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A Rational Subdivision of Scales for
Atmospheric Processes?

Isidoro Orlanski, Geopliypsical Fluid Dynamics Lab-
aratory /INOAA, Princeton Universily, Princelon,
New Jersey 08540

Abstract

Some gtmospheric scale definitions are reviewed and a
proposed new suhdivision of sales that covers the entire
spectrym s described,

1 This paper is part of an invited paper presented at the
meeting of the Geophysieal Fluid Dynamics Laboratory,
MWovember 1973, that originated the SESAME project (Severe
Environmental Storms and Mesoscale Experiment).
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1. Introduction

Meteorologists have historically tended to study atmospheric
dynamics from two points of view which are chamcterized
by greatly differing space and time scales. In trying 1o ex-
plain the detailed behavier of the immediate surface en-
vironment in ‘which Man lives, they have developed the
science of micrometeorclogy which deals with armospheric
dynamics having space sciles of several meters and time
scales on the order of a minule Similarly, in order to predict
the cvoluntion of weather patterns in the atmasphers, metc-
orologists have devoted much attention 1o the behavior of
large-scale :I}-n:‘umiu:.s having space scales greater than one
thousand kilometers and time scales of the order of a week.

Yot although macre- and microscale meteorology encom-
passes many  atmospheric. progesses, there ds still a large
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number of important |1J1|.-nnru='n:: oeeurring in the atmo-
sphere whose spatial and temporal soles are infermediate
between liese two categories. The slowness with which our
understanding of these intenmediate seales has developed has
been cawsed, not by their lack of importance, but mather
by the difficulty invelved in ebiaining wseful observational
data concerning them. However, the recent surge of in-
terest in the urhan envivonment and in severc storm weather
conditions has reversed this mend and scems o be leading to
a move gapid advancement of our undevstainding of these
imporiant meteorological proceises,

The wide range of ammospheric phenomena with  seales
between the macro- and microscales necessitates the further
division of procosses space
Thé térm mesoscale, 53700 i3 osed” today, defines all of the
intermediate suaes amd  microscale.
Through this definition, mesoscale represents mations  of

aceording io fime and scales

betweeny  Ahe momcio-
the order of 1000 km oo the hodeontal scule aod several
days on the time scale, Horricanes and [ronts are such ox-
amples. In addition o PIOCESSES
with ‘seales on the order of 10 km and & few Brunt-Viisila
periods such as thunderstorms, small orographic effects, elc

this, it alse includes

Because of the wide range of phenomena wliich this defi-
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nition ‘covers, various groups in the sdentific eommunicy
have come to tise the same mime For meirkedly different
processes a5 well as different numes for the same pro
cesses, Now, in parlicular, when a major expetiment is
platined {SESAME 2) it is important to he precise about the
different atmespheric phenomeni-and seales ol interests; For
instance, some groups consider “fronts” o be on the inter-
seale, some define: them o be oo the synoptic
soale, and many others censider them o be on the mesoscale.
An ilustration of the variows definitions appeans in Fig. ]
in which the central ok shows the diffcrent processes with
characteristic fime: and horizontal scales. “Fhe list & by no
means complete bt 35 used merely for illustrative purposes
here, nor is it meant (o fmply that processes with similar
times and horiontal space have any dvnamic similarity.
nilieses along the time scale row . arve physi-
to. he controlling  each  particular
range of ones month and one
tday are governed by n time scale which is the inverse of the
product of (he Rosby mdius of deformation, Lp=(H/f
[{efddifdz]i, and the variation of the earth's rotation swith
latitude, 2. The local effective period () of the earth’s rota-

medliate

The terms in par
cal  parameters
time scales. Srales hetween
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Fro. 1. Seale definitions and different processes with characteristic time and Dorizontal seales,
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tion is a controliing factor Ffor motions with seales of one
day 1o a few howurs. The static stability of the atmo-
sphere, o the Brunt-Viigila period, is the time scale for
motions bepween o fow hours and NP = [(g/@) défdz]™ For
shortor time scales, thore could be two characleristic param-
eters depending oo the sceale of the motion: (g/H)1 for
extermal gravity waves or Lin which is the advective time
for turbulent motion.

On the lelt side of the fimure we indicate the defing-
tians wsedd by o few groups; § these definitions relate 1o the
hovizontal seale of (he motion, The bottom row shows the
definfticns w8 given by the Committce of Atmospheric Sd-
ence of the Natonil Acdemy of Sclences (CAS) in which
the scales are defined zccording (o the time extension nf the
processes. In particular, this latter uwse of time scales for
telineating vesoscale citezories is uwot gowd. For in fact,
the ghserved Fregquency wq, for any wave proceses is deler-
mined by combining the intrinsie freguency w, with the
Noppler shif frequency agf="u/L) such that wy, = Jog = ey
In the global-scale maotions w,. == wy. The Doppler frequency
atp b5 the most important for small-scale processes (L < 10 km)
= e, = iy, Howover, in intermedizte seales, the “intringic

A _rr".;im-.‘ of some aof the scale definiions is given by
Fujita (1965 and WMO (1972},

frequency 35 of the same order as the Doppler frequency,
Thercfore, intermedinte-seale processes will exhibit quite
different olserved time scales (2n/|an = o) depending on
whether (hey are propagating in the direction of the mean
fiow or against it. Therefore, the CAS definition wonid
zllow the ssme physical process 1o be classified in several
different seale categorics,

For practical reasons the horizontal scale of motion seems
tr be the better quantity to wse for clasifying dmespheric
processes. In order to defing an observational or numerical
experiment, it is of fundamental importance to determine
the proper horizontal scale which is most represeniazive of
the particular event. Clearly the choice of the horizontal ex-
tension plays an important tole in the design of any ammo.
spheric rescarch problem soo that scientises cn optimize the
use of inpue resources Lo generate meaningful  results
Latcly the tendency of scientsts has been o design field
experiments emphasizing ehservations of phenomena having
3 common scale range rather than singling out one phe-
nomenan in particular. This approach. seems more desir
able and rational since a Hmited amount of initial invest-
ment in a well designed experiment ean provide meaning-
ful chscrvational data of dilferent processes that populate a

cortain spatinl seale,

Fig, 2, The meteorvlogical log seale frame,
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As was previously discussed, we can identify intringic fime
scales for most of the processes that affect weather, and in
addition we can relate these time scales to some geophysical
parameters such as gravity, buoyancy, earth rolation, elc
Unfortunately, in most atmospheric processes a Telationship
between geophvsical parameters and the intrinsic spatial
scale derived from empirical results is not known, (A rela-
tion is known in certain cases, for example: ulra-long waves
astociated with the radius of the earth, baroclinic waves
with the Rosshy radius of deformation, mountain waves with
orographic scales) This fact makes any horizontal scile
division somewhat arbitvary and ill-defined. However, as
diggussed  previously, the use of time scales is less desirable
than spatial scales beeause Doppler effects make time. scale
classification ambiguous. On the other hand, space scles can
Le rationalized if one approaches the seale division in a
probabilistic sense. According to this approach we pnstl:lal'.c
that we cap find some seale inrerval which has o maximum
probability of containing the phenomenon we are trying
1o classily, OF course this subdivision cannot be refined
more than lo an order of magnitude of the scale length, Be-
cause “macre,” “mesa,” and “micro’ (the Greek equivalents
af “large,” “intermediate,” and “small”) have been used, se-
cording to general consensus, for classifying the atmospheric
processes, it is proposed here to use these mames 0 con
junction with the Greek sufixes g, 3 and [Fujita (19G3)
subdivided the mesoscale network in a similar way] in
order to subdivide the atnespheric horfzontal scales and
thereby to make them more precise and more useful, These
definitions are located on the nght-hand side of the box In
Fig. 1. This type of definition was accepted for the planning
of the SESAME project.

In order to more clearly emplusiee the processes which
belong to the mesoscale range and their vertical extension,
I lave included Figo 2 which shows a three-dimensionil
structute (like a building frame) having the horizontal space
scale (in kilometers) as one coordinate, a time scale {in
hours) us’ anether, snd the vertical space coprdinate (in
meters) as the thivd, The graph shows five horizonial
planes (time and horizontal seales) at different  heights:
ground, 10, 100, 1000, asd 10000 m, Sarting from  the
right, the large column cxtending from the ground to the
trapopause level tepresents all of the motions in the meso.a
scales—Fromss, hurricanes, ele. Close o the column on the
hotder of the meso-g scale we have the nocturpal low-level
jet which has an extension of 2 few hundred kilometers,
This phenomenon ocours at o height af ahout 300400 m and
is a very important dynamic effect in the boundary layer.
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The tall hatched columm next to it represcnts glow inter
nal gravity waves with periods on the order of 1 day and
exlends practically to the top of the boundary layer. Next
to that in the same 100 km range but with a shorter period
{the order of a fow hours) we have squall lines which extend
from S00-10000 m. Moving 1o the left, we find 2 medium
height hatehied column in the range of 20-30 km which
represents orographic effects such as mountaing, lakes, and
land-sea hrezes, The time scale is on the order of the dinrnal
period and extends from the ground to a2 few thouwsand
meters in height. The urban-effcct column seen close to it s
very shallow and extends to anly a few tens of meters and
has a horizontal scale of 10 km. In the same mnge bot of
shorter dutation {the order of 2 I} we find the column
representing  thunderstorms as well ag’ the squall lines ex-
tendling from 300 m to the tropopausc. The small boxes
which intersect the upper three planes, 100, 100G, and 10 000
m respectively, show internal  gravity waves with hori-
sontal scales of 10 km oand time scales-on the order of a
half hour. These waves are belicved to be the primary
cause of clear air turbulence, Outside of the meso.y scale
i the range of 1 km, the npper part of the figure shows a
column represcnting cumulus clonds and decp convection
whereas the column below, which extends From the ground
o the clond hase, represents tornadoes,  Again, the small
beses intersecting the planes show internal ErAviLY waves
inducerd mainly by penetmtive convection, Finally, to the
extvemme left in the mico-d scale are very short gravity waves,
thermatls, and rbulence, which cxtend from the ground ta
a 10 m in height

The purpose of intensive mesoscale experiment SESAME
will he focused on meso-§ amd meso-y scales (central area
of Fig. 2).
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