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Abstract

Deterioration of real estate and forecast of the remaining period of its service life are important parameters for the
real estate valuation process. In the literature we can find several formulas which determine the deterioration degree
depending on the period length of building facility service life. However, as shown by the analysis conducted in this
paper, the authors obtained the mixed results depending on the taken approach. Thus, the following questions arise:
what to look for when choosing a formula and what degree of risk is associated with the determination of the
deterioration degree. It is well-known that the deterioration is influenced by many factors. However for its
determination it is required knowledge about its course, character and period of previous service life, carried out
repairs, major repairs and modernizations, as well as used materials and durability of a building facility. From the
perspective of the analyzes, it seems appropriate to take further researches towards developing of a procedure that
will allow to select one of the available formulas, due to the pre-determined parameters (e.g. the quality of building
facility maintenance).
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1. Introduction

Regardless of the school of the real estate valuation, real estate deterioration, and practically building facilities
deterioration, as the components of real estates, is an important parameter under all approaches.

In the comparative approach — deterioration is usually a very important feature, which differentiates the
compared real estate’s; in the income approach — deterioration affects the forecasted profitability of real estate; in
the cost approach — deterioration is a measure of the value loss of buildings and other building facilities resulting
from their technical condition, functional state and environmental factors.

The determination of deterioration degree requires knowledge about the course, character and period of the
previous service life, carried out: repairs, major repairs, and modernizations, as well as building facility durability,
or (in the case of detailed techniques) — about the durability of some particular elements of a building and used
materials. The quality of carried out construction work and design defects affect the technical deterioration.

The determination of the assumed durability (understood as the left, expected period of service life), in particular
for building facilities that are in use, is objectively difficult and requires both the theoretical knowledge and the
construction experience.

The time methods are most commonly used methods, which take various forms depending on the degree of
building facility maintenance. However, these forms have some estimated character and express the overall trend for
the group of building facilities with the similar age and the similar structure. In contrast, the method which are more
time-consuming and which require more working time effort such as the visual method, the limit states method or
the economic indicators method give a more accurate picture of the building facility deterioration.

In the economic dimension, the deterioration degree is related to the maintenance costs of service life efficiency
of a building which, under its life cycle, are subject to change resulting from both the growing needs of
maintenance, repair as well as the prices volatility of the building production factors.

The aim of this paper is a review of considered in the literature categories of building facilities deterioration and
analysis of the concept of measuring of the deterioration degree (on the background of their life cycle) from the
point of view of usefulness for the real estate valuation process.

2. Types and causes of deterioration of building facilities

Deterioration means a loss of the estimated value of a real estate resulting from its technical (physical), functional
(utility) and environmental deterioration. Deterioration of building elements is the result of many factors, including:
design mistakes, assembling defects, materials defects, and incorrect service/maintenance of a building facility.
However, the process of element deterioration is caused by the aging of materials over the years, changing of
materials structure as a result of their work, damage due to external factors. The life cycle of each element is
different because they deteriorate unevenly. In the following works [1, 2, 6, 7, 11-13, 15, 24-28] the problem of
determination of the deterioration degree and its impact on the cost of life cycle of a building facility is broader and
more specifically discussed.

Table 1. Causes of deterioration [Source: authors’ work]

Technical deterioration Functional deterioration Environmental deterioration
« age of a building facility, » comparison of used (in a given  * doing or planning changes in the real estate
* durability of used materials, case) design utility solutions to environment causing a nuisance in the use of
* quality of the currently preferred ones the property, such as: construction of industrial
construction/assembling (estimation of modernity) plants in the neighbourhood of the estimated
work,  comparison of workmanship real estate, roads with heavy traffic, tram lines,
* usage and service life standard and furnishing in the unregulated watercourse, etc.,
conditions. technical equipments, « conducting or planning in the area near a real
* design mistakes, « results from the special purpose estate mining activities causing permanent
* maintenance/repair obstructing or preventing changes damage to the property,

management, etc. in the use. » destroyed effects of ecologically harmful
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environment on the durability of building
facilities and the quality of the land.

The determination of deterioration degree requires knowledge about:
e carried out: repairs, renovations and modernizations, as well as building facility durability,
¢ the durability of some particular elements of a building and used materials.

o the course, character and period of the previous service life.

The quality of carried out construction work and design defects affect the technical deterioration.

Determine of property depreciation value

¥
On the basis of production On the basis of analysis of the
costs reduction in new size of the individual
condition components of depreciation
h 4

Determination of the individual
components of the real estate
depreciation

Estimate of the total: the impact:
factor depreciation

h 4 h 4
Determination of the value of Calculation: summation of total
real estate depreciation depreciation
¥ ¥
Take into accout of the results Take into accout of additional
from the local market factors from the local market

Procedures for determining the value of depreciation in estimating the
value of property

Fig. 1. The basis for determining the value of real estate deterioration; [Source: [24]]
3. Rules for determining the deterioration degree of building facilities
3.1. Durability of element/building and deterioration degree

Building facilities consist of many elements, which are characterized by varying degrees of technical
deterioration. The duration of service life is also linked to a lot of factors and diversity of their interactions. All these
factors cause difficulties in predicting durability and course of service life. The analysis requires knowledge about
behaviour of building elements, materials and equipments during their service life as well as the knowledge about
their service life periods. This knowledge allows making the optimal choices at the designing stage. It is necessary
that the structural elements have the longer durability than the assumed building facility durability. The durability of
finishing elements and equipment elements is usually shorter because they require more frequent replacements or
repairs during their service life [2]. The term “durability” means the ability of a building facility to maintain the
established service life requirements within the specified period of time, whereby it is required the lack of excessive
maintenance costs and lowering of the functional value of a building facility. In contrast, the durability is related to
the term “deterioration”. The concept of deterioration is related to the loss of the estimated value of a property due
to the technical (physical) and functional (utility) and environmental deterioration. The technical deterioration refers
to the age of a building facility, the durability of used materials, designing mistakes and quality of
construction/assembling work, usage and service life conditions. This results in a value decrease of a property. The
lower durability, the faster determination, and hence the frequent repairs or replacements if necessary. This, in turn,
affects the lifecycle costs of a building [20-21].
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3.2. Methods of determination of deterioration degree

The commonly used methods of the determination of building technical deterioration do not always meet the
users’ expectations, because the obtained results are only the estimated values. Depending on the chosen method of
solution they might be burdened with lower accuracy, require a lot of work and expert opinion in the field.
Currently, the new methods are being sought which (when considering the technical deterioration of building
facilities) will determine its current value and will assess the future changes. The time methods are the most
widespread and the most commonly used, they take various forms depending on the degree of building facility
maintenance. Such form of determination of the technical deterioration may be approximate and reflect the overall
trend expressed mostly for a group of building facilities with the comparable age and similar structures. The time
method is based on the assumption that the technical deterioration increases in time and fundamentally depends on
the maintenance accuracy of materials used in a building facility.

In the literature and in practice the following formulas are used for measuring of the technical deterioration
(including the time methods): Ross, Eytelwein, Unger, Romstorfen) and the functional deterioration.

The course of deterioration according to the simplified formulas

100%%

e T'rditional

0% formula

B0 /A/

T Unger's Somuls
N / / / - )
S o 2
§ o / / / Fomstor®n's
- I s Frmla
2 oo =

09 __.-a-"'/

. (] 10 20 30 40 50 60 70 B0 20 100

Service Life t (vears)

Fig. 2. The course of depreciation according to the simplified formulas
[Source: authors’ work]

3.3. Determination of the expected period of further service life

The theoretical deterioration rate, however, often diverges from the deterioration Z, which can be concluded
based on the analysis of a building facility. The determination of further period of service life is possible using all

formulas.
Thus, using a rule of proportionality, Z=#/T in case when after ¢-years of service life the deterioration is Z; it can

be inferred that, in the same way of service life, the modified period of durability is:
and therefore the expected period of further service life can be estimated as:

t,=T, —t=t N
Z

V4
0
The expected period of further service life is (in this case) the difference of the hypothetical durability period (T,)
and the existing period of service life (t): t, = T, —¢

In the case of the other formulas, the calculation is done similarly, wherein because of the forms of the parameters it
is required each time the solution of the quadratic equation — the results of the calculations are presented in the
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following table. In contrast, the dependences presented in the second column of Table 2 are shown in Figure 3 and

in Figure 4.
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Table 2. Formulas for determining of deterioration; [Source: authors’ work]

Formula to determine deterioration Expected period of further service life
2
Traditional t 1
(bad maintenance of / =— t » = —-1
building) T
Unger (t+7) 1+,1+87,
(average good Z = 3
maintenance of building) 2T
Romstorfen (2t + T) 1/l +24Z,
(more than average good Z >
maintenance of building) kYA
Eytelwein £
(very careful 7 = — =t ——
maintenance of building) T A /

Symbols:

Z — calculated deterioration degree
Z, — detected deterioration degree
t — existing period of service life

T — duration period

t, — expected period of further service life

The expected period of further use of the building

—t=101at

—t = 20 v

ot = 3 veEr

—t = 4] year

et = 5 e

1= 60 yexr

t=T0 year
1= B0 year

- =00 yarr

The expected period of further use of the building

A

1L\ AN\

RN

RN
—

0% 0% 30% 40% 0% % T0W MW 0%
Empirically determined deterioration degree

e t = 1) year
—t =20 year
e t = 3] year
——t =40 year
= 5{ yeur
=60 year
t="T0 year
1= B0 year

1= 00 yaar

a) Traditional formula

Fig. 3. Expected period of further service life of a building determined by using: a) traditional formula, b) Unger’s
formula; [Source: authors’ work]

b) Unger’s formula
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The expected period of further use of the building The expected period of further use of the building

AN R IR o
HEANNN\W =3 L \\\Qi\\\ .
NN AN
A%_ | | —_—

ip greary

=

=
&

[} T T T T T T T T a L] T T T T T T T T a
% 20% 0% 4% 0 % W% 0% 2% 10% Pl 3% 40% 0% 0% g W0 W
Empirically determined deterioration degrez Empirically determined deterioration degres
a) Romstorfen’s formula b) Eytelwein’s formula

Fig. 4. Expected period of further service life of a building determined by using: a) Romstorfen’s formula, b)
Eytelwein’s formula; [Source: authors’ work]

4. Risk in determining deterioration degree

The problem of risk is relatively often raised in the case of construction projects due to the randomness of the
phenomenon. The literature presents numerous examples of the risk analysis [3, 5, 8-10, 14, 17-19, 22-23]. The
elements of risk can be found in estimation of time and cost of construction work, but also in a situation when the
further period of building service life must be predicted. It is extremely important in the real estate valuation.
Analyzing the Figure 5 we can see a significant discrepancy among the results using the various formulas. To
illustrate the differences the authors determined the expected period of the further service life for the existing service
life of 30 years. The significant differences in estimation are shown to 70% of deterioration. For t=30 and at 40%
deterioration degree the further period of service life (depending on the formulas) ranges from 17-45 years.

80

Traditional
70 \ formula
60
\ Unger's
50 \ formula
40 \ Romstorfen's
30 \ \ formula
20 1

— Eytelwein's
\“\: % formula
10

0 T T T T T T )
30%  40% 50% 60% 70% 80% 90%
Deterioration degree

tp (years)

Fig. 5. Comparison of expected period of further service life of a building determined by using different formulas
(for t=30 years ): a) Romstorfen’s formula, b) Eytelwein’s formula; [Source: authors’ work]
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5. Conclusion

The determination of deterioration degree of a building as well as the further period of its service life require the
knowledge of the past service life, the number and frequency of carried out repairs, the environment in which the
building is located, etc. The preliminary analyses show that these factors have a significant impact for estimation.
The most restrictive in predicting a further period of service life of the building (¢,) is the Eytelwein’s formula as
opposed to the traditional formula. The result #, for the traditional formula in 30% of the deterioration for the
assumed existing period of service life at t=10 years is 23 years, and at t = 30 years is 70 years. In contrast, the
Eytelwein’s formula for the same parameters determines 8 and 23 years, respectively. Therefore, it seems important
to establish a procedure allowing the choice of a particular formula in relation to the predefined criteria, e.g. number
of repairs, repairs values or quality of used materials in terms of their durability.
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