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CAMS IN A NUTSHELL
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CAMS IN A NUTSHELL

• Introduction 
Using European Collaboration to forecast air quality

• Copernicus Atmosphere Monitoring Service
From satellite observation to air quality forecast

• The global view
Using NWP principles for atmospheric composition forecasting

• The regional view
Seven know more than one

• Applications
How is the information being used
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EU AQ Directive

European Air Quality Directive

• Sets targets for exposure levels of different pollutants that EU member 
states have to comply with

• Member states have to monitor air quality with prescribed standards and 
report to the European Commission

• Modelling may be used for monitoring purposes to reduce the number of 
measurement stations by up to 50%

• There is the possibility to discount natural sources of pollution when 
assessing compliance against limit values



5

Regulatory Observations

Annual mean PM10 
concentrations for 2013
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National AQ forecasting

France

United Kingdom

Netherlands
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Origin of ECMWF - 1975

CONSIDERING the importance for the European economy of a considerable 
improvement in medium-range weather forecasts; 

CONSIDERING that the scientific and technical research carried out for this purpose will 
provide a valuable stimulus to the development of meteorology in Europe; 

CONSIDERING that the improvement of medium-range weather forecasts will contribute 
to the protection and safety of the population; 

CONSIDERING that, to achieve these objectives, resources on a scale exceeding 
those normally practicable at national level are needed; 

CONSIDERING the importance that the establishment of such a centre can have for the 
development of European industry in the field of data processing, 

HAVE DECIDED to establish a European Centre for Medium-Range Weather Forecasts

Can we apply the same concept to air quality forecasting in Europe?



Sentinels

COPERNICUS

Copernicus Atmosphere 
Monitoring Service

Combine observations with state-of-
the-art data assimilation and 
forecasting systems to provide air 
quality information on the global and 
regional scale.

Make optimal use of existing expertise 
and infrastructure in Europe.
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European collaboration



COPERNICUS ATMOSPHERE 
MONITORING SERVICE

From satellite observation to air quality forecast
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CAMS IN A NUTSHELL

Space Agencies In-situ component

National scale

CAMS
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OPERATIONAL TIMELINESS

Space
MOPITT observes 
the atmosphere

NCAR
Retrieves carbon 
monoxide 
concentrations

ECMWF
Global data 
assimilation and 
forecast for the next 5 
days

Anywhere
Daily AQ forecast for 
Europe for the next 4 
days

Meteo-France
Model ensemble 
processing

7 regional centres
Regional air quality 
forecast
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WHAT IS AVAILABLE?

• Data

• Charts

• Policy reports

• Validation reports

• Documentation



THE GLOBAL ELEMENT
Using NWP principles for atmospheric composition forecasting
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Integrated Forecasting System

GLOBAL SYSTEM

Composition-IFSChemical 
module

GHG module

Aerosol 
module

Chemical 
module

Aerosol 
module

GHG module

Meteorology

4D-Var

Observation 
operators



Data 
Acquisition

Data 
Assimilation Forecast Data 

Dissemination

Interaction 
with data 
providers

User 
supportValidation

Routine 
verification

Routine monitoring

Emissions

GLOBAL SERVICE CHAIN



CURRENT STATUS

• 40 km horizontal resolution at 60 model levels

• Two 5-day forecasts per day

• Output species: O3, CO, NO, NO2, PAN, HNO3, CH2O, SO2, CH4, C5H8, C2H6, OH, 
C3H8, CO2, aerosol (dust, sea salt, organic matter, black carbon, sulphates)

• TM5 chemical module – simple aerosol bin scheme – linearized stratospheric ozone



18

Time

O
3

co
nc

en
tr

at
io

n

Assimilation window Assimilation

First guess

Observation

Data assimilation – combining model and 
observations

Analysis

DATA ASSMILATION
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SATELLITE DATA USED
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CURRENT SATELLITE USAGE

Species Instruments
Global system

O3 OMI, SBUV, GOME-2, MLS, OMPS, S5p
CO IASI, MOPITT, S5p
NO2 OMI, GOME-2, S5p
SO2 OMI, GOME-2, S5p
Aerosol MODIS, PMAp, VIIRS, S3
CO2 GOSAT, OCO-2
CH4 GOSAT, IASI, S5p

GFAS fire emissions MODIS, GOES, SEVIRI, VIIRS
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GLOBAL TO REGIONAL

The global system is best suited to assimilate enormous 
amounts of satellite data and provide the long-range 
transport of key pollutants.



THE REGIONAL ELEMENT
Seven know more than one
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Why a model ensemble?



Modelling NO2: what do you see?



MACC-II/TNO emissions (Claire’s talk)

All CAMS regional AQ models use the same emissions

EMISSIONS



All CAMS regional models are driven by the same meteorological fields 
from the operational ECMWF NWP system.

Winter smog 
(PM, NOx, SO2…)

Photochemical smog 
(O3, PM…) 

Meteorology



Everyone knows this!

Yet, among current regional air quality forecasting systems, chemical boundary 
conditions are prescribed by:

 a single value at the four interfaces (+top) for some pollutants, 0 for others (!)
 climatological values from global models, monthly or seasonal
 3d distributions from larger-scale models corresponding to the actual dates 

(re-analyses, analyses or forecasts), still not a majority

Boundary conditions



Boundary conditions



Chemical
boundary

conditions

Biogenic and 
anthropogenic

emissions
Dry 

deposition

Homogeneous and 
heterogeneous

chemistry, including
photochemistry

Turbulent 
mixing and 
convection

Advection

Radiation and 
clouds

Wet
deposition

Aerosol processes

Sedimentation

Chemical modelling



Are models all providing the “same” short-range forecast for NO2? 
It is close… but not quite the same… 

Local values can actually differ significantly: will there be high NO2 in Paris?

So we have constrained anthropogenic emissions, boundary conditions 
and meteorology…

Ensemble



And, actually, 
performance does vary 
depending on pollutants

Ensemble



Much more spread between models than for other species. In general, negative 
biases are seen against observations (missing processes? Missing sources?...).
Also issues with correctly using boundary conditions from global model.

Aerosols
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Ensemble median

The ensemble median consistently outperforms any individual model!!!

NO2 O3
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Ensemble spread

The ensemble spread also provides 
an indication of the uncertainty.

This is especially useful when values 
approach or overshoot regulatory 
thresholds.

Is it likely or is it just one model 
forecasting these high values?

NO2

PM10

SO2

O3



VITO, PASODOBLE

Brussels

Resolution

Resolution seems to matter; so why do we get away with 
10km resolution for the regional models?



London Old Street 
Roadside 

station

Islington Arsenal 
Urban Background 

station

Studies show: “boundary” or 
“background” values are 

essential!

Resolution
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The different factors (meteorology, pollutants…) need to be disentangled to target efficient policies. 
Note: health does not only relate to concentrations of pollutants, but also to exposure of people (which
is in turn the main justification for very high resolution).

Air quality & health
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14.7021276596

14.0217391304

7.5434782609

7.9787234043

11.1063829787

16.1276595745

20.1489361702

30.2391304348

23.6086956522



2003OzonePMMet

				DAY		TEMP		WS		RHUM		EAST		LOGEAST		London Bexley		HAR		Lullington Heath		NOR		ROCH		SOUTH		THUR		LONMAR		London Bexley		Total deaths		LONBEXPM		Canterbury		HARPM		LONMARPM		NORPM		Mean Ozone England		Mean PM10 England

		1/1/03		1		9.51		4.91		91.04		109		4.7		55		74		64		43		70		57		60		10		11		1753		11		15		7		29		12		14.0		45.4

		1/2/03		2		9.20		5.14		87.33		140		4.9		69		75		66		54		75		54		69		21		9		1776		9		13		9		30		11		14.8		53.1

		1/3/03		3		5.75		4.47		82.50		130		4.9		55		56		62		35		58		49		51		22		16		1655		16		15		12		23		14		15.6		49.1

		1/4/03		4		1.94		3.58		77.67		91		4.5		50		46		42		56		65		37		45		33		20		1673		20		16		17		20		17		19.8		43.7

		1/5/03		5		0.63		1.20		87.17		127		4.8		32		26		31		35		47		13				12		20		1633		20		21		21		27		21		24.6		23.1

		1/6/03		6		1.16		3.44		74.83		66		4.2		47		47		51		53		61		25				31		18		1691		18		15		18		24		13		24.0		36.6

		1/7/03		7		-0.35		3.74		76.38		19		2.9		44		33		43		54		64		33		30		23		17		1739		17		21		14		35		15		21.6		41.4

		1/8/03		8		-0.84		2.55		81.50		41		3.7		17		28		35		37		65		25		19		8		15		1766		15		16		16		21		14		22.4		28.6

		1/9/03		9		0.83		4.61		75.25		62		4.1		46		43		57		67		69		37		39		32		16		1745		16		18		14		23		16		20.3		43.7

		1/10/03		10		3.12		5.47		84.42		97		4.6		27		32		35		50		52		21		30		17		17		1718		17		18		16		22		17		18.5		36.2

		1/11/03		11		0.22		2.58		77.67		69		4.2		29		35		48		26		54		22		26		12		28		1679		28		21		18		37		28		29.9		24.6

		1/12/03		12		-0.09		2.58		82.63		138		4.9		17		47		34		30		24		11		12		4		27		1632		27		25		16		68		20		25.5		30.1

		1/13/03		13		8.15		6.50		82.08		165		5.1		46		65		51		47		53		31		34		7				1786				17		11		41		11		14.9		48.5

		1/14/03		14		9.12		7.57		71.42		148		5.0				74		64		65		66		45				12				1725				19		12		65		13		18.6		59.4

		1/15/03		15		8.53		7.00		75.67		139		4.9		23		80		62		80		71		65		34		33				1703				23		19		61		19		25.2		67.8

		1/16/03		16		6.56		4.78		83.08		129		4.9		43		70		52		54		54		36		44		5		28		1723		28		27		20		69		27		28.1		51.2

		1/17/03		17		6.75		6.35		85.38		113		4.7		63		72		55		63		54		50		61		24		18		1645		18		23		15		55		21		19.7		61.1

		1/18/03		18		5.61		4.77		87.67		100		4.6		52		66		55		38		60		39		54		7		24		1622		24		27		14		59		26		25.0		46.8

		1/19/03		19		7.52		5.05		89.71		107		4.7		57		80		68		46		69		43		59		7		10		1667		10		16		7		35		13		13.3		47.9

		1/20/03		20		8.53		7.16		89.21		98		4.6		67		85		66		54		69		62		67		18		16		1654		16		22		12		43		16		17.0		56.6

		1/21/03		21		8.09		5.62		84.38		88		4.5		76		82		67		59		74		65		73		27		18		1686		18		21		12		47		20		21.4		61.3

		1/22/03		22		7.05		5.48		82.38		169		5.1		35		58		61		32		52		37		31		9		15		1629		15		18		11		33		21		17.2		41.9

		1/23/03		23		6.10		4.98		73.58		131		4.9		44		43		41		60		50		54		41		36		29		1485		29		27		17		35		31		31.0		51.1

		1/24/03		24		5.42		3.20		83.46		118		4.8		26		53		56		11		39		30		29		3		31		1618		31		27		18		74		28		25.9		34.3

		1/25/03		25		9.10		5.61		77.71		143		5.0		57		76		55		58		59		51		52		17		18		1654		18		21		14		36		19		21.3		58.7

		1/26/03		26		9.30		4.50		89.50		158		5.1		44		67		46		44		45		40		33		5		18		1592		18		21		13		42		16		16.7		46.1

		1/27/03		27		9.88		5.18		87.83		153		5.0		41		61		38		40		36		32		28		8		10		1590		10		12		6		47		11		12.7		47.2

		1/28/03		28		6.35		9.08		68.96		172		5.1		66		78		62		75		65		63		56		35		14		1554		14		16		11		32		14		16.8		67.6

		1/29/03		29		5.10		8.77		60.13		132		4.9		63		81		61		75		66		64		56		53		15		1444		15		14		14		19		12		16.9		68.0

		1/30/03		30		1.36		7.75		76.42		130		4.9		55		77		55		76		66		58		53		44		14		1528		14		16		11		20		12		16.0		61.9

		1/31/03		31		0.21		5.26		69.04		132		4.9		54		71		53		79		67		59		58		49		25		1601		25		19		13		47		16		23.5		63.5

		2/1/03		32		3.40		3.86		84.79		140		4.9		55		74		60		40		57		53		50		11		15		1626		15		16		8		41		16		16.9		47.9

		2/2/03		33		5.35		6.83		81.21		145		5.0		71		82		72		73		78		48		65		11		11		1611		11		13		10		40		9		12.8		66.1

		2/3/03		34		4.21		7.14		69.00		165		5.1		71		79		69		81		73		45		63		20		15		1541		15		21		11		49		11		17.6		66.6

		2/4/03		35		2.34		6.12		69.83		155		5.0		47		77		53		74		61		56		40		31		17		1600		17		16		11		33		12		18.4		57.1

		2/5/03		36		1.72		3.90		72.29		143		5.0		46		74		53		74		51		52		30		26		25		1549		25		24		13		30		19		27.1		49.3

		2/6/03		37		2.52		2.92		88.21		101		4.6		35		55		61		27		47		28		43		4		28		1595		28		26		13		88		27		27.6		26.4

		2/7/03		38		8.54		3.59		88.54		138		4.9		29		68		49		33		44		14		33		2		17		1668		17		16		10		61		16		19.3		34.4

		2/8/03		39		9.38		4.93		84.79		111		4.7		50		71		48		43		55		41		53		5		15		1617		15		21		10		52		16		14.9		50.5

		2/9/03		40		7.59		4.71		86.71		110		4.7		64		84		53		53		57		65		59		23		13		1528		13		20		11		27		18		15.5		62.9

		2/10/03		41		5.78		2.82		88.67		102		4.6		41		54		51		46		57		31		49		11		17		1603		17		14		16		54		13		25.1		33.1

		2/11/03		42		6.00		2.45		93.96		84		4.4		24		66		56		54		44		52		30		4		16		1549		16		23		10		55		22		27.7		38.5

		2/12/03		43		6.06		2.78		95.58		77		4.3		25		18		25		22		29		13		17		3		24		1603		24		35		26		39		31		30.8		18.7

		2/13/03		44		1.86		3.77		74.71		30		3.4		41		28		50		59		67		14		48		13		41		1459		41		50		31		57		35		42.6		30.3

		2/14/03		45		1.24		3.70		73.96		58		4.1		26		30		37		58		46		15		19		12		44		1569		44		60		37		52		32		48.2		28.0

		2/15/03		46		1.78		4.27		78.50		48		3.9		53		63		49		70		62		38		45		28		26		1575		26		37		20		33		21		30.2		45.9

		2/16/03		47		1.77		4.63		71.46		16		2.8		47		58		42		70		61		34		44		15		35		1552		35		38		28		49		20		31.2		48.8

		2/17/03		48		1.29		4.40		68.58		19		3.0		49		42		46		67		59		42		47		26		26		1530		26		27		23		49		21		32.9		43.2

		2/18/03		49		0.83		4.23		66.54		5		1.6		29		41		38		54		49		34		34		6		36		1581		36		42		24		67		24		33.1		34.3

		2/19/03		50		1.25		5.18		63.17		7		1.9		30		25		47		46		41		32		32		7		56		1695		56		46		42		91		44		49.5		30.8

		2/20/03		51		4.28		3.75		72.96		23		3.1		33		42		52		51		40		31		23		6		55		1628		55		48		34		78		42		52.8		25.1

		2/21/03		52		5.74		1.80		76.88		36		3.6		20		49		51		31		22		23		19		4		71		1610		71		53		26		95		49		55.5		23.6

		2/22/03		53		4.60		3.61		78.42		13		2.6		14		22		44		22		23		49		13		4		75		1661		75		67		51		100		53		62.3		20.5

		2/23/03		54		8.66		3.69		79.21		73		4.3		49		69		48		38		46		50		43		4		37		1563		37		39		24		63		46		35.8		45.8

		2/24/03		55		8.20		3.31		81.75		38		3.6		36		53		64		26		36		45		19		12		46		1605		46		39		19		64		35		35.2		33.8

		2/25/03		56		7.63		4.38		60.71		14		2.6		28		65		64		47		44		58		27		7		61		1569		61		44		34		84		43		50.7		42.3

		2/26/03		57		8.93		3.54		62.38		19		2.9		30		55		56		40		42		33		25		10		64		1567		64		49		43		80		53		56.5		27.8

		2/27/03		58		9.67		3.57		71.04		44		3.8		60		69		64		34		72		36		60		4		38		1581		38		26		25		67		43		53.0		31.0

		2/28/03		59		9.03		5.90		87.54		99		4.6		68		84		60		58		68		56		60		10		12		1606		12		19		11		47		16		24.2		48.7

		3/1/03		60		8.40		4.43		87.83		90		4.5		72		85		64		73		71		47		66		11		15		1623		15		19		14		47		20		18.0		58.9

		3/2/03		61		7.70		3.13		74.04		126		4.8		66		84		62		67		75		65		62		47		18		1606		18		19		10		33		17		17.5		65.3

		3/3/03		62		5.83		3.31		77.75		65		4.2		42		67		56		50		60		51		45		10		24		1560		24		20		13		53		26		27.9		43.2

		3/4/03		63		9.98		5.10		88.38		92		4.5		57		73		59		31		58		55		59		19		18		1627		18		18		14		52		22		20.8		47.6

		3/5/03		64		10.85		5.29		80.08		107		4.7		66		76		52		50		54		57		62		18		32		1547		32		38		21		55		29		23.1		59.2

		3/6/03		65		7.31		4.22		76.21		157		5.1		49		79		69		73		47		50		44		25		20		1594		20		17		13		44		16		22.7		55.0

		3/7/03		66		7.03		6.53		82.88		98		4.6		77		92		86		76		82		67		80		13		18		1519		18		19		11		47		17		18.9		62.8

		3/8/03		67		8.65		8.99		75.29		138		4.9		81		89		83		88		83		70		78		20		27		1542		27		28		21		53		17		23.0		73.4

		3/9/03		68		10.82		8.56		71.67		133		4.9		92		101		84		100		89		82		85		35		31		1529		31		29		25		54		26		29.4		84.1

		3/10/03		69		10.38		6.64		77.21		118		4.8		81		90		80		85		81		68		77		27		34		1590		34		33		26		66				33.7		74.7

		3/11/03		70		10.10		7.01		73.17		140		4.9		79		87		73				70		68		74		29		19		1522		19		17		16		55				21.9		70.4

		3/12/03		71		7.00		6.28		71.38		97		4.6		76		80		71		79		81				68		49		26		1493		26		30		20		28				26.7		66.7

		3/13/03		72		5.90		5.15		64.00		26		3.3		82		81		74		81		93		64		75		55		27		1430		27		29		19		37		15		23.4		67.6

		3/14/03		73		5.90		5.26		59.79		25		3.2		67		70		65		69		84		64		64		23		27		1504		27		23		17		36		17		25.5		62.2

		3/15/03		74		5.92		4.88		69.50		14		2.6		62		66		54		69		68		56		60		22		34		1490		34		30		23		45		25		31.5		54.3

		3/16/03		75		7.10		3.50		65.58		10		2.3		51		74		67		65		68		59		59		17		50		1483		50		38		33		54		36		41.7		59.0

		3/17/03		76		7.58		2.59		64.38		53		4.0		58		66		72		85		84		38		67		21		56		1472		56		38		41		60		40		51.2		52.0

		3/18/03		77		6.75		4.01		67.83		22		3.1		88		74		77		90		93		50		85		51		39		1516		39		34		33		49		24		45.5		65.5

		3/19/03		78		7.65		1.57		68.50		106		4.7		34		70		90		76		67		37		28		11		53		1492		53		25		27		59		20		54.3		46.4

		3/20/03		79		7.91		2.46		66.54		146		5.0		48		91		86		50		59		53		43		36		55		1538		55		47		38		71		38		48.0		53.4

		3/21/03		80		6.74		3.44		76.04		63		4.1		52		63		64		53		65		52		47		21		48		1499		48		44		34		57		37		41.5		51.1

		3/22/03		81		6.44		3.46		70.42		33		3.5		55		50		80		63		46		35		60		19		46		1468		46		39		37		57		35		45.8		50.8

		3/23/03		82		9.94		2.95		60.67		49		3.9		54		126		124		89		46		65		42		31		68		1460		68		45		34		61		39		48.2		74.2

		3/24/03		83		11.36		4.00		66.29		117		4.8		108		117		115		99		48		73		96		15		53		1551		53		47		40		85		58		52.8		86.3

		3/25/03		84		11.51		1.81		70.13		108		4.7		65		125		115		86		83		61		57		30		67		1519		67		58		37		80		58		55.4		72.6

		3/26/03		85		11.09		2.97		68.63		31		3.4		59		108		100		92		49		53		55		19		79		1581		79		60		47		84		50		62.7		69.3

		3/27/03		86		10.46		3.65		57.29		30		3.4		69		89		111		84		89		59		72		17		43		1501		43		35		38		71		28		53.0		72.7

		3/28/03		87		9.17		3.50		73.42		23		3.1		68		58		96		63		92		50		77		32		66		1470		66		45		45		76		44		59.8		58.7

		3/29/03		88		12.10		2.50		68.96		67		4.2		12		80		37		62		38		26		20		15		78		1500		78		59		48		74		42		58.0		51.3

		3/30/03		89		11.61		4.12		58.42		71		4.3		78		98		99		90		87		71		73		60		32		1479		32		32		15		37		16		25.6		78.6

		3/31/03		90		9.30		2.80		58.92		45		3.8		78		88		101		89		102		71		81		29		29		1439		29		24		20		44		23		32.9		74.0

		4/1/03		91		7.74		6.23		77.17		138		4.9		68		83		92		66		73		58		56		36		17		1457		17		22		10		45		18		21.0		71.2

		4/2/03		92		7.37		6.32		59.21		121		4.8		75		80		75		76		73		67		65		51		21		1473		21		22		13		24		19		23.2		73.1

		4/3/03		93		8.61		4.08		59.75		97		4.6		73		74		77		76		76		54		62		45		25		1483		25		28		14		29		21		23.3		61.8

		4/4/03		94		12.43		4.45		65.38		120		4.8		56		71		71		76		70		66		52		45		33		1583		33		22		12		29		13		22.8		58.7

		4/5/03		95		11.32		4.99		61.25		71		4.3		86		91		83		82		85		77		73		65		14		1509		14		22		14		19		17		21.9		69.0

		4/6/03		96		8.43		4.91		67.92		74		4.3		77		78		80		81		86		61		74		55		14		1487		14		29		13		17		17		19.2		66.9

		4/7/03		97		4.79		4.15		56.63		27		3.3		80		83		82		78		85		65		75		46		26		1421		26		40		24		41		19		30.5		70.7

		4/8/03		98		4.22		3.56		54.38		26		3.3		80		71		67		86		89		50		77		32		25		1471		25		19		20		45		17		26.6		64.9

		4/9/03		99		3.79		3.97		58.04		51		3.9		75		85		76		84		83		64		68		33		21		1504		21		15		16		32		12		24.4		66.9

		4/10/03		100		4.63		4.54		68.38		98		4.6		64		76		73		77		80		60		51		42		19		1594		19		14		17		23		15		23.0		63.5

		4/11/03		101		5.34		1.97		71.17		102		4.6		70		87		92		78		79		63		72		14		20		1539		20		18		16		54		24		30.4		67.6

		4/12/03		102		8.00		3.25		58.00		28		3.3		88		110		80		95		88		70		86		32		39		1612		39		32		24		48		32		34.8		79.3

		4/13/03		103		12.58		5.25		57.42		18		2.9		86		110		97		104		87		91		79		47		39		1488		39		29		24		43		32		33.9		86.7

		4/14/03		104		14.92		4.60		53.04		10		2.3		45		82		89		99		69		88		60		8		59		1567		59		41		30		78		45		45.8		75.0

		4/15/03		105		16.56		2.80		51.33		27		3.3		60		104		108		88		55		30		63		12		75		1539		75		51		45		87		54		64.8		65.1

		4/16/03		106		17.07		3.52		46.13		33		3.5		94		139		135		101		63		65		90		36		71		1564		71				43		76		45		60.4		102.3

		4/17/03		107		16.28		4.88		42.54		28		3.3		77		139		136		111		94		97		76		45		64		1563		64				46		69		48		58.7		104.4

		4/18/03		108		14.65		5.62		44.67		38		3.6		143		146		133		128		120		125		134		108		37		1443		37		41		40		44		33		43.9		123.7

		4/19/03		109		7.40		6.83		70.67		38		3.6		106		119		115		97		105		113		105		91		26		1415		26		33		24		31		29		28.8		101.5

		4/20/03		110		9.97		5.85		70.17		26		3.3		116		116		106		106		113		98		112		70		77		1470		77		68		54		79		74		68.8		98.3

		4/21/03		111		11.85		5.02		70.38		69		4.2		116		117		112		106		111		101		114		44		33		1457		33		27		30		52		26		38.4		98.1

		4/22/03		112		11.63		2.35		64.83		117		4.8		104		123		129		108		98		88		90		37		44		1451		44		30		34		66		41		41.5		92.8

		4/23/03		113		12.25		4.02		55.42		19		3.0		90		116		130		126		109		98		104		43		48		1481		48		36		33		64		35		47.1		96.8

		4/24/03		114		11.87		3.02		73.17		72		4.3		66		88		107		97		102		104		82		44		56		1472		56		50		28		76		45		45.6		83.9

		4/25/03		115		13.58		3.95		75.17		63		4.1		66		77		111		35		73		52		48		13		28		1484		28		24		12		53				32.4		57.4

		4/26/03		116		11.29		4.45		76.42		114		4.7		91		106		103				91		88		91		22		16		1485		16		13		9		45				15.3		80.0

		4/27/03		117		13.18		7.40		67.42		129		4.9		114		112		111		105		109		101		108		43		28		1505		28		28		17		49		22		22.6		97.8

		4/28/03		118		12.39		6.21		89.00		104		4.6		92		93		84		84		86		73		87		27		14		1489		14		16		6		43		14		13.2		78.8

		4/29/03		119		12.88		6.43		71.88		117		4.8		100		108		110		89		102		83		101		19		18		1389		18		18		11		52				18.2		84.5

		4/30/03		120		12.32		5.34		74.04		114		4.7		100		104		106		77		103		87		97		15		19		1450		19		18		8		54		17		16.8		83.0

		5/1/03		121		12.15		6.59		71.25		127		4.8		93		102		109		78		96		82		88		27		17		1401		17		17		10		53		15		17.9		80.4

		5/2/03		122		10.98		6.35		84.83		91		4.5		86		99		105		69		90		84		90		17		13		1439		13		16		8		43		14		16.2		70.0

		5/3/03		123		11.90		7.00		69.54		135		4.9		94		96		96		79		95		75		91		25		16		1454		16		17		14		42		14		16.6		78.3

		5/4/03		124		15.50		4.98		60.75		81		4.4		114		117		116		100		113		86		110		36		19		1432		19		19		15		39		19		18.8		98.5

		5/5/03		125		14.01		5.80		59.83		148		5.0		105		104		96		93		102		89		101		47		17		1382		17		18		15		32		14		14.8		89.4

		5/6/03		126		11.95		3.65		59.38		165		5.1		71		89		84		72		74		67		65		38		21		1466		21		23		14		31		19		20.2		67.6

		5/7/03		127		12.83		2.81		58.79		123		4.8		85		100		106		82		78		70		78		15		17		1389		17		23		16		42		19		21.3		73.1

		5/8/03		128		12.48		2.90		66.54		119		4.8		59		92		93		71		67		66		66		36		27		1373		27		22		17		36		23		25.6		72.1

		5/9/03		129		12.86		3.80		61.00		153		5.0		90		101		99		70		86		79		78		25		25		1375		25		22		17		56		24		23.5		75.4

		5/10/03		130		11.03		4.77		71.50		117		4.8		86		93		90		73		87		69		86		17		14		1366		14		13		12		43		14		17.1		73.1

		5/11/03		131		10.78		4.40		73.25		114		4.7		88		99		87		88		80		71		85		20		12		1382		12		14		10		35		13		12.5		81.3

		5/12/03		132		9.93		5.12		77.00		135		4.9		77		95		99		70		88		73		82		24		11		1424		11		13		9		45		12		15.1		76.0

		5/13/03		133		8.11		4.70		77.21		167		5.1		75		88		91		63		74		72		65		16		12		1393		12		12		10		45		11		16.3		70.3

		5/14/03		134		9.94		5.13		63.54		145		5.0		69		92		87		72		78		61		63		41		17		1420		17		18		11		28		14		18.4		72.2

		5/15/03		135		11.29		2.85		55.92		87		4.5		84		91		97		74		88		71		81		15		21		1403		21		18				45		16		22.5		74.6

		5/16/03		136		10.60		4.40		83.29		58		4.1		91		88		98		76		95		57		96		18		19		1483		19		22				46		21		20.0		66.6

		5/17/03		137		12.81		5.85		84.54		105		4.7		85		81		93		78		90		67		89		16		19		1398		19		20		16		48		18		18.4		64.9

		5/18/03		138		13.43		7.33		74.83		123		4.8		81		88		83		74		83		77		77		27		24		1358		24		25		19		47		19		18.9		72.2

		5/19/03		139		12.47		5.87		76.21		128		4.9		84		97		105		71		91		76		78		28		19		1431		19		18		14		55		15		18.4		76.8

		5/20/03		140		11.15		7.93		74.00		153		5.0		87		96		109		75		89		82		76		30		21		1314		21		21		19		59		15		19.8		77.7

		5/21/03		141		13.25		5.51		77.25		150		5.0		73		85		101		52		80		59		71		13		22		1421		22		20		15		53		20		20.5		65.2

		5/22/03		142		14.90		6.78		82.58		149		5.0		59		64		83		42		66		63		58		7		22		1381		22		22		15		60		19		16.2		52.4

		5/23/03		143		14.04		7.10		72.58		128		4.8		83		88		97		69		89		72		84		19		18		1461		18		13		11		55		18		18.0		73.7

		5/24/03		144		13.01		3.54		70.25		134		4.9		86		84		97		72		87		70		84		26		15		1393		15		19		10		39		16		15.3		73.6

		5/25/03		145		13.21		4.32		70.25		165		5.1		85		89		83		89		81		75		77		51		13		1361		13		13		10		21		14		13.7		79.4

		5/26/03		146		14.18		3.15		65.38		135		4.9		95		98		92		84		81		83		82		30		15		1336		15		15		11		36		15		15.1		81.7

		5/27/03		147		14.55		2.81		79.00		114		4.7		60		79		79		85		74		69		67		13		21		1390		21		17		11		54		21		21.0		61.9

		5/28/03		148		18.20		2.57		64.08		42		3.7		67		84		146		124		117		90		123		24		44		1405		44		26		16		58		26		27.4		80.1

		5/29/03		149		18.85		3.11		59.21		25		3.2		125		161		157		138		110		110		137		53		44		1371		44		33		35		60		26		41.3		123.0

		5/30/03		150		20.62		2.33		56.00		75		4.3		115		165		173		113		138		116		108		50		52		1448		52		33		28		59		29		40.1		125.9

		5/31/03		151		22.25		3.93		59.75		60		4.1		156		131		153		128		126		93		143		70		53		1453		53		34		31		70		27		40.1		125.4

		6/1/03		152		17.85		3.28		76.25		91		4.5		101		102		104		89		105		77		114		22		26		1428		26		32		22		50		31		28.3		94.6

		6/2/03		153		17.51		3.97		70.79		120		4.8		74		94		89		69		76		72		76		23		16		1379		16		16		14		54		25		21.3		75.5

		6/3/03		154		16.83		3.74		73.25		73		4.3		71		78		86		61		81		65		70		13		23		1311		23		22		17		55		30		28.0		67.3

		6/4/03		155		16.37		3.53		78.46		96		4.6		75		86		84		56		82		70		80		11		26		1345		26		23		16		63		24		23.4		65.7

		6/5/03		156		15.89		5.37		63.50		130		4.9		82		91		86		68		84		68		81		17		16		1317		16		16		13		58		16		18.7		68.1

		6/6/03		157		15.20		4.73		81.54		102		4.6		67		76		83		55		78		56		72		11		15		1323		15		16		11		56		21		17.8		62.7

		6/7/03		158		18.14		5.07		70.42		117		4.8		80		104		75		73		69		68		75		21		16		1377		16		18		15		51		17		21.5		80.0

		6/8/03		159		15.20		5.17		72.04		125		4.8		88		87		99		70		83		78		81		23		20		1274		20		21		15		53		20		18.9		75.6

		6/9/03		160		15.69		4.09		61.29		107		4.7		85		91		94		73		86		67		85		20		18		1351		18		20		15		51		18		20.8		74.3

		6/10/03		161		17.80		6.10		69.25		103		4.6		83		88		83		72		83		68		80		21		31		1410		31		28		24		70		32		28.5		74.7

		6/11/03		162		17.38		5.47		63.08		126		4.8		89		81		85		82		90		67		87		23		26		1310		26		24		18		58		25		23.4		73.7

		6/12/03		163		17.44		3.97		57.79		149		5.0		91		94		91		86		88		66		78		30		21		1322		21		22		14		51		24		21.0		73.8

		6/13/03		164		17.53		2.80		53.21		140		4.9		81		106		100		86		78		73		75		41		25		1336		25		22		15		37		17		22.4		74.3

		6/14/03		165		19.84		4.24		47.50		14		2.6		115		145		141		92		112		137		105		64		30		1371		30		27		26		43		19		28.7		103.8

		6/15/03		166		20.03		2.28		51.83		80		4.4		117		158		163		110		132		129		136		101		35		1300		35		29		23		36		26		25.3		115.1

		6/16/03		167		21.43		3.05		53.75		90		4.5		159		172		184		115		154		123		151		60		43		1378		43		37		27		71		30		34.2		120.7

		6/17/03		168		19.78		3.09		66.50		117		4.8		106		142		138		81		115		96		117		60		42		1387		42		34		29		70		39		35.5		103.1

		6/18/03		169		17.71		6.03		71.50		152		5.0		73		78		97		62		78		71		69		18		24		1296		24		27		14		58		24		23.1		61.3

		6/19/03		170		19.24		6.86		71.42		162		5.1		51		50		53		59		51		33		39		8		12		1258		12		20		10		49		17		17.2		51.7

		6/20/03		171		17.35		4.59		58.92		152		5.0		94		102		92		76		98		89		83		56		21		1239		21		28		15		36		23		22.2		76.5

		6/21/03		172		18.61		3.06		50.75		56		4.0		99		132		124		94		104		105		95		57		33		1317		33		32		20		44		21		26.9		92.0

		6/22/03		173		20.00		4.27		67.79		83		4.4		102		102		116		91		104		99		98		51		36		1305		36		34		22		54		31		32.0		97.5

		6/23/03		174		18.71		5.20		71.50		148		5.0		77		80		85		75		80		70		67		31		17		1343		17		22		11		35		21		20.1		73.2

		6/24/03		175		17.77		2.70		60.13		115		4.7		87		102		102		69		97		79		83		55		23		1250		23		24		15		32		18		20.9		75.4

		6/25/03		176		18.06		4.50		60.38		12		2.5		75		75		94		80		90		77		79		35		25		1332		25		22		22		42		16		28.7		80.8

		6/26/03		177		19.08		4.64		67.29		19		2.9		87		113		78		91		100		70		92		32		34		1349		34		33		29		58		24		31.3		81.2

		6/27/03		178		18.20		3.17		74.08		116		4.8		77		63		66		89		93		50		85		23		33		1374		33		36		18		58		29		28.6		65.7

		6/28/03		179		16.76		3.01		62.21		145		5.0		99		94		77		74		83		64		94		34		18		1278		18		17		10		42		17		16.4		67.7

		6/29/03		180		19.34		4.26		54.54		18		2.9		125		130		136		101		137		100		126		61		38		1343		38		33		21		43		20		23.4		104.1

		6/30/03		181		17.43		4.75		76.88		89		4.5		111		108		120		86		115		100		111		46		23		1302		23		23		15		61		23		21.1		90.9

		7/1/03		182		16.47		3.80		76.29		140		4.9		71		88		84		67		66		63		57		30		18		1293		18		17		17		43		17		17.8		67.0

		7/2/03		183		16.39		3.35		76.04		132		4.9		72		81		74		71		63		57		55		29		21		1281		21		16		17		36		17		20.5		63.6

		7/3/03		184		16.15		3.73		74.79		155		5.0		30		84		77		60		38		67		22		14		24		1251		24		23		13		31		15		19.7		53.4

		7/4/03		185		17.11		3.98		66.63		155		5.0		61		87		83		30		70		62		51		26		19		1296		19		27		12		33		32		23.0		58.3

		7/5/03		186		16.51		2.91		67.79		128		4.8		50		82		93		68		77		55		47		29		33		1389		33		36		14		37		23		22.7		57.0

		7/6/03		187		18.31		2.91		59.83		125		4.8		88		97		92		79		89		71		82		41		30		1251		30		32		17		35		21		19.1		72.6

		7/7/03		188		17.61		3.61		63.83		161		5.1		56		80		84		92		95		56		60		19				1355				25		13		53		27		20.0		61.6

		7/8/03		189		19.36		3.40		71.46		143		5.0				52		74		67		42		43				5				1365				19		18		58		18		20.4		48.4

		7/9/03		190		22.35		2.60		64.38		95		4.6		50		92		78		66		93		55		71		18				1369				30		24		52		18		26.0		60.5

		7/10/03		191		22.76		4.30		60.50		126		4.8		130		110		89		86		139		86		136		19		27		1368		27		34		21		64		25		25.9		74.0

		7/11/03		192		19.75		4.59		56.63		155		5.0		92		91		91		70		95		78		86		52		22		1341		22		32		19		33		20		22.8		67.8

		7/12/03		193		19.93		2.19		53.54		106		4.7		105		109		113		83		99		99		101		53		30		1282		30		24		23		45		25		28.3		89.8

		7/13/03		194		21.34		4.31		46.50		15		2.7		109		159		148		88		122		110		125		56		38		1388		38		29		31		46		22		33.1		124.5

		7/14/03		195		22.83		5.00		54.50		12		2.5		106		169		157		91		102		109		118		49		36		1370		36		33		36		61		23		38.8		108.8

		7/15/03		196		25.17		4.00		46.08		27		3.3		128		208		197		148		118		137		162		65		52		1525		52		42		37		65		34		43.9		138.3

		7/16/03		197		21.06		3.10		73.42		75		4.3		92		129		195		176		114		85		112		72		34		1534		34		31		35		76		45		45.1		117.8

		7/17/03		198		18.33		6.25		83.04		131		4.9		65		86				80		79		85		73		20		13		1330		13		20		14		55		25		24.5		80.0

		7/18/03		199		19.72		5.55		67.63		118		4.8		67		69				55		72		54		76		15		17		1264		17		20		19		56		20		19.0		59.2

		7/19/03		200		21.66		4.25		60.17		79		4.4		85		80				119		100		58		95		22		20		1330		20		26		24		48		28		23.4		71.2

		7/20/03		201		19.73		5.11		60.50		112		4.7		69		75				77		72		59		76		22		18		1244		18		19				46		19		19.9		64.5

		7/21/03		202		19.39		5.72		63.79		105		4.7		77		89				70		80		66		85		21		17		1308		17		19				54		23		19.7		64.2

		7/22/03		203		19.23		4.77		67.29		132		4.9		76		85		88		66		85		66		80		14		17		1298		17		17				60		19		19.5		62.2

		7/23/03		204		18.74		5.70		69.38		119		4.8		75		85		85		70		86		67		84		16		15		1255		15		16				49		21		18.6		62.1

		7/24/03		205		18.49		5.53		70.04		143		5.0		71		71		77		65		79		56		77		18		14		1282		14		14				56		17		17.6		56.8

		7/25/03		206		17.03		5.94		81.75		106		4.7		56		62		75		50		59		51		57		14		11		1306		11		17				53		17		14.4		48.4

		7/26/03		207		16.30		3.59		79.67		91		4.5		57		66		69		60		68		39		66		13		14		1256		14		17		16		40		23		16.7		53.0

		7/27/03		208		18.08		4.98		65.13		163		5.1		74		84		72		68		77		58		77		24		13		1306		13		20		19		31		18		15.8		63.6

		7/28/03		209		17.84		5.10		64.75		116		4.8		67		78		72		66		76		61		78		15		18		1293		18		16		18		56		20		20.5		60.0

		7/29/03		210		18.09		5.68		81.71		108		4.7		56		68		62		50		62		61		61		22		13		1318		13		15		14		52		20		16.2		49.2

		7/30/03		211		19.61		4.83		71.46		154		5.0		57		69		64		54		60		43		56		16		16		1322		16		21		19		40		19		20.3		50.8

		7/31/03		212		18.25		4.22		70.88		143		5.0		63		77		62		65		72		60		71		16		18		1341		18		23		20		56		25		21.0		56.9

		8/1/03		213		17.42		4.28		83.71		111		4.7		62		75		76		49		69		62		65		21		22		1299		22		22		17		63		26		20.3		57.5

		8/2/03		214		19.19		2.59		61.04		155		5.0		93		99		79		83		76		65		98		34		19		1332		19		20		24		36		22		22.9		78.3

		8/3/03		215		21.66		2.25		54.25		81		4.4		79		81		82		110		99		87		104		48		32		1267		32		28				48		26		29.3		100.7

		8/4/03		216		23.91		3.57		59.25		16		2.8		85		165		157		110		108		77		119		33		42		1447		42		34				65		25		44.9		110.4

		8/5/03		217		24.62		4.65		55.29		15		2.7		100		146		168		94		103		116		123		52		39		1478		39		36		47		60		29		44.0		108.3

		8/6/03		218		27.39		3.20		49.88		103		4.6		181		125		130		144		178		118		186		39		60		1535		60		53		51		81		55		52.5		132.5

		8/7/03		219		23.75		3.42		65.13		132		4.9		135		179		152		132		148		142		142		88		55		1436		55		60		48		67		46		48.2		115.5

		8/8/03		220		24.58		2.66		63.25		78		4.4		136		160		151		116		150		135		147		111		68		1485		68		61		68		86		39		57.0		124.5

		8/9/03		221		26.68		2.53		56.33		110		4.7		186		200		205		120		187		188		197		52		59		1572		59		62		67		94		55		63.0		150.2

		8/10/03		222		28.18		3.16		51.17		67		4.2		144		186		163		154		173		151		151		89		62		1680		62		61		65		89		47		55.7		128.6

		8/11/03		223		26.36		3.73		59.50		60		4.1		173		184		220		144		181		130		171		99		61		1696		61		72		62		92		44		52.9		109.3

		8/12/03		224		23.83		3.33		66.75		110		4.7		147		161		213		103		169		123		154		79		53		1541		53		67		40		68				47.7		107.3

		8/13/03		225		22.88		3.70		53.79		143		5.0		100		108		133		89		118		108		107		65		35		1391		35		45				52		24		29.5		79.2

		8/14/03		226		20.02		4.27		45.75		73		4.3		68		83		80		69		86		75		74		50		15		1261		15		17		21		29		19		19.4		68.5

		8/15/03		227		18.73		3.89		52.79		25		3.2		68		106		83		78		86				82		31		18		1320		18		18		24		37		22		26.0		74.4

		8/16/03		228		18.37		4.14		60.83		18		2.9		77		113		83		70		90		77		84		44		15		1335		15		14		22		30		16		25.5		81.7

		8/17/03		229		20.44		3.99		59.33		23		3.1		83		137		94		94		83		80		88		44		24		1317		24		25		26		38		21		26.8		87.6

		8/18/03		230		19.75		4.39		69.58		138		4.9		79		113		86		66		102		59		85		13		26		1417		26		32		26		62				26.7		73.8

		8/19/03		231		17.40		3.83		58.13		166		5.1		58		84		71				65				57		25		14		1242		14		23		15		34				19.3		60.0

		8/20/03		232		17.46		2.91		56.50		162		5.1		68		89		87		79		74				73		22		23		1335		23		24		16						23.6		65.1

		8/21/03		233		18.64		5.12		62.96		149		5.0		71		82		77		64		81		51		74		9		15		1296		15		20		13		55		26		21.1		59.8

		8/22/03		234		21.23		6.24		68.38		158		5.1		59		60		69		53		63		49		59		9		13		1394		13		21		18		48		18		18.1		50.0

		8/23/03		235		22.23		2.85		68.83		129		4.9		55		63		47		55		63		34		48		28		16		1337		16		23		25		29		17		18.1		42.9

		8/24/03		236		21.39		3.97		66.50		19		3.0		76		88		84		66		89		66		85		46		14		1286		14		15		22		30		14		19.6		69.0

		8/25/03		237		18.50		4.51		62.29		47		3.8		72		79		73		72		85		65		78		43		10		1196		10		15		15		19		14		14.5		65.1

		8/26/03		238		19.10		3.28		61.50		32		3.5		68		81		94		66		73		71		76		43		20		1302		20		19		26		36		14		22.2		66.0

		8/27/03		239		19.09		3.43		62.42		19		2.9		70		81		64		73		93		61		80		28		19		1239		19		18		28		39		14		24.2		65.7

		8/28/03		240		15.93		3.65		69.33		20		3.0		63		62		58		60		76		66		73		30		17		1285		17		16		25		37		11		23.1		51.7

		8/29/03		241		14.76		5.38		73.96		83		4.4		48		72		51		70		68		48		49		37		17		1264		17		16		15		24		17		18.3		55.3

		8/30/03		242		14.15		3.97		59.21		113		4.7		62		79		66		66		72		70		57		48		19		1345		19		19		15		23		17		17.3		62.4

		8/31/03		243		14.29		2.85		57.92		148		5.0		73		86		85		69		79		80		71		41		20		1308		20		19		12		31		13		16.3		65.7

		9/1/03		244		15.51		3.80		52.25		77		4.3		55		70		71		63		69		59		49		40		19		1280		19		15		19		26		13		21.1		55.0

		9/2/03		245		16.29		1.74		57.46		135		4.9		38		85		65		67		67		56		34		24		32		1289		32		19		24		44		22		28.4		48.9

		9/3/03		246		18.22		1.86		56.88		51		3.9		44		63		79		69		88		51		51		19		40		1368		40		23		27		60		25		29.6		50.9

		9/4/03		247		17.58		2.93		62.54		24		3.2		69		122		94		83		104		84		92		23		44		1387		44		33		32		66		25		39.5		76.9

		9/5/03		248		19.06		2.93		63.38		66		4.2		74		128		100		81		75		67		61		20		44		1309		44		34		38		66		29		41.7		83.5

		9/6/03		249		16.64		3.86		69.29		148		5.0		89		95		106		89		83		72		90		36		25		1313		25		26		20		45		26		21.5		78.2

		9/7/03		250		14.24		2.38		69.00		112		4.7		53		78		63		57		59		72		53		12		18		1237		18		14		13		38		14		15.6		62.5

		9/8/03		251		16.36		2.78		65.13		17		2.8		50		69		87		85		84		66		67		5		25		1349		25		18		22		44		20		22.2		53.7

		9/9/03		252		16.27		4.79		57.92		151		5.0		52		71		65		48		74		60		49				19		1320		19		22		14		30		20		18.8		53.6

		9/10/03		253		16.24		5.08		78.50		121		4.8		41		61		53		47		46		54		39				11		1376		11		11		11		28		12		15.8		47.1

		9/11/03		254		15.63		2.68		83.79		118		4.8		36		44				47		45		35		37				21		1306		21		20		13		65		18		25.8		36.4

		9/12/03		255		16.73		3.24		59.71		80		4.4		48		54		50		58		64		54		51						1277				24		20		35		26		27.3		50.7

		9/13/03		256		16.95		2.59		61.75		54		4.0		66		95		73		62		85		79		69						1306				23		24		54		27		31.1		71.7

		9/14/03		257		18.24		2.23		56.54		59		4.1		79		100		85		79		83		87		84						1320				23		24		51		24		28.8		86.1

		9/15/03		258		18.36		2.11		56.79		83		4.4		74		108		113		76		104		78		59		7				1443				27		24		66		33		36.4		81.4

		9/16/03		259		19.00		2.08		58.75		124		4.8		100		122		131		76		75		86		91		14				1354				35		38		71		39		38.2		81.4

		9/17/03		260		19.65		3.28		58.92		98		4.6		137		149		163		122		151		102		150		18		39		1348		39		46		30		77		45		40.6		118.5

		9/18/03		261		17.09		4.36		70.50		130		4.9		94		118		158		95		118		75		103		11		44		1358		44		53		36		86		45		40.0		93.7

		9/19/03		262		17.28		3.94		71.58		122		4.8		84		97		107		69		84		73		84		13		45		1369		45		56		33		86		47		35.1		70.0

		9/20/03		263		18.72		2.26		69.13		101		4.6		95		120		147		74		92		71		81		18		51		1368		51		45		40		82		43		33.5		77.8

		9/21/03		264		19.37		3.17		68.75		83		4.4		114		83		133		102		108		20		123		26		35		1313		35		40		31		59		25		27.3		82.1

		9/22/03		265		15.68		5.77		84.17		118		4.8		62		74		85		69		73				74		17		21		1409		21		34		19		48		36		20.4		61.2

		9/23/03		266		10.88		4.69		59.38		138		4.9		48		67		59		49		62				48		34		15		1255		15		16		14		28		17		16.8		51.0

		9/24/03		267		10.87		1.95		59.92		103		4.6		46		70		67		46		50				43		16		24		1335		24		20		18		45		16		23.2		47.7

		9/25/03		268		12.97		2.31		55.96		65		4.2		40		78		83		44		69				55		13		31		1350		31		21		21		56		27		30.7		55.3

		9/26/03		269		13.67		2.99		72.75		135		4.9		64		83		100		44		64				57		7		29		1404		29		29		21		59		25		27.8		54.9

		9/27/03		270		13.80		2.72		66.83		41		3.7		52		76		63		64		78				61		27		17		1326		17		13		20		27		10		20.3		53.4

		9/28/03		271		12.48		3.46		68.46		125		4.8		56		78		59		59		64				51		40		18		1269		18		12		17		25		7		16.1		58.7

		9/29/03		272		12.14		2.98		66.38		116		4.8		61		76		79		39		77				68		7		19		1424		19		18		15		56		16		19.9		48.7

		9/30/03		273		14.99		4.40		62.50		28		3.3		60		82		90		68		87				59		18		33		1404		33		28		26		51		25		32.1		52.9

		10/1/03		274		14.67		4.51		71.21		37		3.6		49		73		74		74		64				49		18		26		1385		26		28		29		39		19		34.0		57.2

		10/2/03		275		14.37		2.63		88.42		43		3.8		35		63		31		65		46				40		22		31		1372		31		33		25		47		25		32.6		46.2

		10/3/03		276		15.33		3.37		76.88		110		4.7		37		68		47		30		44				34		23		29		1425		29		29		23		38		27		29.2		47.5

		10/4/03		277		10.47		5.18		68.79		150		5.0		51		72		67		53		63				49		32		15		1359		15		16		14		22		13		15.3		57.3

		10/5/03		278		8.34		5.55		57.88		131		4.9		60		76		70		64		69				61		49		11		1315		11		14		10		21		11		11.3		59.8

		10/6/03		279		12.49		7.15		65.50		161		5.1		57		80		76		59		60				56		21		17		1448		17		17		16		41		14		21.0		66.9

		10/7/03		280		11.37		7.53		61.75		157		5.1		67		78		76		62		67				61				21		1412		21		21		17		31		12		22.1		72.1

		10/8/03		281		13.68		5.30		73.50		163		5.1		44		64		68		45		51				37		20		20		1390		20		23		15		43		15		21.0		50.5

		10/9/03		282		15.07		5.46		70.46		165		5.1		50		67		73		45		55		34		44		21		17		1504		17		19		15		52		16		19.2		56.3

		10/10/03		283		15.85		6.27		78.21		158		5.1		39		57		71		48		40		38		31		9		16		1382		16		18		15		41		23		22.7		51.8

		10/11/03		284		12.75		1.81		71.04		98		4.6		48		69		79		67		60		41		51		19		31		1402		31		20		26		52		24		29.7		54.7

		10/12/03		285		12.17		4.92		68.96		11		2.4		60		67		76		69		77		65		71		26		29		1372		29		22		28		43		20		26.1		61.1

		10/13/03		286		13.05		4.78		67.83		10		2.3		40		40		66		59		51		47		43		11		34		1428		34		30		32		60		25		34.1		46.5

		10/14/03		287		12.79		5.76		63.17		11		2.4		35		46		39		51		45		27		38		12		33		1386		33		28		35		56		21		32.9		38.7

		10/15/03		288		11.54		6.09		59.71		11		2.4		41		57		54		49		54		37		47		14		29		1328		29		24		27		47		20		29.1		41.4

		10/16/03		289		10.97		5.32		66.08		31		3.4		43		54		46		49		54		35		46		14		26		1338		26		25		23		38		17		26.8		40.4

		10/17/03		290		10.11		5.03		70.58		36		3.6		38		48		44		51		43		30		39		15		27		1475		27		26		23		38		20		26.5		41.6

		10/18/03		291		9.58		4.55		72.08		45		3.8		34		36		55		50		49		21		37		15		28		1391		28		26		25		37		24		27.5		45.0

		10/19/03		292		9.88		6.01		67.83		47		3.9		71		79		84		74		81		58		78		42		18		1420		18		24		17		24		14		18.0		65.5

		10/20/03		293		8.18		6.45		60.92		83		4.4		67		67		78		61		73		61		72		38		23		1451		23		16		15		21		13		17.6		60.9

		10/21/03		294		6.06		2.60		68.13		110		4.7		39		57		70		43		65		31		50		30		27		1406		27		14		22		39		14		25.1		39.4

		10/22/03		295		7.17		4.59		79.54		18		2.9		25		37		70		33		55		40		40		11		21		1396		21		23		17		36		19		20.8		34.5

		10/23/03		296		7.18		6.28		67.04		56		4.0		52		55		69		52		69		42		53		32		19		1459		19		22		17		26		16		23.5		45.6

		10/24/03		297		5.48		3.95		73.00		133		4.9		27		57		48		26		50		37		22		22		18		1446		18		16		14		33		12		21.5		38.7

		10/25/03		298		6.04		4.56		74.50		169		5.1		31		65		64		35		40		40		29		9		16		1531		16		14		10		44		10		17.8		46.0

		10/26/03		299		7.20		4.23		78.25		105		4.6		51		62		70		64		66		48		53		35		13		1574		13		15		14		19		17		18.1		53.3

		10/27/03		300		6.18		1.65		72.75		128		4.9		20		52		67		32		43		33		19		10		33		1467		33		23		18		59		23		31.5		32.6

		10/28/03		301		6.30		2.66		74.04		117		4.8		34		72		68		19		45		19		43		5		27		1522		27		23		14		73		28		26.9		31.9

		10/29/03		302		7.83		3.38		86.79		120		4.8		40		76		83		30		51		35		46		11		19		1544		19		15		6		40		15		15.9		43.4

		10/30/03		303		7.21		4.60		87.50		85		4.4		28		51		67		25		49		36		31		6		9		1599		9		12		8		41		18		17.8		38.0

		10/31/03		304		9.29		3.24		89.83		107		4.7		28		38		78		37		46		26		35		11		28		1655		28		15		11		42		17		19.3		38.1

		11/1/03		305		8.64		5.00		74.75		147		5.0		31		58		52		38		42		45		33		17		30		1574		30		24		13		36		24		19.6		41.5

		11/2/03		306		11.19		6.61		81.42		107		4.7		59		71		86		51		71		73		68		16		16		1663		16		20		12		42		16		15.1		59.3

		11/3/03		307		11.25		7.33		71.71		140		4.9		67		69		84		51		72		67		73		26		19		1605		19		24		18		59		16		24.1		61.8

		11/4/03		308		10.61		3.43		85.04		89		4.5		36		60		65		42		51		30		48		4		28		1591		28		30		19		76		27		30.2		40.4

		11/5/03		309		12.29		4.61		78.96		62		4.1		32		53		49		26		43		33		31		7		34		1663		34		29		21		53		36		38.2		37.6

		11/6/03		310		12.42		2.67		85.63		29		3.4		13		22		35		9		19		20		15		4		65		1593		65		40		38		77		36		49.3		19.6

		11/7/03		311		10.16		4.35		77.21		16		2.8		7		20		45		31		28		26		19		5				1606				37		33		66		29		39.1		18.2

		11/8/03		312		8.49		5.60		68.46		10		2.3		6		35		42		45		29		24		28		9				1560				28		27		50		29		32.0		35.0

		11/9/03		313		7.98		3.35		89.83		13		2.6		8		23		45		15		13		21		11		4		36		1509		36		28		32		50		31		35.3		21.0

		11/10/03		314		10.83		2.35		89.38		29		3.4		8		32		58		19		20		22		13		4		34		1616		34		25		19		56		35		35.1		20.1

		11/11/03		315		9.39		3.33		94.46		42		3.7		4		22		38		2		31		15		25		4		38		1674		38		45		18		55		46		31.4		16.9

		11/12/03		316		11.19		3.94		85.08		119		4.8		28		68		65		10		34		46		21		13		16		1601		16		25		15		49		27		22.3		38.8

		11/13/03		317		10.13		4.11		84.88		94		4.5		35		66		73		16		51		48		45		5		22		1548		22		29		18		67		26		26.0		41.9

		11/14/03		318		11.71		9.13		64.92		111		4.7		66		83		88		55		79		63		75		17		21		1643		21		25		18		65		25		20.4		63.0

		11/15/03		319		9.96		4.45		75.92		154		5.0		68				86		59		75		65		69		13		24		1511		24		28		15		44		18		22.5		64.3

		11/16/03		320		7.10		3.35		79.13		151		5.0		48				70		38		59		49		45		33		14		1528		14		24		12		27		19		17.8		50.2

		11/17/03		321		8.86		4.43		91.92		135		4.9		36		52		84		17		50		33		36		5		11		1613		11		15		10		54		17		15.9		38.4

		11/18/03		322		13.64		5.92		85.13		154		5.0		41		65		73		32		50		38		32		5		6		1559		6		10		9		50		10		11.5		43.8

		11/19/03		323		13.28		4.83		84.17		128		4.9		49		62		76		49		53		56		43		15		14		1505		14		17		11		51		17		16.5		54.9

		11/20/03		324		11.97		4.48		88.00		105		4.7		45		54		69		22		47		39		49		11		18		1519		18		19		12		58		21		18.5		42.2

		11/21/03		325		9.43		2.37		92.71		97		4.6		28		4		75		25		48		38		36		5		16		1485		16		12		15		28		23		29.6		24.4

		11/22/03		326		7.87		3.99		95.08		72		4.3		39		43		56		47		59		31		37		16		10		1554		10		20		12		13		9		26.7		21.9

		11/23/03		327		6.79		5.87		92.46		70		4.2		62		57		62		57		73		55		60		44		8		1443		8		10		12		12		8		24.2		32.9

		11/24/03		328		6.78		3.83		88.00		98		4.6		62		57		60		58		74		59		62		48		22		1597		22		17		15		32		17		27.9		35.1

		11/25/03		329		8.46		4.84		88.42		96		4.6		49				72		36		57		45		55		4		16		1597		16		16		9		52		15		16.6		39.8

		11/26/03		330		9.16		6.27		80.96		108		4.7		63				92		45		70		72		67		24		12		1625		12		14		8		48				12.8		60.1

		11/27/03		331		4.12		1.75		87.92		126		4.8		7		42		80				49		26		31		4		40		1498		40		30		13		65				29.2		29.9

		11/28/03		332		5.85		2.48		83.08		80		4.4		26		71		86		19		49		34		36		4		23		1597		23		25		16		70				25.4		33.1

		11/29/03		333		9.45		5.91		88.88		84		4.4		45		73		75		39		61		56		49		10		15		1544		15		15		11		39		16		14.5		49.1

		11/30/03		334		8.35		2.75		90.38		79		4.4		14		73		67		25		35		24		31		6		18		1610		18		16		10		39		16		19.8		35.8

		12/1/03		335		9.30		4.28		91.92		25		3.2		16		36		71		32		42		32		33		10		17		1587		17		16		11		39		15		16.9		30.0

		12/2/03		336		8.73		3.17		87.75		24		3.2		25		45		63		8		32		41		27		14		32		1454		32		27		19		45		28		30.8		24.3

		12/3/03		337		8.55		3.17		92.42		53		4.0		8		10		24		15		12		10		12		5		31		1588		31		34		22		36		37		34.1		11.4

		12/4/03		338		8.81		5.93		76.75		50		3.9		30		63		45		46		48		34		36		25		24		1542		24		26		22		30		23		30.2		31.3

		12/5/03		339		7.65		3.23		80.25		51		3.9		38		66		40		52		46		39		42		28		27		1549		27		24		22		36		27		34.8		32.7

		12/6/03		340		6.32		3.62		78.13		82		4.4		63		85		80		66		83		56		61		43		32		1650		32		28		26		38		29		31.4		61.0

		12/7/03		341		3.65		4.36		68.79		17		2.8		53		76		73		60		77		60		67		28		17		1539		17		17		18		36		18		23.3		55.4

		12/8/03		342		3.23		3.35		83.58		24		3.2		20		23		43		18		46		30		36		7		27		1526		27		26		24		54		25		30.9		22.6

		12/9/03		343		6.70		2.15		86.75		30		3.4		5		15		43		12		12		13		6		5		47		1653		47		46		31		66		51		43.3		14.4

		12/10/03		344		3.20		1.85		98.13		133		4.9		7		15		11		7		12		9		5		7		34		1668		34		34		28		61		27		36.3		11.0

		12/11/03		345		9.20		4.15		90.21		104		4.6		29		82		59		28		38		38		35		13		17		1634		17		21		12		45		20		19.9		35.0

		12/12/03		346		8.57		4.03		91.33		75		4.3		43		75		66		32		55		36		45		16		17		1620		17		14		10		45		18		17.6		35.7

		12/13/03		347		12.49		7.61		90.00		148		5.0		56		80		81		46		62		45		52		16		4		1658		4		7		6		31		4		9.0		59.1

		12/14/03		348		7.96		6.52		72.21		162		5.1		63		90		76		66		70		50		68		40		16		1654		16		21		17		26		17		20.7		69.2

		12/15/03		349		3.82		2.51		74.88		135		4.9		43		73		59		58		55		31		49		28		18		1504		18		18		12		29		20		26.2		45.1

		12/16/03		350		2.13		1.75		83.54		119		4.8		5		26		59		29		7		14		7		4		35		1704		35		32		17		84		34		33.0		14.6

		12/17/03		351		3.76		2.10		85.54		32		3.5		12		21		59		8		34		14		20		4		39		1639		39		25		22		67		30		34.9		17.7

		12/18/03		352		4.38		1.97		88.13		43		3.8		10		13		43		6		18		9		11		4		43		1678		43		32		26		72		30		44.0		10.8

		12/19/03		353		6.03		1.51		89.33		148		5.0		4		41		45		5		2		7		3		4		45		1701		45		40		25		91		33		46.1		9.6

		12/20/03		354		8.00		6.45		86.17		106		4.7		47		46		77		43		62		43		47		9		14		1719		14		15		10		40		17		17.3		52.2

		12/21/03		355		5.20		7.20		67.46		150		5.0		66		56		81		62		72		61		69		40		10		1566		10		14		10		17		12		13.2		67.1

		12/22/03		356		1.49		4.47		67.29		143		5.0		49		47		55		58		58		52		55		45		16		1699		16		18		12		26		14		18.3		54.7

		12/23/03		357		6.11		3.85		91.13		166		5.1		29		48		60		32		28		15		19		4		14		1657		14		15		10		37		15		14.7		39.9

		12/24/03		358		9.28		4.69		86.00		163		5.1		53		64		79		36		64		41		57		10		10		1788		10		15		11		28		13		14.0		52.3

		12/25/03		359		10.10		6.30		80.13		140		4.9		71		63		89		64		79		61		76		37		5		1765		5		8		7		16		6		7.5		68.6

		12/26/03		360		9.59		7.18		87.42		113		4.7		67		65		78		58		68		69		73		38		9		1825		9		20		9		19		8		8.0		66.4

		12/27/03		361		5.85		5.46		79.08		117		4.8		69		69		89		65		76		68		74		35		7		1766		7		10		10		23		10		11.1		68.7

		12/28/03		362		3.87		5.51		78.50		136		4.9		52		65		82		49		66		58		54		37		13		1691		13		16		15		22		14		16.1		60.3

		12/29/03		363		2.59		2.73		94.29		57		4.0		33		57		78		47		44		30		35		8		13		1787		13		17		11		24		32		20.1		46.2

		12/30/03		364		3.22		1.50		94.04		66		4.2		10		32		63		9		34		15		15		3		26		1758		26		34		20		31		27		30.2		15.9

		12/31/03		365		2.26		2.23		94.42		84		4.4		14		32		52		30		21		17		13		8		21		1744		21		22		15		36		14		23.6		27.5
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CAMS (20km), Northern Europe (7km), Gulf of 
Finland (3km), Helsinki (Gaussian finite line 

source dispersion model).

Downscaling



West / East side of Jagtvej (Copenhagen) 

Street canyon 
modelling has been 
already pioneering 
in the early 1970s

Where to stop?



APPLICATIONS
How is the information being used

40



Local versus Imported PM10

How much of the current 
pollution comes from within 
the city limits and can 
therefore be regulated by 
the local authorities?

Policy applications



Policy applications

What is the impact over time of 
PM10 emissions within the city, 
within Germany, and within 
Europe on the concentrations 
in Berlin?



Policy applications

Country of origin:
Mediterranean
Italy
Hungary
Greece
France

For specific 
pollution episodes, 
we can do this on 
a country scale.



What happens to tomorrow’s ozone values if we reduce road traffic 
emissions by 30% (cut traffic roughly in half)? Reduced species: NOx, CO, 
NH3, VOCs, SO2, and PM.

Policy applications

Normal Reduced Difference



Downstream applications

Copernicus wants to 
stimulate the 
downstream market.

CAMS covers global 
and regional; the 
rest is up to national 
service providers 
and businesses.



Assimilation

in CAMS

WRF-Chem prediction 
20x20km

CAMS forecast/reanalysis as IC & BC

WRF-Chem 60x60km

20x20km

7 x 7 
km

Satellite data

Air Quality Index (AQI)

WRF-Chem prediction 
AQI



Questions?
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