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DELIVERABLE C.5.2: GOOD PRACTICE GUIDEBOOK (GPG) FOR 

COMBATING UHI AND INCREASING RESILIENCE TO HEAT 

 

PART A: General presentation of the Project LIFE ASTI and UHI 

effect  

A.1. The LIFE ASTI Project  

The LIFE ASTI project focuses on addressing the Urban Heat Island (UHI) effect and its impact 

on human mortality by developing and evaluating a pilot system of numerical models. This 

pilot system will lead to the short-term forecasting and future projection of the UHI 

phenomenon in two Mediterranean cities: Thessaloniki (Greece) and Rome (Italy).  

The UHI phenomenon has an impact on human health, which is intensifying as the duration 

of the heat wave episodes is expected to increase due to climate change. The rate of 

urbanisation has become alarming in recent years: almost 73% of Europe's population lives 

in cities, a figure which is expected to reach 80% by 2050. Extensive urbanisation is 

triggering significant changes to the composition of the atmosphere and the soil, resulting in 

the modification of the thermal climate and the temperature rise in urban areas, compared 

to neighbouring non-urban ones.  

The modeling system, which will be developed in the framework of the LIFE ASTI project, will 

produce high-quality forecasting products, such as bioclimatic indicators, heating and 

cooling degree days, assessing the energy needs of buildings. In addition, it will guide the 

Heat Health Warning System to be implemented in both cities and will aim at informing the 

competent authorities, the general population and the scientific community.  

A.2. Introduction on the UHI effect over Europe and especially over the 

Mediterranean Region 

The Urban Heat Island (UHI) effect is attributed to increasing urbanisation trends, which 

cause structural and land cover changes in urban areas. The UHI effect appears in almost 

every type of urban area and is irrelevant of their size or climate (Stewart & Oke, 2012). In 

order to tackle this phenomenon and develop effective mitigation and adaptation strategies, 

it is important to identify the different causes and drivers of the UHI effect, as well as the 

risks and impacts for urban populations.  



   

 

 

8 

 

A.2.1 Causes of the UHI effect  

Surfaces in urban areas are composed mostly of non-reflective and water-resistant 

construction materials, which absorb a considerable proportion of the incident radiation, 

which is released as heat. Moreover, the narrow building arrangements usually found in 

cities create an urban street canyon geometry that inhibits the escape of the reflected 

radiation, which is absorbed by the building walls, enhancing urban heat release. Additional 

factors contributing to the UHI effect are the: (i) scattered and emitted radiation from 

atmospheric pollutants, (ii) production of waste heat from air conditioning, refrigeration 

systems, industrial processes and motorized vehicular traffic, and (iii) obstruction of rural air 

flows by the windward face of the built-up surfaces (Figure 1) (Urban Heat Islands, 2019).   

 

Figure 1: How the Urban Heat Island phenomenon occurs 

Source: (Arizona State University, n.d.) 

A.2.2 Drivers of the UHI effect  

The drivers and the intensity of the UHI effect depend on several factors. Among others, 

these include (1) the size and structure of the city, (2) anthropogenic emissions related to 

waste heat from buildings, (3) industrial activities, (4) vehicles, (5) topography, (6) climate 

zone, (7) and meteorological conditions.  

Topography affects local wind conditions and impacts temperature inversion in height - 

weakening or strengthening the UHI. The UHI has temporal variations dependent on climate 

conditions and human activities; studies in Central Europe show that maximum UHI values 

developed at night and do not show a relationship to the city size (Santamouris, 2007).  

Weather factors that influence the UHI intensity are wind speed and cloudiness. If incoming 

solar radiation is decreased by clouds, temperature differences and UHI intensity are also 

decreased. Humidity plays an important role as well - cities in regions with variable wet and 

dry seasons have larger temperature differences during dry periods. Due to their small share 

of vegetation, built up areas have less water evaporation, contributing to increased surface 

and air temperatures.  



   

 

9 

 

The UHI can have secondary impact on local meteorology, including the modification of local 

wind patterns. Due to convection provided by extra heat, additional shower and 

thunderstorm activity can be greater than usual (Shepherd, 2005).  

A.2.3 Risks and Impacts  

Urban residents are exposed to heat-related risks, which are intensified and more frequent 

as a result of the UHI effect. Several factors need to be considered to determine long-term 

changes in heat load, such as (i) the historical development of cities, (ii) changes in the urban 

structure of cities, (iii) population increase, (iv) anthropogenic heat production, and (v) 

changes in weather patterns.  

UHI increases human discomfort, especially in inner cities. Heat waves increase heat stress, 

affecting vulnerable population groups in particular (elderly, children and people with social 

or physical impairments). As a result of climate change, urban climate is expected to 

experience added heat load in the summer months and an increase of heat waves of higher 

intensities and longer duration. This creates an urgent need for mitigation and adaptation 

strategies, particularly through urban planning practices (IPCC, 2013; ZAMG, 2018; World 

Bank Group, 2020).  

The overheating of buildings and other infrastructure during heat waves and the negative 

impacts those can have on residents have been characterised as public health issues. 

Therefore, heat can be considered as a severe hazard - among the deadliest in Europe, 

especially for population groups that have higher vulnerability. The direct and indirect 

impacts of the UHI effect are summarised in Figure 2 (World Bank Group, 2020; UNEP, 

2004).  
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Figure 2: Direct and indirect health effects on the population groups most vulnerable to extreme 

heat 

Figure source: (World Bank Group, 2020) 

A.3 The UHI effect in European Cities  

Extreme temperatures are one of the deadliest hazards in Europe; between 1980 and 2017, 

heat waves accounted for 68% of natural hazardςrelated deaths among countries in the 

European Economic Area, as well as 5% percent of economic losses. The increased intensity 

and frequency of heat events is strongly associated with climate change, posing a great 

challenge for urban areas in Europe (World Bank Group, 2020). 

European countries are strongly affected by heat waves and prolonged periods of extreme 

temperatures - a natural hazard causing more deaths in Europe than any other. Recent 

examples of heat waves include the heat wave in Europe in 2003 and the Russia heat wave 

in 2010, which caused heat-related death tolls at unprecedented levels. More specifically, 

the heat wave that occurred in August 2003 caused over 14,800 deaths in France, with 

additional excess mortality rates in countries such as Belgium, the Czech Republic, Germany, 

Italy, the Netherlands, Portugal, Spain, Switzerland, and the United Kingdom. Overall, the 

2003 heat wave resulted in more than 70.000 deaths in Europe. European countries were 

also affected by heat waves during the summers of 2015 and 2019, when record maximum 

temperatures were documented. Furthermore, southern and south-eastern countries in 

Europe were greatly affected by the heat wave of 2017 (World Bank Group, 2020). 

According to a study (Bokwa, et al., 2018), an increase in heat load1 is expected in urban 

areas located in Central Europe. Mean values for specific study areas are expected to 

increase by 2100, compared to 1971ς2000, by 20ς 50 days, depending on the scenario used. 

The regional spatial pattern of the predicted values of mean annual number of summer days 

depends on latitude, i.e. for cities located in the northern part of the study area; the values 

are lower than for cities located in the south ς a difference which can reach approximately 

40 days. The local spatial pattern reflects the impact of both land use/land cover as well as 

relief. The study underscores the high diversity of the Central Europe region in terms of the 

natural environment conditions, as well as clears a pattern for the whole Central Europe 

area, which is a recorded and a predicted increase in the heat load in urban areas (Bokwa, et 

al., 2018).  

Another study estimated the intensity of the UHI phenomenon for 100 European cities, in 

the framework of the Copernicus European Health contract for the Copernicus Climate 

                                                           

1
 expressed in mean annual number of summer days 
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Change Service (C3S)2 (EEA, 2020). As can be seen in Map 1, the UHI effect is more intense in 

southern and south-eastern countries in Europe, as well as in central Europe (i.e., in France).  

 

Map 1: The average summer season intensity of UHI & projected number of extreme heatwaves 

in the near future (2020 - 2052) 

Map source: (EEA, 2020)
 

The UHI phenomenon is particularly concerning in the Mediterranean zone, as climate 

change and UHI scenarios foresee a fast growth of energy consumption due to the 

widespread use of air conditioning systems and the increase of demand for cooling (Salvati, 

Coch Roura, & Cecere, 2017).  

In the Mediterranean zone, studies in Rome, Lisbon, Aveiro, Madrid, Granada, Turkish cities, 

concentrated on heat island intensity during the night period. Heat island intensity varies 

ōŜǘǿŜŜƴ нϲ/ ŦƻǊ LǎǘŀƴōǳƭΣ тΦрϲ/ ŦƻǊ !ǾŜƛǊƻΣ ŀƴŘ фΦлϲ/ ŦƻǊ ǘƘŜ ƳŜŘƛǳƳ-sized Turkish cities. In 

all the above cities, except Istanbul where data was unavailable, higher UHI intensities 

correspond to low wind speeds. For Lisbon, weather types with northern winds are 

associated with the highest air temperatures in the downtown area. Studies for Aveiro, 

                                                           

2
 High resolution (100m) hourly temperature (2008-2017) was simulated with the urban climate 

model UrbClim (De Ridder et al., 2015). Summer season is June, July and August. 
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Madrid and Granada show that the intensity of the UHI is at its maximum with a clear sky. 

For Aveiro and Madrid, classification of UHI values based on different types of weather 

shows that the highest values correspond to anticyclonic periods. Maximum UHI intensities 

are presented during the daytime in Athens and Parma. High intensities were measured in 

Athens, where the maximum is found during the summer period. Higher UHI intensities 

were found during the summer period in Rome, Madrid and Parma. By contrast, maximum 

UHI intensity in Lisbon was during the winter period (Santamouris, 2007).  

As aforementioned, the reduction of UHI is a primary focus for many cities. This is attributed 

to the higher infrastructure and population densities in urban areas, as well as the more 

intense socio-economic activities. As a result, prolonged periods of heat pose a greater 

threat to the health and well-being of urban dwellers and generate additional economic 

losses. This is even more intense in southern, south-eastern Europe and the Mediterranean, 

considering that most urban areas located there are already hot in the summer. As a result, 

the already high temperatures recorded in the summer months, become even higher 

because of the UHI effect. A study that examined the contribution of urbanisation on the 

warming trends of air temperature in Athens found that, since 1975, the intensity of UHI 

ƛƴŎǊŜŀǎŜŘ ōȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ҌлΦн ϲ/κŘŜŎŀŘŜΣ ǿƘƛƭŜ ƻƴ ŀ ǎŜŀǎƻƴŀƭ ōŀǎƛǎΣ ǘƘŜ ǊŀǘŜ ƻŦ ¦IL 

changes is more pronounced in summer than in winter, accounting for approximately 40% of 

the observed warming rates of summer air temperature in the city (Papamanolis, Dimelli, & 

Ragia, 2015).  

Furthermore, the more intense UHI effect occurring in the Mediterranean and southern 

Europe poses a threat to the tourism sector; a key part of the economy for most 

Mediterranean cities (Cutter, Griffin, & Hunt, 2018). Urban tourism relates to urban climate 

because of the modified conditions in urban areas. Problems associated with the urban 

climate, such as the UHI effect, affect several aspects of urban tourism. Besides the 

widespread and increased use of air conditioning (which indirectly exasperate the UHI 

effect), tourists spend some time outdoors, especially in summer months. However, 

extremely high temperatures for prolonged periods of time lower the thermal comfort of 

urban tourists. As a result, the touristic demand to visit cities in the Mediterranean region in 

summer could be significantly minimised (Stankov, et al., 2014).   

For the aforementioned reasons, it is crucial to develop and implement solutions in urban 

areas, at different spatial scales, aimed at mitigating and adapting to climate change, which 

will contribute to minimising and alleviating the impacts of the UHI effect.   
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PART B: (A catalog of) available techniques for studying and 

analyzing the UHI effect.  

ɰΦм. The observational approach 

B.1.1 Introduction 

Techniques and instruments to characterise the Urban Heat Island (UHI) depend on how we 

define such a physical phenomenon. From a generic point of view, UHI is a local climate 

change phenomenon caused directly by urbanization, which leads to a warmer microclimate 

in urban areas than in the surrounding suburban and rural areas. Building a city radically 

changes thermal, radiative and circulation properties of the site on which it stands, varying 

its energy balance and producing a warmer environment (Oke et al., 2017). Concrete, 

cement and other building materials are able to absorb, retain and/or produce more heat 

than natural soil, leading to high temperature. As a consequence, UHI has a sensible impact 

on health, economy, environment, energy consumption, as well as deterioration of air 

quality, and leads to stressful bioclimatic conditions (Marinaccio et al., 2019). There are 

three different types of UHI that can be identified, strictly depending on how and where we 

measure urban and rural temperatures: the surface UHI (SUHI) is characterized by 

measuring the land surface temperature obtained from satellite observations, while the 

boundary-layer UHI (BLUHI) is mostly affected by mesoscale circulation, and requires profile 

measurements at the scale of 10-100 km; differently, the atmospheric UHI (AUHI) is more 

local, i.e. related to the urban canopy layer temperature, and is detected using in situ air 

temperature measurements.  Even though they are somehow related to each other, these 

three UHI types have to be considered as different phenomena: for example, the maximum 

intensity for SUHI is observed during the day rather than, as for the AUHI, at night (Oke et al, 

2017; Zhou et al., 2019). As pointed out in Marinaccio et al., 2019, when dealing with climate 

change in urban environment and the consequent biophysical stress that derives from it, the 

relevant phenomenon to be considered is the AUHI, which is usually characterised using 

conventional weather stations deployed on building rooftops.  

Within the LIFE-ASTI project, the AUHI (hereafter indicated with UHI for the sake of 

simplicity) is monitored through both amateur and scientific networks of weather stations 

installed all around the studied cities, with temperature data specifically processed and 

filtered out to obtain hourly average values of guaranteed quality. Since the AUHI intensity 

peaks at night, air temperature in cities tends to be higher ς with respect to the surrounding 

rural environment - during night. Particularly in summer and in conjunction with heat waves, 

such a behaviour is expected to lead to a notable heat stress capable of significantly 

increasing mortality in urban environments. 

UHI is usually studied by either in situ or mobile measurements. 
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B.1.2 In situ measurements 

By definition, the instantaneous UHI intensity ЎὝ is the urban-rural air temperature 

difference. The simplest and most used way to estimate it is to place two in situ temperature 

sensors: one within the city, usually in the city centre, and the other, taken as reference, in 

its rural surrounding. Defining the air temperature measured by the first and the second as 

Ὕ and Ὕ, respectively, the UHI at a time ὸ is expressed as  

ЎὝὸ Ὕ ὸ Ὕ ὸ 

Clearly, this is the roughest estimation that can be made, as it does not take into account 

for spatial variability of the temperature field and is strictly dependent on the specific points 

where temperature data are acquired. Such an issue could be overcome simply by installing 

more temperature sensors and taking the average Ὕ and Ὕ values, or, with the aim of 

performing a more accurate analysis, introducing the 17 environment types of the LCZ 

classification developed by Stewart and Oke in 2012 (Oke t al., 2017), that allows for a better 

characterization of the urban area internal structure and establish a standard reference to 

simplify comparisons between different cities. 

Recently, a more flexible approach was suggested in Schatz and Kucharik (2015), that 

estimate the UHI intensity in Madison (Wisconsin, USA) by assuming a linear relationship 

between the air temperature T, measured by in situ sensors, and the impervious surface 

area (I) provided by satellite remote sensing measurements
3
, which quantifies the presence 

of artificially sealed surface as a percentage for each pixel: 

ὝὍ ‌Ὅ‍Ȣ 

The UHI intensity is then defined as: 

ЎὝ ὝρππὝπ ρππ‌ 

Thus, considering a network of ὔ in situ temperature sensors, it is possible to estimate the 

slope ‌ȟ and so the UHI intensity ЎὝ, running a linear fit on the data set of ὔ couples Ὕ Ὅ. 

This method simplifies significantly the evaluation of the degree of urbanization, substituting 

the sophisticated LCZ classification with a simple number Ὅ π ρππϷȟ allowing to 

continuously characterize the UHI. Clearly, the more sensors are available, the more 

accurate the analysis is. 

B.1.3 Mobile measurements 

The special variability of the temperature field within a city can be better characterised 

through mobile measurement that can be obtained by installing temperature sensors on 

                                                           

3
 See, e.g., ESA Copernicus mission data available at https://land.copernicus.eu/pan-european/high-

resolution-layers/imperviousness 
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GPS tracked mobile vehicles (i.e., public transportation vehicles). Anyway, while allowing to 

characterize the spatial distribution of temperature inside a city, such an approach lacks of 

temporal resolution, that is expected to decrease with.  

 

In order to better explore the spatial variability of the temperature field, it is possible to take 

mobile measurements. This approach consists in mounting a temperature sensor on a 

vehicle, taking measurements while moving within the study area. Such a data set on one 

hand allows to accurately characterize the spatial distribution of temperature inside a city, 

on the other lacks of temporal resolution. 
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ɰΦн. The modeling approach 

Numerical modeling is considered to be an important supporting tool, showing a wide area 

of successful applications in studying the UHI phenomenon. One of the key requirements for 

applying meso-scale atmospheric models to study urban areas is to accurately parameterize 

the influences cities have on wind, temperature and humidity, and their collective impact on 

mesoscale atmospheric motions. These effects need to be accounted for in the land surface 

schemes used in atmospheric models, although the complexity of these schemes has to be 

balanced with their computational requirements. Over the last decade, several models have 

been developed to incorporate urbanization effects for a wide range of applications. By 

coupling such models to mesoscale atmospheric models, it is possible to simulate and 

eventually predict the climate of cities, in particular the UHI effect (Giannaros, 2013). 

The better accounting for urbanization in numerical atmospheric models follows two main 

parameterization methods (Kusaka et al., 2001): (a) The bulk approach, in which the surface 

energy balance in the land surface models is modified by adjusting the soil and surface 

characteristics (e.g., heat capacity, surface albedo) to be representative of urban areas, (b) 

The coupling with an urban canopy model (UCM) for describing in more detail the sub-grid 

scale processes in cities. 

In the framework of the bulk approach, the land surface models treat urban areas as flat and 

homogeneous surfaces (Figure 3). Properly calibrated thermal, moisture, radiative and 

aerodynamic parameters are used to consider the impact of the urban environment on the 

heat and moisture exchange and momentum-turbulence processes (Giannaros, 2018). It is 

worth empathizing that the above-mentioned surface properties vary significantly for 

different urban areas and their default values are not always appropriate for any given city. 

The adaptation of these properties based on the studied area may provide adequate model 

results (e.g., Lee et al., 2011; Giannaros et al., 2014). However, the main disadvantage of 

simple representing the urban areas as, impervious to water, slabs (Figure 3) remains, while 

urban environments are more complicated in reality, with various artificial and natural 

surfaces (Giannaros, 2018). 
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Figure 3: Schematic of urbnanization parameterization approaches in mesoscale atmospheric 

models. (Adapted from Conigliaro et al., 2020, and Chen et al., 2011). 

As shown in Figure 3, the urban canopy models simulate explicitly the effects of the urban 

geometry and the various thermodynamic, radiative and dynamic processes that take place 

in the urban canopy layer (UCL). One of the major categorizations of UCMs takes into 

account the way the built environment is modeled (Giannaros, 2018). The single-layer urban 

canopy models (SLUCMs) simulate the urban energy fluxes at one atmospheric layer 

representing the city below the roof level. The multi-layer models, on the other hand, 

simulate the energy fluxes at several atmospheric layers that interact with the buildings 

within the UCL (Grimmond et al., 2009; Masson, 2006).  

In single-layer models, the surface and the atmosphere interact only at the top of the 

canyons and roofs (Figure 3). In other words, when coupled to an atmospheric model, the 

lower boundary of the atmospheric model is defined at roof level. This allows for simplicity 

and portability, given that the characteristics of the canyon air are properly specified. 

Traditionally, wind is assumed to follow the logarithmic law in the layer found above the 

canyon top, whereas an exponential law is used below. Air temperature and humidity are 

assumed to be uniform within the canyon (Giannaros, 2013). The simplest of the single-layer 

UCMs is the Town Energy Balance (TEB) model of Masson (2000). Besides TEB, there are 

other such models that are characterized by a higher level of detail, including the SLUCM of 

Kusaka et al., 2001, the SM2-U (Soil Model for Submesoscales, Urbanized Version) of Dupont 
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and Mestayer (2006), the VUCM (vegetated UCM) introduced by Lee and Park (2008), and 

the PUCM (Princeton UCM) developed by Wang et al. (2011, 2013).  

The multi-layer urban canopy models (MLUCMs) are based on the drag force approach. 

According to this method, a drag term is added in the heat, momentum and turbulent 

kinetic energy equations to account for the obstacles drag. This technique allows for the 

simulation of the energy fluxes and meteorological variables on various atmospheric layers 

in the canopy layers, including the ground level, which is considered the lower boundary of 

the coupled mesoscale model (Figure 3). Some MLUCMs are capable of considering 

variances on the building heights or even differing road, wall and roof characteristics 

(Giannaros, 2018). One of the most analytical MLUCMs is the buildings effect 

parameterization (BEP) developed by Martilli et al. (2002). The BEP scheme was further 

improved and validated by incorporating a building energy model (BEM) to explicitly resolve 

the generation of energy within the buildings and its transfer to the atmosphere (Salamanca 

et al., 2010; Salamanca and Martilli, 2010). Similar MLUCMs have been designed by Dupont 

et al. (2004) and Kondo et al. (2005), while Krayenhoff et al. (2014) introduced a new 

method for accounting for the vegetation- and tree-building interactions. The execution of 

both single- and multi-layer UCMs requires the specification of a significant number of input 

data that include urban land use and canopy parameters describing the surface and urban 

morphology. The urban canopy parameters (UCPs) refer to basic morphology characteristics, 

such as the buildings heights and the roads widths, and to higher-level parameters, such as 

the sky view factor and building coverage ratio. They also include the radiative (e.g., albedo, 

emissivity) and thermal (e.g., heat capacity) characteristics of the urban facets, as well as 

anthropogenic heat (AH) emissions that can be incorporated as either state (i.e., inventory 

approach) or dynamic (i.e., direct modeling) variables. The specification of the above-

described input data is considered the most demanding and challenging task in the urban-

scale modeling because they vary substantially from city to city and they are characterized 

by a high level of uncertainty (Giannaros, 2018). Increasing efforts in recent years 

contributed to the development of urban surface and canopy parameters datasets based on 

in-situ surveying, regression modeling, remote-sensing and GIS (geographical information 

system) techniques (e.g., Taha et al., 2008; Sailor et al., 2015; aƻƭƴłǊ Ŝǘ ŀƭΦΣ нлмсΤ 

Agathangelidis et al., 2019; 2020). Moreover, the exploitation of Local Climate Zones (LCZs) 

framework (Stewart and Oke, 2012) for defining urban land cover in UCMs is increasingly 

gaining attention in the urban modeling community. LCZs are used to characterize urban 

areas in 10 classes, each of one having unique UCPs (Figure 4). This approach, fostered by 

the WUDAPT project (Ching et al., 2018), has been proven very successful for studying the 

UHI effect in different European cities, such as Vienna (Hammerberg et al., 2018), Barcelona 

όwƛōŜƛǊƻ Ŝǘ ŀƭΦΣ нлнмύΣ aŀŘǊƛŘ ό.ǊƻǳǎǎŜ Ŝǘ ŀƭΦΣ нлмсύΣ {ȊŜƎŜǊ όaƻƭƴłǊ Ŝǘ ŀƭΦΣ нлмфύΣ .ƻƭƻƎƴŀ 

(Zonato, 2016), Antwerp, Brussels and Ghen (Verdonck et al., 2018).  



   

 

19 

 

 

Figure 4: Graphical representation of LCZs and average values of some of their key UCPs. 

(Adopted from Johnson and Jozdani, 2019). 
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t!w¢ /Υ ¢ƘŜ [LC9 !{¢LΩǎ ƎƻƻŘ ǇǊŀŎǘƛŎŜǎ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ǘƘŜ 

developed systems. 

C.1. The pilot forecasting systems developed 

C.1.1. Short description 

The set-up of the pilot operational UHI forecasting system (UHI-OFS) implemented is capable 

of predicting the heat waves and urban heat island effect at urban scales, which is of 

concern for the local population and the authorities for the areas of interest. The UHI-OFS 

consists of a chain of three main parts: a) the meteorological prediction model WRF, b) the 

downscaling process and c) the post-processing of the meteorological fields. The 

meteorological forecasting model WRF, coupled with the Single Layer Urban Canopy Model 

(hereinafter as WRF-SLUCM), is applied over Europe at 18 km spatial resolution, south-

eastern Mediterranean at 6 km and Thessaloniki and Rome at 2km spatial resolution in a 

nested way, resulting in prediction of the heat waves at 2 km spatial scales. Then, the 

downscaling process, implemented with the Support Vector Regression (SVR) tool is realized, 

predicting the meteorological fields at urban scale (250 m). Then, the Post-Processing Tools 

(PPT) is finally utilized, producing several fields related both on the urban heat island effect, 

ƭƛƪŜ ¦Ǌōŀƴ IŜŀǘ LǎƭŀƴŘ LƴǘŜƴǎƛǘȅ ό¦ILLύΣ ŀǎ ǿŜƭƭ ǿƛǘƘ ƛǘǎΩ ƛƳǇŀŎǘ ƻƴ ƘǳƳŀƴ ƘŜŀƭǘƘΣ ǎǳŎƘ ŀǎ ǘƘŜ 

Universal Thermal Comfort Index (UTCI) and the Discomfort Index (DI) at the regions of 

interest. The derived products are saved on the Post-Processing Database (PPD). 

C.1.2. Good Practices 

The set-up of the operational UHI forecasting system has been built is such a manner that 

ŜƴǎǳǊŜǎ ƛǘǎΩ ŀǇǇƭƛŎŀōƛƭƛǘȅΣ ǘǊŀƴǎŦŜǊŀōƛƭƛǘȅ ŀƴŘ ǊŜǇƭƛŎŀōƛƭƛǘȅ ƛƴ ƻǘƘŜǊ ŎƛǘƛŜǎ ƻŦ ŎƻƴŎŜǊƴ ƛƴ 9ǳǊƻǇŜΦ 

Although the UHI-OFS can be directly applied to other areas of interest, several aspects 

related to the modeling of the UHI effect should be taken into account for the optimal 

prediction of the heat waves and of the UHI effect. These aspects are listed below as follows: 

a) Area of interest, b) Land cover and surface properties, c) Downscale method and d) Post-

processing products. 

a) Area of interest 

Before the application of the UHI-OFS, the area of interest within the modeling system must 

be defined is such a way that appropriate application and prediction of the UHI related 

meteorological fields. An example of a good practice for the definition of the area of interest 

is illustrated in Figure 1 for Thessaloniki. Within WRF, the modeling domain consists of 75-

by-75 grid cells at 2 km spatial resolution, with a total extent of 150-by-150 km. Although the 

city of Thessaloniki covers a small portion of the domain, significant spatial margins have 

been applied, of the order of 30-50 km in each direction. The reason for such large margins 

is the appropriate adjustment of the meteorological fields from the modeling domain of 6 

km to the area of interest of 2 km spatial resolution. In a similar way, when UHI-OFS is 

foreseen for another city in Europe, the extent of the area of interest should be defined with 
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margins of 30-50 km in each direction, with the city of concern located at the center of the 

modeling domain.  

 

Figure 5: Corine land use for the modeling area of Thessaloniki within the UHI-OFS. 

b) Land cover and surface properties 

For the urban-scale domains of Thessaloniki and Rome the CORINE 2012 land cover 

database is utilized (https://land.copernicus.eu/pan-european/corine-land-cover/clc-
2012?tab=download.), which provides land use data at urban scale (250 m). Within UHI-OFS 

all 44 classes are utilized. The surface properties needed for each category have been 

assigned based on the correspondence of CORINE and USGS land use classes and their 

recommended properties, as described in Pineda et al. (2004). The detailed information 

taken from this database is illustrated in Fig. 1 for the area of Thessaloniki. 

Concerning the application of UHI-OFS, the CORINE land use database is recommended, 

unless more detailed land use data for the city of interest are provided elsewhere. 

Nevertheless, the assigned land use categories should always be checked for consistency 

with the existing land cover, since deviations might appear as a result of mismatch of 

/hwLb9Ωǎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƭŀƴŘ ǳǎŜ ŀƴŘκƻǊ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜǎ ƻŦ ƭŀƴŘ ǳǎŜ ǿƛǘƘ 

time, due to intervention actions.  

Another important factor which can affect the prediction of the heat waves and the UHI 

effect in the city of interest are the surface properties used, especially albedo and emissivity, 

which highly affect the amount of the net radiation over the urban fabric and hence the 

resultant temperatures. As mentioned above, these values are assigned based on land use, 

and should be considered as mean representative for these. Although the application of the 

UHI-OFS has shown that the assigned values produce satisfactory results, the used of the 




















































































































































