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(Wu et al., 2014)

“The future of humanity lies in cities.”

(Kofi Annan, Secretary-general of UN, 2002, UN Press Release SG/SM/8261) 



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.



城市热岛

下垫面特性（建筑物、道路、绿地）

人工热源（工厂生产、交通运输、居民生活）

其它因素（大气污染等）

城市扩展对降雨、湿度、风场的影响也受到越来越多的关注！
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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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Urbanization impacts on climate





The UHI effects

Urban minus rural 
observations

Observation minus 
reanalysis (OMR)

High-resolution 
modelling

(Wang et al., 2013) (Kalnay and Cai, 2003) (Chen et al., 2011)

Process-based methodsObservation-based methods

Past Now Past Now Future



THE WRF MODELING SYSTEM

 Registered WRF users

 Run WRF operationally

(Powers et al., 2017)



THE WRF MODELING SYSTEM

Dynamic Solver & Physical Parameterizations
(microphysics, Land surface processes, radiation, planetary 

boundary layer, cumulus, etc.)



(Chen and Dudhia, 2011)

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

Urban Canopy Model





Beijing-Tianjin-Hebei
Concentrated aggregations

3.1 Impacts of historical urban expansion on climate 

Yangtze River Delta
Polycentric aggregations

Pearl River Delta
Integrated aggregations



3km

9km

27km

Domain configuration
(1:3)

• Beijing-Tianjin-Hebei (D03)

• Yangtze River Delta (D04)

• Pearl River Delta (D05)

Numerical simulation design
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Magnitude of increases in Tmin

Magnitude of increases in Tmax

Reduced changes in DTR

1. BTH*, 2. YRD*, 3. PRD*

1. PRD*, 2. YRD*, 3. BTH  

PRD (2000 — 2010)          
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Increased Tavg of:

BTH during August

YRD during July, August

PRD during summer



3.2 Impacts of future urban expansion on climate 



2010 =100%

Urb2030 

>75%

Urb2030_H

>0%

Urb2030_L

2030 



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

城市热岛的危害最大 接收的太阳辐射最多 植被的蒸散发最强烈夏季：



夏季平均气温变化：

(a) Urb2030 – Urb2010

(b) Urb2030_H – Urb2010

(c) Urb2030_L – Urb2010

>5°C

最高温、最低温、日较差变化：

(a) Urb2030 – Urb2010

(b) Urb2030_H – Urb2010

(c) Urb2030_L – Urb2010



2次高温热浪事件(>35°C)

7月28日–30日 | 8月13日–15日

日均气温变化曲线：

(a) Urb2030 – Urb2010

(b) Urb2030_H – Urb2010

(c) Urb2030_L – Urb2010



(a1), (a2) Urb2030 – Urb2010

(b1), (b2) Urb2030_H – Urb2010

(c1), (c2) Urb2030_L – Urb2010

Unit: g/kg

白
天

夜
晚

水汽减少量:

 沿海地区白天大于夜晚

 内陆地区白天与夜晚相近

 南部地区大于北部地区

≈ 2-4 g/kg

25°且相对湿度50%的空气团的水
汽混合比为10g/kg！



Urban effects on 
rainfall

Thermal action

Dynamic action

Enhanced convergence

Destabilization in PBL

Moisture deficit Reduced CAPE

(a) Urb2030 – Urb2010

(b) Urb2030_H – Urb2010

(c) Urb2030_L – Urb2010

Unit: mm

(Wang et al., 2012, 2015; Zhang

et al., 2017)

a:unchanged rainfall pattern

b:unchanged rainfall pattern

c:changed rainfall pattern



3.3 Impacts 3D urban morphology on microclimate

Vancouver, Canada Uppsala, Sweden 

Toyono, Japan Akure, Nigeria

Phoenix, Arizona Szeged, Hungary 

(Stewart and Oke, 2012; Local climate zones for urban temperature studies)



On the left: the location of Beijing in China and the 6th-loop zone in Beijing. On the right: the 
distribution of buildings categorized by the number of floors in central Beijing, with the 37 
weather stations and 24 air quality monitoring stations overlaid



2D Metrics:

percentage of patch (PLAND)
patch area range (PAR)
coefficient of variation (CV)
patch density (PD)
largest patch index (LPI)
aggregation index (AI)

3D Metrics:

building volume density (BVD)
building height range (BHR)
building otherness (BO)
building height density (BHD)
highest building index (HBI)
sky view factor (SVF)



Climate factors:

Air temperature (℃)
Relative humidity (%)
Wind speed (m/s)

37 weather stations

Air quality:

PM2.5 (μg/m3)

24 monitoring stations

2D/3D建筑形态

城市大气环境

相关分析
回归分析



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

• Only BHR and BHD were significantly and positively correlated with PM2.5 concentrations 
in spring and autumn, especially on 100- and 200-m scales.



• 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.





 城市土地面积占陆地总面积的比例虽然只有不到1%，但是城市化对局地、

区域乃至全球气候的影响不容忽视；

 城市热岛研究不应只局限于城市与郊区之间的对比，城市内部景观格局

变化对局地气象要素有重要的影响；

 激光雷达技术和移动数据处理技术的发展，促进了三维景观格局的分析

与应用，未来应更多关注三维城市景观格局对区域大气环境的影响；

 以景观可持续科学为指导，将研究结论应用到城市规划与设计中，从而

建设更加宜居的城市，提高居民福祉。




