






































If J>22, then A(i,j) represents the amount industry i sold to final demand group j (either
personal consumption, private investment, exports, imports, or government expenditures).
Hence, A is the matrix, whose seller industries are on the rows and buyer industries are on the
columns.

To give an illustration, let M be a make table with three commodities and three
industries. Industries are on the rows, commodities are on the columns. The sum of row i gives
the total industry output for industry i, and the sum of column i gives total output of
commodity i by all industries. The following steps were taken to convert the aggregated make
table:

1. Each row of the make table is multiplied by the ratio of California Gross Domestic
Product to the total industry output of each industry.

2. Each row is divided by the total industry output to get the percentage of industry i's
output that is commaodity j.

After manipulation, we get a Matrix M*, where rows are industry output and columns are
commodity output.

mun mp mun
M*=|ma mn mn
mi m»n mmn

So, m(i,j)=percentage of industry i's output that is commodity j.

Similarly, the use table, with three industries and final demand, d, and three
commodities and value added, is depicted below. Commodities (inputs) are on the rows, and
industries are on the columns. U(i,j) represents the dollar value of commodity i used to
produce industry j output. If j=4, then U(i,4) represents the dollar value of commodity i
consumed by final demand. If i=4, then U(1,j) represents the dollar value of labor used to
produce output of industry j. The row totals of the use table give total commodity output, and
column totals give total industry output.
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To adjust the use table, each row entry is divided by the total commodity output to get
the percentage of commodity i used by industry j. (Note that adjustment to reflect California-
specific activity is not necessary here. One could have adjusted by multiplying each row by
the ratio of California-to-U.S. commodity output and then dividing by total California
commodity output and the result would be exactly the same.) The result is a matrix U*, where
U*(i,j) represents the percentage of commodity i used by industry j. Where j=4, U*(i,4)
represents the percentage of commodity i consumed by final demand.
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Finally, the adjusted make table is multiplied by the adjusted use table to get A, where

A(i,j) is the percentage of industry i's output purchased by industry j , and d(i) represents the
percentage of industry i's output sold to final users.
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Note that a(1,2) is the percentage of industry 1's output sold to industry 2.

a(1,2) = (m11*ul2) + (m12*u22) + (m13*u32)

Letting C denote commodity, I denote industry,

ul2*mll = (% C1 used by 12)*(% I1's output that is C1)
= % I1's output that is C1 sold to 12

u22*ml2 = (% C2 used by 12)*(% I1's output that is C2)
= % I1's output that is C2 sold to 12

u32*ml3 = (% C3 used by 12) * (% I1's output that is C3)

= % I1's output that is C3 sold to 12
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Step 2: calculating the amount of business taxes passed on to consumers

In Step 2, the table calculated in step one is used to calculate the amount of taxes that
is passed through to final users. We start with the vector of consumption taxes paid by
businesses, denoted b, where bi represents the dollar value of consumption taxes paid by
industry i. We assumed that all taxes are passed on to each industy's consumers. During the
first phase, each industry will pass taxes on in the form of price increases to its customers,
be they final users or businesses themselves.

Continuing with our example with three industries and three commodities, the amount
of taxes passed directly to the consumer in the first phase is d1*b1, where d1 represents the
percentage of industry one's output that is purchased by final demand. The amount passed
to other businesses is:

all*bl + a21*b2 + a31*b3 = bl'

al2*bl + a22*b2 + a32*b3 = b2'

al3*bl + a23*b2 + a33*b3 = b3’
or

A'*b=b'
where b' is indirect taxes passed to businesses from the first phase.

This vector of first-phase taxes will be partly born by consumers and partly born by
other businesses, depending on the portion of each industry's output that goes to other
businesses verses final demand. Consumers will pay

{d .b'}={d1*b'1, d2*b'2, d3*b'3}'

(where "." represents scalar multiplication) or
d.A'*b

(where "*" represents matrix multiplication). So the total amount of taxes paid by
consumers after the first phase is:

(d.b) +(d.A"™b)
d.(d+A"Y*

Continuing through this process, consumers ultimately will pay
d.J+A"+ A+ (A)... )
or

d . Inv(I-A")*b

where Inv denotes the inverse of the matrix.
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Thus, d . Inv(I-A')*b will be a vector of taxes, with the ith entry telling you the
dollar amount of taxes that passed through to final demand for industry i. Stated differently,
the ith entry tells you how much industry raised it own prices as a result of

a) taxes assessed on industry i, and
b)  price increases of industry i's inputs that resulted from taxes imposed on its
inputs of production.

This amount is divided by total industry output to get an indirect tax rate. These tax rates
are given in Table A3.

These indirect tax rates were then applied to the appropriate consumption category
of family units to get the amount each family unit spent on indirect taxes, as shown in Table
A4. (Note: some indirect tax rates were so small that they were not included. The indirect
tax rate for industries 7, 8, and 12 were averaged because consumption categories included
products from all three industries.) Table A3 shows how each industry from the aggregated
input/output table was matched to consumption categories. It should be noted that though
some industries had positive indirect tax rates, we were unable to match some industries
with consumption categories in the CPS. An example of such an industry is metal mining.
The final demand vector represents net exports, private investment, and government demand
as well as personal consumption. It is likely that the component of final demand for metal
mining is mainly net exports or government consumption.

Property Tax Incidence

To determine the tax liability for each family unit, we used data generated from The
Future of Proposition 13 in California, conducted by Arthur O'Sullivan, Terri A. Sexton,
and Steven M. Sheffrin. The data consisted of mean tax liabilities by federal adjusted gross
income for single-family residences that claimed a homeowner's exemption in Los Angeles,
Alameda, San Mateo, and San Bernardino counties. In addition, we used average disparity
ratios (the ratio of market to assessed value) for various types of properties for Alameda,
Butte, Kern, Los Angeles, Placer, Sacramento, San Bernardino, San Mateo, and Sonoma
counties.

Where necessary, we obtained additional information regarding market value for
those and other counties from PUMS (the Public Use Microsample from the Census), which
contains demographic and housing information for family units in California for 1989. This
data set includes rental information as well as market value information for homeowners.

We started by distinguishing between homeowners and renters for family units in the
CPS. As mentioned, the incidence of property tax is different for owners versus renters.
Owners are assumed to pay 100 percent of the property tax, while renters are assumed to
pay less than 100 percent. In addition, because different data are available for renters and
homeowners, we used a different methodology to impute property tax to homeowners.
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TABLE A3

Indirect Tax Rates by Industry
Item Indirect Tax
No. Industry Description Rate
1 Agriculture, livestock, forestry, fishery 0.3
2 Metal mining 2.8
3 Crude petroleum and natural gas 0*
4 Other mining 0.5
5 Construction 1.9
6 Food and tobacco products 3.5
Textiles, apparel
7,8, 12 wood products, furniture 4.4
rubber, leather, footwear
9 Paper products, printing and publishing 5.8
10 Chemicals, plastics, drugs, paints 2.6
11 Petroleum refining and related industries 3.9
13 Glass, stone and clay products 0*
14 Metal manufacturing 0.2
15 Nonelectrical machinery, including office 10.4
equipment
16 Electrical machinery, household appliances 2.3
17 Transportation equipment 2.6
18 Miscellaneous manufacturing 0*
19 Transportation, warehousing, whole- 0.4
sale/retail trade

20 Electric, gas, water and sanitary services 1.1
21 Services 0.5
22 Government 0.9

* tax rate approximately zero
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TABLE A4

Matching of Industry with
Consumption Category for Application of

Indirect Tax Rates
Item No. Industry Description Consumption Category
1 Agriculture, livestock, forestry, N/A
fishery
2 Metal mining N/A
3 Crude petroleum and natural gas N/A
4 Other mining N/A
5 Construction Home improvements
6 Food and tobacco products Food, tobacco Products
Textiles, apparel
7,8, 12 Wood products, furniture Apparel, household decorations
rubber, leather, footwear (curtains, carpet, etc.)
9 Paper products, printing and pub- Books, stationary
lishing
10 Chemicals, plastics, drugs, paints Drugs
11 Petroleum refining and related in- Gas, household fuel
dustries
13 Glass, stone and clay products N/A
14 Metal manufacturing N/A
15 Nonelectrical machinery, including Computers
office equipment
16 Electrical machinery, household Household appliances
appliances
17 Transportation equipment Automobiles/accessories
18 Miscellaneous manufacturing N/A
19 Transportation, warehousing, General retail, travel services
wholesale/retail trade
20 Electric, gas, water and sanitary Utilities, public services
services
21 Services All other services
22 Government N/A
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The location of CPS family units are identified by Metropolitan Statistical Areas
(MSAs), which are larger geographic areas than counties. Each MSA was matched with the
appropriate county and identified as either urban, high-growth, or rural. Urban MSAs are
ones that have little buildable land available, and hence limited growth due to new
construction. Base years in urban areas are affected mainly by turnover — that is, transfers
of ownership rather than new construction. Growth MSAs are ones that have experienced
rapid growth in the last ten years, resulting in a significant portion of properties that have
a relatively recent base year. Rural areas are areas that have abundant land available but
have experienced little growth in the past ten years. Los Angeles County was used as the
representative county for urban areas in southern California, and San Mateo and Alameda
counties were used as representative urban counties in northern California. San Bernardino
was used as the representative growth-county, and Kern and Butte counties were used as the
representative rural counties.

For nonrural counties, data on mean levels of property tax bills by federal income
before tax for single-family residences with homeowners exemptions were used to impute
property tax to home-owning family units based on income level. Each family unit's
property tax liability was then adjusted to account for the difference between market values
in its MSA and the market value for the representative county/MSA by multiplying it by the
ratio of the MSA's average market value to the representative MSA's average market value.
These ratios were obtained from PUMS.

For rural counties, the mean market value for each MSA was multiplied by (1/DR) to get
the assessed value. (DR is the average disparity ratio for single-family residences in Kern
and Butte counties. As the disparity ratio is the market-to-assessed value, (1/DR) is the ratio
of assessed to market value.) The average assessed value is then multiplied by the average
statewide property tax rate of 1 percent to get the average property tax liability for
homeowners in Butte and Kern counties. It is quite likely that wealthier families have
higher-valued homes and hence higher tax liabilities, on average, than poorer families. This
average tax liability for each home-owning family unit was adjusted to account for this by
multiplying it by the ratio of average market value for the appropriate income class to the
total average market value. (Again, this ratio was imputed using PUMS data.) As with
urban and growth areas, property tax liabilities of rural MSAs not in the representative
MSA were adjusted by multiplying by the ratio of the average market value to the average
market value of the representative MSA.

For renters in single-family residences, the tax liability on the property in which each
family lived was estimated using the same procedure as for home-owners. For renters in
multifamily dwellings paying cash rent, monthly rent was imputed to each family unit based
on MSA and income using data from PUMS. This rent was annualized and converted to
market value by multiplying it by a gross rent multiplier of 11.5, our estimate of the average
gross rent multiplier for 1989. (Note, multifamily units are valued using a gross rent
multiplier instead of a capitalization rate, which are reciprocal.) Market value was then
multiplied by 1 over the average disparity ratio for the representative MSA to get assessed
value, which was multiplied by the statewide property tax rate of 1 percent. The amount of
property tax borne by renters was estimated to be 25 percent or 50 percent of the total
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property tax liability according to the assumptions about who pays property tax (see
discussion in the body of the report). The remaining 75 percent or 50 percent was
aggregated and divided by total capital income to get an average property tax rate that is
applied to capital income.
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