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#%# 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
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Interactions Between
Air Pollution and Climate

Stratosphere

70 2

Hydrosphere Human Activity

|| GreenhouseGases MMM | Reactive Free Radical/Atom
- Primary Pollutants Less Reactive Radicals
[ Absorbing Aerosols 50 | Reflectiveerosols

Courtesy John Reilly, MIT
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Chemical Transport Model

e 3D atmospheric transport-chemistry model (STEM-I11)

%:—u -VC, +lv-(pKVCi)+ f.(c)+E
ot yo,

where chemical reactions are modeled by
nonlinear stiff terms

f(©)=R(c)-Di(c)c
= Use operator splitting to solve CTM
e

T AU2 TAU2 TAU2 At TAY2 T AU2 T A2
M[t,t+At]_TX 'TY 'Tz -C 'Tz 'TY 'Tx
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28 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

Section 3 — Introduction and Overview of Course
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AREP
GAW Air Quality Modeling: Improving Predictions of Air Quality
(analysis and forecasting perspectives)

Met model Predicted Quantity: e.g., ozone AQ
violation

Chemical, Aerosol,
Removal modules
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AREP

oyl 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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Emissions are the Largest Single
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AREP
SNl xperiments such as TRACE-P and ACE-Asia employ mobile “Super-

Sites” and study pollution outflow from source regions
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5t -mission analysis has shown that the inventory seems good for
most species, except for high CO and BC observations in the

Yellow Sea
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Million tons

Comparison of New CO Inventory with Trace-P
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Air Quality Prediction: A Challenge of Scales
and Integration

Megacity
Impacts
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‘oW Integrated Science Studies:
Impacts of Global Composition on Regional Air Quality

Global-Regional-Urban nesting of CTMs

tor ICARTT period {July and August, 20:)4)

Effects of Boundary Conditions are significant
and improve predictions (Tang et al., JGR 2007).
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gyaViodel Resolution, Transport and Removal also

Contribute to Differences
Emissions Monthly mean concentrations  Temporal variation in concentrations
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GAW Removal Processes Remain Poorly
Characterized in Models

= Observations

oemenges ecesmusien | JMPact of Wet Removal on
Predicted BC

Progress limited by lack of
understanding and observations

corcertration | pgtn®)

Simulated BC (u /m? in April, 2001
over X=60 Y=25 (130.76E,27.38N)
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s8i@hematic of the Calculation Chain Linking Emissions to

Aerosol Distributions

~ - ™
EMISSIONS y
(MNatural and Anthropogenic)
Sources of Uncertainty
o Activity data

/ CHEMICAL TEANSPORT MODELS \\'

¢ Emussion factors = . TO
« Controls Natural and Anthreopogenic) RADIATIVE FORCING
* Base year Soutces of Uncertainty CALCULATION
s  Geo-spatial data s DMMeteorological fields
(e g landcover, standing biomass o Wet and dry deposition _
'\\ A # Secondary aerosol formation processes
I o Clond processes
i\l_ Subgrid processes _/
/’- OUTPUT \
Tropospheric asrosol mass distributions by

COMmpPosition
| 1. Sob micrometer
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o Mean values

s Spatial and temporal variability
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GAW Summary of Major Sources of
Uncertainty in the Calculations
Multiplicative Uncertainties
Indoex
Fmnissions Wet Vertical Chemaical Total
~ removal  Transport Formation Uncertainty

=SS -
S04 1.3 1.3 1.5 1.3 1.8
BC 3 2 1.5 -- 39 b
OC 3.5 2 15 3 6.4 su
Eust 5 2 1.5 -- 6.0 Super
oed - - -
Salt . L3 ! - >4 micron
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11CS-Asia < Model InterComparison Study in Asia >

I

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

Nine different regional models

_JQ
Observations: . é/li S
*EANET (47 sites) (gas, aerosol, ;WJ\ 5
deposition) L 4

Ozonesondes
*Trace-P Obs.

*Special obs. (aerosols)

*Met obs (sondes and surface)

/

daily & monthly analysis)

Sp_ecial Section of Atmospheric MICS-11l Will look also
nvironment (8 papers)Section 3 — Introduction and Overview of C?:lesl% eg acities
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N=i9= 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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Nitrate quantities typically underestimated. (mg m™)
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Special Section Atmospheric
Environment

The Model Intercomparison Study for Asia Phase 11,
Methodology and Overview of Findings

Model Intercomparison and Evaluation of Ozone and Relevant
Species

Model Intercomparison and Evaluation of Particulate Sulfate,
Nitrate and Ammonium

Impact of Global Emissions on Regional Air Quality in Asia

An intercomparison study of emission inventories for the Japan
region.

Sensitivity analysis of predicted aerosol composition to the
aerosol module formulation.

Model Intercomparison and Evaluation of Acid Deposition

Evaluating Gaseous Pollutants in East Asia Using An Advanced
Modeling System: Models-3/CMAQ System

Section 3 — Introduction and Overview of Course
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Our Analysis Approach

Forward modeling

> Metearalogical model coupled
A
ta chemical transport model.
Updated
boundary
Updated conditions
emissions From global chemistry
p— Fram exteral sources and metearological
or kriging models
Data Analysis.
Conventional statistics, and
errar correlation analysis
Prediction/
Kriging Best Model Run
Geospatial interpolation of H
rnodel error provides regional Z?;T;;?Sd g ez An aIyS|S
context to model nerfarmance, Observations
and allows inference for
regional modification of DC-8,YWP-3 aircraft State
BITISSIONS.
Sensitivity studies.
Impact of increased emissions
in MQ, or YOC in nZone
production, effect of dry
deposition, effect of PAN

decompasition.

Section of Course
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140

Modeled ozone (pva)
3 P ]

I
<

Left: Quantile-quantile plot of modeled ozone with observed ozone for DC-8

Documenting improvement
(ICART)

o} Forecast
O Post analysis

Q 20 40
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Observed ozone (ppbv)

140

probability

0.14 -

—— Forecast

— NEI2001- Frost
LPS

~— NEI2001-
‘ FrostLPS*

-100 -80 -60 -40 -20 0 20 40 60 80 100
% O3 bias

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

24



A Need to Estimate Emissions at
Appropriate Scales

biomass
burning

| |
anthropogenic natural

W“\; Anthropogenic: MEIS9

Biomass Burning: MODIS hotspat
Dust: f{u™)

Volcanic: 50, estimated

Biogenic: none at present

Domain 1
Ax=12 km

Domain 2
Ax=3 km

CO emission rates
purple = low
red = high
nonlinear scale

Fires detected by MODIS

Toluca  Mexico City Puebla
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Integrated Analysis Framework for Linking Meteorology, Air
Quality and Human Exposure

WP4: Meteorological models for urban areas
Urban heat flox %oil and L'rhal? r-:-u:ghness ll'snge ufslate].]ite
etrisation sublaver model: l:lasuﬁmtlmn. & information on
param fDI' lll'bﬂﬂ areas parnmnsamn S'L'I.I'"ﬂ.l..‘E-
Meso- / City - scale NWP models
WEPS: Interface fo Urban Air Pollution models
I Estimation of Crid adaptation | }
t | Mixing height Downsealed . T P H
i andge-ddfh model: or ABL “m’:ﬁmm & interpolation, | i
: diffusivity parameterisation pam&lersf;rUAP assimilation of
i estimation NWE data
Bammm s ha e e g R A A A R RS EEE R R ER R E A SRR R nE e
Urban Air Pollution models
WPT: Population Exposure models
|D|11'duor concentrati
Paopulations/ Micro- " - /'_‘-\I
Groups environments| | Indoor concentrations Exposure
oS
| Time activity

Fig. 1. Outline of the owverall FUMAPEX methodology 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 (UAP) and population exposure (PE) models for the Ur-
ban Air Quality Information Forecasting and Information Svstems
(UAQIFS) are mentioned in the scheme.
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Fig. 2. Predicted spatial distribution of the concentrations of PV, 5
in the Helsinki metropolitan area during an afternocon 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
stratification combined with a strong ground-based temperature in-
WVersion.

Baklanov et al., ACP, 2007 26
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Summary of Course — Introduction
to Air Quality Modeling

Satellite Images
(AOD, 03, NO2, CO, HCHO, etc)

.....

Field Studies |

Surface Maonitors (vertical Profiles

(Courtesy of Rich Scheffe. USEPA)

Improved Emission Reduced
¥ tories

- ln :.-n\m. exposure
[

L - (near term)
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o 1 forecasting system

Lt ] T Air program
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