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LIFE ASTI Project introduction 
 

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

mortality, by developing and evaluating a pilot system of numerical models that will result to the short-

term forecasting and future projection of the UHI phenomenon in two Mediterranean cities: 

Thessaloniki (Greece) and Rome (Italy). 

The phenomenon of UHI has an impact on human health, which becomes more intense, as the duration 

of the heat wave episodes is expected to increase due to climate change. The spread of urban areas has 

become alŀǊƳƛƴƎ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΤ ŀƭƳƻǎǘ то҈ ƻŦ 9ǳǊƻǇŜΩǎ ǇƻǇǳƭŀǘƛƻƴ ƭƛǾŜǎ ƛƴ ŎƛǘƛŜǎΣ ŀ ǊŀǘŜ ǿƘƛŎƘ ƛǎ 

expected to reach 80% by 2050. Extensive urbanization is triggering significant changes to the 

composition of the atmosphere and the soil, which result to the modification of the thermal climate and 

the temperature rise in urban areas, compared to neighboring non-urban ones. 

 

!/¢Lhb /ΦтΥ ά[ƻŎŀƭ Ǉƛƭƻǘ ŀŎǘƛƻƴǎΦέ 

This action aims to develop and evaluate pilot actions on local level which will serve as case studies for 

future reference. The modeling systems of UHI forecasting that have been implemented during action 

C.2, were put again in use in action C.7. The current action is also linked to action C.5, as it assists in 

future adaptation action plans, and provides a more complete perspective, necessary to further develop 

and operate the heat health warning systems (action C.6) 

The Municipality of Thessaloniki has already landformed the yards of four (4) schools based on 

bioclimatic criteria. It is foreseen, that higher-level green interventions will take place in parks and nodal 

areas in the city. The above-mentioned interventions will provide a good opportunity, to be utilized as a 

case studies for modelling systems. In particular, the models will be adapted according to the land use 

changes in the specific areas of interest in Thessaloniki, in order to assess their impact on air 

temperatures, the heat health warnings and the energy demand based on HDD/CDD at local level. 

This case study will also be supported by observational data in the framework of the installation of 

supplementary urban weather stations (action A.2). Similar green activities will be identified in Rome in 

order to perform a similar case study. The aforementioned pilot actions, will form the basis for a 

sensitivity analysis at city scale, where the impact of larger scale future interventions (i.e.involving all 

public schools in Thessaloniki) will be assessed. 
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Report on ACTION C.7 

 

In order to evaluate the effect of UHI on local scale within the cities, we introduced an algorithm that 

uses the weather forecasts of a well known forecasting model/system, the Weather Research and 

Forecasting (WRF), and we adjusted those, with statistical methods derived from actual observational 

data. This was done in order to reconstruct a higher resolution forecast, that includes the effects of the 

local climatic variability and conditions, and  it is not practical to be implemented with a wide area 

weather forecasting system. On the statistical methods we used, we identified and introduced some 

variables that characterize the local conditions, in order to be able to make prediction while modifying 

the effect of land use in each city. The resulting algorithm, gave us a temperature and relative humidity 

response, in correlation to changes and scenarios proposed for each city. 

Introduction 

This action contributes to other actions of the project (Actions C.1, C.2, C.3 and C.4). In this section, we 

will describe the key components and methodologies that this work depends on. To estimate the results 

for the Local Pilot Actions scenarios, we combined the weather forecasts of the WRF model with 

weather observational data from the cities. We used the observational data to create statistical and 

computational methods for adjusting and correcting the large area forecast, in order to represent better 

ǘƘŜ ƭƻŎŀƭ ŎƻƴŘƛǘƛƻƴ ƻƴ ǎƳŀƭƭŜǊ ǎŎŀƭŜǎΦ Lƴ ƎŜƴŜǊŀƭΣ ǿŜ Ŏŀƭƭ ǘƘƛǎ ǇǊƻŎŜŘǳǊŜ άŘƻǿƴǎŎŀƭƭƛƴƎΣέ ŀƴŘ ƛǘ ŘŜǎŎǊƛōŜǎ 

the resolution increase of the forecast, and any transformation of the data that this includes. 

The WRF weather forecasting system. 

This work uses the results of a weather forecasting system, developed for LIFE-ASTI project. The 

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

for the weather prediction at high resolution for Thessaloniki and Rome. An extended description of the 

system can be found on the Action C.1 LIFE-ASTI report (Kontos et al. 2019). 

Observational weather data. 

For both Thessaloniki and Rome, we acquire time series of weather data. The data are a product of this 

project partners and cover the year 2015 (Parliari et al. 2022). After some quality control, screening and 

validation, we were able to create a combined data set of observations and WRF forecast, with one to 

one match for temperature and relative humidity. The geographical location and the amount of 

available data are summarized in Table 1. 
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Table 1: Valid hourly observational data of 2015, used in model training. 

Station Domain 

Data 

points Longitude Latitude 

Al001 Rome 7722 12.65 41.84 

Al003 Rome 8604 12.66 41.93 

Al004 Rome 8520 12.27 41.89 

Al007 Rome 8643 12.50 41.91 

Ml-01 Rome 8370 12.48 41.83 

Ml-04 Rome 8760 12.44 41.79 

Ml-11 Rome 8158 12.40 41.96 

Ml-13 Rome 8738 12.53 41.93 

Airport  Thessaloniki 8251 22.97 40.53 

Eptapurgio Thessaloniki 8757 22.96 40.64 

Malakopi Thessaloniki 8684 22.98 40.62 

Martiou Thessaloniki 8409 22.96 40.60 

Paparrigopoulou Thessaloniki 7213 22.94 40.64 

Pedio Arews Thessaloniki 8756 22.96 40.62 

Rooftop Zanis Thessaloniki 8796 22.96 40.63 

 

Support-vector machine model. 

The statistical tool we used for combining the available observational data and the WRF weather 

forecast is a Support-vector machine (SVM). A brief description of the SVM algorithm, as taken from 

Wikipedia (2022) states: 

Support-vector machines or support-vector networks, are a class of machine learning 

algorithms. Which use supervised learning and associated learning algorithms, that analyze 

data for classification and regression analysis. Developed at AT&T Bell Laboratories by 

Vladimir Vapnik with colleagues (Boser, Guyon, and Vapnik 1992; Guyon, Boser, and Vapnik 

1993; Cortes and Vapnik 1995; Drucker et al. 1997). 

Given a set of training examples, each marked as belonging to one of two categories, an SVM 

training algorithm builds a model that assigns new examples to one category or the other, 

making it a non-probabilistic binary linear classifier (although methods such as Platt scaling 
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exist to use SVM in a probabilistic classification setting). SVM maps training examples to 

points in space so as to maximise the width of the gap between the two categories. New 

examples are then mapped into that same space and predicted to belong to a category based 

on which side of the gap they fall. 

Lƴ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿŜ ǳǎŜŘ ǘƘŜ {±a ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎƻŦǘǿŀǊŜ ƭƛōǊŀǊȅ άŜмлтмέ όaŜȅŜǊ Ŝǘ ŀƭΦ нлнмύ ŦƻǊ 

ǘƘŜ άwέ ǇǊƻƎǊŀƳƳƛƴƎ ƭŀƴƎǳŀƎŜ όw /ƻǊŜ ¢ŜŀƳ нлнлύΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ŀŦǘŜǊ ǎƻƳŜ ƛƴƛǘƛŀƭ ǘŜǎǘƛƴƎ ǿŜ ŎƘƻƻǎŜ ǘƘŜ 

άƴǳ-ǊŜƎǊŜǎǎƛƻƴέ ǘȅǇŜ ƻŦ {±a ǿƛǘƘ ŀ άƭƛƴŜŀǊέ ƪŜǊƴŜƭΦ 

Methods. 

Here we describe the applied methodologies for the proposes of this Action. The first major part, is the 

preparation, training and validation of the downscaling method. The second part, is the application of 

the resulting tools, on scenarios for Thessaloniki and Rome. The results of the first part were 

incorporated in the current LIFE-!{¢L ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǎŎƘŜƳŜ ŀǎ ǘƘŜ ΨǊŜǾƛǎŜŘΩ ŦƻǊŜŎŀǎǘƛƴƎ ŀƭƎƻǊƛǘƘƳΦ 

Preparation, training and validation of the downscaling method. 

The weather forecast obtained by the WRF (Kontos et al. 2019) has a spacial resolution of ςπππά

ςπππά. We re-grid the data in a new ςυπά ςυπά mesh, where each original WRF tile is splited in ψτ 

new tiles with the same attributes as the original. We used the same data processing for the training of 

the algorithm and for the application of the resulting trained algorithm. While training, we matched the 

ςυπά ςυπά tiles to the corresponding observational station. Each tile, is a small subarea of the 

forecasting domain, and it is described with the same physical properties. 

Moreover, we were able to characterize each of the available observation station with an albedo and 

emissivity value, obtained from satellite data. The values were calculated as the mean of emissivity or 

albedo, within an area of ρππά radius around the location of each station. Also, we retrieve the altitude 

of the station location, using data from the SRTM 90m Digital Elevation Database (Farr et al. 2007). The 

whole data set was aggregated with the same time step as the WRF, so all observations were matched 

with the corresponding data of the WRF forecasts. 

For each data point we computed some extra variables, to act as a statistical characterization signal for 

the training of the SVM algorithm. These are: albedo signal, emissivity signal and elevation signal. All 

were computed as the difference of the values at the station locations (or the new ςυπά ςυπά tile 

when applying for forecasting) and the value of the original ςπππά ςπππά WRF forecast tile. Also, 

we introduce a yearly periodic signal and a daily periodic signal, in order to describe any time dependent 

conditions. The whole algorithm was applied only on urban areas within the two domains. For locations 

outside the city environment the original WRF data were used. 

Before the training procedure or the use of the SVM algorithm for forecasting, we applied two more 

adjustments on the WRF data. The first was to adjust the temperature values of WRF, to those of the 

observation stations elevation, by using the dry adiabatic vertical temperature gradient and 

subsequently the corresponding relative humidity. 
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The other adjustment, was a statistical correction for the temperature and the relative humidity. Due to 

some limitations on the implementation of the WRF forecasting scheme, we observed a constant 

diversion between the WRF forecast and observations. In order to mitigate this behavior, we used an 

appropriate multivariable linear model, which was selected to reduce this behavior. For each domain, a 

linear model was created separately, based on the comparison to the available observational data. Two 

variables (temperature and relative humidity) were corrected. The selection of the appropriete model 

was based on the minimization of the RMSE value. This procedure reduced the bias between the WRF 

forecast and observational data as shown on Table 2 and 3. 

Table 2: Validation statistics for the chosen SVM models, with 2015 observational data. 

City Variable RMSE Bias MAE IOA Pearson Cor. 

Rome Rel. Humidity  13.87 -4.65 11.30 0.77 0.65 

Rome Temperature 2.12 -0.37 1.64 0.98 0.96 

Thessaloniki Rel. Humidity 17.76 -9.81 14.11 0.71 0.59 

Thessaloniki Temperature 3.10 0.57 1.87 0.96 0.93 

 

Table 3: Validation statistics for WRF and 2015 observational data. 

City Variable RMSE Bias MAE IOA Pearson Cor. 

Rome Rel. Humidity 14.66 -5.74 11.24 0.83 0.73 

Rome Temperature 2.10 -0.57 1.57 0.98 0.97 

Thessaloniki Rel. Humidity 17.67 -10.64 13.73 0.76 0.66 

Thessaloniki Temperature 3.06 0.61 1.81 0.97 0.94 

 

¢ƘŜ ŀōƻǾŜ ǇǊƻŎŜŘǳǊŜΣ ŎǊŜŀǘŜŘ ǘƘŜ Řŀǘŀ ǎŜǘ ƻŦ ǘƘŜ ȅŜŀǊ нлмр ŀƴŘ ǿŀǎ ǳǎŜŘ ŦƻǊ ǘƘŜ άǘǊŀƛƴƛƴƎέ ƻŦ ǘƘŜ {±a 

model. During training, we tested different combinations of the available variables, and as an 

optimization factor, we choose the minimization of the RMSE value. While training, we used 70% of the 

data set for training and the rest 30% for validation. 

After the validating the chosen SVM model, we utilized the whole data set again, searching for a 

combination of variables that minimize RMSE. This was done to make available data spanning through a 

whole year. In the training we always included temperature, relative humidity, albedo signal, emissivity 

signal and elevation signal as factors of the SVM model prediction. This was a requirement, in order to 

create a model in which will be able to manipulate the local characteristic. These changes will reflect to 

hypothetical scenarios of land use changes or changes of the surfaces characteristics. 
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The implementation of the SVM, there are some spatial and physical constrains, in order to protect the 

final results of possible erroneous data. First, the SVM correction was applied only for the location with 

a Corine land use index that corresponds to urban areas (i.e. Corine land use indexes 1 to 11). 

Secondary, if the new values of temperature deviate more than σᶼὅ from the original WRF values, they 

are excluded, and the initial values are used insted. Similar, for the relative humidity, that limit was set 

to σπϷ. 

Evaluation methods of Local Pilot actions. 

Two different approaches were used to estimate the results of the three local pilot actions scenarios. On 

both we applied the statistical correction on the WRF forecast, using the results of the SVM model we 

have created. 

On the first one, we estimate the results of the land use change, by modifying the land use on the initial 

ƛƴǇǳǘ Řŀǘŀ ƻŦ ǘƘŜ ²wC ƳƻŘŜƭ όάƳƻŘ²wCέύΦ ¢ƘǳǎΣ ǿŜ ǳǎŜŘ ǘƘŜ ǊŜǾƛǎŜŘ ŀƭƎƻǊƛǘƘƳ ǘƻ ǇǊƻŘǳŎŜ ŀ ŦƻǊŜŎŀǎǘ 

for a hot time period for each city, with different land use values. The altered data, were applied on one 

WRF forecasting tile, in the center of an urban area. Once with a land use of urban environment and 

ǘƘŜƴ ǿƛǘƘ ƳƻǊŜ άƎǊŜŜƴέ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎŀǎŜǎΦ CǊƻƳ ǘƘƻǎŜ ŦƻǊŜŎŀǎǘǎΣ ǿŜ ŎŀƭŎǳƭŀǘŜ ŀ ŘƛǳǊƴŀƭ ŘƛŦŦŜǊŜƴŎŜ 

between cases, that is relevant for each city. 

The other method, was to manipulate the inpǳǘ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ {±a ƳƻŘŜƭ όάŘƛǊ{±aέύΦ IŜƴŎŜΣ ǿŜ 

iterated over different modification factors of albedo and emissivity for the typical hot period of the 

year (July to August) for the city. Albedo and emissivity, were always input parameters on the SVM 

model and can be altered at will at the final forecasting stage. 

The two different methods were necessary, due to the emerged constrains of the input data we 

encounter. Due to the availability of the observational data and their variability, the SVM algorithm was 

able to produce a response of temperature and relative humidity, in relation to the WRF forecasts, only 

for the conditions of Rome. The input data for Thessaloniki, lacked the needed variation, so the SVM 

algorithm, although it can provide us with improuved results (Table 2) on the local scale, it was found 

insensitive to the modification of the emissivity and albedo. As a result, we adopted an alternative 

method to approximate the expected effects of the pilot action, by modifying the initial Land Use Index 

on the WRF model. 

The underlying assumption here, was that there is a relation between the land use typing by Corine and 

some general characteristic like emissivity and albedo that corresponds to different materials and 

structure within the cities. The two main descriptors (emissivity and albedo) were chosen because both 

can be measured by instruments on satellites, and that data are available for large areas in fine 

resolutions. 

We can describe Albedo as a measure of the diffuse reflection of solar radiation, over the total solar 

radiation. So an albedo value of 0 means that the body surface absorbs completely the incoming solar 

ǊŀŘƛŀǘƛƻƴΣ ŀƴŘ ŀ ǾŀƭǳŜ ƻŦ мΣ ǘƘŀǘ ƛǘ ƛǎ ǇŜǊŦŜŎǘƭȅ ǊŜŦƭŜŎǘƛǾŜ ŀƴŘ ŘƻŜǎƴΩǘ ŀōǎƻǊō ŀƴȅ ŜƴŜrgy. 
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On the other hand, emissivity is the effectiveness of a surface to emit energy as thermal radiation. For 

the temperature range of the materials within the city, the emitted radiation is on the infrared part of 

the electromagnetic spectrum. It is defined as the ratio of the thermal radiation from a surface to the 

radiation from an ideal black surface at the same temperature as given by the StefanςBoltzmann law. 

The surface of a perfect black body (with an emissivity of 1) emits thermal radiation at the rate of 

approximately ττψὡ άϳ  at temperature of ςυᶼὅ. 

Results. 

SVM algorithm training and evaluation for 2015. 

With the described training procedure, we created four SVM models, one for each city and for each 

variable (i.e. temperature and relatƛǾŜ ƘǳƳƛŘƛǘȅύΦ ¢ƘŜ ŎǊƛǘŜǊƛŀ ŦƻǊ ŎƘƻƻǎƛƴƎ ǘƘŜ άōŜǎǘέ ƳƻŘŜƭ ǿŀǎ ǘƘŜ 

minimization of the RMSE value between the model forecasts and the observational data of 2015. 

Summary of the validations statistics are on Table 2 and 3. Each of those four model will be used for the 

final adjustments of the raw WRF forecast, and thus the resulting forecast will have a finer resolution 

and will take into account the observational data available. 

Local Pilot Actions scenarios evaluation for Rome. 

Scenario 1. 

¢ƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ǎŎŜƴŀǊƛƻ ƛǎ άwŜŘǳŎƛƴƎ ƎǊŜŜƴ ŀǊŜŀǎ ōȅ ǊŜǇƭŀŎƛƴƎ ǎǇŜŎƛŦƛŎ ŎǳǊǊŜƴǘ ǇƭŀƴǘŜŘ ŀǊŜŀǎ ƛƴ 

ǘƘŜ Ŏƛǘȅ ǿƛǘƘ ǳǊōŀƴ ǎǘǊǳŎǘǳǊŜǎΦέ ¢Ƙƛǎ ƛǎ ŎŀǎŜ ƻŦ ǿƻǊǎŜƴƛƴƎ ǘƘŜ ¦IL ŜŦŦŜŎǘΣ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ the 

buildings and urbanization, and reducing the free green areas (Figure 1). For that we used the 

άƳƻŘ²wCέ ƳŜǘƘƻŘ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΦ ¢ƘŜ ŜǾŀƭǳŀǘƛƻƴ ǿŀǎ ŘƻƴŜ ǳǎƛƴƎ ǘƘŜ ŘƛǳǊƴŀƭ ŎƘŀƴƎŜ ǇǊƻŘǳŎŜŘ ōȅ 

the land use input of WRF model. 

As shown in Figure 2, in this case we expect a temperature increase on those areas, of about πȢςᶼC to 

ρȢυᶼC, for the major part of the day, compared to the previously green areas. Accordingly, there was a 

decrease in relative humidity between πȢυ% and χ%. This is affecting the regions which are 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ /ƻǊƛƴŜ LƴŘŜȄ мл ŀƴŘ мм όάDǊŜŜƴ ǳǊōŀƴ ŀǊŜŀǎέ ŀƴŘ ά{ǇƻǊǘ ŀƴŘ ƭŜƛǎǳǊŜ ŦŀŎƛƭƛǘƛŜǎέύ ό¢ŀōƭŜ 

4ύΣ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƻŦ /ƻǊƛƴŜ LƴŘŜȄ м όά/ƻƴǘƛƴǳƻǳǎ ǳǊōŀƴ ŦŀōǊƛŎέύΣ ŦƻǊ  ǘƘƛǎ 

scenario evaluation. 

 

Table 4: Affected area by land use for Rome scenario 1. 

Corine Land Use Area [ά ] Rome area % 

10 13250000 1.1 

11 15414542 1.2 

Totals 28664542 2.3 
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Figure 1: Affected areas of scenario 1 for Rome. Land use index 10 purple and 11 blue. 
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Figure 2: Effect on temperature and humidity for first scenario. Land use change from green to urban. 

 

Scenarios 2 and 3. 

For both these scenarios we ŀǊŜ ǳǎƛƴƎ ǘƘŜ άŘƛǊ{±aέ ƳŜǘƘƻŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ŘŜǎŎǊƛōŜŘ ŎƘŀƴƎŜǎ ƻŦ 

ŀƭōŜŘƻΣ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ {±a ƛƴǇǳǘǎΦ ¢ƘŜ ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ ǘƘŜ ǘǿƻ ǎŎŜƴŀǊƛƻǎ ŀǊŜΥ άнΦ wŜŘǳŎŜ ǘƘŜ ŀƭōŜŘƻ ƻŦ 

Ŏƻƴǘƛƴǳƻǳǎ ŀƴŘ ŘƛǎŎƻƴǘƛƴǳƻǳǎ ǳǊōŀƴ ŀǊŜŀǎ ōȅ мл҈Σ нр҈ ŀƴŘ рл҈έ όCƛƎǳǊŜ оύ ŀƴŘ άоΦ wŜŘuce the albedo 

ƻŦ LƴŘǳǎǘǊƛŀƭΣ ŎƻƳƳŜǊŎƛŀƭΣ ǊƻŀŘ ŀƴŘ Ǌŀƛƭ ƴŜǘǿƻǊƪ ŀǊŜŀǎ ōȅ мл҈Σ нр҈Σ рл҈έ όCƛƎǳǊŜ пύΦ .ƻǘƘ ǎŎŜƴŀǊƛƻǎ ŀǊŜ 

describing conditions, that are directed towards to the mitigation of the UHI phenomenon. The 

application was done on different areas within the city of Rome, with different levels of intensity. 
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¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ άŘƛǊ{±aέ ƳŜǘƘƻŘ ŀǊŜ ŀƎƎǊŜƎŀǘŜŘ ƻƴ ǘƘŜ ¢ŀōƭŜ 5 and Figure 5. Due to the nature of 

the scenarios, here we present the proposed changes in albedo, along with a variety of changes in 

emissivity. It is expected that changes of the surface albedo are accompanied by changes in emissivity 

(Figure 3.8), depending on the materials and the structures physical properties. As a result, the 

proposed cases, imply, that a selection of materials with better characteristics can have an impact on 

lowering the mean temperature on those areas. 

 
 
 

 
 

 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 3: Rome affected areas on scenario 2. Land use index 1 green and 2 orange. 
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Figure 4: Rome affected areas on scenario 3. Land use index 3 yellow, 4 red, 5 green and 6 cyan. 

 


















