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ABSTRACT: The identification of housing market segments is a matter of great importance. In the real estate market 

analysis field, typologies are usually defined based on price ranges with the aim of establishing supply niches. This paper 

proposes a multidimensional approach that integrates a series of attributes in addition to the variable of price to the real 

estate market of apartments in Santiago. Nine building typologies were defined using the k-means clustering method from 

a real estate database that includes information of 21,902 apartment units. Sensitivity analysis was carried out by means 

of both global and local approaches, in order to provide information about the most sensitive input parameters with 

respect to the summer comfort of apartments and the net effect of each single input parameter when they are evaluated in 

turn, respectively. The results obtained suggest that the best performance in terms of summer comfort can be obtained 

from the combination of diverse input parameters that would be significant in respect to the reduction of the risk of 

overheating. In this sense, it is clear that solar protection and night ventilation constitute key strategies in order to obtain 

adequate summer comfort conditions in the apartments of the real estate market of Santiago. 
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INTRODUCTION 

The identification of housing submarkets is a matter of 

great importance. In the real estate market analysis field, 

submarkets are usually defined based on price ranges 

with the aim of establishing supply niches. However, this 

kind of approach forgets that real estate markets can 

compensate the lack of some specific attributes with 

other attributes or amenities. Therefore, a 

multidimensional approach is required allowing for the 

integration of a series of indicators and attributes with the 

aim of being developed at the level of their value chain.  

This study proposes a methodology based on multivariate 

statistical techniques from a database with information 

about 21,902 apartments of the real estate supply in the 

Santiago Metropolitan Area during the period 2004 to 

2009. According to this procedure, 9 apartment 

typologies were defined by means of a k-means cluster 

analysis and using the factor scores of a Principal 

Component Analysis (PCA) as input variables for the 

procedure. By means of a robust statistical indicator, 

centroids of all typologies were estimated with the aim of 

defining representative apartments of the real estate 

market of Santiago. 

However, most of the building energy simulation 

programs are deterministic, rather than probabilistic and 

consequently their results frequently are not expressed in 

terms of probabilities. On the contrary, the probabilistic 

approach requires a more complex process, since the 

parameters’ quantification requires not only an 

assessment of the point estimate, but also an assessment 

of the uncertainty. Hyun, Park and Augenbroe suggest 

that the probabilistic approach delivers more meaningful 

information that one single, or even a series of 

deterministic simulations, whereas using only one 

deterministic simulation can easily lead to false 

conclusions [1]. This situation appears as particularly 

critical when the analysis is focused on a cluster of cases 

- as the building typologies previously mentioned - 

instead of a single building case. This study proposes a 

methodology where by means of a probabilistic approach 

based on sensitivity analysis techniques, the 9 apartment 

typologies proposed were analysed in terms of their 

summer comfort and risk of overheating. For the 

purposes of this study, passive cooling strategies that 

depend on the architectural design and/or the occupants’ 

behaviour were studied. In this sense, from a total of 6 

input parameters, a sample matrix of 140 samples was 

defined which was simulated by typology using a 

dynamic-state building performance tool with the aim of 

correctly representing the overheating phenomena. 

The sensitivity analysis was carried out by means of 

both ‘global’ and ‘local’ sensitivity approaches, in order 

to provide information about the most sensitive input 

parameters with respect to the summer comfort of 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

apartments (from a ‘global’ perspective) and the net 

effect of each single input parameter when they are 

evaluated in turn (know as OAT, ‘one-at-a-time’ design), 

respectively. 

 

METHODOLOGY 
 

Definition of apartment typologies by means of 

clustering methods  

The seminal study carried out by Punj and Stewart in 

1983 established that cluster analysis is a statistical 

method for classification, which essence is that certain 

things are thought of as related in a certain way, and 

therefore can be considered as belonging to the same 

discrete category [2]. At the same time, it can be 

mentioned that the use by excellence of cluster analysis 

is the generation of typologies, which can be understood 

as groups of cases that presents a strong similarity [3]. 

For the purposes of this study, the ‘k-means’ technique 

was chosen as clustering method, since it appears to be 

more robust than any of the hierarchical methods with 

respect to the presence of outliers and the choice of a 

distance metric (as measure of similarity). With the aim 

of correcting the interdependencies that may exist 

between variables and also due to the non-equivalence of 

metrics, a preliminary principal components analysis 

(PCA) with orthogonal rotation was carried out. 

To carry out this cluster analysis, a database with 

information about 21,902 apartments of the real estate 

supply in the Santiago Metropolitan Area during the 

period 2004 to 2009 was utilised. This database, which 

contains a total of 5 continuous and 17 categorical 

variables, was used thanks to Portal Inmobiliario.com 

(the most important search engine for property, 

apartments and houses for sale and rental in Chile). 

As first step, four architectural layouts were defined: 

one-bedroom, two-bedroom, three-bedroom and four-

bedroom apartments, with the aim of considering the 

family life cycle and the market demand associated to 

them. In this sense, each architectural layout can be 

considered as a submarket related to some specific 

demand niches (e.g. one-bedroom apartments for singles 

professionals or two-bedroom units for young couples).  

Table 1 shows the 9 different apartment typologies 

that have been generated by means of the k-means 

clustering process. These have been named according to 

the number of bedrooms of their original architectural 

layouts (e.g. two-bedroom apartments were separated 

into typologies 2.1 and 2.2). According to the results, 

typologies 1.1, 2.1 and 3.1 present the greatest number of 

cases, since they have 18.4%, 25.4% and 23.3%, 

respectively, of the total sample of apartments. In order 

to generate a model from a ‘bottom-up’ approach, each 

apartment typology was constituted by a representative 

apartment, taken from the online real estate search engine 

of the Portal Inmobiliario.com [4] and considering the 

centroids for the variables of price, living area and 

terrace area. In this sense, the robust indicator of Huber’s 

M-Estimator was selected for defining centroids, since it 

is insensitive to departures from underlying assumptions, 

caused by outliers. Fig. 1 shows the floor plan of the 

representative model for the apartment typology 2.1 

 
Table 1: Mean and standard deviation for the variables of price 

and living area in the generated typologies by means of k-

means cluster analysis 

 

 Typologies Price [UF]* Area [m²] 

N % mean st.dev mean st.dev 

1.1 4036 18.4% 1199 244 31.9 3.9 

1.2 1935 8.8% 2033 473 38.7 6.2 

2.1 5648 25.8% 1939 550 51.4 9.4 

2.2 2470 11.3% 3058 770 66.2 11.3 

3.1 5099 23.3% 2532 1116 70.3 16.6 

3.2 192 0.9% 3315 897 89.0 11.8 

4.1 1101 5.0% 5101 1920 105.0 26.7 

4.2 1179 5.4% 5662 1333 119.6 14.5 

Total 21902 100.0%     

Note (*): Unidad de Fomento (UF) is an indexed unit of 

account used in Chile. 1 UF = EUR 35.2 [5] 

 

Figure 1: Floor plan of the typology 2.1 

 
 

Sensitivity analysis in building performance 

simulation for summer comfort assessment with 

respect to apartment typologies 

As it was explained, for the purposes of this research, 

it is proposed to study those passive cooling techniques 

that exclusively depend on the architectural design and/or 

the occupants’ behaviour. In this sense, 6 input 

parameters X={X1, X2, ..., X6} were defined in terms of a 

series of cooling strategies than can contribute to reach 

an adequate summer comfort level. According to the 

Table 2, these parameters are: infiltration rate (X1), night 

ventilation (X2), exposition of the thermal mass (X3), 

internal gains (X4), solar and light transmittance (ST and 

LT, respectively) of solar protection devices (X5) and 

orientation (X6). In this context, infiltration rate (X1) does 

not properly define a cooling technique, but determines 

daytime ventilation (assuming closed windows), which 

may have an effect over the thermal behaviour of 

apartments in summer. Indeed, this input parameter was 
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defined in terms of the normalised flow coefficient of 

windows from the power-law equation [6]. 

Table 3 presents the proposed probability density 

functions for the 6 input parameters. The range of values 

for infiltration rate (X1) were defined for non-

weatherstripped sliding windows - the most used window 

type in the context of the real estate market of apartments 

in Santiago – from the data collected by Liddament [7]. 

With respect to night ventilation (X2), four discrete 

values were defined, corresponding to a scenario without 

night ventilation and the 10
th

, 50
th

 and 90
th

 percentiles of 

a normal probabilistic distribution from 3 different levels 

of night ventilation. Indeed, a series of previous building 

energy simulations were performed with the aim of 

defining these levels as a function of the windows area 

and space volume by room, obtaining ventilation rates 

from 4 to 11
 
h

-1
.  Exposition of thermal mass (X3) was 

established in terms of the position of the thermal 

insulation with respect to the external wall composition, 

which can be placed on the inner or outer side of the 

wall. Internal gains (X4) were defined in terms of a 

lognormal distribution based on data collected for 

Santiago by the Public Policy Centre UC in 2010 [8]. 

Finally, ST and LT of solar protection devices were 

considered with the aim of representing the range of 

situations from almost completely opaque protections 

(=0.25) to without solar protection (=1.0). 
 

The identification of these input parameters and their 

probability distributions constitute the first step in order 

to perform a global sensitivity analysis. The following 

step corresponds to the generation of an input 

vector/matrix through the use of an appropriate sampling 

method, which choice basically depends on the type of 

analysis that will be carried out. The most common 

technique used for this purpose is Monte Carlo Analysis 

(MCA), which, in turn, can be divided in different 

methods. Between them, Latin Hypercube sampling 

(LHS) represent the selected alternative in most of the 

cases since it ensures a better coverage of the sample 

space of the input parameters with a relative small 

sample size, as indicated by [1, 9-14]. For this study, a 

total number of 140 samples were proposed to be carried 

out by LHS, which is also consistent with the mentioned 

references. In this context, by the fact that passive 

cooling techniques will be studied and estimated, the use 

of a dynamic-state tool - that in this case corresponds to 

TAS software [15] - appears as indispensable. Indeed, 

Álvarez, Sánchez, Salmerón & Ruiz have suggested that 

strategies for passive cooling are frequently based on a 

‘zone’ or ‘building level’ approach, instead of the energy 

efficiency measures for heating purposes, which are 

largely based on ‘component level’ and consequently 

could be analysed by means of a simplified tool [16]. 
 

Table 2: Definition of input parameters for sensitivity analysis with respect to summer comfort 

 

Input parameters Probability 

distribution Description Unit 

X1 Infiltration rate (normalised flow coefficient of windows, C) dm3s-1m-1Pa-n Uniform  

X2 Night ventilation (between 23:00-08:00) h-1 Discrete 

X3 Exposition of the thermal mass (position of thermal insulation with respect to external walls) - Discrete 

X4 Internal gains (include appliances, lighting and occupancy) W/m² Lognormal 

X5 Solar transmittance (ST) and light transmittance (LT) of external solar protection devices [0-1] Discrete 

X6 Orientation °CW (N=0°) Discrete 

Table 3: Probability density functions for the defined input parameters 

 

 Probability distribution* 

 Continuous  Discrete 

Interval  0 1 2 3 

X1 U [0.18-0.37]  - - - - 

X2 - 
 Without night ventilation 

[0.40] 

10th percentile 

[0.15] 

50th percentile 

[0.30] 

90th percentile 

[0.15] 

X3 - 
 Thermal insulation for the 

inner side of the wall [0.50] 

Thermal insulation for the 

outer side of the wall [0.50] 
- - 

X4 L [3.15-12.41]  - - - - 

X5 - 
 ST & LT=1.0  

[0.40] 

ST & LT=0.75  

[0.20] 
ST & LT=0.5 

[0.20] 
ST & LT=0.25 

[0.20] 
X6 -  0° [0.33] 90° [0.33] 270° [0.33] - 

Note (*): probability distribution between brackets  
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RESULTS 

 

Global sensitivity analysis 

Fig. 2 presents the results of the global sensitivity 

analysis in terms of cumulative histograms for the 

number of hours over the summer comfort (absolute 

approach) as a selected simulation output for the living 

room. This indicator of the risk of overheating was 

estimated based on indoor temperature levels from the 

adaptive comfort criteria of EN 15251 [17]. In view of 

space limitations, only the results for the apartment 

typology 2.1 (Table 1 and Fig. 1), are presented here.  
According to the degree of variability in the output 

(as function of the variability of the input parameters), it 

is possible to establish as some parameter values are 

capable of explaining by themselves the obtainment of a 

large number of hours over the summer comfort (e.g. 

more than 3200 hours). In this sense, it is expected that 

the alternatives 1.0 of ST and LT of solar protection 

devices, without night ventilation (0 h
-1

) and west 

orientation represent the most unfavourable conditions 

from the point of view of the summer comfort in their 

corresponding input parameters. At the same time, each 

parameter suggest its level of importance based on the 

contribution to its specific uncertainty on the number of 

hours over the summer comfort, which - in the context of 

the Fig. 2 - can be understood graphically as the observed 

gap of the complete output range (between the minimum 

and maximum values) in each input parameter. 

According to this, it is suggested that in the case of the 

living room, the input parameter of ST and LT of solar 

protection devices (X5) is clearly the most important 

Table 4 presents the results of the sensitivity analysis 

based on the indicator of Spearman’s rank correlation 

coefficient (rho) for all the 6 parameters with regards to 

the number of hours over summer comfort at a 

confidence level of 95%. The obtained coefficients show 

that the ST and LT of solar protection devices (X5) are 

clearly the most sensitive input parameter in respect to 

the living room, while in the main bedroom, the input 

parameter of night ventilation (X2) presents equivalent 

results. In addition to these first two places of the 

ranking, orientation (X6) and internal gains (X4) appear in 

all the cases as the third and fourth order, respectively, in 

terms of sensitivity level, while the infiltration rate (X1) 

and the exposition of the thermal mass (X3) are not 

statistically significant at a confidence level of 95%. 

These results are important since establish priorities 

for architects in order to obtain better thermal conditions 

in the apartments during summer. The presence of solar 

protection devices represents a high priority, which is 

especially noticeable in the case of living rooms, due to 

their extensive glazing surfaces. Night ventilation, also, 

constitutes a very significant input parameter for all the 

spaces, especially for the bedrooms, which - in this case 

– may present a higher potential of night ventilation in 

comparison to the living rooms. 

 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 

 
 

 
 
 

 

Figure 2: Cumulative histograms of number of hours over 

summer comfort with respect to different input parameters for 

the living room of apartment typology 2.1 

 
Table 4: Sensitivity ranking based on the Spearman’s rank 

correlation coefficient (rho) for different input parameters with 

respect to the number of hours over summer comfort limit for 

apartment typology 2.1 

 

    

Living 

room 

Main 

bedroom 

2nd 

bedroom 

X1 Infiltration rate NS NS NS 

X2 Night ventilation 0.54 0.63 0.57 

X3 
Exposition of the 

thermal mass 
NS NS NS 

X4 Internal gains 0.16 0.22 0.20 

X5 
ST and LT of solar 

protection devices 
0.72 0.64 0.67 

X6 Orientation 0.39 0.32 0.38 

NS: Not significant at the 0.05 level 

ST and LT of external solar 
protection devices (X5) 

ST=0.25 
LT=0.25 

ST=0.5 
LT=0.5 
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LT=0.75 

ST=0.75 
LT=0.75 

7 h
-1
 

6 h
-1
 

5 h
-1
 

0 h
-1
 

N 

E W 

Night ventilation (X2) 

Orientation (X6) 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

-5000 

0 

5000 

10000 

15000 

20000 

1 | 0.75 | 0.5 | 0.25 

0 

1000 

2000 

3000 

4000 

1 3 5 7 9 11 

Local sensitivity analysis (OAT design) 

The results obtained from the global sensitivity analysis 

suggest that the best performance in terms of summer 

comfort can be obtained from the combination of diverse 

input parameters that would be significant in respect to 

the reduction of the risk of overheating. Consequently, to 

assess the contribution of each input parameter, in turn, 

as function of the other parameters, an OAT (one-at-a-

time) design was implemented [18].  
Fig. 3 presents the results of the local sensitivity 

analysis in terms of bubble plots of overheating degree 

hours for typology 2.1 by different input parameters. In 

this graph, the centre of each bubble is the extent of 

overheating measured in degree hours (mean value for 

the different spaces in each typology), while the area of 

the bubble represents the standard deviation including the 

same rooms. This kind of representation uses the relative 

approach of overheating degree hours as an indicator, 

since it covers the full extent of the overheating impact.  

The positive impact of the parameters of ST and LT 

of solar protection devices and night ventilation in order 

to reduce the risk of overheating in all the orientations 

and typologies is noticeable. Particularly evident is the 

case of solar protections since in the samples with 0.25 of 

ST and LT and without night ventilation present better 

results (in terms of less risk of overheating) in 

comparison to the samples without solar protections (1.0 

of ST and LT) and a high level of night ventilation, 

which is also consistent with respect to the results of the 

global sensitivity analysis. 

With the aim of supporting architects in the definition 

of the most appropriate combination of passive cooling 

techniques with respect to the reduction of the risk of 

overheating, 5 categories of summer comfort have been 

proposed. These categories – designed as A, B, C, D and 

E (from the most to the less favourable behaviour) - were 

defined as a function of a determined percentage of 

occupied time, which varies from less than 5% to more 

than 20% and are based on the adaptive comfort criteria 

of EN 15251 [17] as it has been recommended by 

Álvarez, Sánchez, Salmerón & Ruiz [16]. These 5 

categories cover the full extent of overheating presented 

in all the building typologies by identical ranges, which 

may represent a useful guide to identify the level of 

summer comfort that it is possible to reach by means of 

passive cooling techniques.  

The results of the local sensitivity analysis expressed 

by categories are represented by graphs in form of abacus 

for each room by orientation and typology, as it observed 

in the Fig. 4. This approach may appear as interesting for 

architects since each graph provides precise information 

by individual rooms in terms of the impact of different 

input parameters related to passive cooling strategies 

over the summer comfort in apartments of Santiago. In 

that sense, it may represent a useful tool for decision-

makers (architects and developers) in the context of the 

real estate market. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Bubble plots of overheating degree hours for 

typology 2.1 by the input parameters of orientation, ST and LT 

of solar protection devices and night ventilation 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

ST and LT of solar protection: 

 1.0   0.75 0.5  0.25  

Internal gains: 

 3.8 W/m² 4.8 W/m²              5.8 W/m² 

Figure 4: Results of local sensitivity analysis for west oriented 

main bedroom in representative apartment of typology 2.1 by 

the input parameters of ST and LT of solar protection devices, 

internal gains and night ventilation according to the categories 

of summer comfort proposed 
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CONCLUSIONS 

In the previously mentioned analysis, it can be 

observed that it is possible to reach a desirable level of 

summer comfort (e.g. categories A or B) in practically all 

the rooms of all the typologies by means of the combined 

application of passive cooling techniques, such as solar 

protection and night ventilation. However, in some cases 

it is possible to obtain the most favourable categories 

using only night ventilation, which can be generally 

applied to north oriented apartments. On the contrary, in 

all the cases with west orientation, night ventilation by 

itself are not able to reduce indoor temperatures at the 

level proposed by the A or B categories. Nonetheless, if 

this strategy is combined with an effective solar 

protection (0.5 or 0.25 of ST and LT), the results 

obtained, in terms of reduction of the risk of overheating, 

may be very successful.  

West oriented main bedrooms in almost all typologies 

particularly represent difficult cases, as it observed in 

Fig. 4. Indeed, even with the most intensive regime of 

night ventilation, if solar protection is not applied 

(corresponding to 1.0 of ST and LT), the obtained 

performance is related to categories D or E (the most 

unfavourable categories in terms of overheating). On the 

other hand, with a value of 0.25 of ST and LT of solar 

protection devices and without using night ventilation it 

is possible to reach a summer comfort level practically in 

the whole range (between categories A and E). In this 

last case, the obtained category is highly dependent on 

the level of internal gains, which explains in part the 

great variability of the simulation outcomes (unlike the 

cases of living room, where there are not many 

differences in the output with respect to the different 

values of internal gains). 

It is clear that this kind of considerations can help 

architects to make decisions about design criteria (such 

as the size and orientation of the different rooms, the 

window-to wall-ratio and the balcony’s design) in order 

to obtain the best summer comfort conditions as possible. 

Since in the current real estate market in Santiago, solar 

protection devices are not frequently incorporated in the 

supply of apartments, these results also encourage the 

incorporation of solar protection in the architectural 

project (and not as a post-occupancy decision), which 

can be important not only for architects, but also for real 

estate developers.  
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