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Abstract. Climate change could alter the natural degradation pattern of buildings and their components. 
Façade claddings are directly exposed to the action of environmental agents, thus being particularly 
vulnerable to climate change impacts. Determining the expected degradation of the façades’ external 
layer, according to climate parameters’ projections, could be useful in the context of maintenance 
planning and adaptation to climate change. The present study intends to deepen the knowledge about 
the influence of temperature on the degradation evolution of rendered façades, considering the analysis 
of possible correlations between variables, based on observed and recorded climate data. It covers the 
degradation evolution of a sample of 26 rendered façades located in Lisbon, Portugal, based on the 
mean triennial degradation rate (∆Sw,mt) for periods of three years between 1990 and 2020. The severity 
of degradation index (Sw) of each façade, assessed through visual inspections in two moments in time, 
is used to model the individual degradation of the respective case study, necessary to calculate the 
sample’s ∆Sw,mt of to each triennium. The correlation between the dependent variable ∆Sw,mt and the 
independent variable ‘maximum temperature’ is significant, with a Pearson correlation coefficient of 
approximately -0.89. The negative trend shows that the degradation of the sample tends to decelerate 
with the increase of maximum temperature. Therefore, the temperature warming projected for the end 
of the century could contribute to lessen the rate of rendered façades’ degradation in the future, in 
Portugal or in analogous areas of the Mediterranean. The present study is part of a methodology that 
is being developed to quantify the impact of changes in climate parameters on the future degradation of 
rendered façades. Further research is necessary regarding the degradation projections, based on the 
climate change signal for maximum temperatures. 

Keywords: Climate change; Façade cladding; Rendered façades; Temperature impact; Degradation 
evolution 

1 Introduction 
Climate change’s implications are expected to be wide-ranging and affect ecosystems, 

agriculture, health and construction (Allen et al. 2018). Consequences on the service life of 
buildings and components are expected, with associated costs; in this sense, climate change 
effects on the built environment should be properly considered at the design and maintenance 
planning phases (Lisø et al. 2007; Armstrong et al. 2017; Cavalagli et al. 2019; Stagrum et al. 
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2020). The Intergovernmental Panel on Climate Change (IPCC) acknowledges the vulnerability 
of buildings, components and materials to climate change-induced hazards as key uncertainty 
and research priority (Revi et al. 2014), in the context of adaptation. Façade claddings can be 
particularly susceptible to direct exposure to climate action (e.g. relative to temperature, solar 
radiation, humidity, precipitation, and wind) and relevant, considering their importance to the 
overall durability of constructions (de Brito et al. 2020; Galvão et al. 2020). External renders 
are relevant within this context, considering that approximately 62% of the façade claddings 
throughout Europe are cement renderings (Gaspar and de Brito 2011) and painted renderings is 
the predominant façade cladding in Southern Europe and in Portugal (Pires et al. 2015). 
According to the national census, the cladding of around 84% of the buildings is render (INE, 2011). 

The present study focuses on the degradation evolution of rendered façades in Lisbon, 
Portugal, which is part of the Iberian Peninsula, Southern Europe and the Mediterranean region. 
The climate trends and projections for Portugal are generally in accordance with the regional 
ones (Christensen et al. 2013; Cramer et al. 2018; Tuel and Eltahir 2020). The country’s climate 
is usually characterized by “moist mild winters and dry warm/hot summers” (Cardoso et al. 
2019). A tendency for drying has been recorded since the mid-20th century (Carvalho et al. 
2014). Projections indicate a decrease in precipitation, mainly for spring, summer and autumn 
(Soares et al. 2017). The mean temperature has been rising since the 1970s and the five warmest 
years recorded happened after the 1990s (Pereira et al. 2019). Higher maximum temperatures 
are expected year-round (Andrade et al. 2014), with a more significant increase in summer and 
autumn. Temperatures above 30 °C and heat waves are likely to happen more often and with 
greater intensity and length. Portugal’s substantial vulnerability to climate change impacts is 
largely due to rising temperature and heat extremes combined with precipitation decline, which 
aggravates summer dryness (Cardoso et al. 2019). 

The present study is part of a wider research, whose purpose is (i) to quantify the impact of 
several climate parameters on the degradation evolution of rendered façades, in service 
conditions, and (ii) to project their future degradation, based on “(i)” and on the respective 
climate change signal. The paper encompasses part of the study developed in (i), based on a 
statistical analysis of degradation variables (dependent) and climate variables (independent), 
concerning temperature, precipitation and wind. The one relative to maximum temperatures is 
the most associated to the degradation evolution of the rendered façades, thus the focus of the 
present paper. In addition, it is a relevant parameter in the context of the climate change signal 
projected for Portugal. The paper is organized according to the following stages of the 
methodology: degradation evolution of the case studies, in section 2, historical recorded 
maximum temperatures, in section 3, and statistical analysis of the respective variables, in 
section 4. In sections 5 and 6, the results and conclusions are presented and discussed. 

2 Degradation evolution of rendered façades 

2.1 Sample 
The sample consists of 26 rendered façades from residential buildings, located in Lisbon, 

Portugal. These case studies have been subjected to visual inspections, in the context of a 
previous research on the service life prediction of façade claddings (Gaspar 2009; Gaspar and 
de Brito, 2011), with the objective of assessing the degradation condition of the external renders. 
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The date of each façade’s fieldwork survey varies between 2005 and 2008. Since then, no 
maintenance actions have been implemented. New visual inspections have been performed on 
the claddings, in 2020 and 2021, to determine their current condition and measure the 
degradation evolution. The age of the case studies at the date of the reinspection ranges between 
14 and 62 years. Around 69% are cement renderings, while the majority of the remaining 
sample is made of mixed cement and lime renderings. 

2.2 Severity of degradation: Sw 
The original methodology, which is the background to the present study, is based on the 

overall degradation condition of each rendered façade, defined by the severity of degradation 
index (Sw). Specific data related to the degradation of the cladding and obtained through visual 
inspections is necessary to calculate Sw. Sw corresponds to the ratio between the weighted area 
of observed construction defects and the total area of the cladded façade with the highest 
degradation level (Equation 1) (Silva et al. 2016). 

 

𝑆𝑆𝑤𝑤 =
∑�𝐴𝐴𝑛𝑛 × 𝑘𝑘𝑛𝑛 × 𝑘𝑘𝑎𝑎,𝑛𝑛�

𝐴𝐴 × ∑𝑘𝑘
 

Sw is the severity of degradation, in percentage;  
An is the area affected by anomaly n, in m2;  
kn is the multiplication factor for the anomaly n; 
ka,n is the weighting coefficient according to the relative weight of the anomaly n;  
A the total area of the constructive solution, in m2;  
k is the multiplying factor corresponding to the highest degradation condition of the area A. 

(1) 

The Sw value of all the case studies is then included in a model, which consists of the distribution 
of these values according to age, to assess the service life of the cladding. The trend reflects the 
degradation pattern of the respective type of cladding based on the common characteristics of the 
different façades in the sample, considering their behaviour in real service conditions. 

2.3 Degradation evolution rate: ∆Sw,mt 
Since the first inspection (Gaspar 2009; Gaspar and de Brito, 2011), 12 to 15 years have 

passed until the reinspection. A new methodology is developed to determine the degradation 
evolution of rendered façades, based on the Sw values calculated in two moments apart in time, 
relative to the recent and past phases of inspection. Each case study has a degradation evolution 
curve (Figure 1, left) fitting at least the following points: origin (0, 0), Sw at the age of the first 
inspection and Sw at the age of the reinspection. The resulting equation enables estimating the 
Sw of the external render at any age. The age of the case studies allows the analysis of the 
degradation evolution from 1990 to 2020. 

The mean triennial degradation rate (ΔSw,mt) measures the average evolution of Sw within 
three-year periods, for the whole sample that is active in each period (Equations 2 and 3). The 
number of active case studies per triennium depends on the respective age. Between 1990 and 
2020, 10 triennial periods are considered, starting from 1990-1993. The distribution of the 
global ΔSw,mt is presented in Figure 1, right. 

The results (Figure 1, right) show a negative trend. Generally, the degradation evolution of 
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the rendered façades has slowed down since 1990. 
 

 
Figure 1. Distribution of the Sw resultant from the first inspection and reinspection of one case study, 

according to the respective age, with an order 2 polynomial trendline (left) and ΔSw,mt of the whole sample for the 
period of 30 years until the reinspection campaign, from 1990 to 2020 (right). 

𝛥𝛥𝑆𝑆𝛥𝛥,𝑚𝑚𝑚𝑚 =
∑ (𝛥𝛥𝑆𝑆𝛥𝛥, 𝑚𝑚)𝑛𝑛
𝑖𝑖=1

𝑛𝑛
 

ΔSw,mt is the mean triennial degradation rate of the active case studies in the selected 
triennial period, in percentage; 

ΔSw,t is the triennial degradation rate of an individual case study, in percentage; 
n is the number of active case studies for the selected triennial period. 

(2) 

𝛥𝛥𝑆𝑆𝛥𝛥, 𝑚𝑚 = 𝑆𝑆𝛥𝛥, 2𝑚𝑚 − 𝑆𝑆𝛥𝛥, 1𝑚𝑚  

ΔSw,t is the triennial degradation rate of an individual case study, in percentage; 
Sw,2t is the Sw of an individual case study at the most recent year of the selected triennial 

period, in percentage; 
Sw,1t is the Sw of an individual case study at the oldest year of the selected triennial period, 

in percentage. 

(3) 

3 Climate action: Maximum temperature 
The historical observed climate data is sourced in the European Climate Assessment and 

Dataset (ECAD) website (https://www.ecad.eu/) and recorded at the Lisbon’s weather station 
Instituto Geofísico D. Luís. The climate index that concerns maximum temperatures is the mean 
of daily maximum temperature (TX) (Equation 4). 

The historical TX is presented according to the same triennial periods (Figure 2) as ΔSw,mt. 
The trend is positive, which indicates a tendency for maximum temperatures to increase in the 
future, in accordance with the climate change signal by the end of the 21st century (Cardoso et 
al. 2019). 

 
According to ECAD, if TXij is the maximum temperature at day i of period j, then mean 

values in period j are given by: 

𝑇𝑇𝑇𝑇𝑇𝑇 = �𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/𝐼𝐼
𝐼𝐼

𝑖𝑖−1

 

(4) 

https://www.ecad.eu/
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Figure 2. Triennial distribution of historical climate data from the variables TX over the period between 

1990 and 2020, with the respective trendline (source Instituto Geofísico D. Luís, Lisbon). 

4 Statistical analysis: Pearson correlation coefficient and simple linear regression 
The Pearson correlation coefficient (r) measures the linear association between two variables. 

The strength of the correlation is more significant the closer the r value is to the extremities of 
its reference scale, which ranges between –1 and 1. Values higher than 0.7 conventionally 
indicate a strong correlation (Schober et al. 2018). The r resultant from the analysis of the 
dependent variable ΔSw,mt and independent one TX is -0.89, approximately, which indicates a 
significant correlation. 

The scatterplot of both variables is also revealing of their association strength, as the closer 
the distribution is to a straight line, the stronger the correlation is (Sedgwick 2012). The 
dispersion of the data in the SLR model of ΔSw,mt and TX (Figure 3) is approximately linear. 
The coefficient of determination (R2) measures the dependent variable’s proportion of variance 
explained by the independent variable in the model (Zhang 2017). The highest R2 is 1, which 
indicates a perfect fit (Chicco et al. 2021) and the higher the R2, the more robust the model is 
and the more capable of describing the data (Di Bucchianico 2008). The R2 of the model (Figure 
3) is 0.79, approximately, meaning that the capacity of TX to predict the ΔSw,mt is significant. 

 

 
Figure 3. Distribution of the global ΔSw,mt according to TX for the triennial periods between 1990 and 2020. 

5 Results and discussion 
The triennial periods characterized by higher values of TX are associated to less degradation 

evolution (Figure 3) of the rendered façades, located in Lisbon, Portugal. This suggests that the 
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degradation of rendered façades will tend to decelerate with the future increase in maximum 
temperatures, indicated by the positive historical trend (Figure 2) and the local projections for the 
end of the 21st century (Cardoso et al. 2019). The influence of temperature in triggering defects 
in façade claddings is often associated to fluctuations of temperature and moisture or rain, which 
affect the hygrothermal behaviour of the materials (Charisi et al 2018; Socoloski et al. 2023). 
According to the results of the statistical analysis including all the climate variables, part of the 
wider research where the present study fits, the rise of TX is associated with the decline in the 
number of wet days between 1990 and 2020. This suggests that precipitation tends to decrease 
with the increase in maximum temperatures. Renderings will probably be wet less frequently and 
during shorter periods, due to both more intense temperatures and less precipitation. This can be 
positive for the durability of renderings, considering that (i) water is one of the main agents 
causing defects in this type of coating (Almeida et al. 2021) and (ii) moisture, whose main source 
is wind driven rain, is a significant cause of several types of defects in painted renderings, whether 
by staining, cracking or loss of adhesion (Socoloski et al. 2023). 

The periods in which TX reaches higher levels might be favourable to the coatings’ drying, 
contributing to shorten moister cycles. Therefore, the degradation by staining, which is the most 
frequent in the case studies, could decline. Superficial moisture on the rendering contributes to 
the adherence and accumulation of particles and living organisms necessary to the development 
of dirt stains and biological growth (Pereira et al. 2018). Long wet periods and slow drying 
contributes not only to the accumulation of dirt and growth of biological organisms, but also to 
efflorescence (Pereira et al. 2020). Therefore, drier renderings are likely to be less affected by 
all of these types of stains. In the case of efflorescence, because the dissolution of salts in water 
is mandatory for this mechanism of degradation to develop (Lubelli et al. 2006). 

Theoretically, an increase in temperature could be favourable to several mechanisms of 
degradation causing cracks and loss of adhesion defects in external renders, as high 
temperatures could promote: (i) expansion of the rendering and gradients within it (Nenevê et 
al. 2022), (ii) thermal-induced movements that affect specific building components with 
consequences to the coating (Gaspar and de Brito 2005; Pereira et al. 2020), (iii) dimensional 
variations, deformations and stresses of a hygrothermal nature (Varas et al. 2008; Silva et al. 
2016; Sandak et al. 2019), (iv) rapid evaporation of water with dissolved salts and subsequent 
cryptoflorescence, if the water does not reach the surface fast enough so the salts are deposited 
over it (Kourkoulis 2007; Jia et al. 2019), (v) alkali-aggregate reaction speed and expansion 
(De Grazia et al. 2021) and (vi) carbonation rate and depth (Drouet et al. 2019). However, a 
harmful effect of high temperature frequently implies the prior existence of water in the render 
or the combined action of temperature and water (Barrelas et al. 2023). Therefore, the evolution 
of degradation due to cracking and loss of adhesion phenomena might be hindered in the context 
of temperature warming, due to the general expected decrease in precipitation. 

6 Conclusions 
The ΔSw,mt trend is negative, reflecting the deceleration of the rendered façades’ degradation 

evolution since 1990. The capacity of TX to predict ΔSw,mt is significant, as is the correlation 
between variables. The projected increase in maximum temperatures is likely to contribute to 
slow down the degradation of rendered façades in the future. The combined action of 
temperature rise with precipitation decline might be relevant to the development of degradation 
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mechanisms causing stains, cracks and loss of adhesion defects. The conclusions of the present 
research could apply at a regional level, to the areas of the Mediterranean region or Southern 
Europe where climate trends and projections coincide with those for Portugal. Further research 
is necessary to project quantitatively the degradation of rendered façades, based on the results 
of the present study and on the climate change signal for maximum temperatures. 

Acknowledgements 

This research was funded by FCT (Portuguese Foundation for Science and Technology) through the project 
BestMaintenance-LowerRisks (PTDC/ECI-CON/29286/2017) and the PhD programme PD/BD/150397/2019. 
The authors gratefully acknowledge the support of FCT, CERIS and Itecons. 

References 

Allen, M.R., Dube, O.P., Solecki, W., Aragón-Durand, F., Cramer, W., Humphreys, S., Kainuma, M., Kala, J., 
Mahowald, N., Mulugetta, Y., et al. (2018). Framing and Context. In Global Warming of 1.5 °C, An IPCC Special 
Report on the Impacts of Global Warming of 1.5 °C above Pre-Industrial Levels and Related Global Greenhouse 
Gas Emission Pathways, in the Context of Strengthening the Global Response to the Threat of Climate Change, 
Sustainable Development, and Efforts to Eradicate Poverty. IPCC: Geneva, Switzerland, pp. 49–91. 

Almeida, L., Silva, A.S., Veiga, M.D.R., Mirão, J., Vieira, M. (2021). 20th-Century Award-Winning Buildings in Lisbon 
(Portugal). Study of Plasters, Rendering and Concrete Materials Aiming Their Sustainable Preservation. Buildings, 
11, 359. 

Andrade, C., Fraga, H. and Santos, J.A. (2014). Climate change multi-model projections for temperature extremes in 
Portugal. Atmos. Sci. Lett., 15, 149–156. 

Armstrong, M., Egorov, I., Lacasse, M.A., Laouadi, A. and Trischuk, K. (2017). Climate Resilience of Buildings - 
Review of State of Practice: Climate Resilience of Building Enclosures and Temperature Effects on Buildings. 
Technical Report CRBCPI-Y1-R7, National Research Council Canada: Ottawa, ON, Canada. 

Barrelas, J., Silva, A., de Brito, J. and Tadeu, A. (2023). Effects of Climate Change on Rendered Façades: Expected 
Degradation in a Progressively Warmer and Drier Climate - A Review Based on the Literature. Buildings, 13(2), 352. 

Cardoso, R.M., Soares, P.M., Lima, D.C. and Miranda, P.M. (2019). Mean and extreme temperatures in a warming climate: 
EURO CORDEXand WRF regional climate high-resolution projections for Portugal. Clim. Dyn., 52, 129–157. 

Carvalho, A., Schmidt, L., Santos, F.D. and Delicado, A. (2014) Climate change research and policy in Portugal. Wiley 
Interdiscip. Rev. Clim. Chang., 5, 199–217. 

Cavalagli, N., Kita, A., Castaldo, V.L., Pisello, A.L. and Ubertini, F. (2019) Hierarchical environmental risk mapping 
of material degradation in historic masonry buildings: An integrated approach considering climate change and 
structural damage. Constr. Build. Mater., 215, 998–1014. 

Charisi, S., Thiis, T. K., Stefansson, P. and Burud, I. (2018). Prediction model of microclimatic surface conditions on 
building façades. Building and Environment, 128, 46-54. 

Chicco, D., Warrens, M. J. and Jurman, G. (2021). The coefficient of determination R-squared is more informative than 
SMAPE, MAE, MAPE, MSE and RMSE in regression analysis evaluation. Peer J Computer Science, 7, e623. 

Christensen, J.H., Krishna Kumar, K., Aldrian, E., An, S.-I., Cavalcanti, I.F.A., de Castro, M., Dong, W., Goswami, P., 
Hall, A., Kanyanga, J.K., et al. (2013) Climate Phenomena and their Relevance for Future Regional Climate Change. 
In Climate Change 2013: The Physical Science Basis, Contribution of Working Group I to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press: Cambridge, UK, 2013, pp. 
1217–1308. 

Cramer, W., Guiot, J., Fader, M., Garrabou, J., Gattuso, J. P., Iglesias, A., Manfred, L. A., Lionello, P., Llasat, M.C., 
Paz, S., Peñuelas, J., Snoussi, M., Toreti, A., Tsimplis, M. N. and Xoplaki, E. (2018). Climate change and 
interconnected risks to sustainable development in the Mediterranean. Nature Climate Change, 8(11). 

De Brito, J., Pereira, C., Silvestre, J.D. and Flores-Colen, I. (2020). Expert Knowledge-Based Inspection Systems—
Inspection, Diagnosis and Repair of the Building Envelope. Springer International Publishing: Zurich, Switzerland. 

De Grazia, M.T., Goshayeshi, N., Gorga, R., Sanchez, L.F.M., Santos, A.C. and Souza, D.J. (2021). Comprehensive 
semi-empirical approach to describe alkali aggregate reaction (AAR) induced expansion in the laboratory. J. Build. 
Eng., 40, 102298. 



J. Barrelas, A. Silva, J. de Brito and A. Tadeu 

 8 

Di Bucchianico, A. (2008). Coefficient of determination (R2). In Encyclopaedia of statistics in quality and reliability. 
John Wiley & Sons, Ltd: Chichester, UK. 

Drouet, E., Poyet, S., Le Bescop, P., Torrenti, J.M. and Bourbon, X. (2019). Carbonation of hardened cement pastes: 
Influence of temperature. Cem. Concr. Res., 115, 445–459. 

Galvão, J., Duarte, R., Flores-Colen, I., de Brito, J. and Hawreen, A. (2020) Non-destructive mechanical and physical 
in-situ testing of rendered walls under natural exposure. Constr. Build. Mater., 230, 116838. 

Gaspar, P.L. (2009) Service Life of Buildings: Methodology for Service Life Prediction of Building Components - 
Application to External Cement-Renders. Ph.D. Thesis, Universidade Técnica de Lisboa, Lisbon, Portugal. (In 
Portuguese) 

Gaspar, P. and de Brito, J. (2005). Mapping defect sensitivity in external mortar renders. Constr. Build. Mater., 19, 571–578. 
Gaspar, P.L. and de Brito, J. (2011). Limit states and service life of cement renders on façades. J. Mater. Civ. Eng., 23, 1396–1404. 
Instituto Nacional de Estatística (INE), 2011. Censos 2011 - Resultados definitivos. URL 

https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_publicacao_det&contexto=pu&PUBLICA
COESpub_boui=73212469&PUBLICACOESmodo=2&selTab=tab1&pcensos=61969554.  

Jia, M., Liang, J., He, L., Zhao, X. and Simon, S. (2019). Hydrophobic and hydrophilic SiO2-based hybrids in the 
protection of sandstone for anti-salt damage. J. Cult. Herit., 40, 80–91. 

Kourkoulis, S.K. (2007). Fracture and Failure of Natural Building Stones: Applications in the Restoration of Ancient 
Monuments. Springer: Dordrecht, The Netherlands. 

Lisø, K.R., Myhre, L., Kvande, T., Thue, J.V. and Nordvik, V. (2007). A Norwegian perspective on buildings and 
climate change. Build. Res. Inf., 35, 437–449. 

Lubelli, B., Van Hees, R.P.J. and Groot, C.J.W.P. (2006). Sodium chloride crystallization in a “salt transporting” 
restoration plaster. Cem. Concr. Res., 36, 1467–1474. 

Nenevê, B.L., Costa, M.R. and Medeiros-Junior, R.A. (2022). Alternative small-scale accelerated test to measure the 
effect of thermal shock on rendering mortar properties. J. Build. Eng., 46, 103807. 

Pereira, C., de Brito, J. and Silvestre, J.D. (2018). Contribution of humidity to the degradation of façade claddings in 
current buildings. Eng. Fail. Anal., 90, 103–115. 

Pereira, C., Silva, A., de Brito, J. and Silvestre, J.D. (2020). Urgency of repair of building elements: Prediction and 
influencing factors in façade renders. Constr. Build. Mater., 249, 118743. 

Pereira, T.C., Amaro, A., Borges, M., Silva, R., Pina, A. and Canaveira, P. (2019). Portuguese National Inventory Report 
on Greenhouse Gases, 1990–2017. Portuguese Environmental Agency: Amadora, Portugal. 

Pires, R., de Brito, J. and Amaro, B. (2015). Inspection, diagnosis, and rehabilitation system of painted rendered façades. 
J. Perform. Constr. Facil., 29, 04014062. 

Revi, A., Satterthwaite, D.E., Aragón-Durand, F., Corfee-Morlot, J., Kiunsi, R.B.R., Pelling, M., Roberts, D.C. and 
Solecki,W. (2014). Urban areas. In Climate Change 2014: Impacts, Adaptation, and Vulnerability, Part A: Global 
and Sectoral Aspects, Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge University Press: Cambridge, UK, pp. 535–612. 

Sandak, A., Sandak, J., Brzezicki, M. and Riggio, M. (2019). Bio-Based Building Skin. Springer International Publishing: 
Singapore. 

Schober, P., Boer, C. and Schwarte, L.A. (2018). Correlation coefficients: appropriate use and 
interpretation. Anesthesia & analgesia, 126(5), 1763-1768. 

Sedgwick, P. (2012). Pearson’s correlation coefficient. Bmj, 345. 
Silva, A., de Brito, J. and Gaspar, P.L. (2016). Methodologies for Service Life Prediction of Buildings: With a Focus on 

Façade Claddings. Springer International Publishing: Zurich, Switzerland. 
Soares, P.M., Cardoso, R.M., Lima, D.C. and Miranda, P.M. (2017). Future precipitation in Portugal: High-resolution 

projections using WRF model and EURO-CORDEX multi-model ensembles. Clim. Dyn., 49, 2503–2530. 
Socoloski, R. F., Bersch, J. D., Guerra, M. and Masuero, A. B. (2023). The influence of temperature and rain moisture 

in mortar facades obtained through hygrothermal simulation. Construction and Building Materials, 370, 130587. 
Stagrum, A.E., Andenæs, E., Kvande, T. and Lohne, J. (2020). Climate change adaptation measures for buildings - A 

scoping review. Sustainability, 12, 1721. 
Tuel, A. and Eltahir, E.A. (2020). Why is the Mediterranean a climate change hot spot?. J. Clim., 33, 5829–5843. 
Varas, M.J., de Buergo, M.A., Perez-Monserrat, E. and Fort, R. (2008). Decay of the restoration render mortar of the 

church of San Manuel and San Benito, Madrid, Spain: Results from optical and electron microscopy. Mater. Charact., 
59, 1531–1540. 

Zhang, D. (2017). A coefficient of determination for generalized linear models. The American Statistician, 71(4), 310-316. 


	1 Introduction
	2 Degradation evolution of rendered façades
	2.1 Sample
	2.2 Severity of degradation: Sw
	2.3 Degradation evolution rate: ∆Sw,mt
	3 Climate action: Maximum temperature
	4 Statistical analysis: Pearson correlation coefficient and simple linear regression
	5 Results and discussion
	6 Conclusions
	Acknowledgements
	References

