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Abstract

The variablilty of the property tax rate can be attributed to two primary causes:
changes in expenses and a fluctuating real estate market. This analysis will use
a regression model to demonstrate that most of the variability in recent East
Greenwich property tax rates can be attributed to volatility in the real estate
market, and that correcting for changes in property values produces an estimate
of 2.8% annual growth in the property tax rate due to expenses over the period
from 2000 to 2016, with no evidence of a spike in recent history.

Overview

In the past four months, the East Greenwich Town Council has claimed that the
town is facing an impending financial crisis due to runaway growth in spending.
This resulted in a budget that funded the school system at the minimum level
allowed by law.

The decision was partly based on a 24.7% rise in the property tax rate
between 2011 and 2016. The Council’s analysis of this failed to consider the
fact that much of the increase was a result of volatility in the real estate market
as valuations fell in the wake of the 2008 financial crisis.

In fact, if we go further back in time, property tax rates decreased substan-
tially during the real estate bubble of the mid 2000’s as valuations skyrocketed,
then increased as prices corrected after 2008.

If you only consider the change in tax rates over the second half of this
cycle and fail to separate out the effect of falling valuations, it’s easy to get the
mistaken impression that the increase in the tax rate has been caused mainly
by increased spending.
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Effect of the Real Estate Market on Tax Rates
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You can see a clustering of tax rates from the same revaluation cycle on the
graph above. The only exception occurs in the cycle where the Fire District was
incorporated in the second year.

Because of this clustering, changes due to the real estate market mainly occur
at the boundaries between revaluation cycles, while changes within a cycle can
be largely attributed to changes in expenses.

By considering the variation within and between revaluation cycles, it should
be possible to obtain separate estimates of the effects of expenses and changes
in the real estate market on the tax rate.

If you correct for changes in property values with a regression model, the
resulting estimate of the average annual growth in the tax rate resulting from
expenses over the period from 2000 to 2016 is 2.8%.
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Analysis of the residuals reveals that there has been no spike in the tax rate
due to expenses in recent history.

The conclusion that East Greenwich has an impending financial crisis is built
entirely on a faulty analysis of a limited portion of the available data.

Regression Analysis

The three-year revaluation cycle suggests a model of the form:

yi = αj[i] + β · xi + ei

where:

• yi is the log-transformed tax rate for year i

• αj[i] is the effect of valuation cycle j, which contains year i

• β is the average annual growth factor for the log-transformed tax rate

• ei is random noise

It is standard practice to use log transformed values when estimating growth
because it changes the graph of a constant percentage growth from an exponen-
tial curve to a straight line.

There is one additional factor to consider, and that is the incorporation of
the Fire District into the town in 2013. We can model this as a dummy variable
γ that takes a value of 1 if the rate includes the Fire District, and 0 if it does
not. We’ll call the model coefficient for this variable αγ . The model is now:

yi = αj[i] + αγ · γi + β · xi + ei

where:

• yi is the log-transformed tax rate for year i

• αj[i] is the effect of valuation cycle j, which contains year i

• αγ is the effect of including the Fire District

• γi is one if the Fire District is included, zero otherwise

• β is the average annual growth factor for the log-transformed tax rate

• ei is random noise
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Output from the R Statistical Package and Inter-
pretation

df2a <- df2[df2$x < 17,]

df2a

## taxyear taxrate lograte x cycle fd

## 2 2016 24.09 3.181797 16 6 1

## 3 2015 23.68 3.164631 15 6 1

## 4 2014 23.26 3.146735 14 5 1

## 5 2013 22.90 3.131137 13 5 1

## 6 2012 20.14 3.002708 12 5 0

## 7 2011 17.49 2.861629 11 4 0

## 8 2010 17.25 2.847812 10 4 0

## 9 2009 16.64 2.811809 9 4 0

## 10 2008 14.00 2.639057 8 3 0

## 11 2007 13.54 2.605648 7 3 0

## 12 2006 12.86 2.554122 6 3 0

## 13 2005 18.33 2.908539 5 2 0

## 14 2004 17.91 2.885359 4 2 0

## 15 2003 17.14 2.841415 3 2 0

## 16 2002 27.58 3.317091 2 1 0

## 17 2001 27.59 3.317453 1 1 0

## 18 2000 26.79 3.288029 0 1 0

lm2 <- lm(lograte ~ x + as.factor(fd) + as.factor(cycle),data=df2a)

summary(lm2)

##

## Call:

## lm(formula = lograte ~ x + as.factor(fd) + as.factor(cycle),

## data = df2a)

##

## Residuals:

## Min 1Q Median 3Q Max

## -0.018007 -0.005941 0.002621 0.006921 0.011968

##

## Coefficients:

## Estimate Std. Error t value Pr(>|t|)

## (Intercept) 3.280044 0.008171 401.414 < 2e-16 ***

## x 0.027480 0.004086 6.726 8.59e-05 ***

## as.factor(fd)1 0.095007 0.016214 5.860 0.000241 ***

## as.factor(cycle)2 -0.511528 0.015823 -32.327 1.28e-10 ***

## as.factor(cycle)3 -0.872798 0.026478 -32.963 1.07e-10 ***

## as.factor(cycle)4 -0.714431 0.038108 -18.748 1.60e-08 ***
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## as.factor(cycle)5 -0.607101 0.047118 -12.885 4.19e-07 ***

## as.factor(cycle)6 -0.627784 0.056316 -11.147 1.44e-06 ***

## ---

## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

##

## Residual standard error: 0.01226 on 9 degrees of freedom

## Multiple R-squared: 0.9986,Adjusted R-squared: 0.9975

## F-statistic: 928.5 on 7 and 9 DF, p-value: 3.929e-12

The growth factor for the log tax rate is the coefficient of x, the time scale.

The point estimate is 0.027480, with a standard deviation of 0.004086.

To obtain the estimated growth factor due to expenses, we exponentiate the
point estimate:

e0.02748 = 1.02786

which represents a 2.8% average annual growth rate. Because it is corrected
for fluctuations in the real estate market, we can interpret this as the effect of
expenses on the tax rate.

The 95% confidence interval for the growth rate of log tax rate is (.019, .036),
so again by exponentiation we can convert these numbers to a 95% confidence
interval for the effect of expenses on the tax rate:

e.019 = 1.0195 e.036 = 1.0363

corresponding to a lower limit of 1.95% annual growth and an upper limit of
3.63% annual growth due to expenses.

Residual Analysis

The model is constrained by having a single parameter for the growth rate, and
so it will produce an estimate of the average growth. It is relevant to ask if this
average is masking an increase in rate in the most recent history.

If this was the case, the model would underpredict the most recent tax rates.

This systematic lack of fit would show up in the residual plot as a series of
large positive residuals (meaning the actual tax rate was greater than what the
model predicts) for the last few data points.

The residual plot shows no evidence whatsoever that this is the case:
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As a check, predicted values exhibit the same pattern of clustering as the
data:
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Reference: State of Rhode Island Division of Municipal Finance - Municipal
Tax Rates
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