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Objective:

An exploratory study on the possible connections between:
columnar aerosol optical properties 

Aerosol Optical Depth (AOD),  
Single Scattering Albedo (SSA), 
Angstrom exponent (Ang)

and the Urban Heat Island intensities (UHII) in Rome

in the Summer 2022

Analysis of the wavelength dependence of this impact within the 
region 340-1020 nm, during days and nights, and Heat Waves 
events
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Rome 

Is the most populous and extended Italian city 

and the third most densely populated 

metropolis in Europe. 

in the central region of the Italian Peninsula, 

about 27 km inland from the Tyrrhenian coast. 

frequently subjected to the advection of 

Saharan dust 

to the sea breeze regime from the southwest

(particularly evident during summertime under 

anticyclonic condition)

In recent years, the city has experienced 

significant atmospheric warming and a 

substantial intensification of extreme weather 

events, such as heat waves, tropical nights, and 

droughts.



Instrument for aerosol properties:  SKYNET – PREDE - POMs  

Skynet is a network of sun-sky photometers aimed to the study of columnar aerosol properties. 

more than 100 sites 
worldwide located 

(https://skynet-isdc.org) 

https://skynet-isdc.org/
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Columar Aerosol optical properties in clear sky (no clouds) conditions in this study:
wls: 340-380-400-500-675-870-1020 nm (UV- VIS-NIR)

Daytime : Aerosol Optical Depth (AOD-extintion) , Angstrom exponent (particle 
dimensions), Single Scattering Albedo (absorption)

Night-time: Aerosol Optical Depth (AOD-extintion) 

https://skynet-isdc.org/


Urban heat island estimation and heat waves determination  
Cecilia et al., 2023  https://doi.org/10.1016/j.uclim.2022.101355 

Method proposed in 2015 by Schatz and Kucharik (2015). 
Satellite measurements of imperviousness (IMP) from Copernicus, (presence of artificially sealed surface as a percentage for 
each pixel)  and a linear relation between temperature and IMP 

( ) = + 
the UHI intensity T is defined as the temperature difference between areas with 100% IMP (i.e., dense urban) and 0% IMP 

(i.e., rural): = ( )− ( )= .
The slope a can be calculated through a linear regression between IMP and temperature. 

IMP for each station 

0 100
Pure Soil Pure Urban

T

T1

T2

T1-T2=UHII

The criterion for 
distinguishing Heat Wave 
days is: days for which the 
maximum temperature 
averaged over the network  
is greater than or equal to 
34°C. 

17 weather stations within the ASTI-

Network during meteorological summers 

(JJA, June, July, August) 2019 and 2020



Whats happened in Rome from June to 
August 2022?

Hourly mean 
of 

UHII,  AOD , 
Angstrom 
exponents



0 5 10 15 20 25
0

2

4

6

U
H

II

0

0.1

0.2

0.3

0.4

A
O

D
(3

4
0

n
m

)

Rome

0 5 10 15 20 25
0

2

4

6

U
H

II

0

0.1

0.2

0.3

0.4

A
O

D
(3

8
0

n
m

)

Rome

0 5 10 15 20 25
0

2

4

6
U

H
II

0

0.1

0.2

0.3

0.4

A
O

D
(4

0
0
n

m
)

Rome

0 5 10 15 20 25
0

2

4

6

U
H

II

0

0.1

0.2

0.3

0.4

A
O

D
(5

0
0
n

m
)

Rome

0 5 10 15 20 25
0

2

4

6

U
H

II

0

0.1

0.2

0.3

0.4

A
O

D
(6

7
5

n
m

)

Rome

0 5 10 15 20 25
0

2

4

6

U
H

II

0

0.1

0.2

0.3

0.4

A
O

D
(8

7
0

n
m

)

Rome

0 5 10 15 20 25
0

2

4

6

U
H

II

0

0.1

0.2

0.3

0.4

A
O

D
(1

0
2
0

n
m

)

Rome

0 5 10 15 20 25

time(UTC)

0

2

4

6

U
H

I

-2

-1

0

1

2

A
n

g

UHI

Ang400-1020

Ang340-500



Linear relation was noticed;
Correlations having P test < 0.05 were selected 

AOD in the entire summer period, is generally 

anti-correlated with UHII;

Anti correlation increases during HW events

Only Angstrom exponent 340-500 is 

anticorrelated (around -0.8)

During night-time the correlation is positive 

No relation was fond during the nights for HW 

events

Aerosols reduce surface insolation via 

the extinction (scattering and 

absorbing sunlight in the atmosphere, 

direct effect). 

The air temperature at ground level 

could be reduced. 

The Greatest is the extinction, The 

larger is the temperature reduction 

=> the smaller is the UHII;

Physically it is reasonable: 

How strong is this impact respect to the meteo?



Linear relation was noticed;
Correlations having P test < 0.05 were selected 

AOD in the entire summer period, is generally 

anti-correlated with UHII;

Anti correlation increases during HW events

Only Angstrom exponent 340-500 is 

anticorrelated (around -0.8)

During night-time the correlation is positive 

No relation was fond during the nights for HW 

events

Moreover: 

Greater Angstrom, means smaller 

particles; 

the more the smaller particles are in 

the atmosphere, the more the light (in 

the range 340 –500 nm) is scattered 

in all the directions, without reaching 

the surface => smaller is the UHII; 

Smaller Angstrom means larger particles; 

the more the larger particles are in the atmosphere, the more the light (in the range 

340 –500 nm) is scattered forward, reaching the surface 

=> greater is the UHII; 
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Linear relation was noticed;
Correlations having P test < 0.05 were selected 

AOD in the entire summer period, is generally 

anti-correlated with UHII;

Anti correlation increases during HW events

Only Angstrom exponent 340-500 is 

anticorrelated (around -0.8)

During night-time the correlation is positive 

No relation was fond during the nights for HW 

events

During nigh-time:

Significant correlation in the shorter 

wls: 

the meteorological effects can favor 

or inhibit the development of the UHI, 

and at the same time they can 

change the aerosol properties. 

Could its effect be stronger in the 

night ?

We have not yet analized this 

aspect! 
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In the entire summer period, they are 

always correlated

Weaker correlation during HW events

Physically it is also reasonable: 

Increasing SSA means less absorbing aerosol in the atmosphere, 

therefore, more radiation reaches the ground level 

smaller reduction of the air temperature at the ground level 

=> greater UHII; 



Conclusions

To do

Radiative transfer model to analyse radiative forcing

Investigate the impact of meteorological variables ( Wind, RH, Boundary layer Height) on the UHII and 

on aerosol optical properties. 

Extend the time period

Compare with the aerosol measurements in a rural site close to Rome

Study Relation with in-situ particle sampling

We found a relationship between the clear Sky (no clouds) Aerosol columnar optical properties 

and the Urban Heat Island Intensities in Rome. 

The wavelength dependence within the region 340-1020 nm during days and nights of this impact was 

analysed, finding some interesting results: 

- AOD general anticorrelated respect to UHII but correlated during nighttime

- Different correlations behaviours between optical properties and UHII at the two shorter wls

(340 -380 nm) respect to the the other wls.
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