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Abstract 
 

Purpose 
 

Housing energy-efficiency has become a hot issue in the residential sector along with the 

mandatory requirement by EPBD to exhibit an energy performance certificates (EPC) when 

transacting real estate. Numerous studies have focused on energy-efficient marginal price using 

hedonic price models. Nevertheless, in some markets such as the Spanish one a vital 

proportion of properties to be let or sold do not exhibit the EPCs in the real estate 

advertisement. By not considering this issue the impact of EPCs on housing prices may result 

biased. In other words, those cases without EPC labels that are not considered, when analyzing 

impacts of energy label on housing prices, do actually matter to them. This ignorance of sample 

selection bias may reduce the accuracy of results, or even give an adverse estimation. In this 

case, we aim to explore the presence of sample selection bias and correcting these biases for 

better the following studies.  

 

Methodology  
 

A collected selling listing prices from Habitaclia, one of the leading web-based real estate 

listings in Catalonia is the main source of information and Heckman model is used to identify the 

likelihood of selection bias in metropolitan Barcelona by the two-step method, including a 

Selection model and a Hedonic Price model. After tested robustness and quantized the bias 
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from those non-EPC-labeled properties, an energy-efficient premium will be revised and 

compared with the traditional OLS estimate results. 

 

Conclusion 
 

The estimation results suggest that the sample selection indeed exist and does matter to 

energy-efficient premium in Barcelona Metropolitan. This premium increases from 9.6% to 

12.6% when houses improve energy ranking from G to A, or from 0.9% to 2% with every 

ranking increasing after correcting those sample selection bias. At the same time, we found that 

the effect of sample selection bias is stronger where properties are higher with medium-high 

floor area size. 

 

 

Resumen 
 

Propósito 
 

La eficiencia energética de la vivienda se ha convertido en un problema desde la obligatoriedad 

impuesta por la EPBD de exhibir un certificado de eficiencia energético (EPC) al realizar 

transacciones de bienes raíces. Numerosos estudios se han centrado en precios marginales de 

la eficiencia energética utilizando modelos de precios hedónicos. Sin embargo, en algunos 

mercados como el español, una importante proporción de propiedades en alquiler o venta no 

exhiben los EPC en el anuncio inmobiliario. Al no considerar este tema, el impacto de las EPC 

en los precios de la vivienda puede resultar sesgado. En otras palabras, estos casos sin 

etiquetas EPC no pueden ser considerados. Este desconocimiento del sesgo de la selección de 

la muestra puede reducir la precisión de los resultados, o incluso dar una estimación adversa. 

En este caso, el objetivo de este trabajo es explorar la presencia del sesgo en la selección de 

la muestra y corregirlo, para mejorar los siguientes estudios. 

 

Metodología 
 

Se utilizan, como principal fuente de información, los listados de propiedades inmobiliarias de 

Habitaclia, empresa líder en Internet en Cataluña y se aplica el modelo de Heckman para 

identificar la probabilidad de sesgo de la selección en la Barcelona Metropolitana, mediante el 

método de dos pasos, que incluye el modelo de Selección y el modelo de Precios Hedónicos. 

Después de probar la robustez y cuantificar el sesgo de las propiedades no etiquetadas con 

EPC, se revisará eficiencia energética Premium y se comparará con los resultados de la 

estimación tradicional de OLS. 

 

Conclusión 
 

En la Barcelona Metropolitana, los resultados de la estimación sugieren que la selección de la 

muestra es efectiva y que si importa la eficiencia energética Premium. Esta prima aumenta del 

9.6% al 12.6% en el caso de viviendas que mejoran su ranquing energético desde G a A, o 

desde 0,9% a 2%, con cada aumento de clasificación, después de corregir el sesgo de 

selección de muestra. Al mismo tiempo, encontramos el efecto que el efecto del sesgo de 

selección de la muestra es más fuerte en las propiedades son más grandes con una superficie 

media-alta. 
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1. Introduction 
 

Energy efficiency in the housing sector has become a hot issue along with Energy Performance 

Certificates (EPCs) introduced by Energy Performance of Buildings Directives (EPBD) in 2002. 

Numerous studies have concluded the EPC impacts on housing prices by hedonic models. 

Brounen and Kok (2011) indicated that there is an energy-efficiency premium 3.6% with energy 

ranking increase in Netherland. Fuest et al. (2015) found in England and Wales, an 11.8% 

housing premium increases when dwellings improved from ranking G to ranking A. Likewise, 

Hyland et al. (2013) found the same trend of the increase premium is higher when selling in 

Ireland.  Bottero and Bravi (2014) indicated the detailed 26.44 euros per square meter increase 

with energy ranking in Turin. De Ayala et al. (2016) suggested in Spanish 5 cities, there is 

housing prices premium after making a survey to ask for the opinion value from households. 

Marmolejo (2016) concluded there is a 0.85% increase on housing prices in Metropolitan 

Barcelona Area while in 2019, the premium increase to 1.4% with energy ranking (Marmolejo 

and Chen, 2019). However, there are still studies out of conspicuous premium or total inverse 

penalty on housing prices (Bio intelligence et al. 2013; Fregonara et al. 2017). 

 

Regarding sample selection biases, a number of studies has indicated that selection bias do 

matter to housing prices and residential analysis (Jud and Seaks, 1994; Gatzlaff and Haurin, 

1998; Hill, 2011; Hedman and Van-Ham, 2012). They proposed that a necessary selection 

biased correction should implement before any hedonic price models and calculations. They 

indicated the missing test for sample selection biases might have an inverse impact on 

estimation results or the conclusion. For this reason, Heckman two-step method was put 

forward by Heckman (1976) and developed by following relative studies (Heckman, 1977, 1986, 

1990; Puhani, 2000).  They suggested that the biases can be estimated by a procedure where a 

proxy variable could be produced and the Heckman two-step model is the best choice to solve 

the selection biases. Gordon and Winkler (2016) applied a corrected-biased model to explore 

the impacts of the price percentage discount in housing prices in North Alabama. They found a 

discount impact 2.98% was made after correcting sample selection biases. The same 

conclusions were suggested using the Heckman two-step model by Seko and Sumita (2007) 

and Gracias and Enriques (2008). They indicated that the impact of the tenure choice is 

negative when properties were transacted. However, just a few studies show attention to the 

sample selection biases when analyzing the relationship between EPC and housing prices. 

Brounen and Kok (2011) found that homes with a “green” label sell at a premium of 3.6% 

relative to otherwise comparable dwellings with non-green labels using Heckman two-step 

method. In such case, this paper is to explore the presence of selection biases and to correct 

these biases by the Heckman two-step model, as an initial analysis of hedonic housing prices. 

 

The remainder of this paper is organized as follows: first, a general introduction to the 

methodology and models in detail; next, a description of the scope of the study and data 

statistics; followed by the results and discussion; and finally as a conclusion and acknowledge.   

 

 

2. Methodology 

 
After having delimited the case study, the method has consisted in 4 steps: 

 

1) First, a sample depuration procedure will be made by eliminating cases which prices was 

+/- standard deviation above or below average price and using Mahalanobis distance. 
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2) Second, a Probit model will be elaborated which can be regarded as the selection 

equation model of Heckman two-step model. In this model, dependent variable is a binary 

one where the energy-labeled dwellings is equal to 1 and otherwise is 0. Subsequently, a 

new variable - “Inverse Mills Ratio” (IMR) will be produced which represents the existence 

of sample selection biases if the P-value of IMR is less than 0.05 (confidence level =95%). 

 

3) Third, a four-equation OLS hedonic price model will be built into 2 groups where the 

difference is the expressive forms of energy label in dwellings. Noted the IMR variable will 

be applied in these two groups to correct impacts of sample selection biases. 

 

4) Finally, estimation results from the former four equations will be analyzed to identify the 

corrected impacts of sample selection biases, and a coefficient-estimated distribution of 

energy label and related variables also will be made as maps by ArcGIS.  

 

2.1 Heckman two-step Model 
 

Often, dwellings without energy-labels, according to previous literature, fail to estimate in the 

study to explore impacts of energy label on housing prices. However, such dwellings have 

influence on the local housing prices and housing prices of energy-label equipped dwellings, in 

turn, will be affected by the condition of local real estate markets. That is to say, those cases we 

used are non-random ones and this ignorance may lead to bias in our estimation. 

 

In order to identify and eliminate this bias, an econometric model called Heckman two-step 

model was made by Heckman (1976). He pointed that the maximum likelihood estimation of a 

nonlinear model (e.g. Probit model) produced consistence, asymptotically normal estimator and 

the usual standard error and test statistics are valid if the selection is entirely a function of the 

exogenous variables. Heckman two-step model is made of 2 equations: 

 

2.1.1 Selection equation - Probit model 

Using all n cases, estimate a probit model of a series related buildings and economic 

characteristics and factors on the presence of energy label for a dwelling. Then IMR is produced 

to identify the existence of sample selection biases. 
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In equation (I), the existence of EPC of an apartment i  depends on a set of variables related 

to SD  structural attributes of dwellings; SB structural attributes of buildings; A accessibility 

indicators; E environmental quality indicator; S socioeconomic hierarchy indicator while e  is a 

vector representing the random error. 

 

In the SD  and SB dimension, there are covariates and factors related to physical structural 

features (such as dwelling’s and building’s quality) and facilities (such as lift, heating as well as 

air conditioner). It is worth saying, heating and air conditioner as well as the presence of reform 

of dwellings is correlated to energy efficiency, since in Spanish regulation and law of energy 

efficiency in buildings EPC is made of some items related to such facilities. This dimension also 

includes the EPC ranks that are mandatory to be noted in the advertisement of properties as it 

has been sold. 
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The A dimension includes accessibility indicators, such as centrality index, average time to 

work. It is worth saying that centrality index is an integrated variable which includes information 

of time-density, density of activities, distance travelled by people making activities in a given 

zone by using DP2 methodology (Pena, 1977; Zarzosa, 2009). 

 

The E dimension includes perception of the presence of green areas and percentage of 

different functional facilities (e.g. health facility, social services, cultural premises). It is 

supposed that higher proportion of such facilities proportion in a city or in local districts will 

contribute to a higher housing price premium due providing to a satisfactory living environment. 

In the S dimension, education and income level and are key factors. It includes the percentage 

of residents holding a university degree living around each of the analyzed apartments. In order 

to depict a wider picture of the socioeconomic structure of the city a Principal Component 

Analysis (PCA) has been computed departing from the professional categories (e.g. managers, 

clerks, blue-collar workers, etc.) of employed people living around each of the apartments. The 

resulting PC represents proxies for high and low-income population. Socioeconomic indicators 

are relevant for price formation and EPC rank market premium since income and education are 

correlated with purchasing power, social prestige and environmental concerns (Banfi et al., 

2008; Himmelberg et al., 2005). 

 

Noted that in this model, a new variable, IMR, is produced by the model calculation. It is the 

ratio of the probability density of fucntion over the cumuative distribution function of a 

distribution. This is usually applied to explore the presence of sample selection bias. The 

coefficient of inverse mills ration in probit model can explain the presence of selection bias if the 

P value is less than 0.05 (based on confidence level 95%) 

 

2.1.2 OLS hedonic price equation 

Hedonic price model is made by Rosen (1974). This method assumes that the price paid for the 

asset from housing buyers is equal to the total utility they extract from it, being this a composite 

utility coming from the marginal attribute of the dwelling (e.g. area, quality, location, etc.) It is 

possible to calculate such marginal utility expressed in monetary terms by a regression model.  

In the literature little advice can be found on the functional form that hedonic modes shall adopt 

(Can, 1992; Sheppard, 1999; Malpezzi, 2003; Epple et al. 2014).  

 

Nonetheless, the semi-log function has been intensively used in the context of real estate price 

analysis. Marmolejo and Gonzalez (2009) summarized advantages of semi-log function: 

 

i) It helps to normalize the price and residual distributions which is fundamental for OLS 

regression analysis;  

 

ii) Coefficients can be read as semi-elasticity (i.e. coefficients express marginal price variation 

in percent terms for each unit of change), making it possible to directly compare the 

importance of the attributes with the results of other studies.  

 

Four models are established by using the samples equipped with EPC label information as 

following:  
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Where: 

EPCin
 indicates the nominal EPC level in an apartment i  (seven variables assigned 1 if it is in 

existence) 

EPCio
 indicates the ordinal EPC level in an apartment i  (variable assigned as A=7, B=6, C=5, 

D=4, E=3, F=2, G=1) 

IMR means the Inverse Mills Ratio, the corrected variable of selection biases where it is come 

from the previous probit model.  

 

2.2 Case study and data 

2.2.1 Case study 

Metropolitan Barcelona Area (MBA) is selected as case study. In order to identify the limits of 

this agglomeration the travel-to-work method based on interaction value of Roca et al. (2009) 

has been used, such approach allows also to detect centralities, which in turns is relevant for 

this study since accessibility to centers and sub-centres might influence residential prices. As a 

result, a selected-functional AMB is formed by 189 municipalities in 3,810 sq. km. comprising a 

population of 5.22 million people. 

 

Figure 1. Delimitation of Barcelona Metropolitan Area 
 

 
Source: own elaboration 
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2.2.2 Data sources  

Selling listing prices for apartments coming from Habitaclia is the main source of information. 

Habitaclia is one of the leading web-based real estate listings in Catalonia. The original dataset 

comprises 35,116 flats and includes architectonic structural attributes as well as geo-locations. 

Data refers to November 2014, it is to say, almost 1 years after the RD 235/2013 has made it 

mandatory to include EPC label information in real estate advertising. Nonetheless such 

obligation in the sample only 15% of the offers do include energy information. It is worth saying, 

that autonomous community Catalonia is one of the regions in Spain with the higher proportion 

of certified houses.  

 

In order to control all the location attributes that might influence apartments’ listing price (i.e. 

environmental quality, accessibility and socioeconomic structure of neighborhoods) a 

comprehensive GIS has been built departing from the following complementary sources of 

information:  

 Dwelling and population census INE (2001): It includes socioeconomic information of 

resident population as well as perception of noise annoyance at census track level and 

employment information and journey to work flows at municipal level. Data from the last 

2011 census has been discarded since it is based in a survey that is not representative in 

statistical terms at census track level.  

 Metropolitan Transport of Barcelona (2005): Street cartography has been used to identify the 

main transport axis as well as train and metro stations that have been conveniently 

digitalized. Departing from such information, the precise distance among census tracts has 

been calculated using TransCAD. 

 Cadastral database (2013): The information of built-up density and area allocated from a 

selection of land use has been retrieved at census tract level. 

 

2.2.3 Data description  

All the contextual information has been incorporated into each of the analyzed flats using a 

spatial query departing from a buffer of 300 meters of radius around each dwelling. In order to 

eliminate extreme cases a twofold approach has been used: 1) first all the cases with price 

values located beyond +/- Std. Dev from the average valued have been removed, 2) second, 

the remaining cases have been depurated using the Mahalanobis Distance.  

 

This latter procedure allows to remove the cases whose price is not explained by the covariates 

but rather by other unmeasured aspects, such as landscaping or specific insulation against 

noise pollution (Li, 2005). After filtering invalid cases, an effective sample with 4,248 labeled 

dwellings has been made. 

 

Table 1 shows the statistical description of attributes for the 4,248 cases database. According to  

such data the average selling price for apartments is 211,396 Euro (implying a unitary price of 

2,197 Euro/sq. m.), the area of an average aparment is 89 sq. m, and has 1.36 bathrooms. 

Regarding the facilities of condominium, 6% of apartments are equipped with swimming pool 

and 48% have lift; 33% of the listed apartments have air conditioners and 46% heating systems. 

The area of terraces and balconies in very dense and hot Mediterranean cities is pretty well 

appreciated by housing demand. 

 

Regarding EPC rank the average class is 2.72, where the most efficient class in Spain is A=7 

and the worst is G=1, only 15.77% of the sample is ranked as class A, B or C. All in all, it 

depicts a housing stock where thermal energy efficiency has a large room for improvement. 
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Table 1. Descriptive statistics for depurated sample 

Dimensions Variables N Minimum Maximum Mean Std. Deviation 

Structual 
Characteristics 
of Dwelling 

Price (Euro) 4,248 22,800 8,000,000 211,396 251,925 
Unit price (Euro/sq.m) 4,248 304 15,385 2,197 1,352 
Area (sq.m) 4,248 25 600 89 39 
Number of bathrooms 4,248 0 6 1.36 0.60 
Number of rooms 4,248 0 15 2.95 0.96 
Ratio bathrooms/rooms 4,248 0 3 0.49 0.23 
Energy Rating (ordinal) 4,248 1 7 2.72 1.29 
Level of the apartment in 
the building 

4,248 0 18 2.26 1.83 

Balcony or terrace areas 
(sq.m) 

4,248 0 256 10.77 16.67 

Living room area (sq.m) 4,248 0 100 12.61 11.13 
Air conditioner (dummy) 4,248 0 1 0.33 0.47 
Heating (dummy) 4,248 0 1 0.46 0.50 
Quality/retrofit (dummy) 4,248 0 1 0.11 0.31 
Penthouse (dummy) 4,248 0 1 0.04 0.20 
Duplex/triplex (dummy) 4,248 0 1 0.05 0.22 

    
     

Structual 
Characteristics 
of Building 

Communal swimming pool 
(dummy) 

4,248 0 1 0.06 0.24 

Communal garden 
(dummy) 

4,248 0 1 0.10 0.30 

Elevator (dummy) 4,248 0 1 0.48 0.50 

    
     

Accessibility 
Indicators 

Built density (area floor 
ratio) 

4,248 0.19 5.90 2.08 1.37 

Time-density 4,248 324 1,154,882 136,251 171,947 
Centrality index 4,248 2.52 20.53 11.59 2.54 
Land use diversity (of the 
context) 

4,248 0.35 1.64 1.04 0.22 

Diversity of activities (of the 
context) 

4,248 0.00 1.92 1.32 0.27 

Average time to work 
(minutes) 

4,248 7.95 37.01 23.31 4.48 

Land use diversity at street 
level 

4,248 0.00 90.10 12.93 14.16 

    
     

Environmental 
Quality 
indicators 

Average age of buildings 
(of the context) 

4,248 21.17 124.35 55.65 16.29 

Perception of the presence 
of green areas 

4,248 12.45 97.89 64.00 14.00 

% Health facilities (of the 
context) 

4,248 0.00 41.88 2.08 2.96 

% Educational premises (of 
the context) 

4,248 0.00 93.00 2.17 3.08 

% Social services premises 
(of the context) 

4,248 0.00 68.47 1.84 4.30 

% Cultural premises (of the 
context) 

4,248 0.00 95.15 1.64 3.87 

% Premises for trade (of 
the context) 

4,248 0.00 89.93 40.75 13.55 

% Premises for offices (of 
the context) 

4,248 0.00 100.00 16.52 14.12 

% Industrial premises (of 
the context) 

4,248 0.00 97.01 8.88 11.26 

    
     

Indicators of 
Social 
Hierarchy 

% People holding university 
degree (of the context) 

4,248 2.34 68.73 21.78 14.38 

% buildings with porter 
services (of the context) 

4,248 0.00 84.67 8.34 10.59 

CP low socioeconomic 
level 

4,248 -1.97 7.42 0.03 0.96 

CP high socioeconomic 
level 

4,248 -3.26 7.16 -0.21 0.85 

Source: own elaboration 
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3. Results and discussion 

 

3.1 The presence of sample selection biases 

Table 2 shows the estimation results of the selection model where the dependent variable is the 

presence of EPC information when transacting in the market. It is a dummy variable where 

dwellings equipped EPC label is equal to 1, otherwise 0.   

 

In Table 2, the appliances (e.g. air conditioning and heating) and facilities in buildings (e.g. lift 

and public swimming pool) do matter to the presence of EPC but their impacts are negative. We 

deduce that the insulation function in energy-efficient dwellings is better than those unequipped 

ones, especially considering Mediterranean climate in Barcelona Metropolitan. For a better 

energy–efficient dwelling, that is to say, it is likely to resist the presence of the air conditionings 

and heatings.  

 

Noted Here the p-value of IMR is close to 0.000, indicating selection biases in this sample 

indeed exist. Subsequently, this corrected variable, IMR, will be introduced into the following 

hedonic models to detect and revise those selection biases. 

 

Table 2. Estimation Results of Selection Model (Probit Model) 

  Coef. Std. Err. z P>z [95% Conf.Interval] 

Dependent Variable:Dum_EPC 

      Constant -1.12 0.094 -11.850 0.000 -1.304 -0.934 
Unit price (Euro/sq.m) 0.00 0.000 2.520 0.012 0.000 0.000 
Area (sq.m) 0.00 0.000 0.780 0.433 0.000 0.001 
Level of the apartment in the building 0.03 0.005 5.390 0.000 0.016 0.034 
Balcony or terrace areas (sq.m) 0.00 0.000 -0.950 0.341 -0.001 0.000 
Living room area (sq.m) 0.00 0.001 -3.530 0.000 -0.004 -0.001 
Air conditioner (dummy) -0.03 0.022 -1.590 0.112 -0.078 0.008 
Heating (dummy) -0.28 0.023 -12.380 0.000 -0.326 -0.237 
Quality/retrofit (dummy) -0.04 0.028 -1.320 0.186 -0.091 0.018 
gran terrace 0.00 0.000 0.200 0.843 -0.001 0.001 

              

Communal swimming pool (dummy) -0.11 0.043 -2.500 0.012 -0.192 -0.023 
Communal garden (dummy) 0.02 0.034 0.570 0.567 -0.048 0.087 
Elevator (dummy) -0.18 0.021 -8.540 0.000 -0.224 -0.140 

              

Built density (area floor ratio) -0.02 0.011 -1.850 0.064 -0.041 0.001 
Centrality index 0.00 0.005 0.520 0.602 -0.008 0.013 

              

Perception of the presence of green areas 0.00 0.001 0.860 0.392 -0.001 0.002 

              

% People holding university degree (of the 
context) 0.01 0.002 3.830 0.000 0.003 0.010 
% buildings with porter services (of the 
context) -0.01 0.001 -4.400 0.000 -0.009 -0.003 
CP low socioeconomic level 0.01 0.019 0.580 0.559 -0.026 0.048 
CP high socioeconomic level -0.16 0.035 -4.540 0.000 -0.226 -0.090 

              

 
Coef. Std. Err. z P>z [95% Conf.Interval] 

IMR -1.19 0.151 -7.900 0.000 -1.489 -0.897 
rho -1.00 

     sigma 1.19           
 

Note: Dependent variables is the dummy of EPC in dwellings. Coefficients (Coef.), Standard Error (Std.Err.), Confidence 

(Conf.). The grey variables mean they could not represent the effect of variables on the presence of EPC. 

Source: own elaboration 
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3.2 Corrected samples selection biases on housing prices 

Table 3 shows the estimation results of various hedonic models where column 1 (MOD1) and 

column 3 (MOD3) are the ordinary least squares (OLS) models separated by the nominal and 

ordinal EPC variables. The other two columns are the results of the Heckman two-step model 

by IMR variables corrected the samples selection biases. Noted that variables show 

significance at confidence of 95% and ranking G is the control group.  

 

Table 3. Estimation Results of Hedonic Models 

 

MOD1           MOD2                 MOD3     MOD4   

(OLS 
Model) 

(Heckman 
two-step 
Model) 

(OLS 
Model) 

(Heckman 
two-step 
Model) 

 
R square 0.654 0.721 0.653 0.721 

 
R square adjusted 0.652 0.720 0.651 0.720 

 
Sigma 0.2859 0.3661 0.2862 0.3660 

            

 
(Constant) 

10.236*** 10.861*** 10.229*** 10.840*** 

 
(0.05) (0.151) (0.05) (0.152) 

 
IMR  

-0.408*** 
 

-0.410*** 

 
 

(0.094) 
 

(0.094) 
            

Structural 
characteristics 
of dwellings 

Area (sq.m) 
0.018*** 0.011*** 0.018*** 0.011*** 
(0.001) (0.000) (0.001) (0.000) 

Air conditioner  
0.101*** 0.146*** 0.101*** 0.146*** 

(0.013) (0.017) (0.013) (0.017) 

Number of bathrooms 
0.064*** 0.128*** 0.062*** 0.129*** 
(0.012) (0.013) (0.012) (0.013) 

Heating  
0.044*** 0.182*** 0.046*** 0.184*** 

(0.013) (0.031) (0.013) (0.031) 

Quality/retrofit indicator 
0.042** 0.066*** 0.043** 0.066** 

(0.017) (0.021) (0.017) (0.021) 

Area^2 
0.000*** 0.000*** 0.002*** 0.003*** 

(0.000) (0.000) (0.000) (0.000) 
            

Structural 
characteristics 
of buildings 

Lift*floor level 
0.012*** 0.022*** 0.013*** 0.022*** 

(0.002) (0.003) (0.002) (0.003) 

Communal swimming pool 
0.134*** 0.293*** 0.136*** 0.294*** 

(0.026) (0.029) (0.026) (0.029) 
            

Accessibility 

Floor/area ratio 
0.038*** 0.052*** 0.038*** 0.052*** 

(0.006) (0.007) (0.006) (0.007) 

Centrality indicator 
0.01*** 0.025*** 0.01*** 0.025*** 

(0.003) (0.004) (0.003) (0.004) 
            

Socio 
hierarchy 

% people holding university 
0.005*** -0.007*** 0.005*** 0.007*** 

(0.001) (0.001) (0.001) (0.001) 

CP high socioeconomic level 
0.061*** 0.101*** 0.061*** 0.101*** 

(0.014) (0.019) (0.014) (0.019) 

% buildings with porter services 
0.004*** 0.003*** 0.005*** 0.003*** 

(0.001) (0.001) (0.001) (0.001) 
            

Energy rating 

A 
0.096*** 0.126***     

(0.034) (0.037) 
  

C 
-0.027  0.071** 

  
(0.026) (0.029) 

  
D 

0.039* 0.058*** 
  

(0.019) (0.022) 
  

E 
0.022  0.036** 

  
(0.013) (0.015) 

  
F 

0.011  0.007  
  

(0.017) (0.020) 
  

Ord_EPCs   
0.009* 0.020*** 

    (0.004) (0.005) 

Notes: Dependent variable is ln (total price); *** significance at 99%, ** significance at 95%, *significance at 90%; The 

grey variables mean they could not represent the effect of variables on the presence of EPC. 



 

257 

Citación: CHEN, A. & MARMOLEJO-DUARTE, C. The marginal price of housing energy-efficiency in Metropolitan 

Barcelona: issues of sample selection biases. En: Libro de proceedings, CTV 2018. XII Congreso Internacional Ciudad y 

Territorio Virtual. “Ciudades y Territorios Inteligentes”. UNCuyo, Mendoza, 5-7 septiembre 2018. Barcelona: CPSV, 2018, p. 

247-262. 

Libro de proceedings 

 

 

ISBN: 978-84-8157-661-0 

After correcting sample selection biases by IMR, the R square increase from 0.65 to 0.72. That 

is to say, the model with the same variables can explain more than 7% cases, which can 

strengthen the persuasion and results’ accuracy. Noted that IMR shows a negative impact on 

housing prices. The less selection biases, that is to say, the higher housing prices premium. 

 

Majority variables show an increase premium on housing prices after biases corrected, 

especially the impact of the presence of heating and public swimming pool on housing prices, 

around 15% premium growth. The same conclusion we have concluded from the previous 

selection model where appliances and facilities in buildings contributed to the presence of EPC. 

 

Regarding energy efficiency information, an energy-efficient premium on housing prices 

increases from 9.6% to 12.6% when dwellings are improved from ranking G to ranking A or from 

0.9% to 2% with energy ranking increase after corrected sample selection biases. Noted that 

more nominal EPC variables show the significant impacts on housing prices (e.g. ranking C and 

ranking E). It is to say that sample selection biases may not only influence on estimation results 

but also on model specification.  

 

3.3 Selection biases impacts across urban  

As previous stated, IMR shows the impact of selected biases in the whole sample: the larger 

number the higher impacts. Figure 2 (a) shows that distribution of IMR and housing prices on 

unity price and total prices. The sample selected biases are higher along the coastline, such as 

Sitges, Barcelona and Maresme zones. In figure 2 (b), we can find these zones affected by 

selection biases are the place where housing prices are higher. That is to say, it is likely that 

selection biases happened in the place with high housing prices. The same distribution is to 

other factors, such as floor area of dwellings and the zone of the proportion of people holding 

university degree (see figure 2 (c) and figure 2 (d)). Generally, selection biases are more likely 

happened to dwellings with high prices and medium size floor area, surrounding by a higher 

proportion university education neighborhood. 

 

Figure 2: (a) Coeffcients of IMR; (b) Totoal Price of Dwellings; (c) Superficie of 

Dwellings; (d) Porportion of People Holding University Degree 
 

 

 

(a)                                                                                     (b) 
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(c)                                                                                  (d) 
 

Source: own elaboration 

 

 

4. Conclusions 
 

The process of Energy Performance Certificates has made a great achievement after it is 

introduced by EPBD in 2002. In order to enhance the public awareness on energy efficiency 

and promote EPCs process in the residential market, it is mandatory to offer EPCs information 

when transacting in real estate market from 2010.  

 

Therefore, numerous studies on housing prices impacted by EPCs are investigated but a few 

studies concerning the selection biases when taking into consideration. In such case, we 

applied Heckman two-step method to detect the presence of selection biases and corrected 

these biases in the Hedonic model using IMR.  

 

Our results suggest that selection biases indeed exist and have impact on housing prices 

regarding energy efficient label. This premium increases from 9.6% to 12.6% when houses 

improve energy ranking from G to A, or from 0.9% to 2% with every ranking increasing. That is 

to say, correcting the impact of selection biases brings a 3% increase on housing prices from G 

to A or 1.1% with energy ranking.  

 

Simultaneously, we find that selection biases are more likely happened to dwellings with high 

prices and medium size floor area, surrounding by a higher proportion university education 

neighborhood. 
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