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-Abstract, continued

" control programs, the 1985 levels of particulate matter are expected .

to exceed the presently established secondary air quality standards
throughout central Norfolk and Portsmouth and in certain areas of
Virginia Beach.

‘The land use information can be used to estimate emissions for
inputs to diffusion models and to interpret the 1mpllcat10ns of
diffusion patterns for: (1) Implementing various control strategies,
(2) selecting sites of air sampling stations, and (3) predicting the
effects that proposed changes in land use mlght have on emission
patterns and air quality. '
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LAND USE INFORMATION AND ATR QUALITY PLANNING - : | o,

An example of envirommental analysis using a pilot national land use , G
information system !

By Wailace'E.'ﬁeed;]and John E. ieﬁisg/

‘period, and for a future annual per10d——l985 This em15510n 1nformat10n is

. Protectlon Agency to obtaln dlffu51on and 1mpact patterns for the thrae perlods

" previously mentioned. The results are; (1) Durlng the 1971—72 winter,r

.2/Department of Geography, McG111 Unlver51ty, Mbntreal Canada ;:' S

Abstract

The pilot'sstiossl land use information systém devélopéd byithé‘U.S.
Geological Survey in.tﬁe Central Atlantid‘Regisnal Ecolbgical.Test Sité
project has provided an improved tedﬁniqus fof'estimating'emissions, diffssibs;'
and impact patterns pf sulfur dioxide (soz) and paftiqulate mattes. | |
Imﬁlementation-of plans to contiqi sir quality :eqﬁires'iand use

infc mation, which, until this time, has been inadequate. The pilot system, ' Es'

I U L

however, provided data for updating information on the sources of point and
area emissions of 802 and particulate matter affecting the Norfolk-Portsmouth

area of Virginia for fhe 1971-72 ﬁintér (De .—Jan;—Féb;) and the sﬁnusl 1972

used as input to the Aix Quallty Display: Model of the Env1r0nmental

oAt h el W s b e e b a2 S e

1e5tima;ad-802 amounts over an a;es_WLth a. SW-NE axis in thsscent;al_sect;pn: -

T eI S

l/Department of Envxronmental Sc1ences, Unlver51ty of Vlrglnla, Charlottesv1lle, Va.
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of Norfolk exceeded both primary and secondary levels; (2) fuﬁure annual
1eVelé of-SOé, estimated by anticipated resigential developmgnt and point—sogrce
changes, are not expected to- cause serious deterioration of the region's
:p£35eﬁ£:aif qﬁélity; and (3) for the 1971-72 winter and annual 1972 period
the diffusion results showed that both primary and secondary standards for
_pafﬁicuiétéfméﬁfer are'regulafly-excaeded in.central-Nbrfplk,and qutsmouth,_
| In addition, on the basis of current control programs, the 190 levels of
particuiéﬁe matter afE'ékpected to exdeéd:thefpreséntly established secondary
air quality standardéithrough centrél Norfbik’and Pbrtsmbuth and in certain
éfeas oijirgiﬁia ﬁééch: o |
The land use mnfbrmatlon can be used ﬁo estimate emissions fox 1nputs
: to dlffuslon models and to Interpret the impllcatlons ‘of dlifusmon patternS‘,
z for: (l) Implementlng various control strategies, (2) selectlng sites of
alr sampllng statlons, and (3) predlctlng the effects that proposed cha 1g8S
in land use might have on em1551on patterns and air quallty.. o
3 |
i :
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INTRODUCTION

As a major step toward satisfying the nationwide need for current,
oompatablE'laud use information, the U.S. Geological Survey (HSGS) has .
developed.arpilot national land use informefion system'in its Central Atlantic
Regional Ecalogicai.Tést'sitej(CARETsj~peqje¢t;f;Among the many uses of the -
system are its applioations in evaluating air Quality control strategies and
iﬁpiemenﬁetioh'progfams,1?-

~A majoxity of the States' air quality control"imPIEmentatiOn‘plans

""ﬁiépoéeé duriﬁg'197z are'higﬁ1y~depéﬁdéﬁt'vpoﬁ.émiésioﬁucontrol5gtratégiés.”
.Ba51c guldelmnee for preparlng State air quality'lmplementatlon programs ﬁ
dwere establlshed in the Clean Alr Act of 1970 (PL 90- 604) as Well das in’ the
'Fedexel Regmsters, Aprll 7 and August 14, 1971 Effectlve con51derat10n of..

"','alternatlve qnallty control strategles and 1mplementat10n plans Was seldom
"fea51ble due to lack of tlme and 1nadequate land use 1nformat10n.f Necessary -

'land use 1nformet10n ‘ean’ now’be prov1ded by the pllDt system.

Thls paper examlnes the re1at10nsh1p between land use and air quallty

'and 1dent1f1es the types of 1and use xnformatlan needed to evaluate air
quallty oontrol streLegles. It also presents a descrlptlon of land use
d.lnformatlon avallable from the pllot system, suggests a.ppl:.catzonq of thlS

_olnformatlon to Norfolk area alr quellty plannlng, and recommends natlonWLde e d

:ngappllcatlons of the pllDt system.sjf.. N

The data were colleeted durlng a study of the aix quallty 1n the Norfolk~ id':_

' Portsmouth Vl*g;ﬂla, Standard.Metropolltan Statlstlcal Area (SMSA) and foouses .
. on strategles to control the effects of sulfur dlox1de and suspeuded Partloulates

7The Norfolk area was seleeted for two prlmary reasons.: Flrst the phy51cal

i il e
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chdracteristies of its location and its air'qﬁality‘planning problem are
similar to those of many other metropolitan regions. Second, in developing
and testing the pilot system, the gréatestfrange of land use data and

specific information ﬁtaduted ﬁaﬁ-ﬁééﬁ'for'thélﬁérfolk area (Alexander, 1972).

-

i

1
E
"

T e




L

ACKNOWLEDGMENTS

The extensive advice and assistance received from the staff of the
Commonwealth of Virginia, State Air Pollution Control Board and persomnmnel of
the board's Air Quality Control Region VI in Virginia Beachj; the Southeastern
Virginia Planning District Commission; Virginia Department of Highwaysg
the Environmental Protzction Agency, Region III, Philadelphia, Pennsylvania;
and the Office of Air Programs, Office of Land Usé'Planning in North Caroclina
are gratefully acknowledged, as are the research efforts of Gregory A.

Shoemaker and Nelson M. Nonec.

B ey




LAND USE AND ATR QUALITY PLANNING

|
t
Developing and evaluating air i1ality control strategies depends on g
identifying current and anticipated relationships between patterns of land {

use, amounts of air pollutants over other lapd uses, and the impact of T

such concentration on these land uses. ;
Land use activities affect air quality by emitting manmade and natural §
pollutants. Thege pollutants are dispersed by local, regional, and global o
airflow and affect the health, safety, operating costs, and other characteristics
of all land use activities. The intensity of effect depends on the types of
chemical and physical impacts that pollutants may produce, on the degree to
which pollutants are concentrated in the air, and on the length of time a
given activity or process is exposed to pollutants. The concentration of

pollutants depends on the quantity emitted and on the location of emitting £

sources relative to the direction and stability of airflows. Land surface

characteristics such as roughness, albedo, thermal diffisivity, amount of

water, and amount of transpiring surfaces in a given area influence the o
meteorological conditions affecting the stability of airflows. Each of these
surface characteristics can be extensively modified by the activities or

processes conducted on and structures that occupy urban and rural land.

ATR QUALITY CONTROL STRATEGLES

Given the relationships between land use and airflows, one can employ

a number of strategies to achieve given levels of air quality. The

various perspectives from which strategies may be developed include:




T bt e

L2

I.

Ir,

I1I.

Focus on emission sources—-—Emission source control

Change in type of activity

Change in fuel and other process inputs

Installation of emission control devices

Change in timing of emission

Change in the spatial distribution of stationary and mobile

sources with respect to airflow and receptor loecations

Tecas on airflow-—-Airflow modification

1.

Zl

3.
b

Changes in surface roughness
Changes in surface albedo
Changes in transpiring surface area

Changes in local precipitation

Focus on receptor

1.

2.

Change in the activities affected by pollutants

Change in contact between air and receptor through structural
and air-conditioning modifications

Change in the timing of stationary and mobile receptor activities
to avoid periods of high concentration

Change In the spatial distribution of stationary and mobile
receptors

[ AVRUUA
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Fach of these strategies involves varying degrees of land use
management and the need for land use information.

For further discussions of control strategies focused on urban areas
see Allan M. Voorhees and Associates and Ryckman, Edgerley, Tomlinson

and Associates, 1971; and Kennedy and others, 1971.

STRATEGY EVALUATION BY FEDERAL AND STATE AGENCIES

The Clean Air Act of 1970 and Environmental Protection Agency (EFA) o
action required State and local air quality planning agencies to identify
air quality control regions, to select pollutant control strategies, and
to develop implementation plans by early 1972 (PL 90-604 and Federal
Registers, April 7 and August 14, 1971). Because of time and cost
constraints, mosi planning agencies could not assemble the types of land
use informatiom needed to evaluate fully the range of strategies that
might have been applied in each region. Therefore, EPA most frequently
encouraged the collection of land use information suitable for identifying
regions with similar air quality control problems and suitable for analyzing
strategies focused on emission source controls.

The strategy of controlling emissions at their source required land
use information to idenfify soufces and was in line with the goal of
reducing total nationwide emissions regardless of the spatial distribution
of sources. Furthermore, given the types of sources and the political
realities facing planners in most air quality control regions, emission
source control strategies appeared to be the easiest to implement. Because
the Federal Government is attempting to control mobile emission sources,

local and State action could be directed toward controlling point and area

e ot P R TSN ST
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emission sources, the cost of which appeared to be less than the cost of - b
. t

reorganizing land use patterms or changing the timing of activities or

processes emitting or receiving pollution.
In the absence of more detailed land use information, emission source _ _ - i
- control strategies appeared to be most effective in achieving pfimary.and

'secondary air quality standards without inhibiting growth in each control

i

region. Based on this strategy, regional implementation plans were
! developed that called for rollback procedures or prnportional,reductions_in _

regional emissions (Federal Register, August 14, 1971, and U.S. Environmental

Protection Agency, 1970).

Although the emission source strategy is reasonable, strategies

focused on land use management, as yet unevaluated, might be more effective,
either individually or in combination with adopted emission source control
strategies, in specific air quality control regions. EPA's current program : ;{ﬁ;
of planning for Air Quality Maintenance Areas calls for the refinement of
existing strategies and plans and the evaluation of alternative strategies.

Information adequate for this planning and testing of alternatives i

is becoming available. Specifically, the pilot national land use information
system developed by the USGS is designed to supply current, comparable

land use information that can easily be related to the emission, receptor,
and airflow characteristics of local, regional, or nationwide areas.

Detailed meteorological data for air quality comtrol regioms are available

from the WNational Oceanic and Atmospheric Administration. Air quality

R T P T T

sampling networks are operating or being established in each control regiom.

Where these sampling programs are not yet adequate and where adequate

I
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1
1
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o
metéorologicai and_land'use dafa eﬁist,-models for estimatingipollutant :
diffusion and concentration can be used_to evaluate planning strategies ~ f
5 relatedjto land use. | | :
# ¥
LAND USE INFORMATTON NEEDED FOR COMPREHENSI\.J’E.AI..R QUAi.Ii_’Y PTANNING -
Gcmprehensivé;air_QUality plaﬁs shoﬁia eva1ﬁate.tﬁe_shorﬁééﬁd long- ;{-é
- -térm.physical.andfsocial impaets of.a:range_oi.sﬁrategies_along_With Fhei::._ - %1
l .pbfentiéllqu implémgnfation; .Ihéfnyﬁes.of land use infofmafién.nggded g |
_'for_@omp:ehgngivé plans_include;-- | | | E f
(! 1..i Activity'lodafion;ﬁ—For eaCh-type.of.prdcess or fuel coﬁsumed, : - 3
35 “the current_aﬁd-anticipated quation of stationa;y~and-mobile i B
?é activities emitting and receiving ﬁolluﬁanﬁs. ? ?
;; . 2. Activity behavior.—-Fox each fype'of_9pllutant,.the timing and ~ {é ;
Ef intensity of emissionsior reception. '; fé
, 3. Activity-physicalrtharacteristicé;-;$hé_geometry, albedo,_and :3 b
surface materiai of the area and the region's activities and - ;
-processes affecting local airflows. ﬂ
These types of land use information are essential for developing
detailed emission inventories, for analyzing airflow patterns, for — j?
evaluating probable impact on receptor activities, for identifying locations
for air quality sampling stations, and-for-iﬁproving the calibration of
models used to estimate pollutant diffusion. Much of this land use D
information can be directly provided or easily éstimétéd-uSingithelpilqt
national land use information system. : 2 ij?'
éﬁ
-
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“USGS function. -

LAND USE INFORMATION FROM THE PTLOT LAND USE INFORMATION SYSTEM

Thé pilot national land use information system used ip this study
consists of a series,of,experimental activities undertaken by the USGS for
tne pﬁrpose of establishing”a coordinated Federal-State prdgram for the
standardization and exchange of land use dataﬁ -These activities consist
of interprefing lan& uée data from remotely Senséd,iﬁagéﬁy'trovided by NASA's
Aircraft and Earth Resources Satellite Prpgrams,fqrganiging-;hesg data’into

specific types of informatioﬁ; aﬂd-providing this’infoxmétion:in,Statistital

_ and:graphical,formats-tO'cooperatingiState,»regiona1;¢and_brivate_users, :

with responsibilities for land use“planpingJaﬁd'ﬁénageﬁeﬁt; ,Cpmponentsrénd
activities in the 3ystem-are-beiﬁg“develqﬁgd;and'tested in a“series of -
urban and regional dembnstratinn'projegts,'one’df-Which is the Central Atlantic
Regional Ecological Test Sité'(GARETS);,which iqcludes the Norfolk-Portsmouth
area of Virginia (figure li. Aésuming_that these demonstration projects

and gssodiated research efforté-afeﬁsuccessﬁulj:the’acﬁivities-iﬁ.the-pilﬁt

information system will be extended nationwidE'and'establisheﬁ as a regular

LAND USE CLASSIFICATION SCHEME FORMULATED EY THE U.S. GEOLOGICAL SURVEY

. To be of maximum effectiveness to users, the pilot system records-
land use data in catepories directly related to a range ofiland‘ménégémeﬁt‘
decisions ox'iﬁ-categcriéé’ifom which éstimétes‘of sﬁch‘défatcéﬁaeasilY. 

be made. _The USGS land use classification scheme (An&érsou and othérs; 1972)

is répreéénted:by:Levels'I:and itliﬁAtéﬁié 1. In this tablé;'LéﬁaisJiTi:and'IV e
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Figure 1--Map of CARETS showing 1970 Norfolk-Portsmoutl SMSA
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;E Table l~-Land use classification schémel/ for use with remotely sensed data #
; Level 1 Leyel II Level TIT Level IV 5
LE 1 Urban and 11 Residential 111 High-density 111l High-density
3 buitt up residential residential
f structures
; 12 Commercial and 112 Medium-density 1112 Yards and
: services residential npen spare
PG : i :
; 13 iIndustrial 113 Low-density 1113 ‘Parking 5
q residential L
: -
Eli 14 Extractive 1Ll4 Residential 114 Streets and ?
; comstructkion ' highways '
I , :
15 frapsporialion, 1115 Heipght of
vommunicat Lons o ' - stryctures
and utilities
. , . 16 Tastirtutional 1116 Height of
g : ' o B . ot yegeEation |
17 Btrip and |
clustere:d .
setllement |
Y 18 ixed |
f 19 'Dbeu"and vther _ ' : o - S ;fiﬁ
: o Agrienitural 21 Cropland and s
_ 1and pasture L
22 Urchards, groves,
_ bush fruits, vineyards, }
: and horticultural areas
3
E 23 Veeding opetrations .
; 24 Other - D - o
3 Rangeland 31 Grass L
T 32 Savannas (Palmett> prairies) _%'
o . T
i) se : .
i 33 Chapatrral Lo
i
34 Desert Shrub 2
] L : . | o o )
='Enderson ‘and others, 1972 -~ = - . o R SRR S
- - PACGE 15
- ORI QAL
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Level T

4 Torest land 41

42

43

5 Water 51

_ 52
53

54,

55

6 Nonforested 61
- wetlands

62.

7 Barren land 71
72

73

74

75

‘9" Permaaent snow 91

and ice fislds |

Level IT

Table -1~-Continued

Deciduocus
Evergreen
(coniferous and
other)

Mixed

Streams and
wateryays

Lakes
Reservoirs

Bays and

‘estuaries

Other
Vegetated
Bare

Salt flaﬁs
Beaches

Sand other than
beaches S

Pdre exposed rock

Other

Tun&ral

Permanent snow and ice fields

Level ITT

Level IV

e - -
Pialie .

s S G g R it s e

e
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_and materlals for varlous land uses that may affect alrflow.f
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provide an éxample of how the basic pilot system can be fﬁrther detailed to
meet the neédé'of véfioﬂs usefs, in this caée, those df air~quality plénnéré;
The land use system ig orgam.zed to derive Level I :Lnformat:i.on pr:v.marlly
from satelllte data. Thls 1eve1 is 1ntended ‘for the most general levels of
land use analy515 an@ dec1smonmak1ng Level I1 is intended to be derlved
from satelllte and h1gh—a1t1 uda aircraft data dud can be used for‘dec151ons
requiring increasingly detallpd 1nformat10n. Suﬁc3351vely more detalled
levels of classification of land use. and land cover (LevelsIII:and IV of table
l) can he prov1ded by State and 1Dca1 uger agenc1es for localralr quallty
evaluatlon ‘and plannlng Such plannlng usually requlres more 1nformat10n ﬁn
urhan and agrlcultural act1v1tles than can be prov1ded dlrectly by Level IIV

Many other Level I and II categorles Such as 1nformat10n.on water and :

bare land act1v1tles can be used effectlvely as pruv1ded by the systems.

The example Level III and IV categorles are suggested c1a331ficat10ns related

to specmflc act1v1tles or plocesses (1ndustrv by Standard Industrlal Code,
agriculture. by'crop type, constructlon.affectlng'eachxtypé ofALevelAIII |
acthlty) from which emissions or fecepﬁor 1mpact can be estlmated A Thesé
categorlas can’ also be used to 1dent1fy three—dlmen51onal proflles ﬁf structurés

Each of thase

categorles could be measured unlformly nationwide or modlfled for the SpElelc

regions.

' Measurement Detail and Accuracy

The data used in this report were developed from high-altitude aerial . .

.;photographyjég&rwgtg mappédfdhtoga;@gntﬁolled,photombéaiﬁfbaSg at a sﬁalé/

——

urban and rural character;st;cs ofivarlous_EEA.adm;n;stxat;verrchnt;gl,;,vu}_”;; -
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of,l:lU0,000r Land,uses coverlng an- area of not less than 4 ha or approx mately_

10 acres can be effectively interpreted at this scale at Level T and II.

- This degree of detail insures the rapid assembly of data useful to a wide

range of Federal: and State users. As higher resolution infprmatien becomes

-available, land use data detailed to 0.04 ha (O.i acre) or less will be -

possible and will be of considerable use in the evaluatioh pf metropulitan

~area air quality characteristics..

 Figure 2 shows a portion of a controlled photomosaic'covering the

Noxfoik, Virginia, area,.and figure 3 shows the same area as mapped at Level T

and Level II.

VExperiments_are-proceeding'to determine the levels-ef accuracy-nEeded
by varioue users. With EPA.and State~sponsored reglstratlon systems to 1dent1fy
the principal em;sslon~sources, air quality evaluators maght be able to
,accept.levels‘of error'in land use,areal measurement of 5 percent or greater'

in favor Df rapld comnlete reglonal c0verage and frequent updatlng of .area

,measurements indiecating land,use change.

R Polygon'REQordingZSYStEﬁ

In the pilot'eysteﬁ land use data are prepared for computer mahipuletion

”by converting the boundaries of'the?iﬁdiVidual iand'uséxﬁﬁite'(kneﬁn as

polygous) into digital form. In this form a ﬁide-variety'bf eomputations can
Be-madEfupbﬁfthe'data. For example, computatlons for percentage of total

area for partlcular land use categorles can be calculated ea511y for spe21flc

| census tracts, jurlsdlctlons, or othe enumeratlon areas such as grld patterns '

estahllshed for air pollutant em15510n estlmatlng..
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Figure 2--Controlled photomosaic showing portion of the Norfolk-Portsmouc.h SMSA
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User Products

After the data have been digitized and stored in computer-readable
form, various types of information can be derived. Tables of area,
perimeter, rate of change and other characteristics of land use type can be
prepared for any jurisdiction requested. In addition to tabular -output, -
graphical information can be provided or, if needed, the original remotgly.
sensed records.

By the end of 1973, land use information to a minimum mapping unit size
of 4 ha was available for the entire CARETS area'thrcﬁgh the Géography Prdg#am'
of the U.8. Geological Survey, Department of the Interior, Restom, Virginia.

The pilot land use system will pfobably be compatible with other
developing State and Féderal land use information systems. For example, EPA
anticipates the early completion of a nationwide information system to
monitor the location and change in major point and area emission sources. This
National Emission Data System (NEDS) will identify by.Univéfsal'Tréﬁsverse
Mercator (UTM) coordinates of all point sources emitting more than 100 toné
annually of any of the five major pollutants aldng.with any otﬁer'highuéﬁission
sources (Federal Registers, April 7 and August 14, 1971); Area an@'mobile

source emission contributions will be monitored by county on the basis of fuel

purchases. To check the accuracy of its urban and industrial land use identifica-

tion procedures, users of the USGS national land use information system could
query NEDS. Alternatively, to refine countywide emissions to more detailed
areal units, land use data compiled to a minimum areal unit of 4 ha could

easily be used.

-
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When fully qpérational,;the;USGS»national land use system will provide
a useful sourceAOE‘iand-uSE"information for air quality control amalysis. The
evaluation of ait éuality control strategies for the Norfolk—?ortsmouth'
SMSA presentedlin this report provides a clear example of the-type of use

expected of the information products to be prepared by such a system.

'LAND USE INFORMATION FOR AIR QUALTTY PLANNING IN THE NORFOLK-PORTSHOUTH

STANDARD METROPCLITAN STATISTICAL AREA

The land use, geographic setting, and air pollution characteristics of
the NdrfolkrPoftsmouth SMSA, which includes the cities of Norfolk, Portsmouth,
Chesapeake, and Virginia Beach, present a site and air quality planning
problem similar to méﬂy east coast and midwestern metropolitan ateas. Air’
quality planning for this major segment of Virginia's Air’Quality'Coﬁtrol
RegionAVI indicates how information froﬁAthe pilot naﬁional iand-use information
system can Be used:at regional, State and national scales. Virginia Air
Quali;y Control Region VI includes both the 1970 Norfolk-Portsmouth SMSA, and
the industrial area qf Newport News and Hampton, separated from Norfolk by

Hampton Roads, the broad estuary at the mouth of the James River (Commonwealth

of Virginia, 1972a).

The Norfolk areé is located on the coastal plain of Virginia at the mouth
of the Chesaﬁeake Bay and contains the only stretch of ocean frontage which is
easily accéégiﬁle,to much of central Virginia and northern North Carolina
(Eigure 1)3 The area's economy and land use reflect strong and rapidly growing

industrial, commercial, transportational, institutiomal, recreatiomal, and

residential components.
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Geographic charactériStiéé that influence the area's airflows and

pollutarnt dispersion are a nearlyvflat topographic surface, extensive
water 5urface in wetlands, riVefs, and estuaries, prbkimity to fhe
open Atlantic Ocean, and an extensive mixture of agriculture and forest
lanés. | | |

| Primary actiﬁities in the Norfolk area include the base of naval
opefatioﬁs fbr thé>Atlaﬁtic.F1eet, shipbuilding and‘repair, coal and
grain exporting, general shipping, chemical and fertilizer manufacturing,
whoiesaling to surrounding éasfern Virginia and North Carolina,
truck farming and fishing, and tourism focused on the area's ocean
beaches, estuarine waterfront, and Wetlénds. The processing, power generation,
heating, and transportation associated with each of these activities are
the primary comntributors to qufolk area air pollution. The area's strong
economy and attractive setting for retirement have resulted in extensive
residential development aﬁd a concomitant increase in area source contributions
to pollution from space heating and automobiles. Sulfur dioxide and suspended
particulates are the primary Norfolk area pollutants because of the types
of fuel oil used for heating and power generation in the area, the.large
amounts of sulfur used in producing fertilizer and other area manfacturing
processes, the patterns of traffic flow, the large construction projects
underway throughout the area, the age of many of the area manufacturing
facilities, and the processing technologies of those facilities. These

two pollutants are the focus of this study of air quality planning.

i
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LAND USE INFORMATION USED FOR THE INITIAL NORFOLK AREA

CONTROL STRATEGY AND IMPLEMENTATION PLAN

While developing its sulfur dioxide and suspended particulate control
strategy and implementation plan for the Norfolk-Portsmouth SMSA, the
Virginia Alr Pollution Conﬁrol Board had little time and money for collecting
a wide range of land use and geographic information on the area (Commonwealth
of Virginia, 1972a). 1In selecting its strategy, the board followed procedures
recommended by EPAtOzolins and others,1966; Duprey, 1968; U.S. Environmental
Protection Agency, 1970). These procedures rely on the availability of land use
information adequate for identifying the location of general areas and
specific points having different acrivities and pollutant emission
characteristics. Having identified the configuration of area and point
sources, they estimated annual and seasonal emissions to identify regions
for air quality control planning. From estimated total levels of regional
emissions, the Air Pollution Control Board designed a specific emission
reduction strategy focused on controlling point and area sources to bring
the region within primary and secondary air quality standards withﬁﬁt

inhibiting the region's growth.

Available Land Use Information

To develop its Norfolk area control strategy, the Virginia Air Pollution
Control Board had access to the following land use information: The 1965
Southeastern Virginia Planning District Commission regional land use map;
U.S. Geological Survey 1:24,000~scale topographic maps; various highway

and city maps; low-altitude black and white aerial photos; and directories
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of commercial, industrial and other activities (Southeastern Virginia.
Planning District Commission, 1969). This land use information was of
differing accuracy, scale, and date, and considerable time'and3cost.wer§‘g
required to recompile the information at a uniform scale and in categories -

suitablévfof air quality planningt

- Estimating the Initial Emission Iﬁventory'-

In preparing its.iniﬁial,inventotyAOf‘sulfﬁr;dioxidezand*particuléte;.
emissions in the Norfolk area, the Air Pollution Control Board used the
land use-infdfmation-tc‘détefmine the location ofklarge‘pninf‘emission
sources and to construct the grid:system in figure 4 idEntifying.areas
having relatively homogenéous types and densities of activities.

The cells of the grid pattern comnstructed by the board seldom coincided
in size and shape with the areas of usage designated om available land use
maps. Thus, land use demsities for each grid often had to be intérpolated.
To estimate area emissions for residential land use, the perdént of each
1970 U.S. Census enumeration district contained in each cell was estimated,
and that percentage of the district's pbpulation was assigned to the cell.
Traffic counts supplied by State and Federal agencies indicated the highway,
airline, rail and shipping twxaffic densities for each cell. .ﬁsiné the

previously mentioned information and data on total local fuel purchases

. and materials used in different types of manufacturing, the board estim.ted
the total area emissions of sulfur dioxide and particulates for the 1971

annual, winter, and summer periods. Quantities of point source emissions

for annual and seasonal periods were reported by variocus firms and institutions,
or emissions amounts were estimated from the timing of operations, magnitude,

and type of activity at the source.
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vEVALUAIING'AND'REFINIﬂG STRAEEGIES‘FORfTHE NORFOLK AREA

Selection of Initial Contro118trategy'
When.prepaning its plan, the board nadflittlertime forrdétailed'
evaluation of-fﬁé.épatial_diStributionoof honsing'andlothef-land uses
that emit or neoeive air nollufants. -ﬁor could it sample or estimnte
polintanf-diffnsion'patterns in'tﬁénaroé; Rather, it'comparod'the initially

estimated annual total Norfolk area emission inventory to national and

a Stntewprimnry.and secondafj'sténdaféévfor'1eveis of sulfur dioxide and

particulatés. The board then designed an areawide emissions reduction
Strategy and an air quality sampling'program._ The strategy'and'program '

focused malnly on controlllng local point sources and on ant1c1pat1ng the

'local 1mpact of the natlonW1de auto-emission controls (Commonwealth of

Virglnla, 1972a)

Evaluating this Strategy

The Air Pollution‘ContrclABoatd recognized that it could make

_ considerable improvement in the initial inventory. Since July 1972,

- collection of point source information has been improved by the institution

of a mandatory regmstratlon and permlt program (Gommonwealth of Virglnla,
1972b) Thls program requlres that all large sources emlttung pollutants
provide detailed 1nfo:mat;on on typesvof pollutants,_levols of pollution,

hours of operation, and physical conditions that affect emission levels

“and diffusion, such as stack height, pollutant exit velocities,‘and‘tomperatnres..

Data collection programs related to residential space heating and other

area source emissions are not as detailed. To evaluate currently adopted and
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alternatlve strategles for controlllng sulfur dioxide and suspended

partlculates in the Norfolk area, specmflc types of 1and use and airflow

1nf0rmat10n are needed to supplement these 1mproved emissions data. This

information includes the locatlon of act1v1t1es emlttlng these pollutantS'

the level and tlmlng of thelr em1551on, the pattern of thelr dlffu51on and

concentratlon over receptor land uses; and the 1mpect of such concentratlon.

.on these 1and useg. This 1nformat10n should be avallable for both current

and future periods. ' B ' ' ‘

-
§

Much of the land use information needed to update and improve the
area source emission inventory and to evaluate alternative air quality

control strategles for the Noxrfolk area is avallable from the pllot netlonal

R T e I L e T R T T AT e e ey

" land use information system. The CARETS project has produced Norfolk area

land use information interpreted at Levels I and II at a 4—ha (approx1mately o o

10 acres) minimum mapping unit size. The CARETS project supplied to the

e e

Air Pollution Control Board maps of these data at a scale of 1:100,000 - %_l;
for 1959 and 1970, and a similarly scaled UTMegridded photomosaic of the .
area.

The 1970 Level II land use plot was overlaid with the area source
emission estimating grid cell system previously established by the board (see

figure 4)}. TFor each grid cell the area and percentage of different Level

N I C T

IT land uses were caleulated. Experience gained in developing the earlier

area source emissions inventory indicated that differentiation of Norfolk

‘%% o area residential land use (Level II) into a more detailed Level IIT
classification of low-, medium-, and high-density residential areas would
provide a more useful base for area~scuICe.estimeteeﬁ' Areesfof'diffefing
n%é density.Were identified from Southeastern Virginie Planning District

Commission records, plans, and standards. - Their locations were plotted




-~ on the Level IL mapgx-Level'III~ieeidenﬁial areas were calculated and

included in the lend'use area statisties_forueech‘grid cell.. The pereentage:
of land use for vaiious celils (table 2) provides an example of the‘type_ef

tabular data that can be generated by the pilot national land use information

; syStem;

' The initial emission source inventory indicated that a map of a

‘selected set of Level I, IT, an&ilII.land"uSES wnﬁld'effeetivelyuemphasize

the spatial rclationship between emitter and receptor land uses and could

 highlight the problems of selecting particular control'etrategies; Figure

Srdisplays the Norfolk-Portsmouth SMSA pattern of residential, commercial/

‘business, water, and othér land uses. This figure was prepared from the

Level I, II, and III plots and was overlaid with local jurisu.ctional
boundaries aloﬁg wit.. the board's original area source emission estimating

grid cell system (figﬁre 4).

Land Use and Emission Estimates

Area Sources

The pattern of variously size & area source emission estlmatlng grld
cells established by the board encompasses similar den51tles and types of
land use (figure 5). The 25~km? and lOO—km cells to the east and sauth
of Norfolk and Portsmouth however. are less dlver31f1ed than the smaller
cells covering the central cltles. . |

The detailed Level IT and TiT land use map was used to verlfy the..-
concentratlon of hou51ng and other acthltles on whmch the board based 1ts

1n1t1a1 estlmate of area emlssicns. Where den51t1es of land ‘use appeared

to be underestlmated or overestlmafod adjustments for the area _m1551on_

values in these cells ‘were made and‘later conflrmed by off1c1als of . the

TP I OO S S
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Table 2.--Example of. land use. statistlcs based on pilot national land use.

[Percentage of selected 1970 Level I II and III 1and use in - the Nbrfolk— tﬁ.
CA1L

informatlon system

Portsmouth SMSAAby area emission source grid cells (see figure 4).

class codes keyed to classification in table 1.
- eell area in- above land use class._

Class.-_,,
PG'Area‘

: Cell

Area

gell o
 Area

.Cell

Area

Cell
Area

‘Cell
Area
Cell
Area

- Cell

Area

Cell
Area

cell

Area

.Cell
Area

Ceil

Area -

Cell
Area

Gell
Area_

- Gell
Area

Gell
- Area - .-

Cell .

Area

. Gelifn'.
Area -

89

6 25

50
625

51
6.25

 52 

6.25

54
6.25

55

' 6.25

56
6.25
57
6.25
58
6.25

- 59 )
6.25

60
-25.00

61

Y
"25'09f

68
- 6.25.

e
6.25
e
6.25
66 -
6.25

25.00

" Class
. PC Area

 Class
PC Area

Glass

PC Area

Glass
PC Area

Ciass' 7
PC Area
Class
PG Area

Class
PG Area

lass
PG Area

. Class. -
"PC Area

Glass

BC Avea

Claszs

PC Area

" Class. -
PC Area

Glass:

TPc Area'Tf'

Class

yPG Area”f"

Class i_
PC A'.I?En )

Class

PC Aves

15“}?~
15
15
05

Cofa1
25

05

42

03

54
05

54
10

54

- 05

sk

60

05

54
60

54
. 82
60
'54_{ﬂ3
17
SR
56
.”04
70

05

  1§.3f
05

C19
10

03

- 12  E
20

16

30

16
35

12
05

112

40

EEEA

52

10 -
74
VAT
.22
g
08
sy

15
15
s
S L

PC area = percentage of
“Area-is in square kllometres 1. - &

, 12.]‘?

54

.ﬁséuj
85

54
65 -

15

.r15'~
' 17

111f :

15
25

16

05

5
. 30

‘112
05 . .
112
05
g
S 07
120
12
12
18 -
i?isﬁe
;Qg s

54

o
© .35

53
.05

13

15

15
20 ..

12

S
03
116
0z
o
06 "
16
29

03

e
05

77

60

15

o257

112

25

70

19 L

05,
42
02

'filéﬂ

05

.15
03

112
36
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YR
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EXPLANATION
Land use

Low density residential

Medium density residential

High density residential

Commercial
Industrial
Extractive
Transportation
Institutional

Urban open space

Agriculture and forest
Nonforested wetlands
Beaches

Water

—-=—-— (City boundaries
—— -~ State boundarv
Area emission estimating grid
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Vlrglnla Alr Porlutlon Control Board Reglon.VI In the course of this

.'TChECklng,.lt was found that some values that the 1n1tial 1nventory attributed .

' to area em1551on sources should have been assigned to p01nt sources,

-In addltlon, by overlaylng the 3urlsd1ct10nal boundary 1nformat10n prov1ded

'by the land use 1uformat10n system, researchers could 1dent1fy and correct
| dlsorepancles in Jurlsdlctlonal boundarles occurllng on the board's maps.bA <
| From updated land use analysis and changes in *rafflc patterns,réhlrQ. L - ' E'*“
'enoual 1972'and;winter'1971~72 ‘emissions inrentor?'was“develooed.' Thie R
1nventory, in tons per day, is presented in table 3. B _' ~
| Flgure 6 1nd1cates the centrold of each cell s area eource eor551on.
Inrdeveloplng air quality sampling programs and eetrmatlng pollutant
diffusion; worklng Wlth this centrold of act1v1t1es is ‘much more useful’ o "‘? 1
Vthan dealing With the geographic center of each Cell,'especially for the

larger cells in the Norfolk area where urban activities comtributing most

. P - ST y

to area emissions are seldom located in the geographic center of a cell.

Point Sources
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Of the maJor pomnt em1551on sources 1dent1f1ed in the board's 1n1t1a1

N S g o sk g e
1

em1551ons source 1nventory, ‘many had closed down or qubetantlally reduced 57~ frT »”- R SR

§ _ - their em1551ons by 1972 The 1n1tlal 1nventory of p01nt sources was

'loﬂated on the Level II land use map. and thelr current annual 1evels of

em15510n were. verlfled from August 1972 board reglstratlon records. Other P ,fi -
__1ndustr1al extractlve, transportatlonal and lnstltutlonal uses 1dent1fled

__1n.the board's reglstratlon program.were located on the Level II land use

map, aud the board's steff 1dent1f1ed those w1th,the greatest levels of

._gem1551onsm In thls Way, 44 pomnt sourcﬁs hav1ngh1ghlevels of em15510n or.

'o,;emlsSLDns that had perelsted over Long perlods were 1dent1f1ed as_ the most .x. .}f  R
fe_slgnlfleant to the area 8- air quallty and were: 1ncluded 1n the updatedApolnt

7 souree-emlsSLOns';nyentory,(flgure,6'andrtable 3).
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Seasonality

The Air Pollution Gont?ol Board's érigiﬁal.inﬁentory divided the
emissions of area and point sources into sgasonal increments. The current
registrétion program does not pICVIdE‘seésonal or other periodic emission»>
rates. If the staff of the board cbuld‘determinE“that,poigt qurces;had _
modified their winter ppefating péﬁterns;_the.original winter_season;_ ;'
estimates were reduced or increased to reflect these changes. = For the
remaining point and area sources, however, winter emissions levels were
taken as estimated in the original inventory.

Future Emission Patterns

Adr quality pilanning for the Norfolk area must consider the impact
of growth and future emission levels. Along with its capacity for estimating
current patterns of emissions, the pilot national land use information
system can be easily used to estimate future land use patterns and associated
emission levels.

For each grid cell the rate of change between 1959 and 1970 in Level I

‘and II land use categories was determined from the graphic informatiom

provided by the CARETS project maps. The Scutheastern Virginia Planning
Distfict Commission providéd'lQSS poﬁulation'énd émployment projections for
each of the SMSA jurisdictions along with estimated amounts of land use
that woﬁld'be required toaccommodate a réﬁoﬁmendeﬁ'battern of.fﬁture land
use (figurg 7). Residential and commercial land use changes to 1985 were
poétulété& for théfarea byvéktrapbiating pasf trends in'iand use éhange
glven by the pilot system and the comm1551on s progectxons of utlllty

and transportatlon.1nstallatlons (Hennlngson, Durham, and Rlchardson, 1972

and Wllbur Smlth and Assoc1ates, 1909) _ The lLkEllhDOd of a glven area emissions
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estimating cell being developed to a given level by 1985 was estimated from

this information as were standards for population density, zoning regulations,

and anticipated building practices suggested by the commission.

it was assumed that emission levels from existing area sources would
continue unchanged to 1985 because much of the SMSA's residential develop-
ment is of recent origin; decreases in emissions per vehicle would be
offset by an increased number of traffic vehicles; and small new area
sources would compensate for the existing area emissicns that have recently
upgraded their controls or ceased emissions. Emission levels per square
kilometre from residemtial and associated land uses to be developed by 1985
were estimated on the basis of anticipated space heating procedures, 1985
traffic volumes, and land uses to be permitted in various areas. These
estimates, .01 tons of sulfur dioxide and .25 tons of particulates per
day/km2 were multiplied by the number of kilometres of residential and
other land uses projected for each cell. These values were added to the
existing amount of area emissions to estimate the 1985 total area
source emissions for each cell.

Future emission levels for the 44 point sources included in this study
were estimated om the basis of control programs proposed to the Air
Pollution Control Board by various firms. These control programs
incorporate standards for levels of emissions currently required by Virginia
legislation and the Air Pollution Control Board rules (Commonwealth of
Virginia, 1572b and 1972c). For purposes of this study it was estimated
that no new major point source would locate outside areas of existing
industrial development. Table 4 gives the inventor~ of point emissions

sources used in 1985 estimates.
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Table 4-~Point sources included in air diffusion modelling of

Norfolk-Portsmouth SMSAEJ

Idenﬁiiégiééon Name of Source
1 Naval Air Rework TFacility, Norfolk Nawval Air Station
2 Naval Public Works Center, Norfolk Naval Air Station
3 Naval Supply Ceﬁter, Norfolk Naval Air Station
4 Sheller Globe Corporation
3 Naval Amphibious Base
6 Norfolk Regional Airporxt
7 Fort Story
8 Tidewater Community College, Frederick Campus
9 City of Norfolk Incinerator
10 Owen Pattern Foundry and Manufacturing Company
11 Colonizl Block Coxrporation
12 Georgia Pacific Corporation
13 Dixie Manufacturing Company
14 U.5. Naval Hospital
15 City of Norfolk incinerator
16 Ames and Webb, Inc.
17 Southern Block and Pipe
18 Contractors Paving Company
19 Asphalt Roads and Materials
20 Richard Foundry Corporation
21 Colonna's Shipyard, Inc.
22 Ford Motor Company
23 Norfolk Redevelopment and Housing Authority

1/Source detailed on following page

2/1dentification numbers keyed to ‘table 3 and figure 6
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Identification

Table 4-—Continued

Name of Source

Number2
24 Southland Cork Company
25 Atlantic Creosoting Company
26 Portsmouth Paving Corporation
27 Norfolk Veneer Mills, Inc.
28 Finley Paving Corporation
29 City of Portsmouth Incinerator
30 Norfolk Naval Shipyard
31 Norfolk Shipbuilding and Drydock Corporation
32 Royster Company
33 Oceana Naval Air Statiom
34 Fleet Anti-Air Warfare Training Center
35 Swift Agricultural Chemicals Corporation
36 Weaver Fertilizer Company
37 Lone Star Industries
38 Southern States Coop., Inc., Fertilizer Division
39 Lone Star Industries
40 Naval Ammunition Depot, St. Julien Creek
41 Solite Masonry Units Company
42 Intercoastal Steel Corporation
43 Virginia Electric and Power Company
44 Smith-Douglass

1/Selection of sources based on high levels of emission identified in
Commonwealth of Virginia, State Air Pollution Control Board Implementation
Plan, "Inventory Section," Richmond, Virginia, January, 1972, and in
point-source emission registration forms received by the Virginia State

Air Pollution Control Board, July and August 1972.

2/Identification numbers keyed to-table 3 and figure 6

B
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Land Use and Norfolk Area Emissions Patterns

Plotting the spatial distribution of area and point source emissions
provides basic information for evaluating the design of air quality
sampling programs and estimating the likely impact of different air
quality control strategies. Figures 8 through 13 show the estimated
average quantity and distribution of sulfur dioxide and particulate
enission in the Norfolk area for 1972 annual and winter 1971-72 periods
and for an annual 19853 period. Total emissions by area cell given in table
3, were converted to per square kilometre values and are indicated by
isolines. The average of major point source emissions for each cell are
also plotted. The similarity between sulfur dioxide and particulate
emission patterns in these figures reflects the emission of both pollutants
by most sources throughout the Norfolk area. Because of the area's space
heating, traffic, and industrial characteristics, particulate matter is
emitted at higher levels than sulfur diocxide from all but a few point
sources.

In these figures the pattern of high annual emission from point and
area sources clearly reflects the concentrations of industrial, cowmercial,
and old, dense residential activities in central Norfolk and Portsmourh
(figures 8 and 11). To the east, lower emigsions reflect the combination
of low-density residential, commercial, transportation, and industrial
land use and water and agricultural land use. The extent of high area
source emissions surrounding central Norfolk and Portsmouth is larger in
wvinter due to increased space heating in medium- and low-density residential
areas (figures 9 and 12), but otherwise the patterns of winter emissions

reflect annual patterns.
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The estimated 1985 annual emission patterns (figures 10 and 13)
show the projected urban expansion into nonurbanized area. Because of the
attraction of waterfront property, the Southeastern Virginia Planning
District Commission anticipates that Atlantic and Chesapeake waterfronts

will be £illed by 1985.

Determining Spatial Distribution Patterns of Air Quality

To evaluate Norfolk area control strategles, patterns of emission
need to be related to acﬁuai levels of pollutant (sulfur dioxide and
particulates) concentration determined by air guality sampling throughout
the region.

The air quality sampling stations shown in figure 14 were established
by Octobef 1972; the majority of them had been in cperatiop less than 1
vear (Commonwealth of Virginia, 19724d). Figcrerl4 suggests that their
spatial distribution does not reflect the &iﬁersity and censity cf 1and"
uses impacted by chese,pollutants. Because reiiable.sampling information
was not available, estimates of the areawide dispersion and ccncentreticn.

of sulfur dioxide and suspended particulates were made. .

Estlmatlng pollutant d1f£u51on patterns

The problem of estlmatlng pollutant dlsper31on and the characterlstlcs

of a pollution plume is couched in the exercise of describlng the turbulent

motion of air. As turbuTence, at this tlme, is best described by probebll~ f

istic means, the most widely used and successful moael for characterlzing
pollution dispersal is the Gaussian plume model. Wanta (1968, p.(217)
outlined this model in simple temrms, "the mass of pollutant emitted from a

continuous point source moves downwind at a constant speed, at the same time
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spreading horizontally and vertically in such fashion that while the mass in
any cross section remains comstant, the distribution of concentration of
pollutant in the cross section along either the horizontal or vertical

direction is bell-shaped, i.e., mormal or Gaussiam. The standard

deviations of these two normal distributions are adjustable and increase o

with distance band time; they aré éiffusion coefficients orvsimple functions
of them. The standard deviation of the horizontal prafile ofbﬁollutantA
concentration is generally much greater than that of the vertical. Allowance
can be made for the>presenCe of ﬁeafby fefiecting pléneé suéﬁ as tﬁe groﬁnd
or an elevated ideal temperature inversion. Modifications fbr.instantaneous
source and other géometrics are also aﬁailable." |

Wania.(1968)>presents an excellent outline of urban air pollution
diffusion models; eépecially summariéiﬁg Smith (1961), Pooler (léﬁl),
Turner (1964), Clarke (1964), Koogler and others (1967), and Miller and
Holzworth (l§67); all of these models are variations of the baéic Gaussiﬁn
model,

Turner (1970) has published a workbook for calculating a numericai
solution for pollutant concentration and diffusion, and Forsdyke (1970)
has briefly summarized meteorclogical factors ccncerned with the Gaussiaﬁ
model.

Hanna (1971) has described a simple but physically realistic model
for estimating pollutant concentrations resulting from area source
emissions in a city. Pollutant concentrations-for-the surface are directly
proportional to local area source strength and inversely prqportional to
wind speed. The model is simple, yet results appeaxr to compare favorably

with more complex diffusion models.
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Investigators have also worked with other types of modeiéevaetié

and Jackson (1971) have comstructed a model to determine the probability

of a specified area being_pollutEd by'a sPedified;numbef'of'sburceé; " This

model is based on a Poisson diStribﬁtionifuﬁction that is used'fbvgenerate
areal pollutidn.zones.' Lamb:(197i) and Egan and'Mahonej {1971) have used
a deterministic approach in estlmatlng pollutlon dlspersal the general
method is to solve the system of partlal differential contlnulty

equations with suitable initial and boundary conditioms. This apprbach

is much less tfacféﬁle'than'the.Gaussien"ﬁhdeleeﬁd; eecordingl§; 1ese A
popular, Egan and Mahonev (19?2).have elso discussed the use ef

specified sovrce models and box models fOT estlmatlng pollutlon dlspersal.

All of the models mentloned ebove can be calculated for e:ther p01nt
or area source emissions or both. With a Gau551an model, the nature of .
the emission source and its strength are prlmery factors.

Work has begun on the development of receptor models based on e1ther
Bayesian stetlstlcs Or on some qther probeblllty_functlpn that can
characterize pollution comncentration only in terms of reeeptdf'informetion.
In the future this type of model may find Wlder appllcatlons that the

source models now in use (1. S Env1ronmental Protection Agency, 1974)

Model used to estimate Norfolk area air quality

The Martin~Tikvart model, entitled the Air Quality Display Model

-(ADQM),.ie»the»diffusion model used in this analysis. It has been

used by EPA to assess air quality standards for the designated

air control regions in the United States (U.S. Environmental

Protection Agency, 1970). The basic eguation in the model.

59

: .
e e ety

R U TR




/

60

[P
p—_p—
R

js a slightly modified Gaussian diffusion equation for an elevated,
continuously emitting point source. The calculations have been adjusted
to estimate long-term average concentrations for multiple polluting
sources, both point and area sources, under a variety of meteorological
conditions.

Wind direction in the AQDM is assumed to be specified on a lé-point
compass, corresponding to 22.5° sectors. For an averaging period, all
wind directions within a given sector are assumed to occur with equal chance,

Hourly data are used to calculate the joint frequency distribution
of meteorological conditions. Wind speed is grouped into six classes and
the nature of the atmospheric stability into five classes. These factors
are discussed in a following section and relate directly to characteristics
of the Norfolk area. For a particular combination of meteorological
conditions at anv receptor point at distance (p) within a given distance,
the ground-level concentration (X; g/m3) due to a point source with
emission rate (Q; g/s) is:

X (2,1,8) = [200(21)% o_ (p,1) u(8) (21p/16) lexp[-%5(H/c,(p,1))°]]

where u(S) is wind speed (m/s) representative of a wind speed class (S),
H is effective stack height (m), and cz(p,l} is standard deviation (m)
of the vertical concentration distribution (Gaussian) for a ground -
level emission. This expression is a function of the distance (p) from
the source and the atmospheric stability class (1). The model also

for which the half life used in -

includes a time-delay function for 502, _

this exercise was 4 hours.
For each receptor location, the model sums the effect of all sources

over a4 wide range of meteorologic conditions. Modifications are made
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for cz under certain conditions, and effective stack height (H) is determined
in the usual manner. TFor more detailed information on these two aspects

see Martin (1971). Area sources in the model are treated as a virtual

point source at some distance upwind from the center of the area source

(see figure 15).

In summarizing, the input data consist of polliutant emission source,
source configuration and location, receptor locationm, and the meteorological
information. Ouatput data are listed for each grid and nongrid receptor
specified. The output results are the arithmetic mean of ground level
concentration wi either 502, or geometric means of particulates, or bhoth;
additional information is supplied for five user-selected receptor sites
or the five maximum receptor sites. The contribution of a given point
Or area source to each receptor is indicated as a percentage of the total
concentration on the receptor grid, and this information is displayed
by the construction of an isopleth map of the pollution distribution.

The receptor grid used in the Norfolk area consisted of 2.5—km2 cells;

the nature and rationale for this grid size will be discussed in a later sectiomn.

Calibration of the AQDM for 2 particular area begins with the.calibration

of concentration values~-3 to 100 values for each pollutant studied--at
specified measuring stations. A least-square regression analysis is
conducted between the measured (independent variable) values of pollutant
concentration,

1f the regression line adequately describes a ''good'association between
measured and observed values, the model output results are adjusted at
each receptor point according to the parameters calculated from the
regression equation. The ''goodness" of the association is determined by

the calculation of a correlation coefficient that is compared to a maximum
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theoretical value that could have resulted due to chance. When the
correlation is termed nonsignificant, the calculated concentration will
be output without adjustment. Because of the lack of sample data, this
correlation procedure was not utilized in this work.

Some words of caution must be expressed concerning the use of this
type of model and the assumption upon which it is based: 1) The model
was originally developed to represent plume behavior from actual point
sources over open, flat terrain for disctances of less than a few miles;
the Norfolk area approximates this situation fairly closely, as it is
located on a peninsula with little relief and the buildings are predominantly
one-story residential complexes. 2) The surface meteorological data often
provide poor characterization of the vertical nature of the lower atmosphere.
3) Emission inventories input to AQDM are subject to compoundable errors
in that the model uses annual average emission figures that may be influenced
by significant diurnal and seasonal variation (TRW Systems Group, 1969,

p. 2-6, 2-7 and A-3).

Norfolk area airflow characteristics

The meteorological factors that influence the dispersion of pollutants
are wind speed and atmospheric stability, i.e., the observed lapse rate.
The effects of turbulence are included in both of these factors. Concentra-~
tion at any point downwind is inversely proportional to wind speed, since
increasing the wind speed increases the volume into which the pollutant
is dispersed for a given time period. The observed lapse rate determines
whether vertical motion in the atmosphere will be enhanced or suppressed,
and thus determines the rate of dispersion of pollutants. Both of these

parameters are used as inputs to the AQDM.
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Stability of the atmosphere is classified into five categories
based on the works of Pasquill as found in Turmer (1964), who states: o
"Stability near the ground is dependent primarily upon net radiation and
wind speed. Without the influence of ¢louds, insolation (incoming radiation)

during the day is dependent upon solar altitude, which is a fumction of R

time of day and time of year. When clouds exist, their cover and thickness [

decreases incoming and outgoing radiation. In this system insolation is
estimated by solar altitude and modified for existing conditions of total
cloud cover and cloud ceiling height. At night, estimates of ouigoing

radiation are made by considering cloud cover..."

The stability classes
are 4) extremely unstable, B) moderately unstable, C) slightly unstable,
D) neutral, and E) slightly stable.

The seasonal and annual wind distribution (direction and speed percentages)
and frequency of Pasquill stability classes have been calculated by the
National Climatic Center, Asheville, North Carolina, {Job 13599} for
Station No. 13750, Norfolk, Virginia, Naval Air Station. On the basis of 24
ochservations a day from December 1966 to November 1971, it was determined
from Slade and others (1961), that the Naval Air Station (NAS) site gave
good representation of the annual and winter wind rose for the greater
Norfolk area. This representativeness and the hourly measurements were

the overriding considerations in the choice of Norfolk NAS rather than one

of the other three meteorological stations in the area. A slight discrepancy

exists between Norfolk NAS and Oceana NAS during the winter afternoons—- o e

a small increase in the wind direction from the east and southeast for

Oceana NAS, which is located esast of the Norfolk NAS and close to the

Atlantic Ocean. ORI A
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On an annual basis the stability frequency is as follows: 6 percent~B,
12 percent-C, 47 percent-D, and 32 percent-E, which accounts for 97 percent
of all stability occurrences (figure 16). The greater frequency of D and E
stability classes is an apparent anomalous condition for an urban setting.
Stability class C usually predominates in urbamn areas because the cityscape
provides greater surface roughnesé, which increases mechanical turbulence,
and because the higher temperature of cities versus rural areas (the
urban heat-island effect) produces more thermal turbulence. The Norfolk
area has more instances of stable conditions because of its geographic
setting. The Norfolk region is situated on a peninsula where the adjacent
water areas decrease both the thermal turbulence caused by the urban heai-
island effect and mechanical turbulence. The latter occurs because the
water has a lower surface roughness (Van der Hoven, 1967).

The wind direction for the annual period is as follows, in decreasing
percentages based on 16 points of the compass: 1) 10.5 percent—SSW;

2) 9.1 percent-8, and 9.1 percent-N; 3) 7.5 percent-W; and 4) 7.1 percent
from both E and NNE (figure 16). The remaining directions each account

for less than 7 percent. The lowest value is 3 percent from ESE. - The
highest average wind speed was from the N and NNE at 10.2 knots. A 6 percent
incidence of calm was reported.

The winter season (Dec.-Jan.-Feb.) displays slight variations from the
annual situvation. The stability class percentages are: 1) 7 percent-C, 2)
58 percent-D, and 3) 31 percent-E (figure 17). A greater percentage of more
stable conditions exists during the winter, as seen in the increase of the

elass D and the decrease of the class C. As compared to the annual period,
]
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Figure 16--Annual stability wind rose, December lBBG-November 1971,

Norfolk Naval Air Station
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B=Moderately unstable National Climatic Center
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Figure 17--Winter stability wind rose, Decembef 1966-November 1971,
Norfolk Naval Air Station
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the wind directions in winter turn more to the north and west: 1) 13.3 i

FAR

percent-N; 2) 11.2 percent-W; 3) 9.1 percent-55W; 4) 8.1 percent-NNE; o ?

5) 7.8 percent NNW; 6) 7.5 percent-S; and 7) 7 percent WNW. The remaining
directions each are less than 7 perceat; the lowest is 1.6 percent from

the ESE. The highest wind speeds during the winter, 10 torll knots, all o _i _:ﬂ
come from the NW quadrant. The‘loﬁest average speed was 5 knots from the % -u;

SE. Six percent calms were reported for the winter period: 1) the

greatest frequency of calms for a given hour occurred at 2200 h; 2) the
greatest frequency of low-level inversion occurred at 0300 GMT when the ; -g
wind direction was from the S58W, with fairly comparable percentages through q
to the NW; 3) the seasonal frequency of precipitation by wind direction was i
primarily from tne NNE and N and secondarily from SSW and HNW, but only 11.5

percent of total yearly rainfall occurred during the winter season. Holzworth %
(1964) gives afternoon mixing depth of 600 m for Norfolk. This mixing !
depth appears to be a very conservative estimate, as Holzworth has ? .
recently updated his analysis to an annual afternoon mixing depth of 1200 m f l%
for the Worfolk area (Holzworth, 1972). This revised value was not g

available at the time this experimental study was undertaken. -

: Selection of grid patterns for estimating pollutant concentrations ol

Given this diffusion-estimating procedure, atmospheric data, and the
emission inventories described earlier, current and future levels of ‘
sulfur dioxide and particulate concentrations could be calculatad for ;
locations throughout the Norfolk area. To relate this estimate pollution
% pattern to patterns of land use and selected points for air quality
gsampling, a grid for estimating pollution concentration for receptors s

was established. Although the pilot national land use information system
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could provide data at a precision of 4 ha (approximately 10 acres),

the spatial resolution of this grid was constrained by the estimating of
area source emissions inventories at a resolutiom of 6.25 kmz or larger.
To remain within the precision of the emissions inventories and the
capabilities of the estimating model itself, researchers determined that
attempts to estimate pollution con;entrations on a larger scale than
6.25 km2 were not warranted.

From the location of point and area source emisgsions shown in figure 6
and the location and density of land uses to be impacted, a2 raegular receptor
grid of 2.50 km? cells was selected and superimposed on the area source
emissions estimating grid at approximately the center of the 6.25 km2 cells
(figure 18). Because of the distance decay function in the model, locating
the receptor points coincident with emission centroids for point or area
sources would have resulted in estimated levels of pollution ﬁuch higher than
would be expected to occur as pollutants diffuse over the entire area of
a cell. Alternarively, to have randomly offset-the grid from area or point
emission sources would have resulted in many clusterings of receptor points,
leaving large areas unevaluated. The 2.50-km density of receptor points was
extended into the 10-, 25—, and 100—1cm2 grid cells to estimate how these
rapidly developing lower demsity cells are currently being impacted. In
addition, a set of receptor points was specificallf placed coincident with
the location of existing air quality sampling stations indicated in figure

14. The same grid was used for future estimation.

Norfolk land use and estimated air pollutant concentration ratterns

On the basis of the estimated emissions inventories and receptor grid,

the air pollutant concentration estimating program, ADQM, of the Air Quality

e e e
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1) the emissions inventories, and 2) the use of an airflow pattern for the

- during the prev;ous_yéa;_and;by the station's proximity to an expressway and
an asphalt plant, all .of which tend to be averaged ocut in the cell's area ﬁ.§‘

. emissions inventory.
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Tmplementation Planning Program was used to estimate 1972 annual, winter 1971-72
and 1985 annual concentrations of sulfur dioxide and suspended particulates
throughout the Norfolk area (U.S. Envirommental Protection Agency, 1970).
Figures 19-24 present the estimated spatial patterns. Table 5 is an example of
the data produced by the AQDM program used to produce these figures. Table

6, another example of thg program's output, gives point and area source
contributions to receptor points having high concentrations and suggests
emission reductions necessary to achleve the desired air quality. The

program also produces an estimate of the contribution of each point and

area source at selected receptor points (table 7). Evaluation of control
strategies and implementation plans is based on these data and their

relation to specific patterns of Norfolk area land use.

Although the area's air gquality sampling program was not yet fully
operational, the range of annual and winter sulfur dioxide and suspended
particulate samples drawn at selected stations are shown in figures 19, 20,

22, and 23 (Commonwealth of Virginia, 1972b). - These initial values are based
on a limited number of samples, many of which were subject to modification
in sampling procedures during the start-up period of the sampling‘system.
These measured pollution values, however, generally reflect the estimated
concentrations of sulfur dioxide and suspended particulates, sqggesting_that

these model estimates are not unreasonable given the assumptions built into

Nerfolk Naval Air Station, The large disg:epancy between 1972 sampled and

i
P
]
i
!
b

estimated levels for the sampling station in cell 103 appears to result from

axtensive construction occurring immediately adjacent to the sampling statidn
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Table 5.——Estimates of concentration of pollutants over receptors.

Region: Norfolk Area (Annual) Date: 5 October 1972
RECEPTOR CONCENTRATION TiTA
Receptor Location Expected Arithmetic Mean
Receptor (kilometers) (micrograms/cubic meter)

Number Horiz Vert 50, Part
1 371.2 4061.2 5.2 8.8
2 371.2 4063.7 6.9 10.1
3 371..2 4066.2 6.6 11.8
4 371.2 4068.7 6.8 14.0
5 37L.2 4071.2 6.7 16.5
6 371.2 4073.7 6.2 19.4
7 371.2 4076.2 5.6 20,4
8 371.2 4078.7 5.8 19.5
9 371.2 4081.2 6.1 19.4
10 371.2 4083.7 6.8 1&8.7
11 371.2 4086.2 2.0 17.6
12 371.2 4088.7 5.2 16.8
13 373.7 4061.2 5.5 9.2
14 373.7 £063.7 7.2 10.6
15 373.7 4066.2 7.8 12.4
16 73.7 4068.7 8.4 15.5
17 373.7 4071.2 8.1 18.3
18 373.7 4073.7 7.1 22.4
19 373.7 4076.2 7.3 24.1
20 373.7 4078.7 7.3 22.4
21 373.7 4081.2 7.5 23.0
22 373.7 4083.7 7.3 21.7
23 373.7 4086.2 7.7 20.5
24 373.7 4088.7 6.2 19.7
25 376.2 4061.2 6.5 8.6
26 376.2 4063.7 7.5 11.3
27 376.2 4066.2 9.6 13.6
28 376.2 4068.7 11.3 17.2
29 376.2 4071.2 10.3 21.5
30 376.2 4073.7 8.6 27.0
31 376.2 4076.2 9.9 29.6
32 376.2 4078.7 8.6 28.2
33 376.2 4081.2 9.9 28.2
34 376.2 4083.7 9,2 26.4
35 376.2 4086.2 8.9 24,9
36 376.2 4088.7 7.6 23.2
37 378.7 4061.2 8.3 10.4
38 378.7 4063.7 9.7 12.1
39 378.7 4066.2 11.4 15.0
40 378.7 4068.7 12.9 19.7




Region:

Table 6,—-—Example of estimates of point and area source contributions and

recommended reduction programs for selected receptor points.

Norfolk Area (Annual)

Date:

5 October 1972

PARTICULATE POLLUTANT CONCENTRATIONS ABOVE STANDARD OF 75.00 MICROGRAMS PER CUBIC METER

POLLUTANT CONCENTRATION (MICROGRAMS PER CUBLIC METER) POLLUTANT REDUCTION (PERCENT)
RﬁgﬁgggF ‘rithmetic Excess Above | Contribution [Contribution Necessary Necessary
Mean Alr Qualitcy From Point From Area For Point For All
Concentration Standard Sources Sources Sources Sources
55 315.7824 240.7824 306.8246 8.9579 78.4756 76,2495
92 164.3243 89.3243 148.9439 15.3804 59.9718 54,3586
236 155.5200 80.5200 150.3055 5.2144 53.5709 51.7747
91 125.3193 50.3193 114.4099 10,9095 43.9816 40.1529
67 104.8958 29.8958 94,9697 9.9262 31.4793 28.5005
139 92,5805 17.5805 88.0405 4.5400 19.9687 18.9894
a3 89.6757 14,6757 53.5763 36.0994 27.3922 16.3653
200 83.1145 8.1145 80.0613 3.0531 10.1353 9.7630
66 77.5693 2.5693 69.7026 7.8668 3.6861 3.3123
233 75,7201 7201 60.7036 15.0165 1.1862 L9510
80 75.2046 . 2046 60,2716 14,9330 .3395 .2721
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Table 7.--Estimates of percent of total contribution of specific sources
to selected receptor estimating points
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The emissions inventory for particulates included both settleable
and suspended material. Using Virginia State Air Pollution Control
Board registration and initial inventory records, no way could be devised
for estimating the percentage of suspended particulates in total emission
and no definite information could be obtained on the rate at which settleable
materials dropped out from différéﬁt types and heights of sources. Most
settleable materials, however, are assumed to drop out within a distance
of 2 km from source locations. The initial operation of background
sampling stations within the Norfolk area suggested that a suspended

particulate background level of approximately 40 mg/m3 might exist '

because of salt spray from the ocean, erosion of exposed sand, and
agricultural practices., This estimated background level of suspended
particulates was not ineluded in the model run. The near correspondence
between levels of estimated and sampled suspended particulates may reflect

a trade off between the loss of settleable particulates and the addition

of suspended background matter in the sample values.

Sulfur dioxide concentraticms.--Figures 19, 20, and 21 show the

estima'wd distribution of annual 1972, winter 1971-72, and annual 1985
sulfur dioxide concentrations and relate them to the distributions and
levels of emissions from specific point sources and high employment

areas in figures 8, 9, and 10, and to the patterns of annual and winter air-

flow in figures 16 and 17. According to these estimates, the area most

impacted by sulfur dioxide on an annual basis is the Naval Amphibious
Base at Little Creek, in Virginlia Beach east of Norfolk. This high estimate

is partly a function of the location of a receptor estimating point
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nearly coincident with the point of emission. The powerplant's low stack
suggests high levels may exist in the immediate vicinity. Al) other
receptor locations are estimated to be below the national and State
primary standards of 80 mg/mS. This area appears to be influenced by the
incinerator and other area and point sources in cells 100 and 101 (figure 18).
Winter patterns indicated in.figure 20 reflect the greater frequency
of winds from the northwest quadrant. The effect of Increased space
heating throughout central Norfolk and Portsmouth and in Virginia Beach
near Oceana Naval Air Station (figure 14) is evident. The estimates
suggest that primary and secondary standards for sulfur dioxide are
exceeded throughout these high-density residential areas.
The estimated future pattern in figure 21 indicates that, given
current control plans and rules for point sources, secondary and primary
standards for sulfur dioxide may continue to be exceeded in central z
Norfolk and in the Little Creek area to the east. Elsewhere, anticipated

future levels and patterns of sulfur dioxide emissions from the development

of residential and other area sources are not expected to seriously U

deteriorate the region's alr quality. :

Suspended particulate concentrations.——Figures 22-24 show estimated

distribution of annual 1972, winter 1971-72, and annual 1985 suspended

particulate concentrations. The broader patterns of high concentrations

for particulates than for sulfur dioxide reflect the more ubiquitous

contribution to particulate emissions from comstruction and general o
industrial and wcommercial activitiles throughout the Norfolk area

(figures 5, 6, and 11-13).
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In view of the problem of mixing settleable and suspended particulates
in the estimated emission inventiory, these particulate patterns suggest
that the national and State primary and secondary standards of 75 and 60
u/ m3, respectively, are regularly exceeded in central Norfolk and
Portsmouth, Current sampling values tend to confirm this,'and it
appears that point sources are thé main contributors to these levels
(see table 4 and figure 11).

The distribution and level of winter values reflect prevailing winds
and increased space heating throughout the area. Large areas of residential
land use in central Norfolk and Portsmouth and selected areas of Virginia
Beach are estimated to be affected by concentrations above primary air
quality standards.

On the basis of current control programs, 19853 levels of suspanded
particulates are estimated to exceed secondary standards throughout central
Norfolk and Portsmouth and in certain areas of Virginia Beach. Existing
point sources rather than anticipated 1983 area sources are the major
contributors in this estimate (table 4 and figure 13). These estimates
suggest the need for improved procedures for estimating and sampling suspended
particulate emissions and natural background levels to determine whether

modifications in current rules and implementation plans may be needed,
CONCLUSIONS
The Virginia State Air Pollution Control Board adopted an emissions

control strategy for sulfur dioxide and suspended particulates in the

Norfolk area. The implementation plan focused on local action to control

L e
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point sources. Adoption of this strategy and plan were certainly
reasonable, given the time availsble for plamning and the information
available on the distribution of emission sources and receptor land uses,
the level of emissions, the pattern of airflows, and the measured
concentration of pollutants.

Using data from the pilot national land use information system, this
more detailed analysis of the amount and distributions of pollutants in
the area indicates that the board's initial air quality planning was
sound. Distribution patterns of sulfur dioxide and suspended particulate
concentrations, estimated using an adequate diffusion model and the best
available airflow data, suggest that current and future concentrations
are most affected by point source emissions. Given the levels of
space heating and mobile source emissions expected for the type of
low-density development anticipated for the area, this analysis suggests

that current point source control programs may not achieve required

standards. If additional reduction is required or desired, it is estimated

that the greatest impact could be achieved through emission controls
affecting institutional (military and municipal) land uses. Change in
these land uses would most benefit land users in older areas of Norfolk
and Portsmouth (figure 5).

This use of the uncalibrated AQDM provides the ueans for rapidly
estimating impacts of alternative locations for new point or
area emissions sources. Pollutant concentration levels estimated
in this study suggest that new high emission sources should be
encouraged to locate away from existing areas of high pollutant concen-

tration. Further experimentation using the model should suggest sizes of
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compatiblé 5uffef land uses or alternate mixes of uses that could Improve
diffusion characteristiecs.

With an adequate sampling program the model can be calibrated to
predict more accurately the area's pollutant concentration levels.
According to the Virginia's State Air Pollution Control Board
Tmplementation Plan (Gommcnwealth‘of Virginia, 1972a), only the sampling
stations in cells 70, 74, and 103 were planned to reflect the area's
population concentrations. The land use and emission concentration dis-
tribution estimated in this study sugpgest the need for a wider dispersion
of particulate sampling stations into cells 101, 106, and 109 and of sulfur
dioxide sampling stations into cells 60, 87, 99, 110, 117, 123, and 128,
Sampling programs in these and other cells have been undeitaken by the
board to confirm the validity of these estimated concentratlons and to
provide a basis for improved estimates. Past trends in land use change
supplied by the pilot system, and future change anticipated by local
planners suggest the need for greater detail in the board's area source
emissions estimating grid to the east and south of the existing set of
6.25 ka cells (figure 5). Improvement in future area source emission
estimates could be achieved by recording the types of fuels to be used
in large subdivisions as they are developed in each grid cell., 1In
addition, computerizing traffic flow data and matching it with the location
of specific land use densities in various grid cells could speed up and
improve the detail of area source emission estimates.

Given the physical setting affecting Norfolk area airflow and
the pattern of developed and anticipated land use, only minor modifications
in the current emissions control strategy and implementation plan eve

suggested by this study utilizing detailed land use information.
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ADDITIONAL APPLICATIONS OF NATIONAL, LAND USE TNFORMATTON
SYSTEM FOR AIR QUALITY PLANNING

If fully operational on a nationwlde basis, the pilot national land
use information system would offer air quality planners a number of
services and advantages. It can provide air planners with statistics
on rates of change in lLevel II'or‘specially interpreted Level IIL land
uses as a basis for predicting future emissions inventories, For
updating area emissions inventories and other uses, the system could
provide statistics of perimeter and density of land use by area emission
estimating cell or other areal unit.

Statisties could be provided for individual land uses or a combination
of them, depending on the needs of the planner. This information would
be compatible with computerized traffic counts, with information om
changing space heating characteristics, and with other information sources
available to local air planners.

The sysiem could alsc provide a range of graphic plots of land use
statistics to be used with overlays showing pollution concentrations.

Tn developing State, regional and local emissions inventories, costs could
be reduced by centralized computing, based on a State or regional agency
assessing information generated by various continuous air pollutant

source registration and permit systems, along with data from the pilot
system, from local census, and from building and traffic flow records.

For example, emission estimates supplied by the States to the National "
Emissions Data System of the Environmental Protection Agency can be

used to cross check locations aund other data in the national land use

information system. Similarly, ailr quality sampling data for local jurisdictirns o0
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" could be c’ori:e_-lated with estimated measured emissions and land use

patterns to provicie a check on governmental gsampling programs (U.S.
Environmental Protection Agency, 1971), With a matioral land use
information system suppo'rting these capabilities, as changes in air quality

standards or emission rules are proposed, their impact on Iland use can

v more easily be evaluated.
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