (1.17) (1.71) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 3.05784 2.24 (1%) .33759 2.05032 
2.423 (1%) 3.10 (1%) 

(6) Police 

e = -6.03491 + .00731N + .00299D + .12076P + .00547E196Q + .00454Y + .00000R1 + .00000R2 

(.0112) (.0750) (.2519) (.0105) (.00133) (.00000) (.00000) 
(.65) (.04) (.48) (.52) (3.41) 

? 
critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 3.92525 2.24 (5%) .39548 2.21592 
2.423 (1%) 3.10 (1%) 



Table 2. Regressions with Seven Independent Variables (Continued) 

(7) Fire 

e = 5.17600 - .01176N + .08961D - .63856P + .03658E lg60 - .00219Y + .OOOOOR ]  + .00000R2 

(.0141) (.0945) (.3174) (.0133) (.0017) (.00000) (.00000) 
(.83) (.95) (2.01) (2.75) (1.30) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 3.68592 2.24 (5%) .38054 2.26727 

(8) Sewerage 

e = -4.89413 - .00223N + .13875D + 1.62765P - .09777E ig50 + .00788Y - .00000R1 + .00000R2 

(.04835) (.32428) (1.08873) (.04556) (.00577) (.00000) (.00000) 
(.05) (.43) (1.49) (2.14) (1.3) 

? 
critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 1.03276 2.24 (5%) .14685 2.02722 
2.423 (1%) 3.10 (1%) 

(9) Sanitation 

e = 5.32047 - .00964N + .06698D - .00486P + .00483E lg60 - .00083Y - .00000R1 + .00000R2 

(.0113) (.0758) (.2546) (.0106) (.0013) (.00000) (.00000) 
(.85) (.88) (.02) (.45) (.61) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) .29612 2.24 (5%) .04703 2.11393 
2.423 (1%) 3.10 (1%) 



Table 2. Regressions with Seven Independent Variables (Continued) 

(10) Parks 

E = -1.78058 - .01422N + .00233D - .18237P + .03039E ig60 + .00031Y - ,00000R1 + .00000R2 

(.01709) (.1146) (.3848) (.0161) (.0020) (.00000) (.00000) 
(.83) (.02) (.47) (1.89) (.15) 

2 critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 1.52109 2.24 (5%) .20224 1.9546 
2.423 (1%) 3.10 (1%) 

(11) Housing 

E = 1.19511 + .00031N - .02068D + .07827P + .00303E1960 - .00061Y + .00000R1 + .00000R2 

(.0031) (.0205) (.0690) (.0029) (.0004) (.00000) (.00000) 
(.10) (1.006) (1.13) (1.05) (1.65) 

? 
critical t computed F critical F R computed Durbin-Watson 
1.684 (5%) 1.42031 2.24 (5%) .19141 1.58841 
2.423 (1%) 3.10 (1%) 

(12) Library 

1.684 (5%) 2.46749 2.24 (5%) .29141 
2.423 (U) 3.10 (1%) 



Test #2: Combined Categories Regressed 
with Seven Independent Variables 

To account for the problem of zero expenditures in various 

categories, a test run on the raw data and with the same, original 

independent variables was made for three joint categories of goods 

E (Education + Library), H (Hospital + Health), and W (Welfare + 

Housing). The results are indicated in Table 3. 

Theoretically, with a cross-sectional study there is no 

basis or reason to expect autocorrelation. Nonetheless in the 

previous test (with all seven original independent variables) the 

Durbin-Watson statistic was reported because any computed d which 

exceeds the boundaries of the acceptable region may indicate the 

possibility of a non-linear relationship. Since the following 

tests on the raw data are simply variations of the first test run, 

no Durbin-Watson statistic will be reported for other tests. 

The statistics in Table 3 for the critical t and critical 

F (both at the 5% and 1% significance levels) remain the same as 

those in Test #1. Thus a check of the computed F's indicate that 

significant at the 1% level were the F's encountered for E and W, 

but the computed F for H did not prove significant at either the 

1% or 5% level. 

For E, the variables with significant t ratios were D 

2 (again with a negative sign), R-| and R^. The R that resulted 

from this joint category of expenditures was not an improvement 
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2 over the R for Education expenditures alone (Table 2 ), but was 

a significant R improvement over Library expenditures alone. 

For the category W, none of the variables for which t 

could be computed proved significant. However, a check of the 

summary table indicated that the greatest contribution to the 

2 2 overall R came from R^ (with an R change of .31635) and R^ (with 
p 

an R change of .15890). These two revenue variables alone 
? 

accounted for over .47 of a total R of .50541, thus these two 

parameters appear to be the explanatory variables for E expendi-

2 tures. The R that resulted from this joint category was an 

2 improvement over the R for either Welfare or Housing expenditures 

alone. 

The end result, however, of combining categories is rather 

mixed: it is not clear whether such a tactic leads to an improve-

2 ment in results. For example, in E, the R that resulted was less 

than that for Education expenditures alone although an improve-

2 ment over R for Library expenditures alone. Prior to any combina

tion of categories, the regression on "Welfare" had proved signif

icant (computed F exceeded the critical F at the 1% level), 

although the regression for "Housing" did not. However, the joint 

category W (Welfare + Housing) did reveal a significant F (at the 
p 

1% level), and the R for W was a slight improvement over the 

"Welfare" R^ alone. 



The joint category H (Health and Hospital) did not reveal 

an F that exceeded the critical F either at the 5% or 1% level (and 

thus significance could not be attached to the equation) even 

though in the first set of regression tests Health expenditures 

alone did prove to be a significant regression result (at the 5% 

level). (Hospital expenditures did not.) Thus we cannot determine 

conclusively that combining categories significantly improved 

results'and thus importantly corrected for the problem of zero 

expenditures. 



Table 3. Combined Categories Regressed with Seven Independent Variables 

(1) E: E = 78.97794 - .10804N - 1.85771D - 1.40265P - .13537E10{-n - .01581Y + .00005R, + .00002R 

(.14102) 
(.77) 

(.94574) 
(1.96) 

critical t 
1.684 (5%) 
2.423 (1%) 

(3.1752) 
(.44) 

computed F 
11.38880 

1960 
(.13288) 
( 1 . 0 2 )  

critical F 
mr 2.24 

3.10 (1%) 

( .01681)  
(.94) 

R2 

.65495 

v1 
( .00001) 
(5.00) 

( .00001) 
(2.00)  

(2) H: E = 10.43191 - .02139N + .62597D - .73093P + .00996E1%0 - .00551Y - .00000R1 + .00000R2 

(.03852) (.2583) (.8673) (.0363) (.0046) (.00000) (.00000) 
(.55) (2.42) (.84) (.27) (1.20) 

2 critical t computed F critical F R 
1.684 (5%) 1.33095 2.24 (5%) .18155 
2.423 (1%) 3.10 (1%) 

(3) W: E = .84883 + .01467N - .07853D - .05292P - .00012E-,g60 - .00163Y + .00000R1 + .00000R2 

(.01425) (.0956) (.3209) (.0134) (.0017) (.00000) (.00000) 
(1.03) (.82) (.16) (.0089) (1.04) 

2 critical t computed F critical F R 
1.684 (5%) 6.13131 2.24 (5%) .50541 
2.423 (1%) 3.10 (1%) 



Test #3: Regressions with Six Independent Variables 

Test #3 attempted to correct for any possible multicol-

linearity between R-j and R2 by combining the two into one revenue 

category, R (R = R-j + Rg). Thus this test was run with the same 

twelve expenditure categories but with six independent variables 

as the test parameters: "Number," "Distance," "Population Change," 

"Expenditure^g6g," "Income per capita," and "R" (Revenue). The 

results of this regression test are indicated in Table 4. 

Below each independent variable is the standard error and 

the computed t value. The appropriate critical t value would be 

the one for 43 degrees of freedom (50 observations - 6 independent 

variables - 1), but the closest tabular t values given are those for 

40 degrees of freedom. Thus the critical t's selected, both at the 

5% and 1% level, are identical to those in the previous tests. 

The correct F ratio would be that for 6 degrees of freedom 

in the numerator and 43 degrees of freedom in the denominator. 

However, values for 43 degrees of freedom for the denominator are 

not given: the closest values are those for either 42 or 44 

degrees of freedom. For this test, the F ratio used will be that 

for 6 degrees of freedom for the numerator and 42 degrees of 

freedom for the denominator because this will require a slightly 

larger F (both at the 5% and 1% significance levels) than would 
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44 degrees of freedom. Therefore, by using 42, we err slightly 

on the side of caution. 

In this test run, the following regression equations 

revealed computed F's which exceeded the required critical F 

(at either significance level) and thus were accepted as regres=~ 

sion tests with significant ability to explain variations in per 

capita expenditure: 

Education (at the 1% significance level); 

Welfare (at the 1% significance level); 

Pol ice (at the V/o significance level); 

Fire (at the 1% significance level); 

Library (at the 5% significance level). 

Not surprisingly, the list is identical to the list of significant 

regression equations in Test #1, because all that occurred was a 

combining of the two separate revenue variables into one. None

theless the results, both in terms of the significance of indepen

dent variables and significance of the overall equation, were 

somewhat different from Test #1. 

For Education expenditures, the computed F was higher than 

2 in Test #1, but the R was reduced. None of the variables for 

which t's could be computed indicated regression coefficients with 

significant explanatory ability. However, the summary table indi

cated that the R variable alone accounted for .44198 of the total 

? 
R of .62930, and thus alone appears to be the significant 

explanatory variable for variations in expenditure. 
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In Welfare expenditures, no variable for which t could be 

computed proved significant. A check of the summary table here 

2 2 revealed R again to be the biggest contributor to R with an R 

change of .42843 (total R^ = .44735). As in the case above, the 
o 

R fell below Test #1 results, but the computed F was an improve

ment over the previous computed F with the two separate revenue 

variables (R-j + Rg). 

The regression on Health expenditures also proved signifi

cant, with a computed F exceeding the critical F at the 5% level. 

Again, none of the computed t values exceeded the necessary, 

critical t even at the 5% significance level, but the summary 

table revealed an R change attributable to R of .21659 (out of a 

total R2 of .28979). Thus R appears to be the only variable of 

2 significance in this regression. Both the computed F and the R 

were lower than in Test #1. 

Of the t values which could be computed for independent 

variables in the regression on Police expenditures, the regression 

coefficient on Y alone proved significant (at the 1% level). How-

2 2 ever the R change attributable to R was most powerful (with an R 

change value of .21659). A check of the summary table revealed 
o 

Y to have the second largest R change value (.03505) and E^gg 

2 to follow with an R change value of .02241. Thus the variables 

accepted as significant explanatory influences on Police expendi

tures are the proxy variable Y and revenues, R. 
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The regression test for Fire expenditures proved significant 

at the l/o level and revealed two independent variables indicating 

significant t ratios: P, with a significant t at the 5% level; 

and E-jggQ, with a significant t at the 1% level. Since t for R 

could not be calculated, a check of the summary table was made to 

determine its contribution to the overall explained regression. 

2 
The R parameter alone accounted for the largest single R change 

value (.18736), with E-jggg and p following second and third as 

2 contributors to the overall R value of .37705. Thus the signi

ficant variables in this regression test appear to be P, E-jggQj 

and R, with P, however, indicating a sign perverse to that expected. 

2 Compared to Test #1, the R was slightly reduced, the computed F 

somewhat improved from that previous test run. 

Finally, the regression on Library expenditures met the 

test of significance with a computed F that exceeded the critical 

F at the 5% level. The t ratios for none of the regression 

coefficients tested significant (although both externality 

variables N and D indicated computed t's which approached the 

critical t at the 5% level), but a check of the summary table 

2 
revealed R's contribution to the overall R of .26506 to be .11377. 

2 2 This was the largest R change value; the next largest R change 

2 came from the contributions of N (with .08353 R change) and D 
o 

(.03044 R change). But since neither of these had acceptable t 

ratios (meeting the test of significance), we conclude that the 

one unquestioned significant independent variable in this test 



2 is R. The resulting R value was reduced compared to the previous 

test run (Table 2 and Test #1), but the computed F was slightly 

improved. 

Overall, the results were not vastly different from the 

2 
results in Test #1. Any changes in the computed F values or R 's 

were relatively minor. However, the variables that proved signifi

cant did alter; in most cases, R became the predominant influencing 

variable, and in the process "shut out" the influence of other 

variables as significant regressors. What, then, was the purpose 

to combine the revenue categories and run a separate test on the 

basis of this reduced number of independent variables? 

Basically, the new test series was conducted because of the 

possibility of multicollinearity between the two revenue variables. 

If the sole purpose of the regression tests and analysis was to be 

able to predict "Expenditure per capita" in any of these categories 

of goods, then the concern of multicollinearity would not really be 

paramount, and any slightly improved test results (primarily improved 

R 's) from separating the two revenue categories would be justifiable. 

But the purpose of these regressions is not primarily pre

diction. Rather, the basic purpose is to separate out the 

influences and attempt to determine which of the independent 

variables contribute significantly to the overall variation in the 

dependent variable "Expenditure per capita." Since assigning 

importance to the appropriate independent variable(s) in each 
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regression is the goal, any possible multicollinearity between 

R.| and would invalidate or cast doubts upon the conclusions of 

significance. That is, if there were multicollinearity, the 

regression coefficients of those two independent variables (in 

question) would prove rather volatile, and thus we could not 

attach much significance to the computed t ratios and the resulting 

conclusion as to whether (or not) that regression coefficient is 

significant. Combining R-j and into one revenue category 

eliminates this distortion from any possible multicollinearity 

between the two, and thus allows us a greater degree of confidence 

as to the reliability of the computed t ratios and the resulting 

selection of significant variables in each regression. 



Table 4. Regressions with Six Independent Variables 

(1) Education: E = 84.44061 - .11379N - 1.46376D - 1 .22702P - . 15932E-Jg60 - .02113Y + .00003R 

(.13911) (.9214) (3.1402) (.12936) (.0164) (.00000) 
(.82) (1.59) (.39) (1.23) (1.28) 

2 critical t computed F critical F R 
1.684 (5%) 12.16599 2.32 (5%) .62930 
2.423 (1%) 3.26 (1%) 

(2) Highways: E = 29.69241 - .03380N - .25168D - .01330P + .03120E ]g60 - .00546Y + .00000R 

(.0392) (.2597) (.8850) (.03656) (.0046) (.00000) 
(.86) (.97) (.01) (.85) (1.18) 

2 critical t computed F critical F R 
1.684 (5%) .91423 2.32 (5%) .11313 
2.423 (1%) 3.26 (1%) 

(3) Welfare: E = .54494 + .01489N - .06499D - .13847P - .00212E-jg60 - .00091Y + .00000R 

(.0148) (.0979) (.3335) (.01374) (.0017) (.00000) 
(1.007) (.66) (.41) (.15) (.52) 

2 critical t computed F critical F R 
1.684 (5%) 5.80118 2.32 (5%) .44735 
2.423 (1%) 3.26 (1%) 



Table 4. Regressions with Six Independent Variables (Continued) 

(4) Hospital: E = 9.6037 - .01509N + .55172D - .73522P + .02503E-Jg60 - .00524Y - .00000R 

(.03902) (.2584) (.8808) (.03629) (.0046) (.00000) 
(.39) (2.13) (.83) (.69) (1.13) 

? 
critical t computed F critical F R 
1.684 (5%) 1.16648 2.32 (5%) .13998 
2.423 (1%) 3.26 (1%) 

(5) Health: E = -1.00235 - .00143N + .00861D - .06359P - .00565E ig60 + .00070Y + .00000R 

(.0041) 
(.35) 

(.0271) 
(.32) 

(.0923) 
( . 68 )  

(.0038) 
(1.49) 

(.0005) 
(1.46) 

(.00000) 

critical t computed F 
1.684 (5%) 
2.423 (1%) 

2.92427 
critical F 

(5W 2.32 
3.26 (1%) 

r 
.28979 



Table 4. Regressions with Six Independent Variables (Continued) 

(6) Fire: E = 4.94564 - .01114N + .08134D - .64708P + .03777E-Jg6Q - .00207Y + .00000R 

(.0139) 
( .80 )  

(.0922) 
( .88) 

(.3141) 
( 2 .06 )  

(.0129) 
(2.92) 

( .0016)  
(1.25) 

( .00000) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
4.33782 

critical F 
(5%r 2.32 

3.26 ( 1 % )  

r 
.37705 

(7) Police: E = -5.89699 + .00694N + .00794D + .12581P + .00476E ig6Q + .00446 + .00000R 

(.01103) 
(.63) 

(.0731) 
( . 1 1 )  

(.2490) 
(.50) 

(.0103) 
(.46) 

(.0013) 
(3.40) 

( .00000)  

critical t 
1.684 (5%) 
2.423 (1%) 

computed F critical F 
4.65062 2.32 (5%) 

3.26 {V/o) 
.39354 



Table 4. Regressions with Six Independent Variables (Continued) 

(8) Sewerage: E = -6.94142 + .00324N + .06519D 

(.0485) (.3211) 
(.07) (.20) 

1.55271P - .08721E1960 + .00897Y + .00000R 

(1.0945) (.0451) (.0057) (.00000) 
(1.42) (1.93) (1.56) 

2 critical t computed F critical F R 
1.684 (5%) .92751 2.32 (5%) .11459 
2.423 (U) 3.26 (U) 

(9) Sanitation: E = 5.19361 - .00931N + .06243D 

(.01114) (.0738) 
(.83) (.84) 

.00951P + .00548E ig60 - .0076Y - .00000R 

(.2516) (.01036) (.0013) (.00000) 
(.04) (.53) (.57) 

critical t computed F critical F 
1.684 (5%) .33379 2.32 (5%) 
2.423 (1%) 3.26 (1%) 

.04450 



Table 4. Regressions with Six Independent Variables (Continued) 

(10) Parks: E = -2.51524 - .01226N - .02407D - .20927P + 

(.0171) 
(.71) 

(.1136) 
( • 2 1 )  

critical t computed F 
1.684 
2.423 

t5%) 
(1%) 

1.47992 

(.3871) 
(.54) 

critical F 
2.32 
3.26 (1%) 

. 03418E-j g60 + 

(.0159) 
(2.14) 

R2 

.17116 

.00070Y + .00000R 

(.0020) 
(.34) 

(.00000) 

(11) Housing: E = 1.25045 + .00017N - .01869D + .08030P + .00274E 

(.0030) 
( .06)  

(.02005) 
(.93) 

critical t computed F 
1.684 (5%) 1.63596 
2.423 (1%) 

(.0683) 
(1.17) 

critical F 
2.32 (5%) 
3.26 (1%) 

( .0028) 
(.97) 

R2 

1960 

.18585 

.00064Y + .00000R 

(.0004) (.00000) 
(1.78) 

(12) Library: E = 2.47002 - .01542N - .10891D + .11478P - .01697E196Q + .00110Y + .00000R 

(.01235) 
(1.25) 

(.0818) 
(1.33) 

critical t computed F 
1.684 (5%) 
2.423 (1%) 

2.58475 

(.2788) 
(.41) 

critical F 
2.32 (5%) 
3.26 (1%) 

(.0115) 
(1.48) 

R2 

.26506 

(.0015) 
(.75) 

(.00000) 
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Test #4: Regressions with Four Independent Variables 

Test #4 was made on the same original twelve dependent 

variables (categories of per capita expenditure), but based on 

only four independent variables: N, D, P and R. In other words, 

this was a test with the combined revenue category (R) as one inde

pendent variable, but without the proxy variables E-]gg0 (lagged per 

capita general county expenditures) and Y (county per capita 

income). Although in previous tests either proxy variable did not 

prove to be a significant influence in the majority of cases, a run 

was made without them to see if their absence altered the general 

regression results—and if so, in what way. Also, the partial 

correlation coefficient between these two variables was rather high. 

Although on theoretical grounds this was not accepted as proof of 

correlation between these two variables, elimination of them removes 

any conceivable multicol linearity that might be present. 

The regression results of this run are indicated in Table 5. 

The appropriate degrees of freedom for this run were altered because 

of the reduction of independent variables. Thus where possible, 

there was an adjustment in the critical statistics. For the 

t statistic, the appropriate degrees of freedom would be (50-4-1) 

or 45. The closest value for t is that at 40 degrees of freedom, 

so the critical t at both the 5% and 1% significance 



level remains unaltered. The appropriate degrees of freedom for 

the tabular F ratio would be four for the numerator and 45 for 

the denominator; however, denominator degrees of freedom are given 

for either 44 or 46 degrees of freedom. Thus the F selected 

will be that for 4 degrees of freedom for the numerator and 44 for 

the denominator, because that will require an F (both at the 1 % 

and 5% level of significance) slightly larger than the F with 46 

degrees of freedom in the denominator. Again, we will be erring 

(however slightly) on the side of caution. 

With the exception of one equation, the same regressions 

as in previous tests of the separate categories proved to be 

significant: "Education," "Welfare," "Health," "Fire," and 

"Library" all revealed computed F's that exceeded the required 

(critical F) at either the 1 % or 5% significance levels. Generally, 

however, the results were not as "good" as the test results which 

did include the two proxy variables E-jggg and Y. 

For example, in this test, for Education expenditures, the 

computed F value exceeded the computed F for Test #3 (which 

included E-^q  and Y), although both F values were significant at 

the 1% level. This is probably reasonable; since neither E^ggg 

nor Y were major contributory factors, their removal probably 

would improve the ratio of "explained to unexplained variation" 

(i.e., F). But the R^ for this test fell from the R^ value of 

Test #3. In other words, without the two proxy variables 

included, the percentage of total variation explained by the 
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o 
regression equation (R ) declined. It is in this sense that the 

results were not an improvement over Test #3 results. 

As is the case many times before, no independent variable 

for which t could be computed met the test of significance. How

ever, the summary table reveals the R variable alone to account for 

.44198 of the total R^ of .57222; hence we will accept this as the 

prime influencing factor over per capita expenditures in this test 

run. 

In "Welfare" expenditures, the computed F was an improve

ment over the computed F in Test #3 (both, however, significant at 
o 

the V/o level), and the R was only insignificantly lower. Accord

ing to the t tests calculated, the regression coefficients of none 

of those three independent variables proved significant; indeed a 

check of the summary table revealed R alone to account for .42843 

2 of the total R of .44062. This again appears to be the one 

significant factor in Welfare expenditures. 

This pattern, where R alone comes forth as the one signif

icant independent variable was repeated in the regression on 

"Health" expenditures. As in Test #3, the computed F exceeded the 

critical F at the 5% level but not at the 1% level (nonetheless, 

the computed F was somewhat improved over the previous test, although 

the R was reduced). Since none of the computed t's proved signif

icant, a check of the summary table revealed that R alone 

accounted for .21659 of the total R^ of .24331. 
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Fire expenditures in this test run resulted in a computed 

F which just barely exceeded the critical F at the 1% level—but 

an F value which was a reduction from the previous test result. 
p 

The R also markedly declined—not surprising since in the previous 

test result E^gg had proved to be a significant variable in the 

equation. Additionally, however, P had also proved to be a sig

nificant variable at the 5% level; in this run the regression 

coefficient for the P variable does not meet the test of signifi-

2 
cance. Thus in this test, R alone is left to explain the R that 

does result. The summary table reveals R to account for .18736 

of  a total  R^ of  .25222. 

The equation which did not meet the criteria of signifi

cance in this test series (yet had in previous test runs) was 

Police expenditures. This is not difficult to explain; in previous 

tests the proxy variable Y proved to be the most significant 

explanatory parameter for this regression. With its omission, the 

amount of "explained" variation was certain to decrease, and hence 

the resulting F ratio indicated the inability of the remaining 

independent variables to sufficiently explain variations in Police 

expenditures per capita. 



Table 5. Regressions with Four Independent Variables 

(1) Education: E = -2.18179 -

critical t 
1.684 (5%) 
2.423 (1%) 

.20024N 
(.1385) 
(1.45) 

computed F 
15.04869 

1.29348D -
(.96371) 
(1.34) 

critical F 

3.47386P J 

(3.10677) 
( 1 . 1 2 )  

R2 

2.58 
3.78 ( 1 %  ) 

.00003R 
( .00000) 

.57222 

(2) Highways: E = 19.66015 - .04643N - .22956D + .09490P + .00000R 
(.0369) (.2571) (.8288) (.00000) 
(1.26) (.89) (.11) 

2 
critical t computed F critical F R 
1.684 (5%) 1.01793 2.58 (5%) .08297 
2.423 (1%) 3.78 (1%) 

(3) Welfare: E = 3.47761 + .01179N - .05906D - .19024P + .00000R 
(.0138) (.0959) (.3090) (.00000) 
(.85) (.62) (.61) 

critical t computed F critical F 
1.684 (5%) 8.86144 2.58 (5%) 
2.423 (1%) 3.78 (1%) 

R' 
.44062 



Table 5. Regressions with Four Independent Variables (Continued) 

(4) Hospital: E = 0.86496 - .02788N + .57445D - .67818P - .00000R 
(.0367) (.2554) (.8234) (.00000) 
(.76) (2.25) (.82) 

2 critical t computed F critical F R 
1.684 (5%) 1.44738 2.58 (5%) .11399 
2.423 (1%) 3.78 (1%) 

(5) Health: E = -.00389 - .00003N + .006280 - .09222P + .00000R 
(.0039) (.0272) (.0877) (.00000) 
(.0077) (.23) (1.05) 

2 
critical t computed F critical F R 
1.684 (5%) 3.61742 2.58 (5%) .24331 
2.423 (1%) 3.78 (1%) 

(6) Police: E = 7.47271 + .02134N - .01930D + .32542P + .00000R 
(.0122) (.0852) (.2736) (.00000) 
(1.74) (.23) (1.18) 

2 critical t computed F critical F R 
1.684 (5%) 1.69052 2.58 (5%) .13064 
2.423 (1%) 3.78 (1%) 



Table 5. Regressions with Four Independent Variables (Continued) 

(7) Fire: E = 5.56211 - .01246N 
(.0141) 
(.88) 

critical t computed F 
1.684 (5%) 3.79444 
2.423 (1%) 

+ .08190D - .35925P + .00000R 
(.0983) (.3169) (.00000) 
(.83) (1.13) 

2 critical F R 
2.58 (5%) .25222 
3.78 (1%) 

(8) Seweraqe: E = 3.43902 + .01921N + .03965D + 1.03309P + .00000R 
(.0471) (.3275) (1.0557) (.00000) 
(.41) (.12) (.98) 

2 critical t computed F critical F R 
1.684 (5%) .33463 2.58 (5%) .02889 
2.423 (1%) 3.78 (1%) 

(9) Sanitation: E = 3.97762 - .01093N + .06519D + .01621P - .00000R 
(.0104) (.0722) (.2128) (.00000) 
(1.05) (.90) (.07) 

2 
critical t computed F critical F R 
1.684 (5%) .41387 2.58 (5%) .03548 
2.423 (1%) 3.78 (1%) 



Table 5. Regressions with Four Independent Variables (Continued) 

(10) Parks: E = 5.19119 - .00552N - .03846D + .14030P + .00000R 
(.0172) (.1199) (.3866) (.00000) 
(.32) (.32) (.36) 

2 critical t computed F critical F R 
1.684 (5%) 2.9631 2.58 (5%) .02566 
2.423 (1%) 3.78 (1%) 

(11) Housinq: E = -.08449 - .00144N - .01582D + .08423P + .00000R 
(.0029) (.0202) (.0652) (.00000) 
(.49) (.78) (1.29) 

2 critical t computed F critical F R 
1.684 (5%) 1.61191 2.58 (5%) .12532 
2.423 (1%) 3.78 (1%) 

(12) Library: E = 2.68429 - .01429N - .11017D - .00851P + .00000R 
(.0117) (.0816) (.2632) (.00000) 
(1.22) (1.35) (.03) 

2 critical t computed F critical F R 
1.684 (5%) 3.31799 2.58 (5%) .22776 
2.423 (1%) 3.78 (1%) 



Test #5: Regressions on Logarithmic Transformations 

The next several sets of testing were regressions computed 

on transformed variables. Specifically, even though autocorrelation 

was not definitively indicated in most of the previous regressions, 

tests on transformed variables were made to check for any possible 

non-linear relationships between the dependent and independent 

variables. The newly devised tests returned to the original seven 

independent variables and computed the appropriate transformations. 

Each test run, then, was a series of twelve regressions (the twelve 

separate, per capita expenditure categories), using the transformed 

values of all variables. 

Test #5 was the test run based on the logarithmic form for 

all variables. The general test equation is: 

EL = a0 - alNL + a2°L + a3PL + a4El960-L + a5YL + a6Rl-L + a7R2-L 

with N, D, P, E-|g60, Y, R-j and R^ defined as previously. 

The observations for each E--the per capita expenditure, 

category by category—were those of the original sample cities 

(from the corresponding sample SMSA's). Thus the original sample 

of 50 observations are used for this test. The subscript L 

indicates the log form both for the value for the E variables and 

for values of each independent variable. 



The test results from using log form transformations on 

all variables are indicated in Table £, By returning to the use 

of seven independent variables, the appropriate degrees of freedom 

for this test are (50-7-1) or 42. Thus the necessary or critical 

t values, F values (both at the 5% and 1% levels of significance) 

are the same as those in Test #2 but are indicated in the table for 

this test series. 

Table 6 indicates that the following regression equations 

met the test of significance: 

Education (at the 1% significance level) 

Police (at the 1% significance level) 

Fire (at the 5% significance level) 

Library (at the 5% significance level) 

Using log forms of the variables, only four equations proved 

significant, and in each case the F ratio was lower than those from 

previous tests. 

For Education per capita expenditures, three independent 

variables met the test of significance: N (at the 1% significance 

level), R-j (at the 5% level), and (at the 5% level). However, 

2 2 the resulting R was .43966, a sizeable drop from the R values on 

Education expenditures in all previous regression tests. 

The next regression that proved significant, Police expen

ditures per capita, revealed only one independent variable to meet 

the test of significance. That is, (the proxy demand variable) 



proved significant at the 1% level and thus appears to be the prime 

significant influence on per capita expenditure in this regression 

test. (R2, revenue from own sources, came close to meeting the crit-

ical t at the 5% level.) The resulting R value was no particular 

2 improvement over previous R 's. 

For Fire expenditures, the independent variables meeting the 

test of significance were: (at the 5% significance level) and 

R2 l (at the 1% level). As in cases before, had a negative sign 

(indicating, perhaps, lower per capita expenditure for fire protec

tion with higher anticipated population density), whereas the posi

tive sign of R2_L met the anticipation. In past regressions, the 

coefficient of the E-^q variable met the test of significance; in 

the log form it did not. Additionally, with the exception of 

Test #4 (where E-jggQ anc* ^ were omi' t ted as independent variables), 

2 the R in the log transformation version was less than in varia

tions using the raw data. 

Finally, the regression equation on Library expenditures 

per capita just met the critical F value at the 5% significance 

level. Those independent variables with acceptable t ratios (both 

at the 5% significance level) were ggo-L anc ' ^2' But w^ereas 

2 sign attached to R is the one anticipated, the sign of is 

perverse to that expected. 
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The purpose of running a test on transformed variables was 

to check for autocorrelation in the error terms: in other words, 

to uncover any existing non-linear relationships among the 

variables and thereby to improve the results, particularly in 

2 terms of the R . 

When the transformation was made to logarithms, improve

ment in the regression equations' explanatory abilities did not 

materialize. In fact, the results of Test #5 indicate that 

logarithmic transformation of the variables is less preferable than 

regressions based on the original linear form. Use of this trans

formation technique, then, is unwarranted in terms of improving 

the equations' overall explanatory powers and thereby improving 

the regression results. 



Table 6. Regressions on Logarithmic Transformations 

E, = 07.13789 - .74914N, - .33705D, -

(.3008) 
(2.49) 

(.44321) 
(.76) 

(1) Education 

,35758PL - 1.76782E-J g60_L + 

(.25691) 
(1.39) 

(1.19055) 
(1.48) 

.60862YL + . 17457R-J _L + .99202R?_L 

(2.1635) 
( . 2 8 )  

(.09721) 
(1.79) 

(.45258) 
(2.19) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
4.70781 

critical F 
2.24 (5%) 
3.10 (1%) 

R' 
.43966 

E l  = 5.22192 - .09348NL -

(.11308) 
(.83) 

.05293DL + 

(.16659) 
(.32) 

(2) Highways 

.18739PL + 

(.09657) 
(1.94) 

. 02835E-J g60_L 

(.44750) 
( . 0 6 )  

.64546YL + 

(.81321) 
(.78) 

.02852R1_L + 

(.03654) 
(1.78) 

.16360R2_L 

(.17012) 
(.96) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.67671 

critical 
157 2.24 

3.10 (1%) 

r 
.21841 

E l  = 03.62778 + .03442NL + .20468DL -

(.18078) 
(.19) 

(.26632) 
(.77) 

(3) Welfare 

. 2161 7pl + 

(.15438) 
(1.40) 

. 21276E-J g6Q_L 

(.71540) 
(.297) 

. 18117Y l  + . 17281 R-j_ l  + .09843R 

(1.3000) 
(.14) 

(.05841) 
(2.96) 

2-l 
(.27195) 
(.36) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.95219 

critical F 
IW 2.24 

3.10 (1%) 
.24549 



Table 6. Regressions on Logarithmic Transformations (Continued) 

(4) Hospital 

E l  = 20.06266 + .05195N l  + .31157Dj_ - .20213P,_ + .94734E-J g60_L - 3.55851 Y,_ - .04004R1_L + .21650R2_L 

(.16549) (.24365) (.14123) (.65449) (1.18934) (.05344) (.24880) 
(.31) (1.28) (.14) (1.45) (2.99) (.75) (.87) 

2 critical t computed F critical F R 
1.684 (5%) 1.66080 2.24 (5%) .21679 
2.423 (1%) 3.10 (1%) 

(5) Health 

E l  = 07.47627 - .26021NL - .05411DL - .13494PL - .47506E ]%0_L + .78371YL - .02744R1_L + .34519R2_L 

(.16500) (.24308) (.14090) (.65296) (1.18658) (.05332) (.24822) 
(1.56) (.22) (.96) (.73) (.61) (.51) (1.39) 

2 critical t computed F critical F R 
1.684 (5%) 1.12540 2.24 (5%) .15794 
2.423 (1%) 3.10 (1%) 

(6) Police 

E l  = -9.14382 + .05510N l  + .01728DL - .00167PL + .02969E1g60_L + 1.11509YL + .01759R1_L + .49023R2_L 

(.05655) (.08330) (.04829) (.22376) (.40663) (.01827) (.08506) 
(.97) (.21) (.03) (.13) (2.74) (.96) (1.57) 

2 
critical t computed F critical F R 
1.684 (5%) 3.96461 2.24 (5%) .39787 
2.423 (135) 3.10 (1%) 



Table 6. Regressions on Logarithmic Transformations (Continued) 

E,_ = 0.28598 + . 02080N' l  + . 19477DL 

(.12236) 
(.17) 

( .18026) 
(1.08)  

.20505P l  + 

(.10449) 
(1.96) 

(7) Fi re 

•73331E1960-L 
(.48421) 
(1.51) 

1.16002Y l  + . 01137R1_ l  + .49023R 

(.87992) 
(1.32) 

(.03954) 
(.29) 

2-L 
(.18407) 
( 2 . 6 6 )  

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
2.81649 

critical 
2.24 
3.10 

w 
(1%)  

R' 
.31946 

E, = -11.95334 - .19732N l  + 

(.20442) 
(.96) 

(8) Sewerage 

.39507E l  + .16944P l  - 2.04917Eng60_L + 2.06639YL 

(.30277) 
(1.30) 

(.1755) 
(.96) 

(.81331) 
(2.52) 

(1.4779) 
(1.398) 

.01182R-J _L + . 55422R2_ 

(.06641) 
(.34) 

(.30917) 
(1.79) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.37525 

critical i 
WF 2.24 

3.10 ( 1%)  

r 
.18647 

E, = 6.15128 - .22231N l  + 

(.17522) 
(1.27) 

(9) Sanitation 

.45002DL + .02239PL - .07975E ig60_L 

(.25813) 
(1.78) 

(.14963) 
(.15) 

(.69338) 
( . 1 1 )  

- .75492YL -

(1 .2600)  
(.599) 

. 11756R ]_L + .18039R2_L 

(.05662) 
(2 .08 )  

(.26358) 
( . 68 )  

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.10896 

critical F 
2.24 (5%) 
3.10 (1%) 

r 
,14500 



Table 6. Regressions on Logarithmic Transformations (Continued) 

E, = -9.44321 - .08086N l  + .19853D l  + 

(10) Parks 

.00075P l  + .99333E ig60_L 

(.17060) 
(.47) 

(.25813) 
(.79) 

(.14963) 
(.005) 

(.67512) 
(1.47) 

.31410Y l  - .05218R-|_L + .59088R2_L 

( 1 . 2 2 6 8 )  
( . 2 6 )  

(.05512) 
(.95) 

(.25664) 
(2.30) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.99634 

critical F 
2.24 (5%) 
3.10 (1%) 

.24966 

E, - .94481 - .09653NL 

(.15077) 
(.64) 

+ .25023DL -

( . 22211 )  
(1.13) 

(11) Housing 

.01105PL + .44131 E- jg60_ l  

(.12875) 
( . 08  

(.59663) 
(.74) 

.87787YL + 

(1.0842) 
( . 8 1 )  

.00138R1_L + 

(.04872) 
(.03) 

.24154R 2-L 
( .22680)  
(1.06) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
.70129 

critical F 
[5%r 2.24 

3.10 ( 1 % )  

r 
.10465 

(12) Library 

E, = -9.97062 - .24839N. - .26352D, + .00498P, 

(.16326) 
(1.52) 

(.24051) 
(1.09) 

(.13941) 
(.03) 

1.55388E 

(.64608) 
(2.40) 

1960-L 
+ 1.56702YL + 

(1.17400) 
(1.33) 

. 04251R1-L + 

(.05275) 
( .80)  

.51147R2_L 

(.24559) 
(2.08) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
2.56635 

critical F 
2.24 (5%) 
3.10 (1%) 

rc 

,29959 



Test #6. Regressions on Squared Transformations 

Nonetheless, other transformations are possible, and 

Test #6 was undertaken to observe the regression results on the 

squares of all variables. In other words, a check was made of 

any possible squared relationships among the variables. The 

basic test equation, then, became: 

E2 = aQ - a-jN + a2D + a3P + a4E1960 + a5Y + agR1 + a7R2 

with the independent and dependent variables defined as prev

iously and the superscript 2 indicating the square of all observed 

values. The results for the twelve separate regressions are 

summarized in Table 7. Given the same observations and number of 

independent variables as in Test #5, and therefore the same 

degrees of freedom (50-7-1 = 42), the critical statistics remain 

unaltered from the previous test. 

Using this transformation, the equations that met the 

test of significance were: 

Education (at the 1% significance level); 

Welfare (at the 1% significance level); 

Police (at the 1% significance level); 

Fire (at the \% significance level). 

In brief summary, the results were not identical to the log 

transformation test (Test #5); here the regression on Welfare 
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expenditures per capita proved significant whereas in Test #5 it 

did not (instead Library expenditures did). But additionally, the 

regressions that did prove significant in this test all were signi

ficant at the "\% level. Consequently, with the exception of 

? 
Police, the R 's were generally higher for these equations than 

2 the R 's resulting from the log transformations. 

For Education expenditures per capita (squared), none of 

the independent variables for which t values could be computed met 

the test of significance. A check of the summary table, however, 

2 2 indicated the R-j variable to have an R change value of .10141, and 

2 2 R2 to have an R change value of .34769. In other words, these two 

2 variables alone accounted for over .44 of a total R of .52532. The 

two revenue variables, then, appear to be the significant indepen

dent influences on variations in per capita Education expenditures. 

2 2 The R that did result was an improvement over the R of the equation 

based on logarithmic transformations, but not particularly an 

2 improvement in the R of tests based on the raw data. 

The regression on (the squared form of) Welfare expenditures 

2 per capita resulted in a high computed F and the largest R of any 

variations of tests on this category of expenditure to date. How

ever, none of the variables for which t values could be computed 

2 proved significant. The summary table revealed R^ alone to account 

for .51772 of the total R2 value of .53998; this variable, then, 

appears to be the sole contributory factor to variations in 

Welfare expenditures per capita. 
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The regression on Police expenditures resulted in a computed F 

which just exceeded the critical F at the 1% level, but an F value 

lower than the resulting F based on the logarithmic transformation 

2 2 regression. The R also was reduced from the R of the log transformed 

2 regression. Nonetheless, the resulting R value was on par with the 
p 

R 's that result in most test variations based on the raw data. 

Of the independent variables for which t values could be com-

2 puted, only Y proved significant (at the 5% level). A check of the 

2 2 
summary table revealed either Revenue variable (R^ or R£) to have an 

2 2 R change value of .01023 or less; thus in this test we accept Y as 

2 the one explanatory variable on E , Police expenditure per capita. 

Finally, in this test run the equation on Fire expenditures 

2 
per capita proved significant at the 1% level but resulted in an R 

2 value which was compatible to most previous R values (of previous 

tests on Fire expenditures). However, the variables for which t 

values proved signficant included: P (at the 5% significance level) 
o 

and E-jggo (at the level), with the sign of P negative (as in all 

other tests on Fire expenditures). A check of the summary table, 

2 however, reveals R^ to be the variable which contributes most to the 

2 2 overall R value (with an R change value of .13029). Thus for this 

test, significant contributory parameters to the variations in the 

2 2 2 independent variable would include: P , E-jggg and R^. 



Table 7. Regressions on Squared Transformations 

E = 8715.8881 - .02029r - 8.85447r -

(.12940) 
( . 1 6 )  

(6.17031) 
(1.43) 

(1) Education 

25.59812P2 - .00169E^960 

(79.47361) 
(.32) 

(.05484) 
(.03) 

critical t computed F critical F 
1.684 (5%) 
2.423 (1%) 

6.64020 2.24 
3.10 

w 
( 1%)  

r' 
.52532 

- .00082Y 

(.00051) 
( 1 . 6 1 )  

.00000r^ + .oqooor^ 

( .00000)  ( .00000)  

Ec = 1037.56941 - .00631r - .55424D^ -

(.01203) 
(.52) 

(.57375) 
( . 9 6 )  

1.684 (5%) 
2.423 (1%) 

(2) Highways 

4.79450P2 + .00333E2
96Q 

(7.38994) 
(.65) 

(.00510) 
(.65) 

critical t computed F 
.49355 

critical F 
2.24 (5%) 
3.10 (1%) 

r 
.07601 

.00006Y -

(.00005) 
(1 .20 )  

.00000R2 + .00000R2 

(.00000) (.00000) 

E = -17.09738 + .00120N - .02600D^ -

(.00155) 
(.77) 

(.07373) 
(.35) 

(3) Welfare 

.02446P2 + .00001 E2
g60 

(.94962) (.00066) 
( . 0 2 )  ( . 0 1 )  

critical t computed F critical F 
1.684 (5%) 7.04290 2.24 (5%) 
2.423 (1%) 3.10 (1%) 

r 
.53998 

.00000y 

(.00001) 

.ooooor^ + .ooooor: 

( .00000) ( .00000) 



Table 7. Regressions on Squared Transformations (Continued) 

(4) Hospital 

E2 = 295.20714 - .00656N2 + 1 .73728D2 - 4.30620P2 + .00220E2
%[) - .00005Y2 - .00000R2 + .00000R2 

(.01207) (.57578) (7.41600) (.00512) (.00005) (.00000) (.00000) 
(.54) (3.02) (.58) (.43) (1.00) 

2 critical t computed F critical F R 
1.684 (5%) 1.62411 2.24 (5%) .21302 
2.423 (1%) 3.10 (1%) 

(5) Health 

E2 = -7.00879 - .00005N2 - .00158D2 - .01757P2 - .00006E2
g6Q + .00000Y2 + .00000R2 - .00000R2 

(.00011) (.00533) (.06864) (.00005) (.00000) (.00000) (.00000) 
(.45) (.296) (.25) (1.20) 

2 critical t computed F critical F R 
1.684 (5) 2.22306 2.24 (5%) .27034 
2.423 (1%) 3.10 (1%) 

(6) Police 

E2 = -87.14897 + .00006N2 - .01274D2 + .29594P2 + .00001E2
g60 + .00002Y2 + .00000R2 - .00000R2 

(.00141) (.06742) (.86841) (.00060) (.00001) (.00000) (.00000) 
(.04) (.19) (.34) (.02) (2.00) 

2 critical t computed F critical F R 
1.684"T5%T 3.15691 2.24 (5%) .34476 
2.423 (5%) 3.10 (1%) 



Table 7. Regressions on Squared Transformations (Continued) 

E2 = 62.2890 - .00122N2 - .03259D2 -

(.00135) 
(.90) 

(.06445) 
(.50) 

(7) Fire 

1.51497P2 + .00186E2
960 

(.83018) 
(1 .82 )  

(.00057) 
(3.26) 

- .00001y + 

( .00001) 
(1 .00)  

. OOOOOR^j" + .00000R' 

( .00000) ( .00000) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
3.49063 

critical F 
(w 2.24 

3.10 (1%)  
.36780 

E = -51.44157 - .00243N -

(.01389) 
(.17) 

critical t 
1.684 (5%) 
2.423 (1%) 

(8) Sewerage 

.12236D2 + 6.03007P2 - .00821E 

(.66242) 
( . 1 8 )  

(8.5319) 
(.71) 

1960 
(.00589) 
(1.39) 

computed F critical F R 
.43835 2.24 (5%) 

3.10 (1%) 
.0808 

+ .00007Y -

( .00006) 
(1.17) 

.00000R2 + .00000R2 

( .00000) ( .00000) 

2 

(9) Sanitation 

E = -33.79957 - .00033N" + .00185D + .05959P" + .00009E 

(.0051) 
(.65) 

(.02417) 
( .08)  

(.31135) 
(.19) 

1960 
( .00021) 
(.43) 

critical t computed F 
1.684 (5%) .16486 
2.423 (1%) 

critical F 
2.24 (5%) 
3.10 (1%) 

r 

. 00000Y + .OOOOOR^" - .OOOOOR^ 

( .00000) ( .00000) ( .00000) 

.02674 



Table 7. Regressions on Squared Transformations (Continued) 

(10) Parks 

E2 = -5.76472 - .00145N2 - .02960D2 - .71863P2 + .00119E2
g60 + .OOO0OY2 

(.00188) (.08953) (1.15319) (.00080) (.00001) 
(.77) (.33) (.62) (1.49) 

2 critical t computed F critical F R 
1.684 (5%) .71167 2.24 (5%) .10604 
2.423 (1%) 3.10 (1%) 

(11) Housing 

E2 = 3.21759 + .00000N2 - .00251D2 + .00537P2 + .00003E2
%0 - .00000Y2 + .OOOOOR2 + .OOOOOR2 

(.00006) (.00294) (.03789) (.00003) (.00000) (.00000) (.00000) 
(.85) (.15) (1.00) -

2 critical t computed F critical F R 
1.684 (5%) .87452 2.24 {5%) .12721 
2.423 (1%) 3.10 (1%) 

(12) Library 

E2 = 31.31893 - .00039N2 - .03378D2 + .26403P2 - .00032E^g60 - .00000Y2 - .OOOOOR2 + .OOOOOR2 

(.00084) (.04016) (.51721) (.00036) (.00000) (.00000) (.00000) 
(.46) (.84) (.51) (.89) 

2 critical t computed F critical F R 
1.684 (5%) 1.76397 2.24 (5%) .22720 
2.423 (1%) 3.10 (1%) 

- .OOOOOR2 - .00000R2 

( .00000) ( .00000) 



Test #7: Regressions with Independent 
Variable Transformations 

Test #7 is simply a slight variation of Test #6. That is 

the twelve separate regressions were run on the squared values of 

the independent variables, but simultaneously using the raw or 

original values for each dependent variable. Again, the attempt 

was to check for some non-linear relation between Expenditure per 

capita and any independent variable. The general test equation 

became: 

E = a0-a]N2  +a2
D +a

3
p2  +  a4D-|960+a5Y +  a6Rl  +  a7R2 

with the independent variables defined as before and the super

script 2 indicating the squared value. (Note that E--expenditure 

per capita—is not squared.) 

With the continuing use of seven independent variables, 

the critical values for t and F are unaltered from Tests #5 and 

#6. The results are indicated in Table 8. Meeting the test of 

significance (with a computed F that exceeded the necessary F 

at either the 5% or 1% significance level) were: 

Education (at the 1% significance level): 

Welfare (at the 1% significance level) 

Health (at the 5% significance level) 

Police (at the 1% significance level) 

Fire (at the 1% significance level), 
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Within Education expenditures, none of the regression 

coefficients for which t  values could be computed proved signifi-
2 cant. A check of the summary table, however, showed to contrib-

2 2 ute most to the overall R (of .59201) with an R change value of 
? 

.18094. (The t  value for Y also could not be computed, but it 
2 . 2 was seventh in contribution to the overall R with an R change 

value of .01190). These two revenue variables alone, then, appear 

to be the contributory influences over Education expenditures per 

capita in this test run. 

The regression on Welfare expenditures per capita yielded 

2 2 a high computed F and an R value that exceeded the R value for 

Welfare expenditures in any other test, either on transformed 

variables or the raw data. None of the computed t  values of the 

independent variables, however, proved significant. That meant 

explanation of the variations in E came primarily from one or more 
2 2 2 of three sources: Y ,  R^ or R^ (the independent variables for 

which t's could not be computed). The summary table revealed that 
2 2 2 the R change value of R^ to be .46169, and the R change value 

2 of R-| to be .11139. These two variables consecutively accounted 

for the first and second highest contributing factors to the overall 
2 2 R (of .61473). Y again was seventh in contribution to the overall 

2 R .  Thus these revenue variables will be accepted as the explana

tory variables for this regression run. 
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The regression coefficients of the independent variables 

(for which t values could be computed) for Health expenditures per 

capita also did not meet the test of significance. Nonetheless the 
2 2 R value was substantially higher than the R of this category in 

other transformed variable tests (Test #5 and #6). The explanation 

of what contributed to the variations in E had to come from those 

three variables for which t values could not be computed. 
2 The summary table showed to be the variable contributing 

most to the overall R^ with an R^ change value of .21007. 
2 followed as the second most contributing influence but with an R 

p 
change value only of .06287. (Rg was fourth as a contributing 

o 
factor with an R change of only .01823). Therefore, the signifi-

2 2 cant independent variable in this equation was R2 ,  with Y possibly 

a second significant influence on E. 

The regression on Police expenditures per capita also 

revealed a significant computed F value, but no significance (i.e.,  

inadequate t values) attached to those independent variables for 
2 which t ratios could be computed. The summary table showed Y to 

o 
be the most significant contributor to the overall R (of .28254) 

2 2 2 with an R change value of .20514 (R^ and R2  were, respectively, 
2 sixth and third in contributions to the overall R value). Thus, 

2 Y alone is accepted to be the significant influence on E (per 
2 capita Police expenditures). The R that resulted is not vastly 

2 different from the R of previous test on transformed variables and 

no particular improvement over Test #1 and #3 (based on the raw data). 
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Finally, the regression on Fire expenditures per capita met 

the test of significance at the 1% level (with a computed F exceed-

ing the necessary F at that level) and resulted in an R value that 

was somewhat an improvement over the previous test on transformed 
2 variables (but no particular improvement over the R value in Test 

#1 and #3). For those regressions where t  values could be computed, 
o o 

P and E-|ggQ both met the test of significance (at the 5% and 1 % 
2 levels, respectively) with P negatively related to E (as in tests 

2 before). However, additionally, the summary table revealed R2  to 
2 2 be the most significant contributor to the overall R with an R 

2 2 2 change value of .13456 (Y and R-j both recorded R change values 

of .03777 or less and were respectively fourth and sixth in impor-

tance of the contribution of the overall R value of .39639). Thus, 

the important variables significantly explaining variations in the 
2 2 2 levels of Fire expenditure per capita were P ,  E^ Q and R^. 

In summary, with the exception perhaps of Welfare expendi

tures per capita, this regression series did not reveal particularly 

different results from previous regressions based on transformed 

variables. As a matter of fact, none of the test runs on trans

formed variables revealed any general improvement over those tests 

done with the raw data, both with seven independent variables 

(Test #1) and six independent variables (Test #3). Thus there is 

no strong indication of extensive non-linear relationships, and 

no particular advantage in accepting regressions based on trans

formed variables over those based on the raw data. 



Table 8. Regressions with Independent Variable Transformations 

E = 41.41224 - .00024N - .04563D -
(.00065) 
(.37) 

(.03133) 
(1.46) 

(1) Education 

.15194P2  - .00017E^g60  

(.40097) 
(.33) 

( .00028)  
( . 6 1 )  

.00000Y2  + .00000R2  + .00000R2  

( .00000)  ( .00000)  ( .00000)  

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
8.70634 

critical F 
[5TT 2.24 

3.10 0%) 
.59201 

e = 23.74555 - .00008ir - .00776DC -

(.00018) 
(.44) 

(.00845) 
(.92) 

(2) Highways 

.02608P2  - .00006E2
g60  

(.10885) 
(.24) 

(.00008) 
(.75) 

.00000Y2  - .00000R2  + .00000R2  

( .00000) ( .00000) ( .00000) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
.62575 

critical F 
WT 2.24 

3.10 ( U )  

r 
.09444 

e = -.40032 + .00003N - .00102^ -

( .00006) 
(.67) 

(.00263) 
(.39) 

(3) Welfare 

.00116P2  - .00001E2
g60  

(.03389) 
(.03) 

( .00002) 
(.50) 

.00u00y + 

( .00000) 

.OOOOOR^j" + .ooooor; 

( .00000)  ( .00000)  

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
9.57368 

critical F 
2.24 (5%) 
3.10 (1%) 

R' 
,61473 



Table 8. Regressions with Independent Variable Transformations (Continued) 

E = 5.42255 - .00009N2  + .02207D2  

(.00017) 
(.53) 

(.00807) 
(2.73) 

(4) Hospital 

.05438P2  + .00003E2
g50  

(.10391) 
(.52) 

(.00007) 
(.43) 

.00000Y 

( .00000)  

.ooooor^ + .ooooor;  

( .00000)  ( .00000)  

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.42652 

critical F 
iw 2.24 

3.10 (1°0 

r 
,19210 

(5) Health 

E = -.39816 - .00001N2  - .00006D2  - .00796P2  - .00001E 

( .00002) 
(.50) 

critical t 
1.684 (5%) 
2.423 (1%) 

(.00084) 
(.07) 

(.01083) 
(.73) 

1960 

computed F 
3.09478 

( .00001) 
(1 .00)  

critical F 
2.24 (5%) 
3.10 (1%) 

• .00000y 

(.00000) 

r2 

.34028 

.ooooor^ + .ooooor^ 

(.00000) (.00000) 

(6) Police 

E = 2.2555 + .00001N + .00050D + .01656P^ + .00001E 

(.00005) 
( . 2 0 )  

(.00237) 
( . 2 1 )  

(.03058) 
(.54) 

1960 
( .00002) 
(.50) 

.00000y 

( .00000) 

.ooooor^ + .ooooor; 

( .00000) ( .00000) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
3.71729 

critical F 
2.24 (5%) 
3.10 (1%) 

r 
,38254 



Table 8. Regressions with Independent Variable Transformations (Continued) 

E = 6.67189 - .00007N2  + .00208D2  

( .00006)  
(1.17) 

(.00292) 
(.71) 

(7) Fire 

.07472P2  + .00009E2
g6Q 

(.03763) 
(1.99) 

(.00003) 
(3.00) 

critical t computed F critical F 
1.684 (5%) 3.94021 2.24 (5%) 
2.423 (1%) 3.10 (1%) 

.00000Y + 

( .00000)  

R2  

,39639 

.OOOOOR^ + .00000R' 

(.00000) (.00000) 

e = 1.55745 - .00003N + 

( .00022) 
(.14) 

critical t 
1.684 (5%) 
2.423 (1%) 

(8) Sewerage 

, 00358D2  + .13702P2  - .00019E2
g60  + 

(.01032) 
(.35) 

(.13294) 
(1.03) 

computed F 
.80451 

(.00009) 
( 2 . 1 1 )  

critical F 
2.24 (5%) 
3.10 (1%) 

.00000y - .ooooor^ + .ooooorg 

(.00000) (.00000) (.00000) 

r 
.11823 

(9) Sanitation 

e = 4.47888 - .00003N2  + .00116D2  + .00852P2  + .00000E 

(.00005) (.00240) (.03085) (.00002) 
(.60) (.48) (.28) 

1960 .00000y + 

(.00000) 

.ooooor^ - .ooooor^ 

( .00000) ( .00000) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
.18512 

critical F 
2.24 (5%) 
3.10 (1%) 

r 
.02993 

o 
03 



Table 8. Regressions with Independent Variable Transformations (Continued) 

(10) Parks 

E = 1.75815 - .00009N2  + .00046D2  - .01850P2  + .00u07E2
g60  + .00000Y2  - .00000R2  + .00000R2  

(.00008) (.00361) (.04654) (.00003) (.00000) (.00000) (.00000) 
(1.12) (.13) (.397) (2.33) 

2 critical t computed F critical F R 
1.684 (5%) 1.42046 2.24 (5%) .19142 
2.423 (1%) 3.10 (1%) 

(11) Housing 

E = .69857 - .00000N2  - .00060D2  + .00674P2  + .00001E2
g60  - .00000Y2  + .00000R2  + .00000R2  

(.00001) (.00067) (.00862) (.00001) (.00000) (.00000) (.00000) 
(.89) (.78) (1.00) 

2 critical t  computed F critical F R 
1.684 (5%) .85965 2.24 (5%) .12532 
2.423 (1%) 3.10 (1%) 

(12) Library 

E = 2.52026 - .00005N2  - .00197D2  + .01968P2  - .00004E2
96Q + .00000Y2  

(.00006) (.00264) (.03395) (.00002) (.00000) 
(.83) (.75) (.58) (2.00) 

2 critical t  computed F critical F R 
1.684 (5%) 2.15736 2.24 (5%) .26477 
2.423 (1%) 3.10 (1%) 

-  .00000R2  + .00000R2  

( .00000) ( .00000) 
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Test (Series) #8 and #9 

These tests consisted of regression runs based on two sepa

rate series of the original test model, in each case with the zero 

data points removed. In other words, instead of relying on the 

technique of combining categories (to eliminate or reduce the num

ber of zero data points) these tests simply eliminated those cases 

(observations) wherever a zero expenditure was recorded. 

The following regression runs were made: 

Test #8: Regression of the separate categories of expenditures 

(including the combined expenditure categories E, H and W) based 

on six independent variables: N, D, P, E-jggg, Y and R (R being 

the combined independent variable R^ + R^). 

Test #9: Regression of the separate categories of expenditures 

(including the combined expenditure categories E, H and W) but 

with four independent variables. N, D, P and R (i .e.,  with the 

proxy variables E- J^ Q  and Y removed). The results of each test 

are indicated in the correspondingly numbered tables and are 

summarized here. 



1 

Test #8: Regressions Minus Zero Data with 
Six Independent Variables 

The first noticeable feature of this test is that several 

regressions were not computable. 

For those that were computed, the estimated regression 

coefficients plus the critical and computed statistics are summar

ized as before (the second parenthesis under each regression 

coefficient indicates the computed t values). A word of explana

tion is needed for the critical t and F values given. Since the 

number of observations (cases) varied from regression to regres

sion (depending upon the number of zero data points removed), the 

degrees of freedom would ordinarily vary from regression to regres 

sion. However, since the estimated value for this regression run 

was 50 cases (observations), the critical t and F values reported 

for each regression are the same, that is, based on 40 degrees of 

freedom. (This is identical to the critical values reported in 

Test #3, also based on six independent variables.) 

Two regressions proved significant in this test series, 

both at the 1% level: the regression on Police and the regression 

on Fire. In neither case did either externality variable meet the 

test of significance; but a priori this was the anticipation. 

Both Police and Fire were ranked low on the scale of good exhibit

ing widespread externalities. 
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For Police expenditures, the significant variable was the 

proxy variable Y. For Fire expenditures, three variables met the 

test of significance: P and E^ Q  (both at the 1% significance 

level), and R (at the 5% significance level). As expected, posi

tive signs were attached to 950 ant* ^ a  ne9a" t' ,'ve  S1'9n  was  

attached to P, indicating some estimation by the locales of 

economies of scale in production. 
2 In various other equations in this series, the R 's were 

relatively high even though the F ratios did not meet the tests of 

significance (such as the regressions on Education, E and Welfare). 

In none of these other cases, however, did either externality 

variable meet the test of significance although often the signs of 

these variables were perverse to the original hypothesis, indicating 

negative spill-ins associated with those goods. 

In summary, removal of the zero data points did not 

improve regression results, nor did it further strengthen the 

hypothesis that communities do consider receipts of externalities 

in the decision-making process. 



Table 9. Regressions Minus Zero Data with Six Independent Variables 

(1) Education 

e = 295.18239 -.076971831N- 2.1586144D+ 2.7105602P+.46742659E i g60  

(.38922742) (1.9157261) (5.528929) (.26896852) 
(.26) (1.12) (.41) (1.73) 

2 computed F R 
1.81528 .78404 

.0799537815Y + .00000900112R 
(.0342327077) (.00000824666) 
(2.33) (1.09) 

e = 29.692407 - .0337951349N - .25168285D -

(2) Highways 
.0133045316P+ . 0311953539E1  g60  - .005455296Y+ .00000066R 

(.0392061445) (.25968573) (.88502719) (.0364599539) 
(.86) (.93) (.01) (1.85) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
.91423 

critical F 
2.32 (5%) 
3.26 (1%) 

r' 
.11313 

(.004640405) (.00000111787) 
(1.17) (.59) 

(3) Welfare 

e = 3.66345 + .0442078029N - .14269888D - .35526651P + .04377681e^g6Q - .0055295Y + .000003625R 

(.0456368678) (.30228025) (1.0301923) (.04244024) 
(.96) (.47) (.34) (1.03) 

(.00540154) (.00000130123) 
(1.02) (2.78) 

computed F 
1.80103 

R' 
.51937 



Table 9. Regressions Minus Zero Data with Six Independent Variables (Continued) 

(4) Hospital 

(Matrix singular; unique estimates impossible) 

(5) Health 
E = -1.0609011 - .0046355779N - .005847004D- .15737845P- . 00535133E ]  g60  + .001072558Y+ .000000335R 

(.00606035) (.04014132) (.13680444) (.0056358536) (.000717798) (.0000001728) 
(.76) (.14) (1.15) (.94) (1.49) (1.93) 

2 computed F R_ 
1.64237 .28273 

(6) Police 

E = -5.8969909+ .00694392N+ .00794228D+ .12581145P+ .004757678E i g6Q + .00445276Y+ .00000045R 

(.01103053) (.073061817)(.24899980) (.0102579) (.00130556) (.000000314) 
(.62) (.10) (.50) (.46) (3.41) (1.45) 

2 critical t computed F critical F R 
1.684 (5%) 4.65062 2.32 (5%) .39354 
2.423 (1%) 3.26 (1%) 

(7) Fire 

E = 6.7439586 - .01424518N+.07335778D - .7567557P+ .0413455E-Jg6Q - .0025736Y+ .0000009108R 

(.01343565) (.08899237) (.30329227)(.012494556) (.00159023)(.000000383) 
(1.06) (.82) (2.49) (3.30) (1.61) (2.37) 

2 computed F R_ 
4.85414 .40943 



Table 9. Regressions Minus Zero Data with Six Independent Variables (Continued) 

(8) Sewerage 
E = -7.345673 + .0096779N + .00259689D + 2.11187P- .0930809E i g6Q + .00942296Y + .0000012726 

(.0501928) (.332457) (1.133037)(.046677) (.00594078) (.00000143) 
(.19) (.007) (1.86) (1.99) (1.58) (.88) 

2 critical t computed F critical F R 
1.684 (5%) 1.12930 2.32 (5%) .14486 
2.423 (1%) 3.26 (1%) 

(9) Sanitation 
E = 8.5188436+ .00307886N + .00065735D+ .03784087P- .003981108E1%0 

(.01114709) (.0738338) (.25163086) (.01036629) 
(.27) (.008) (.15) (.38) 

2 computed F R 
.25008 .03897 

(10) Parks 

E = -2.89597 - .000005280N- .03133449D- . 19072641P + .0370693E-,g60  + .00044074Y + .00000006R 

(.0171757) (.1137648) (.387719) (.0159726) (.0020329) (.0000004897) 
(.003) (.27) (.92) (2.32) (.21) (.12) 

2 critical t computed F critical F R 
1.684 (5%) 1.56644 2.32 (5%) .18285 
2.423 (1%) 3.26 (1%) 

.000983039Y -

(.00131936) 
(.74) 

.000000000046R 

(.0000003178) 
(.0001) 



Table 9. Regressions Minus Zero Data with Six Independent Variables (Continued) 

(11) Housing 

(Matrix singular; unique estimates impossible) 

(12) Library 

(Matrix singular; unique estimates impossible) 

(13) E 

E = 312.54329 - .0803294N - 2.5901533D + 2.20615P + .4537645E ]g6Q - .08037569Y + .000009094R 

(.3235932) (2.14335) (7.30469) (.300927) (.0383002) (.0000092265) 
(.24) (1.20) (.30) (1.50) (2.09) 

2 critical t computed F critical F R 
1.52066 .75256 

(14) H 

(Matrix singular; unique estimates impossible) 

(15) W 

(Skipped: Not enough cases, i .e.,  observations) 



Test #9: Regressions Minus Zero Data 
with Four Independent Variables 

This test run, based on only four independent variables 

(with the proxy variables removed) was less successful than the 

previous series in that only one regression met the test of 

significance. Fire expenditures proved significant at the 1% 

level, with only one variable, R, meeting the required t value 

(at the 5% level). 

Apparently, with the proxy variables as well as the zero 

data points removed, the explanatory powers of the test equations 

was reduced. Several equations in this series (Hospitals and H) 
2 revealed relatively high R values even though the critical F val 

was not met. For Hospital expenditures, the independent external 

ity variable D proved significant, with the expected positive 

sign indicating capture of positive spill-ins of this service. 

Otherwise, neither N nor D in any of the computable tests proved 

significant and thus supported the hypothesis that communities 

utilize spill-ins from surrounding jurisdictions. 

Conclusions as to these findings and further discussion 

of the importance of externality considerations in local expen

diture decisions is summarized and analyzed in the following 

last chapter. 



Table 10. Regressions Minus Zero Data with Four Independent Variables 

(1) Education: 

(2) Highway: 

(Not all independent variables included due to insufficient tolerance.) 

E = 19.660149 - .046432N - .229559D + .0943946P + .00000066R 
(.036943) (.257108) (.828850) (.00000010659) 
(1.25) (.89) (.11) (6.19) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.01793 

critical F 
2.58 (5%) 
3.78 (1%) 

r 
.08297 

(3) Welfare: 

(4) Hospital 

(Matrix singular; unique estimates impossible.) 

E = 26.25443 - .2617704N + 3.198915D - 5.67808P - .000008199R 
(.201374) (1.401285) (4.51738) (.000005809) 
(1.29) (2.28) (1.25) (1.41) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F critical F 
2.12587 2.58 (5%) 

3.78 (1%) 
.80959 

(5) Health: E = 1.0448587 - .0020464N - .0104328D - .17121165P + .0000003435R 
(.0057749) (.0401855) (.12954768) (.0000001666) 
(.35) (.25) (1.32) (2.06) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
1.87573 

critical F 
2.58 (5%) 
3.78 (1%) 

.21746 



Table 10. Regressions Minus Zero Data with Four Independent Variables (Continued) 

(6) Pol ice: 

(7) Fire: 

(Not all independent variables included due to insufficient tolerance.) 

E = 6.551597 -

critical t 
1.684 (5%) 
2.423 (1%) 

.0166412N + 
(.013976) 
(1.19) 

computed F 
3.77105 

.075754D -
(.097254) 
(.77) 

.45180475P -
(.31352047) 
(1.44) 

critical F 
(5? 

R' 
2.53 
3.78 

5%) 
(1%) 

.25530 

.00000117R 
(.0000004032) 
(2.90) 

(8) Sewerage: E = 3.2994778 + .0267566N - .023781D + 1.155196P + .0000008954R 
(.048919) (.3404119) (1.097399) (.00000141128) 
(.54) (.06) (1.05) (.63) 

critical t 
1.684 (5%) 
2.423 (1%) 

computed F 
.45472 

critical F 
(w 2.58 

3.78 ( U )  

r 
,05112 

(9) Sanitation: E = 5.0736845 -

critical t 
1.684 (5%) 
2.423 (1%) 

.00048396N + .0075436D - .0340404P 
(.010484) (.0729522) (.235179) 
(.04) (.10) (.14) 

computed F critical F 
.03130 2.58 (5%) 

3.78 (1%) 

r 
.0032 

.000000095447R 
(.0000003024) 
(3.15) 



Table 10. Regressions Minus Zero Data with Four Independent Variables (Continued) 

(10) Parks: E = 4.6651245 + .006269N - .0456765D + .17727616P + .00000045R 
(.0173926) (.121028) (.390163) (.0000005017) 
(.36) (.37) (.45) (.89) 

2 critical t computed F critical F R 
1.684 (5%) .26398 2.58 (5%) .02344 
2.423 (1%) 3.78 (1%) 

(11) Housing: (Matrix singular; unique value impossible.) 

(12) Library: E = 4.632597 - .0153504N - .152032D + .0866636P + .0000006874R 
(.015547) (.10818929)(.34877) (.0000004485) 
(.98) (1.40) (.24) (1.53) 

2 critical t computed F critical F R 
1.684 (5%) 1.85493 2.58 (5%) .19828 
2.423 (1%) 3.78 (1%) 



Table 10. Regressions Minus Zero Data with Four Independent Variables (Continued) 

(13) E: E = 163.73489 .267293N - 2.262427D + 3.7446794P + .0000089633R 
(.379167) (2.6384786) (8.505767) (.000010939) 
(.70) (.85) (.44) (.81) 

critical t computed F critical F R 
.73436 .37007 

(14) H: E = 21.78987 - .0786626N - .876805D + 1.86658P - .00000179259R 
(.189759) (1.3204) (4.25671) (.000005474) 
(.41) (.66) (.43) (.32) 

2 critical t computed F critical F R 
1.684 (5%) .27849 2.58 (5%) .52695 
2.423 (1%) 3.78 (1%) 

(15) W: (Skipped: Not enough cases, i .e.,  observations) 



CHAPTER IV 

CONCLUSION 

The focal point of this dissertation is to answer the ques

tion: to what extent (if any) do externality considerations enter 

into the decision-making expenditure functions of local governments? 

Across all series, in most regressions (and particularly in 

the significant equations) it is generally not D nor N which are 

obvious as explanatory variables; it is, rather, revenue parameters 

which takes precedence. Furthermore, once we combined the two 

revenue factors into one independent variable R, it became the over

whelming influence in most of the significant regressions. That is 

to say, "receipts" or revenues of a locale apparently took pre

eminent importance as a factor influencing expenditure decisions. 

This may reflect the fact that local governments feel constrained 

(more so, comparatively, than federal or even a non-federal, yet 

higher-than-local, levels of government) to stay within a budget 

(except, perhaps, for certain long-term capital expenditures). 

Therefore only occasionally do E-^ Q  or Y (the demand factors) 

emerge as significant or do any externality consideration make a 

debut as influencing parameters. 

For the equations that did meet the test of significance--

across all test series (based on raw data, transformed variables 
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and removal of zero data point)—only once did the externality 

variable N meet the test of significance.^ Only in a few of 

these significant equations did D prove significant, and then 

often with a sign reversed from the a priori anticipation J'7  

The implication would seem to be that where communities do 

consider externality spill-ins at all,  it is generally the 

negative externality which is most strongly perceived and incor

porated into expenditure decisions. 

Even where externality variables are not significant, 

the signs of those independent parameters are important in 

indicating how these factors are perceived in the decision

making process. Close examination of the signs of the exter

nality variables in particular (across all multiple regression 

tests) reveal the following consistency and pattern: 

The sign attached to N (which is anticipated to be 

negative) is found to be perverse (positive) most frequently 

in the per capita expenditures on Welfare, Police and Sewerage. 

In other words, particularly for these types of expenditure 

16. In Test #5, Education expenditures based 
on logarithmic transformations of all variables. 

17. The occurrence of these perverse signs were 
noted during the testinq series. The conclusion was that 
these perverse signs were best explained as indicating 
negative externalities. 
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categories, negative spill-overs are associated with increased 
18 urbanization and increased number of surrounding communities. 

For the D independent variable, a sign perverse to that 

expected is most frequently encountered in per capita expenditures 

on Education, Highways, Welfare, Housing and Library. In other 

words, the closer to the center of urbanization (the central city) 

is a locale, the greater the negative spill-ins that are anticipated 

to result, particularly in these categories. 

(Additionally, the sign attached to P [the population 

parameter] was most frequently perverse [negative] in the follow

ing cases: Education, Highways, Welfare, Parks, Hospital, Health, 

Fire and Sanitation. This seems most clearly an indication of 

achievement of economies of scale in production.) 

What, then, was the apparent role of the externality 

variables? Actually, either externality consideration was 

important in only a few equations; generally, therefore, its 

role appears minor. Where externalities did emerge as important, 

d (distance from the central city) was usually the externality 

variable (instead of N) that met the test of significance. 

18. The possibility exists that N may legitimately be posi
tive if communities deliberately increase expenditures to compete 
with other communities by offering competitive packages of public 
goods. But this interpretation seems tenuous for two reasons: 
0) The testing model is not in terms of "package of public goods." 
Rather, it is based on individual expenditure items. (2) Most 
locales (particularly those of the size of the sample cities) do not 
have the financial flexibility to be engaged in competition with 
surrounding communities via increased public good expenditures. 

Any possible increase in expenditures (correlated to increases in N) 
for competitive purposes is therefore thought to be insignificant. 



Additionally, the sign attached to D indicates recognition 

mostly of negative, rather than positive, spill-ins. This impli> 

that where externality factors enter at all,  it is not only the 

negative spill-in which is viewed most important, but also it is 

the anticipated strength or degree of that externality which 

enters into the decision-making and the expenditure functions. 

Thus, revenue and population parameters still emerge 

as the most important parameters affecting local expenditure 

decisions. Externality considerations do enter into expenditure 

decisions of at least some categories of goods (often in those 

categories which, on an a priori basis, were expected to reveal 

significant or high degrees of externalities). But in such 

cases it is apparently the perception of negative externality 

considerations, as well as consideration of the strength or 

degree of that negative spill-in, which most importantly enter 

expenditure functions and influence per capita expenditure of 

any municipal jurisdiction. 

Summary of the Hypothesis and Testing 

The basic premise underlying the model, hypothesis and 

subsequent testing in this dissertation was: a community would 

be indifferent as to the externality(ies) it generates, but 

interested in externalities it receives. 

It is true that one community's "spill-overs" is another 

community's "spill-ins". What is assumed in this dissertation 
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is a traditional assumption, accepted from past economic research, 

analysis and observation: spill-over'.: are not a concern nor 

accounted for in the optimizing and production fundtions, par

ticularly spill-overs resulting from local government expendi

ture decisions. This dissertation focuses on the possibility 

that rational communities would, however, actively anticipate 

and incorporate spill-ins into expenditure decision functions, 

either in the form of positive spill-ins (external benefits) or 

negative spill-ins (external costs). The extensive series of 

testing, as annotated, does not lend strong support to this 

hypothesis; only occasionally do such externality considerations 

importantly enter into expenditure functions. 

Now two questions must be asked: 

(1) What are the consequences of the failure of communities 

to fully perceive and utilize (or compensate for) such spill-ins? 

(2) Where externalities are considered, what is the theoret

ical framework which can explain this (sporadic) preoccupation 

at the local level with negative spill-ins primarily? 

We will begin with the first question, and in the pro

cess of developing the implications and economic consequences 

(of neglecting spill-ins), establish the foundations for 

answering the second question. 
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Economic Implications of the Conclusion 

Conventional economic theory has concluded that in the 

case of social goods (which generate externalities among communi

ties), underproduction or overproduction will result because the 

generating community does not take other communities' resulting 

benefits or costs (i.e.,  externalities received) into considera

tion and into the decision-making function; e.g., in the case of 

positive externalities, underproduction will result because the 

generating community does not take the additional marginal bene

fits derived in the surrounding communities into its optimizing 

function. Therefore, it produces "too little." In the case of 

negative externalities, overproduction will result because the 

generating community does not take the additional marginal costs 

imposed on surrounding communities into its optimizing function. 
19 Therefore it produces "too much." But this conventional wis

dom tends to ignore the fact of receipts of these externalities 

(whether or not other communities acknowledge them) as well as 

the probability that receiving communities themselves are 

producing the good. That is, the conventional wisdom assumes 

that the receiving community does not produce the good itself. 

19. George F. Break, Intergovernmental Fiscal 
Relations in the United States. Brookings Institute, Wash-
ington, D.C., 1967, p. 29. 



20 Burton Weisbrod, in an article investigating externali 

ties that result from public education, makes some attempt to 

consider spill-ins, but argues that spill-overs resulting from 

education will lead to suboptimal provision because communities 

consider only the marginal benefits to its own city. But even 

with spill-ins, there is no counter "oversupply," he argues, 

because spill-ins are largely independent of expenditure 

decisions (particularly in education). Therefore, benefit 

spill-ins do not cause overexpenditure in education. 

But this is a perplexing conclusion, for if indeed a 

receiving community does not take such benefit spill-ins into 

consideration, then will it not be oversupplying in terms of its 

own community? This analysis suggests that by deliberately 

taking spill-ins into consideration and adjusting expenditures 

accordingly, communities would not oversupply; indeed, they 

might be correcting for possible oversupply. In essence, a 

rational community will select what is optimal for it by 

reducing its expenditure level ("own" output production) by the 

amount of the positive spill-in. If it does not do so, then 

it will be producing too much in terms of its own optimizing 

function. 

20. Burton Weisbrod, External Benefits of Public 
Education: An Economic Analysis. Princeton, N. J.: Princeton 
University, Industrial Relations Center, 1964. 
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Some support for this point of view may be found in an 
21 article oy Alan Williams, who developes a theoretical model 

by assuming that spill-ins are considered a lump-sum benefit 

independent of a community's own expenditures. (In other words, 

the amount a community receives as an externality does not depend 

on its own particular level of expenditures). By developing a 

model which does allow a community to consider spill-ins, 

Williams then argues that it is possible for total output of 

that good to be suboptimal—but suboptimal due to the possibility 

of overproduction. 

With a model utilizing indifference curve analysis, 

Williams demonstrates that if a community ignores the spill-in, 

there is a possibility that too much of the good will be produced. 

Alternatively, in line with Weisbrod's conclusion, it may be that 

too little of the good will be produced. The result depends 

upon the substitution versus income effects. His argument is 

that, assuming a positive income elasticity of demand, if the 

income effect dominates, the community will produce more of the 

public good, hence overproduction results. However, where con

sideration of a positive spill-in leads to reduction in the output 

of a public good, underprovision will result. 

21. Alan Williams, "The Optimal Provision of Public 
Goods in a System of Local Government," Journal of Political 
Economy, Vol. 74, February, 1966. 
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Exception may be made to this latter conclusion. The 

fact that total aggregate output may be reduced (if each or most 

of the receiving community[ies] include positive externalities 

into their expenditure function) does not automatically imply 

underproduction. If,  by considering spill-ins, each community 

produces what is relevant to its needs and consumes an optimal 

amount (an amount equal to its own production plus what it  per

ceives, from past experience, that it  can capture as spill-ins), 

does that imply suboptimal production? If all  communities so 

behave, and all  achieve optimal output, will  the sum therefore 
22 be suboptimal? This dissertation argues it  would not. 

Traditional analysis says that misallocation results 

with spill-overs or externalities. But this dissertation argues 

that on logical,  economic ground, those generating the (positive) 

"spill-out" do not consider it  in determining their production 

level; however, those receiving the externality should. 

Accounting for such spill-in would cause receiving communities 

to reduce their expenditure (i .e. ,  "own" production). Does 

this necessarily indicate inadequate provision or consumption? 

22. The counter argument here may be: if  a community 
reduces its expenditure level because of capitalizing on cap
tured externalities, then its reduced expenditure level results 
in fewer positive externalities generated to the next receiving 
community, and hence the next community will  be undersupplied. 
But that second receiving community, acting rationally, bases 
its output level on perceived externalities--only what it  sees it  
can capture (from past experience). If the amount of externali
ties it  receives declines, then to maintain the total,  optimal 
output level,  it  will  have to adjust its own production to a higher 
level (i .e. ,  a higher "own" production output or expenditure level).  
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Or instead, would such behavior imply efficiency by the single 

locale in best utilizing amounts of output that may be captured? 

Indeed, reduction of production by the amount of positive 

externality may be an attempt to correct for possible over

production of the good. Thus, for each separate locale, the 

final conclusion must be: if  the community did not reduce its 

own expenditure level by the amount it  may capture as spill-

in, it  in essence would be overproducing, for it  would be 
23 consuming "supra" optimally. 

Discussion to this point deals specifically with posi

tive externalities among communities. According to the model, 

a community bases expenditures on desired consumption levels 

(determined via cost-benefit comparison) minus what it  sees, 

from past experience, that it  can capture as a spill-in. The 

model implies that therefore any one community will  not be 

undersupplied, particularly in the case of positive externali

ties. The extreme case: E = a + bN = 0 implies that a 

community can act as a complete free rider. The contention 

usually made is: if  all  communities behave as free riders, 

the good will  not be produced at all .  But b shows anticipated 

spill-ins from past experience; a community will  reduce 

23. Note: Consumption is not equal to internal 
production. Rather, consumption for any one locale is equal 
to internal production plus what it  can capture as positive 
spill-ins. 
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production only by the amount it  knows it  can capture. If this 

is the case, and both the community which produces the externality 

acts optimally (i .e. ,  produces an amount so that production plus 

spill-ins allows it  to consume optimally) for its jurisdiction, 

and the community which receives the externality acts optimally 

(produces the optimal amount for its jurisdiction by taking 

the positive externality into consideration), can we really 

conclude that there is totally an undersupply of the good? 

The answer to this question may be approached from 

the point of view of the generating community. We may pose 

the question: what if  all  contingent communities who gener

ated positive externalities increased production to accommodate 

other communities' derived marginal benefits? Then the result 

would be over-production as each community produced not only 

sufficient (optimal) levels for itself,  but additional levels 

for surrounding communities. 

Now, however, we must also ask the question: what are 

the consequences if  a community does not act optimally, partic

ularly if  the receiving community does not account for spill-

ins? If the receiving community l ikewise does not account or 

accommodate for positive spill-ins, the result again would be 
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overproduction as each community produces internally the amount 

desired without discounting for the amount already received. 

Internal production is in excess of what is needed, resulting in 

"over-consumption." 

In summary, with respect to positive externalities, the 

model implies that marginal benefits occurring outside the gene

rating jurisdiction should not be included into its (the origina

tor's) cost-benefit analysis,  for if  in fact it  were, it  might 

lead to (total) overproduction. Each community would produce 

more tnan necessary for its own internal consumption, causing 

the sum of all  communities' production levels to be in excess of 

that deemed optimal. Thus, the old argument that the failure of 

the generating community to consider the resulting positive 

spill-out thereby leads to under-allocation to all  is opened to 

question. The old analysis must assume that the receiving unit 

neither accounts nor acknowledges the spill-in, nor produces the 

good itself.  But the receiving unit has the option to boost any 

amount it  receives as a spill-in to some optimal level by its 

own internal production. Where this occurs, efficient and 

rational consuming-producing behavior on the part of the locale 

is evident. Where positive externalities are not perceived, the 

result is inefficiency and waste as a locale community does not 

utilize that spill-in in expenditure decisions. Yet even when 

spill-ins are not acknowledged, the generating community still  
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should not increase production because there is already over

production within the receiving community itself.  In sum, 

ignorance or indifference to the receipt of positive externali

ties leads to overproduction and overconsumption of that partic-
24 ular public good. 

In the case of negative externalities, conventional analy

sis has it  that overproduction results; a community generating 

such an externality does not take the additional costs of surround

ing communities into consideration and hence overproduces the 

good. However, there is no logical reason to expect the genera

ting community to deliberately reduce output internally, for if  

it  were to do so, it  would be producing suboptimally for its own 

jurisdiction. As long as the receiving community recognizes the 

negative externality and compensates for it  (by increasing "own" 

internal production), it  too will  consume optimally. Instead, 

where a community does not consider these negative externalities, 

it  may be consuming suboptimally, for it  does not increase expen

diture to offset negative spill-ins. Thus, total underproduction 

may result from failure of receiving communities to incorporate 

negative externalities into expenditure decisions for that good. 

24. In most cases, a receiving community is also a gene
rator of a spill-in to some other community(ies); thus, there may 
be interaction resulting from these generated spill-overs. But 
here we are specifically interested in the repercussions to any 
one community from failure to perceive the receipt of its net 
spill-ins. 



The crux of the matter, then, is to understand that with 

externalities overlapping locales and with rational behavior by 

communities in accounting for those spill-ins, levels of consump 

tion become separate from internal production. With positive 

externalities received, consumption levels exceed internal pro

duction as part of production costs (and individual output 

levels) are reduced by the positive spill-in. With negative 

externalities, consumption levels are less than internal produc

tion and individual output levels because part of production 

costs are merely to offset or override negative spill-in 
25 effects. Where positive spill-ins are not accounted, over

production and overconsumption results; where negative spill-ins 

are not considered, underproduction and underconsumption results 

A curious assymetry between positive and negative exter

nalities now becomes apparent in terms of cost. With positive 

externalities, it  may be possible to reduce total costs by re

ducing expenditures to take advantage of captured spill-ins. 

The argument sometimes made is that the community generating the 

positive externality is not adequately compensated (and for that 

25. Total consumption levels will  be optimal as long as 
each community strives for optimal levels internally, taking 
into account either positive or negative spill-ins. The fact 
that total consumption may exceed total cost in positive exter
nalities, or total consumption may be less than total costs in 
negative externalities is due to the peculiar nature of public 
goods themselves, which by definition exhibit widespread and 
often pervasive externalities to large numbers of individuals. 



reason "underproduces" the good). But this positive exter

nality is a residual from production. The community does not 

really consider those receiving benefits outside its boundaries 

when it  is determining its expenditure level.  Therefore, a 

possible contention is that the locale should not be paid to 

produce these positive externalities; rather, these externalities 

should be viewed as a surplus benefit.  (If in fact the majority 

of the benefits were not being derived within the community 

itself,  that locale would not be producing the good at all .)  

The point is,  no additional cost is imposed on the genera 

ting community because it  produces specifically for its residents 

Any benefits that lap over the boundaries is merely surplus. And 

from the point of view of receiving communities, no additional 

costs are imposed with the externality; in fact, the receiving 

community may be able to reduce costs by reducing its own output 

level (without a corresponding reduction in consumption level).  

Thus, that community's consumption level would not be suboptimal, 

but its own internal costs may be reduced. (Testing seems to 

indicate that communities do not act in their own best interests 

by ignoring these spill-ins.) 

With negative externalities, however, additional costs 

are imposed on receiving communities who must bear the brunt of 

increased expenditures to compensate for negative spill-ins. 

Thus, a rational community would be forced to spend more to 



maintain a target, optimal output level, i.e., consumption equals 

own production~ additional costs to mitigate effects of a 

negative spill-in. 

Herein lies the significant difference as to how any one 

. . . . . t 1 . t. 26 commun1 ty perce1 ves pos 1 t1 ve ver·sus negat1 ve ex erna 1 1 es. If 

a community considers them at all, positive spill-ins can result 
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in reduction of costs. At the least, it imposes no additional costs. 

But negative externalities are more directly obvious in terms of 

imposed or necessarily increased costs. This cost factor cannot be 

ignored and will ultimately dominate. Thus, a community will more 

readily perceive a negative externality because of the distinct 

•b•l•t d/ . . . . d•t 27 poss1 1 1 y an or necess1ty to 1ncur an 1ncrease 1n expen 1 ure. 

In such cases where the received negative externality is accounted 

for, it is not consumption levels themselves that are inappropriate 

or suboptimal, but it may be the financing that is. 

26. The purpose at this point is to understand how one 
particular jurisdiction may react to a spill-in, and the results 
of that spill-in in terms of cost. Spill-ins actually go in both 
directions, but any one community will perceive the spill-in as a 
one-way flow. 

27. This curious assymetry is implicitly recognized by 
political jurisdictions themselves. There is seldom great arguments 
set forth to internalize positive externalities that overlap 
boundaries (occasionally, enlargement of government jurisdictions 
are suggested [to take advantage of supposed economies of scale in 
production], but seldom is the argument set in terms of inter
nalizing positive spill-overs). However, some concern has been 
forthcoming in the problem of handling negative externalities among 
communities--most currently, negative externalities (and resulting 
imposed costs) because of pollution. 
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Conventional analysis recognized the possibility of 

inequity in financing, and the old arguments made were that, 

particularly in the case of positive externalities, the receiving 

community should somehow be made to pay for the spill-in bene

fits.  However, this dissertation would argue that the receiving 

community should not be forced to pay, for additional costs are 

not imposed on the generating community as it  strives only to 

satisfy internal consumption. Therefore, the benefit is a 

surplus, at no additional cost to the generator. (Also, this 

model assumes that the receiving community does not rely exclu

sively on the spill-in for its consumption level; it  produces 

the good itself.  Therefore, there is no need to insure output 

by paying the generating community). 

In the case of negative externalities, however, since 

additional costs are imposed (on the recipient),  it  may be a 

legitimate argument that the generator should pay. Whether the 

community imposing negative externalities be forced to pay (for 

any additional costs imposed on the recipient) becomes a politi

cal consideration and must be handled through the political 

processes. 

The problem may be viewed as such: a community may 

adjust to the fact of externalities and thereby consume opti

mally, but according to political and social welfare criteria, 

it  may not be bearing appropriate costs for external benefits 
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OO 
received, or it  may be bearing disproportionate costs to compen-

?9 sate negative externalities imposed. In fact, many commumties 

within the geographic boundary may be engaged in capturing spill-

ins for which they are not bearing appropriate costs. Does this 

inequity in financing therefore require consolidation of governments? 

The usual claims for consolidation of governments are 

normally stated in terms of: 

(1) Savings due to economies of scale; 

(2) Improvement in coordinating orderly growth; 

(3) Equity in financing government services (because, 

presumably, of intercommunity externalities in the 

absence of consolidation). 

However, governments may take spill-in externalities into consi

deration, and if  such is indeed the case, this may further weaken 

arguments that consolidation is needed to internalize spill-over 

costs (or benefits).  Furthermore, if  it  is determined (through 

political debate and procedures) that the generator (or recipient) 

should pay for externalities, such financing can be handled by a 

higher level of government. Indeed, since the goods in question 

are public goods, financing may be distinct from production, and 

it  is the government's responsibility to find the appropriate 

level of financing for the good. 

28. A conclusion opposed to that of this dissertation. 

29. A far more legitimate argument economically. 
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Numerous arrangements are possible to handle both pro

duction and financing. For instance, communities, among them

selves, may make negotiated settlements to "internalize" 

externalities and exploit economies of scale. Thus, the possi

bility of joint supply of a service does not require government 

consolidation. One city may supply the service for both locales 
30 and the other community pay for the services it  receives. 

Indeed, one author argues that if  the externality or 

spill-in to the receiving community is truly Pareto relevant, 

then that community will  be motivated to bargain with the gene

rator to either increase or decrease output (and  hence enlarge 

or decrease its spill-in) closer to its own optimal consumption 

level.3 1  

If the externality is not Pareto relevant, then the 

community simply adjusts for the externality internally, either 

by decreasing or increasing its own production level to meet the 

optimal consumption target. Furthermore, when the externality 

is Pareto relevant to governments other than the two locales, 

then the externality problem may be handled through legislation 

via a higher level of government. The typical example is legis

lation to either curb (or force payment for) pollution-creating 

activities whose negative externalities go much beyond two locales. 

30. Robert L. Bish, The Public Economy of Metropolitan 
Areas. Markham (Series in Public Policy Analysis): Chicago, 
T97T7 P- 54. 

31. Bish, p. 56. 
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Thus, the second option to reorganization and consolida

tion may be the introduction of a higher level of government, 

with other fiscal arrangements (to combat what may be viewed as 

inequities in financing) such as subsidies or legislation manda-
32 ting payment for costs of externalities. 

Finally, a local community is not acting irrationally 

if  it  adjusts internal production to perceived spill-ins and 

(by considering the externality) thus consumes optimally. 

Actually, it  is acting in regards to its own self interests; and 

if  each locale consumes optimally, then the sum of consumption for 

all such communities cannot be considered as suboptimal. It may 

be the normative judgement, however, that in the interest of 

"society as a whole," costs of production involved may not be 

equitably or appropriately distributed. Any such misallocation 

of costs may logically be either negotiated between communities 

or may be compensated by the government unit for whom equity 

in financing (as well as perhaps income distribution) is more 

directly an objective and consideration. 

32. Werner Z. Hirsch, The Economies of State and 
Local Government. McGraw-Hill Book Company, New York, 1970, 
p7~m~. 



APPENDIX 

BIVARIATE REGRESSION TESTING 

The original hypothesis was stated solely in terms of the 

externality determinant N (the number of contingent, surrounding 

communities); therefore, a point of departure from which to begin 

testing the hypothesis was simple bivariate regression analysis,  

comparing E^. specifically and only to N. 

Several series of bivariate regressions were attempted 

(each series based on the twelve dependent expenditure variables) 

with N used as the sole explanatory independent variable. The 

results were not particularly successful and thus further 

confirmed the need for a multiple regression model. Therefore, 

the results are hereby reported in summary form. 

Test A 

This series of twelve regressions was based on the original 

sample of fifty cities, all  showing positive growth rates from 1960 

to 1970. Expenditure per capita for each good separately served as 

the dependent variable. N, the contingent communities of each 

corresponding SMSA, served as the independent variable. 

Results: The absolute values for b (regression coefficient 

for all tests) were less than 1. Relatively speaking, the highest 

(absolute) b values occurred in the tests measuring Education 

142 
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(-.40824), Highways (-.05818), Police (+.01442), Fire (-.01677), 

Sanitation (-.0150) and Library (-.02297). In other words, with 

the exception of the Library category, goods with the highest b values 

were those primarily in the third and fourth a priori ranking of goods 

based on anticipated externality characteristics (high anticipated 

externality characteristics to low). Additionally, regressions of two 

goods (Police and Sewerage) indicated signs perverse to the expected. 

An examination of the computed t  values to the critical t  

indicates that in only two cases (Education and Libraries) did the 

computed value exceed the critical value, and then only at the 5% 

significance level.  And in only one case--per capita expenditures 

for Education—did the F value exceed the critical value, and then 
2 only at the 5% significance level.  In all  cases, R was exceedingly 

low (less than .1).  

Test B 

The twelve bivariate regression tests were redone with gross 

expenditure for each category of good, instead of per capita expendi

ture, was used as the dependent variable. The test equation (for 

each good) became: E^ = a + bN, with E = total expenditure by the 

sample community, and N = contingent communities with the corre

sponding SMSA. 

The justification for doing a test run using gross expen

diture figures is as follows: since the sample cities were those 

picked within a limited population range, the possibility exists 

that gross expenditure levels may not actually vary to the extent 
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originally postulated. Therefore, it  would be reasonable to at 

least try a test run with gross figures, anticipating at least no 

worse test outcomes than the original regression results. 

Results: Only in two cases, Library and Education, were 

the computed t  values significant at the 5% level,  and only in the 

case of Education was the t  value significant at the 1 % level.  

Similar to the first test run, only for Education was the computed 

F greater than the critical F, and then only at the 5% significance 
? 

level.  In all  cases, the R was less than .1. 

Once again, the b coefficients of the regressions on Police 

expenditures and Sewerage expenditures yielded signs perverse to the 

a priori hypothesis. And also once again, the goods with the largest 

b coefficients—Education, Highways, Fire and Library—were those 

goods primarily in the lower ranking of goods as to anticipated 

externality-generating characteristics. Overall the results were 

not particularly different from the first test runs, and thus no 

significant improvement was evident by the use of gross rather than 

per capita expenditure figures. 

Test C 

This test was composed of a new set of sample cities. The 

original sample was conceptualized to include cities of moderate 

size for each (included) SMSA, under the assumption that larger or 

central cities would anticipate relatively smaller spill-ins from 

surrounding suburban communities than would the smaller cities 
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anticipate from the larger city. But given the results of the pre

vious tests, this may not be an appropriate assumption. To check 

the possibility that larger cities do indeed anticipate externali

ties (and thus vary per capita expenditure with the number of 

surrounding [smaller] communities),  a new test was devised with the 

per capita expenditure (for each category of good of the central 

city of each SMSA serving as the dependent variable. 

The new sample was reduced in size to thirty-five because 

not all  central cities (from the entire set of acceptable SMSA's) 

have experienced growth in population from 1960 to 1970. The new 

sample cities and their corresponding N (contingent, surrounding 

communities) included: 

Sample City 

Norwalk, Connecticut 

N 

3 

Norfolk, Virginia 

Durham, North Carolina 

4 

5 

Green Bay, Wisconsin 

Ann Arbor, Michigan 

Kalamazoo, Michigan 

Knoxville, Tennessee 10 

9 

7 

6 

Waterloo, Iowa n 
Rockford, Illinois 12 

Norwich, Connecticut 

Corpus Christi,  Texas 

San Jose, California 15 

13 

14 



Sample City N_ 

Anderson, Indiana 16 

Phoenix, Arizona 18 

Chicopee, Massachusetts 21 

Gary, Indiana 24 

Madison, Wisconsin 25 

Anaheim, California 26 

Miami, Florida 27 

Tulsa, Oklahoma 29 

Akron, Ohio 30 

Allentown, Pennsylvania 32 

Warwick, Rhode Island 33 

Portland, Oregon 36 

West Palm Beach, Florida 38 

Denver, Colorado 40 

Fort Worth, Texas 41 

Columbus, Ohio 42 

Peoria, Illinois 45 

Everett,  Washington 48 

Indianapolis,  Indiana 55 

Houston, Texas 61 

Paterson, New Jersey 75 

Los Angeles, California 81 

Dallas, Texas 84 
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The 1967 population was estimated using a compounding formula (as 

in the multivariate testing), and expenditures (of the same twelve 

categories of goods) were converted to a per capita basis. 

Results: Twelve regressions (based on the original expen

diture categories) were run, but the results from this regression 

did not particularly indicate an improvement from the previous two 

tests. The computed t  values in three cases (Police, Sewerage and 

Housing) exceeded the critical t  for the 5% significance level,  but 

in no cases did it  exceed the critical t  at the 1% significance 

level.  The relatively high b coefficients were in the categories 

of Education, Highways, Welfare, Police, Sewerage and Housing (from 

-.06905 to -.6672), but in four cases the signs of the b coeffi-
2 cients were perverse from the expected. R 's generally remained 

low, with only insignificant amounts of improvement from previous 

tests. 

The computed F value in no cases exceeded the critical F 

even at the 5% significance level.  Indeed, if  a value judgement can 

at all  be made, the slightly worse results would tend to confirm our 

suspicions that if  externalities are indeed anticipated and expendi

ture decisions made with the expectation of some spill-ins from 

surrounding communities, then the pattern would primarily be antici

pated externalities from larger to the more moderately sized 

ci ti  es. 
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The best single result came, perhaps surprisingly, in the 

category of Housing. The computed t  was quite close to the critical 

t  at the 1 % significance level,  and the F ratio was quite close to 

the necessary (critical) F for regression significance. Corre-
2 spondingly,the R for Housing expenditure exceeded .11 and was thus 

2 2 the highest R of any regressions to date. Nonetheless, an R of 

.11 does not indicate strong explanatory powers of the regression 

equation or hypothesis. 

As in the other test runs, a few of the regression equations 

yielded regression coefficient signs perverse from the hypothesis. 

In this test,  the regression equations of Health expenditures, 

Police expenditures, Fire protection expenditures and Library expen

ditures all  resulted with positive signs, indicating some direct 

relationship between per capita expenditure in these categories and 

N, number of contingent communities. The tests do not show high 

levels of significance in the variation between the dependent 

variable and independent variable, but nonetheless this positive 

relationship is an indication of anticipated negative spill-ins 

from surrounding communities. That is,  it  may be reasonable to 

hypothesize that increased numbers of contingent, urban places 

would necessitate an increase in per capita expenditures of the 

central city, particularly in those specific categories of goods. 
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Test D 

A serious problem arose with regards to the data. Despite 

expectations that the goods selected for each regression test were 

those most generally thought as "public," in several categories 

numerous communities indicated "zero" expenditure, specifically in 

the categories of Education, Welfare, Hospitals, Health, Housing 

and Library. Either special districts had been formed to provide 

those services (e.g.,  as in Education), or the community relied 

on the next (or several) higher level(s) to provide the service 

(e.g.,  as in Health and Hospitals).  In essence, "zero" expenditure 

indicated missing data, and naturally this distorted the regression 

fits (coefficients) as well as all  tests of significance. Some 

means had to be found to get around this problem of zero expendi

tures (zero data points).  

Test D attempted to combat this problem by combining the 

expenditures of those goods recognized as similar in nature and 

intent. Thus, instead of running separate regressions, one on 

Health and then another on Hospitals, the expenditures for both 

categories of goods were combined to form a joint category of 

Hospitals and Health. Bivariate regression tests were run on the 

per capita expenditures of the following joint categories of goods: 

Education and Library; 

Welfare and Housing; 

Hospitals and Health. 
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(Test D would test the per capita expenditure of the central 

cities for each joint category of goods, and Test E would return 

to the original sample, testing the per capita expenditure [of 

the joint categories] of the original sample cities.) 

Results: The most significant improvement came in the 

category of Welfare and Housing, with the computed t  exceeding the 

critical t  at both the 5% and 1% significance levels. As might be 

anticipated, the computed F of this category exceeds the critical 

F at the 5% level of significance, even though it  does not meet the 

test at the 1% level of significance. And reasonably enough, the 

R for this category was an improvement from any separate tests for 
2 the two goods, and indeed the highest R encountered to date. 

2 Again, however, caution must be applied because an R of .16468 

does not indicate strong explanatory powers of the regression 

equation. 

This combined category of Welfare and Housing expenditures 

was the most successful in eliminating the zero expenditure prob

lem. For the other two categories, neither the computed t  values 
2 nor the computed F values proved significant, and the R remained 

discouragingly low. However, in both cases—for Education and Lib

rary as well as Hospital and Health--we managed to reduce substan

tially the problem of "missing data" (i .e. ,  large numbers of zero 

expenditures). 
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Test E 

This test returns to the original sample cities of moderate 

size, using per capita expenditures (of the joint categories) as 

the dependent variable. 

Results: The use of composite or joint category expendi

tures was again utilized in an attempt to eliminate large numbers 

of zero expenditures where it  was most prevalent. The technique 

was moderately successful in combatting the problem of "missing data" 

when central cities were used as sample cities, but not particularly 

so in the use of the original sample cities. For instance, in the 

category of Education and Library, we are still  left with 14 entries 

of zero expenditure; in the category of Welfare and Housing, 28 zero 

entries are recorded; and in Hospitals and Health, 17 zero expendi

tures are entered. 

The results for the three joint categories, then, were not 

any particular improvement from the first test run of bivariate 

regressions of these goods separately. The category of Education 

and Library gave the best result with an F value that exceeded the 

critical F at the 5% significance level,  and a computed t  value 

that exceeded the critical t ,  again only at the 5% level of 
o 

significance. Nonetheless, the R remained stubbornly low (.09). 

No regression coefficient signs were perverse to the expected, 

but nonetheless no regression test gives much confidence in the 

explanatory ability of the simple, bivariate test equation. 
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