BT UC. l4ith Lonft.

Kadar. Meteor.

Abstract in BAMS, 51 (8),

1970.

ANALYSIS OF MESOSCA! v PRECIPITATION AREAS

Pauline M. Austin and Robert A, Heouze, Jr.

Massachusetts Institute of Technology
Cambridge, Massachusetts

1. INTRODUCTION

Subsynoptic-scale atmospheric motions and
their relationshlp to synoptic-scale phenomena
are recognized as having considerable meteorolo=-
glcal significance {Charney et al., 1969)., In
general, these smaller~scale phenomena are diffi-
cult to evaluste by conventicnal meteorological
methods of analysis because of the prohibltively
dense observatlonal networks required to dascribe
them, Some of their effects, however, are readily
observable in precipitation patterns as depicted
by radar and rain-gauge data. The resclution of
these instruments ia particularly suitable for
describing horizontal precipitation patterns rang-—
ing from those of the order of 10% kmZ in atea
which occur In cyclonic storms to ones as small as »
1-10 km? associated with cumulus convection.

Rain areas of Iintermediate size, on the order
of 102-107 kmz, are termed mesoscale and are ob-
served quite frequently. In thunderstcorms the
intense cores of convective precipitation are sur-
rounded by mesoscale areas of lighter rain. In
widespread precipitation associated with synoptic-
scale storms, also, numerous mesoscale areas of
more Intense precipitation containing cumulus-
scale showers have been noted by Elliott and He-
vind (1964, 1965), Hatsumoto, Ninomiya and Akiyama
(1967}, Austin {1968), Browning and Harrold (1969)

and Kreltzberg and Brown (1%970). These patterns
suggest that a whole range of small-scale phenome-
na oceurs during rainstorms.

It seems, therefore, that an analysis of the
preclpitation and its variability in time and
space might provide a fruitful approach to the
study of at least some of the features of subsynop-
tic-scale alr motions, The research presented
here 15 an investigation of mesoscale precipita-
tion areas and thelr relation teo phencmena on the
larger and smaller scales, It 1s hoped that this
description will serve as a basis for realistic
models of subsynoptic-scale air motions in rain-
storms and for assessing the significance of these

motlons in the dynamics and energetica of the at-
mosphere,

2. DATA AND METHODS OF ANALYSIS

Basle data for these descriptions are PPI and
BHI displays from the three radars formerly or pre-
sently in operation in the Department of Meteoro-
logy at M.I.T,, and railn-gauge records from the
field station in West Concord, Mass. Characteris=-
tics of the radars are summarized in Table 1, On
all three the scope displays present quantized,
averaged, range-normalized signal intensity with
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approximately 5 db in each intensity interval,
complete sequence of intensity levels is photo-
graphed every two to four minutes,

A

Table 1
Characteristics of weather radars at M.I.T.

WR-66 SCR-615-B AN/CPS-9
Wave length {(cm) 10,5 10.7 3,2
Beam width {degrees be-
tween half-power
points 1.3 3.0 1.0
Trangmitted power (kw) 600 450 250

At the field station there are two tippiug-
bucket gauges which have time resolutions of a few
seconds in heavy rain and about a minute in light
rain, The more sensitive one tips for every 0.0l
mm of rain. These gauges are regularly checked
agalnst each other and a weighing pgauge. Agree-
ment is generally within five per cent.

The data taken at M,I.T. are supplemented by
the hourly precipitation amounts for New England,
published monthly by the U.S, Weather Bureau for &9
gauges within 200 %m of the radar eite, and by the
conventlonal meteorologica} obaervations.

In the first study eight storms were selected
which had fair amounts of precipitation, good radar
and rain-gauge coverage, and represented a variety
of seasonal and synoptic situations. 1In these storms
mesoscale precipitation areas and cenvective cells
were ldentified from the intensity level sequences
on the PPI, They were tracked for thelr entire 1ife—
times or as long as the data permitted. Dimensions,
durations, intensitles and motions of each were re-
corded; the intensities were checked with the rain
gauge 1ndications. Synoptic precipitation areas
(>10% km?) are not usually deplcted to their full
extent on the radars, and their existence and in-

tensities were detected from maps of the hourly pre-
clpitation amounts.

In the second study a more objective analysis
was attempted by computing the varilance spectrum of-
the rainfall rates obtained from the fleld station
gauges. A sampling interval of 30 sec was vsed.
Techalques for computing aud Iinterpreting varlance
spectra are discussed in detall by Blackman and
Tukey (1958} and, especlally for geophysical appli-
cations, by Eddy et al. (1968).

3. ANALYSIS OF AREAL PRECIPITATION PATTERNS

The eight storms listed below were selected to



represent a varlety of storm types. In no case
was there speclfic knowledge of the precipitatic
pattern in a storm before 1t was chosen, nor was
any storm rejected because of the patterns Lt wa-
found to contain. The storm of 8 July 1963 was
divided into two portions as indicated,

.Date
29 August 1962
8 July 1963 {FF)

Synoptic type

Coastal lew (ex-~hurricane)

Occluded front moving eastward
from Great Lakes, prefrontal
precipitation

(F} Same storm, frontal passage with
squall line

Coastal low moving from south-
west with overland low to
west

Cyclone approaching from south-
west

Wave on statlomary front

Wave on stationary front

Low moving from Great Lakes re—
glon

Adr mass thunderstorms

18 May 1963

6 December 1962

17 September 1963
12 January 1963
2 February 1963

9 June 1965

A precipitation area 1.06l km2 or greater is as-
sumed to be assoclated with a synoptic-scale sys-
tem and 18 referred to as a synoptic area. A spot
with an area on the order of 10 km< is assumed to
represent a single cumulus convective element and
is called a cell, A mesoscale precipitation area
was therefore defined as one of intermediate size,
i.e, larger than 30 km? and smaller than 10% km2,

l°p N S —do mi
Fig, 1, Precipitation pattern for 0635 EST, 8

July 1963, Contours:

ol 1¢...), 2, 4, 8
and 16 mn hr-l,
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Early In the analysis, however, it became apparent
that some of the precipiration patterns contalned
areas of two distinct sizes, both within the meso=-
scale range. These patterns showed several small
mesoscale areas located within a larger but less
intense one, The definition was therefore amended
to distinguish between large mesoscale areas
(LMSA's) which cover 103 To T TmZ and small meso-
scale areas {SMSA's) which are 50 ro 10
area.
areas

n

Fig. 1 i{s an example of two large mesoscale
each of which contains several small meso-
scale areas and a number of cells,

Altopether, efght LMSA's, 25 SMSA's and 1235
cells were subjected to systematic study., Results
of the analysis are summarized below,

Number of SMSA's
o~
T

| N I

100 200 N0 400

Average area (mlz)

Fig. 2. Size diatribution of small mesoscale areas.

a. UOccurrence of Mesoscale Areas

Fach of the seven cyclonic storms contained a
synoptic area and many of the smaller-slzed ones.
The frontal band or squall line was of large meso-
scale dimension and contafned a number of SMSA's
and cells. The thunderatorm complex was a small
mesoscale area which contained a number of cells.
Within a precipitation area of any given scale,
areas of all the smaller scales were normally pra-
sent. The average number of SMSA's within each
IMSA at any given time varied from 3 to 6 with a
density of 1 to 2 SMSA's per 1000 km?. The number
of cells varied from 1 to 7 per SMSA at one time
with densities from 1 to 1{ cells for each 100 mZ,

b, Horizental Dimensions

An especially iInteresting result was that the
chserved size range for raln areas 1n each scale
was considerably narrower than the one defined.
Dimensions of cells are close te the limit of the
radar resolution and could not be exactly deter-
mined, but most of them seemed to be 5-10 km? 1in
area, For each mesoscale area, the slze was cb-
served at intervals during its lifetime and an
averape value obtained. Seventy-five percent of
the SMSA's were between 100 and 300 km< (Fig. 1).

All of the observed large mescscale areas were be-
tween 1300 and 2600 kmZ,

¢, Durations

Typically the cells lasted only a few minutes,
0.1 to 0,5 hr; the SMSA's 0.5 to 3.0 hr with a
median value of one houry the LMSA's 2-5 hr; and
synoptic areas longer than ten hours, One LMSA,
the frontal band, was observed for 12 hours. Thus,



within an area of any given scale the pattern of
smaller areas was constantly changing,

d, Intensities

Intensity of the precipitation in areas of any
scale varied considerably from storm to storm, but
thelr relative intensities were fairly consistent
as shown in Table 2, Rainfall rate increased by
approximately factors of twe from syneoptic arva
to LMSA to SMSA, while in the cells it was 2-10
times as great as In the surrounding small mesn-
scale areas, The actual amount of water deposited
by typical large and small mesoscale areas and the
percentages of it which came from various parts of
the areas are shown in Table 3, FEach type of area
accounted for significant parts of the total rain,

but the fraction within the cells was usually the
smallest.

a, Yertical Extent

Precipitation in the mesoscale areas was as-
sumed to extend as high as the weakest strati{form
echoes which appeared in the RHI patterns on the
same day. Since these echoes were detectable only
to very short ranges, measurements could not he
made in each specific mesoscale area. Vertical
extent of the cells was also observed from the EHT
displays; they were the same during any siongle
storm but varied considerahly on different occa-
sions (Fig, 3). 1In the thunderstorm s{tnations
the cells extended throughout the depth of the sur-
rounding precipitation and protruded above them,
while in the cyclonic storms they were caompletely
imhedded in the more widespread ratn,

f. Motions

Observed velocities of the small mesoscale
areas were the same as the average velocities of the
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Fig. 3. Diagram showlng for each storm the laver

containing the cells (shaded} and the layer of

lighter precipitation surrounding the cells {un-
shaded).
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_ Table 2,
Rainfall rates in mm hr-l for synoptic precipita-
tien areas (Rg), large mesoscale areas (Rpy}, small

mesoscale areas (Rgy), and cells {Rg) in each
storm. '

Date ks Rus  Rsy Re
29 Aug 62 0,53-2 5 19 15-20
8 Tul 63 (PF) 0. 5-1 2.5 5 10-40
18 May 63 0.2-0.5  12-3 5 10-15
b Dec 62 0,5-1 * 3-6 10-5%0
17 Sep 63 O-Trace 0.5=1 2 4-15%
12 Yan B3 0.5 * 1-2 -4

2 Feh p3 0.5-1 * 2-3 5-10

8 Jul 83 (F) none 0.5-5 5-25 20-1400
9 lun 65 none none 520 45-90

*Could not be determined

Table 3,
Water deposited by varlous parts of the mesoscale
areas,

Fim = average volume of water per unit
time from TMSA outside of SMSA's
and cells.

Pgy = average volume of water per unit
time from SM5A's cutside of cells,

P = average volume of water per unit
time from cells.

Units for total deposit: 107 m3 ae-l,

Date Large mesoscale areas Small mesoscale arcas

Total Ppy Poy Pe Total Pgy Pe

Deposit % % % Depeatit % =4

29 Aug 62 32,7 22 6% 9 8.0 91 9

2,2 75 25

8 July 63 10,4 51 44 5 1.8 87 13

(BF) 15.7 27 48 2% 2.1 72 28

18 May 63 10.4 52 42 6 1.7 94 6

7.1 33y 65 2 1.0 95 5

6 Deec &2 not determined 2.1 46 54

1.0 52 48

17 Sept 63 2.8 37 42 2% 0.6 17 23

.4 29 55 16 t.0 92 8

12 Jan 63 not determined 0.6 79 21

3.} 58 42

2 Feb 63 not determined 0.9 60 40

0.7 84 16

8 July 63 31,2 11 54 35 3.9 60 40
{F}

9 Jun 65 ne LMSA 3.7 37 63



cells which they contained, and were approximately
the same as the veloclity of the wind at mid-cell
height (+ 50Z in speed, + 25% in direction). Most
of the large mesoscale areas also exhibited the
same motions as the smaller areas within them,

Two of the IMSA's moved differently. These two
were bands whereas the others were all irregular
or blob-shaped. The motions of the bands appeared
to be related to those of the synoptic-scale sys-
tems with which they were assoclated,

g. Cell Characteristics

For cells there was a correlation between
depth, duration and precipitation intensity, with
5000 £t Iin depth corresponding to about 8 mm =1
in i{ntensity and 4 minutes in duration (Fig. 4).
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Fig. 4. - Relation between cell depth {Az), dura-
tion (At) and intensity (Rg). Each point repre-
sents an average cell 1n a particular storm.

Table 4.
Summary of characteristlcs of subsynoptic-scale
precipitation areas.

Large mesoscale

Small mesoscale Cells
areas {LMSA) areas (5M3A}
Qecurrence
Several within 3-6 within LMSA 1-7 within
synoptic preci-  SMSA
pltation area
Area
1300-2600 km2 250-400 km? 5-10 km?
Duratien
2-5 hr 1 hr 5-30 min
Rainfall rate
two times rate two times rate 2-10 times

in synoptic
area

in LMSA rate in SMSA
_ Vertical extent
Cyclones: envelops cells
Thunderstormg: not as high as
cell tops

3,000-15,000 ft
20,000-50,000 ft

Motions
Same as SMSA's
within it (ex-
cept for band
shaped LMSA's)

Same as cells
within it

Same as wind
velocity at
mid-cell
height
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The characteristice of preclpitation areas
of the various scales are summarized in Table &,
For each scale thelr dimensions, durations, and
general hehavior were rematkably similar even in

storms with widely differing precipitation rates
and synoptic characteristica.

Although there was some degree of subjectivi-
ty in the analysis and the number of storms some-
what 1imited, it is felt that the results are guf-
ficiently consistent to leave little doubt that
mesoscale precipltation areas of two distinct and
rather narrowly-defined sizes as well as cumulus~
scale cells occur in most storms,

4. VARTANCE SPECTRA OF RAINFALL RATE

Since within a given storm the subsynoptic-
scale precipitation areas tend to move with the
gsame velocity, one would expect that the record of
rainfall rate at a point would reflect the spatial
precipltation pattern, In particular, the variance
spectrum would provide infermation regarding the
regularity of the spacing between mesoscale areas
or cells, For thls analyasls seven storms were se-
lected which had rainfall records of ten hours or
more. What 1s obtained for each storm 1s a plot
of §, the normalized variance of rainfall rate per
unit frequency, versus the frequency, n, Amr exam-
ple 15 in Fig. 5. A flat or monotonically decreas-
ing spectral curve indicates that the process sam-
pled is random.
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Fig. 5. MWormalized variance per unit frequency,
S(n), versus fregquency, n, in cycles per hour for
storm of 10-11 November, 1969, Lower scale is
correspond ing wavelength in km.



A flatr spectrum Iindicates statistical independence
of samples at successive time {ntervals, while a
sharp upslope at low frequencies results from per-
sistence or continued autocorrelation of the fune-
tion over several lntervals. Departures from a
smooth curve, 1f they can be shown not to be
nerely sampling fluctuations, mean that the pro-
cess which has been analyzed contains periodic
functions as well as random ones,

Since the aim was to investigate the spatial
characteristics, the frequency n was converted to
a horizontal wavelength A, The appropriate con-
verslon for each storm was based on the motions
of mesoscale precipltation areag as shown by radar
and on the observed winds in the mid-low tropo-
sphere. These speeds differed considerably from
storm to storm and ranged from 10 to 40 m sec~l,

411 of the computed spectra slope upwards
sharply as A increases [n decreases) indicating
a high degree of persistence, or statistical de=-
pendence of successive 30-second observations, so
that practically all of the total variance 1s con-
talned by wavelengths of 5 km or greater, Each of
the spectra has a2 number of maxima in this wave-
length range as in the iliustratien in Fig, 5,
The statistical significance of the peaks in any
one storm was marginal at best, when Jjudged by
tests described by Blackman and Tukey (1958) and
by Eddy (1968), What was examined, therefore,
was the tendency for peaks teo occur at the same
wavelengths in different storms., Wavelengths at
which peaks occurred were rounded off to the near-
est 5 km and the number of peaks in each category
was plotted In a histogram (Fig. 6). The histo-
gram represents a weighted value rather than a
simple count of the peaks In the seéven spectra,
The weighting was needed because some of the peaks
were more prominent than others and also more.
spectral polnts are computed for a 5-km wavelength
interval at small wavelengths than at large ones,
as can be seen in Fig., 5, thus providing more op-
portunity for a peak to appear. Therefore, a peak
in a particular 5-km interval was given a welght-
ing directly proportional teo the width of the
peak and luversely proportional te the number of
spectral estimates in that 5-km interval,
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Fig. 6. Hlstogram showing whete spectral peaks
pceurred in seven storms,

In Fig. &, the two largest peaks are at A =
10 km and % = 25 km. These seem to be about the
right distances teo correspond to the spacings of
the cells and small mesoscale areas described in
the previous section, and suggest the pessibility
of a preferred spatial separation for precipita-
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tion areas of these scales, It should be noted,
however, that the distances involved correspond
to time f{ntervals over the rain gauge which are
comparable to the lifetimes of cella and meso-
scale areas, Thevefore the peaks In the spactra
imply a tendency for a new precipitation area to
develop upstream from & decaving one at the indi-
cated distance rather than for two areas to co-
exist with that distance between them, Any con~-
clusions must be extremely tentative, however,
untl]l more storms have been analyzed, and the im-
plications in the combipation of time and space

patterns sampled by the rain gauge have been exa-
mined more closely,

5. CONCLUSION

This study has shown that rainstorms, even
ones which differ greatly in intensity and general
overall features, such as sharply defined squall
lines and the rather amorphous widespread preci-
pitaticen in many coastal eyclones, all comprise
mesoscale areas and cumulus cells which have
tather well-defined charactecristics and behavior.
The vecognitien of such basic compornenta of pre-

cipitation areas is of considerable interest for
several reasons,

In the first place, it provides a method for
describing precipltation patterns in quantitative,
meaningful and precise terms., For example, the
synoptic-scale grid units are roughly 10° km? tn
area while significant features of the precipita=-
tion have dimensions as small as 1| km. Such fea-
tures can be observed with a properly instrumented
radar supplemented by several rain gauges with
good time resolutrfon., The precipitation pattern
can be described adequately and objectively by
giving the total amount of rain falling in the
area, the number, intensity and vertical extent
of large and small mesoscale precipitation areas
and cells and their general configuration. The
horizontal dimensions cf these areans and the fact
that elements of each scale are always located
within areas of the next larger scale has already
been established., Because of their transient
nature, the exact location 1s not of importance
except for very short-range lecal forecasts. BSuch
a deseription is clearly much more compact and is
also more Informative than a listing of the inten-
sity and height of precipitation echoes in each of

10 sguares, 1 lm* in area, and it has comparable
resolution,

Second, the ubiquity of mesascale precipita-
tion areas opens up new challenges for research
in precipitation processes because we do not know
of physical 1ifting mechanisms on this scale,
such as the larger-scale horizontal instability
which preduces broad areas of rising alr in cy~
clones ot the buoyancy which 1s respomnsible for
smaller-scale "bubbles" in cumulus convection,

Most fundamental, perhaps, 1s the aspect
polnted out earlier, the fact that the ability to
observe at least some of the effects of subsynop-
tic-scale atmospheric motions in precipitation
patterns provides a feasible approach to the pro-
blem of considering thelr significance in the an-
tire spectrum of atmospheric motions and the

transfers of energy and momentum from one scale
to another,
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