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Cities become warmer
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Increase in the number of combined tropical nights (minimum temperature exceeding 20 °C) and hot days (maximum
temperature exceeding 35 °C) under present and future climate conditions
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Why it is important to know the state of the thermal environment
(in particular the spatial/temporal temperature distribution)?

The impact of air temperature (x axis) to the % increase of the normalized
total daily electricity consumption (y axis) is more significant at temperatures >
32 deg Celsius (application for Athens)
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Why it is important to know the spatial and temporal temperature distribution?

The impact of the state of the thermal environment to the electricity consumption
(W/m?2) for summer months (for Athens)




The impact of air temperature (x axis) to the % increase of the daily mortality
rate (y axis) (application for Athens, for the age range > 65 years)
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RENATURING CITIES: not an easy task




Choose the best NBS

There is no one NBS which fits all.

On the contrary the selection of the most appropriate NBS depends on a number
of critical parameters termed as NBS SELECTION INDICATORS (NSI).




NSI 1: What is the urban growth model?

Change of urban form

Change of density gradients

>
Key issues “Compact City" »Growth Sprawl* +Shrinkage Sprawl*
Development stage until 1960 1960 — 2000 from 2000
Population growth high high/moderate negative
Urban form compact dispersed highly dispersed
Urban density high moderate/low low
Centrality mono-centric poly-centric/dispersed none
Infrastructure efficiency high moderate/low very low

Source: Sprawl beyond Growth : the Effect of Demographic Change on Infrastructure Costs, by St.

Siedentop and S. Fina, FLUX (2010).




POPULATION CHANGE, ATTICA REGION 1991 - 2011
MAHBYIMIAKH EZEAIZH. NMEPIGEPEIA ATTIKHE 1991 - 2011

Source / Mnyn: EL.STAT.

W 1988
Wl 2007

MUNICIPALITY OF ATHENS / AHMOZ AOHNAIQN
16% POPULATION DECREASE / 16% MEIQZH MAHOYZIMOY
1991:772.072% 2011:655.780¢

Change: 28.77 %
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NSI 2. What is the Land Use-Land Cover (LULC) pattern for
the city concerned

Continuous Urban
fabric (S.L. > 80%)

Discontinuous Dense
Urban Fabric (S.L.:
50% - 80%)
Discontinuous Medium
Density Urban Fabric
(S.L.: 30% - 50%)
Discontinuous Low
Density Urban Fabric
(S.L.: 10% - 30%)
Discontinuous very low
density urban fabric
(S.L. < 10%)

Isolated Structures
Industrial, commercial,
public, military and
private units

Fast transit roads and
associated land

Other roads and
associated land

Copernicus Urban Atlas project 2012 -
LULC

Basic classes:

1. Continuous urban fabric: Housing.
Mean impervious value> 80%.

2. Non continuous urban fabric: Housing
over 20%, open space, private gardens,
disperse vegetation. Mean impervious ,
value: 10- 80%.
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3. Industrial-Commerical-Public Buildings: ¥ SaAtsbilat e il St ot il O, ’ asscdiated fand
artificial surfaces (cement, asphalt, etc.). " " S SESNGIEEaT s =5 R Zf’“"’r;“s
R irports

Mineral extraction and
dump sites

Construction sites

4. Urban green: mostly parks

Land without current
use

Green urban areas

Sports and leisure
facilities

3km :
: 1' Agricultural Areas
2mi Forests and semi-

natural areas




NSI 3. What is the built-up density per city area?

Built-up density (%)
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Sheng Zheng, Xueyuan Zhou, Ramesh P. Singh, Yuzhe Wu, Yanmei Ye and Cifang Wu (2017), The
Spatiotemporal Distribution of Air Pollutants and Their Relationship with Land-Use Patterns in
Hangzhou City, China, Atmosphere.




NSI 4. What is the state of the thermal environment? Are there any
Hot spots (i.e. areas with systematically higher temperatures compared
to neighboring ones)

Thermal Hot Spots (in red)

406 412 418 423

Source: Cartalis, C., Santamouris M., Asimakopoulos, D., Polydoros A., Mavrakou Th, 2015. Identifying Hot Spots in Urban Areas in
Support of Microclimatic Studies in the City of Athens, Including Its Historic Centre, ESA — DRAGON Symposium, Interlaken.



B 6 days hotspot [ ]4 days hotspot [l 5 days coldspot
B 5 days hotspot []4 days coldspot [l 6 days coldspot

Source: Remote Sensing Unit, University of Athens (unpublished material)
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M Continuous urban fabric (S.L. : > 80%) [ Discontinuous dense urban fabric <80%

I Industrial, commercial, public, military and private units = Other roads and associated land
M Construction sites/Land without current use M Green urban areas

M Sports and leisure facilities

Source: Remote Sensing Unit, University of Athens (unpublished material)



NSI 5. Age of the building environment and collateral characteristics

The age of buildings is related
to their vulnerability in terms
of the prevailing thermal conditions
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NSI 6. Critical infrastructures
The map denotes (with black bullets) the schools which are located in hot spot areas,
l,e, in areas where temperatures are systematically higher.
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NSI 7. Urban planning geometric characteristics

If H/W>1, then air pollution is dispersed and heat is transferred. The opposite
holds for H/W<1.

Wind speed (m/sec) at the top of buildings
In yellow and at the street level in red.
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Aspect Ratio
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Source: Remote Sensing Unit, University of Athens (unpublished results)



NSI 8. (in)Homogeneity of the thermal environment

A homogeneous thermal environment (that is when AT between neighboring
areas tends to 0), restricts horizontal air mass motion.
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NSI 9. Surface Park Cool Island (SPCI)
(what kind of parks?)

Surface Park Cool Island- SPCI) SPCI is the
difference AT=Tu-Tp

Tp Is the average Land Surface Temperature (LST) In
the park,

Tu the average Land Surface Temperature of the urban
fabric around the park at a radius of 500 meters
(excluding other parks or areas with water).

The 500 meters zones are depicted in purple.




Impact of park area to SPCI: SPCI increases with increasing park size up to sizes

around 20 ha and then becomes non correlated.
IMPORTANT TO DEVELOP MANY SMALL PARKS - URBAN
ACUPUNCTURE

SPCl vs park area (parks up to 16ha) SPClvs park area (all parks)
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Impact of the shape of an urban park to SPCI

SPCI vs Park’s Perimeter/Area
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* The higher P/A, that is the more complex the shape of the park, the lower the SPCI.
* Complex shape - intrusion of building materials and anthropogenic heat.




New comers to the city




Blue curve: Greek
Red curve: Foreigners
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MONITORING THE CITY




NSI 10. Combine environmental, social and economic data

| QUALITY of LIFE '
|
¢ - 3
Physical environment } Living environment ]<—|

e |
P |

Satellite data Census data
! :
Environmental Economic Social
variables variables variables

Variable characterization as positive (+) or negative (-)

B

Each variable data are standardized resulting to z-scores, which are in turn added or subtracted
according to the variable characterization. In this way, quality of life scores are estimated at
municipality level.
| GIS overlay and application of an additive score method |
v

Estimation of quality of life scores

Slides 24-27: Source:Cartalis, C., Santamouris, M., Polydoros, A., Nyktarakis, G., and Mavrakou, Th., 2016, Assessing the interlinks
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QUALITY OF LIFE




