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Outline

E Sub Grid Variability (SGV) — an inherent property
of all grid models

= Methods for incorporating SGV

= Quantification of SGV from a number of studies

= Fine-scale CMAQ simulations

= Philadelphia 12,4,1.33 km: 1999 & 2001

* Delaware 1 km: 1999 & July 2001
" | ocal-scale modeling

= Delaware

* Philadelphia
= Mobile van measurements in Wilmington



BACKGROUND & Rationale

= Characterization of air toxic hot spots is
necessary but it is difficult

= With monitoring network
= With coarse-scale grid modeling
= Grid modeling (e.g., w/CMAQ) provides
= VVolume average concentrations
= But not variability within the grid
= Human exposure assessment requirements
* From multiple pollutants

= Qver various time scales and activity
patterns

= Most pronounced in vicinity of hot spots




The problem:

For every grid resolution, there are unresolved sub-grid features.
For many air quality model applications, while desirable, current models
are typically unable to resolve both regional and local scale features.
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Detailed fine-scale measurements are needed for model evaluation



SGV & Neighborhood Scale (N-S)

Modeling Features

= CMAQ provides multi-scale, grid resolved
concentrations

Modeling at N-S

= Valuable when significant variability is present at
that scale

= Still underestimates variability.

= SGV can be derived from
" Fine-scale CMAQ
* |ocal-scale modeling
= Photochemistry in turbulent flows
= Measurements

= SGV

= Essential for improved human exposure assessments
" Treated as concentration PDFs




Acetaldehyde relative histograms with Weibull probability density function fits
(heavy lines) for 12 km grid cells derived from blocks of 81 1.33 km grid values at 15:00
LST from the CMAQ simulation of Philadelphia

4 July 1995. Central cell is Central Philadelphia
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Adjusting CMAQ Concentrations
For SGV

SAC = C, * f, (Coqy )* f,* A (1)

f, Factor based on modeled/monitored SGV
f, Factor for photochemical-dynamical contributions

A Coefficient or weighting factor for variability
& spatially variable

f1 is the focus of current investigations, e.qg.,

f,(Cevy ) = 1+ Cyqy /C, = 1+COV (2a)

Other suggested C ., options include but not limited to:

- 95t or other percentile of the distribution (2b)
. Peak (or range)/cell mean. (2c)
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QGV based on Fine-Scale Modeling

Modeling from regional to fine scale
(Delaware domain) at 1-km grid resolution
by 1-way nesting — MM5 & CMAQ

= Modified CB-IV treats 20 gas-phase air
toxics & provides primary and secondary
components of carbonyl compounds

= 1999 NEI Emissions processed w/SMOKE
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12 km HCHO SGV and SAC results
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Delaware Episodic Modeling Study

Benzene
16th July 2001 at 11:00 UTZ
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SAC=
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Time series & Box plots for HCHO

CMAQ(12), Std Dev, SAC factor (COV)

Grids A: 12,2; B:12,3and C: 5,2 (see previous slide)
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Delaware @ir Toxics A rich database of air toxics

fissessment Study measurements to provide:

(2) Better understanding of the micro-level
air quality impacts of emission sources.

(2) Enhanced spatial resolution of the
ambient toxics dataset through city and
variability at spatial scales of order
100m by mobile measurements

(3) Means to evaluate our hybrid approach

Spatial distribution of HCHO:
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Grids for concentration distribution at
neighborhood scales
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Factor f, based on van measurements for

| summer 2005 campaign
HCHO SGV factors from van measurements
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Example of local contributions of HCHO using AERMOD for the hybrid approach

Hr 12 - Normalized HCHO
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Factor f, based on AERMOD modeling
for a 4x4 km cell over Wilmington, DE

HCHO 5GW Factors
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SUMMARY

= 5GV
an inherent property of all grid models

aries with grid size
= SAC
= A method to incorporate SGV results with
CMAQ.
= SGV factors f, can be based on fine-scale CMAQ,
local-scale modeling, or from measurements.
= Characteristics SAC factors varied for different:
= pollutant species
= emission densities and mixtures
= grid sizes
" averaging periods
= Lambda — application dependent
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