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Project	  overview	  	  

•  Partners	  
NILU	  -‐	  	  Norwegian	  Ins5tute	  for	  Air	  Research	  
HBEMC	  -‐	  Hubei	  Environmental	  Monitoring	  Center	  	  

	  

•  Project	  period	  
24	  months	  (2013-‐2014)	  

	  

	  



CITY	  CLUSTERS	  IN	  CHINA	  

Hubei 

Wuhan “1+8” City Cluster 



WUHAN	  “1+8”	  CITY	  CLUSTER	  
PopulaKon	  
(2010)	  

Wuhan	   9.78	  mill.	  	  
(8.484	  km2)	  

Ezhou	   1.05	  mill.	  

Huanggang	  	   6.16	  mill.	  

Huangshi	   2.43	  mill.	  

Xiaogan	   4.81	  mill.	  

Xianning	   2.46	  mill.	  

Xiantao	   1.18	  mill.	  

Tianmen	   1.42	  mill.	  

Qianjiang	   0.95	  mill.	  
Within 100km distance



Hubei  has established 
100 AQ monitoring 
stations by the support 
of the central and 
provincial government 
special funds . 
 
Including 2 regional 
background stations !

 
Air quality monitoring network in Hubei 
  

Hubei Ambient Air Quality Monitoring System 
 
SO2, CO, NO/NO2/NOx, PM10, PM2.5, O3  
SO2, NO/NO2/NOx, PM10  

Shennongjia 
background station

Zhongxiang 
background station



Wind	  Speed、Wind	  
direcKon、Temperature、
Atmospheric	  pressure、
RelaKve	  humidity	  

NO2	  ,	  SO2,	  O3,	  CO! CO2,	  CO,	  CH4,	  N2O	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   VOCs! Na+,	  K+,	  Ca2+,	  Mg2+	  	  
NO3

-‐,	  Cl-‐,	  SO4
2-‐,	  NH4

+	   Cd,	  Cr,	  As,	  Hg,	  Pb!

10 AQ stations in Wuhan 
SO2, CO, NO/NO2/NOx, PM10,  
PM2.5, O3  + more 

0.25	  µm	  -‐32.0µm	  	   PM1	  	  

black	  carbon	  	  



Air	  quality	  situa5on	  in	  Wuhan	  
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MACC	  (global	  scale)	  	  
(Monitoring	  Atmospheric	  
Composi5on	  and	  Climate)

Daily	  analysis	  and -
forecast	  of	  chemical	  and	  
aerosol	  species	   WRF	  model	  

	  	  
	  

	  EMEP	  	  model
(regional	  	  scale	  air	  quality	  model)Bo#om-‐up	  emission	  inventory

(point,	  area,	  line	  sources)

EPISODE-‐	  SA
(urban	  scale	  air	  quality	  model)

General	  informa5on	  to:
Authori5es

Public	  
(AQ	  informa5on	  web-‐portal) 	  

Input

Air	  quality	  monitoring	  data
from	  rural	  and	  urban	  sites	  

Tes5ng

Early	  warning	  with	  specified	  informa5on	  to:
	  

Authori5es	  (fast	  response	  with	  recommended	  
control	  measures)	  

Anthropogenic	  emissions
(RETRO	  or	  TRACE-‐P,	  INTEX-‐B,	  EDGAR)

(Landuse	  based	  	  downscaling	  scheme)

Input
Meteorological	  	  

forecas5ng	  data

Input

Public	  (taking	  measures	  to	  reduce	  impact))	  

	  	  	  	  	  	  	  	  	  	  ECMWF/NCEP	  

prognos5c	  	  global	  data	  

Input

Biogenic	  emissions
(Ozone,	  PM10,	  PM2.5	  etc.)

Forecast System Overview



www.NILU.no 



WRF-EMEP model domains: two nests (0.5º and 0.1º resolution)  
Boundary conditions: MACC 
  
WRF-EPISODE model domains: domains (5km and 1km)  
Boundary conditions: EMEP  



WRF-‐EMEP	  flowchart	  



WRF	  Configura5on	  	  (WRF	  for	  EPISODE)	  

Fric5on	  veloci5es	  and	  exchange	  
coefficients.	  To	  be	  uses	  with	  YUS	  

scheme	  

4-‐layer	  soil	  temperature	  and	  
moisture	  model	  with	  canopy	  
moisture	  and	  snow	  cover	  

predic5on	  

Sub-‐grid-‐scale	  effects	  of	  convec5ve	  
and/or	  shallow	  clouds.	  Not	  
recommended	  in	  grids	  <	  5km	  

Ver5cal	  sub-‐grid-‐scale	  fluxes	  due	  
to	  eddy	  transports	  in	  the	  whole	  

atmospheric	  column	  

Six-‐class	  scheme	  that	  includes:	  
vapour,	  rain,	  snow,	  cloud	  ice,	  
cloud	  water	  and	  graupel.	  

Radia5ve	  flux	  divergence	  and	  
surface	  downward	  longwave	  

radia5on	  

mp_physics            = 6,        6, (WRF single-moment 6-class 
scheme)

ra_lw_physics    = 1,        1, (RRTM scheme)
ra_sw_physics    = 1,        1, (Dudhia scheme)

sf_sfclay_physics      = 1,        1, (MM5 similarity, Monin-Obukhov)


sf_surface_physics   = 2,        2, (Noah Land Surface Model)


bl_pbl_physics          = 1,        1, (Yonsei University scheme)

cu_physics                = 0,        0, (none)



Emission	  inventory	  	  
EMEP	  domains	  
(0.5º	  and	  0.1º	  resolu1on)	  
	  
EDGAR	  v4.2	  
	  

EPISODE	  domain	  
	  (1km	  resolu1on)	  	  
Detailed	  bo@om-‐up	  emissions	  
and	  down-‐scaling	  



Regional	  Emission	  inventory	  overview	  for	  China	  

EDGAR	  v4.2	  





Point	  Sources	  -‐	  Industry	  

•  53 stacks (9 key industries)




Emissions from traffic are calculated for 142 major roads in Wuhan, 
based on number of cars, type of cars, speeds, use of fuel, 
disribution of vehicles, emission factors for different vehicles etc..



Traffic	  coun5ng	  for	  different	  road	  
class,	  vehicle	  class	  has	  been	  done	  for	  
22	  selected	  roads.	  	  	  



Landuse	  Data	  

HUBEI WUHAN



An	  example:	  	  
EDGAR	  ver	  4.2	  emission	  database	  

PM10 – S08: Non-Road

Hubei

Wuhan

Non-Road PM10



Area	  weight	  distribuKon	  –	  Wuhan,	  China	  

(tons/year)	   Residence	   Industry	   Agriculture	   Non-‐Road	  
NOx	   1221.18	   15766.13	   133.88	   3460.69	  
PM10	   3345.68	   39719.24	   110.78	   278.77	  
PM2.5	   3082.22	   20376.84	   22.52	   264.12	  
SOx	   2766.10	   3662349.86	   0.93	   1919.62	  

Downscaling

Residence Industry	  

Agriculture	   Non-‐Road	  



Time series of daily average O3 from Shen Nong Jia in 2012: Observations (red curve) and WRF-EMEP 
model simulation with EDGAR emission (black curve) and EMEP global emission (blue curve) 



Tropospheric NO2 column 13. January 2014 from WRF-EMEP (left panel) and OMI (right panel) 



WRF	  Model	  vs	  Observa5ons	  

Temperature shows a good agreement between 
model and observations



WRF	  Model	  vs	  Observa5ons	  

Wind Direction is in 
good agreement. 
Overestimation on % of 
N and S winds, and 
underestimation of W 
and E.
Wind Speed in 
overestimated in all the 
directions

Location – MET station (before moving)



How	  representa5ve	  are	  the	  years	  
2008,	  2013	  and	  2014?	  
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Winter 2014

Wujiashan: much traffic
Qingshan Guanghua: less traffic
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January: high 
modelled wind 
speed
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Summer 2014
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PM10	  	  (µg/m3)	  Qingshan	  Guanghua	  Jul-‐Aug	  2014	  
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PM10	  	  (µg/m3)	  Hankou	  Jiangtan	  Jul-‐Aug	  2014	  

CBG	  +	  Asrc	  +	  Psrc	  +	  Traffic	   CBG	  +	  Asrc	  +	  Psrc	   CBG	  +	  Asrc	   ONLY	  CBG	   PM10	  |	  Hankou	  Jiangtan	  |	  Observa5ons	  (µg/m3)	  



PM2.5, Wujiashan, Jul-Sep 2014

PM2.5, Hankou Huangqiao, Jul-Sep 2014Overestimation of PM2.5 
concentration.
Possibly, SOA formation 
overestimated in model



•  Test	  and	  set	  op5mal	  WRF	  parameters	  for	  China	  
•  Improve	  both	  regional	  and	  local	  emission	  inventories	  
•  Less	  experience	  in	  running	  the	  EMEP	  model	  outside	  
Europe:	  
§  Biogenic	  VOC	  emission:	  other	  vegeta5on	  species	  than	  in	  Europe	  
§  Wind	  blown	  dust:	  requires	  detailed	  knowledge	  about	  the	  soil	  	  

§  Point	  source	  in	  EMEP	  model	  	  
•  Needs	  for	  improvement	  of	  AQ	  forecas5ng	  system	  
(input/output,	  structure,	  emission	  modules,	  result	  
presenta5ons	  etc.	  )	  

•  Different	  infrastructures	  in	  China	  



!

EMEP global (year?)
Lat/lon, 0.5°x0.5°, annual totals for each of 
10 source sectors, NOx, SOx, NMVOC, 
PM2.5, PM10, …


EDGAR (2008)
Lat/lon, 0.1°x0.1°, annual totals for each of 
10 source sectors, NOx, SOx, NMVOC, 
PM10, …


Tsinghua data for 2012, 36 km x 36 km, 
Lambert conformal proj. 

daily files with hourly emission data for NO, 
NO2,  SO2,  sulfate,  and  a  number  of 
separate NMVOCs (XYL, IOLE, ETOH …etc)



Project: Multi-pollutant Control, China

Source: Tsinghua University 

















THANKS!


lli@nilu.no
www.nilu.no


