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Introduction

Urbanization alters land cover, affecting
heat exchange and causing cities to be
warmer than rural areas, a phenomenon
known as Urban Heat Island (UHI). This
study focus on Surface UHI (SUHI). SUHI is
influenced by surface properties, human
activities, vegetation, and urban
morphology. This study analyzes the
relationship between SUHI and various
urban and biophysical indices in Bolzano, a
town in the North of Italy.

Materials and Methods

- Bolzano elevation varies from 232 to
1616 ma.s.l.

- Buildings and land cover data were
collected.

- Two Landsat 8/9 satellite images were
selected based on extreme temperature
records from 2020 and 2024. One for the
summer and one for the winter.

- Building Coverage Ratio, Building Volume
Density, Mean Building Height, Green
Space Ratio, Sky View Factor, Albedo,
Normalized Difference Built-up Index,
Normalized Difference Vegetation Index,
Land Surface Temperature and Urban
Heat Island Intensity are calculated on a
30x30 m grid.

The work is conducted within the framework of the RETURN Extended Partnership (European

Results

Min value: -6.12 °C; Max value: 13.12 °C; Date: 07/19/2022

Min value: -5.26 °C; Max value: 6.04 °C; Date: 02/14/2021
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Discussion and Conclusion

- Summer: all indices, with the exception of
GSR, are significant.

- Winter: significant indices are MBH, SVF,
albedo and NDBI.

- BVD could decrease UHIl because of
increased shadows on surface.

- SVF could increase UHIlI because of
reduced shadows on surface.

- Positive relation with albedo could be due
to other parameters influence.

- It is important to keep under consideration
urban morphology when planning.
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INDICES CALCULATION FORMULA

ildi ; Z?:l Ci
Building Coverage Ratio BCR = =3

=y

where C;is the coverage area of building /, S, is the size of the celland N is the total number
of buildings in a cell.
BvD _ 2iwi Cills

L
where C; is the coverage area of building /, H; is the height of building i, S_is the size of the
cell and N is the total number of buildings in a cell.

XL
N

Building Volume Density

Mean Building Height MBH =

where Hiis the height of building i and N is the total number of buildings in a cell.

GSR = i A
[y
where Aiis the area of green spaceiand S, is the size of the cell.

Green Space Ratio

Sky View Factor

It was calculated using the SAGA (9.3.1 version) Sky View Factor algorithm included in
Terrain Analysis — Lighting.
0.3560r, + 0.1300x, + 0.373a5 + 0.0850 + 0.072a,; — 0.0018

0.356 +0.130 + 0.373 + 0.085 4 0.072
where a represents Landsat 8/9 OLI-TIRS Collection 2 Level 2 Surface Reflectance bands 2,

Albedo albedo =

4,5,6and 7.
- SWIR—-NIR
Normalized Difference Built-up Index NDBI = SWIRTNIR
. . . ~ NIR—-R
Normalized Difference Vegetation Index NDVI = NIE TR
Urban Heat Island Intensity vHilr =1, -1,
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Land Surface Temperature LST = —273.15
1+ \(BT/p)ln(e) ’

where A is the wavelength of emitted radiance, p is a constant, calculated asp = hc / 0.

For the other parameters in the formula:

K
- Brightness Temperature BT = K72
f?’?(ﬁ +1)
- Spectral Radiance Ly = M@ + A,y
- Emissivity e = 0.004Pv + 0.986

(NDVI — NDVI,)?

) . . Py —
Proportion of Vegetation v NDVI. + NDVIL,

TOAps — TOApy

- NDVI NDVI = TOAp, T TOAp,

MQ+A

- Top of Atmosphere Reflectance TOA = —
$inBOgy;
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SUMMARY OF MORPHOLOGICAL AND BIOPHYSICAL INDICES

Summer Winter
Index | Min Max | Mean | SD | Min Max | Mean | SD
BCR | 0.00 3.00| 0.27 (0321 0.00 3.00 | 0.28]0.32
BVD [m?*/m?] | 0.00 | 136.05 | 3.20 | 4.49 | 0.00 | 136.05 | 3.28 | 4.58
GSR | 0.00 1.00 | 0.22 | 0.26 | 0.00 1.00 | 0.22 ] 0.26
MBH [m| | 0.00 | 41.83 | 7.14| 4.83|0.00 | 41.83 | 7.25 | 4.85
SVF | 0.32 1.00 | 0.77 | 0.15 | 0.32 1.00 | 0.77 | 0.15

Figure 1: Minimum, Maximum, Mean and Standard Deviation value of morphological indices

Summer Winter
Index | Min | Max | Mean | SD | Min | Max | Mean | SD
LST | 27.36 | 43.96 | 35.46 | 1.97 | -3.21 | 8.09 | 1.70 | 1.36
UHII | -3.41 | 13.19 | 4.69 | 1.97 | -5.26 | 6.04 | -0.35 | 1.36
Albedo | 0.06 | 0.49 | 0.16 | 0.03 | 0.00 | 0.41 | 0.11 | 0.04
NDBI | -0.46 | 0.42 | -0.06 | 0.11 | -0.44 | 0.66 | 0.04 | 0.09
NDVI| -0.29 | 0.87 | 034(0.16 [ -0.16 | 0.92 | 0.22 | 0.15

Figure 2: Figure 1: Minimum, Maximum, Mean and Standard Deviation value of biophysical indices
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SUMMER BIOPHYSICAL INDICES MAPS

Figure 3: Summer LST
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Figure 4: Summer Albedo
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Figure 6: Summer NDBI
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Figure 5: Summer NDVI
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WINTER BIOPHYSICAL INDICES MAPS
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Figure 8: Winter LST
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Figure 7: Winter Albedo
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Figure 9: Winter NDBI
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Figure 10: Winter NDVI
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