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SUU¡.IARY

A model is presented to calculate
the vertical variation of aerosol
extinction coefficients throughout the
marine atmospheric boundary layer. It
is referred to as the Naval oceanic
Vertical Àerosol Model (NovAM). NoVAM
is a combination of empirical and
physical models, formulated to describe
the often observed non-uniform, but
al-so non-Iogarithrnic, profiles. The
physical ¡nodel is based on the
dynarnical processes affecting the
producÈion, mixing, deposition and size
of the aerosol within the ¡narine
atrnosphere. A status report is
presented including a critical
evaluation.

1. INTRODT'CTION

For the assessment of the
application of electro-optical (Eo)
systems for vertical and slant path
oËservations, the height våriaÈion of
electromagnetic scattering and
absorption at wavelengths in the
visible to the infrared is of
considerable interest. In the
evaluations of Eo ProPagation
characteristics problems arise because
existing ernpiricatlY derived
expressions for aerosol scattering and
absorpÈion contributions to exÈinction
rvere formulated for singlç levels. The
Naval Àerosol Model (NAM) r as found in
Lowtran VI is an examPle of this
lirnitation. All data used in the
development of NÀM was derived frorn
deck level measurements and no real
provision was made for vertical
ãtructure in the aerosol concentration.
Variations in the verÈical may be very
1arge, however.

When vertical structure is required
for sÌant path calculations, the
surface aerosol concentrations need to
be extended to higher levels. This may
be based on ernpirical ¡nodeLs or on
physical argurnents. A usual approach in
existing empirical models is to assume
a logarith¡nic decrease with heigþt
using effective sca)-ing heights.'

Observed profiles are often non-
logarithmic, however. Therefore extra
infonnatfon avai-Iable from observed
neteorologipal profiles should be used
to take into account the physical
processes which influence the vertical
aerosol structure and which are thought
to,be responsible for the observed
variety of profiles. Existing enpirical
models do not allow for the use of this
extra information.

rn this paper we describe an
approach being fornulated to puÈ
vertical structure into the extinction
predicÈion using a rnixture of ernpirical
and physical ¡nodels which describe the
aerosol dynamical behavior. PredictÍon
in this context does not inply
prediction in time but rather an
estinate of optical extinction given a
set of atmospheric parameters ¡uhich can
be used with the ernpirical-dynanical
rnodel. The model is referred to as the
Naval ocçanic Vertical Aerosol Model
(NoVAI,{) . "

The model for the structure in
extinction was designed to describe
non-uniform but also non-logarith¡nic
aerosol distributions l'¡hich are
observed to exist throughout the marine
atrnospheric boundary layer. It is
restricted to the marine atrnosphere,
hence the designation oceanic in its
tit1e. The differences between this
model and land-based models are the
rnarine type of scaling used for the
turbulent controlled processes near the
sea surface, and the determination of
the surface concentrations with NAlf.
The structure is a function of
turbulent controlled processes and of
the growth of the particles due to
height varying relative hunidity. The
turbulent processes produce, deposit
and mix the aerosoL and also determine
the depth of the nixed layer itsel-f.

The following aspects of the ¡nulti-
cornponent model are addressed. The
physical background of the turbulent
controlÌed processes and of the growth
features caused by relative hunidiÈy
effects are presented in sectj.on 2, as
well as the ¡nodel used to predict
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extinctions found under solÍd cloud
decks. The nodel architecture and
considerations of the physical
constraints as they are treated in
NOVAM are presented in section 3.
ExampLes of calculated profiles are
presented and cornpared with observed
profiles. À critical evaluation of Èhe
several crucial parts of NOVAI'I with
reference to its intended use appearsj.n section 4. Finally, conclusioñs on
the presenÈ status and future of the
approach and ¡nodel will be given.

2. PEYSTCÀIJ BACKGROT'IÍD

2.1 TUREULEIIT ÎRã¡¡SPORT IN rEE ¡+fARrNE
ATIIIO8PEERTC BOI]I¡DÀRY IÀYER

The concentration of aerosols at
various levels in the marine boundary' layer is determined by a number of
inter-dependent complex processes.
lifulti-variable models of this behavior
are still in a rather crude state of
developrnent.

In our enpirical-dynanical approach
the starting poÍnt for ¡nodeling aerosol
propertÍes is the continuity eguation
including source, sink, vertical
transport and,horizontal advection,
terms for the do¡nain. Since the marine
boundary layer is of linited vertical
extent, both the surface and the top of
it are potential source or sink
regions.

As they are presently used Ín NoVAll,
the dynanic equations neglect
advection, the effects of s¡hich are
included through the air ¡nass
parameter. Thus, the sources and sinks
for the aerosol partictes in the
boundary layer are by transfer through
the sea surface or by entrainment and
gravitational fallout from the non-
turbulent troposphere inrnediately above
the marine boundary layer.

The vertical rnixing of aerosols
throughout the boundary layer is
deter¡nined by the turbulent transport
processes, which in turn are influenced
by Èhe relative hurnidity. The sinplest
case is the ¡nid-Iatitude (as opposed to
tropical) boundary layer wiÈh a strong
inversion, which is well-mixed. I{hen
weak cumulus convection is present, a
two layer model must be used to
describe the aerosol structure.

In the simplest well-rnixed case four
scaling regirnes exist within the marine
boundary layer. These regimes are
differentiated by the relative
dominance of the different processes
found within them. These are designated
(see Figure 1) as the free troposphere
above the mixed-layer (p), the mixed
layer (f), the turbulent surface layer
(c) and the diffusion subJ-ayer (d).

The nature of the various
atrnospheric transfer processes pernits
us to identify certain height règimes
lrhere the analysis can be sinplified by
scaling arguments. For example, near
the surface (within 10 meters of the
ocean) the particle flux is generally
considered independent of height. À
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Figure 1. Schematic diagran of
atnospheric scaling regimes (nonlinear

scales) .

thorough consideration of air-sea
particulate transfçr processes by
FairaII and Larsen* addressed the
relative irnportance of turbulent and
diffusive transport mechanisms in this
so-caIIed constant flux layer and the
diffusion dominated sublayer. Using a
standard micrometeorological forrnalisrn,
the surface source and sink properties
can be described in a surface layer
scaling context.

The ¡nixed-layer consÈitutes about
90å of the boundary layer. Models based
on its special properties are usually
referred to as mixed-Iaye5 rnodels. The
cLassÍc rnixed-layer modelÐ is
considered to be applicable to the rnid-
tatiÈude marine regime h¡here mixing in
the boundary layer is dominated by
reasonably homogeneous turbulence
produced by surface shear and/or
convection generated by warrn water or
cloud top radiative cooLÍng. The nixed-
Iayer rnodel is one of the simplest
because it ignores the details of the
vertical transport processes by
assuming that the turbulence is strong
enough to rnaintain a well-niIed
boundary layer. rhis implies that the
fluxes in the boundary layer have a
Ìinear dependence on height and that we
need only to specify the value of the
flux at the botto¡n and top of the
boundary 1ayer.

rhe definition of the mixed-laYer
irnplies that particles of less than 30
pm radius are-expected to obey mixed
Iayer scalÍngo which is usually taken
to mean the alcsence of a vertical
gradient. Since the mixed laYer
for¡nulation only requires that the
gradient be constant with respect Èo
tirne, clearly a constant vert,ical
gradient-is permissible. Davidson and
FairaII, / using physical arguments of
wyngaard and BrostrÓ show that a mixed
Layer gradient for a surface generated
aerosol conponent (e.9. sea salt) would
be given by
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ðx-_ _ -1.5-¡ñ (sl' - Vdx=r + 2.5 r.{exsr)

(1)

where X-- is the concentration of the
sea-salE-aerosol in Èhe mixed-layer at
height z, S- is the surface flux, V¡ is
the effecti?e fall velocity, W^ is Ëhe
entrainment rate, h is the heiõht, of
the boundary layer, and w* is the
convective scaling velocity.

Gradients predict,ed by Eq. (1) would
be dependenÈ on particle size. t{ith
represenÈatÍve values for the scaling
parameters, the height variations for
the very s¡nall particles can usually be
neglected under typical conditions.
This is generally not true for larger
particles. It is also irnportant to note
that the roÌe of relative hurnidity,
which affects the gradient through both
V¡ and X--, has not been considered.
rñis wilÏ-be discussed in more detail
in section 2.2.

Another cli¡nate regime is also
globally inportant. This regine, which
is visually characterized by ttfair
weatherrr or scattered cumulus cLouds,
is common over the ocean in the trade-
wind latitudes. Physically, the
presence of the cumulus towers
significantly nodifies the transport
properties of the boundary layer. The
cumulus towers dominate the upward
transport of rnoisture, heat, and
aerosols. This upward transport, which
is confined to narron columns that
represent only a few per cent of the
Ìrorizontal area, is balanced, in parÈ,
by a much ¡rore broadly spread downward
transport (between cloud subsidence). A
trade-wind equivalent to the ¡nid-
latitude ¡nixed-layer mgdel was
developgd by Àtbråcht.9 Davidson and
Fairall/ descríbe the application to
aerosols.

2.2 AEROSOL EI'MIDITY EFFECTS

The marine aerosol consists in large
part of hygroscopic particles, the size
of which varies by evaporation and
condensation, in response to changes in
the relative hu¡nidity. In the mixed-
layer the relative hurnidity varies with
height and the sizes of the dispersing
particles^change accordingly. In NOVÀM,
the rnodalJ aerosol concentration
profile is determined for the size
distribution at 80t relative hunidity.
For simplicity the hurnidity gro!¡th
effects are only tâken into account to
adjust sizes and refractive index to
derive the exÈinction coefficients, but
not to alter the ¡¡odal profile
concentrations.

2.3 EXTINCTTON IN UARINE sTRÀTUS CLOI'DS

The nodel used in NOVÀI,I to calculate
extinction in marine stratus clouds is
distinctly different from the physical
profile models described above. The
stratus case bypasses estimates of
aerosoL entrainment, generation or
deposition rates and is based only on
the physics of aerosol growth with
changes in relative hurnidity.

It rúas developed fro¡n detailed

measurements in marine stratus cloud
layers when the surface wind was tow.10
This li¡nits application of the stratus
nodel to cases when 1ov¡ level rnixing ispresent and an inversion exists below 3kn, the cloud cover is greater than 0.8
and the wind speed does not exceed 5
m/s.

The extinction properÈies êre
determined using Fitzgeraldrsrl
approximation formulas which apply at
wavelengths in the infrared bett¡een L
and 1L pm, as compared to the
v¡avelength of O.2-4O ¡rm for the other
categories. This is a najor Limitation
of the marine sÈratus model.

3. TEE NAVAIJ OCEAT¡IC VERTTCAL ÃEROSOIJ
I'loDErJ (NOVÀ}í)

3.1 INÍANDED UAE OF NOVÀ¡I

NOVÀM was formulated to estirnate the
effect of the vertical variation of the
aerosol concentratj.on on slant path
extinction. It is intended to be used
with an equitibrium surfacg layer
aerosol model such as NAI!. r Às such
NOVAM is an extension of NÀM. The NÀM
version found in LOWTRAN6 has been
updated since new scientific data has
beco¡ne availabÌe after its introduction
in 1983. These incl-ude the following
deveJ.opments:
- À much more accurate parameÈerization

of the h¡ind dependence of large size
aerosol, baseÇ_on a nev¡ set of
measurements. r2

- The development of an inproved
nultispecie 4çrosol growth
formu]-ation. rJ

- The inclusion of different che¡nical
cornposition of the individual
popuLations of marine aerosols. This
affects both the optical properties
of the aeroçol and their growth
properties. J

- Àn improved pararneterization
technique which wilL eli¡ninate the
necessity gf knowing the air ¡rass
parameEer. -'

3.2 NOVAII'S INPUT AND OUTPUÍ

NOVAM has a comprehensive default
system coupled with a rnethod of
estirnating the rrgoodnesstr of the
prediction. The phiJ.osophy behind this
idea is that the model ought to be
usable by everyone, even if the
required input data is inconplete.
However, the statistical reliability of
the output should decrease as the
quality of the input decreases, since
that requires best esti¡nates fro¡n other
models s¡ith their inherent accuracy.
This is reflected in a guality factor.

The inputs requested by NOVAI!
include the set of surface observations
1Ísted in Table l- and the general
profile for temperature and hu¡nidity as
óbserved wittr rãdiosondes.

The product of NOVÀU is prirnarily a
file of the extinction and absorption
coefficients at various levels in the
marine atnosphere. In addition, an
optionat log file is produced for the
user which allows an insight into what
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Table 1. surface observation data file
position meteorological data

sea surface tenperature (C)
air tenperature (C)
relative humidity (t)
optical visibifity (k¡n)
Iocal wind speed (n/s)
averaged wind speed (24 hr)

(n/s)
al.r mass parameter [ 1. . 10 ]
cloud cover (tenthÇ)
cloud type [1..10]"
surface infrared extinction

. at 10.6 pn (l/kn)
present v¡eather in standard
code [0..99]

fro¡n a default rel4tive hurnidity
profile generator.ro At Èhis point the
Mie theory of light scattering and
absorption fron a population of aerosol
is used to calculate the optical
properties of the atrnosphere with pre-
calculated Mie integrals of extinction
and absorption for the requested
wavelengths and the appropriate
relative humidity. This is achieved by
associating these wÍth the derived
aerosoÌ size distribution at each
Ievel. For the case of the sub-stratus
rnodel a sinplified Mie calculation for
each height in question is undertaken
in a ¡nore specialized way.

3. { EXÀ}TPIJES OF lEE REST'LT8 À}¡D
COUPARISON ¡TTE EXPERII-IENI!ÀIJ DÀTA

Figure 3 shows examples of how NOVAM
estimates a profile of extinction at
wavelengths in both the visible and IR
bands. The meteorological profile data
used as input for NOVAM was obtained
form a tethered balloon platform on
which also a nephelorneter as well as a
PMS (Knollenberg) particle spectrorneter
were located. Extinction at visibte
wavelengths is obtained directly frorn
the nephelometer, whereas extinction at
different wavelengths may be
calculated, using Mie theory, from the
aerosol size distributions obtained
from the PMS system. The tethered
balLoon measurements presented in
Figure 3 r¡ere taken on Èhe upwind side
of San Nicolas Island, Ca1j-fornia, on
July L8 , L987.

Figure 3a is the extinction profite
for wavelengths in the visible and
contains extinction data measured
directly with the nephelometer,
extinction data calculated fro¡n the
rneasured aerosol size distribution, and
the extinction daÈa estimated by NOVÀM
using the measured profile of air
temperature and relative hunidity. The
data shows that there is a considerable
amount of scaÈter in the measured
extinction at the various alÈitudes.
The NOVAM prediction at the visible
wavelength is within the envelope of
the scatter better than 758 of the time
for this particular case.

Figure 3b shows the cornparison
between the calculations of the average
extinction in the band betv¡een 3 and 5
pm using the Mie code on rneasured
aerosol size distributions and the
NovÀl'{ prediction for 3-5 pm. Because
there rdas no direct ¡neasure of
exÈinction in these IR bands, only the
Mie calculations of the measured size
distribution are shown. A sinilar
comparison for the 8-L2 ¡rln band and the
NOVAM prediction at 10.6 ¡rm is shown in
figure 3c. The present version of NoVAM
is underestinating the apparent
extinction in the IR bands in the
region above the inversion. This is a
result of larger particles from Èhe sea
surface being mixed into the atrnosphere
above the apparent inversion by Èhe
process of entrainment.

L
2
3
4
5
6

7
8
9
10

11

L2 height of Lowest clouds (m)
13 zonal,/seasonal category

t1. .61

Idecisionrr steps r¡ere taken by the
rnodel .

3.3 IdODEI. ÃRCEITECTI'RE

The model is based on the physical
processes affecting the production,
nixing, deposition and size of the
aerosol within the marine atrnosphere.
Individual groups of aerosol with
si¡nilar origin are represented by
separate lognormal size distributions.
À11 the processes which t{e assume to be
acting on a certain group are
considered to have similar effects on
all þarticles in Èhat group. The net
optical effect produced by the aerosol
is the result of the superposition of
all the groups.

3 . 3 . 1. SEÍ,ECTII¡G TEE PROFILE

To determine the aerosol size
distribution at any particular leve1'
one of a set of mixing profile models
is used. The selection Process is
evident frorn the flow chart in Figure
2. The selected model depends-on the
input data available' the
meteorological conditions, and the
wavelength at v¡hich calculations are to
be made.

Several of the modular processes in
Figure 2 have Yet to be formulated.
These include the stable boundary layer
model, a deep convection model, and a
high wind stratus ¡nodeL. The
poãsibility for their future existence
has been planned for hostever in the
selection process. These cases are nov¡
úouted to the default ¡node of
calculation. The modular processes
which are notr supported include a weak
convection model, a simple rnixed layer
model, a sub-stratus ¡node1 and a
default model.

3.3.2 EXTINCTION CAIJCULATIONS WITE
SEIJECTED PROFILE I{ODEÍJ

In all but the sub-stratus rnodel,
the physical processes actÍng on the
aerosol are accounted for at each level
to determine the net aerosol size
distribution at a no¡¡inal 80t reLative
hurnidity. The actual reLative hunidity
at each level is deter¡nined either
directly fron the radiosonde data or
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Figure 3. Conparison between
extinction profiles predicted by NOVAM
(solid tines) and experimental
extÍnction profiles derived fro¡n
nephelometer data (filled dianonds) or
fron particle size distributions using
Mie theory (filled circles). The
measurements were made fro¡n a tethered
baIloon.
(a) Conparison of the NOVAtf prediction
for a wavelength of 0.55 ¡rm with a Mie-
calculated profile at 0.55 /im and the
extinction profile derived fro¡n the
nepheloneter.
(b) Comparison of the NOVÀI,Í prediction
for 3.5 ¡¡m with the average Mie
extinctíon in the 3-5 ¡rm band.
(c) Conparison of the extinction
profile as predicted by NOVAM for 10.6
¡rm with the Mie calculated average
extj.nction profile in the 8-12 prn band.

l. EVALUATION ÃND FUTURE DEVEI,OPI.IENTS

{.1 APPROÀCE

The NoVAU approach as presented
above, is a mixture of rnodels-dgye]gped
at the author's Institutes .L, t , LU, Lo

The individual codes were developed for
specific situations, which sets
Iinitations to the applicability of the
mod.el . Extensig4.s to other locations
and other meteorological conditions are
now major goals.

For evaluation, experimental data on
the vertical structure of aerosol
concentrations and optical properties
are available from various experinents.
Àmong these are aircraft aerosol
measurements over the North Àtlantic
and the East Pacific and lidar profiles
of backscatter and extinction
coefficients measured over the North
AÈlantic and the North sea. The
geographic spreading and the variations
in meteorological conditions guarantee
a severe test on the usage of the
model. The comparison of the calculated
and observed profites j.s expected to
show both the strength and the weakness
of the mode1. Improvements will be made
accordingly. some of the problems that
are currently being worked on are
discussed in the following sections.

I.2 RADIOSONDE SOI'NDINGS

The availabilíty of meteorological
profiles is a rnajor requirement for
apptication of the complete model.
Temperature and humidity profiles are
needed to deter¡nine the height of the
inversion capped mixed-layer, the
tenperature and hurnidity gradients from
the surface to above the boundary layer
(see Figure 1), and the cloud base.
This information can be obtained from
good-guality radiosonde soundings. The
interpretation of the soundings to
obtain the input parameters is not
always straightforward. Errors in the
interpretation may result in NOVAM
selecting a non-representative
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extinction profile model. To assist the
user with the analysis of the
radÍosonde data, an auÈomatic computer
code is under development.

fn cases when radiosonde data are
not readily available, default hurnidity
and temperature profiles are genertrted
fro¡n the surface observation data.¿
Because these results cannot always be
as good as an actual measurement the
reliability of the calculated
extinction profile decreases. This is
expressed in the quality factor. In
particular some profiJ.e parameters in
Eo. l1l, e.q. the entrainment rate
1tf^¡,' öánnot, be evaluated reliably frorn
thã default ¡nodel.

I.3 REI.ATIVE ET'IIIDITY EFFECTS ON
AEROSOIJ I,IIXING

In a r,¡ell-¡nixed layer the profiJ.es
of scalar quantities can be described
on the basis of surface fluxes and
entrainment parameters. This does not
apply to aerosol. mass, because it is
not a conserved scalar guantity since
the size of the particles changes j.n
response to changes in relative
hunidity. The freshly produced surface
droplets evaporate until they are in a
dynarnic equilibriu¡n with a¡nbient
hurnidity. This process will
predominantly take place in the surface
layer. In the mixed-layer the size of
the aerosol particles changes because
the relative hurnidity varies with
height.

In NoVAM the particles are mixed
throughout the boundary layer for a
given size at 808 relative humidity
(section 2.3). This is Èoo simplified
because the concentration gradients,
cf. Eq. (1), also change as the
particle size varies with relative
hunidÍty. At 1ç4st two effects should
be considered.ro The first effect is
that the effective fall velocity V¿ in
Eq. (1) is affecÈed through both the
change in the stokes faII velocity and
the change in the turbulent deposition
velocity. The Stokes fall velocity
(Ve), e.9., increases by a factor 3-4
whän humidity increases from 808 to
988. For a particle with diarneter D and
density p, Ys is given by:

-pD2qvs=ff (2)

where g is the gravitational
acceleration and 7 is the dynarníc
viscosity. Eq. (2) shows that V¿ varies
with oz, and with the particle èlensity
p. The particle density p changes wiÈh
relative hunidity, S, according to:

p : pw + (pd - rr) ø(s)-3 (3)

where ø,. âDd oÀ are the densities of
pur" wãËer and'of dry particles,-respectively, and g(s) is the hurnidity
correction factor that reLates a
particle with size Dg6r at 80t relative
irurnidity, to its sizé-o af-the acÈua1
ambient relative hurniditY'' :

D : D8o 9(s) (4)

The second effect is the shift in
the particle sj.ze distribution due to
truniäity effects. The shift Ín particle
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size is equal for all particles of the
same NovÀlt mode, while different growth
factors apply to different modes.
However, since the rnixing varies with
particle size, the shape of the size
distribution should change in the
vertical as well. These two effects are
presently being forrnulated for NOVAM.

{.{ ÀEROSOT' STZE DISTRIBUETO¡I IdODETJ

The aerosol size distributÍon used
in NOVAU is a combination of lognormal
distributions describing the individual
compgnents, similar to the one used in
NÀM.r In the last decade an
appreciable nu¡nber of other data on the
marine aerosoL has beco¡ne available.
These were used for the new formulation
of NAU that is now used in NOVAM, as
described in section 3.1.

The largesÈ particle mode in NOVAM
has a mean radius of 2 p¡n. The aerosol
extinction in both the 3-5 /im and the
8-1.2 ¡Ã trans¡nission windows are
predorninantly deÈerrnined by this 2 prn

mode. The transporÈ properties of the 2

pn particles are quite different fro¡n
those of the 10 ¡rm particles which in
fact determine primarily the IR
extinction properties in the 8-I2 ¡n
transrnissÍon window. This is presently
not taken into account in NoVAM and the
profiles for wavelengths in both IR
windows have si¡nilar shaPes. To
describe the extinction profiles in the
8-1-2 pm ltrindorù, it rnight be desirable
to add another mode with a mean radíus
of about 1o ¡rm.

Data on these large particles are
avaÍlable from surface laYer
measurements of aerosol size
dÍstribution profiles for particles
Iarger than þ^¡rrn during the HEXOS
experimentsrro covering in a wide range
of wind and stability conditions. A
pararneterization of these particle size
ãistributions will be atternpted to take
the influence of larger Particles
properlY into account in NOVAM'

deter¡nines production, depends -on
atmospheric surface layer stability,
water temperature and fetch, as v¡ell as
wina speeã. Further the t¡ave properties
stroufa-be considered. Wave breaking in
a developing wave field is
signif icantly different from t¡ave
bráaking in án 'aged' wave fiefd' In
coastal regions Èhe water depth and the
fetch will-influence the wave fiel'd'

The above considerations are

to a better parameterization of local
influences and imProve the
applicabilitY of NAM.
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5. CONCIJUDING COI{¡.IENT8

NovÀlt{ is designed to provide
realisÈic height variations of ¡narine
atnospheric boundary layer aerosol on
the basis of dynanical and
thennodynamical models for the region.
There is no question, viewed from
presented criticis¡ns, that a
for¡nulation status still exists for
NOVÀI,! and that the nodel architecÈure
has ¡rissing components. For aII future
changes data on vertical aerosol
profile with complete meteorological.
infor¡ration is needed. In spite of this
current for¡nulation status, we believe
NovÀIt[ already has nerit for providing
vertical extinction profiles for many
geographical and rneteorological
regimes.

NoVAll is a candidate for forecast
purposes begause rate eguations
ãesóribe thë physical processes which
determine the equilibriu¡n boundary
layer. À forecast is important because
mean boundary layer Processes and
properÈies, which are included in
Ñovau, are continualty evolving on time
scales of hours.
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