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1. INTRODUCTION

The Naval Oceanic Vercical Aerosol Model (NOVAl,t) has been formulated toestimate the vertical scrucÈure of the optical and infrared exEinction
coefficienÈs in Èhe marine atnospþeric boundary layer (MABL), for
waverengËhs beÈween 0,2 and 40 ¡rmr. NovAM was designed Eo predfct,
utilizing a set of routfnely available ueteorologiõal data, Èhe non-uniforn
and non-logarichnic extlnction profiles whlch are often observed. NOVAl,f is
based on a conbinaÈion of empirical and physical nodels for the processes
that determine the aerosol dynamical behaviour. The exÈincEion piopercfes
are carcurated from the aerosol profíres using llie theory.

NOVA.I'Í is rescricted co Ëhe marine aturosphere. The differences becween
NovAll and land-based models are the narine È¡rpe of scaling used for Èhe
Eurburent controlred processes near the sea surface, and ih" decernination
of Èhe surface concencrations with the Navy Aerosol Model (NA¡{) .2 NAü h""
been extensively updated from Èhe original. IÈ produces a particle sizedistribuËion at a height of 10 m above Èhe surface fro¡n thä input daÈa of
wind speed, visibilÍty and relative hurnidity. This NAll-generatäd surface-layer particle size distribuÈion ls ¡¡fxed Èhroughour Èh; MABL by curbulent-
conÈrolled processes, further modified by relative-hurnidity effãcts.
Various nodels describing Èhese processes are included in NOVAI{. such as a
simple mixed-layer modelr and a shallow convecËion case.4 provision has
been made to include other models such as for deep convecËÍon. The
selecÈion of the model is based on Ëhe vertical sEracification, cloud
cover, cloud type, wind speed, and the reguested wavelength for the
extincEion calculatÍon. If the lnformation on the vertical structure is notavairabre a default rerativg humidity profire, based on the surface
observacions, is generated.5 Thls aeraütt profile is arso used when Èherequired input parameters do noÈ satlsfy the presently supporced models.For Èhe calculation of extinction for way'elengths between 1 and 11 ¡rn below
mari.ne stratus clouds an empirical nodelo is used. This sÈraÈus nodelapplies only to wind speeds less than 5 n/s.

For the inirial evaluation of NOVAl,l, data fron the Jury 19g7 FrRE
experimenÈ was used. Aerosol partfcle size distributions, aerosol
scaÈÈering and required meteorological parameters throughout the l.lABL were
obtained from both airborne and surface based platforms. The aerosol-
derived exËinction properÈies throughout Ëhe l.fABL are compared with che
NOVAl,l es timaEes .
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2. THE FIRE/EO}íEÎ EXPERIT,ÍENTS

The Nawy's EOMET (Elecrro-oprics METeororogy program) parriciparion in
FrRE was both to be supporc.Íve of FrRE and to bultd a quality daÈa base
from which NovAl.f could be evaluaÈed. MeasuremenEs were made from an
aircraft, a balloon and a ship, An overview of the measurements made by che
EOMET group fs presenÈed in table l.

The R/V PolnE Sur, operated for Èhe NaÈlonal Science Foundarlon by theCallfornla StaEe Universlty Syscem for the Naval PosËgraduate School (NpS),
made conÈlnuous (24 t.our/day) measuremencs for the period 7-16 Juì.y, 19g7.
The R/V PoLnÈ Sur was generally locaced 30-40 km upwlnd (Norrhwesc) of San
NÍco1as Island (SNI).

The Naval Ocean SysÈems Center (NOSC) airborne platform r¡as utilÍzed to
characEerize Ehe lor¡ level struccure of che marine boundary layer. Flights
were made on 15, 19, 23 a¡d 24 July, 1987. The prescribed frÍghr parÈern
for the NOSC aircraft consisted of spiral profiles Èaken near the Naval
Research Laboratories (NRL) ground facility aE SNI and upwind of SNI near
Èhe R/V PoinÈ Sur. Each flighÈ was scheduled co occur simulÈaneously with
the NOM-9 satellite overpass.

The NRL balloon facitityT was locared ar the norrhnest tip of sNr
lggro4inacely 17 m above sea level. The NRL aerosÈât systen consisred of a
538 mJ balloon, r¡ich a rlfÈing capacicy of 227 kg and a flar bed craÍler
whlch serves as a "moblle" mooring sysÈen. The lnstru¡nent package hangs 35
meEers below che balloon and the power source to eliminate exhaust
contaminatlon near che sensÍtlve aerosol sensing devlces. The platform is
allgned wlth the wtnd by an aerodynamlc mechanlsm. During FIRE, 13 aerosolprofiles !¡ere measured on 16, 18, Lg, 20, 22, 23, 24 and 25 July, l.'g}l .

Extinction profires were obtafned in Èhree independent ways:
-NovAl{ carculaclons utilÍzlng measured neÈeorological p"r"r"i"r",
-Mie calculacions utillzÍng aerosol size dlstributÍons,
-Direct measurements of exÈincËion (rnolecurar and aerosol) at one

wavelengrh by means of a spherical nephelometer.

3. SYNOPTIC SITUATTON AND SURFACE ìíEASUREIiENTS ON THE R/V pOrNT SUR, 14-16
JULY

The meteorological synoptie scale siÈuarion during the 14-16 Jury
period was conErolled by tno pressure systems. A stationary 1032-1036 rnb
closed surface high pressure sysËem v¡as locaÈed west of Washington SEate
and British ColumbÍa, Canada. A well-defined chermal low was lãcated over
Southern California. These cûro systems caused lresÈ co norcherest winds inthe vicinicy of SNr due co the oucflow from the hlgh located to the
norÈhwesÈ,

The time series of surface-rayer paramecers obtained from the RrlV point
Sur for 14-16 July are presented in Flgure l. FeaEures of lnÈerest are the
sEeadÍly decreasing wind speeds and thã diurnal variation of both the wind
speed and direcÈion. The steady decrease in wlnd speed was assoclated with
the Èhermal lor¡ which was moving norÈheast (rnore lnlan¿) from the BaJa ofcarÍfornla on 14 July Èo the cailfornla-Nevada border on 16 Jury. Thã
eastern Pacific surface hlgh pressure sysEems remained nearly statlonary
durfng thÍs period. steadiry decreaslng wfnd speeds are fnpoitant Èo the
production of marfne aerosols.
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the dlurnal variations fn wind speed and dlrection, durÍng the 24-hourperlods ' Idere concluded to be due to Èhe incenslfication of the thernallow, east of the area, during Èhe local afcernoon. Thls could lmply a localcirculaÈlon influenced by thÀ land_sea proxintty.

Evidence that there was a land-sea lnfluence assocfated r¡ith thedlurnal variatlon appears in Èhe diurnal variatron of the Radon
concenËretion. Wtrether the Radon was advected horlzontally or arrived inthe mixed layer due to entralrìment ls unknown. The lncreãse fn temperatureand decrease fn hunidity on the diurnal scale could be associaced r¡LthenÈralru[ent of s¡arm dry alr from above Èhe lnverslon. The enÈrainnent ofoverrylng alr wtth contlnentar aerosol is as imporcant co NovAl,l,sperformance as Ehe horizonÈar advecÈron of continental alr.

The continental infruence is obvious tnoÈhe afternoon of 15 July, whenche Radon concentrations peaked t.o 60 pcL/n3. The increased RadonconcenÈratlons, a clear lndlcaclon of contlnental lnfluences, are followedby an Íncrease tn Èhe extincclon coefflclenÈs. The increase fn theextÍnctlon coefficlents is observed ac all wavelengths from Ehe visible to
Èhe far IR.

4. SruULTANEOUS AIRCRå'FT AND EALI¡ON FLTGHTS DURINC THE STRATUS CASE OF 15
JULY 1987

Evaluatlon of the NovAl.{ straÈus model uttltzed the aircraft- andballoon-derfved meteorologlcal proflles and surface-based observaclons forthe sÈratus condtclons of 15 July 19g7, 15oo-1700 (pDT). A uniform srraÈuslayer (100t cover) exlsced .t 
"r,â 

upwlnd of SNI wtth a base around 400 nand tops at 700 ¡¡. IJlnds were norrhwesÈerly at 5 n/s, cloud base ar sNrwas deÈernlned at 320 n fron the balloon tlluld-wat"t r"""r.,r"nen¡s, DtLzzLewas observed at the ground. Extlnctto¡ coefilcients flucÈuated fror gO t<r:Iln che cloud, ro row values (0.01 k¡n-r¡ 
"bou. Ehe cloud rayer. The balloon

RH lnsÈrr¡¡ent was pegged at r00t throughouË che whore bounáary rayer.upwind, however, the relactve hu¡n1diÈy berow Ehe crouds varied ln thevertlcal beEween 959 and 1001, as deternlned frorn the aircrafÈ data. Thesurface relatlve humldtty aÈ the R/v point sur, approximatery 30 Nlr upwindfron sNr, was 92t (Figure 1). This ts a classic cãse of a stratus deck inwhtcþ warn dry conditlons existed above the urofst marine stratus layer.

- ExtlncÈion profires for thrs situation are shown tn Figure 2, Frgure 2ashot¡s the Al'fP sensitivlty of NovAt{ for the vlsible wavelenlchs. Note that
NovAl{ selected the nixed-layer rnodel for these calculatlons because thesub-stratus moder does not apply to waverengths smaller Ehan I pm. Thefluctuatlons in the extincciãn ãoefflclencs determlned from aII sources aregenerally contained ldithln the Al.fP lir¡1ts. In the regions around 120 n andthose above 320 m, where Èhe exttnctton coefflclenËs are ouÈslde the NovAl{bounds, Èhe alrcrafc-observed relatlve humlditfes approached l00t - aregion l¡here NovAr{ 1s not apprlcabre. The probtem näre is Ehat rhehygroscopic aerosol (Iike sàä salr dropleri ln rhe IIABL) can be actlvatedwhen relatlve humidltles. go slÍghtly over 100t" The activated aerosols growln slze very fast and behave as-cloúd dropletsS and cannoÈ be descrlbed byequatlons that apply to subsaturated aeroãol. Thfs puts Èhem lnÈo the arena
:f f"q or cloud physlcs, and outside of the rearn oi aerosor moderrng -lncludlng the capabilrrfes of NOVN{. Ffgure 2d shows rhe Liquid ,"r"iconcentratfon profile and Flgure 2e the measured size dlsErlbucionsassoclated wlth thts supersaturaÈlon phenonenon.

Flgures 2b and.2c show che r.06 ¡rm and r0.6 ¡rm extincrion proflres. Thesub-stratus model is not as senslÈlve to che Al{p as Èhe mfxed-Iayer model.
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Dlfferences beÈween the neasured exÈinctlon coefflclents and NovAl{
estlmates are ln the high-hunldlty regfons Just descrlbed. The peak in theelze distrfbutlons shown ln Flgure 2e affects che far IR oore chan Èhe near
IR.

5. CONCLUDINC RE}IAR(S

Ile have fllusÊraËed the value of NOVAT{ for estlnatlng the non-unlforu
and non'logarithmic extlnctfon proflles, based on a severe Èest involvlng
condftions close to and beyond the ll¡¡lts of appllcabllfty of N9VAI{. A nore
comprehenslve eValuaÈlon of NOVAT{ fron the FIRE daca ts piesented ln ref.9, whlch lncludes a clear'atr case, For furcher evaluatLon more data arerequlred on the verÈlcal strucÈure of che extlncÈion in Èhe lrfABL,preferably for dlfferenr neceorological condltione and ln dlfferent
geographlc areås (e.g. ASTEK).
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