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

 

 

Outdoor Thermal Comfort and Local Climate Change: 

 Exploring Connections 
 

 

ROBERTA COCCI GRIFONI
1
, MARIANO PIERANTOZZI

2
, SIMONE TASCINI

1
  

 
1
School of Architecture and Design “E. Vittoria”, University of Camerino, Ascoli Piceno, Italy

 
 

2
Departiment of Energetic, Polytechnic University of Marche, Ancona, Italy  

 
 

ABSTRACT: Climate change impacts local and regional atmospheric conditions, including air quality and thermal 

conditions. The aim of this study is to evaluate the connections between the diurnal variation of the Predicted Mean Vote 

(PMV) index and local climate change using the least representative day technique. 

The least representative day is composed of actual data from the day in the period considered, where the sum of the 

mean-square differences among its monitored quantities, averaged within each hour, and the same quantities for all other 

days at the same hour, is maximized. 

The least representative day generally corresponds to an anomalous situation of meteorological conditions. 

Local climate change scenarios usually include significant increases in temperature and frequent extreme heat events or 

abundant rains, with associated increases in the predicted percentage of the dissatisfied index (PPD absolute value). 

Some case studies have been analysed and a comparison with CFD code, namely ENVI-MET, is reported. 

This technique can prove to be a very important tool for identifying anomalous behaviour of comfort indices within the 

selected period in outdoor urban places.  

Keywords: Least Representative Day, Predicted Mean Vote, Predicted Percentage of Dissatisfied, Outdoor thermal 

comfort, Thermo fluid dynamic analysis  

 

 

INTRODUCTION  

Climate change has become one of the most pressing 

issues of this new century. It is well known that there are 

local effects of global climate change (e.g. local climate 

change). Local climate change is generally believed to 

lead to both an increase in climate variability and the 

frequency and intensity of extreme events. 

The definition of an extreme event is based on the 

assumption that a “normal” state exists. The state of what 

is considered normal is generally derived from a time 

series of observed conditions. The nature of the normal 

state is not necessarily the constancy of a value, but 

rather the regularity of a condition. 

In this paper, the representative day (RD) [1] has been 

used to define a “normal” state and the least 

representative day (LRD) an “anomalous” state. In fact, 

dealing with realistic data is indispensable and an actual 

day has to be considered; on the contrary, the widely 

used “average day” is not an actual day. The RD is 

composed of actual data from the day in the period 

considered, where the sum of the mean-square 

differences among its monitored quantities, averaged 

within each hour, and the same quantities for all other 

days at the same hour, is minimized. 

The same approach also allows identification of the LRD 

(the same quantities for all other days at the same hour is 

maximized), that is, the day on which an anomalous, 

nearly always critical situation occurred, compared to the 

average trend recorded for that period. This methodology 

can be considered an objective method for identifying 

critical and anomalous situations. 

It is widely supposed that the so-called enhanced 

greenhouse effect may lead not only to a change in 

climate in the sense of “average” weather conditions, but 

also to an increase in climate variability. The main 

objective of this research is to study the potential impact 

of climate trends and extreme weather events (heat 

waves and cold spells) on outdoor thermal comfort in 

urban areas and assess the representativeness of the 

thermal comfort indices provided using the 

representative day technique. Specifically, a new tool has 

been used, aimed at linking information computed by a 

bio-climate model to the representative day technique.  

Two case studies (Ascoli Piceno and Urbino, 

representing central Italian towns) have been selected in 

order to deal with microclimates in relation to extreme 

events in a typical Mediterranean area, i.e. characterized 

by long, warm summers and mild winters. Comparison 

with a CFD code, namely ENVI-MET, is reported. 

This can be considered a first important step in 

developing a set of design guidelines and policies on how 

to preserve health and thermal comfort under changing 

climate conditions and extreme weather events in Italian 

cities. 
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THE LEAST REPRESENTATIVE DAY 

The LRD is composed of actual data from the day in the 

period considered, where the sum of the mean-square 

differences between its estimated quantities, averaged 

within each hour, and the same quantities for all other 

days at the same hour, is maximised. In general, this 

allows identification of the associated meteorological 

parameters, and the definition of thermal discomfort 

characteristics. 

The LRD is a daily data set, which is characterised by the 

largest differences with respect to all of the 24-hour 

estimates of the series considered. The period considered 

may be a month, season, year, or grouping of particular 

days that share the features one wishes to study. 

This technique can prove to be a very important tool 

for identifying anomalous behaviour of thermal comfort 

within the selected period and establishing measures of 

assessment and control. 

The least square matrix can be written as: 
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The methodology introduced allows one to evaluate 

the LRD, which is the day that maximises the sum of the 

squared residuals: 

max (Ai)  LRD         (3) 

In this study, the LRD corresponds to an anomalous 

weather behaviour situation. 

 

 

The least representative Predicted Percentage 

Dissatisfied (lrPPD) 

Fanger [2] produced the Predicted Mean Vote (PMV) for 

assessing thermal comfort and it has been used widely 

(ISO 7730). The PMV is an index that predicts the mean 

value of the subjective ratings of a large group of people 

on a seven-point thermal-sensation scale (+3 hot, +2 

warm, +1 slightly warm, 0 neutral, -1 slightly cool, -2 

cool, -3 cold). Evaluate the thermal environment, it is 

important to know human responses to various thermal 

conditions as well as the diversity of human responses. 

The predicted percent dissatisfied (PPD) is an index that 

predicts the percentage of a large group of people likely 

to feel thermally uncomfortable, i.e., voting +3 or +2.  

To calculate the PMV and the PPD, the indications 

provided in the technical standard ISO 7730 [3], below, 

have been followed:  
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And for the PPD: 
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Where 

  Metabolic rate   
    

  Effective mechanical 

power 

 
    

    Clothing insulation     
   

    Mean radiant 

temperature 
   

    Clothing  surface 

temperature 
   

   Air temperature    

    Clothing  surface area 

factor 

 

    Relative air velocity  
   

   Convective heat 

transfer coefficient 

 
        

   Water vapour partial 

pressure 
   

 

The functional relationship between the PMV and the 

PPD is: 

                                    
  (4) 

The minimum PPD is 5%, even when the PMV is zero. 

This relationship is presented in Figure 1. 
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Figure 1: Thermal comfort index.  

 

 

To analyse the PPD index, a program written in Wolfram 

Mathematica was implemented. The choice was 

determined by the fact that this software is a general-

purpose language suited our needs.  

The lrPPD (least representative Predicted Percentage 

Dissatisfied) algorithm developed takes weather data for 

a specific region as input and calculates the PMV and the 

PPD of the LRD. 

The peculiarity of this instrument is its user-friendliness 

and it not only calculates individually all the 

meteorological parameters for an RD or LRD, the 

thermal comfort indices as well as the PMV and the PPD, 

but it also links them, highlighting their interdependence. 

Moreover, the trends of these quantities can be simulated 

in relation to different variables, also using interactive 

tools for data manipulation. 

In detail, the algorithm is based on a matrix analysis of 

weather data in different formats for the area considered, 

and the consequent evaluation of the RD and LRD. 

 

 

THE CASE STUDIES 

The simulations were carried out for Ascoli Piceno and 

Urbino in the Marche region (in central Italy, Figure 2). 

The Marche climate is categorised as Mediterranean. It is 

mild with summers that are warm but refreshed by 

generous sea breeze, and winters with regular seasonal 

rains. In the mountainous zones, the summers are fresh 

and the winters cold with ample snow possible.  

 

 

 
Figure 2: Map of the Marche Region, Italy. 

 

 

There has been an increase of extreme weather events 

over the past ten years. Living conditions during the 

summer are becoming very difficult because of higher 

summer temperatures. For example, the summer of 2003 

was characterized by highly anomalous meteorological 

conditions, and was extremely hot and dry. 

During the first 20 days of August 2003, Europe was hit 

by a massive heat wave. This phenomenon was 

exceptional both in its intensity and duration; in fact, 

numerous temperature records were beaten in several 

European cities. This heat wave was followed by an 

especially dry spring and early summer, recalling the 

year 1976, while being far more serious in terms of water 

shortages and duration. 

In Italy, temperature values were around 38°C in many 

cities, according to the National Institute of Statistics 

(Figure 3).  

Data from 77 meteorological stations belonging to 

ASSAM (Agenzia Servizi Settore Agroalimentare 

Marche, Figure 2) were used to obtain daily and monthly 

mean values of the main meteorological parameters in 

summer months to compare with average climate values 

from the period 1961-2000. The investigation was 

performed for the summer of 2003. 

 

 

 
Figure 3: Temperature behaviour difference between the year 

2003 and the monthly mean time series (1961-2000). 
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During typical summer months (beginning in May and 

continuing through September), the air temperature (Ta) 

can reach 38°C and the daily Ta amplitude can be 

relatively wide. The atmospheric moisture content 

sometimes reaches very high levels (RH = 70%). Despite 

the statistical rarity of a heat wave event, temperature 

records were set repeatedly in 2003 and subsequent 

years. 

In contrast, the winter of 2011/2012 was short and cold, 

especially at night (reaching the freezing point). From 

late January, the Azzorres anticyclone extended north, 

creating a bridge of high pressure with the Russian-

Siberian anticyclone. This configuration favoured the 

descent of very cold air from Siberia into the 

Mediterranean. 

In particular, one of the most affected areas was the 

Marche region (Figure 4). 

 

 

 
Figure 4: Temperature behaviour difference between the year 

2012 and monthly mean time series. 

 

 

In order to evaluate the usefulness of the representative 

day technique, summer and winter monthly periods were 

analysed over two years (2003 and 2011/2012). 

The relative investigations have often been further 

complicated by gaps in the data and, more generally, by 

the huge mass of data to be processed. 

RD and LRD were evaluated during 2003and 2011-2012 

and while the RD proceeds in the same way as the mean 

time series data (Typical Day, TD), the LRD shows 

different values for the temperature behaviour (figure 5 

and figure 6). 

 

 

 
Figure 5: RD, TD and LRD (18 August) of temperature during 

2003 

 
Figure 6: RD, TD, and LRD (6 February) of temperature 

during 2011/2012. 

 

 

In both cases, the LRD shows the same trend as the RD, 

although with higher temperature values in 2003  and 

lower ones in 2011/2012. By combining meteorological 

data and thermal comfort indices (PMV), we can observe 

that in August 2003, the LRD was the warmest day 

during the period analysed and it represents the extreme 

event of the year. Similarly, the coldest day of 2011/2012 

is identified by the LRD of 2003 (6 February). 

In addition, evaluations of the lrPPD index during the 

estimated LRDs (18 August 2003 and 6 February 2012) 

have been assessed. 

 

 

MODELLING THERMAL DISCOMFORT 

CONDITIONS  

The micro scale climate model ENVI-met was used to 

simulate the effects of global warming on heat stress in 

Ascoli Piceno and Urbino and to evaluate possible 

countermeasures proposed by urban planners. 

ENVI-met [4] is an efficient tool that analyzes micro-

scale thermal interactions in urban environments. It is a 

user-friendly tool that aims to reproduce major processes 

in the atmosphere that affect the microclimate on a well-

founded physical basis (i.e., the fundamental laws of 

fluid dynamics and thermodynamics). It is a three-

dimensional non-hydrostatic model for the simulation of 

surface-plant-air interactions inside urban environments. 

It is designed for micro-scale simulations with a typical 

horizontal resolution from 0.5 to 10 m. This resolution 

allows for a fine reading of the microclimate changes, 

especially sensitive to urban geometry and relevant for 

comfort issues and the analysis of small-scale 

interactions between individual buildings, surfaces and 

plants. The vegetation is handled not only as a porous 

obstacle to wind and solar radiation, but also includes the 

physiological processes of evapotranspiration and 

photosynthesis. Various types of vegetation with specific 

properties can be used. The soil is also considered to be a 

volume composed of several layers and the ground can 

be of various types. 

The evaluation of the Predicted Percentage Satisfied 

(PPD) thermal index has been assessed for the Ascoli 

Piceno and Urbino areas.  
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The model area has a size of 460m x 420m, resulting in 

184x168x30 cells with a resolution of 2.5 m x2.5 m x2.0 

m, and the average building height is about 12 m. 

Two simulations with the model area were run for this 

study: one with a temperature profile of up to 37°C and 

very dry and warm soils, representing the LRD in 2003 

(a day like at the end of a longer-lasting heat wave), and 

one with the coldest temperature in the 2011/2012 winter 

season (-7°C), representing the LRD (6 February 2012). 

Simulations were started at 6:00 LST when most 

atmospheric processes are slow, and a very low wind 

speed value was considered (1.1 m/s) according to 

meteorological data. Simulations are run for daytime 

hours, because daylight hours represent the time of day 

with a regular frequent use of outdoor spaces. 

 

 

 
Figure 7: Map of PPD index (ENVI-met simulation on 18 

August 2003). 

 

 

Figure 7 depicts the ENVI-met output (PPD index) 

for the simulated summer scenario (18 August 2003) and 

Figure 8 compares the behaviour of the simulated PPD 

with the lrPPD during daylight hours. 

 

 

 
Figure 8: Comparison between the PPD index (ENVI-met 

simulation on 18 August 2003) and the lrPPD evaluation. 

 

 

 
Figure 9: Map of the PPD index (ENVI-met simulation on 6 

February 2012). 

 

 

Similarly, Figure 9 depicts the ENVI-met output 

(PPD index) for the simulated summer scenario (18 

August 2003) and Figure 10 compares the behaviour of 

the simulated PPD with the lrPPD during daytime. 

 

 

 
Figure 10: Comparison between the PPD index (ENVI-met 

simulation on 6 February 2012) and the lrPPD evaluation. 

 

 

As shown in Figure 10, the evaluation of the lrPPD better 

describes the thermal discomfort scenario due to 

anomalous low values of temperature during the day. The 

behaviour in mean temperature for the LRD (Figure 6) is 

notable. 

The results obtained using the lrPPD algorithm were 

compared with ENVI-met simulations and, as pointed 

out above, the lrPPD technique seems to describe the 

extreme events better. This can be explained by the fact 

that the LRD is an actual day and can take into account 

the variations characterising the actual behaviour of the 

quantity under examination. 

This technique can prove to be a very important tool 

for identifying both anomalous behaviours of thermal 

comfort within the selected period and establishing 

measures of assessment and control. 
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CONCLUSION 

The main objective of this work was to apply a user-

friendly tool (lrPPD) for the calculation of thermal 

comfort indices (PMV, PPD) in least representative 

environmental conditions. The main advantages of the 

lrPPD tool derive from the fact that it enables 

identification of the actual day that represents an 

anomalous meteorological or extreme event.  

It can be used to estimate the effect of changing climate 

conditions on human thermal comfort within cities. 

The results the Envi-met simulations presented in this 

study clearly show that general coherence between 

simulated and evaluated values is evident, and in some 

cases, the lrPPD can better describe the discomfort 

situation. This observation leads us to consider the 

proposed tool as very interesting for the evaluation of 

outdoor thermal discomfort indices in estimating the 

effect of changing climate conditions on the human 

thermal comfort within cities.  

It is therefore necessary to find ways through urban 

planning to mitigate the negative effects of global 

warming in central Italian cities.  
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