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Urban heat island effects over Torino
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Figure 1: Urban heat island generalized scheme (source: EPA).

The increase of built surfaces (with consequent reduction of natural surfaces) constitutes the main reason
for the formation of UHIs. While natural soil with vegetation uses most of the absorbed radiation in evapo-
transpiration processes with release of water vapor cooling the surrounding air, paved terrains and buildings
tend to absorb a lot of the incident radiation which is then released as heat. The presence of parks in the
city has a beneficial effect because of horizontal air circulation due to the formation of temperature gradients.
Instead, urban canyons block the release of the reflected radiation. So the main characteristics of UHIs are
the following:

e during the warmest hours of the day there are small differences between urban and suburban areas, in
fact in urban areas there are often more shadows due to the presence of (usually) tall buildings

e at sunset the thermal inertia of the city is higher then elsewhere, so there the temperature decreases
much less then in rural areas leading to the maximum temperature difference during the night

The main contribution to the formation of UHI is therefore the missing night-cooling of horizontal surfaces,
together with cloudless sky and light winds. Of course there is also a contribution from indoor heating (during
winter), vehicles presence, waste heat from air conditioning and refrigeration systems (anthropogenic effects)
but it has been found that they have a minor impact (Taha, 1997).

The usual profile of temperature in the cities is represented in Fig. 1 and the difference between the peak
value and the background rural temperature defines the “UHI intensity”. The balance among the different
components of water fluxes as a function of different landscapes is represented in Fig. 2.
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The reduced evapotranspiration observed in a urban landscape (with respect to a rural one) contributes to
reduce the cooling of the surrounding air (and increases the fragility of the area in case of floods, but this is
another story...). For a more comprehensive analysis of the UHI it is possible to read (among many others)
the EPA report (2008) or Shahmohamadi et al., 2011.

40% evapotranspiration 38% evapotranspiration

25% shallow 21% shallow
infiltration 7 infiltration %
= 25% deep — 21% deep
‘ infiltration ; infiltration
Natural Ground Cover 10%-20% Impervious Surface
35% evapotranspiration 30% evapotranspiration
o e B
- .-
...
R N N |
====
30% EEEm . ———
) [ runoff == 2 S558
.y o EEE
[ & N0 - E =
.Hl lﬁl mm S22 Sl=I=)=]
. Ca W
=] I I ooes
20% shallow i 10% shallow
infiltration ; infiltration .
15% deep B S%deep
‘ infiltration ; infiltration
35%-50% Impervious Surface 75%-100% Impervious Surface

Figure 2: The urban watershed problem (source: the Federal Interagency Stream Restoration Working
Group)

2 Methodology

The analysis has been carried out for the years 2009-2010, using data from the ARPA Piemonte ground
network (see Fig. 3 for T2m and Rh2m). Since the extension of the UHI is not known, different stations have
been considered, some of them far enough from the city center to be considered safely in the rural area.

Values of T2m and Rh2m have been taken and compared during the different months of the year in order to
build an average diurnal cycle. All the stations are more or less at the same height (about 250 m asl) for sake
of uniformity. This is the reason why the data of Pino Torinese (about 600 m asl) has not been taken into
consideration.

Moreover the vertical temperature profiles have been checked using the data of two radiometers (R: and Rs
in Fig. 3 above).

COSMO Newsletter No. 16: June 2016 www.cosmo-model.org



La Cassa

Rivasacsa

QA0 g
| Tgrinese dE“‘P'“ Ressing
\ i

Givoletto

Bargo . Thermometers
Muovo Brione e
A A Gaseina PedeggioF 3, Consolata
® Lago di Marl Md Castiglione R
Sclopia Torinese 2. Giardini
‘Caselette ¢
! Tett Reali
Fianszza Ezventa j !
P s Tt Gar 3. Reiss Romoli
- Mg Detnosiny 4 Vallere
\ . Superga
8 ) . 5. Alenia
,;—“J s Baidissero Pavarola
a y F Torinese  pontaldo 6. Venaria
g OCrugliasco  Jiesnal Reaglie Torinese  Marer, i
: = 79 i 7 Pino
Reano  Villarbasse Tett/ gl / 7 . ino Tettl Berruto
\ Rivadl Torinese 15 8. Caselle
i Trana b Andeze .
dina: R ] . Moncalieri
| Sangano Rivalta 3 SarcAnna,
pehveders TS + __di Torine Monte Calve  Pecetto o 10. La Mandria
| Eruino S ' Torinese e & - St
| Hella Orbassano v et ’ S
; ere \ San Pistro bl 5510/ - Rivoli
ariming | R Madonna™ sia 13. Carmagnola
o e s e KA Nichedin i wells Scaln oo Bl Fie -
| P4 Tratarello gECEIE Chier
P n o 14. Brandizzo
| Garba &-Zueehe ; A M Tagliafers X /
| Parco Naturale G87nos e I 4 15.  Marentino
dl Stiminigl ~ Gambii
SR Tert Greta —CambENG e 16, Trana

| -
| E ,
| “Magonna della Walvara Ak e 2
e N s B A ) iNovo San Saivh  Masio L1 (S
Morera ' Biobes 2 Ra Ry
i Marocchi
Toringse Brass| o At Radiometers
- f
iy 2
| Tett| =~ Villastellone Peiring.
S Peeth B Fantanacen e avar
Cangnano, 'l
Caslagnole X ¢

Plemarie 1 % Testo Cellaro

I
La Cassa 9 Calomesl i "_‘j: s
Parcs Regionale Brandizzo.
Rivasaceo s Manaria
Givolette = . i) Tett £ “,‘?‘P" Rafiacle
San Gillia ) Jeknead
Brizne R | Mo . Gassing
Drusnto Tl T°ﬁﬂ§5°f€1’n:[inezé
di Brione: Cascina ¥, Petagsio
e e / Saslbone F Hygrometers
San Maure Tett|
S Terne st 8aventy
- Tet San 1 Consolata
i ’\ Riwvodora Datendente.
AN e 2. Giardini Reali
ok Rosta J Baidissero  Pavarole 3. Reiss Romoli
-auwuerﬁ Rivel ; 3510 Torinese  Montaldo
h ¥ Crugliasco Jhiesnal £ Freaglis Tornese  Marer & Mellaty
| Reana . Villarbasse Tadt| di S o % ino Toti Bomis 5. Alenia
n. . Tana SLETEEEN / ety wdS. 6. Pino
Fdina -
oY Sangano- Rivalta 2 / 4 Sarttrnz 7. Caselle
eivedare \ : 2 Mente Calve  Pecalo
di Torino | : i
‘ s Y, s Beinasca Toriiese Roaschia L Js 8. Moncalieri
Hells - Orbassang Gsn o. La Mandria
5 San Pietra. w f
| GErbale, \ . 5510} 10.  Santena
t — - Madonna™
Htan: ; e B nieRali < Borgata Riva Pre
i Piossasco Garola s "&{ﬂ"ﬁ"m NS vl ;5"3 $¢313 Magdalena Cnjer 11.  Carmagnola
| GerboleZucche: A ¥, 12. Marentino
| N Parce Naturale G2MNe % . T
| @ s“"_m'gj/’ Totti Grella Je{Cenibiano. &, Wt S0
| “Maasnna seis Volvera BEAcaniolo ViiGo Santena
| S NeTeTat ] L : \ 4 San.Sabe  Masio Tamsgn
Moratta / e
. FPiobesi - Maroeehi
o Mane Torinese Brass| ] &g
J
Testi 3. Willastellone Poiring
i o i 5
Sansanaie ‘i)’ L 4 Tetla Cellara

Figure 3: Distribution of the considered thermometers (above) and hygrometers (below) in the Torino area.

COSMO Newsletter No. 16: June 2016 www.cosmo-model.org



3 Working Group on Physical Aspects: Soil and Surface 6

3 Results

The results (averaged over 2009 and 2010) are shown according to the two main axis of the city, W-E and
N-S, considering the following stations (the correspondence between station number and name is on Fig. 3):

X W-E N-S
T2m 12-5-1-2 | 8-6-3-1-2-4-9
Rh2m 5-1-2 7-3-1-2-4-8
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Figure 4: Mean diurnal cycle of T2m in January (above) and February (below), for W-E and N-S sections
(left and right respectively)
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Mean diurnal cycle July (T2m) W-E

Mean diurnal cycle July (T2m) N-S
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Figure 5: Mean diurnal cycle of T2m in July (above) and August (below), for W-E and N-S sections (left

and right respectively).
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Figure 6: Mean diurnal excursion of T2m as a function

right respectively).

August September October November December

COSMO Newsletter No. 16: June 2016

Apil  May  June  July  August September October November December

Month

January February  March

of the month, for W-E and N-S sections (left and

www.cosmo-model.org



3 Working Group on Physical Aspects: Soil and Surface 8

Looking at the T2m profiles some considerations can be drawn up:

e T2m maxima do not change significantly (the difference ranges from 1 to 2 °C, Figs. 4 and 5) meaning
that the incoming solar radiation is the (main) parameter to influence the temperature. There is only
the exception of January in Vallere and Moncalieri, but they probably get the morning shadow of
the hills that block the insolation, considering that the sun is quite low above the horizon. The effect
(which starts in December but it is not shown here) starts to diminish in February and disappears in
March (not shown), which seems to confirm the hypothesis

e the differences among the minima is evident and is between 2 and 4 °C, value in agreement with
other studies (Bonan, 2001). The reason, as stated before, is that urban areas do not permit the
evapotranspiration and the natural nocturnal cooling (Figs. 4 and 5)

e Rh2m variations are quite small during the day and larger during the night but the parameter does
not seem to be related to UHI (not shown)

In order to better clarify the presence of the UHI effect, the mean daily excursion (the difference between
the mean maxima and the mean minima) has been plotted for each month (Fig. 6). It is evident that the
stations of Torino Consolata, Torino Reiss Romoli and Torino Alenia are in the UHI because (especially)
during summer the daily excursion is limited, due to the non-sufficient cooling in the night. Torino Giardini
Reali deserves a special attention because although it is in the center of the city, it is located in a urban park
and therefore it is not correlated to the neighborhood. For the same reason, on the southern side of the city,
also Torino Vallere can be considered outside the UHI.
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Figure 7: Daily T2m difference between Torino Consolata (urban) and Moncalieri (rural) for different seasons
(years 2009-2010).

According to the obtained results, the stations of Torino Consolata (urban, inside UHI) and Moncalieri (rural,
outside UHI) have been compared. In Fig. 7 the difference of T2m between the two sites is plotted. It can
be seen that the UHI effect is more evident during the night in spring and summer (A = 4 °C but almost 0
from 9AM to 6PM). During fall the effect is reduced but still present during the night (A =~ 2 °C but almost
0 from 10AM to 5PM), while in winter it is more extended all along the day (A = 2 °C).
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Mean diurnal cycle July (Humidex) Mean diurnal cycle August (Humidex)
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Figure 8: Daily cycle of Humidex index in Torino Consolata (urban) and Moncalieri (rural) in July (left)
and August (right) (years 2009-2010).

The same conclusion can be addressed examining Fig. 8 which shows the Humidex index for the same two
stations. The Humidex (humidity index) is an index used to describe how hot the weather feels to the average
person, by combining the effect of heat and humidity.

It has been developed in Canada (Masterton and Richardson, 1979) and it is a dimensionless quantity based
on the dew point according to eq. (1) where Ty, is the air temperature in °C and Tge. is the dewpoint in K:

5417.753( 57315

1
H = Tyir + 0.5555[6.11¢ Tacw — 10] (1)
The adopted convention says that:

less than 29: no discomfort

30 to 39: some discomfort

e 40 to 45: great discomfort; avoid exertion

above 45: dangerous; heat stroke possible

4 COSMO model evaluation

The same analysis has been performed using the forecast of COSMO-12 (operational Italian setup). In detail,
it has been used the data of 2010 only, 00UTC and 12UTC runs, for the first and the second day (00-24 and
24-48).

Since the data are six-hourly, for sake of comparison, Fig. 9 has been reproduced using only those hours (and
only 2010 data of course). The result is shown in Fig. 9.
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Figure 9: T2m difference between Torino Consolata (urban) and Moncalieri (rural) for different seasons

(year 2010), every six hours.
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Figure 10: COSMO-12 (00UTC) T2m difference between Torino Consolata (urban) and Moncalieri (rural)

for different seasons (year 2010), from +6 to +24.
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Figure 11: COSMO-12 (00UTC) T2m difference between Torino Consolata (urban) and Moncalieri (rural)
for different seasons (year 2010), from +30 to +48.

It can be pointed out that there is a similar behavior in 0QUTC and 12UTC runs (not shown here), in first
and second day of forecast, and that there is a considerable difference in the T2m values. In fact in the model
the difference amplitude is much less pronounced, that is the two stations (actually the two associated grid
points) are too similar and are not able to distinguish the real complexity. This is reflected also in the minor
excursion between day and night, which means that the UHI effect is not fully captured, although there is a
correct trend in accordance with the observations.
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Figure 12: Vertical T2m profile in Torino Consolata (urban) and Moncalieri (rural) for different seasons at
00UTC.
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Eventually, the vertical profiles of the radiometers has been examined (see Fig. 3 above). In particular only
R; and R3 have been used since they are close to Torino Consolata and Moncalieri respectively. The data
have been taken in periods where both radiometers were functioning, that is:

djf 08/09/12
mam 08/09
jja 08/11
son 08/11

Fig. 12 shows the mean profiles at 00UTC during the different seasons and it is clear that the urban area
tends to be warmer than the rural area up to 1000 m. The difference is higher in summer when the nightly
boundary layer receives the heat absorbed by the buildings during the day. On the contrary, in winter the
difference is concentrated in the lower layers and above 250 m the profiles almost coincide.

5 Conclusions and perspectives

This preliminary work, through the analysis of T2m and Rh2m of different ground stations and two radiome-
ters, clearly highlighted the presence of a UHI effect over Torino. This analysis has to be extended using more
recent data. On the other hand it can be seen that the forecast model with a horizontal resolution of about
2 km (COSMO-12) is not able to represent this peculiar effect. It has to be pointed out that this effect is not
parameterized in COSMO (yet) and it probably would need to be studied more in detail. There are examples
that go into this direction (for instance Mussetti, 2016), so in the near future it should be possible to test
COSMO with this specific parameterization.

References

H. Taha, “Urban climates and heat islands: albedo, evapotranspiration, and anthropogenic heat”, Energy and
Buildings, vol. 25, no. 2, pp. 99-103, 1997

EPA, “Reducing Urban Heat Islands: Compendium of Strategies”, available online at:
www.epa.gov/heat-islands/heat-island-compendium, October 2008

P. Shahmohamadi, A. I. Che-Ani, K. N. A. Maulud, N. M. Tawil, and N. A. G. Abdullah, “The Impact of
Anthropogenic Heat on Formation of Urban Heat Island and Energy Consumption Balance”, Urban Studies
Research, vol. 2011, Article ID 497524, 9 pages, 2011

G. Bonan, Ecological Climatology, Cambridge University Press, 2002

J. M. Masterton and F. A. Richardson, “Humidex: A Method of Quantifying Human Discomfort due to
Excessive Heat and Humidity”, Environment Canada, Atmospheric Environment Service, Ontario, Canada,
1979

G. Mussetti, D. Brunner, S. Henne, J. Allegrini, H. Wouters, S. Schubert and J. Carmeliet, “Impact of model
resolution and urban parameterization on urban climate simulation: a case study for Ziirich”, COSMO/-
CLM/ART User Seminar, DWD Headquarter, Offenbach, March 2016

COSMO Newsletter No. 16: June 2016 www.cosmo-model.org



