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CHAPTER 1
INTRODUCTION

The Clean Air Act Amendments (CAAA) of 1990 requlre ozone
nonattalnment areas designated as extreme, severe, serious, or
multl-State moderate to demonstrate attainment of the ozone
National Ambient Air Quality Standard (NAAQS) through photochemical
grld modeling or any other analyt1cal method determlned by the
Administrator to be at least as effective.’ wThe Environmental
Protectlon Agency (EPA) has adopted the Urban Alrshed Model (UAM)
as the guideline model for photochemical grid modeling applications
involving entire urban areas. Procedures described in rhis
guidance document are intended to satisfy the CAAA attainment
demonstration requirements, foster technical [credlblllty, and

promote consistency among UAM regulatory appllcatlons.
|

|

This guidance document provides recommendations and general

t
+
'

proceduralrguidance for exercising the UAM (described in
References 1-5) in regulatory applications. However} methodologies
ahd procedures discussed in this guidance document generally apply

for ‘other urban-scale photochemical grid \models as well.
‘ i
\

\
*The CAAA does not specify the method for demonstrating

attalnment for within-State moderate areas. Thus, the EPA has
determlned that the use of the Empirical Kinetic Modeling
Approach (EKMA) may be sufficient for demonstrating attainment
for these areas. However, the use of a photochemical grid model
is preferred. |

'




Acceptance criteria for alternative models is beyond the scope of

this guidance document. Use of alternative urban-scale .

photochenical grid models as well as regional-scale photochemical
grid models other than the EPA Regional Oxidant Model (ROM) must be
addressed on a case-by-case basis through the EPA.Regional Offices.

The UAM source code is maintained and distributed by the

Source Receptor Analysis Branch, Technical Support Division of the

EPA Office of Air Quality Planning and Standards (OAQPS). Users
will be informed of modifications or enhancemehts to the UAM
through the Support Center for Regulatory Air Models Bulletin Board
System (SCRAM BBS). Additionally, the UAM source code, -user’s
guide, and test case data base are available from the National
Technical Information Service (NTIS)(703-737-4600). The NTIS
document numbers are noted in the reference list.

This guidance document provides recommendations and procedures
for conducting an ozone analysis with the UAM for ozone attainment
demonstrations. Some of the recommendations and procedures
described were adopted from the California Air Resources Board
(CARB) Technical Guidance Dccument: Photocgemicalvnodeling6, and
will be referenced as such throughout the text. ‘ : :

Steps needed to conduct an urban-scale photochemical modeling
study using the UAM typically consist of the following:

1. Establish a protocol for the modéling study.

2. Compile air quality, meteorological, and emissions data
to develop UAM input files for each ‘meteorological
episode to be used in the attainment demonstration model

simulations.

 Introductio




Execute the UAM for each meteorologicél episode.

Conduct diagnostic analyses on each meteorological
episode simulation. The principal purpose of diagnostic
analyses is to ensure that thé; model properly
characterizes physical and chemical phenomena (e.g., wind
fields, spatial and temporal emission patterns)
instrumental in leading to observed ozone concentrations.
The visible product is enhanced modeljperformance ti.e.,
better spatial and temporal agreement with observed
data). Diagnostic model simulationsiuncoverApotential
model input data gaps that, when corrected, may iead‘to

improved model performance. ]

Exercise the UAM for each meteorological episode and
conduct a series of performance meaéures to determine
overall model performance in replicating observed ozone
concentrations and patterns. Model pérformance evalua-
tion should also be done for ozone precursors (e.g., NO,

NO,) if suitable monitoring data are available.
i B

For each meteorological episode, estiﬁate emissions and
alr quality for the projected attainﬂent year requifed
under the CAAA. Perform model simulations for each
episode to determine whether the ozon?uNAAQS can be met
in the attainment year. ;

If the model simulations for the attainment year do not
show attainment for each modeled :episode, develop
emission control measures on selected source categories
(for example, volatile organic compouqd (VQC) and/or Nox
controls on selected source categoriesg alternative fuel
scenarios, etc.). '

1
i
|
?
i
i

i
|
|
|
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8. Perform model simulations for the emission control
measures to demonstrate attainment of the ozone NAAQS for
each meteorological episode. If the control measures do
not show attainment, repeat steps 7 and 8 as an iterative
process until attainment is shown for each modeled

episode.

These steps are addressed in subsequent:chapters of this

guidance document as follows:
Chapter 2: Modeling Protocol
Chapter 3: Domain and Data Base Issues . |

-Episode selection ‘
.Domain selection/grid spatial allocation

.Meteorological/air quality data ' ‘

-Emission inventories ' !

Chapter 4: Data Quality Assurance and Model Diagnostic

Analyses
Chapter 5: Model Performance Evaluation. , Ik

Chapter 6: Attainment Demonstration

. Ihtfodﬁcf1§hff
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CHAPTER 2 |
MODELING PROTOCOL |
\

|
Regulatory application of the UaAM potentially affects a broad

spectrum of society. The UAM modellng domazns ‘may encompass
multlple geopolitical boundaries (countles, c1t1es, and States)
with a potentially large regulated communlty.l Therefore, the
development of a Modeling Protocol is requ1red.x This Protocol is
necessary to (1) promote technical credlblllty,‘(Z) encourage the
partlclpatlon of all interested partles, (3) provide for consensus
building among all interested parties concernlnq modeling issues,
and (4) provide documentation for technical decisions made in
applying the model as well as the procedures followed in reaching
these decisions. : : i

The Protocol should detail and formalize procedures for
conductlng all phases of the modeling study, such as (1) describing
the background and objectives for the study, (2) creating a
schedule and organizational structure for the study, (3) developing
the input data, (4) conducting diagnostic and model performance
eveluations, (5) interpreting modeling results, (6) describing
procedures for using the model to demonstrate |  whether proposed
strategles are sufficient to attain the ozoneg NAAQS, and (7)
prbducing documentation and data analyses that must be submitted
vfor'EPA Regional Office review and approval.
| N
| All issues concerning the modeling study must be thoroughly
vaddressed during the Protocol development. Modifications to the

Protocol as the study progresses should not be needed unless




significant, unforeseen procedural and/or technical issues are
encountered. All parties involved in the study should agree to
Protocol modifications +through the Modeling Policy Oversight
Committee (see below). It is especially important that the State/
local agencies and EPA Regibpal Office(s) overseeing the study

concur on Protocol modifications.

2.1 Protocol Development Process

ordinarily, the State agency responsible for developing the
ozone State Implementation Plan (SIP) is also the lead agency
responsible for developing the Modeling Protocol. For domains
encompassing parts of more than one State, the responsible State
agencies need to develop the Modeling Protocol jointly. The
Protocol should describe the modeling policy and technical
objectives of the study. This will require input from various EPA
and State/local personnel dealing with regulatory policy issues and
from others with modeling expertise. It is likely that Modeling
Policy Oversight and Technical Committees will be needed for
addressing these issues. The composition and responsibilities of
the Committees should be defined in the Modeling Protocol.

Responsibilities of the Modeling Policy Oversight Committee
may be, at a minimum, to set the objectives of the study, set the
schedule, determine resource needs, and implement any modifications
to the Protocol as the modeling study proceeds. The Committee
should include representatives from the appropriate EPA Regionai

Office(s), State/local agencies, the regulated community, and

public interest groups. It is important that appropriate policy-
oriented personnel be identified for membership on the Committee.

Responsibilities of the Technical committee may be, at a
minimum, to develop the Protocol’s technical specifications




concernlng emission 1nventor1es, meteorologlca] data, air quality
data, data quality assurance, development of enission control
strategles model dlagnostlc analyses model performance evaluation
procedures, ‘and interpretation of model results. The Technical
Committee should include appropriate technically-oriented members
from the EPA Regional Office(s), State/local agencies, ~the
'regulated communlty, and public interest groupo. ‘

For some areas, regional modeling is belng planned to
establish initial and boundary conditions for urban-area modeling

attainment demonstrations. The urban-area Modeling Protocol
development should be coordlnated with the |regional Modeling
Protocol. Some members of the urban-area Pollcy Oversight and

Technlcal Committees would probably also be members of the regional
Pollcy Oversight and Technical Commlttees. {

| The Modeling Protocol must be submitted to the approprlate EPA
Reglonal Modeling Contact for review and approval The EPA
Reglonal Modeling Contact should be a membTr of the Policy
0vers1ght and/or Technical Committees so that‘rapld review and
approval of the Protocol is assured.
‘ |

Recommendations ,

A Protocol Document is required for each UAM application used

for an ozone attainment demonstration. This -Protocol should
! describe the methods and procedures to be used for conducting
f the photochemical modeling study. -'

| Additionally, it is recommended that both a Pollcy Oversight
Committee and a Technical Committee be establlshed to develop

i

*a regional Modeling Protocol is being prepared by the EPA
OAQPS and will be available by late 1991. This regional Modellng
Protocol will facilitate coordinating regional model applications
to support the nonattainment area SIP UAM applications.




the Modeling Protocol. The composition and responsibilities

of the Committees should be defined in the Protocol.

The Modeling Protocol and any modifications to it should be
agreed upon-by all parties involved in the study, through the

Policy Oversight Committee. It is especially important that

the State/local agency participants and EPA Regional Office(s)
overseeing the modeling study concur on any Protocol
modifications. Protocol modifications should be documented
for subsequent public review.

For some nonattainment areas, regional modeling is being
planned to provide initial and boundary conditions as well as

other inputs for the urban-area modeling attainment

demonstrations. Procedures for coordinating the development
of the urban~area Modeling Protocol with the regional Modeling
Protocol should be clearly described.

It is especially important that close technical coordination
be maintained during the Protocol development among nearby
urban-area domains within a regional modeling domain.
Procedures should be established for coordinating the Modeling

Protocols among these areas, and these coordination procedures

should be clearly specified in each nonattainment area’s
Modeling Protocol.

The Modeling Protocol must be submitted to the appropriate EPA
Regional Modeling Contact for review and approval.

Contents of Protocol Document

The recommended contents of the Protocol Document (Table 1)

are patterned after those described in a CARB Technical Guidance

Document.6

Recommendations

It is recommended that, at a minimum, the components listed in
Table 1 be included in the Protocol Document for each
attainment demonstration modeling study. A description of
each component is presented in Appendix A.




1.

2.

TABLE 1 |
|

EXAMPLE TABLE OF CONTENTS FOR PROTOCOL DOCUMENT
_ 1

UAM Modeling Study Design

Background and Objectives
Schedules

Deliverables (
Management Structure/Technical Committees
Participating Organizations : :
Relationship to Regional Modeling Protocols :
Relationship to Other Urban-Area Modeling Protocols
Relationship to Planning/Strategy Groups

Domain and Data Base Issues
Applicable Preprocessor Programs (e.g., ROM=-UAM
Interface System) .
Data Bases: o
«Air quality
Meteorology 1
Base Meteorological Episode Selection
Modeling Domain i
Horizontal Grid Resolution ‘
Number of Vertical Layers- ‘
Emission Inventory 3 :
Specification of Initial and Boundary Conditions
Wind Field Specification
Mixing Depths |
Sources of Other Input Data

Diagnostic Analyses

Quality Assurance Tests of Input' Components
Diagnostic Tests of Base Case Simulation
Test Results/Input Modifications:

|
Model Performance Evaluation |
|
\
!
|

Performance Evaluation Tests

Attainment Demonstrations. ]
Identification of Attainment-Year Mandated Control
Measures i
Methodologies for Generating Control Strategy
Emission Inventories o
Procedures for Attainment Demonstration

Submittal Procedures
Data Analyses Review
Documentation Review and Approval
) |

\
1
!
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CHAPTER 3

DOMATIN AND DATA BASE ISSUES i

E' Described in this chapter are the followind'topics: episode
sélection, domain selection, meteorological data,iair quality data;
and emissions inventories. Choices made in each topic area are
often interrelated. Accordingly, decisions concerning a particuiar
topic area probably will be based on consideration of several
areas. .In several topic areas, recommendations are made concerning
minimum requirements for data availability and modeling resolution.
Td reduce uncertainties in modeling inputs and cutputs, users are
encouraged to exceed these minimum recommeQdations whenever
possible. ' ‘ |

:

|

3.1 Episode Selection
|
|
|

A major component of the Modeling Protocol is selection of
méteorélogical episodes. In general, episode seiection involves a
réview (described below) of several multiday pefiods during which
h%gh ozone was monitored. At least 1 day is chosen as the day of
primary interest for each selected episode. Model simulations
tYpically_begin at least one day prior to thé'day of primary
interest. This minimizes the effeéts.of assumed %nitial conditions
on predicted concentrations for the critical day. The length of a
modeled episode is generally a minimum of 48 hours, and thé last
déy in this period--the day of primary interest-%is referred to as
the "primary day." '




Episodes that have a high probability of covering different
sets of meteorological conditions corresponding with high ozone
concentrations should be modeled. Clearly, a trained meteorologist
familiar with 1local and regional weather patterns should be
consulted in the selection process. Conditions resulting in
distinctly different sdurce-receptor configurations should be the
prime consideration in distinguishing different meteorological
regimes. Generally, conditions reflécting both poorly defined wind
flow (stagnation) and better defined flow (transport) will need to
be included. It is important to coordinate episode selection with
those responsible for Modeling Protocols in nearby domains,
particularly when  observed exceedances may result from
"overwhelming transport."’ '

The following,approach is recommended for selecting gpisode

days for use in modeling:

1. Identify the meteorological regimes associated with high-

ozone episodes. - The procedure recommended for
identifying meteorological regimes is described in
Appendix B.

2. Select candidate episode days for modeling from the
period from 1987 to the present time. Place each
candidate episode day in the appropriate meteorological

regime (see Appendix B).

3. Rank each candidate episode day within each regime
according to the magnitude of the peak observed ozone
concentration (ranked highest are days with the highest
observed daily maximum ozone from among all sites in or
near a nonattainment Consolidated Metropolitan Statis-
tical Area/Metropolitan Statistical Area [CMSA/MSA]).

: Data'Issags
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}
f
“,

Select the episode days for modeling fﬁbm among the three
highest ranked episode days from eabh meteorological
regime. In choosing from among the ﬁop-ranked episode
days, consider the- availability ané quality of air

‘quality and meteorological data bases, the availability

of supporting regional modeling analyses, the number of
monitors recording daily maximum ozone concentrations
greater than 0.12 ppm (i.e., pervasiveness), number of
hours for which ozone in excess of 0.12 ppm is observed,

. frequency with which the observed metéoroiogical condi-

tions correspond with observed exceedances, and model

performance (discussed in Chapter 5).! For example, the

top-ranked episode day within a'meteoroﬂogical regime may

have only routine air quality and meteorological data
bases available for use in the'modeiing. The third-
highest day, however, may have occurred during an
intensive field study, so that a more éomprehehsive data
base is available. Thus, the third-highest day'may be
more desirable for modeling than the tbp—ranked day. As
another example, the three highest-ranked episode days
may have air quality and meteorologiéal data bases of
similar quality and gquantity, and the number of
monitoring sites recording daily maxiﬁum ozone greater
than 0.12 ppm may also be similar. If model performance
on the initially chosen day is queétionable, the

Technical Committee may wish to consider a second- or

third-ranked day from the three highest-ranked days for
a regime. The day with the overall best model
performance may be selected as the% primary"day for
modeling in the attainment demonstratjon. Note that ‘a
more comprehensive model performance Evaluation may be

needed for the selected day, as described in Chapter 5.

13




5. At least 1 day should be modeled from each identified
meteorological regime. Further, a minimum of 3 days from
among all meteorological regimes should be modeled for
the attainment demonstration (e.g., three meteorological
regimes each containing 1 primary episode day, or two
meteorological regimes with at least 2 primary days from
one of those regimes). Using the model results in the
attainment demonstration is described in Section 6.4-

States may want to consider a technique other than the one
outlined in steps 1-5 for selecting modeling episodes. Any such
techniques should be described in the Modeling Protocol and
approved by the appropriate EPA Regional office.

Consideration of several meteorological regimes that
correspond to observed daily:maximum ozone levels above 0.12 ppm is
important, because certain emission control strategies that are
effective in reducing peak‘ ozone under some meteorological
conditions may be less so under others. The goal is to develop
strategies that are robust with respect to effectiveness over most

scenarios.

Recommendations

It is recommended that episodes for modeling be selected from
the period from 1987 to the present time. Selected episodes
should represent different meteorological regimes observed to
correspond with ozone >0.12 ppm (as described above). When
selecting episodes, both stagnation and transport conditions
should be examined. A ninimum of 3 primary episode days
should be simulated.

Primary episode days falling within each meteorological regime
are ranked according to the highest observed daily maximum
ozone concentration measured within or near the nonattainment
CMSA/MSA. Episodes may be chosen to include any of the three
top-ranked days in each regime. In addition to considering
the magnitude of the highest observed daily maximum ozone

- Data i§§n
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concentration in making this choice, datd avallablllty and
quality, model performance, availability of regional modeling
~analyses, pervasiveness, frequency with which observed
meteorological conditions coincide w1th‘ exceedances, and
duration of observations >0.12 ppm may be- cons1dered.

Other techniques for selecting episodes should be descrlbed in
the Protocol Document and approved by tne approprlate EPA
vReglonal Office. *

3.2 Size of the Hbdeling Domain

I
\
\

: The size and location of the modeling doma;n define the data
\

requirements for the modeling. In selecting e modeling domain,
consideration should be given to (1) typical wind patterns, (2) the
location of major area and point emission sources, (3) the location
of air quality monitors and important receptor locatlons, and
(4) the need to mitigate effects of uncertalnty‘ln upwind boundary
conditions. Generally, the domdln should be‘set as large as
feasible in order to reduce the dependence o©f predictions on
uncertain boundary concentrations and to provfde flexibility in
‘simulating different meteorologlcal'eplsodes. IL is generally'much
_eas1er to subsequently reduce the size of a mode]ed area than it is
to subsequently increase it. : ' i
“ |

Once UAM 1nput data for a sufficiently large domain have been
a551m11ated ‘and processed, the size of the modellng domain can be
reduced for modeling purposes by spec1fy1ng domaln boundary values
in the UAM. Procedures for reducing the 51ze[of the domain are
descrlbed in Reference 2. This could save resources in 51mulat1ng
modellng episodes in which light or poorly deflned wind fields
result in a smaller domain being adequate. In cpntrast expanding
domain dimensions would require reconstructind most of the ﬁAM

ihput files.

15




Recommendations

It is recommended that the domain’s downwind poundaries be

sufficiently far from the CMSA/MSA that is the principal focus
of the modeling study to ensure that emissions from the
CMSA/MSA occurring on the primary day for each selected
episode remain within the domain until 8:00 p.m. on that day.
The extent of the upwind boundaries will depend on the
proximity of large upwind source areas and the adequacy of
techniques used to characterize incoming precursor
concentrations. Large upwind emission source areas should be
included in the modeling domain to the extent practicable.
aAlso, if large uncertainty is anticipated for domain boundary
conditions, the upwind boundaries should be located at a
distance sufficient to minimize boundary effects on the model
predictions in the center of the domain. Sensitivity analyses
described in Section 4.3 assist in determining the effects of
boundary conditions on predicted values.

3.3 Horizontal Grid Cell Size

The horizontal dimension of each model grid square is based
upon (1) the sensitivity of predicted concentrations to horizontal
grid size, (2) the resolution of observed meteorological and air
quality data and/or estimated emiséions data, and (3) limitations
imposed by other considerations such as a required'minimum domain
size. Generally, large grid square dimensions result in smoothing
of the emission gradients, wind fields, and spatially varying
mixing heights, which in turn leads to a smoothing of the predicted
concentration field. Also, larger grid cell dimensiohs reduce both
computer storage space and computational time. '

The following should be considered when selecting the

horizontal grid cell size:

1. The grid cells should be small enough to reflect emission
gradients and densities in urban areas, particularly
those resulting from large point sources and major
terrain or water features that may affect air flow

" Data Issues
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2. Sensitivity studies conducted by the EPA suggest that
peak ozone predictions may increase as grid size
decreases

\
|
|
{

3. Practical limitations on the grid cell size are the

resolution of the emission inventories and the density of
meteorological and air quality monitoring networks

| ’

| , ‘ !

. Previous modeling studies have used horizontal grid cell sizes
ge%erally in the range of 2 x 2 km to 8 x 8 km. A grid size of

5 x 5 km has generally been compatible with computer resource

requirements and emission inventory development.i
‘ |
|
| Recommendations
‘ It is recommended that the size of the horlzontal grid cells
should not be greater than 5 x 5 Km. Grid cell sizes coarser
than this should be Jjustified and should, at a minimunm,
address items 1-3 above. Smaller grid: cell sizes are
encouraged because they allow more accurate grlddlng of area
and mobile sources. Additionally, emissions from major p01nt
sources are better characterized by smaller grid cell sizes.
However, grid cell sizes smaller than 2 ' x 2 km are not
recommended because of potent1a1 model formulation
inconsistencies for those grid sizes. '

344‘ Number of Vertical Layers

In specifying the number of vertical layersﬂ issues analogous
to those raised for horizontal grid cell dimensions must be
addressed. Again, a compromlse ‘is generally needed between the
number of vertical layers and the adequacy of available data bases
and computer resources. It is important that sources with tall
stacks or sources having plumes with high buoyancy be assigned to
an appropriate altitude. Pollutants in elevated, buoyant, p01nt—

source plumes often have effective release heights in layers well

above the surface. Increased vertical resolutlon allows more




accurate representation of the vertical 1layer at which these
emissions interact with emissions occurring closer éo the ground.
Also, increased vertical resolution minimizes dilution that may
result from placing emissions into artificially large vertical
layers. Finally, increased vertical resolutioh improves the
simulation of when and where plumes are mixed to ground level.
Simulation of the chemistry between individual plumes and the
environment can be greatly affected by how well the model simulates
nmixing of these plumes with the ambient air.

Previous applications of the UAM have generally used four or
five vertical layers, with two layers between the surface and the
moxrning mixing height (diffusion break in the UAM) and three layers
between the mixing height and the top of the modeiing domain.
Sensitivity studies suggest that using fewer than three layers
above the mixing height may artificially dilute elevated point-
source plumes, which may cause the model to underpredict 'near-
surface ozone and precursor concentrations.

Users of the UAM should consider specifying greater detail for

the horizontal and vertical grid cell size_ than the minimum
recommended in this guidance document. This 1is encouraged
particularly in modeling domains containing complex terrain or
land/water interfaces. Wind field models can typically produce
wind fields for many more vertical ‘layers than the minimum number

given here.3

The number of vertical layers considered in the UAM
is more likely to be constrained by the time-consuming calculations

needed to simulate atmospheric chemistry.

Recommendations

Based on previous model applications, it is recommended that
a minimum of five vertical layers be used in the modeling
study, with at least three layers above the morning mixing
height (diffusion break in the UaM). Additionally, it is
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" recommended that the top of the modeling domain (region top in
the UAM) be specified above the mixing height by at least the
depth of one upper-layer cell. This can be done by setting
the reglon top value equal to the maximum mixing depth plus
the minimum depth of the upper-layer cells

| Previous applications have typically used 5Q m for the minimum
; depth of the vertical layers below the diffusion break and 100
i or 150 m for the vertical layers above the diffusion break.

It is recommended that 50 m be used as the minimum thickness
for layers below the diffusion break and 100 m as the mlnlmum
thickness for layers above the diffusion break.

I i

3.5 Meteorological Data
The availability of meteorological data Vdrles widely among
p{ospectlve modeling domains. Also, there ere a variety of
techniques available for developing wind fields, temperature
fields, and mixing heights. Although high resolution and
cenfidence for all meteorological data are desirable, time and
rESource constraints force a compromise between desirable and
acceptable methods. Historically, measured meteorological data
have been interpolated for most UAM applications. More recently,
d;agnostlc and prognostic meteorological modeling techniques have
been explored as possible means to develop input fields
(particularly‘wind fields) for air quality models.
Wind fields and mixing heights are two of fhe.most important
meteorological inputs that significantly'affect photochemical model

p#edictions. Methodologies and recommendations for determining
\

‘these inputs are described below.
: ' ;

3.5.1 Wind fields S

Methodologles to construct wind flelds for the UaM

appllcatlons have historically fallen into three categorleS'6




1. Objective analyses that interpolate observed surface and

aloft data throughout the modeling domain

2. Diagnostic wind models in which physical constraints are
used in conjunction with objective analyses to determine
the wind field

3. Prognostic models based on numerical solution of the
governing equations for mass, momentum, energy, and
moisture conservation along with numerical solutions for
thermodynamic processes

More recently, an additional methodology has been developed in
areas where the EPA ROM has been applied. Computer software has
been developed to map a ROM diagnostic gridded wind field into a

nested UAM domain.’

Objective analysis - These procedures generally involve
straightforward interpolative techniques. They have the advantage
of being relatively simple and inexpensive to use. The primary
disadvantages are that these analyses contain limited thSiéal

concepts, and results are highly dependent upon the temporal and

spatial resolution of the observed values. Thus, in domains
containing sparse observational data or complex topography, results

may be unsatisfactory.

Diagnostic wind models - These models improve mass consistency
for the flow fields. This may be addressed through parameteriza-
tions for terrain blocking effects and upslope and downslope flows,
as in the UAM Diagnostic Wind Model.3 Diagnostic models generally
require minimal computer resources and can produce a three-
dimensional wind field. However, diagnostic models need

Data‘Iésges
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1
representatlve observational data to generate fedtures such as land
and sea breezes. ‘

i
|

| Prognostlc models - These models simulate relevant. atmospheric
phy51cal processes while requiring minimal observatlonal data.
Prognostlc nodels requlre a specification of the synoptic-scale
flow. Reliability of these approaches is usually enhanced if
suff1c1ent observations are avallable to "nudge" solutions closer
to observations. Since these models can simulate temperature
flelds in addition to the wind field, it is possible to determine
‘stabllltles and mixing helghts, thus ellmlnatlng the need to-
generate these from sparse observatlonal data. Another significant
advantage is that interdependencies of varlous meteorologlcal
1nputs with one another are considered in prognostlc models. A
major dlsadvantage is the extensive computatlonal resources needed
to run a prognostic model. Additionally, the availability of
evaluated models and expertlse needed to apply them for general
appllcatlon with photochemical grid models is limited.

E The ROM-UAM Interface System - This system 'can develop a UAM
grldded wind field from a dlagnostlcally derived wind field used in
the ROM. Such a ROM-derived wind field can be applled for a UAM
domaln that is nested w1th1n a ROM domain, prov1ded ROM data are
avallable for 1dentlcal episode perlods. Use of ROM data has the
advantage of being easy to implement and also provides a
con51stency between ROM model predictions used to specify UAM
boundary ‘conditions and the correspondlng wind | ' fields. The ROM
data are based on an approximately 18 x 18 knm horlzontal grid cell
slze. Thus, one disadvantage is that ROM grldded wind fields may
not suff1c1ently describe detailed features: such as land/sea

| -
i
f

|
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circulations.’ A more finely resolved wind field may be obtained
'by using the ROM-gridded winds as the initial wind field for the
UAM’s Diagnostic Wind Model (DWM) preprocessor (see Reference 3).
This provides a means for mass consistency when using the ROM data
as boundary conditions in conjunction with another wind model.

The selection of a specific technique for generating the
domain wind field depends larcely on (15 availability of concurrent
ROM diagnostic wind fields, (2) the spatial and temporal resolution
of surface and upper-air observations, (3) available modeling
expertise in applying alternative meteorological models, and (4)
available computer resources. However, some vguidelines on
preferences for generating the wind fields are as follows.

Recommendations

The ROM-UAM Interface System should be used to derive the UAM
gridded wind fields when the UAM domain is nested within a ROM
domain for concurrent time periods and ROM predictions are
used to derive the hourly UAM boundary conditions. If it is
judged by the Technical Committee (and identified in the
Protocol) that a wind field derived from the UAM DWM is more
representatlve of the domain-scale flow, then this wind field
may be used in lieu of the ROM diagnostic wind field. To
minimize mass inconsistency problems, the ROM-gridded winds
may be used as the initial wind field in the DWM (see
Reference 3) when generating the UAM gridded wind field.

For cases in which concurrent ROM applications are

unavailable, it is recommended that the DWM be used to
generate the UAM gridded wind fields. The use of other
techniques for deriving the wind field, such as prognostic
wind models or other objective technigques, may be employed on
a case-by-case basis, subject to approval from the appropriate
EPA Regional Office.

*The ROM data for use in the ROM-UAM Interface System can be
accessed through the EPA UAM Subsyftem of the Gridded Model
Information Support System (GMISS)

. Data Issues
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3.5.2 Data needs for wind fleld develogmenL

- The development of a wind field for each modeling episode
depends upon ground-level and elevated wind observaticn data. It
istpreferredzthat a surface-based monitoring network report wind
speed and direction as hourly averages, because an hour is the time
period commensurate with most UAM concentration}output analyses.
The surface‘mohitoring network should be broad and dense so that
diagnostic modgls (if that is the technique chosen) can depict
major features of the wind field. Data representing vertical
prcfiles of wind speed and direction are requiredvin order to
establlsh upper-level wind fields. Preferably, data should pfovide
adequate spatial (horizontal) and temporal resolutlon. Results of
AM appllcatlons are often criticized because of inadequate
mepeorologlcal data, and lack of suff1c1ent meteorolog1ca1 data
offen prevents definitive diagnostic analyses. Thus, the need for
adequate meteorological data cannot be overstated.

i . .
-l
N ‘

Time constraints 1mposed by the 1990 CAAA will probably
preclude consideration of new meteorologlcal monLtorlng stations.
Thus, it is likely that the base case to be used in the attainment
demonstratlon will be from an hlstorlcal eplsode for Wthh model

performance has been deemed acceptable.
i

|

Recommendations i

i Meteorologlcal data routlnely available for a UaM modeling
\ demonstration usually consist of National Weather Service
(NWS) hourly surface and upper-air observations (for winds
aloft). If these data are the only data ‘available for use in
a modeling demonstration, they may have to suffice. However,
the NWS data consist of observations made over very short
periods rather than hourly averaged values. An assumption
that wind velocity measured over a very short period persists
unaltered over an hour may lead to an overestimate of
transport. Therefore, whenever p0551ble/ hourly averaged
meteorological data (e.g., from an 1nten51ve field study)

23 - |
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should be used.  Additional meteorological data may be
available from other sources in the domain (e.g., an on-site
meteorological monitoring program at an industrial facility).
These data may be used to supplement the NWS data, provided
the data have been adequately quality assured. Additionally,

the EPA guideline entitled On-Site Meteorological Program
Guidance for Regulatory Modeling Application’ should be

consulted to assess whether the supplementary data reflect

proper siting of meteorological instruments and appropriate
data reduction procedures.

In planning a special field study to provide a more spatially
and temporally dense meteorological data base, the number of
surface: meteorological monitoring stations should be
sufficient to describe the predominant wind flow features
within the modeling domain. An experienced meteorologist
familiar with local climatic patterns should be consulted
concerning the location and suitability of the surface

meteorological stations. Vertical sounders or profilers are

highly encouraged in a special field study to resolve winds
aloft and mixing heights. Any special field study and
monitoring program should be planned in consultation with the
appropriate EPA Regional Office before implementing the study.

3.5.3 Mixing heights

Predictions from the UAM have been shown to be sensitive to .

the mixing height field.® Therefore, the temporal variations in
the mixing height field over the UAM domain should be described as
realistically as possible. The UAM modeling system contains a
methodology for deriving mixing heights (diffusion break in the
UaM) based on surface temperatures, vertical sounding measurements
of temperature, and cloud cover (see Reference 2). However,
because of the diversity of techniques and data bases that may be
available on a case-by-case basis, we cannot recommend a specific
procedure for deriving the mixing height field in all cases.

Recommendations

It 1is recommended that, at a minimum, the techniques
described in Reference 2 be used in establishing the mixing
height field in the domain.




i  The choice of upper-air stations to be used in the mixing -

. height calculations should be based on prevailing wind fields

. ~and location of the upper-air stations relative to the UAM

' domain. If there are no upper-air stations within the domain,

.  stations outside the domain may need to be used. A trained

: ‘meteorologlst should be consulted on the selection of upper-
air stations for use in determining mixing heights.

be described in the Protocol Document. Techniques other than
that described in Reference 2 should be documented and

|
} The technlques for generating the mixing height field should
1
| justified.

| 3.5.4 Clear-sky assumption for photolysis rate calculations
| For regulatory UAM applications, clear—sky conditions have
typlcally been assumed for photoly51s rate calculations in the
METSCALARS processor. The UAM’s current structure does not allow
for spatial variation in cloud cover, so the choice is either
uniformly'clear or a uniform cloud cover based on a mean cloud
cover over the domain. Use of mean cloud cover could significantly
understate reaction activity in "clear" patches'of the domain.
Potentlally,.thls could be a more serious error than assuming
clear-sky conditions and simulating an overall excess of "domain-
wﬂde" insolation. Additionally, the ROM-UAM Interface System
IﬁETSCL processor assumes clear-sky conditions for photolysis rate
calculations.

Lo |
]
|

ecommendations

For appllcatlons involving the current regulatory version of
; the UAM, it is recommended that clear-sky ‘conditions be
: assumed for calculating photolytic rate constants in the
! METSCALARS processor.




3.6 Air OQuality

Ambient air quality data are generally used for two purposes:
(1) to specify initial- and boundary-condition concentrations, and
(2) to assess the model performahce for each meteorological episode
to be used in the attainment demonstration. These topics are
addressed in the following two subsections.

3.6.1 Initial and boundary conditions

Three general approaches for specifying boundary conditions
for UAM simulations are as follows: (1) use objective/interpola-
tion techniques with a sufficient amount of measured data (i.e.,
data from an intensive field program), (2) use default background
values and expand the upwind modeling domain and simulation period
to mitigate uncertainties due to paucity of'measurements, and (3)
use regional-scale model predictions of ozone and precursor
concentrations. Initial conditions for UAM simulations are handled
in one of two ways: (1) use regibnal—scale model predictions to
derive initial conditions, and/or (2) begin the UAM simulation
sufficiently far in advance of the primary day to eliminate

sensitivity of results to arbitrary assumptions regarding initial

conditions.

Clearly, the nature of case-specific applications will
determine what approaches should be taken for establishing initial
and boundary conditions for particular domains. Ideally, the
preferred technique would be based on an intensivevfield program
with regional-scale modeling used to fill in spatial and temporal
gaps. This approach is seldom feasible, however, particularly for
historical episodes. Presented below are recommendations for
implementing each of the three techniques identified above for
deriving boundary conditions, including discussion of the

Data Issues
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advantages and dlsadvantages of each technique. 'Default boundary—,.
condltlon values for ozone and precursor concentratlons are alseo
prov1ded. Finally, recommendatlons are prov1ded on the approach
‘ most likely to be fea51ble for specifying the initial and boundary
cqndltlons for modeling historical episodes in most locations.

; : !

| I ‘

| Use of measured data - All sources of air quality data for a
]

particular modeling domain should be evaluated for applicability im
establishing initial and boundary conditions. Unfortunately, most
ong01ng monitoring programs have been designed (understandably (e}
with a receptor-based orientation. While avallable monitoring data
a#e useful for evaluating model performance, they usually are not
adequate'for establishing initial and boundary soncentrations.

|
Recommendations }

| To develop initial and boundary conditions, it is recommended
f that one or more monitoring stations be sited upwind of the
‘ central urban area along prevalllng wind trajectorles that
| give rise to ozone exceedances. i :
The sampling and analysis program should provide data to
! calculate hourly values for ozone, NO, NO,, and speciated
hydrocarbons. ‘ :
i . |
1
At the inflow boundarles, air quality data at the surface and

aloft should be used whenever available to specify the
boundary conditions. Default values (Table 2) may be used
where necessary. | '

Use of default wvalues - Some urban areas may lack adequate
data suitable for establishing 'initial and boundary conditions.
Séction 3.2 on domain selection and Chapter! 4 on diagnostic
‘analyses recommend constructing domains and simulation perlods
large enough to minimize the sen51t1v1ty of inner core and downwind

concentrations to assumed initial and boundary gondltlons.




TABLE 2

t
DEFAULT BOUNDARY CONDITION CONCENTRATIONS FOR i
CARBON—-BOND-IV SPECIES (SEE REFERENCES 1 AND 7) i

%

cies Species Name - Concentration (ppbC) 5
s
OLE Olefins 0.60 B
PAR Paraffins 14.94
TOL Toluene ’ 1.26
XYL Xylene 0.78
FORM Formaldehyde 2.1
ALD2 Higher Aldehydes 1.11
ETH Ethene 1.02
CRES Cresol,Higher Phenols - 0.01 1 i
MGLY Methyl Glyoxal 0.01 ‘
OPEN Aromatic ring fragment 0.01
acid |
PNa Peroxynitric acid: 0.01 v , 5
NXoY Total nitrogen : 0.01 ‘
compounds
PAN Peroxyacyl nitrate 0.01
HONO Nitrous acid 0.01
H202 , Hydrogen peroxide 0.01 : |
HNO3 Nitric acid 0.01 B
MEOH Methanol ' 0.1
ETOH Ethanol 0.1
03 Ozone - 40.0 (ppb)
NO2 Nitrogen Dioxide 2.0 (ppb)
NO Nitric oxide 0.0 (ppb)
Cco Carbon monoxide 350.0 (ppb)
Isop ' Isoprene 0.1 (ppb)

*ppbc, parts per billion Carbon

Data i;éue§;
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| Initial- and boundary-condition concentrations are influenced
b§ large- and small-scale weather patterns and emissions distri-
bﬁtions that are unique to each modeling domain. Thus, case-
s@ecific‘attributes should be used in estimating these concentra-
tions whenever feasible. For example, boundary concentrations of
h§drocarbons, particularly'those species (or intermediate products)
eﬁitted from vegetation, are 1likely to be hlghpr in urban areas
surrounded by dense vegetation than in areas surrounded by sparse
vegetatlon.

|

; . \

} |

! Recommendations ' 7 | ,

' It is recommended that use of default values to establish
boundary conditions be limited to areas surrounded by large
expanses of low-density anthropogenic emissions. Accordingly,
the modeling domain may need to envelop rural areas.

Those choosing to use default values should plan to perform
diagnostic/sensitivity simulations (see Chapter 4) to evaluate
: the sensitivity of domain-interior model predlctlons to the
§ boundary conditions.
i o
i . Table 2 lists the recommended default boundary values for the
chemical species used in the model. Use of default boundary
values under regional transport conditions should be closely
l evaluated. When using default values, the boundary of the
| domain should extend as far upwind as pract.icable.

To diminish dependence on arbitrary specification of initial
! conditions, a simulation should begin at least 1 day prior to
the primary day. B

; ' i .

E Use of regional model concentration gregictiggg - Output from
régional-scale models such as the EPA ROM‘proVides'estimates of
initial and boundary conditions (as well as certain meteoroiogical
iéputs),for urban~-scale models. This is especially important under
regional transport conditions. The ROM-UAM ' Interface System
réferred to in Section 3.5.1 can use ROM concentration predictions
to develop UAM input files of initial and boundary conditions.
This interfacing software should be used for UAM domains nested

I
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within more extensive ROM domains. Using the ROM is the
recommended approach for generéting boundary conditions. It is the
most technically defensible approach for estimating future boundary
conditions for the attainment year.

Certain considerations arise when using interfacing methods.
First, selection of historical episodes is limited to those that
have been modeled on a regional scale. Second, there may be
inconsistencies in mass conservation when applying ROM-derived
initial and boundary conditions in conjunction with wind fields not
derived from the ROM wind field (see Section 3.5.1). The
combinations of concentrations and wind velocities produced by the
ROM-UAM Interface System represent mass fluxes passing through the
urban-scale modeling domain. In cases where ROM-derived initial
and boundary conditions are applied without ROM-generated wind
fields, locally developed wind fields may need to be evaluated for
mass consistency throughout the urban-scale domain. Methods for
addressing this problem will need to be chosen on a case-by-case
basis. A general procedure for enhancing mass consistency is
described in Section 3.5.1. Additionally, initial and boundary
conditions derived from the ROM data  should be compared with
corresponding monitoring data wherever.availabie. This will ensure
that the ROM wind fields adequately represent the transport of
ozone and precursors into the domain region.

Recommendations

It is recommended that, whenever feasible, the ROM-UAM
Interface System be applied to derive the initial and boundary
conditions for the episode(s) being modeled. If the Interface
System is used to derive the initial and boundary conditions,
it is also recommended that it be used to derive the UaM
gridded wind field, unless there is sufficient justification
that other techniques for deriving the wind field are more
accurate.




|
!
i
\

In cases for which ROM predictions are not' available, it is
| generally recommended that measured data be used to establish
the initial and boundary conditions, provided the Technical
| Committee identified in the Protocol determines the data are
. adequate. If measured data are not adequate, the default
i  wvalues may be used. To diminish sensitivity of results to
; assumed initial conditions, simulations should begin 1 day
prior to each primary day.
|

3.6.2 Performance Evaluation Data }
!

, Air quality data are needed to diagnose problems in setting up
m&del applications and assessing model performance for the
méteorological episodes being considered ‘ini the attainment
demonstration. A 1lean air gquality data base may introduce
sfgnificant uncertainties in charabterizinglmodél performance.

| . Under Title I, Section 182 of the CAAA of 1990, the EPA is
required to develop regulations for enhanced mohitoring of ozone
aﬁd ozone precursors in serious, severe, and extreme ozone
nénattainment areas. When promulgated, these regulations will
specify criteria for network design, monitor siting, monitoring
methods, operating schedule, gquality assurance, and data
sﬁbmittal.11 The enhanced ozone monitoring system is designed to
provide a more comprehensive data base for m&del‘input and to
i@proVe model performance evaluation.

|

|

; Recommendations f
{ It is recommended that the data base used in the attainment
- demonstration modeling meet the requirements for = the
enhanced ozone monitoring system to be promulgated by the EPA.
! However, the EPA recognizes that some historical episodes that
f will be used in the attainment demonstration modeling for the
! November 1994 ozone SIP submittals may have data bases that
would not meet the requirements for an enhanced ozone
. monitoring system. Under these conditions, the data bases
\ should be scrutinized in detail by the Technical Committee to
help ensure that model performance that appears to be




acceptable has not actually resulted from compensating errors
in the data bases. Additional diagnostic analyses may be
necessary for lean data bases from historical episodes.

If it is determined that the existing air quality monitoring
progran does not meet the requirements for the enhanced ozone
monitoring system, responsible regulatory agencies should
begin planning for development of an enhanced ozone monitoring
system for potential future modeling studies. '

3.7 Emissions

The credibility of UAM applications is directly tied to
formulating the best possible emission inputs. Model performance
may hinge on how well emissions are estimated. Also, in the
attainment demonstration, modeling results are used to determine
emission scenarios that lead to improved air quality 1levels
consistent with the NAAQS. A faulty emission invéntory could lead
to erroneous conclusions about the extent of needed controls and,
in some cases, errors in judgment about the need to control certain
classes of precursors (e.qg., NOX).

Developing photochemical model emission input data is the most
intensive task of model applications, and requires consideration of
many issues. The source of the UAM modeling emission invenﬁory
will be the 1990 SIP nonattainment base year inventory required
under the CAAA of 1990 for all ozone nonattainmént areas. A
further discussion of the 1990 base year inventory is contained in
Emission Inventory Requirements for Ozone State Inmplementation
Plans.!? 1t is important to note that the 1990 modeling inventory
will not be identical to the 1990 nonattainment area inventory
required for reasonable further progress (RFP) tracking under
Section 182 of the CAAA. For example, the modeling inventory will
probably have to cover a larger geographical area than that
required for the nonattainment area inventory. The discussion of

Data Issues
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moqeling domain and boundary—condition issues in‘Sections 3.2 and

3. 6 makes it clear that the model:ng inventory must encompass a
1arger area than the nonattalnment MSA. A complete description of
relatlonshlps between the modeling inventory and the nonattainment

area inventory is prov1ded in Procedures for the Preparation of

Em1551on Inventories for Volatile Organic Compounds, Volume IT:
'Em1551on Inventory Requirements for Photochemical Air OQuality
Slmulatlon Models (Revised).!?) Additional guidance for developing

'the modeling emission inventory is found in Reference 4.

. For use in regulatory applications of the UAM, the 1990
moéeling inventory will have to undergo several adjustments.
Flrst the inventory needs to be adjusted to be con51stent with
meteorologlcal conditions during each selected.ep:sode {i.e., "1990
day—spe01flc emissions"). Second, the resulting "1990 day—spe01f1c
em1551ons" should be adjusted to reflect control programs and
act1v1ty levels prevailing during the year(s) of selected episodes.
For example, if a selected episode occurred in 1988, the "1990 day-
'spe01flc emissions" would be further adjusted to reflect controls
'and activity levels prevailing in 1988. This latter adjustment is
needed to prov1de an estimate of emissions most suitable for
“evaluating performance of the UAM.

! As noted in Chapter 1, once the UAM’s performance has been
eQaluated and the model has been determined to ‘perform
satlsfactorlly, it is used to derive control strategles to attain
the NAAQS. This reguires another adjustment to the "1990 day-
spec1flc emissions" described above. Thls adjustment entalls use
of growth factors, ongoing control programs and retirement rates .
for obsolete sources of emissions to project “1990 day—spe01flcv
em1s51ons" to the years by which the CAAA spec1fy that the NAAQS
must be attained. Reference 14 descrlbes; the appropriate

The resulting

methodology for making emission projections.

|
T
|
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"attainment year modeling inventorY" is used as a starting point
from which to construct "strategy inventories." A '"strategy
inventory" is obtained by superimposing additional control measures
on sources of emissions in the "attainment year modeliﬁg
inventory."

In summary, a 1990 modeling inventory is first adjusted to
evaluate UAM performahce. The 1990 modeling inventory is then
readjusted to reflect emissions most likely at the time the caaa
require attainment of the NAAQS.

Two emission files drive the UAM, a file of emissions that are
injected into the first, surface-based vertical layer, and an
elevated point source file of emissions that are injected into
vertical layers above ground level. The UAM Emissions Prepro-

cessing System (EPS)4 reads county-level area~ and point-source

files and performs four major functions: (1) area sources and point
sources are allocated to grid cells; (2) temporal profiles are
assigned to source categories} (3) hydrocarbon speciation profiles
are assigned to source categories, and (4) point sources with
effective plume heights greater than a prescribed cutoff level are
assigned to the elevated point source file and the remaining point
sources are assigned to the surface-layer emissions file.

Addressed below are the following issues that arise in
developing emission input data: (1) use of speciation profiles,
(2) use of surrogate factors to grid area sources, (3) treatment of
mobile sources and top/down versus bottom/up approaches, (4)
episodic adjustment of inventories to day-specific modeling inputs,
(5) treatment of biogenic emissions, (6) cutoff levels for NO&

point sources, and (7) consistency with national inventories.




3.7.1 YVOC speciation

é The EPA prov1des "default" nationwide VOC spe01atlon profiles
for various source category codes (SCCs) 13 Use of local speciation
information, especially for major emitters, 1is preferable to
national default profiles. If feasible, major VOC point- and area-
source categories should be surveyed to determine appropriate VOC
composition profiles. In many cases, both the quantity and the .
co@position of emissions change as process operations are modified.
To;the extent feasible, this should be accounted for when deriving
local speciation.profiles and in simulating control strategies.
The emissions inventory guidance document!? provides details on
developing local speciation profiles. ‘

Most current-year applicatichs are likely to rely on existing
default data for spe01at1ng mobile-source emlss1ons. Projected
future-year mobile-source emissions files may be based on different
formulations of gasoline and use of alternative fuels. Speciation
guidance for these fuels will be provided by the EPA Office of
MoFlle Sources (OMS) through the appropriate EPA Regional Office.

|
f o | |
!  Recommendations , |
It is recommended that local speciation profiles for point-
source and area-source categories be used whenever feasible..
The Technical Committee should determine the appropriateness
. of using local or national default speciation profiles.
Profiles wused in the modeling demonstratlon must be
documented, and any changes assumed in proflles as the result

[ of control strategies must be identified an@ justified.
| | | '

3.7.2 Spatial gridding of area sources

f Area-source emission data, including motorjvehicle emission

data are often supplied on a county basis. Spatial alloeation of

county-level emission estimates to grid cells is performed for each

|

!
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|
, |
identified area-source category; the allocation requires use of |
surrogate distribution factors such as population distribution,
land use, and road type. The UAM EPS4 contains a program that uses ‘
gridded surrogate factors to allocate county-level emissions data
to the grid cell size of the modeling domain.

I3
\
Recommendations , .

It is recommended that the emission inventory guidance
document!’ be consulted for alternative surrogate factor |
choices and sources of information for assimilating surrogate b
data. The EPA is currently developing a utility to provide -
gridded surrogate data. States will be notified of the
availability of gridded surrogate data through the EPA
Regional Offices.

3.7.3 Mobile sources

Development of gridded, time-variant mobile-source inputs
raises several concerns and often represents the largest fraction
of effort when assimilating mobile-source emissions inputs.
Mobile-source emissions have been compiled from original data or
from existing county-level emissions.!3 Developing gridded mobile-
source emissions from original data requires aggregating sub-grid- !
cell-level components. This may require exercising traneportation
models that produce inputs for the mobile-source emissions model
(i.e., the latest EPA MOBILE model), and then performing the
necessary spatial allocations to grid cells and temporal
distribution over every hour. This practice is far from
standardized. Also, in certain areas, execution of transportation
models is restricted by lack of appropriate traffic count and speed
data.

The emission inventory guidance document!? provides direction

for developing mobile-source inputs from original data (referred to




as a bottom/up method) or from an ex1st1ng county—level 1nventory
(referred to as a top/down method) . i ‘

Recommendations

}

| Bottom/up methods are the preferred approach for estimating
! wvehicle activity levels and emission factors because these
! methods have potential for resolving variations in speed and
vehicle miles traveled (VMT) among different grids over hourly
time slices. Bottom/up approaches are most appropriate for
| addressing the inner wurban core of modeling domains.

‘ Peripheral, less dense traffic areas can be treated with
top/down methods. Exceptions to these recommendations should
. be considered by the Technical Committee on a case-by-case
; basis. Justification for more extensive use of top/down
X methods should be sought in discussions w1th the appropriate
| EPA Regional Office.

I
|
(
|
|

3.7.4 Episode-specific adjustments

Several source categories of VOC emissions are sensitive to

meteorologlcal conditions. Thus, it is important for modeling

1nventor1es to reflect eplsode—speCJ fic meteorolog ical conditions.!3

FoF example, biogenic emissions, moblle-source evaporative
emissions, and solvent categorlbs will need to reflect specific
modellng days. In addltlon known ep1sode-spec1flc events such as
changes in process operations for p01nt sources affect emissions
rates and should be reflected in the episode modeling 1nventory.

\

Recommendations

f Mobile-source emissions should be adjusted for episode-
: specific temperatures. This is done by running the latest EPA
: MOBILE model using episode-specific maximum and minimum
| temperatures. Chapter 7 of the emission inventory guidance
\ document!’ describes the procedures for deriving episode-
l specific mobile-source emissions using the latest MOBILE
model. Use of models other than the latest EPA MOBILE model
i should be reviewed by the Technical Committee on a case-by-
g case basis, and is subject to approval by the EPA Regional
Office.

|
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Biogenic emissions must reflect episode-specific conditions
(see Section 3.7.5). : :

If available, episode-specific operating rates for point
sources are preferable for estimating temporal point-source
emissions. Procedures for temporally adjusting point and area

sources are also provided in the emission inventory guidance
document.

3.7.5 Biogenic emissions

Biogenic emissions can be a significant portion of the overall
VOC emission inventory for a given domain, particularly in areas of
high vegetative density. The EPA provides the Biogenic Emissions
Inventory System (BEIS), which can develop day-specific, hourly,
gridded, speciated inputs (sée Reference 4), and also provides a
national data base of land use distributions with this system.

Spatial variability is limited to the county level (i.e., emissions

are evenly spread throughout the grids within a specific county).

The EPA is currently modifying the‘BEIS to allow users to
input user-derived and possibly more up-to-date 1land use
distribution data. Users will be advised of the expected delivery
date of the modified processor via the SCRAM BBS and EPA Regional
Offices.

Recommendations

Biogenic emissions must be included in the emission inventory
developed for each model simulation (i.e., base case and
control strategy). The biogenic emission processor (BEIS)
that is part of the EPA Emissions Preprocessor System! should
be used to derive the inventory. Use of alternative land use
factors in the BEIS should be described and documented in the
Protocol Document. ' ‘ :

Also, methods other than the BEIS may be considered for
deriving the biogenic emissions. These methods must be
described in the Protocol Document along with justification
for using them.

Data Issu




3.7.6 Point-source and plume-rise cutoff levels

|

E Guidance for initiating ozone/CO SIP emission inventories
pursuant to the 1990'CA.AA15 specifies point-source cut-off levels
of 10 tons/yr and 100 tons/yr for VOCs and NO,, respectively. Any
‘ source may be treated as a point source as 1ong as stack data are
spec1f1ed that allow derivation of effectlve plume height, and
source location is prov1ded. In some cases, the Technical
Coﬁmittee may wish to treat selected smaller sources'as point

sources.

' The UAM EPS! requires the specification of a‘plume-rise cutoff
1evel for delineating elevated point sources from area sources. If
the plume rise that the EPS calculates for a glven point source is
be;ow the user—spe01f1ed level, then the point-source emissions are
pleced in the area-source emissions file. If the plume rise is
above the 1evel the emissions are treated as coming from elevated
p01nt sources and are then placed.‘w1th1n the appropriate ‘UAM

vertlcal layer.

| Recommendations | |

: Point-source cutoff levels of 10 tons/yr for VOCs and no
f greater than 100 tons/yr'for NO, are recommended for inclusion
in the modeling emission 1nven%ory. Point sources must have:
the stack data needed to calculate effective plume height, so-
that the heights at which emissions are injected into the
modeling system can be determined.

The Technical Committee may consider using a lower plume-rise
cutoff level, particularly in areas where there may be a high
density of p01nt sources. Additionally, the CAAA specifies
"major source" definitions that have lower cutoff limits for
purposes such as application of reasonably available control
technology (RACT), new source review (NSR) and creation of
Emission Statements. The Technical Commiitee may consider
using these lower cutoff limits in the modeling inventory.
The Technical Committee should specify the plume-rise cutoff
level to be used in delineating point-source and area-source

|
l
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emissions, and the level should be identified in the Protocol i
Document.
|
\

3.7.7 Consistency with national inventories

Comparisons should be made between the modeling inventory and
the 1990 SIP and RFP tracking emission inventories reported in the
EPA Aerometric Information Retrieval System (AIRS).16 Although
these inventories will not be identical, such a check can be
considered part of the quality assurance process. Major B
inconsistences should be noted and documented. ‘It is especially |
important that those planning to use ROM-derived air quality data
in the model simulations follow applicable guidance/re@ulations for
reporting statewide emissions data to AIRS. These national
inventories are used in the ROM modeling. As noted previously,
using the ROM is the preferred procedure for estimating UAM
boundary conditions and meteorological inputs; Attainment
demonstrations will be less consistent if the ROM and the UAM use
significantly different emissions data bases. . |

Recommendations

For an acceptable attainment demonstration, documentation
should be prov1ded that shows that the modeling emission
inventory is consistent with the emission inventory being
reported in AIRS in accordance with applicable guidance and
regulations. ‘

Data'Issﬁésf?{ » | v @
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: ' CHAPTER 4

DATA QUALITY ASSURANCE AND MODEL DIAGNOSTIC ANALYSES
i This chapter provides general guidance for gquality assurance
testing of component data input fields and diagnostic testing of
base case episodes. These analyses are designed to establish and
1mprove reliability of the input data and proper functioning of the

model.

Althoughvthe UAM has been evaluated on a number of historical
data bases, measures of model behavior with respect to observed
data are necessary for new applications. Model developers and
users perform diagnostic tests to uncover potential input data gaps
that, when corrected, may lead to improved treatment of model
précesses. Regulators need some indication that the model captures
the key features of the base meteorologlcal episodes being applied
1n 'the model simulations in order to have confidence in a model’s
ablllty to predict future ozone (1) after applying projected growth
ané planned emission controls and (2) after applying alternative
emission control strategies. '

} Important prerequisites for a model performance evaluation
(see Chapter 5) are (1) quallty assurance testing of model inputs
and (2) diagnostic testing of the base meteorological eplsode
sihulation to ensure that the model is functioning properly and
that apparently accurate model results are being obtained for the
rlght reasons. For example, quality assurance testing ‘of input
data helps to ensure that apparently good model results have not
resulted from compensating errors in input data.j

|
|
|
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‘ An excellent compilation of model performance evaluation
techniques, including diagnostic tests and related issues, 'is
contained in Reference 17. This reference serves as the basis for
this chapter and for the model performance evaluation described in
Chapter 5. Various graphical and numerical measures described
below are treated in detail in Reference 17.

Two useful graphical displays for both quality assurance and

diagnostic testing are mapping and time-series plots.

Mapping is a two- or three-dimensional spatial display of

values illustrated with various contouring and tiling methods. -

These displays may depict political boundaries and monitoring site
locations as well. Mapping capability is a nmitipurpose tool
applicable for all forms of gridded data, such as future-year
emission control strategy results and most input data fields (e.qg.,
gridded wind fields,'temperatufes, and emission densities). Point-
source locations may also be depicted to ensure that they are
properly located. Spatial displays of predicted and observed ozone
patterns are particularly useful as part of a model performance
evaluation. ' '

Time-series plots display hourly measured and predicted ozone
values for specific locations such as monitoring sites. Time~-
series plots provide an overview of the temporal performance of the
model predictions. Comparison of time-series plots across multiple
monitoring sites provides an indication of spatial response. Even
though measured VOC or NO, species data may be limited, it may
still be useful to plot time-series plots for some of these
species, particularly for cases where ozone predictions do not meet
expectations. Such plots may provide insights to the ozone
prediction patterns and also to data base inconsistencies requiring
further investigation.

. Quality
|, Assurance.
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' The following sections describe recommended steps for
cohductinq diagnostic testing of each base case meteorological
episode simulation. N '

i

4.1 Step 1: Ouality Assurance Testing of Component Fields

Starting with initial, quality-assured data, input data are
developed for use in various UAM preprocessors. The first stage of
diagnostic testing should focus on assessing the accuracy of major
UAH input fields produced by the UAM preprocessors.. Generally,
the testing is qualitative in nature and based on comparlng visual
dlsplays of preprocessor outputs with patterns exhlblted by the
observed data. Prior to conducting a base case meteorological
eplsode 51mu1at10n, individual air gquality, meteorologlcal and
em1551ons flelds should be reviewed for con51sfency and obvious
om1551on errors. Both spatial and temporal characteristics of the
data should be evaluated. These checks may be pnly cursory, but
errors uncovered by this component testing might be extremeiy
difficult to diagnose later in the modeling process, when errors
cduld arise from any subset of the data inputs. Examples'of
cémponent testing include the folloWing: l

i Air Quality: Check for correct order of magnitude,
i' I especially when using background values;
‘assure reasonable speciation

! Emissions: Plot various source types by grid cell and
% ' , review major source locations with local
% v emissions  patterns; check major highway

5 | - routes; generally, look for obvious omission
: errors; plot VOCs, NO, and CO by grid cell and
f cross-check with source distribution for
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logical patterns, such as high NO, levels
associated with major power plants

Meteorology: Plot surface and elevated wind vectors and
compare with monitoring stations and weather
maps for consistent patterns; compare mixing
height fields with sounding data; check
temperature fields

In quality assurance testing of component input fields, the
emphasis is on capturing rather large errors before performing
model simulations.

Recommendations

It is recommended that guality assurance testing of the air
guality, emissions, and meteorological data input files be
conducted before proceeding to diagnostic testing of the base
case meteorological episodes. At a minimum, emissions data
should be quality assured by looking at emission distribution
maps and known source locations and emission strengths.

4.2 Step 2: Diagnostic Testing of the Base Case Meteorological
episodes

After confidence has been achieved in producing UAM input
fields, the UAM should be exercised for each base case
meteoroclogical episode. The initial run is termed a diagnostic
simulation because review of initial base case simulations usually
uncovers additional input errors requiring correction before an
acceptable set of base case inputs can be derived. During this
stage of the process, emphasis is placed on assessing the model’s
ability to correctly depict plume orientation and the timing of
observed ozone maxima. Accordingly, visual methods such as mapping
and time-series plotting, using measured data as reference marks,
may be used to assess model behavior.
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Recommendations

To aid in interpreting 51mulatlon results, it is recommended
that predicted and observed ozone concentration maps be’
constructed for .each base metporologlcal episode simulation.

Concentration maps present spatial information. on the

‘structure of the ozone plume.

Maps at 1- or 2-hour intervals should be constructed over the
periods of most interest. While a typical period might be
defined as early mornlng to late afternoon for the day of
highest ozone, it is also useful to 1look at most time
intervals under rec1rcu1at10n, stagnation, and transport
conditions.

' Cons1derat10n should also be given to constructing a map that

depicts the highest predicted dally maximum ozone value for
each grid cell. Examples of various mapping techniques are .

~described in Reference 17.

It is also recommended that the predicted concentrations used
in the time-series plots be consistent with the method for
deriving predicted concentrations for the model performance
evaluation described in Chapter 5. This method is based on
Reference 17 and produces a weighted average using bilinear
interpolation of the predictions from the four grid cells
nearest to the monitor location..

Other methods for deriving predicted concentrations for time-
series comparisons may be judged approprlatp by the Technical
Committee; some suggestions are contained in Chapter 5. These
methods should be described in the Modeling Protocol.

If suitable data are available, time-series plots should be
developed for NO and NO,, and for VOC species at selected
locatlons, particularly for cases in which ozone time-series
or mapping results are not consistent with expectatlons.

Comparlsons of ozone precursors should be done for
concentration levels above the detection 1limits for the
monltorlng equlpment. ‘

!
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4.3 Step 3: Additional Base Meteorological Episode Sensitivity

In addition to running the base- meteorological episode
diagnostic simulation, other episode diagnostic 'simulations that
perturb levels of emissions, initial and boundary conditions, and
meteoroclogical inputs may .provide valuable information for
identifying critical input areas and ensuring proper domain and

episode selection. The following sampling of simulations, which

are equivalent to sensitivity tests on major model inputs,
illustrate the utility of this exercise.

1. Zero emissions - To indicate levels of sensitivity to
emissions, all emissions are ‘set to zefo and the
resulting predicted concentrations are compared with the
base meteorological episode predictions that include
emissions. A lack of substantial sensitivity may
indicate a need to reexamine the selection of episodes or
domains. Variations can be performed by zeroing out
emission subsets, such as biogenic emissions, mobile-
source emissions, and individual source categories.

2. Zero boundary concentrations - Inflow concentrations at
the lateral boundaries and top of the modeling domain are
reduced to zero or low background levels. Sensitivity of
concentrations in the inner core and downwind portibns of
the modeling domain provide a measure of the boundary
conditions’ influence. This simulation can identify
transport-dominated episodes and provide assurance that
the upwind extent of the domain is adequate for episodes
where intradomain emissions dominate. In minimum trans-
port conditions, the second- and third-day concentrations

Quality
. Assurance
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(inner core and downwind locations) should be relatively

insensitive to boundary-condition concentration changes.

3. Mixing height and wind ggeedl variations - Much
Auncertainty is associated with mixing heights and wind
spseds, and simulated concentrations are often sensitive
to these inputs. Simulations that test the sensitivity

of model estimates to variations in wind speed and/or
mixing height provide bounds on some of the uncertainty
resulting from these parameters. Large sensitivity may
suggésf that future model applicaﬁiohs will need

improvement in the meteorological data bases. Also,
large - sensitivity may suggést a need to consider
; . alternative wind field‘géneration teshmiques.

,  Certain numerical measures, which are recommended in the
discussion of model perforﬁance evaluation in Chapter 5, are also.
uséful diagnostic tools. For example, consistent‘ﬁnderpredictions
ushally produce bias values less than zero. This phenomenon could
be due to various factors, such as overstatement of wind speeds or
m1x1ng heights, or low emission ‘estimates. Modelers are>encouraged-
to‘use numerical as well as graphlcal technlques in the diagnostic
process. ' '

i

1

! The diagnostic analyses described in thls chapter are
conszdered to be a starting p01nt for a spe01flv modeling study.
Dlagnostlc tests discussed in Reference 17 should be considered
wﬁenever possible. Also, the EPA is developing a UAM Post-
processing System18 to assist in diagnostic testing of the base
meteorological episodes. Avallabzllty of this 'software will be
announced through the SCRAM BBS.
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Recommendations

Diagnostic testing of the model should begin with gquality
assurance testing on input data files (Section 4.1).
Diagnostic testing of each base meteorological episode should
follow (Section 4.2). Additional diagnostic sensitivity tests
for the base eplsode should also be considered (Section 4.3),
including u51ng zero emissions and/or zero boundary condi-
tions, and varying mixing height and wind speed estimates.

Agreement should be obtained among members of the Technical
committee concerning input field modifications arising from
the quality assurance testing. These modifications should be
based on scientific or physical reasoning and not just on what
will improve model performance. All changes to the data that
result from the diagnostic testing should be documented and
Jjustified. h

In addition, all diagnostic steps should be documented to

avoid mlslnterpretatlon of model performance results. After
confidence is gained that the simulation is based on
reasonable interpretations of observed data, and model
concentration fields generally track (both spatially and

temporally) known urban-=scale plumes a performance evaluation

based on numerical measures is conducted for each base
meteorological episode (see Chapter 5).

48
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CHAPTER 5
MODEL. PERFORMANCE EVALUATION

' At some point in the modeling process, an assessment of model
pegformance.is required. Specifying rigid rejection/acceptance

' Vcriteria has not been supported by model developers nor by decision

makers participating in previous modeling efforts. Instead,
performance‘measures derived from previous photochemical model
applications may provide a reasonable benchmark for model perform-
anbe. Also, graphical procedures reveal qualitative relationships
between predicted and observed concentrations that can be used in
model performance evaluation.

§ Poor  performance may. neceesitate (1)i delaying model
apblicetions until further diagnostic testing and quality assurance
checks are reflected in the input data base, or (2) selecting
‘anpther meteorelogical episode for medeling. However, this is not
a balid reason for'delaying SIP attainment demonstration submittals
beyond the dates required in the 1990 CAAA. Also, cases where good
mohel,performance is shown should be reviewed as well, because
cohpensating errors can induce spurious agreement émong observed
Hanﬁ predicted values.

5.1 Performance Measures .

~ This section describes recommended graphical and statistical
pérformance measures for ozone predictionsQ These measures should -
be applied for modeling results beginning on the second day of the
modeled eplsode. As described in Section 3. 1, the first day is
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eliminated to mitigate the effects of specifying initial conditions

arbitrarily. Performance measures should also be considered for
ozone precursors wherever possible, based on availability of
monitored data. Obvious problems exist in comparing model
predictions with observed wvalues. The UAM output represents
volumetric (e.g., 25 km3), l-hour average concentrations, but air
quality data represent point 1locations with various sampling
periods. This "incommensurability" may lead to considerable
uncertainty in the compariséns, especially for precursor species
that are not buffered chemically and may have been sampled at
locations not representative of areawide concentrations.

As part of the UAM Postprocessing System, the EPA is currently
developing a model performance utility that will contain the
performance measures listed below. Users will be able to access

this utility for model performance evaluation ‘testing. This -

utility is expected to be available in late 1991. . Model users will
be advised on its availability through the EPA SCRAM BBS.

The measures used in the performance evaluation should include
both qualitative (e.g., graphical) and quantitative (e.g.,
statistical) analyses. Statistical measures may provide a meaning-
ful test of model performance for dense monitoring networks, such
as those for special field studies. However, for some routine
monitoring networks where coverage may be sparse, statistical

measures may provide a distorted view of model performance,

especially for paired values.

Reference 17 provides detailed descriptions of graphical and
statistical measures available for assessing the performance of
photochemical grid models. The Technical Committee should consult
this reference when formulating model performance evaluation
methods, and may want to use it for developing additional perform-

- Bvaluation
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i ' ‘ ,
anbe evaluation procedures other than those recommended in this’
Guidance Document. ‘

t

5.1.1 Graphicai gerfotmance procedures

L
!
'

| Graphical. displays can provide important information on
qdalitative relationships.between predicted and observed concentra-
tions. At a minimum, the following graphical displays should be
déveloped for each meteorological episode: time-series plots,
gﬁound—level isopleths, qguantile-guantile plots, and scatéerplots
of predictions and observations.

[

F Time-series plots - The time-series plot, developed for each
mdnitoring station in the modeling domain, depicts the hourly
predlcted and observed concentrations for the simulation period.
The time series reveals the model’s ability to reproduce the peak
predlctlon the presence of any s1gn1f1cant bias within the diurnal
cycle and a comparison of the timing of the predicted and observed

(e zone maxima. 17

Ground-level isopleths or tile maps - Ground-level isopleths
or tile maps display the spatial’' distribution of predicted
concentrations at a selected hour. Isopleths of predicted daily
méxima may also be constructed. The isopleths provide information.
on the magnitude and locatlon of predicted pollutant "plumes."
Superlmp051ng observed hourly or daily maximum concentrations on
the predicted isopleths reveals information on the spatial
~alignment of predicted and observed plumes. Subregional biases of
predictions versus observations may result from spatial
misalignments.

% Scatterplots of predictions and onervgtiqg§ ~ Scatterplots
depict the extent of bias and error in the ensemble of hourly




prediction~observation pairs. Bias is indicated by the systematic
‘positioning of data points above or below the perfect correlation
line. The dispersion of points is a measure of the error in the
simulation. The scatterplot also reveals outlier prediction-
observation pairs.

uantile-

uantile plots - Quantile-quantile plots compare the

frequency distributions of rank-ordered observed and rank-ordered
predicted concentrations. The observed and predicted concentra-
tions are sorted from highest to lowest then plotted on an x-y
plot. This graphically depibts any model bias over the frequency
distribution. ‘

"Paired" predictions of daily maxima - In attainment
demonstrations, particular interest is focused on daily maximum

ozone concentrations. One test that may provide insight into model
performance is to consider model predictions occurring within

*1 hour of the observed daily maxima at each monitoring site in the

nine grid squares surrounding and including the monitor. The
"prediction," for purposes of this pairing, would be the one that
agrees most closely with the observed daily maximum for each site.
This method may be useful for sparse meteorological and air quality
networks, because it recognizes that both the .inputs and air
quality observations have some attendant uncertainty. Resulting
comparisons can be superimposed on a map depicting emissions and
monitors to help assess model performance.

Recommendations

At a minimum, the following graphical displays are recommended
in the evaluation of each meteorological episode:

: Evalﬁath
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| Tinme-series plots of predictedf and observed hourly ozone
:  values should be constructed for each simulation period for
each monitoring station where data are available.

Ground-level isopleths or tile maps of the spatial distribu-
tion of predicted concentrations should be constructed for

F selected hours. Also, ground-level isopleths or tile maps of
| the daily ozone maxima should be constructed. The correspond-
| ing observed concentrations should be superimposed on the
i predicted concentration isopleths to analyze spatial plume
i patterns and ozone magnltudes..

observation pairs for each simulation; guantile-guantile

é Scatterplots should be constructed for all hourly prediction-
| plots are also recommended for each simulation.

! The development of additional graphical displays, such as the
| paired predictions of daily maxima, is encouraged. The
f graphical displays to be used in the model performance
evaluation should be described in the Protocol.

’ 5.1.2 Statistical performance measures

o Statistical performance measures can provide meanihgful :
measures of model accuracy for dense monitoring networks, such as
those for special field studies. However, statistical measures may
give a distorted view of model perfofmance in cases of routine
ménitoring networks, where coverage may be sparse. The Technical
cémmittee should evaluate the adequacy of the existing monitoring
nétwork for conducting statistical tests for performance

evaluation.

i
i

Recommendations

It is recommended that, at a minimum, the following
mathematical formulations be applied as measures for model

*For this purpose, the predicted wvalue is the weighted
average of the predictions from the four grid cells nearest to
the monitoring station. The four-cell weighted average is
derived from bilinear interpolation as described in Reference 17.

f
t

!
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performance evaluation. These formulations are detailed in
Appendix C.

Unpaired highest-prediction accuracy - This measure quantifies
the difference between the highest observed value and highest

predicted value over all hours and monitoring stations.

Normalized bias test - This test measures the model’s ability
to replicate observed patterns during the times of day. when
available monitoring and modeled data are most 1likely to
represent similar spatial scales.

Gross error of all pairs above 60 ppb - In conjunction with
bias measurements, this metric provides an overall assessment

of base case performance and can be used as a reference to
other modeling applications. Gross error can be interpreted
as precision.

Additional measures may include the following:

Averadge station peak prediction accuracy - This is a measure
of peak performance at all monitor sites, using pairings based
on time and space.

- Bias of all pairs above 60 ppb - This bias metric measures the
overall degree to which model predictions overestimate or

underestimate observed values. Note, however, that a zero
bias for several observation-prediction pairs can be caused by
a canceling effect of overprediction and underprediction in
different subregions. '

Bias of all station peaks - For this metric, bias calculations
are performed on observation-prediction pairs associated with
peak ozone values for each monitoring station. This metric
provides information on the model’s ability to replicate peak
ozone observations.

Fractional bias_ for peak concentration - Fractional bias is
calculated for both the mean and the standard deviation of

peak predicted and observed values. This metric provides
additional information on the model’s ability to replicate
peak ozone observations. '
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5.2  Assessing Model Performance Results

1
1

‘ i Both graphical and statistical performance measures should be
used for the performance evaluation. VHowever, although the.
recommended statistical measures should be applied for all
meteorological ‘episodes and monitoring networks, caution is
suggested for interpreting these measures in cases of sparse
monltorlng network coverage. The Technical Committee should.
cons1der the monitoring network de ign in interpreting statistical
measures. ‘ B

‘

f In assessing model simulation results for the performance

evaluatlon, there 1s no r1g1d crlterlon for model acceptance or
rejectlon (i.e., no pass/fa11 test). Reference 17 states that,
based on past photochemical model evaluations, this type of
mddeling "generally produces peak (unpaired) prediction accuracy,
oierall bias, and gross error statistics in the approximate ranges
of +15~20 percent, f5-15 percent, and 30-35 percent, respectively."
In general, performance results that fall within these ranges would
be acceptable. However, caution is urged in u51ng these ranges as
the sole basis for determining the acceptablllty of model perform-
amce. These ranges were derived from past model performance
evaluatlons with varying densities of air quallty and meteorologi-
cal monitoring networks and corresponding variations in the quality
add quantity of aerometric model input data. In some cases, they
reflect use of earlier versions of the UAM. Thus, these ranges
should be used in conjunction with the graphical,procedures to
assess overall model performance. '

! If statistical results are worse than the above ranges and
graph1ca1 analyses also indicate poor model performance, users
should consider choosing an alternative meteorological episode for
modellng. Performance evaluations  should be done on other

k
i
|

I
i )
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candidate episodes to identify those that might result in better
model performance.

If statistical results are worse than the above ranges for any
of the three statistics, but graphical analyses generally indicate
acceptable model performance, simulation results used for attain-
ment demonstration should be appiied with caution. Users may
consider conducting performance evaluations on other candidate
episodes to identify any that might yield improved model
performance.

A minimum of 3 primary episode days is required for use in the
model simulations for attainment demonstration (Section 6.4). - If
fewer than 3 primary episode days can be identified that have
acceptable model performance for the attainment demonstration, the
responsible regulatory agencies are strongly encouraged to take
steps that will improve model performance for any future attainment
demonstrations. For serious and above nonattainment areas, this
may require short, intensive field studies to supplement installa-

tion of the enhanced monitoring network required under the CAAA of
1990.

Recommendations

It is recommended that the model performance for each
meteorological episode be assessed as follows:

1. The graphical performance procedures specified in Section

5.1.1 should be conducted for each meteorological episode. To -

assess model performance, the Technical Committee should
analyze the time-series plots, ground-level _isopleths,
quantile-quantile plots, and scatterplots. Use of "paired"
predictions of daily maxima may also be considered.

2. The statistical performance measures specified in Section
5.1.2 should also be derived and evaluated for each meteoro-
logical episode. When interpreting these measures, the
monitoring network density and design should be considered.
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Caution is ﬁrged when interpreting the statistical measures
for a sparse monitoring network.

It is recommended that the statistical performance measures be
compared with the following ranges:

+ Unpaired highest prediction accuracy: *15-20 percent
- Normalized bias: *5-15 percent
+ Gross error of all pairs >60 ppb: 30-35 percent

If all of these statistical measures are within the ranges
shown, and the graphical performance procedures also are
interpreted to yield acceptable results, then the model is
judged to be performing acceptably.

If any of the statistical measures are worse than the above
ranges, or the graphical procedures are interpreted to yield
unacceptable performance, users should consider choosing an
alternative highly ranked meteorological episode for the .
attainment demonstration. Performance evaluations should be
conducted on a prospective alternative episode to determine -
whether it yields improved model performance.

Additional model performance measures are encouraged. These
should be described in the Modeling Protocol.
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CHAPTER 6
ATTAINMENT DEMONSTRATION

This—chapter provides guidance on uSing‘modeling simulations
fbr attainment demonstrations. The primary reas son for conducting
photochemlcal modeling is to demonstrate the effectlveness of
alternatlve control strategles in attalnlng the NAAQS for ozone
throughout the modellng domain.. This demonstration consists of
four main parts: (1) developing attalnment-year modeling emlss1on
ihventdries, (2) developing alternative~control strategy emission
ihventories, (3) performing model simulations for the attainment
year with and without alternative control strategies, and

(h) comparing attainment year and control strategy simulation
résults with the ozone NAAQS. Attainment yvear and control strategy
simulations are conducted for each selected meteorolégical episode
(see Section 3.1).

6.1 Déveloping Attainment-Year Model Tnputs
E The attainment-year modeling inventory must be derived from
the 1990 SIP nonattainment base vyear 1nventory, adjusted for
eplsode-spe01f1c meteorology, and then projected to the attainment
year.  Also, to the extent possible, initial- and boundary—
condltlon ozone and precursor concentrations must be progected to
the attainment vyear. The attalnment year is determined by the
nonattainment area designation and the attainment dates specified
in the 1990 CAAA. Projections of emission inventories reflect the
nét effect of mandated controls and growth projections for various

source categories. Guidance for projecting inventories is




available in Procedures for Preparing Emissions Projections.“ The

most direct method for projecting initial- and boundary-condition
precursor concentrations is by applying ROM simulation results for
which the UAM domain is nested within the ROM domain (see
Chapter 3). In the absence of available ROM data, the projection
of ozone precursor concentrations used for initial conditions
typically has been done by linear scaling based on.emission changes
projected to take place from the 1990 base year to the future year.
For initial ozone concentrations, there is little basis for doing
anything other than assuming initial ozone remains constant. 1In
the absence of regional modeling results or better information, the
guidance in Reference 7 for specifying future boundary conditions
may be followed. ‘

Recommendations

It is recommended that the EPA guidance document entitled
cedures for Preparing Emissions Projections'® be consulted
for developing attainment-year inventories. The guidance
document provides procedures for projecting p01nt-source,
area-source, mobile-source, and biogenic emissions, and
addresses projections of spatial, temporal, and chemical
composition changes between the 1990 SIP inventory and the
attainment-year inventory.

Also, if regional modeling predictions for the attainment year
are available, it is recommended that these be used to derive
the attainment-year initial and boundary conditions for the
attainment-year model simulations (see Chapter 3).

Many possible attainment-year emission control strategies can
be set up and simulated. Eventually, a modeling analysis must be
subnitted for approval as the basis of a SIP demonstration. The
effectiveness of a given set of control measures in reducing ozone
(and perhaps other pollutants) is a major factor in selecting the
final emission control strategy.

" Demonstration
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? Prior studles have typlcally used a progre551on of control
strategy scenarios in the modellng to ascertain an effective
strategy for attalnment. A suggested logical progresslon is the
féllow1ng: ’ ’
| 1. Simulate the CAAA and other mandated control measures for
the attainment year to determine if theee measures are
suffieieht to de@onstrate attainment of the ozone NAAQS.

2. If mandated controls are insufficient to demonstrate

| attainment, superimpose a series ofvadditional, across-

- the-board reductions in VOCs—ohly, VOCs=-plus-NO,, and’

NO,—~only strategies, relatlve to the mandatory CAAA

4 .COntrols, to identify a sultable emission-reduction
target range. '

‘3. Once an approximate target range is a>certa1ned in

§

€

i steps 1 and 2, simulate control strategies that reflect

{ source~specific or source-category-specific control

{ measures and that realize the approximate emission
_reductions .identified as  sufficient; to reduce dally

maximum ozone to 0.12 ppm or less.

4. Adjust the strategy chosen in step 3 until it is
sufficient to demonstrate attainment of the NAAQS, as
described in Section 6.4. Adjustments may be needed'in
voc controls, or NOx controls, or both.

Recommendations

The procedures for'der1v1ng control strategies for evaluation
in the attainment demonstration must be spec1f1ed in the
v Modellng Protocol.

L

[
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Emission control strategies for linked urban-area modeling
domains (e.g., northeastern U.S. Corridor) should be coordi-
nated among State agencies having lead responsibility for
respective domains to ensure consistency among the domains.

6.3

Many graphical display and numerical procedures are available

for illustrating the effects of alternative emission control
strategies on predicted concentrations of ozone and other species.
For example, the emission levels in the control strategies are
often compared with the attainment-year base emissions. Also of
interest are comparisons with the inventory derived for purposes of
model performance evaluations and corresponding base-case UAM
results. Difference maps are extremely useful for illustrating
changes in daily maximum ozone predictions throughout the modeling
domain.

Recommendations

The focus of any ozone attainment demonstration is on the
daily maximum l-hour concentration predicted at each location
in the modeling domain. However, it is recommended that
responsible parties broaden the scope of an attainment demon-
stration to examine the impact on other important metrics,
such as different concentration averaging times, population
exposure, subdomain and temporal impacts, effects on other
pollutant species, and other important measures that are
sensitive to emission control strategies.

For deriving initial and boundary conditions for a particular
urban-area domain, using appropriate regional model predic-
tions that reflect control measures applied in other urban-
area domains within the regional modeling domain is
recommended. ‘

Demonstration
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6.@ Using Modeling Results in the Attainment Demonstration

i As described in Section 3.1, at least 3 primary episode days
shbuld be modeled for the attainment demonstration. Also, a
mihimum of 1 primary day should be modeled from each identified
meteorological regime. Therefore, for example, if there are three
meteorological regimes, at least 1 primary episode day from each
regime should be modeled; if there are only two meteorological
regimes, at least 2 primary episode days should be modeled from one
of%the regimes and at least 1 primary episode day modeled from the
otper'regime. Note that the episodes simulated would generally be
at least 48 hours long (i.e., the first day would be an initial.
moﬁeling day and the second day would be the primary episode day).
This would count as simulation of 1 primary episode day.

. To demonstrate attainment of the ozone NAAQS, there should be
nd predicted daily maximum ozone concentrations greater than
0.12 ppm anywhere in the modeling domain for each primary episode
day modeled. Alternati#e methods for demonstrating attéinment must
be approved. by the appropriate EPA Regional Office on a_caSe—by-
c#se basis. |

N The attainment test described in the preceding paragraph is
consistent with the flexibility allowed in the choice of episdde‘
days (see Section 3.1) and reflects concerns over the difficulty of
adcdrately estimating emissions inputs to the model.

Recommendations

To _demonstrate attainment of the ozone NAAQS, there should be
| no predicted daily maximum ozone concentrations greater than
0.12 ppm anywhere in the modeling domain for each primary
! episode day modeled. At least. 3 primary episode days should
be modeled.
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States may opt to conduct more comprehensive statistical
testing of the modeling results for the attainment demonstra-
tion. Any alternative methods for attainment demonstration
must be approved by the appropriate EPA Regional Office on a
case-by-case basis. Any optional methods should be agreed
upon during the development of the Modeling Protocol.

6.5 Exceptions to Guidance Document

It is not possible in a general guidance document like this to
anticipate all contingencies associated with developing an
attainment demonstration study. The Modeling Policy Oversight and
Technical Committees responsible for a specific modeling study'may
propose an alternative photochemical modeling approach provided
that (1) the Modeling Protocollrequires consensus on the proposed
alternative approach within the Technical Committee, and (2)

justification for the proposed approach is documented. Application

of any alternative photochemical modeling approach must first

recelve concurrence in writing from the responsible EPA Regional
Office(s).
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APPENDIX A
| RECOMMENDED MODELING PROTOCOL CONTENTS

Table 1 of Chapter 2 lists recommended contents for a Modeling
qutodol. This appendix gives a general description of each compo-
nent, to aid in the development of the Protocol. . As stated in
Chapter 2, the dontents‘presented here are adopted from the CARB
Technlcal Guidance Documeng__ggggggggm;ggl_ﬂgggl__g

UAM MODELING STUDY DESIGN

Béckground and Objectives

t

The Protocol Document should describe the policy and technical
objectives of the study and pertinent background information such
as the legislative mandate under which the study is being done.

Schedule

Development of a complete schedule for all phases of the
pfoject is needed. The critical paths and deadlines should be
1dent1f1ed and discussed, as should a schedule for addressing
crltlcal issues that require special attentlon, such as air quality
and meteorological data preparation and quality assurance, episode
sélection, and emissioh inﬁentory preparation and gquality
assurance. '




Deliverables

A list of the interim and final deliverables for the modeling
study should be specified.

Modeling Policy Oversight/Technical Committees

The composition and responsibilities of the Modeling Policy
oversight and Technical Committees should be specified to the
extent possible. Meeting frequency and circumstances for
convening a meeting should be identified. Because technical
conflicts may arise, a resolution process for handling them should
be included. ‘

ipating Organizations

The organizations that are sponsoring the modeling study and
those that may contribute to it should be identified.

ip to Regional Modeling Protocols

Procedures for coordinating development of the urban-area
Modeling Protocol with the regional Modeling Protocol should be
described. This would include a description of control strategies,
emission inventories, projection years, modeling episodes, -etc.
The coordination of wurban-area Modeling Policy and Techhical
committees with their regional counterparts should be described.

Relationship to Other Urban Area Modeling Protocols

In some cases, such as the Northeast U.S., nonattainment

MSA/CMSAs required to do attainment demonstrations may be linked to
other nonattainment MSA/CMSAs. It is important that procedures be




I

esﬁablished for coordinating the Modeling Protocols among these
~aréas, and that,these procedures be clearly specified in each
nonattainment area Modeling Protocol. It is likely that Modeling
Policy Oversight and Technical Committees will include some joint.
meﬁbership among the nonattainment areas. '

E

Reiationshi to Planning/Strateqgy Groups

' Key planning agenc1es and others respon51ble for emission
progectlons or other model inputs should be 1dent1f1ed and the
means by whlch these groups interact to obtain realistic growth
pro;ectlons and control strategles should be dlscussed.

o ‘

DOkAIN AND DATA BASE ISSUES

i

Preprocessor Programs

The preprocessor programs to be used in constructing any of
thé model input fields should be identified and described.

Data Bases

' The proposed air quality and meteorological data bases should
be described. The completeness of the data base¢, techniques for
fllllng in missing data, and quality assurance procedures should be

dlscussed.

Béée Meteorological Episode Selection

1

1 The episode selection criteria should be detailed, including
the methodology to group candidate episodes into meteorological
reglmes. How the episodes will be used in the modeling study
shbuld also be described.
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Modeling Domain

t

The Protocol should describe the criteria for selécting the
size and location of the modeling domain. This would include a
description of the MSA/CMSA area size, locations of major sources
outside the MSA/CMSA that may affect it, sensitiﬁity analyses that
may be conducted to assess boundary effects on domain predictions,
relationship of domain size to the episodes selected for use in the
modeling study, etc.

Horizontal Grid Resolution

The Protocol should describe the horizontal grid resolution to
be applied to the modeling domain. If a resolution coarser than
5 x 5 km is chosen, justification for this choice should be

provided.

Number of Vertical Layers

The Protocol should specify the number of vertical layers to
be used in the UAM simulations. If a layering scheme other than
the one recommended in Chapter 3 is chosen, jusfification for using
the alternative layering should be given.

Emission Inventory

The assumptions, methodologies, and appropriate guidance
references to be used in constructing the modeling emission
inventory should be described. Quality assurance procedures should

also be described. , ‘ /




Spgéification of Initial and Boundary Conditions

E The techniques to be used to specify the initial and boundary
conditions for the base meteorological episodes and the attainment
yeér should be described. The assumptions to be used in forecast-
iné attainment-year conditions should be documented. If a nested
grid approach is used (e.g., using predictions from the ROM through
thé ROM/UAM Interface System), the details for implementation
sh@uld be described (see Chapter 3).

I

Wiﬁd Field Specification

The proposed techniques for.specifying the wind fields shouid
be described. The procedures to be used to determine the represen-
tativeness of the simulated wind fields should be technically
juétified and documented‘(see Chapter 3). '

Mixing Heights
! The techniques to be used for deriving the m1x1ng height for
the modeling domain should be described.

Sources of Other Input Data |

L The Protocol Document should describe the data and techniques'
toﬁbe‘used to specify other input data, such as cloud cover, water
bor, UV radiation, surface temperature, terrain, and land use and
sufface characteristics.




QUALITY ASSURANCE AND DIAGNOSTIC ANALYSES

OQuality Assurance Tests of Inbut Components

The specific quality assurance tests to be used on the data
input fields should be described (see Chapter 4).

Diagnostic Tests of Base Case Simulation

The specific diagnostic tests to be used for the base-case
meteorological episode simulations should be described. As
discussed in Chapter 4, these should include, at a minimum, time-

series plots, observed and predicted ozone maps, zero emissions and

zero boundary conditions tests, and tests on the mixing height
variations and wind fields. Additional diagnostic tests are
encouraged and should be described in the Protocol.

MODEL PERFORMANCE EVALUATION

Performance Evaluation Tests

The graphical, statistical, and other measures to be used in

the model performance evaluation should be specified. At a
minimum, the tests recommended in Chapter 5 should be included.
Additional measures may also be considered and should be described
if they are to be used.

'Appenaik
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ATTATNMENT DEMONSTRATIONS
Identification of Attainment-Year Mandated Control Measures

The Protocol Document should include a description of the 1990
CAAA control measures and other measures mandated to be implemented
by the attainment year.

Héthodologies for Generating Control Strategy Emission Inventories

? The procedures for deriving alternativé-contro1-strategy
emission scenarios to meet the study objectives should be de-
sdribed. A description of how the control scenarios would relate
to applicable control strategies for areas adjacent to the modellng
domaln (particularly upwind areas) should be included.

Pﬁocedures'for Attainment Demonstration
| _ | |
' Procedures for using the model simulation results in

démonstrating attainment of the ozone NAAQS should be included.

- SUBMITTAL PROCEDURES

E The documentation and analyses that will be submltted for EPA
Regional Office review should be descrlbed. Also, any
‘décumentation other than the Modeling Protocol requiring EPA
Regional Office approval should be described.
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APPENDIX B

IDENTIFICATION OF METEOROLOGICAL REGIHES
CORRESPONDING WITH HIGH OBSERVED OZONE

. The following is a procedure that may be used to assist in
selectlng modeling episodes. Other techniques may be considered on
a pase—by—case basis; they should be descrlbed in the Modellng
Protocol and approved by the approprlate EPA Regional Office.

Identification of meteorological regimes for a givenrafea
under review begins with constructing a climatological windrose of
high ozone days. The windrose is constructed by first selécting
all days from the period 1987 to present during which at least one
ozone monitor within the area recorded an exceedance of the ozone
NA@QS or some other cutoff level (e.g., 100 ppb). Additional years
offdata are encouraged in constructing the climatological windrose
(e g., 1980-1991). Next, for each exceedance day, calculate the
mornlng (i.e., 7:00 a.m. - 10:00 a.m.) resultaht wind velocity.
Then group the resultant w1nd velocities for all of the exceedance
days into elght compass directions plus calm,‘ to establlsh a
climatic windrose of high-ozone days for the area under review. .
calm winds are defined as those with speeds less than 1.5 m/s and
reéferred to as the null wind direction. The windrose will include
nfne bins (0-8); place the wind directions corresponding to the
elght compass points into bins 1-8, and the calm or null wind
d;rectlon into bin o0. The bins with frequenc1es significantly
higher than the average frequency for all bins should be defined as
the "predominant wind directions" (PWD). :

v
i

77




Next, compare the morning (i.e., 7:00 a.m. - 10:00 a.m.)
resultant wind velocity for each exceedance day during 1987-89 and
more recent years with the climatic windrose of high-ozone days.
Categorize exceedance days with wind directions corresponding to
previously identified climatic PWD’s as belonging to that PWD.
Lump all other exceedance days occurring during 1987-89 and later
into a category called "other." Rank each exceedance day within
each PWD category and within the “other" category according to its
areawide daily maximum ozone observation. Within each category,
the day with the highest areawide daily maximum concentration is
ranked first.

After the steps described in the two preceding paragraphs are
completed, meteorological regimes can be defined for use in the
attainment demonstration test described in Section 6.4. This may
be done as follows:

1. Choose the two PWD;s which contain the highest areawide
daily maximum ozone values from 1987 to the most recent
year with data available. Thesevfepresent two of the
meteorological regimes to consider in the‘attainment
test.

2. The third "meteorological regime" to be considered in the
attainment test is comprised of all exceedance days
previously categorized as "other" plus those belonging to
any PWD not chosen in step 1. ' |

3. Identify the top 3-ranked exceedance days from within
each of the three meteorological regimes identified in
steps 1 and 2. These days are candidates for modeling in
the attainment test. Final choice from among these
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candidates is based on criteria identified in

Section 3.1.

It may happen that one or more of the meteorological
regimes identified in step 1 contains fewer than 3
exceedance days. If +this occurs, exceedance days
included within PWD’s which have been lumped in the third
meteorological regime (see step 2) may be added to one or

- both of the first two regimes. If this proves necessary,

selection of days to supplement those in one or both of

- the first two regimes needs to be decided on a case-by-

case basis keeping in mind the goal of thls exerc1se. to
provide a choice of exceedance days reflecting high ozone
Cconcentrations with meteorological conditions which
frequently coincide with observed exceedances.
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APPENDIX C
PERFORMANCE MEASURE FORMULATIONS

1. Unpaired Highest-Prediction Accuracy (A}
{[ .
P , : ;
! ‘ c(.,.) —c,(.,.
L A, = o ) P( ) x100% 1
; c,(",")
where
A = unpaired highest-predictioh accuracy

(quantifies the difference between the
magnitude of the highest2 l-hour observed
value and the highest 1-hour predicted value

maximum l-hour observed concentration over

} co('l') =

; all hours and monitoring stations

g .

' cp(.,.) = maximum 1-hour predicted concentration over

. all hours and surface grid squares

1Based on Reference 17.

i 2"Highest" refers to the maximum 1-hour concentration across
all hours and monitoring stations.
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2. Normalized Bias Test (DL!

* .

N H; PR . . .
1 L oo (1,7 - c,(1i,7)
. 22 D

NT i=1 7 Co(i'j)
where
p* = normalized bias obtained from all hourly
prediction-observation pairs
N = number of monitoring stations
H; = number of hourly prediction-observation pairs
for monitoring station i
Ny = total number of station-hours
N
:E Hi
=1
co(i,j) = observed value at monitoring station i for
hour 3j '
cp(i,j)3 = predicted value at monitoring station i for

hour j

3predicted value derived from bilinear interpolation of the
predicted values at the four grid cells nearest to station
station i for the given hour.




Gross Error of All Pairs >60 ppb (E;l

Ej

1
Npi= Co(1,7)

i’:j\: le, (i, 9) - e, (i,3)]
2 2

normalized gross error for all hourly
prediction-observation pairs for hourly
observed values >60 ppb

total number of stationvhoursv(defined
previously) |

number of monitoring stations

number of hourly prediction~observation pairs
for monitoring station i |

observed value >60 ppb at mohitdring station
i for hour j

predicted value at monitoring station i for
hour j

the given hour.

!
I

‘ ‘predicted value derived from bilinear interpolationrof the
predicted values at the four grid cells nearest to station i for
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OTHER SUGGESTED PERFORMANCE MEASURES

1. Average Station Peak Prediction Accuracy A

N : ’ .
- c (i,t;) - c,(1,¢t;
Z=1 b o1, ts) i p(1.ty) |x100%
N i=1 Co(l'ti)
where
A = mean paired peak5 prediction accuracies
averaged over all monitoring stations
N = number of monitoring stations
Co(i'ti) = peakvobserved value at monitoring station i
for hour tj '
Cp(i,ti)6 = predicted value at monitoring station i for

hour ti

5 upeak" refers to the daily maximum 1-hour concentration at
a particular monitoring station.. :

éFor these "Other Suggested Performance Measures,"
"predicted" can be interpreted in one of several ways: (1) as
the result of bilinear interpolation described in footnote 4;
(2) using the procedures described for paired predictions of
daily maxima (described on page 52 of the text); (3) using the
prediction for the grid square containing the monitor site only.
The Modeling Protocol should document the procedure used t
determine "predicted" values in these tests. :

Appe:?éik
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t, = -~ hour of peak observed value at monitoring

station i

2. Bias of all Pairs >60 ppb(le

Hy
Deo = == Y ¥ (e (4, 9) = e, 9))
! NT i=1 j=1- 7 |

f Dey = non-normalized bias from all hourly

§ prediction-observation‘pairs‘for observed

! values >60 ppb

| . |

| N = total number of station-hours (defined

: previously) “

E "N = numbér of monitéring stations

{ H;y = number of hourly prediction-observation pairs
| for monitoring station i

| | o

| Co(i'j)_ = observed value >60 ppb at monitqring station

i for hour j




cp(i,j)7 = predicted value at monitoring station i for
hour j

3. Bias of All Station Peaks (Dmdd—

le

N
peak = Z; (c (l ti - Cp(i, ti))

where
Dm&: = non-normalized bias from all prédiction—
observation pairs for,peak8 observed values
at all monitoring stations
N = number of monitoring stations
co(i'ti) = peak observed value at monitoring station i

for hour ti)

"For these "Other Suggested Performance Measures,”
"predicted" can be interpreted in one of several ways: (1) as
the result of bilinear interpolation described in footnote 4;
(2) using the procedures described for paired predlctlons of
daily maxima (described on page 52 of the text); (3) using the

prediction for the grid square containing the monitor site only.

The Modeling Protocol should document the procedure used to
determine "predicted" values in these tests.

Supeak" refers to the daily maximum 1-hour concentratlon at
a particular monitoring station.
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cp(i,ti)9 = predicted value at monitoring station i for

hour ti

i ‘ t, = hour of peak observed value &t monitoring
station i |

4., Fractional Bias for Peak Concentration
The fractional bias is calculated for both the mean and

stendard deviation of peak ozone values, as follows:

by

| p = ox e T M)
! m
;\ (m, + m,)
f (s, - s,)
| F, = 2x—= =
| (8, + 8p)
! .
whére
| . .
r Fo = fractional bias of means
! F = fractional bias of standard deviation

_ For these "Other Suggested Performance MeaSures "
"predlcted" can be interpreted in one of several ways: (1) as
the result of bilinear interpolation described in footnote 4;
(2) using the procedures described for paired predlctlons of
dally maxima (described on page 52 of the text); (3) using the
predlctlon for the grid square containing the monhitor site only.
The Modeling Protocol should document the procedure used to
determlne "predicted" values in these tests.

}




m = mean maximum observed concentration

m, = mean peak predicted concentration

S, = standard deviation of peak observed
concentrations ‘

Sp = standard deviation of peak predicted
concentrations

The means and standard deviations of predicted and observed
concentrations are determined by each of two methods:

Peak station values:

co(i,.) = maximum observed concentration at monitoring
station i1 across all hours

cp(i,.)10 = maximum predicted concentration at monitoring
‘station 1 across all hours

where i = 1,...,N monitoring stations

Peak hourly values:

Wror these "other Suggested Performance Measures,"
"predicted" can be interpreted in one of several ways: (1) as
the result of bilinear interpolation described in footnote 4;
(2) using the procedures described for paired predictions of
daily maxima (described on page 52 of the text); (3) using the
prediction for the grid square containing the monitor site only.
The Modeling Protocol should document the procedure used to
determine "predicted" values in these tests.
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: co(.,j) = maximum observed concentration at hour j
: across all monitoring stations ‘

; cp(.,j)ll = maximum predicted concentration at hour j
| across all monitoring stations

| Wwhere 3 = 1,...,H hours

!
i :
i The fractional bias of the mean and standard deviation

vafies from -2 to +2. Negative values indicate overprediction

and positive values indicate underprediction.

Upor these "oOther Suggested Performance Measures,"
“predlcted" can be interpreted in one of several ways: (1) as
the result of bilinear interpolation described in footnote 4;
(2) u51ng the procedures described for paired predlctlons of
daily maxima (described on page 52 of the text); (3) using the
prediction for the grid square containing the monitor site only.
The Modeling Protocol should document the procedure used to
determine "predicted" values in these tests.

!

i
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