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APPENDIX D: COMPUTER ASSISTED MASS APPRAISAL (CAMA)

Single property appraisal is the valuation of a particular property at a given date, whereas
mass appraisal is the systematic appraisal of a group of properties as at a given date using
standardised procedures. Mass appraisal is preferred to single appraisal because it provides
a platform for a uniform and consistent approach in the valuation process, and the potential

for cost reduction is high (McCluskey et. al., 1997; Ward, 2001).

The aspects of market analysis, valuation, and particularly quality control are different with
single versus mass appraisal. Quality control is performed using sales comparison, no
matter what method of valuation (cost, income, and capital) is used, in the case of single
property appraisal. In the case of mass appraisal, statistical methods of quality control are
applied. However, in both methods, disputes are resolved using evidence of sales
comparison — statistical output from mass appraisal is not sufficient evidence of market

value in court. Therefore mass appraisal requires dual expertise.

Interested and affected parties in single appraisal are the property owner and the local
authority, whereas in mass appraisal interested and affected parties are all taxpayers and

taxing bodies and fairness/equity and legality across large areas must be shown.

Mass appraisal comprises of three functions which are (Eckert ez al., 1990):

. Reappraisal — it enables an existing appraisal system to be upgraded based on past
performance (i.e. sales ratio studies). The ratios assist decision makers to assess
whether a reappraisal is necessary or not.

. Data Maintenance — involves capturing and maintaining property data. Re-inspection
of properties is conducted after a period of time to check if data in the database is
consistent with what is on the ground.

o Value Updates — it involves the revaluation of property values and is usually

conducted on an annual basis, using market trends such as inflation or deflation.
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The use of computers to manage mass appraisal systems gives rise to what is termed

Computer Assisted Mass Appraisal (CAMA) systems (Eckert et al., 1990). CAMA is

conceptualized as a system whose main purpose is estimating the value of certain real

property using statistical analysis techniques such as Multiple Regression Analysis (MRA)

and Adaptive Estimation Procedure (AEP) (Eckert et al., 1990). Mathematical models,

which can be thought of as a function relating the sale price to the property variables, are

the “backbone” of CAMA systems. CAMA is a relational database management system

(RDBMS), which comprises subsystems (Eckert et al., 1990):

. Data Management System — this section is responsible for data collection,
manipulation and storage.

o Sales Analysis System — sales collection, screening, processing, ratio studies, sales
reporting.

. Valuation System — here model specification and calibration are performed — uses
MRA/AEP/automated sales analysis

. Performance Analysis System — this section monitors the effectiveness of the mass
appraisal system through sales ratio analyses.

. Administrative System — this system is responsible for planning, taxation and appeals

from the public.

A CAMA system is understood to include all aspects of information (collection of real
data) management analysis and modelling for the purposes of property valuation. A CAMA
system is thus a part (subsystem) within the fiscal cadastral system. This conception of the
CAMA system is purely material/technical, and falls within our understanding of
information technology (IT) rather than information systems (IS). It is thus impoverished in
its inability to take into consideration adequately the subjectivity in data collection,
modelling and analysis — all of which have strong elements of subjectivity inherent in their

operation.
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Property characteristics data is essential in CAMA modelling and can be qualitative or
quantitative. Most qualitative variables are subjective in that they rely on a human being
ascribing meaning to what he or she perceives of the real world situation. This perception is
classified into predefined, non-ranked classes, such as would be used when describing
variables such as the type of wall structure as wood, brick, or corrugated iron. Such data is
termed nominal data. Ordinal data is classified in a system in which rank is important. The
observer ascribes meaning to his or her perception by classification into a predefined class.
An example is the building quality variable which is classified into 5 classes with rank:
excellent, above average, average, below average and poor. Binary classifications can be
ordinal or nominal, and consist of only two classes — yes and no, for example whether a
property has a garage or not. Qualitative data is mathematically transformed from its
discrete form (e.g. from excellent to poor) into scalar (linear) values for effective
manipulation with the quantitative variables in a mathematical model such as is used in

CAMA (see Musekiwa, 2004).

Quantitative variables are empirical and ideally objective (when correct tools and
procedures are used), and can be classified into two groups, discrete data and continuous
data. Discrete data is generally an integer count of certain features such as bathrooms,
whereas continuous data can have any real value, such as floor area. Quantitative variables
are also often transformed in order to improve their usefulness in mathematical modelling.
Transformations such as multiplicative, reciprocal, logarithmic, quotient and exponential

are often used (Musekiwa, 2004).

For reliable estimates of the market value of property to be arrived at there is a need to
evaluate the quality and quantity of the data used in the estimation process. Data quality
refers to the currency, completeness and accuracy of the data collected, and can never be
entirely objectively measured when understood from a critical realist perspective. Data
quantity, however, simply refers to the amount of data available or that needs to be

collected (Gloudemans, 1999). Obviously a sample of 100% of the data required will lead
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to the “best possible” (not perfect) model, and as the data set shrinks from this ideal, the

predictive ability of the model is expected to deteriorate.

Exploratory data analysis is conducted on the sales and property characteristics data. This is
reflective, and aims to increase the structural coupling between the modeller, and the real
world environment he/she is attempting to model. It is therefore a theoretically very
important step in the process of CAMA. Further, it allows for erroneous data to be filtered
out. The purpose of this step is to obtain sales data which reflect accurately the arms length
sales prices paid for real property. The actual sales data are sometimes recorded by a branch
of government most often only if the sale itself is taxed. They must be verified as “good”
i.e. that they were true arm’s length sales and are considered indicative of market value. All
bad sales are excluded from the estimation process. Various mathematical and statistical
processes such as stratification, multivariate analysis, and correlation are used in this phase,
and are well explained in Musekiwa (2004). In order to perform this function as well as
possible, an in-depth knowledge of the social, economic, and political features of the area
are important, and the modeller should ideally be of local origin in order to have this
awareness and sensitivity. So, although objective methods are used in the exploratory data
analysis phase, additional subjective knowledge is required in order to effectively filter out

unwanted data.

Valuations are usually based on the market value at a particular date. This is by nature
retrospective, as actual sales data is always historic. As few actual sales would have been
effected on that date, a range of dates either side of the chosen base date is used, within
which sales are used for that valuation cycle. These sales are then reduced back or forward
to the chosen base date using a suitable property value inflation indicator which describes
the typical increase, or decrease, in value which can be expected over that time. A
compound, or constant (straight line) approach can be used, the former being accepted as

more useful.
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As the information on property sales is modified from its original form, I will hereafter
refer to them as quasi-sales data. Literature on the subject does not make this rather
important distinction. Obviously these time adjustments are a primary phase of modelling,
and essentially lead to a quasi-sales data set on which property value modelling is
performed. Decreased model precision and additional errors are thus expected particularly
as inflation indices are averages, and certain classes of property may be adversely affected

by their application.

CAMA and mathematical modelling

Mathematical models vary from being simple verbal or algebraic statements, to very
complex mathematical equations. A model consists of a dependent variable, and at least
one independent variable. In CAMA, models are used to estimate the market value of real
property. The sale price (SP) of real property is the dependent variable, while the property
characteristics are the independent variables. A simple property valuation model is

represented below:
MV=IV+LV

This can be further extended to include land and building factors as below:

MV = GQ|(BQ* ZBA)+ (LQ*ZLA)+ ZOA]

In which

MV estimated market value

v improvement values

LV land values

GQ  general qualitative factors such as location

BQ  building qualitative factors such quality of dwelling
BA  building additive factors such as total living area
LQ land qualitative factors such as topography

LA land additive factors such as property extent

OA  other additive factors such as swimming pools
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Model testing is generally performed by experienced valuers (noting that this acknowledges
that the process has an element of subjectivity) through site visits and simple comparisons
to actual sales of similar properties. However, there are two main processes involved with
modelling for CAMA - those of model specification and model calibration. Model
specification is the setting up of the mathematical relationship between the independent
variables (property characteristics) in such a way that this relationship can be equated to the
quasi-sales data set, and which is explainable in terms of knowledge of the real world
situation (as judged by knowledge of experienced valuers). Model calibration is the process
of ascribing coefficients to the independent variables using the quasi-sales data and
property characteristics. There are two main CAMA modelling principles: explainability
and accuracy. In other words, the model must be defensible from a logical valuation
perspective and must yield small residuals when applied to the quasi-sales data and
property characteristics data sets. There are three different types of valuation models,
additive, multiplicative, and hybrid. These are covered in detail in Musekiwa (2004) and
Gloudemans (1999). Multiple Regression Analysis (MRA) is usually used in model
calibration, and is used in CAMA.

Multiple regression analysis is a standard mathematical/statistical technique for model
calibration and is used to analyze the straight line relationship between two or more
variables. Quasi-sales data is analyzed to determine individual contributions to market
value, which are expressed as the coefficients of these variables, and are given by the b;

terms below:
S=b,+bx, +..+bx,

Where the x; terms represent the independent (predictor) variables, and S is the estimated
sale price. The methods of least squares is a common approach to solving the MRA
problem, and involves determining the set of coefficients (b’s) which minimize the sum of

the squares of the residuals — the residuals are given by e and are formed by differencing
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the quasi-sale price with the model-generated market values, for that dataset. In general,
this can be expressed by the following formula:

ieiz = i(si _SA)2
i1

i=1

Where

S is the estimated market value of the property.
S is the sale price

e are the residuals

Obviously, with a perfectly consistent set of data, a perfect model can be generated, and the
residuals will become zero. So, the smaller the value of Zef , the better the regression
i=1

analysis.

As modelling is essential based on predictive ability, it favours the typical case and
prejudices the atypical case. Thus properties with similar characteristics are likely to be

better represented by the model than properties which are quite different.

MRA models are sensitive to certain conditions which, if not met, can lead to instability of
the model generated, and hence poor predictability of the model. One of the most
fundamental of these is that the data (including the quasi-sales data) should be both
complete and accurate. Linearity is a condition in which the coefficient is constant over the
range of that variable — i.e. data for that variable should plot as a straight line over the
applicable range. Unfortunately, various variables contribute to market value in non-linear
ways. Bivariate (two variables) scatter plots of variables of interest will reveal non-linear
relationships. Relationships which are non-linear are linearized using a logarithmic
transformation. Another important condition for MRA is that of additivity — i.e. that each

variable is independent from the others in its contribution to market value. This only affects
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additive models, and not multiplicative or hybrid ones, in which this assumption is
included. In an additive model which exhibits non-additivity of the variables, a quotient or
multiplicative transformation can be applied. Normally distributed (Gaussian) residuals are
inherent in the assumptions underlying least squares as a solution to multiple regression
problems. Non-normal error patterns may be caused by incorrect model specification or
poor data. Homoscedasticity is a term used to describe the equal treatment of the model
over the full range of property variables — i.e. the model is equally good (constant variance)
no matter what property it is being applied to (Eckert, 1990). A plot of the regression
residuals against any independent variable will reveal if homoscedasticity is an issue — the
plot of the points should form a cloud of equal width either side of the straight regression
line over the range of the variable. If this is not true, the model is said to exhibit
hetereoscedasticity, and predictability at certain ranges of the variable in question will be
poor. Non-colinearity is a further condition for MRA, and if certain variables are not
independent, multicollinearity will result. This occurs more easily if too many variables are
added to the model, and is revealed in the analysis of the correlation matrix which results
from the least squares MRA solution. Representativeness is perhaps the most
philosophically interesting precondition for MRA, in that it refers to the closeness of the
model design to the real situation. Poor representativeness of the model specification and
calibration is due to the subjective understanding of the modellers of the factors, and their
interrelationship, which contribute to property value in the real world. Representivity can
never, in accordance with critical realism, be perfect as it is always a function of the
structural coupling of the observer (or group of observers) and the real world. This
understanding of the nature of real world relationships as they pertain to property valuation
is improved by a process called stepwise regression, as well as by correlation analysis.

These processes are well covered in Musekiwa (2004) and Eckert (1990).

Statistical Evaluation of MRA Results

This section focuses on the mathematical evaluation of the accuracy of predictive CAMA
models. Eckert et al. (1990) gives a detailed description of the calculation and meaning of

various measures of evaluation. In single property valuation, evaluation of the assessment is
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in terms of small sample (about 5) comparative properties which have sold recently. In
mass appraisal however, statistical measures are used to evaluate the quality of the
assessment, and enable evaluation of the model as a whole. The most well known method
of determining the predictive strength of the model is comparison between the determined

market value and the quasi-sales data for each property. These values are divided and are

hence termed ratio studies. The ratio of the estimated market value (§ ) to the actual sale

price (S) is calculated as (%J, and thus a good model will achieve ratios close to unity.

From the ratio studies, equity can be interpreted, as well as where performance of the
model is good and weak. Ratio studies are conducted before the final valuations are

produced and made public as then any serious deficiencies can be addressed.

Eight statistics are used for assessing regression results and can be split into two groups:
goodness of fit statistics and individual variable statistics (Eckert et al., 1990). Goodness of
fit statistics are those used to assess the predictive accuracy or quality of the model and are
the coefficient of determination (RZ), standard error of estimate (SEE), coefficient of
variation (CoV) and the average percent error. The other group of statistics is used for
assessing the significance of individual variables in the model and comprises the coefficient

of correlation (r), the t-statistic, the F-statistic and the beta coefficient tests.

Goodness of fit statistical measures

Coefficient of multiple determination (R2 ) - a measure of central tendency

The coefficient of multiple determination (R%) is the percentage of the variance in the sale
price explained uniquely, or jointly, by the independent variables in accordance with the
model. It is called the Coefficient of Determination in simple linear regression. The range
of R? is from zero to one. When it is equal to zero it implies that none of the variation in the

estimated market value is accounted for by the independent variables, whereas if the value
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is equal to one then all variation is due to the independent variables and the sum of the

n
variances is zero thatis »_ e} =0.
i=1

The difference between the estimated market values and the mean sale price is given by

35, -5)

RZ — SSEEX — =l
SSE Z": ( s -3 )2
i=1
Where
S is the estimated market value of the property.
S is the quasi-sale price (quasi because it is reduced to base date)
e are the residuals
S is the mean quasi-sale price

This new value, R”, is preferred — it is adjusted for the fact that when one has a large
number of independent variables, the value of R can become artificially high because some
independent variables will explain small parts of the variance of the estimated market value
(it 1s an adjustment for degrees of freedom).

Ez _ 1_ (I’l - 1)SSEUN

(n—p-1SSE
Where
n is the sample size
p is the number of variables.

R? values are dependent on the variance differences in variance of the independent
variables and dependent variable, and so should only be compared between models dealing

with similar numbers of properties and similar levels of complexity/variance.

Standard Error of the Estimate (SEE)
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The standard error of the estimate measures the difference between the quasi-sale price and
the determined market value — i.e. the standard deviation of the residuals (square root of the
variance of the residuals). It has units of value (R, $ etc) and the ratio of SEE to the

property value gives an indication of the acceptability of the result.

N | =

Zn:(si _5,[)2
SEE =|=—«—
(n—p-1)

Coefficient of Variation (CoV)

The CoV is equivalent to the ratio SEE to the average sale price expressed as a percentage.

SEE
ConTJOO

If data is normally distributed, and ratio studies are being conducted, the COV is a good

predictor of uniformity.

Average Percent Error

The average percent error is the average absolute error between actual and predicted sales

prices.
" (jsi ~§rs))
APE=Y1——1"100
i=1 n

Coefficient of Dispersion (CoD)

The CoD is the amount of spread or variation from the typical ratio and is computed by
dividing the average absolute deviation (AAD) by the median ratio.

z |(ratio - median ratio]
AAD =

n
100x AAD

median _ ratio

COD =
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It measures the average percentage by which individual ratios vary from the median ratio.
A low COD indicates uniformity of appraisal — horizontal equity. A high COD indicates
that properties are being appraised with inconsistent percentages of market value —
horizontal inequity. The coefficient of dispersion (CoD) range that is expected is 5%
to15%. Lower values under 5% are rare but can be achieved in homogenous jurisdictions,
whereas heterogeneous areas will initially produce CoD values of up to 20% but should be

reduced to 15% or less.

The COD cannot be used to determine probability (e.g. of an appraisal being above a given

level, say).

Price Related Differential

The price related differential (PRD) is also used as a measure of the uniformity of an
assessment. It enables a check of whether higher and lower valued properties are assessed
at the same level (vertical equity). Firstly a weighted mean ratio is generated from the ratio
of the total market value estimates to the total sales prices of the entire sample. It usually
has an upward bias and should range between 0.98 and 1.03, except in a situation where
they are a few sales (SDAT, 2001). Then the mean ratio (predicted to actual sale price) is
divided by the weighted mean ratio.

n

2.5

Weighted Mean = -
25
i=1

o 1S,

PRD = -

Weighted Mean

Statistical measures of the significance of individual variables in the model

Coefficient of Correlation (r)
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Coefficient of correlation is a measure of the degree of linearity between two variables, and
it ranges from +1 to —1. A correlation of zero does not mean that no relationship exists
between the variables but that there is no linear relationship between them (see Fig 10, 331,
Eckert, 1990). A correlation matrix can be used to analyse the relationship that exists
between two or more variables. If two independent variables are highly correlated, that is
with a correlation coefficient close to one, then care must be taken in using both of them in

the model, since they may behave unpredictably (i.e. multicollinearity).

The regression coefficient is not the correlation coefficient and explains how much the

variables change in relation to each other (Dollar/Rand) — slope of the regression line.

t-Statistic
The ¢-statistic is used to assess the significance of the individual regression coefficients, b;,

specifically testing the null hypothesis that the regression coefficient is zero.

F — statistic
The f-statistic is used to test the significance of R°. Since R’ is used to measure the “truth”

of the model, the f-statistic is an overall measure of the validity of this.

Beta coefficients

Beta coefficients, f3,, are generated from the variable coefficients scaled by the ratio of the

standardised deviation of the independent variables to the standard deviation of the
dependent variable. Regression coefficients are useful for assessing the relative importance
of the independent variables in a model — this effectively means that the quasi-sale price
and independent variables are transformed such that they have a mean of zero and variance

of one. Beta coefficients are useful in determining the relative importance of variables.

el

Where s; and s, are the standard deviations of the independent and dependent variables

respectively.
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Statistical Measures of Central Tendency

Median:

This is the midpoint of the sample dividing it into two equal groups and is not sensitive to

outliers. The Median is used in the calculation of coefficient of dispersion (COD).

Mean:

This is the average of the sample and is affected by outliers. A sample mean is therefore a

biased estimator of the mean of the entire population.

Weighted Mean:

This is calculated by dividing the sum of the appraised values by the sum of the sales prices
for the entire sample. In other words, the assessed values are weighted according to their
sale price avoiding the bias in favour of more valuable properties. This is required in the
calculation of PRD. The disadvantage of the weighted mean is that it is sensitive to high
valued properties which are inequitably appraised, while being insensitive to problems with

the appraisal of low valued properties.

Geometric Mean:

The geometric mean is the n™ root of the sum of the sample. In ratio studies, the ratios are

summed and the n™ root taken. This mean is not particularly useful (Eckert ez al., 1990)
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