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Appendix

The average shadow range on the building facades was estimated for simplified geometric models
representative of the different UTCs. The geometric models were built using the morphology
parameterisation used by the UWG (Bueno et al., 2013) and TEB (Masson, 2000) models, namely, a regular
layout of square-plan buildings with the same height (Figure Al). The geometric relationships between the
parameters of the Site coverage ratio and the Facade-to-site ratio of each UTC and the corresponding
values of the side of the square-plan building (a) and the side of the square delimited by the facades of the
surrounding buildings (b) were derived by Bueno (Bueno, Norford, Pigeon & Britter, 2011).
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Figure Al. Method for the shadow masks calculation

The average shadow range was calculated on the central block of the grid, considering the obstruction
angles a and 3 on the middle point of the facade. Ten shadow environments were considered because of the
negligible variations of the obstruction angles among similar UTCs (Figure A2 and Table Al). In each
geometric model of the UTC, the vertical obstruction angle 8 was calculated considering the height used for
the energy models of each building type, namely, 6 m for the detached and terraced houses, 15 m for the
apartment blocks and 60 m for the tall buildings. The BPS was conducted considering the same obstruction
angles on all the facades.
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Figure A2. Groups for shadow masks




Table Al. Method for the shadow masks calculation

Shadow b h UTC
group

1 19.4 65.9 6.0 Antofagasta UT5; Lima UT6; Guayaquil UT5
2 27.9 40.8 5.2 Lima UT5
3 21.6 439 15.4 Antofagasta UT3; valparaiso UT3; Valparaiso UT4
4 20.2 33.2 7.0 Lima Ut4
5 20.9 27 11.3  Antofagasta UT1
6 17.5 23.8 6.6 Antofagasta UTZ2; Valparaiso UT1; Valparaiso UT2; Lima UT1; Lima UT2
7 14.2 31.8 8.5 Lima UT3
8 13.2 24.2 3.8 Guayaquil Ut4
9 11.65 20.1 6.0 Antofagasta UT4; Guayaquil UT2
10 9.13 14.6 5.8 Guayaquil UT1; Guayaquil UT3

The long-wave radiation exchange from the external surfaces to the atmosphere was calculated considering
the effective sky temperature as a function of the ambient temperature, air humidity, cloudiness factor and
local air pressure. The calculation was performed using the TRNSYS Type 69 (Klein et al., 2009).

For the rural context, the sky view factor of the building facades was set to 0.5. For the urban context, the
sky view factor (SVF) of external walls was calculated based on the same geometric models used for
shadow computations (Figure A2).

The ground temperatures for rural and urban environments were calculated according to equations 1 and 2,
respectively (ASHRAE, 2009; O’Callaghan and Probert, 1977):

T _T axIg—100xex(1-C)
ground — !environemnt 9.42+3.68XV

(1)

Tground = Turban environment +0.2 X a X IH X Svf

(2)

where:

v is the wind speed (m/s)

a is the solar absorption of the ground (0-1)

I is the total incoming radiation on the horizontal area (W/m?)
¢ is the emissivity of the ground (0-1)

C is the cloudiness factor (0-1)

svf is the sky view factor

In TRNSYS, the infrared radiation exchange between walls and the environment is considered to be uniform,
i.e., all the surfaces that exchange radiation with the walls are assumed to be at the same temperature equal
to the ground temperature; for this reason, the long wave interchange is assumed to be 0 in the urban case.
In the rural environment, the long wave interchange is estimated to be 100 W/m?, and the surface loss
coefficient is approximately 20 W/m?2°C, leading to a difference of 5 °C between a high emissivity surface and
the environment during a clear night (the temperature difference is 0O if the sky is cloudy).



In the urban environment, the absence of wind was assumed in the convective loss factor calculation; this is
an acceptable assumption for urban areas with an average value of the ratio of building height to street width
above 1 (Oke, 1988; Georgakis, & Santamouris, 2006; Di Bernardino, Monti, Leuzzi, & Querzoli, 2015). The
average UHI effect was included in the BPS using the weather file generated by UWG for each UTC of each
city (changes in temperature and humidity).

References

ASHRAE, 2009. ASHRAE Handbook-Fundamentals. ASHRAE Handbook-Fundamentals, 21.1-21.67.
doi:10.1017/CB09781107415324.004

Bueno, B., Norford, L., Hidalgo, J. and Pigeon, G. (2013). The urban weather generator. Journal of Building

Performance Simulation, 6, 269-281. doi:10.1080/19401493.2012.718797

Bueno, B., Norford, L., Pigeon, G. and Britter, R. (2011). Combining a detailed building energy model with a
physically-based urban canopy model. Boundary-Layer Meteorology, 140, 471-489.
doi:10.1007/s10546-011-9620-6

Di Bernardino, A., Monti, P., Leuzzi, G. and Querzoli, G. (2015). Water-channel study of flow and turbulence
past a two-dimensional array of obstacles. Boundary-Layer Meteorology 155, 73-85.

Georgakis, C. and Santamouris, M. (2006). Experimental investigation of air flow and temperature
distribution in deep urban canyons for natural ventilation purposes. Energy and Buildings, 38, 367-376.

Klein, S.A., Duffie, J.A., Mitchell, J.C., .... Kummert, M. (2009). Trnsys 17: A TRaNsient SYstem simulation
program. Volume 4: Mathematical reference. https://www.scribd.com/document/313103671/TRNSYS-
17-Volume-4-Mathematical-Reference-pdf

Masson, V. (2000). A physically-based scheme for the urban energy budget in atmospheric models.
Boundary-layer Meteorology, 94, 357—397. doi:10.1023/A:1002463829265

O’Callaghan, P.W. and Probert, S.D. (1977). Sol-air temperature. Applied Energy, 3, 307-311.
doi:10.1016/0306-2619(77)90017-4

Oke, T.R. (1988). Street design and urban canopy layer climate. Energy & Buildings, 11, 103—-113.

doi:10.1016/0378-7788(88)90026-6



https://www.scribd.com/document/313103671/TRNSYS-17-Volume-4-Mathematical-Reference-pdf
https://www.scribd.com/document/313103671/TRNSYS-17-Volume-4-Mathematical-Reference-pdf

