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Table 1. Total Annual State and Local
Government Expenses per Housing Unit

| single-Family | Multifamily

Education

Police Protection

Fire Protection

Corrections

Streets and Highways

Water Supply

Sewerage

Health Services

Recreation and Culture

Other General Government

Electric Utilities

Gas Utilities

Public Transit

Other Government Enterprises

In deriving the above estimates, water supply and sewerage expenses are allocated based on
gallons of water consumed per day by single-family and multifamily households. Streets and
highway expenses are allocated based on average number of vehicle trips generated on
weekdays. Education is allocated based on average number of children age 5 through 18. The
remaining expenses listed in Table 1 are assumed to be proportional to household size and are
allocated to single-family and multifamily units based on average number of persons per
household.?

There are several factors present in most parts of the country that tend to reduce education
expenses per housing unit. The first is the average number of school-aged children present in
the units. According to the American Housing Survey, there is, on average, only a little over
one school-aged child for every two households in the U.S. The number is about 0.6 per
household for single-family and under 0.4 per household for multifamily. So education costs
per housing unit are lower than costs per pupil, simply because there is less than one pupil per
household.

3 Information about vehicle trips comes from 7rjp Generation, published by the Institute of Transportation
Engineers. Information about water consumption comes from Analysis of Summer Peak Water
Demands, a study undertaken by the City of Westminster, Colorado Department of Water Resources and
Aquacraft, Inc. Water Engineering and Management. Information about household size and number of
children comes from the American Housing Survey, conducted by the U.S. Census Bureau for the
Department of Housing and Urban Development.



Beyond that, a share of households typically send their children to private schools. According to
the National Center for Education Statistics (NCES), the share is 12.6 percent of all school-aged
children nationally. As public monies are very rarely used to pay for private instruction, this
tends to further reduce K-12 public school expenses, although the extent to which that occurs
varies from place to place. Moreover, according to the NCES another 1.7 percent of students
nationwide, ages 5 to 17, with a grade equivalent of kindergarten through grade 12, are
homeschooled, which further acts to reduce the cost of public education.

In addition to current expenses, providing services to residents requires that state and local
governments make capital expenditures for items such as schools and other buildings,
equipment, roads, and other structures.

The process of estimating capital costs involves several steps. The general approach uses
parameters from a conventional economic model (a production relationship, where costs are
expressed as a function of labor and capital) estimated with historic state level data. State and
local government capital in each state can be derived through a procedure that has been
established over several decades in the technical literature on public finance (see the technical
appendix for details). The parameter estimates are then applied to current data in a particular
area, where information is available for every variable except capital. State and local
government capital stock then emerges as a residual in the calculation. Consistent with the
approach used to estimate current expenses, the amount of capital in each category is
expressed as the amount necessary to accommodate an average single-family or average
multifamily housing unit (Table 2):

Table 2. State and Local
Government Capital per Housing Unit

| single-Family | Multifamily

Schools $5,548
Hospitals $575
Other Buildings $3,293

Highways and streets $3,236

Conservation & development $2

Sewer systems $1,955

Water supply $1,726
Other structures $2,442

Equipment $261

It is further assumed that none of this demand for capital can be met through current excess
capacity. Instead, local governments invest in new structures and equipment at the start of the
first year, before any homes are built. To the extent that this is not true=that, for instance,
some revenue from impact or other fees is available to fund part of the capital expenditures=
interest costs would be somewhat lower than reported here.




To compare the streams of costs and revenues over time, the analysis assumes that half of the
current expenses and half of the ongoing, annual revenues are realized in the first year. This
would be the case if construction and occupancy took place at an even rate throughout the
year. Revenues in the first year also include all of the one-time construction impacts such as
impact and permit fees.

The difference between revenues and current expenses in a given year is an operating surplus.
At the start of the first year, capital investment is financed through debt by borrowing at the
current municipal bond interest rate,* and the interest accrues throughout the year. Each year
after that, the operating surplus is used first to pay the interest on the debt, if any exists, then
to pay off the debt at the end of the year. The results are shown for 100 single-family homes
in Table 3, for 100 rental apartments in Table 4, and for the single-family homes and rental
apartments combined in Table 5.

The difference between revenues (the third column) and all costs, including interest on the
debt, is shown in the last column. For both single-family and multifamily construction, revenue
net of costs and interest is positive in the first year, and sufficient to pay off all debt incurred by


http://www.federalreserve.gov/releases/h15/data/Monthly/H15_SL_Y20.txt

Table 3. Results for 100 Single-Family Homes

Capital
Investment
Start of Year

Current Operating
Year Revenue
Expenses Surplus
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Technical Appendix on Estimating Local Capital
Owned and Maintained by Local Governments

This appendix explains the method used to estimate the age and dollar value of local
government capital by function (education, water and sewer services, etc.). The general
approach is t



Economic theory implies several restrictions.

Symmetry: 1, is the same in both equations
Linear homogeneity in input prices: f,+ I,=1;% 1, + 1, +% 1,=0; I,,+ I,=0.

The restrictions are imposed in the usual way. One of the factor prices (w;) is used as a
numeraire; and only one share equation (s, ) is estimated, leaving parameters of the second,
if needed, to be recovered by simple algebra. The resulting estimating equation is

(5) St it= Wit L/ (Wit Lie + lie k) = Tw+ TurIn (Gie/ Wig) + Tua @c + 111z

where [ is a vector of indicator variables that may be added to equations for some
government functions to account for outliers among specific states and time periods. More
detail is provided when the regression results are discussed.

Model (5) can be estimated with any standard regression package, provided state-level annual
data for L, w, and rcan be specified. Series beginning in 1987 for the first two are available
from the Government Division of the U.S. Census Bureau. For 7, standard practice is followed
by assuming cost of capital is the sum of three terms: maintenance (meaning, in this case, all
non-labor operating costs), interest, and depreciation.

(6) re= Xiel Kir + it Ar

where Xx; is the difference between total current expenditures and labor costs, B;t[s an interest
rate for appropriate types of tax-exempt public-purpose government bonds, and 4 is the
QDILRQD) GHSUHFLDWLRQ UDIH IURP %($V ZHDWK DFFRXQIV

To estimate the cost share equations, the same annual interest rate series 3 is used for all
states. Because the preferred series not available until 1990, two different sources are used to
construct the 1987+2001 annual interest rate series 3. From 1987 through to the end of 1989,
the JP Morgan Revenue Bond Index (RBI) is used. The JP Morgan RBI data are monthly. An
annual interest rate is constructed by taking the average of the 12 monthly observations for
each calendar year.

From 1990 to the present the Merrill Lynch 20 Year AAA GO series is used. The Merrill Lynch
data are provided weekly. An annual interest rate is constructed by taking the average of the
52 observations in each calendar year.

To insure that there is no discontinuity in the series, the annual interest rate from the JP
Morgan RBI index for the years 1987 1988 and 1989 is multiplied by the average of the annual
ratio of the Merrill Lynch 20 Year AAA GO series divided by the JP Morgan RBI index the for the
years 1990 to the present. That ratio turned out to be 0.93. The reason the ratio is less than
one is largely because the Merrill Lynch index has a duration that is on average 5 years shorter
than the JP Morgan RBI Index.

The final index was chosen following consultation with bonds specialists at both JP Morgan and
Merrill Lynch. Although there are hundreds of thousands of unique muni-bonds, and most are
rarely if ever traded, the experts felt that a 20 year maturity seemed appropriate and that the
ML GO AAA series was probably best for this purpose.






Table Al. Regression Results: Cost Share Equations

', L. ! va 11 12 13 Adj R?

Residential -0.5454 -0.1082 0.0051 0.1531 0.2150 .453
(.0001) (.0001) (.0158) (.0001) (.0001)

Education -0.3801 -0.1391 0.0156 545
(.0001) (.0001) (.0001)

Hospital 0.5682 -0.1413 -0.0247 -0.1793 .506
(.0001) (.0001) (.0001) (.0001)

Other Buildings 0.3970 -0.1655 -0.0368 .784
(.0001) (.0001) (.0001)

Streets & Highways -0.0345 -0.0723 -0.0110 0.2072 .598
(.4529) (.0001) (.0001) (.0001)

Conservation 0.1846 -0.0524 -0.0017 0.3443 -0.2017 0.1210 .483
(.0165) (.0001) (.6021) (.0001) (.0001) (.0001)

Sewer -0.4148 -0.0861 0.0018 522
(.0001) (.0001) (.1985)

Water -0.0336 -0.1077 -0.0169 413
(.5780) (.0001) (.0001)

Other Structures -0.2342 -0.1112 -0.0111 0.39629 .566
(.0021) (.0001) (.0004) (.0001)

Table A2: Indicator Variables for Cost Share Equations

Capital type Variable Condition for I=1

Residential 11 state=AK
12 state=NY

Hospital 11 state=AZ, NH, or VT

Streets & Highways 11 state=AK

Conservation 11 state=AK
12 state =NY or CT; or state=AZ and year < 1992
13 state=ID, MT, ND, or WY

Other Structures 11 state= NE, NY, or WA

In the equations above, age of the capital stock appears as an explanatory variable. This is not
readily available, even at the state level. A commonly used approach employs perpetual
accounting, investment, and depreciation rates to base-year estimates.” The procedure used
here begins with that approach, but then relates the investment rates to population growth
rates, one of the few items for which consistent time series are available for individual U.S.
counties.

From BEA national wealth data, the following are available or can easily be computed:

A= real annual rate of depreciation (defined broadly, as BEA does, to include a normal rate of
obsolescence and retirement of assets)

= monthly depreciation rate, a simple algebraic transformation of 4.
Ny= real, net (of depreciation) rate of investment in year ¢, ¢ <«

7 As in Douglas Holtz-EakiQ 36WDWH-6SHFLILF (VILPDIHV RI 6IDWH DQG /RFD) *RYHUQPHQI &DSWDY ~ Regional
Science and Urban Economics, Vol. 23, No. 2, April 1993, pp. 185-210.



From data compiled by the Governments Division of the Census Bureau, and ratios employed by
BEA to analyze this data, the following can be computed for state /and ¢ «

Vi real investment in new assets state 7in year .

vey = real investment in existing assets state /in year .

Vi = real investment in state i in year t = v+ ve

Xi = current expenditures associated with the relevant type of capital state /7in year ¢

From standard Census Bureau data it is possible to compute
i+ = population growth in the state relative to the national rate; i.e.,

1

it 1 it 1



As a practical matter, the final specifications employ averages of population growth rates lagged

over several years. Over the course of several experiments, the sum of the coefficients on the
population variables82014uver changed substantially when an average was substituted for a seri014us
of individual lags. Coefficients on individual lags tended to fluctuate widely and lack statistical
significance, due to collinearity. The use of averages thus8aids interpretation without impacting

the marginal impacts predicted by the equations in a meaningful way.

Three indicator variables were used in all but the hospital capital equation, which employed
four. In most cases, indicator variables flag relatively few states (Table A3).

*LYHQ LQUILD0 HVILPDIIHV iV SRVVLE(H WR EHJLQ WKH SHUSHWXDO LQYHQWRU\ DFFRXQWLQJ SURFHW Dif DQ

earlier date. If we assume that the World War Il period wal4us atypical and restrict ourselves to
post-wal4ur population data, ayeéal4ur lag in (12) implies that 1954 is the first yeal4ur for which we
can obtain state investment estimates. Hence, state capital stocks in 1953 are estimated by
allocating the national capital stock in that yeal4ur according to its share of the U.S. population,



In this way revised estimates A*;7¢ are derived, and these can be used to restart the process by
repeating steps (10) through (13). This results in successively revised estimates A*;; and !;;
for t « SDUDPHIHWY Y and 14 Wi fort  « DQG A%i76. This ends the first
iteration.

This process can be repeated until either a convergence criterion is satisfied. The particular
criterion used was an average absolute percentage change in the k76 no greater than 10*°
between iterations.

The procedure was carried out for all 10 BEA categories of state and local government capital.
Each of the ten equations converged in fewer than 10 iterations. The final estimates are shown

in Table A4.
Table A4. Final Regression Results: Dependent Variable=Relative Investment Rate
Equipment Residential Education Hospital Buildings nec
Iterations to Convergence 8 6 6 6 6
Final Regression Coefficients (p-values):
Constant -0.2590 0.5460 -0.0227 0.3663 0.5439
(.0003) (.0001) (.8295) (.0001) (.0001)
Lagged relative population growth rates:
Population lag 1 0.4337 0.3852 0.1336
(.0001) (.0001) (.0001)
Population lag 2-5 0.1707 0.0662
0.0212 (.1225)
Population lag 2-8 0.6865 0.0961
(.0001) (.0002)
Population lag 6-8 0.0805 0.1270
(.0532) (.0009)
State indicator variables:
DVeryhi 5.6639 2.9842 7.2485 4.1282 1.7082
(.0001) (.0001) (.0001) (.0001) (.0001)
DHigh 1.2733 0.7862 1.6538 1.4240 1.3839
(.0002) (.0001) (.0001) (.0001) (.0001)
DLow -1.3392 -0.8119 -1.2254 -0.8407 -0.6383
(.0001) (.0001) (.0003) (.0001) (.0001)
DVerylow -1.7778
(.0001)
Adjusted R? 432 426 311 .323 .402



The estimated pre-1977 investment series can be spliced onto the 1977-1999 data and the
results used to estimate the average age of capital, by type, in each state. The procedure is as
follows. First, set the average age of capital in state equal to the national average for 1953.
Then, use perpetual accounting to recursively calculate the average age in subsequent years:

(14) a1 = [(@¢+1) ke (1-A) + Yovnea(1- )8+ apr veri(1- )V K

where ap; is the average age of the relevant type of private capital, in accord with the method
XVHG EN\ %($ ZKLFK DVVXPHV WKDW H[LVILQJ DVVHIV SXUFKDVHG E\ JRYHUQPHQIV DUH 3IN\SLFD)

The process of deriving estimating capital stock estimates for a particular local area begins by
adapting the average age equation (14) to location m:

ame= [(@me1 +1) Kmer (1-A) + Gr Vi1~ )1 [Kmea (1-



Then (13) is substituted into the average age formula and the capital factor is eliminated in
order to obtain

(15) ame=

Equation (13) can be used to estimate  from local relative population growth factors .
Starting with the national average age for 1954 as initial estimate of the average age of the
capital stock in /m, (15) can be applied to calculate a.: recursively for subsequent years.

The result is a recipe for estimating the age of the capital stock for a particular local area. To
be implemented, the recipe requires only data on local population growth.

Given the age estimate=along with estimates of the parameters / =



