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Haze and PM2.5 Pollution in China 
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Trends of the visibility in the past 50 years
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Development of city clusters in China 

pose a great scientific challenge

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2012).

The world’s cities by size class of urban settlement, in 2014 (world urbanization prospects, UN, 2014)
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Future trends of energy structure in China

In last 30 years (1980-2010), 5%/yr growth of

energy use supported 8% GDP



Trends of emissions in China: 1990-2010
SO2 NOx VOC

CO PM2.5 BC

OC NH3 CO2

Courtesy: Kebin He, Tusinghua U. 



From Fernando et al. (2010)

Flow, turbulence, and pollutant dispersion in urban atmospheres



Wind speed 

(m/s)

Urban wind speed is decreasing

Urban air pollution, urban heat island/urban warming
Coupling with global warming and regional air pollution

Source: HK Observatory
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Urban air pollution and visibility 

Annual hours with 
visibility less than 8km

1,139
2009

In the last 30 years, Urban air temperature of 

Guangzhou increased 0.41oC/10yr, larger than the 

increase by global warming (0.19 oC/10yr)

 In hot regions, urban ventilation and solar 

sheltering are more significant.

Temperature increases in Guangzhou



The impacts of each factor have not been clearly known 

较深街谷 较浅街谷
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Anthropogenic heat

Meteorological condition

Shading, reflecting, trappingVentilation and turbulence

Building morphologies

Urban vegetation

Chemical reaction/green-
house effect of pollutants
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Urban energy consumption



Urban
canopy

layer

Planet Bound Layer
Urban Bound Layer

Mixing Layer

Surface layer Rural Bound layer

Urban “plume”

Rural Downtown

b

a) Urban regional scale

Rural

c) Microscale

Roughness
sublayerRoughness

sublayer
Urban
canopy

layer

Surface
layer

Inertial
sublayer

b) Sub-domain scale

Multi-scale complex structure of  atmospheric motions in UBL

C.S.B.Grimmond，2005
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Dynamic Effects

Thermal effects



Ground

大风条件(风力主导)

Urban Thermal and Dynamics effects

Both wind and thermal 
effects are key factors 

Ground

35oC

25oC

静小风条件 (热力主导)

Ground

20oC5oC

风与热共同驱动城区通风

行星边界层

城市边界层

混合层

城市冠层通风

城市冠层 (UCL)

城市边界层通风

Urban canopy layer (UCL)

Mixing layer

As wind is strong, thermal effect
can be disregarded.

Planetary boundary layer(PBL)

UBL ventilation

UCL ventilation

Urban boundary 

layer(PBL)

Thermal effects  dominate urban 
turbulence  in calm weather conditions 



Global<- ->Intercontinental 

Current Status of Air Quality Modelling in China

Intercontinental

Chen et al.,2015



Global<- ->Intercontinental<- ->Regional  

Current Status of Air Quality Modelling in China

Chen et al.,2015

East
Asia

Orange：Dust          
Blue：Aerosol



Global<- ->Intercontinental<- ->Regional<- ->Metropolitan  

Current Status of Air Quality Modelling in China

Chen et al.,2015

跨洲

PRD

Orange：Dust          
Blue：Aerosol



Global<- ->Intercontinental<- ->Regional<- ->Metropolitan<- ->City   

Current Status of Air Quality Modelling in China

Chen et al.,2015

Beijing

Orange：Dust          
Blue：Aerosol



Global<- ->Intercontinental<- ->Regional<- ->Metropolitan<- ->City<- ->Street   

Current Status of Air Quality Modelling in China

Chen et al.,2015

Jiande
Street



The physical modeling system:
----A spectrum of coupled scales

Global Scales

Continental Scales

Regional Scales

Local Scales

Long Island

Urban Scales

Current technology for 

operational weather and 

climate prediction



Challenge in representing multi-scale urban 
microclimate

Mesoscale models

Urban Scale models (CFD, LES)

Building energy models 
Indoor-outdoor exchange 

New technology for 

coupling fine-scale 

models

C=C regional+ C city +C neighborhood+ C street

(~1000km) (~10km) (~1km) (~100m)

城市尺度 邻域尺度 街道尺度中尺度

微尺度CFD模拟
（提高准确性）

区域模式 城市冠层模式
(修正和改进)

WRF/MM5 CFD CFD
UCM



Developing WRF-Urban modeling capability



The Noah Land ModelWRF-urban 
modeling system Natural surface

Urban canopy models: Man-made  surface
Coupled through ‘urban fraction’ 

Chen et al., 2011, Intl. J. Climatology 

• Coupling the Noah land surface 
model (LSM)

• Two urban canopy models (UCM)

– Single layer urban-canopy model 
(SLUCM, based on Kusaka 2001). 
Released in WRF V2.2 (Dec. 2006).

– Multi-layer UCM (Building Effect 
Parameterization, BEP) by Martilli
et al. (2002). Released in WRF V3.1



Rapid Urban Expansion in PRD and YRD

1993

1993

2003

2003

PRD Area = 41700 km2, Population: 1986~20million, 

2005 > 50 million

YRD Area= 95225 km2, Population: 1986~30million, 

2005 > 60 million

Wang X.M., et al., 2009, Adv.  Atmos. Sci.

PRD

YRD



Urbanization Increases both Day- and Night-time 2-m 

Temperature 
Simulation Urban - Simulation PRE-Urban averaged for March 2001

PRD has smaller increase of 2-m temperature than YRD

YRD

PRD



Urbanization Decreases both Day- and Night-time 

10-m Wind Speed

PRD has larger decrease of 10-m wind speed than YRD, 

and daytime reduction in wind speed is larger 



Urbanization Increases Surface Ozone 

Concentration

Urbanization increases surface ozone (more for nighttime)

PRD has larger increase than YRD



For 32 urban land surface 

schemes, No individual 

model performs best for all 

fluxes. Poor choice of 

parameter values can cause a 

much worse performance.

Urban canopy model (UCM) can be coupled into meso-scale models, 

but UCM model requires further evaluation /improvement.



Challenge: from Real World to 

UCM

Urban canopy model 

(UCM) parameter space



Extract building span and height

32

2th Oct 2009 27th Oct 2010

Time series Google-Earth images for the same location 

show the building pictures with different solar angle

Similar to the steropair (Kazuhiko AKENO, 1996), we could obtain building span and 

height with GIS and RS technologies, and make a 3D map with building models.

α:satellite elevation/off nadir angle; θ:satellite azimuth
α:18°, θ:144°α:19°, θ:68°



Principle of steropair

Calculation of building height

Adjustment of roof shift

H: building height, GSD: cell size

θ: azimuth difference between two images
α1: satellite1 elevation , α2: satellite2 elevation 

H: building height

P: satellite azimuth, θ : satellite elevation 

Dai W. and Wang X.M., 2015



A 3D map of building models in 
Guangzhou city

Over 77 thousand 3D building modelsDai W. and Wang X.M., 2015



Urban Morphology Parameters

• mean building height:

• mean building height 
weighted by building 

plan area:

• building plan area 

fraction:

• Building Plan Area 

Density:

Burian et al., 2007, Development and assessment of the second 

generation national building statistics database.

• Roof Area 
Density:

• Building Frontal Area 
Index:

• Frontal Area 
Density:

• Complete Aspect 
Ratio:

• Building Surface Area to 
Plan Area Ratio:

• Height-to-Width 
Ratio:
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1-km UCPs in Guangzhou

Area weight mean 

build height

5m 35m

Distribution of building heights

70m and more

Building Surface to 

Plan Area Ratio

Plan Area 

Fraction

Dai W. and Wang X.M., 2015



WRF-Urban Experiment Setup

Base Case1 Case2

Base Case1 & Case2

• Base: Before rapid 

urbanization (USGS 1993)

• Case1: Urbanized 

Guangzhou city (MODIS 

2001) 

• Case2: Urbanized 

Guangzhou city with GZ-

UCPs

Dai W. and Wang X.M., 2015



UCPs in WRF-urban replaced by GZ-UCPs

Model BEP
variable

GZ-UCPs (new) URBPARM.TBL (old)

LF_URB2D Plan area fraction LamP
Function of Street width 

& Building width 

HGT_URB2D
Area weighted mean 

building height
awaHT

Function of building 
Distribution

HI_URB2D
Distribution of building 

heights
Histogram Building Distribution

5 m : 33 %
10 m : 34 %
15 m : 33 %

LB_URB2D
Building surface to plan 

area ratio
LamB

Function of Street width、
Building width and  Building 

Distribution

Street width (m) 15

Building width (m) 15

FRC_URB Urban fraction LamU Urban fraction 0.95 %



Improved the Simulation of Wind Speed

Measured 

velocity (m/s)

Highly simplified

overpredict160%

Idealized city 

overpredict 86%

Wang X.M.*, Liao J.B., Zhang J., et al., 2014. J. Appl. Meteorol. Clim., 53, 346-362.
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Highly simplified city Idealized city High-resolution city

Work by my team：With the high-resolution urban canopy model coupled with 

WRF, the accuracy of wind prediction in cities are much improved.

High-resolution 

city



Vertical distribution of wind speed

40

Summer

Fall GZ-UCPs strengthen the vertical wind shear

Dai W. and Wang X.M., 2015



Vertical section of V wind distribution

41

Base Case1 Case2



Wide range of network measurement with sufficient 

resolution are needed and challenge



Outdoor field measurements setup in my group

South

1600 models，
4800m2

Lead by Dr. Jian

Hang 
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郊区温度

城区温度

此图来自香港大学李玉国教授

相位差

时间（小时）

温
度

oC

温

度

幅

度

变

化

Experiments on building 

density, thermal storage, and 

color etc. to investigate the 

turbulence and and thermal 

environment.

Temperature diurnal in different land-use

More parameters can be obtained to 

improve model, such as how 

length/wide ratio influence the flow 

etc. 

28.0℃

55.0℃

30

40

50



• Improvement of regional Air quality forecasts (WP 
2.2 and  2.3)

• Improvement of diurnal variation of NO2 and O3

• Improvement of chemical scheme with respect to PM

• Improvement of high resolution input data  

• Assist to Operational downscaling method in PRD  
(WP 4.2)

• Operational downscaling of PANDA data for Chinese 
megacities

• Assist to Outreach (WP6)
• Organization of user meetings

• Reporting

Jinan University’s role in AIRQUIP



• New downscaling method will be used in this 

project

1. Gaussian dispersion models

2. Redistributes existing model concentrations at 

high resolution within the model grid. 

Jinan University’s role in AIRQUIP

EMEP grid concentrations (left) and redistributed traffic concentrations (right) using the 

uEMEP redistribution methodology for Oslo (EMEP, 2016). 



Thank you


