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#4598 Models Play a Critical Role in Linking Emissions to

Aerosol and Trace Gas Distributions and Subsequent
Effects

Air Quality Goals Air Quality Impacts
* technical feasibility * health and welfare
* economic issues * secondary impacts

* robustness ' lation exposure

Chemistry edelo
odeile

Emissions Pollutant
Distribution Distribution

Observed
i i i Meteorol
Climate : Air Quality ﬂ
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Models are an Integral Part of Air
Quality Studies

Field experiment planning
Provide 4-Dimensional context of the observations

Facilitate the integration of the different measurement
platforms

Evaluate processes (e.g., role of biomass burning,
heterogeneous chemistry....)

Evaluate emission estimates (bottom-up as well as top-
down)

Emission control strategies testing
Air quality forecasting
Measurement site selection
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The Atmosphere

Particle formation
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Air Quality Modeling: Improving Predictions of Air Quality
(analysis and forecasting perspectives)

Met model Predicted Quantity: e.g., ozone AQ
s violation
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Chemical, Aerosol,
Removal modules 0z
l pe // i 0.1
sucsidzn: x/ é/ radiaton v
209° 0 ‘/:// N\
g0 1 LT
S F o . a7

How confident are we in
the models & predictions?

Emissions
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Chemical Transport Model

e 3D atmospheric transport-chemistry model (STEM-III)

oc.
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where chemical reactions are modeled by
nonlinear stiff terms
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/A ULERIAN MODELS PARTITION ATMOSPHERIC DOMAIN INTO
GRIDBOXES

This discretizes the continuity equation in space

gi i Solve continuity equation
‘ A /. . .. .
- / for individual gridboxes
L ’//
Longlitude ,
N /)

‘Q;? A
~7 X * Detailed chemical/aerosol models can

presently afford -10°gridboxes

EQ /J

*In global models, this implies a
horizontal resolution of ~ 0.5-1° (~50 to

e 7 100 km) in horizontal and ~ 0.5-1 km in
L s e VErtical
emical Transport, M_,leﬂels (QIMs;DM§@sexternal meteorological data as input

run on-line)
l(/)an% eneral Circulation Mostels §G@ivisdticompuiadhenoawn meteorological T elds

From D. Jacob



Factors Controlling Tracer Distributions

Example: Reactive Nitrogen

Chemical
Comulus transformations

convection
Turbulent }'-D: ) 5. PAN Subsidence

diffusion (large and mesoscale)

Transport of ,fﬂ\'

families (NO,)
Hydrometeor

& ] HNO, sedimentation
NooNo, Y S Dry (precipitation)
~ - l deposition | L
| NO 1
b4 ~
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Cumulus Convection

+ Issue: How are 6, Q, and tracers affected by the
full ensemble of different (deep) cumulus clouds
within a model column?

Subsidence Up il s

Do wndraffs
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Effects of Solubility and Retention in Ice

(Preliminary!)

Insoluble

Soluble
Retained

é Soluble

Degassed

30 min 45 min 60 min
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AREP SPECIFIC ISSUES FOR AEROSOL CONCENTRATIONS
GAW

A given aerosol particle is characterized by its size, shape, phases, and
hemical composition —large number of variables!

* Measures of aerosol concentrations must be given in some integral
form, by summing over all particles present in a given air volume that
have a certain property

* If evolution of the size distribution is not resolved, continuity equation
for aerosol species can be applied in same way as for gases

* Simulating the evolution of the aerosol size distribution requires
inclusion of nucleation/growth/coagulation terms in P, and L, and size

characterization either through size bins or moments.

@ Typical aerosol
size distributions
by volume

RADIUS /mm From D. Jacob 12



GAW

il L AGRANGIAN APPROACH: TRACK TRANSPORT OF POINTS IN

MODEL DOMAIN (NO GRID)

.y
position

t+At)
fins

=mDSf

* Transport large number of points with trajectories
from input meteorological data base (U) + random
turbulent component (U’) over time steps At

* Points have mass but no volume

* Determine local concentrations as the number of
points within a given volume

* Nonlinear chemistry requires Eulerian mapping at
every time step (semi-Lagrangian)

PROS over Eulerian models:
*no Courant number restrictions
* no numerical diffusion/dispersion
* easily track air parcel histories
*invertible with respect to time

CONS:
* need very large # points for statistics
*inhomogeneous representation of domain

eﬁion3—lnt:o QIVEGUON,L3 RaQrly represented

acob e+ nonlinear chemistry is problematic 3



LAGRANGIAN RECEPTOR-ORIENTED MODELING

n Lagrangian model backward from receptor location,
th points released at receptor location only

[

/ XV
*

] ./

| | | |
R . .
- ..'.
*
L
L | | ] a
» L |

* Eff cient cost-effective quantif cation of source
inf uence distribution on receptor (“footprint”)

* Enables inversion of source inf uences by the
adjoint method (backward model is the adjoint of
the Lagrangian forward model)

From D. Jacob

14



AREP
GAW

Air Quality Prediction: A Challenge of Scales

and Integration
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Integrated Science Studies:

Impacts of Global Composition on Regional Air Qualit
Global-Regional-Urban nesting of CTMs

Effects of Boundary Conditions are significant
and improve predictions (7ang et al., JGR 2007). 40N
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Boundary
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An Air Quality Modelling System

Industries

Vehicular
traffic
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Site data
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‘ results
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Need to Estimate Emissions at
Appropriate Scales

biomass
burning

anthropogenic

natural

Mﬂ‘_‘\; Anthropogenic: NEIGS

. Biomass Burning: MODIS hotspat
Domain 1

Ax=12 km Dust: f{u™)

Volcanic: S0, estimated
Biogenic: none at present

Domain 2
Ax=3 km

L0 emission rates
purple = low
red = high
nonlinear scale

Toluca  Mexico City Puebla
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Detail: a matter of scale (3)

SO, emissions in the
vicinity of Shanghai,
China

Section 3 — Introduction and Overview of Course
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Emissions processing for AQM

ntories
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AREP

977 How do we build upon what is done and
move beyond to improve air quality
prediction?

v Informed by comparisons of predictions with
observations.

v Informed by process studies.
v Informed by model inter-comparison studies.

Section 3 — Introduction and Overview of Course
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ty7Model Resolution, Transport and Removal also

Contribute to Differences

Emissions Monthly mean concentrations  Temporal variation in concentrations

_;fﬁr.*-""" 20N -
preos | N
i, me™ B

<))

13000 13000
12000 12000
11000 11000
BN e
., BODO FOOC
E nooo L]
_E 7000 R E
3 eom o -]
- 5000 S i
4000 L Ao =
2000 ! : 000
1000 i i 1000
LMAR SMAR (§ 18 21 14FR 1
01 n &1)
. o ¥ s 04 D8 1 LB B B [ 1 a5 [ 5

Simulated Black_Cerbon (ug/m”) )



Removal Processes Remain Poorly
Characterized in Models

-~ Ob ti
Chichijima Feryations

i s s-scsmusion | lMpact of Wet Removal on
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Progress limited by lack of
understanding and observations
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% Intensive field experiments provide
WOBportunities for comprehensive evaluations  Current CTMs Do Have

R Tt S Appreciable Skills In

Predicting A Wide Variety Of
Parameters

INTEX B — STEM Forecasts
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AREP

UMICS-Asia < Model InterComparison Study in Asia >

Main goal on of model performance to make an international
common understanding and improve for air pollution modeling in
East Asia

Nine different regional models

Observations: é/ JS‘ 2
*EANET (47 sites) (gas, aerosol, 3\/\ )
deposition) {
o) ] PR |
[ _\) r/ J /-<U”|aua are l_lt_} rim\Drs ayaI :
*Ozonesondes ?%é? B é}f S Rl £
(—; -- js"" - nl | LS
*Trace-P Obs. '“@&\_&jﬁ_x R
. _X\\ / mBmM__ : ja f =
*Special obs. (aerosols) \‘r\/’\ e G
}{\;’)/) Pwvﬁ (s "“p akar ) Metro Manila
~ *Met obs (sondes and surface) z Kb\% e ot
N ) \/ = XY

daily & monthly analysis)

Sp_ecial Section of Atmospheric MICS-III Will look also
nvironment (8 papers Section 3 — Introduction and Overview of Cou Sﬁwgac:tles
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W-13-8 The ensemble mean near surface monthly mean total sulfur deposition
GAW amounts (as sulfate) for the different seasons.
March 2001 July 2001
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SO,* wet deposition (mg m™)

. .. . . 2
Nitrate quantities typically underestimated. (mg m)
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Emissions are the Largest Single
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AREP

—— DC-8 Flights
—— P-3B Flights

150 E 160 E
n

Section 3 — Introduction and Overview of Course

SaUBF xperiments-such as TRACE-P and ACE-Asia employ mobile "Super-
Sites" and study pollution outflow from source regions

Spring 2001

28



t-mission analysis has shown that the inventory seems good for
most species, except for high CO and BC observations in the
Yellow Sea

500 T T T T T T T T T

450} Model under-prediction

400
350
300

250+

200

GO

Over 200% = 0.8%

Over 140% = 10.0%
Good =79.7% -
Under 70% = 7.9%
Under 50% =1.5% | 7

150~

Modeled CO Concentration (ppbv)

)

100

O SOM

50

04 1 1 1 | 1 1 1 1 1

0 100 200 300 400 500 600 700 800 900 1000

Observed CO Concentration (ppbv)
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armichael et al., JGR, 2003)
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Comparison of New CO Inventory with Trace-P

180

[72]
5 N_ew Others
_5 160 estimate Biomass Burning
= Transport
Domestic Fossil Fuels
140 Domestic Biofuels
/ I ndustry
120 —— I Power
100 —F—— _— "
80 —— —
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40 \
. 20 ]
0

1999 2001 Trace-P
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Our Analysis Approach

Forward modeling

A > Metearalogical model coupled
to chemical transport model,
Updated
boundary
Updated conditions
emissions From global chemistry
r——— Fram extemal sources and metearological
ar kriging hodels
Data Analysis.
Conventional statistics, and
error cotrelation analysis
Prediction/
Kriging Best Model Run
Geospatial interpolation of .
model error provides regional g:;?céfj ETEne? AnaIyS|S
context to model nerfarmance, Observations yots.
and allows inference for
regional modification of DC-8,WP-3 aircraft State
BITISSIANS.
Sensitivity studies.
Impact of increased emissions
in MO, or¥OC in ozone
production, effect of dry
deposition, effect of PAN

decamposition.

Section of Course

31




Documenting improvement
(ICART)

—— Forecast

— NEI2001- Frost
LPS

~— NEI2001-
/ FrostLPS*

O Forecast ‘ ‘ ‘ ‘ ‘

o Post analysis -100 -80 -60 -40 -20 0 20 40 60 &0 100

o
&
T

probability

50 |

Modeled ozone (ppbv)

I % O3 bias

| L1 I
140

v b b by b v by 1y
120

o 20 20 B0 80 100
Observed ozone (ppbv)

Left: Quantile-quantile plot of modeled ozone with observed ozone for DC-8
platform, data points collected at altitude less than 4000m, STEM-2K3,
Forecast: NEI 1999, Post Analysis: NEI2001-Frost LPS*. MOZART-NCAR
boundary conditions Right: Probability distribution of % ozone bias for
Forecast (NEI 1999) and post analysis runs (NEI2001-FrostLPS and NEI2001-
FrostLPS*) for DC-8 measurements under 4000m.
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Mena et al., JGR, 2007



AREP

GAW

Integrated Analysis Framework for Linking Meteorology, Air

Quality and Human Exposure

. FMI 25 coneantation [pgnd)
WP4: Merearological models for urban areas ZAO2002 16-37
=
=
- - . =
Urban heat flux Soil and Urban roughnes: Uszage of zatellite u
) S sublaver models classification & information on
parametrisation) - ot
for urban areas parameterisation surface
Meso- / City - scale NWP models
WPS: Interface fo Urban Afr Pollurion models
s ; Estimation of CGrid adaptati ;
i | Mixing height Downscaled -~ Tid adaptation (
; and eddy model: or ABL adm?:].pt,[m & interpolation, | :
E d:ifﬁlsiﬁ.t:r paramererisaﬁnn parameters t':r TAFP azsimilation of PM, 4 EXposUrs sum
H estimation NWEP data @ i h xpersons] (heckanzs)
W - o000 1y | e
H E M o000 -3oaoo psE)
PRS- W Son itono i
W 000 - 5000 G5TED
SO0 - 1000 €432
100 500 (10720)
sn 100 @z
i0 50 LCEREN]

Urban Air Pollution models 5

<

LAD2TS

WPT: Population Exposure models
|D|1rdunr concentration
Populations/ Aicro- " s ",r'_"\-\\'
Groups environments | Indoor concentrations u Expesure
| Time activity

Fig. 2. Predicted spatial distribution of the concentrations of PM> 5
in the Helsinki metropolitan area during an afternoon rush hour
(from 04:00 to 05:00 p.m.: upper map). and the daily population ex-
posure to PM- 5, computed with the EXPAND model (lower map),
both of these in the course of a peak pollution episode on 22 Oc-
tober 2002. The episode was mainly caused by stable atmospheric

Fig. 1. Ouiline of the overall FUMAPEX methodelogy integrat-
ing models from urban meteorology to air quality and popula-
tion exposure. The main improvements in meteorological forecasts
(NWP) for urban areas, interfaces and integration with urban air
pollution (UTAP) and population exposure (PE) models for the Ur-
ban Air Quality Information Forecasting and Information Systems
(UAQIFS) are mentioned in the scheme.

stratification combined with a strong ground-based temperature in-

uction ai version.

Baklanov et al., ACP, 2007 33



Summary of Course — Introduction
to Air Quality Modeling

Reduced

exposure
(near term)
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AREP
ZUAIr quality monitoring and ensemble forecasting

framework.

Feedbacks (setting standards
and assess achievements)

I policy I

Prediction by —
CT™M I Forecasts I

Information on observations
and model calculations

Super sites
+ monit. st.

s
SERFH

______________________________________
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Modified from Y. Zhang, Guangzhou Meeting 2007




‘g‘;\;f/’ y Meteorological Services Already Supply Operational Chemical
Weather Products (e.g., FMI)

Forecas t for Primary_PM2_5. Last analysis tirme: 20070918_00

Concentration, ugPM/m3, 15Z19SEP2007

Cencentration, ugPM/m3, 15Z219SEP2007

Final AQ products

.T >
Aerobiological Online AQ
observations monitoring

Real-time data
needs!

Phenological

observations

— @000
v

Aerobiological

. observations <
v
Physiography,
forest mapping
\/

Assimilation

HIRLAM
NWP model

Meteorological
data: ECMWEF | Overview of Course

emission database
Wivi Secti
OMM
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