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“The future of humanity lies in cities.”

(Kofi Annan, Secretary-general of UN, 2002, UN Press Release SG/SM/8261)
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The Atlas of Urban Expansion collects and analyzes data on the quantity and quality of urban
expansion in a stratified global sample of 200 cities.
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Urbanization impacts on climate
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Histogram showing the number of articles published per year that examined the
impact of urbanization on climate during 1990 — 2018 (Cao et al., 2020)
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The UHI effects
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Fr THE WRF MODELING SYSTEM
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The Weather Research and Forecasting (WRF) model is a numerical
weather prediction (NWP) and atmospheric simulation system
designed for both research and operational applications. WRF
development and testing has been a collaborative one headed by the
National Center for Atmospheric Research (NCAR).

B Run WRF operationally

(Powers et al., 2017)



/) [}B%

R ﬂ po‘
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Urban Canopy Model

1. Single-layer Urban Canopy Model (SLUCM): 2-D urban geometry,
street canyons, shadowing from buildings, multi-layer roof, wall and
road models. Available in WRF V2.2

2. Multi-layer Urban Canopy Model (BEP): Directly interact with PBL
scheme, multiple vertical layers, effects of buildings on momentum
and heat fluxes. Available in WRF3.1
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3.1 Impacts of historical urban expansion on climate
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A Domain configuration
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A Temperature ('C)

(a) Urb2000— Urb1988 (b) Urb2010— Urb1988
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2-m temperature difference (‘'C)

2-m temperature difference ('C)
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3.2 Impacts of future urban expansion on climate

Global forecasts of urban expansion to 2030 and
direct impacts on biodiversity and carbon pools

Karen C. Seto®", Burak Giineralp®®, and Lucy R. Hutyra*

<@ *Yale School of Forestry and Envircnmental Studies, Yale University, New Haven, CT 06511; "Department of Geography, Texas A&M University, College
Station, TX 77843; and “Department of Geography and Environment, Boston University, Boston, MA 02215
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Urban expansion scenarios in eastern China
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Numerical simulation design

Name convention Spin-up period Analysis time

Urb2010 1 Jan — 28 Feb 2009 1 Mar 2009 — 1 Mar 2012
Urb2030 1 Jan — 28 Feb 2009 1 Mar 2009 — 1 Mar 2012
Urb2030_High 1 Jan — 28 Feb 2009 1 Mar 2009 — 1 Mar 2012
Urb2030 Low 1 Jan — 28 Feb 2009 1 Mar 2009 — 1 Mar 2012
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Urban effects on
rainfall

Thermal action

Enhanced convergence

Dynamic action

Destabilization in PBL
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(Wang et al., 2012, 2015; Zhang
et al., 2017)

a:unchanged rainfall pattern
b:unchanged rainfall pattern

c:changed rainfall pattern

(@) Urb2030 — Urb2010
(b) Urb2030_H — Urb2010
(c) Urb2030_L — Urb2010

Unit: mm



3.3 Impacts 3D urban morphology on microclimate

Vancouver, Canada Uppsala, Sweden

Toyono, Japan § Akure, Nigeria

Phoenix, Arizona Szeged, Hungary
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(Stewart and Oke, 2012; Local climate zones for urban temperature studies)
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The effects of building morphology on air temperature

Table 1 The correlation coefficients between the 2D/3D building morphology indicators and air temperature

Spring Suminer Auvtumn Winter

100m 200m 300m 1000m 100m 200m 300m 1000m 100m 200m 300m 1000m 100m 200m 300m 1000m
D
PLAND  0349° 0412° 0.506™ 0.6737 0405°  0.505™ 0.568™  0.607 0417° 04727 0.5517 0707 0405°  0.4477 05197 0.659™
FD 0.349° 0372 04737 0.347° 0.342° 0.346°  0.446™ 0.426™ 04627  0.5757
AI 0.383° 0333 0.4407 0366° 0363 03607 03427
3iD
BVD 0.4397 04987 0.7207 0.7877 0.5107 05247 0.6077  0.6367 0.5757 0.613™ 0.7087 0.7627 0.598™ 0.6507 0.7857 0.827
BHER. 0.485™ 05677 0.656" 0.7007 0.5247  0.5017  0.5227  0.5657 0.569™ 0.5917 0.5997  0.6787 0.598™ 0.585™ 0.7187 0.7647
BO 0384 0336 04727 04827 0413 -0388" -0.370°7 04427 03317
BHD 0.380°  0.488™ 0.5587  0.6207 0.4307  0.456™ 0397 0.4817 0.466™  0.5337  0.49007  0.566™ 0.4817  0.558™  0.6377 0.6927
HEI -0.3351° -0.380° -0.400°  -0.479™ -0.347° -0337° -0.365°
SVF -0.405° 04657 06137 0771 -0.436™ 04817 _0.562"  -0.629™ 0493 _0.5477  -0.628™  -0.7707 0524 _0.559™  _0.659"  -0.800™

*p=0.05; "p < 0.01 (two-tailed)

 BVD, BHR, BHD, and SVF were significantly correlated with it across all scales and seasons,
and the degree of correlation became higher as the sample sites enlarged.

* PLAND was the only 2D building morphology indicator significantly correlated with air
temperature across all scales and seasons.



The effects of building morphology on relative humidity

Table 2 The correlation coefficients between the 2D/3D building morphology indicators and relative humidity

Spring Sumimer Autumn Winter

100m 200m 500m  1000m 100m 200m 300m  1000m 100m 200m 300m 1000m 100m 200m 500m 1000m
2D
PLAND  -0399° _0.4527 05347 0457 -0.308°  -0435° 05507 05227 -0.425° 0465 06187 _0.684™ -0402°  0421° 05757 _0.580™
FD -0395° 0440 -0418°  -0.453"
Al -0.455™ -0.466™ -0.373° 05607 03657 03607 -0.555™
3D
BVD 0,520 05317 04787 0.5147 05037 _0.504™ 0,498 _0.5247 05817 -0.6247 _0.6637 _0.706™ 05477 05827 _0.655  _0.7097
BHR 0527 -p.s11T -0.364" 04977 _0.456™ 0567 05917 04527 L0593 05497 _0.588™ _0.5127"  _0.509™
BO 0.534™ 0401° 04517 0.459™ 0.476 0.454™ 04607 0458 0.5717  0.4687 04417
BHD 0.339°  0.456™ -0.351° -0.393" -0.382° 0537 04777 0413° 05377 04017 05657
HEI 04697  0.406° 0374 0.382° 0410 0.4587 0.5187  0.4827
SVF 0.442° 04767 04987 04997 0.423° 0420° 04967 05157 0.510™  0.5617 0.6467  0.7237 0476 05117 0.6157 06837

‘p=0.05; *p < 0.01 (two-tailed)

The strength of correlation between the 3D indicators and relative humidity was higher in

autumn and winter than in spring and summer.

Changes in relative humidity were more influenced by the 3D building morphology within
a 200-m radius around the observation stations.



The effects of building morphology on winds and PM,

Table 3 The correlation coefficients between the 2D/3D building morphology indicators and wind speed

Spring Summer Autumn Winter
100m  200m 300m 1000m 100m  200m 300m 1000m 100m  200m 300m 1000m 100m 200m 300m 1000m

20

FD -0.338" 0.4437 04797 -0332° 20337 0383 03367 03637 -0.4397 04977
D

BVD 05337 _0.554™ -0.350"  -D.39%° 04247 _D.4627 0.535™  _0.539™
BHE 05357 _0.526™ -0391"  -p3sr 04627 _D.494™ 05257 _0.5407
BHD 05757 05427 04437 04277 05007 -D.493™ 0572 _0.5287
SVF 03487 04417 0.338" 0373 04587

*p=0.03; "p=0.01 (two-tailed)

* The relationship between building morphology and winds was highly scale-dependent,
and was weaker in summer compared with the other seasons.

Table 4 The correlation coefficients between the 2D/3D building morphology indicators and PM: s concentrations

Spring Summer Autumn Winter
100m  200m  300m 1000m 100m  200m  300m  1000m 100m  200m  300m  1000m 100m  200m  300m  1000m
iD
BHR 0.423° 0.622™  0.458°
EBHD 0.4635° 05657 04137 0.690™ 0.680™ 0.464° 0396°

‘p=0.05; "p <001 (two-tailed)

* Only BHR and BHD were significantly and positively correlated with PM, . concentrations
in spring and autumn, especially on 100- and 200-m scales.
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“«  The 3D building morphology indicators had stronger associations with urban
: environments than the 2D indicators, and the degree of correlation between
building morphology and air temperature was the highest, followed by
relative humidity and wind speed.

* BVD had the greatest impact on temperature, and BHD exerted the strongest
influence on wind speed.

* The effect of building morphology on urban environments was highly scale-
and season-dependent.

500 - 1000 m was the best scale to predict intra-urban air temperature
and wind speed variability.

* The effect of building morphology on urban microclimate was stronger
in dry and windy seasons.
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4. Conclusions
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