AQM data feeding




AREP

Industries

Vehicular
traffic

Area
sources

D’

. ‘

Site data
Topography| | Land cover
Weather forecast
\ \ and local data
Model Observations!
results

An Air Quality Modelling System

Site data processing ( (
{ 3D meteo modelling .

\

Emission
inventories

.

.
Y
Y
.
.

.

Models interfacé

[ Emissions modelling

PETTTT TToen

.. .

. e,
.
.

.
.
.
.
.
.
.
«
.
g
Q
Q

Y
Q

*.3D chemical- g
-trarisport modelling

Ty g
. e
REET PP LA

Analysis of concentrations
Comparison with regulatory
norms and objectives

Chemical
Monitoring
Chemical 3D IC / BC data
processing —
‘ results

3D meteo with

< on-line chemistry

/I___Mj-.fu'r e

Concentrations:
3D & ground

Post-processing
& graphic

N




AREP

cAW AQM Input data sets

Meteorology

Emissions

Geographic data

Chemical boundary conditions

> Data sources & treatments



AREP

cAW AQM Input data sets

Meteorology

Emissions

Geographic data

Chemical boundary conditions




Hi-resolution meteorology

Example: Qatar AQ forecast system

3 km resolution



AREP Multi-scale meteorological model

Example: MM5 for Qatar AQ forecast system

Qatar scale

Continental
scale

Regional scale
Resolution: 30 > 10 »> 3



AREP

GAW InpUt data

Orography & land-use

Global
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oA Diagnostic meteorology - Input

Example: Kaliningrad (Russia)

ound level

~» SYNOP and METAR stations 26702 - Kaliningrad

» temperature, wind speed and direction, total cloud cover 12150 et P
(for radiation estimation) . %

LI
Gdansk

Upper-air soundings
» temperature, wind speed and direction

f o
12160 - Elbla - -
d 12185 - Ketrmyn 12185 - Suwalki

Orography Land-use

16 Evergreen Shrubs

15 Ocean

14 Inland Water

13 Bogs and Marshes

12 Ice Caps and Glaciers

11 Semidesert

10 Irrigated Crops

9 Tundra

8 Desert

7 Tall Grass

6 Evergreen Broadleaf Trees

5 Deciduous Broadleaf Trees

4 Deciduous Needleleaf Trees
3 Evergreen Needleleaf Trees
2

Ort-Grass
1 Crops, Mixed Farming

540000

520000 560000
AGQO00 AF0000 S00000 520000 540000 560000




AREP

GAW Diagnostic meteorology - Output

Example: MINERVE/SWIFT Kaliningrad (Russia)

Ground-level wind field at 1200 m resolution

503 i I .- o) o e e gl e e et et et i ot '._f.-.-

H.ix (mixing height)
12.05.2006 12:00:00

Bl93

6093 ' (,J :
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— 8081
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BOSE

BO44
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GAW Quality of input data

: A 1
i A i K
T I IA

T Wind Speed (May 2006, 8th - 14th)

\

l //N\// |—Kaliningrad —Ketrzyn —— Suwalki |
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a0
5
45 &
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» Consistency
e Quality check
* Missing data
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GAW

Diagnostic vs. prognostic

Diagnostic

o Closely related to observations

* “Dense” network

 Completeness & consistency among variables ...?
o Computationally cheap

Prognostic

Computationally intensive

“More physics”

Inter-variable and inter-grid consistency
Forecast

11
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GAW

AQM input data sets

Meteorology

Emissions

Geographic data
Chemical boundary conditions

12
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Gaw Emission inventory

Sources geometries ...

... point

R

F

W

e

%

o
e
g &

ki q.‘.iﬁ
“.
ROEAD g .‘ﬁﬁ"

e

« Data availability
e Scale

13
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01
02
03
04
05
06
07
08
09
10
11

Activities classification scheme

Extract from EEA CORINAIR 97 nomenclature tree

Combustion in energy and transformation ind
Non-industrial combustion plants
Combustion in manufacturing indus
Production processes
Extraction and distribution
Solvent and other progdCt use
Road transport
Other mobile sources and machinery
Waste treatment and disposal
Agriculture

Other sources and sinks \

0701
07 02
07 03
07 04
07 05
07 06
07 07

ossil fuels and geothermal energy

1101
11 02
11 03
1104
1105
11 06
11 07
11 08
1109
1110

070101
/—.—-———V 07 01 02
Passenger cars 07 01 03
Light duty vehicles < 3.5t
Heavy duty vehicles > 3.5 t and buses
Mopeds and Motorcycles < 50 cm3
Motorcycles > 50 cm3
Gasoline evaporation from vehicles
Automobile tyre and brake wear
Non-managed broadleaf forests
Non-managed coniferous forests
Forest and other vegetation fires \ 11 02 04
Natural grassland and other vegetation 11 02 05
Wetlands (marshes - swamps) 11 02 06
Waters 11 02 07
Animals 11 02 08
Volcanoes 11 02 09
Gas seeps 1102 10
Lightning 110211
1102 12
1102 15
1102 16

Highway driving
Rural driving
Urban driving

Norway spruce
Sitca spruce
Other spruce
Scots pine
Maritime pine
Aleppo pine
Other pines

Fir

Larch

Other conifers
Soils (excluding CO2)

14



AREP

GAW Model-ready emission input

Inventory:
“reference raw
emission data”

(point /line / area)

0 (3
10 [1234)

Model-ready input

(hourly, gridded,
speciated emissions)

15
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GAW

Point sources

Location
Stack data (height, diameter, exit speed & temperature)
Pollutants emission rates

Plume rise

Injection into (3D) b *‘“T/
! : he A
modelling grid ' .
Ihg

16
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GAW

Line sources

* Network geometry
e Pollutants emission rates

 Allocation (intersection) on the modelling grid

17
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GAW

Traffic
counts

Pl

O |0 |0 JO|O
a 22| 15 8 5 3
b 45 | 33 | 23 4 =
c |3]23]5 = 2
d 57|13 ]]20]| 8 3
e 12 8 3 = 1
f 88| 65| 34|12]| 5
g 15 6 2 - -
h 34| 20| 12 3 2
i 25| 15 = = -
| 95| 68 | 22| 11 7
m | 45| 33| 18 7 3
n 36§ 22§ 11 6 2

Fluxes
and
speeds

Traffic allocation model

Road graph

Flow curves

O/D matrix

A

p|E]|F

G

0.8

0.6

—e—Classe 1
—&— Classe 2
0.4
Classe 3
Classe4| — L _ _ _

—e— Classe 5

0.2

Progetto <lomb >

Progetto  Gestione Mappa  Simboli e Testi  Esecuzione Modell

W Visualizzazione mappe
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GAW

Area sources: grid allocation

 Polygons geometr
y9 J o y Polygon-based
e Pollutants emission rates data

 Allocation on the modelling grid [

N/

19
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GAW

Spatial characterization:
related to scale
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AREP

GAW Area sources: grid allocation

Polygon-based
data

Spatial proxy

u

[

N
h

“Geometric” Proxy-based
disaggregation disaggregation

21
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GAW

Proxy-based allocation

Example: Espace Mont Blanc

Urban areas Emissions from heating
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Example: Espace Mont Blanc

Proxy-based allocation ()

AREP
GAW

Biogenic NMVOC emissions

Distribution of vegegation species
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i Time modulation (1)

Daily Weekly

ora lun mar  mer gio ven sab  dom

Yearly

—=—qgg_0_150
gg_150_300
—>¢—gg_300_500
—%—gg_500_1000
—e— gg_1000_2000
—+— Prodind
—-=— SmalBusi
—=—— DomActiv
Airtraf
Colture
Hw ayDriveLO
——¢— RurDriveLO
~——— UrbDriveLO
—o— Decid

~— Conif
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i Time modulation (2)

Example: traffic

Weekly

—— Hw ayDrive
~>¢— RurDrive
—X= UrbDrive

ora lun mar  mer gio ven sab  dom

1oy
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AREP
GAW

Chemical species

VOC Speciated (lumped) hydrocarbons
PM Size resolved (classes / bins)
NOX NO & NO,

...according to the needs of the AQM in use

26
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cAW NMVOC speciation profiles

Formaldeide
Acetaldeide

Aldeidi superiori

2

Chetoni
Etilene
Alcani (B.R.) —
m Latifoglie
Alcani (A.R.) m Conifere
| Auto

Aromatici (B.R.)
Aromatici (A.R.)

Olefine (B.R.)

Olefine (A.R.)
Isoprene

Monoterpeni

0% 20% 40% 60% 80% 100%



AREP
GAW

Resources for speciation

" US EPA

http://www.epa.gov/ttn/chief/software/speciate/index.html

CARB (California Air Resources Board)
http://www.arb.ca.gov/ei/speciate/speciate.htm

William P.L. Carter, U. of California, Riverside
http://www.engr.ucr.edu/~carter/emitdb/

NAEI (UKs National Atmospheric Emissions Inventory)
http://www.airquality.co.uk/archive/reports/empire/AEAT _ENV_0545 final v2.pdf

. EEA (European Environment Agency)

http://reports.eea.europa.eu/EMEPCORINAIRS5/en/page002.html

28
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GAW

EMEP

Multiple emission inventories

Inventories Consistent model input

O]
DO BAGOONC
‘&"“l’ ?’LI
Lt APAT
mbardia
CINEMAR)

29



AREP

cAw Multiple emission inventories

Matching & consistency:
e geographic
e emissions

e Same scale / multiple scales

» Cross-check, exchange activities ...
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GAW Time-varying model-ready input
Example: Campania & Napoli (S Italy), NO daily cycle (15 Jan)
gional domain (4 km res.)

80.30
30.00

20.00

10.00

Napoli & Caserta urban domain (1 km res.)

fffffffff

i H 00:00:0.00 /'))
14.87
2.000
1.000 "
= ]
0.200 F . = w
0.000 o)
deNO
g/s/km2




Emi

ssions processing for AQM

pntories
ence raw
ion data”

Thematic data

(point/line / area)

SPACE 1 A
DISAGGREGATION — i

9101 1,580
210w 910
Mo 210 4
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@ 82
A 0 4]
A W3

a @
Qe 10 (124)

TIME | oy
MODULATION -
Modulation profiles Residental | '
(hourly, daily, monthly) l {

Highways

NMVOC & PM

SPECIATION & SIZE \ Deciduous

\ Formaldeide

Olefine (B.R.)

Olefine (AR.)

Isoprene

T T . .
g, ! ! Speciation &
| g0_50_300 Acetaldeide ! !
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oo w ! profiles
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= | |
| |
| |
| |
T T
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T |

Model-ready input

(hourly, gridded,
speciated emissions)
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GAW

Other types of emission data

Emissions estimated “on-line”, using current meteorology
— desert dust

— Sea salt

— forest fires

Data from plants emissions monitoring systems
Real-time traffic

Accidental releases

33



AREP
GAW

Other factors

* Periodical update of inventory data
(changes in activity levels, fuels, control equipment ...)

e Special situations
(traffic bans, events, ...)

e Future scenarios

...examples later

34
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GAW

Emission input preparation
Inventory data (point, line, area)

Disaggreagation:

— grid allocation

— time modulation

— Speciation
Ancillary/proxy data
Category- / source-based

Localization (site- and source-specific data)
Consistency
Inventory vs. on-line data

35
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GAW

AQM input data sets

Meteorology
Emissions

Geographic data

Chemical boundary conditions

36



AREP

GAW Administrative boundaries
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TP
Sy

4’51!

ARG ¥
(2 = A NIVR; ket _
“-

G R

""i‘ﬂ‘n-f! :

(1

India National GIS Project
Source: Survey of India, 2005
Composed by: National Informatics Centre
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o Administrative units
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GAW Transportation networks ()
Roads
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GAW

Transportation networks (2)
Sea lanes

40



AREP
GAW

Vector geographic data

Describe sources geometry

Reference cartography
Digitalization

GIS (Geographic Information Systems)

41



AREP

GAW Raster data

Example: USGS Global Land Cover

IGBP Legend

Class_Names
Evergreen Needleleaf Forest
Evergreen Broadleaf Forest
Deciduous Needleleat Forest
Deciduous Broadleaf Forest
Mixed Forest
Closed Shrublands
Open Shrublands

Woeody Savannas

Savannas

Grasslands

Permanent Wetlands
Croplands

Urban and Built Up
Cropland/Natural Vegetation
Snow and Ice

Barren or Sparsely Vegetated

Water

CODERCEODOCEA0OTOEN

WMO

OMM 42



Land cover data extraction/regridding

Example from USGS Global Land Cover

2200000

2180000

2160000

2140000

2120000

21 Urban

20 Water and Land Mixtures
Forest/Field Mosaic

Mixed Forest

Deciduous Shrubs
Evergreen Shrubs

Ocean

Inland Water

Bogs and Marshes

Ice Caps and Glaciers
Semidesert

Irrigated Crops

9 Tundra

~8 Desert

7 Tall Grass

Evergreen Broadleaf Trees
Deciduous Broadleaf Trees
Deciduous Needleleaf Trees
Evergreen Needleleaf Trees
Short Grass

Crops, Mixed Farming

2100000

2080000

2060000

2040000

B,

-

&

2020000 : |

2

[y

-400000 -380000 -360000 -340000 -320000 -300000 -280000 -260000 -240000 -220000
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GAW

Extraction of classes

Example from USGS Global Land Cover

Urban

2200000 -

2180000

2160000 e

2140000

2120000

2100000

2080000

2060000

2040000

2020000

'

I
-400000 -380000 -36

I I I I
0000 -340000 -320000 -300000

T
-280000 -26

T I T
0000 -240000 -220000

1 km res.
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AREP . . .
9% Assignment of parameters for meteorological modelling

Example from EEA CORINE Land Cover

ITand cover, 250 m res.
. ::I"rf'r £ - _r:’ = ‘i_;’:_

5070000
5060000 %
*

5050000

Albedo, 1 km res.

5040000 aﬁ
5030000 *
5020000
5010000 = °
5000000+
- “r‘-“"‘rr Xl "::*n"- . ‘

\ \ — I e o '“\d T I U
0000 480000 490000 500000 510000 520000 530000 540000 550000
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GAW

Raster land cover data

e Operations:
— projection
— re-gridding & statistics
— re-classification
— physical variables

46
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GAW

{50 ) 0 1]

0

111
112
121
122
124
131
132
133
141
142
211
212
213
221
222
231
241
242
243
244
kil
a2
13
321
322
323
324
33
332
333
334
335
411
511
512

Vector data

Example: EEA CORINE Land Cover

A
3
| ‘Lx
]

7 8
2 A
g >
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L
Sy
5 #\‘«:;;

*’\ t‘ ﬁzi’!

¥

0
&

i i
A
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GAW Extraction of gridded proxies

Example from EEA CORINE Land Cover (1)

Urban fabric Industrial, commercial & transport units
0 - -
i R * i i
a2 % £ Ih b
& P e >
__:1_% I
H h___i‘ T 1 & 111
% i EEERMEE ::$ h!.- Het s E:::
Dt L i
- 3 R e :
H &,é, EEEE RS e R i = 2
::ﬂ‘}_“g :I ‘—‘?r-’.l 1 aH 5 IF
) N riEEEN
\ EEhn oo o i -
e o . :h iz
R Iﬂ;;ﬁ HEE an H ' B
sl sl i , : :
aﬁ ol i N o il
W L s :
u| ‘% |
i S B i
g S i G o %

80x80 km domain — 1 km res.

48



AREP
GAW

Extraction of gridded proxies

Example from EEA CORINE Land Cover (2)

“Deciduous forest” “Coniferous forest”
* = T TTT - f s TTT
Eaaatt Paeed: EE____ 7 EE____
- : .:“1 i;i_u . - I:
Emm - el 5 T I
I Hﬂ = T 1 i -i
B ; H ___l::ﬁ::::;q !
H I H I i e K
- 2 T AL T H R
ot g B - LI_ s 5|
S nya 5
‘\q ] :ZZ___/ F _:_\E‘ A
e ‘tg :::::_j IZF* : .:“—‘h‘f:‘ﬁég
i i anai: SSiE-ciasa g £
DECID : B ; CONIF E
= 0851 [314) g = ggg to ggg Eg% gt
0.71ta 085 [267 3 37 ta (. o 5
| [ 058 tg 0.7 E332% iamn BH 0220037 (100 ExalhesaRgIP
e e 2 2 s
; ol T 1 i [, b 5 1
O 0270036 (302 HH H : 1 O 009013 (56) H HT
L] 013t00.27 [287] SEms-EImEEEmEEEE T H [ 0.06ta0.09 (37) TIIITT i 1
0O 012ta013 [284] X [ 0.03to006 (63 \
[ 005taniz [341] O omMwood (57
[0 tonns [426) 0o teom (e8]

80x80 km domain — 1 km res.
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e Detall: a matter of scale (1)

Example: builtup areas

CORINE Land Cover

IGM 1:100,000 + LANDSAT

N YN d L &«%“k\} I
G

s

:

S

L ST

LSS S
e R
| g“ﬁz’?@?ﬁ?f@ﬁ” :

a4
%

LN Y A o o Sl TERERRE B 5 o0 ) TR

=

EISCUERE
g =~i.-.?‘§‘5 +

1.1 - Urban fabric
1.2 - Industrial, commercial and transport units
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IGM 1:100,000 + LANDSAT
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a matter of scale (2

Builtup areas @ 1 km res.
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CORINE Land Cover
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AREP

e Detall: a matter of scale (3)

SO, emissions in the
vicinity of Shanghai,
China
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GAW

Spatial proxies data

» Geographic detail & model resolution
» Global / local data

» Area coverage of class feature
» Density maps (e.g. population)
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2 Gridded proxy from transportation networks

J

Example: major
roads - Piemonte

e Lenght
* Weighting (e.g. road type)
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AREP Gridded proxy from transportation networks

e\
Example: road traffic (passenger cars, NO,)
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Geographic data

Sources geometry
— administrative boundaries
— transportation networks

Spatial proxies
— land cover

* raster
* vector

v/ emissions processing
v meteorological modelling

— transportation networks

Global / local data sources

GIS support
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AQM input data sets

Meteorology
Emissions
Geographic data

Chemical boundary conditions
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Broader context for AQM: chemical BC

Example: simulation domain on Lombardia, N Italy
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Broader context for AQM: chemical BC

Nested simulation domains on Lombardia, N Italy
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")

Concentrations on regional domain & wind

61



Regional domain = BC for local domain
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BC & concentrations on local domain
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Concentrations on local domain
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Chemical boundary conditions

Larger scale model (regional / global)
Time-varying / climatological
Reprojection & extraction, species mapping

Observations

Data assimilation
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Thank you
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