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Abstract: The use of statistical models and special applications of statistical processes 
provides extra support for developing an opinion on the value or analysis. This article 
presents the method of obtaining statistical models that help stakeholders to better know the 
specific real market estate. Currently, specialist appraisers use various statistical methods for 
appraising real estate, a multitude of solutions provided by the mathematical statistics to be 
applied in this field: MRA - multiple regression analysis, time series, fuzzy logic techniques, 
ANN – artificial neural networks, NFS - neuro-fuzzy systems and others. The immediate and 
very palpable advantages of applying these valuation solutions are the automatization of the 
appraisal process and the existence of control methods for the results achieved. The main 
disadvantage is the complexity of applying the suggested solutions, requiring a team of 
specialists from different fields - programmers, statisticians, mathematicians, appraisers, 
market analysts - to develop and operate systems of this nature and scale. 
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1. Introduction 
 

In real estate appraisal, the quality and quantity of data available for analysis are just 
as important as the methods and techniques used to process them and to complete the 
valuation mission. Therefore, the ability to discern between the multitude of information, to 
look for sources of reliable data and organise the volume of information is of essential 
importance for the valuation practice. 

Data management about the market, real estate and transactions, required in the 
appraisal process, involves three steps: data collection; organising data collected, and 
analysing them. For appraisers, understanding statistics has become important with the 
merger of the valuation methodology of each real estate separately with the overall appraisal 
techniques. The traditional real estate appraiser plays an important role in this changing 
environment, bridging pure mathematical models used in the valuation, local market 
conditions and the analysed physical real estate. The use of statistical models and special 
applications of statistical processes provides extra support for developing an opinion on the 
value or analysis. 

A great variety of mathematical techniques is used in the field of real estate appraisal, 
starting from simple arithmetic and algebraic formulas up to techniques for multiple 
regression statistical analysis. Given the continuous upgrading of the computational tools, i.e. 
computers, the use of sophisticated techniques is increasing in the valuation practice. 
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2. Additions and Results 
 
Statistics in Real Property Appraisal 
 
Statistics was defined as information science which “involves collecting, classifying, 

synthesizing, organising, analysing and interpreting numerical information”. According to this 
definition, the traditional methods of appraisal have always been part of the statistics. 
Although the study of information was always positioned at the core of the valuation process, 
the tools required for rigorous analysis and interpretation of numerical data gave rise to 
expectations in terms of obtaining a more “statistical” overall to draw conclusions on the 
valuation. Therefore, the profession has evolved into the direction in which the appraisers are 
expected to have solid knowledge of statistics, statistical models and automated valuation 
model (AVM). 

In general, statistical applications are classified into two categories: descriptive 
statistics and inferential statistics. Descriptive statistics deals with the use of charts, graphs 
and scales of synthesising data to describe a data sample or population. Inferential statistics 
involves using the sample data as the basis in formulating opinions (inferences) about a 
population represented by that sample. Statistical inferences can include, among others, the 
estimation of the core tendency and dispersion of current but unknown population, the result 
prediction and structure detection underlying the cause-effect relationships. 

The development of personal computers, spreadsheet programs and statistical 
processing programs allows appraisers to incorporate, easily and precisely, the statistics in 
their analyses and valuation reports. In the early years of the advent of personal computers, 
statistical analysis was generally limited to generating descriptive statistics and appropriate 
diagrams, tables and graphs. As operating systems begun to predominate graphical interfaces, 
statistical programs such as SPSS, Minitab and SAS have become more friendly, especially as 
it was no longer necessary for the user to write programming codes. 

Moreover, as computer users have become more sophisticated, new statistical tools 
were added to spreadsheet programs to cope with the needs. Currently, Microsoft Excel 
includes a set of statistical tools that generate the results of correlation matrices, F variant 
tests, t-tests for means and linear regression models. However, Excel offers very little in terms 
of diagnosis indicators that accompany these statistical tools. The statistical power of Excel 
still lies in its ability to execute graphics. 

Although modern statistical analysis programs are easy to handle, their use can 
contribute to achieving implausible results when the necessary steps are omitted to ensure the 
creation of a credible model. 
 

Overall valuation - statistical valuation models 
 
At present, specialist appraisers use various statistical methods for appraising real 

estate, a multitude of solutions provided by the mathematical statistics to be applied in this 
field: MRA - multiple regression analysis, time series, fuzzy logic techniques, ANN – 
artificial neural networks, NFS - neuro-fuzzy systems and others. 

The immediate and very palpable advantages of applying these valuation solutions are 
the automatization of the appraisal process and the existence of the control methods for the 
results achieved. The main disadvantage is the complexity of applying the suggested 
solutions, requiring a team of specialists from different fields - programmers, statisticians, 
mathematicians, appraisers, market analysts - to develop and operate systems of this nature 
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and scale. 
 AVM automated valuation models - mathematical software that produce an estimate 
of the market value based on the market location analysis, market conditions and real estate 
features of market information previously collected. 
 Creating an AVM - Automated Valuation Model can be a solution for appraising real 
estate collateral portfolios held by banks. AVMs are software that produce estimators of 
market values for the subject real estate, based on the analysis of market conditions and 
characteristics of comparable real estates, market information collected in advance. AVM are 
particularly applicable in the real estate appraisal through direct market comparison. 
 AVM credibility and accuracy of its results depend on the quantity and quality of the 
data used in the valuation, experience and training of the staff that designs and develops the 
model. The amount of data refers to the volume of sample data used in the valuation. As 
regards the quality of data in the process of developing an AVM, a special stage for the 
management and analysis of the data quality is designated. 
 Given the impossibility of using the entire data population (entire portfolio), it is 
necessary to extract a representative sample of the whole population. A sample is 
representative of the entire population if its structure is identical or very similar with the 
structure of the population where it has been extracted so that it is possible to extrapolate the 
findings to the entire population. The sample will be representative when using an objective, 
random sampling method, with anticipated probability and if the sample has a sufficiently 
high volume of data. 

This process is presented in the Standard automated valuation models developed by 
the International Association of Assessing Officers, a complex process that requires close 
cooperation between the appraisers, real estate market analysts, statisticians and software 
developers. 

Starting from the recommendations of this standard, we propose the following 
sequence of steps needed to build the automated valuation model: 

1. identifying the subject real estate (portfolio of bank guarantees to be valuated); 
2. establishing the extraordinary assumptions, hypothetical and limiting conditions; 
3. data management and data quality analysis; 
4. sample stratification (if it was not built by stratified sampling); 
5. establishing the model specifications; 
6. model calibration; 
7. model testing and quality assurance; 
8. model validation; 
9. application of the model; 
10. regular verification of the model accuracy. 



 
 

“1 Dece

 

 

I
 
T

Marasti
medical

 
 

1. Identif
real esta
bank gu

v

8. Mo

9. Applica

embrie 1918”

Fig.
    

Identificati

The databa
 District, C
l and econom

fying the subject 
ate (portfolio of 
uarantees to be 
valuated)

del validation

tion of the model

” University o

 1. Standard
       Interna

ion of the s

ase contain
Cluj County

mic centres

F

2
extrao
hypo

7

10. R
th

of  Alba Iulia 

d for autom
ational Asso

subject real

s a total o
. Cluj-Napo

s in Romani

ig. 2. Locat

. Establishing the 
ordinary assumptio
othetical and limitin

conditions

. Model testing and
quality assurance

Regular verification 
he model accuracy

                     

- 246 - 

mated valuati
ociation of A

 
l estate (ba

of 46 transa
oca is one o
ia. 

tion of subje

ns, 
ng 

3

d 

of 

                      

ion models 
Assessing O

ank guarant

actions per
of the most

ect real esta

3. Data managemen
data quality analy

6. Model calibrat

                     

developed b
Officers (IA

tee portfoli

rformed in 
t important 

ate  

nt and 
ysis

tion

         RevCA

by the 
AAO) 

io to be val

Cluj-Napo
cultural, ac

4. Sample stra

5. Establishing 
specificat

AD 22/2017

 

luated) 

ca City, 
cademic, 

atification

the model 
tions



S. Zeicu
Statistic

 

 

E
 
T

current 
For crea
price of
estate, t
 

Typ

Are

Num
Use
Flo
Fin
Tra
Uni

D
 
I

quantita
the repr
characte

     Fig. 

u (Chiorean),
cal Modeling A

Establishin

The databas
year, and in
ating the da
f the apartm
the number 

pe of real est

ea of real esta

mber of room
eful floor are
or  
ishing  

ansaction pric
it transaction

Data mana

In support o
ative techni
resentativen
eristics or to

3. Frequenc

, D. Onose, M
Applied in Re

ng the valua

se consists o
ncludes 2-be
atabase, it w
ments in EU

of rooms, fl

Tabl

ate 

ate 

ms 
ea [sq m] 

ce 
n price  

agement an

of this stage
ques to exp

ness of the 
o detect out

 
cy of distrib

M. Ortelecan, 
eal Estate Valu

ation assum

of real estat
edroom apa

was taken in
UR and the 
floor and the

le 1. Descri

nd data qua

e, statistical
plore the da
sample to 

liers in the 

bution of rea

M. Palamari
uation 

- 247 - 

mptions  

te transactio
artments, wi
nto account
independen
eir finishing

ption of dat

Apartm
Maras
Count
2 
40-65
Groun
low/av
Stated
Stated
 

ality analys

l analysis so
ata series. T
identify th
series analy

 

al estate dep

iu  

ons conduct
ith areas ran
that the de

nt variables 
g according 

ta base varia

ment 
sti District, C
ty 

sq m 
nd / intermed
verage/high
d in EUR 
d in EUR / sq

sis 

oftware prov
These techn
he frequency
ysed. 

pending on 

ted in Augu
nging betwe
ependent var

are the usa
to the table

ables  

Cluj-Napoca 

diate / last flo

q m  

vides graph
niques can b
y distributio

 

 
the sale pri

ust-Septemb
een 40 and 
riable is the

able area of
e below: 

City, Cluj 

oor 

hical techniq
be used to e
on function

ice and their

ber of the 
65 sq m. 
e trading 
f the real 

ques and 
establish 
n and its 

r surface 



 
 

“1 Dece

 

 

 
 

embrie 1918”

Fig.

” University o

Fig

 5. Statistic

of  Alba Iulia 

g. 4. Statistic

cal analysis 

                     

- 248 - 

 
 

 

cal analysis
 

of real estat
 

                      

s of data qua

te by finishi

                     

 

 
ality 

ing and by f

         RevCA

floor 

AD 22/2017

 



S. Zeicu
Statistic

 

 

 
I

by type 
order to
 

E
 
T

estate an
on the r
selected
other h
regressi
would l

T
of size 
conside
explana
Moreov
variable
explana
with the
stronger

 
T

between
close to
variable
(positiv

M
A

methods

u (Chiorean),
cal Modeling A

Stratificati

It is the pro
of compar

o minimise t

Establishm

The apprais
nalysed (po
real estate v
d, the higher
and, the in
ion model n
ead to a shi
The choice 
of the corr
ration the e

atory variabl
ver, it exam
es. Where s
atory variab
e dependent
r the variab

The correla
n the sales 
o zero – th
es are indep
ve) and if it i

Model calib
Among the
s such as m

, D. Onose, M
Applied in Re

ion  

ocess by wh
able real es
the differen

ment of mod

ser may se
otential expl
value (depen
r the risk th

nclusion of 
not to expla
ift of estima
of explanat

relation coe
economic si
le and the d
ines whethe
such a corr
les in the gr
t variable. T
les are corre

Fig. 6

ation coeff
price depen
e two varia
pendent, if 
is close to -

bration 
e methods 

multiple linea

M. Ortelecan, 
eal Estate Valu

hich the real
state accord
ces within a

del specific

lect from t
lanatory var
ndent variab

hat the infor
a too low

ain enough 
ators (regres
tory variabl
efficients w
ignificance 

dependent v
er there is a
relation is i
roup of the 
The more t
elated. 

6. Calculati

ficient was 
ndent variab
ables show 
f it is close
1 - inverse 

of calibrat
ar regressio

M. Palamari
uation 

- 249 - 

l estate form
ding to their
a layer and 

ation 

the multitud
riables), tho
ble). The hi
rmation con

w number o
the true ev

ssion coeffic
les must be

with the dep
that could 
ariable. 

a strong cor
identified, t
interrelated
he correlati

ion of correl

calculated
ble and the 

a very we
e to 1 - va
linear depen

 

tion, the m
on and nonli

iu  

ming a hete
r physical a
maximise th

de of varia
ose which c
igher the nu

ntained there
of explanato
volution of 
cients). 

e made by th
pendent var
characteris

rrelation bet
the analysis
d. One can o
ion coeffici

lation coeff

d in order 
usable floo

eak linear d
ariables hav
ndence (neg

most used a
inear regres

erogeneous 
and econom
he differenc

ables that ch
ould have a

umber of ex
ein become
ory variable
the depend

he appraise
riable, but a
e the relatio

tween the s
s will inclu
opt for the 
ient value m

ficient 

to determi
or area vari
dependence
ve a direct 
gative). 

are those b
sion. 

sample are 
mic character

ces between

haracterise 
an economic
xplanatory v
s redundant
es could ca

dent variable

r, not only 
also by tak
onship betw

elected exp
ude only on
strongest co

matches 1 o

ine the co
iable. If its 
, if it is ze
linear dep

based on s

grouped 
ristics in 
n layers. 

the real 
c impact 
variables 
t. On the 
ause the 
e, which 

in terms 
king into 
ween the 

planatory 
ne of the 
orrelated 

or -1, the 

rrelation 
value is 

ero - the 
pendence 

tatistical 



 
 

“1 Dece

 

 

The term
(charact
case the

L
two var
square d
predicte
apartme

 
M
 
M

necessa
populati
which t
perform
calibrati

A
necessa
frequen
series th
Kolmog

I

embrie 1918”

m regressio
teristics of t
e market val

 
 
 
 
 
 
 
 

Linear regr
riables, i.e. b
determinati
ed by the m
ents sold. 

Model testi

Model testi
ary for the e
ion of a ban
the sale pr

med. This s
ion of the m
As stated ab

ary informat
ncy distribut
hat do not 

gorov-Smirn
In practice,

” University o

on is used t
the analysed
lue of the re

Fi

ression coef
between the
on coeffici
model estab

ing and qu

ing is inten
estimates so
nk guarante

rices or ma
et of data, 

model and re
bove, there 
tion, some 
tion, such a

have norm
nov, Man-W
 the model 

of  Alba Iulia 

to describe 
d real estate
eal estate ap

ig. 7. Scatte

fficient r sh
e transaction
ent is 99%
blished may

ality assur

nded to dete
 achieved to
ee. For this 
arket values

used to te
epresents 80
are a variet
of them pa
as Student 
mal frequen
Withney, Du

specificatio

                     

- 250 - 

any proces
e) are used t
ppraised) or 

r Diagram -
 

 
hows that th
n price and 
. The stand
y be differ

ance 

ermine whet
o be extrapo
purpose, a 

s are know
est the mod
0% of the sa
ty of statist

arametric, ap
(t), Fisher (

ncy distribu
urbin-Watso
on and the 

                      

ss in which 
to determin
to predict i

- price/surfa

here is a st
the useful 

dard error in
rent by EU

ther it ensu
olated by st
set of data

wn, based o
del, was the
ample volum
tical tests th
pplicable to
(F) Testing

ution, such 
on tests. 
calibration 

                     

one or mo
ne an unkno
its value. 

ace 

trong depen
floor area o
ndicates tha

UR 4,985.34

ures the acc
tatistical inf
a on the rea
on which th
e basis for 
me (n). 

hat can be a
o the sets o

g and other 
as Chi-squ

stage is per

         RevCA

ore known v
own variable

 

ndence betw
of the apartm
at the mark
4 from the 

curacy and 
ference to th
al estate is u
he testing 
the execut

applied to ob
of data with

non-param
uare, Shapir

rformed ite

AD 22/2017

variables 
e (in this 

 

ween the 
ments. R 
ket value 

average 

integrity 
he entire 
used, for 
shall be 
tion and 

btain the 
h normal 

metric for 
ro-Wilk, 

eratively: 



S. Zeicu (Chiorean), D. Onose, M. Ortelecan, M. Palamariu  
Statistical Modeling Applied in Real Estate Valuation 

 

- 251 - 
 

model specification - testing model specification by calibration - model specification 
correction - testing the specifications corrected by repeating these operations until obtaining 
the confidence level designed. 
 

Model validation 
 
Once the model was calibrated and tested, its validation is performed based on the set 

of data representing the remaining 20% of the sample, using statistical tests. 
 

Applying the model 
 
The automated valuation model takes into account, as values of the explanatory 

variables, the valuescorresponding to the characteristics of the subject real estate and their 
market value is estimated as such. 
 

Periodic verification of the model accuracy 
 
It is recommended to check the model accuracy by comparing the estimated market 

values to those estimated using the valuation methods and techniques recommended by IVS. 
The large differences existing between the two estimated values are a signal of the need to 
update both the analysis sample and the automated valuation model. 

 
3. Conclusions 

The advantages of the statistical modelling in real estate appraisal include: 
• it allows the use of unlimited data series; 
• it allows the use of variables in any high number if they are necessary and 

relevant; 
• it allows to determine the estimation accuracy of the value that can be 

exceptionally good when using sufficient market data; 
• it ensures uniform appraisals; 
• the resulting model can be used for both targeted valuations (singular) and overall 

valuations; 
• the automatization of the valuation process, therefore little time for processing and 

analysing data and determining the conclusion of the appraisal; 
• objectivity and efficiency; 
These advantages can be achieved only with the basic condition that the model be 

substantiated on a very serious and coherent statistical and mathematical reasoning, the 
database must be constantly updated, the model must be tested before it is actually used in the 
appraisal. 

Statistical modelling disadvantages are: 
• it cannot be applied to restricted markets, with few transactions or to atypical 

markets; 
• since the results and conclusions arising from the application of the statistical 

modelling are valid only in the population under study, the appraisal of real estate 
atypical for the population is not credible; 

• the need of highly developed stock of knowledge in mathematical statistics and 
specialised software. 
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