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ABSTRACT

The purpose of this study is to determine the general
characteristics of mesoscale precipitation patterns in the
central N~ew England area. Sixty-four storms were selected
for which the radar data clearly indicated one of three
pattern types. These included 28 area patterns, 24 bands,
ano 12 "miscellaneous" oatterns. Quantitative radar obser-
vations and hourly 'precipitation amounts from a network of
recording rain gauges provided the basic data. In addition
to the pattern type, the following quantities were computed
for each storm to depict tne precipitation within a radius
of 80 miles from' Cambridge, Massachusettss total amount of
water deoosited during storm and also the maximum amount
deposited within any single hour; maximum precipitation
rate observed at any point; durations and dimensions of
precipitation areas and bands. The characteristics of' the
groups were then compared.

Some of, the characteristics (total amount of water
deoosited and maximum intensity over the 80-mile circle)
were aoproximately the same in magnitude, while others
(maximum intensity at a point, total duration of precipi-
tation within observed area, and spatial distribution of
total w~ater) showed sionificant differences. The larger-
scale weatnIer systems related to the precipitation patterns
were investigated, and it was found that area patterns were
most often related to coastal low oressure systems and that
Dano oatterns were most often associpted with cold front
oassace. Significant differences in the seasonal distri.
butions of the three groups existed but because of the
method of selection of the Storms, little can be said about
the probability that all N~ew .E-noland storms would show the
same distributions.

Thesis Supervisor: Pauline fl. Austin
Title% Research Associate
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I INTRODUCTION

A detailed knowledge of the mesoscale precipitation

patterns associated with larger-scale synoptic situations

would be of considerable interest in the study of precipita-

tion physics and small-scale atmospheric circulations. In

addition, such knowled Ige would be of help in making local

forecasts. The actual structure of mesoscale systems and

the characteristics of' the associated precipitation patterns

are known only in the most general way. For example, it is

recognized that summer disturbances are likely to produce

convective storms which contain relatively high intensity

precipitation over small areas, whereas winter disturbances

more frequently produce stratiform-type storms which spread

low-intensity precipitation over relatively large areas. On

the other hand, little is known about such characteristics

as the actual dimensions of the precipitation areas, the

actual variation of intensities within them, or the total

amounts of water deposited over areas of various sizes; no r

is the relationship betwEen these characteristics and the

larqer-scale parameters well understood.

There has been relatively little investigation of' this

Question on a broad scale. Plesoscale observation networks

have been inaugurated for limited areas of the country by the
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National Severe Storms Project (Fujita, 1963), but the data

from these networks are primarily thunderstorm data and do

not cover other types of storms in a representative way.

Also, such networks cover surface data only. Radar has the

advantage of being able to scan in three dimensions over a

range sufficiently large to be useful in mesoscale pattern

studies and has been used extensively in Qualitative investi-

cqations. However, only recently have there existed sufficient

quantitative radar date to permit a nuantitative study of

mesoscale precipitation patterns.

Previous studies of mesoscale precipitation patterns

have tended to concentrate on a few storms of a particular

type. Swisher (1959) investigated rainfall patterns of five

instability lines in N'ew England by using a combination of

radar data and reports from the U.S. WJeather Bureau rain-

nauee network. He found that such storms tend to intensify

in the area of the Berkshires to the Connecticut River and

dissipate as th-ey move eastward toward the coast. This study

was Extended by Cochran (1961) who made a numerical study of

nine squall lines with a Isovino orid. He found two modes of

squall line development utno detectable difference between

them in the associated synoptic conditions. Stem (1964) used

a 10 cm radar in con'junction with synoptic data to study

seven thunderstorm situaticns. He was primarily interested

in the internal structure of individual thunderstorms but

also included consideration of the mesoscale patterns and



their environment. In particular, his investigation pointed

up the tendency of thunderstorm complexes to form or persist

in areas of larger-scale convergence associated with frontal

zones or sea breezes. N2oel and Fleisher (1960) applied a

screening and multiple regression technique to investigate

the linear predictability of stratiform precipitation patterns

as depicted on a radar scope. From a study of ten storms

they found that predictors selected by the screening process

gave a mean reduction of variance significantly larger than

that obtained by either persistence or advection alone. How-

ever, this statistical study of predictability provided very

little information on mesoscale precipitation patterns as

such. Boucher and WJexler (1961) investigated the prediction

from radar observations of behavior of precipitation lines,

and Boucher (1961) later extended the study. to precipitation

areas. Both studies., in which AN/CPS-9 Plan Position Indica-

tor (PPI) normal data were used, were concerned primarily with

motion and'duration and gave no information on intensities

and internal structure of the echoes. Finally, Taylor (1962)

made a study of storm water budgets to determine whether

stratiform or convective storms were more efficient in pre-

cipitatino out the availablp water. He used both radar and

rain-cauge network data to determine the precipitation in a

fixed volume of atmosphere through which the storms passed.

Consideration of two convective and three stratiform storms

indicated that the stratiform type wjas more efficient in

precinitatino the available water tiujith about 17 per cent

compared with ID-6 per cent for the convective type.
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The purpose of' this study is to find objective criteria

by which mesoscale precipitation patterns in the eastern New

England area can be recconized and characterized. The storms

studied were first classified with respect to pattern on the

radar scope and then, within the pattern class, wuere grouped

according to their simzilarity with respect to such mesoscale

characteristics as total amount of precipitation, the dimen-

sions of precipitation patterns, the intensity distribution,

and the duration of the precipitation in the area. They were

also grouped accardi-n to-larger-scale synoptic characteristics

such as the type of front in thze area, distance from and type

of low center associated with the precipitation pattern, air

mass disturbance, and immediate history of the stormn. Each

of the mesoscale oroups is compared with the others and with

the synoptic proups, and any interdependence of the mesoscale

characteristics or dependence upon the larger-scale synoptic

patterns is assessed.

The mesoscale characteristics were obtained from both

radar and rain-auoe data. Both suffer certain limitations

in defininq the am~ount and distribution of precipitation over

a given area, but the limitations 3-f one cover different

parameters from those of the other so that, in most cases,

the radar and rpin-gauge data tend to supplement each other.
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11 DATA AND rNETHODS OF AN~ALYSIS,

A. Radar Measurements

Data

The radar data used in this investigation are in

the form of integrated, range corrected, iso-echo contours

observed with the PA!/CPS-9 and SCR 615-3 radars located at

the Plassachusetts Institute of Technology and operated by

the fM.I.T. Weather Radar Project. The pertinent basic radar

parameters for each radar are listed belows

prN/CPS-g SCR 615-B

W~ave length 3.2 cm 10.7 cm

Beam width (between0
one-half power points) 10 3

Pulse length 600 m
(for long pulse) 450 m

Antenna gain 41.6 db 33 db

Transmitted power 250 kw L-r5(] kwi

The SCR ElLS-B is used primarily in summer convective storms

since at its relativiely long uwavelenkath the radiation is not

subject to attenuation by rain. ThI r/- is usdprmr

ily in winter stratiform situations w!4iere greater sensitivity
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is needed and the possibility of attenuation is greatly

reduced.

Kodaira (1959) has described the instrumentation for

the iso-echo contours for which the signals are range-

corrected and the audio frequency fluctuations are averaged

out. ThesDe contours may be displayed directly on the PPI of

either the 5CR 615-B or AT"/CPS.-9 radars and photographed on

3S mm film. A cinematograph camera with an automatic step-

pino switch changes the intensity level every second scan of

the antenna and provides a complete sequence of iso-echo

contours every three o~r four minutes. There are approximately

five db between the threshold.values of intensity levels.

Interofetation of Radar Data.

For rance-corrected siQnals each intensity corres-

ponds to a definite radar reflectivity per unit'volume,

denoted byl' , which is defined as the sum of the back

scattering cross-sections of all the particles in a unit

volume of atmosphere. The radar e~uation in abbreviated

form is:

=

where is avera-nE returned power, r is range, and c is ar

constant which deoends on the radar parameters. From a care-

ful measurement of the parermeters of the RN/CPS-9 and SCR 615-6

radars at M.I.T., Austin 2nd Ceotis (1960'-') havie shown that

v'alues ofj measured by these radars are accurate to 3 db or

less.
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The relationship of qto rainfall rate R is usually ob-

tained throuch the use of the radar reflectivity factor, Z,

which is def ined as

Z=

where n. is the number cf carticlEs of diameter d per volume.

For non-spherical particles a'. represents the diameter of

spheres of mass equal to that of the ncn-spherical particles.

If the scatterers are small, 7 and 'I are related by the

expression 
TjE 11%7

where A is the wave length of the radar radiation and E£ is

the complex dielectric constant of the scattering particles.

The parameter Z is not uniquely related to the precipi-

tation rate, but a number of measurements of particle size

distributions in na-tural precipitation have provided usefUl

empirical relations, some of which have been summarized by

Batten (191-9). frarshall and Palmer (194E) sugested a rela-

1.
tion of Z = 200 R whe r e R is in rnm/hr, and where the scatter

&f Measured poiLnts wes about -I dL. This relationship was

SEleoted for the present study as b-Eino n1foF't representative

for a large variety of storas. For the above relation, an

interval of' S db 'betwEen trhreShold values of the intensity

levels corresponds to factor of two in rainfall rate between,

one value and tLhe next. Also, the combined uncerteinties in

the Measurement ofj , deductio-n of Z, ;End application of the

Z-9 relation indicate that trhE limiMt o-f accuracy obtainable
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in rainfall rate measurements by the MfY/CPS-9 and SCR 615-8

radars can be expected to be roughly a factor of two.

It should be mentioned here that the relation Z = 200 R.

applies only to rain. A satisfactory expression for snow has

not been found but Batten's summary indicates that the range

1.6a 2.0
is from 600 R to 2000 R *For the sake of convenience,

both rain storms and snow storms are treated in the same way

with respect to refllectivity. If 7 = 200 R 16is used for

rain, then

However, the factor f~~j'is 0.93 for water but only 0.20

for ice. Therefore, if the same constant is used fcr dry

snow as for rain, the following Z-R relation is implied:

z~ 10OQa 1

Thus, for convenience and eaSE ;F nF lysis the expression

Z =20 R .6is used for rain and Z = 1000 . su o

snow. As a check, a comparison of radar values of precipi-

t[ation rate obtained fromn these relations with actual rain-

oQ=ucie measurements is made for each storm.

B&cau'se of uncertaintieF in the composition, size, and

shape Af the hydrometeors obs-erved, radar observations cannot

be considered as direct measurement-, of' Z and R. Therefore,

values of the !-e nuantities which are deduced from measured

radar reflectivities are desinnated Pruivalent reflectivity

factor and enui~valent precipitation ratEs, dePoted Z.and-i

respectively.
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mriethod of-Anal-ysis

In order to obtain a quantitative representation

of the intensity levels the filmed data were reduced at ten-

minute intervals to digital maps which represent the display

in terms of average intensity level in 5.x 5 mile squares.

Fig. 1 shows for 0G5730, 20 Plarch F-, the actual pictures of

the ANJ/CPS-9 scope at various intensity levels from which

the digital maps were obtained. Such a map is shown in Fig.

2. This was accomplished by projectinc the sccpe photographs

upon the prids and marking the appropriate intensity numbers

in each square.

There is a certain amount o f subjectivity in determining

the averaoe intensity level for small echoes, especially for

those which straddle two cri d squares, but this was reduced

as much as possible by setting up rules for approx'imations.

For instance, if a square is half filled or more at any level

it is corsiuCered to be totally filled, but a square less than

half filled is considerEd to be-empty; if a small echo

straddles two or more scuares it is reccrded in only one,

and so forth. ItL i_- Lelieved that random subjective tracing

errors tend to cancel out.

A receiver calibration was made at the time of ech-

observation. The calibration data w ere plotted as a series

of curves representinc the m~inimum oower returned for each
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L-2 L-3

L-4 L-5

Fig. 1. Photographs of iso-echo contours on PPI, levels
2-5, taken at 0530 EST on 20 Mar 63. Range markers are at
20-mile intervals.
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intensity level as a fun ction of range. The graph was com-

pared to a standard graph computed from the ra-dar equation

with equivalent rainfall rates based on the relation

Z = 200 R1 96 (Z = 1000 R 6for snow). This procedure gives

the correspondin,,J equivalent rainfall rates of the successive

intensity levels for each observation in terms of 0.25, 0.50,

1, 2, 4, F? mm/hr by factors of two up to 500 mm/hr. These

specific values were assigned so that one storm could be com-

pared with another, but this procedure may have involved some

errors if the thresholds were not at just the right place.

Some of the values were rounded off for computational conven-

ience. Fin. 3 shows the theoretical graph- and a calibration

graph taken from an actual observation. As can be seen in

the actual calibration, the threshold values of the intensity

levels are not always 5 db apart, thus requiring some of the

levels to be'combined in assigning equivalent rainfall~rates.

The eouivalent rainfall rates wvere used to determine intensi-

ties and anounts of orecipitation and to compare the radar

data with the rain-gauge data.

The effective range of the radar depends upon the inten-

sity and height of the precipitation and, thus, varies con-

siderably from storm to storm. Th)e actual range of the scope

is 120 miles, but under the best conditions precipitation

measurements with the two radars used in this study appear

to be realistic to a ranae of no more than 80 miles. In some

storms factors such as limitations of detectability o r intru-

sion of the meltino layer into the beam restrict the useful
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Noc. 3. theoret6ical and actual (21 M'arch 63) calibration
curves for the AN/CPS-9 radar. Values of returned
power in the calibrations reflect a 50 db cable loss.
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range to only 30 or 40 miles. For the present study, a circle

of radius 60 miles centered at Cambridge, Massachusetts was

considered for the purpose of measuring the total water and

a range of 120 miles for the oualitative definition of pattern,

etc.

Because the radar is blocked by higher buildings in the

southeast quadrant, data in a sect or from 100 0 to 200 0were

Excluded. Also, several thin smokestacks to the north seri-

ously affect echoes on the AtN/CPS-9 but not on the 5CR 615-B

which has a wider beam. Thus, for the AN/CPS-9 only, data in

a sector from 360 0 to 230 were also excluded. The positions

of these 'shadow" areas are indicated in Fig. 2.

From the digital maps the following information was

tabulated:

a. Pattern. The three types Of pattern were

desionated area, band, and miscellaneous. In cases of band

precipitation, both the number of bands and their orientation

were noted.. In cases of area type precipitation, the number

and orientation of the areas, if they were elongated, were

noted.

b. L2irensions. The dimensions of the principal

precipitation areas were noted where possible. In most cases

the maximum values of the dimensions during the observation

were those recorded.
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c. Maximum intensity at a _point. The highest

intensity of precipitation reached by the storm at a point

within effective range of the radar was obtained; this was

taken to be the thioahest equivalent rainfall rate found in

any 5 x 5 mile square outside th~e shadoiw sectors. In some

cases, especially in the area patterris, if the hichest inten-

sity appeared extremely isolated or possibly spuricus, the

next highest equivalent rainfall rate wias taken as being more

representative.

d. Intensity distribution. Histograms of inten-

Sity distribution corresponding to various times during the

radar observation were made. These were obtained from the

total number of squares in each intensity contour level for

all1 the levels at the time of the digital map.

Limitations

It has already been noted in the Introduction that

one advantage of the radar is that it is ab-le to scan in three

dimensions. The radar also has the advantage of complete

coveraoe and hioh resolu~tion in both time and space.

Cr thE other hand, the radar suffers from some definite

limitations. The relation Z7 200 R 1.6 is empirical and does

not necessarily apply to all types of precipitation. There

is considerable doubt about the validity of 7 200 R 16for

some coastal storms off N~ew England, especially those which

occur in the fall as they appear to contain smaller drop sizes
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than other types of storms in other seasons. In such cases,

the radars see much less rain than do the rain gauges. Also,

a Z-R relation for snow has not been satisfactorily estab-

lished, and the assumed expression, Z = 1000 R1 .6 ,is more

expedient than reliable.

Horizon and range effects also limit the radar data.

The-hills around the Boston area raise the horizon to about

0.5 and thus make it necessary to run the radars at a 1 0

elevation angle. As the range increases the volume sampled

by the radar increases with size and is at a higher elevation

as shown in Fig. 4. At 1 0elevation the center of the radar

beam at 60 miles is 7300 ft above the surface, at 80 miles

is 10,500 ft, and at 120 miles is nearly 18,000 ft. This may

mean that in many winter stratiform storms at medium ranges

the beam is above the main precipitation. It also may mean

that in some cases the radar may see precipitation aloft at

higher levels that is not representative of what reaches the

ground.

Attenuation represents a serious limitation to short

wave length radars such as the AN/CPS-9. Gunn and East (1954)

have shown that 3.2 cm radiation would suffer a 90 per cent

power loss in each round trip mile traveled in 100 mm/hr rain,

whereas 10 cm radiation would suffer only 2.3 per cent. Thus,

radiation from the AN/CPS-9 can be easily attenuated, either

by high intensity precipitation for short path lengths or by

moderate intensity precipitation over long path lengths.
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Fig. 4. Curves showing position and spread of radar beams
at elevation angle of 10. Radar horizon is at 0.50
because of low hills in vicinity.

Therefore, the AN/CPS-9 is used much more extensively during

the winter when precipitation is relatively light and attenu-

ation causes little difficulty. On the other hand, the

SCR 615-B is generally used in the spring and summer when

high intensities make attenuation of the AN/CPS-9 a much more

serious problem.

While the SCR 615-B is not troubled by attenuation, it

does lack resolution and sensitivity. The relatively wide

beam causes uncertainties in deducing dimensions of the pre-

cipitation areas, especially at large ranges. The lack of

sensitivity, on the other hand, causes light precipitation
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to go undetected completely, and even moderate precipitation

may be missed except at short ranges. The minimum detectable

signal varies from one observation to another. In general,

the SCR 6-15-B detects 8 mm/hr to about 60 miles, 4 mm/hr to

about 40 miles, but rarely detects 2 mm/hr at any range.

Finally, there are some limitations in the time coverage

by the radars. They were not always operpting for the full

duration of a storm, and there were occasional interruptions

in the PPI display while Range Height Indicator (RHI) pictures

or other measurements were being taken.

E. Rain-Gauge Date

Date

The rain-gauge data used in this study were obtained

from a network of 69 gauges located in central and eastern

New England within a range of 120 miles from Cambridge, Mass.

The records from these gauges are summarized by hour, day and

month in pamphlets published by the U.S. WJeather Bureau.

Fig. 5a shows the locations of these gauges. In order to

have nuantities comparable with those of the radar, the rain-

gauge network used wa limited tc 80 miles (39 cauges) for

cuartitative measurements and 120 miles for qualitative

considerations.



.. ...... Z 6CI

~7'

Fig.' 5a. Map of rain gauge
stations reporting hourly
amounts in New England.

.

.2..144
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b. Example of computer out-
put for 1000 EST, 10 Nov 62
showing hourly rainfall in
inches and total water de-
posited within 80-mile
circle.

c. Digital map of radar
echoes on AN/CPS-9 at 0910
EST, 10 Nov 62.

40f
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Analysis

A computer program was written to plot data from

the 120-mile network on hourly maps and to compute the total

amount of water deposited within the 80-mile circle for the

hour. Such a map, which includes the total water for the

hour, is shown in Fig. 5b. Similarly, maps were plotted for

24-hour rain-gauge total amounts, and the 24-hour total water

for the circle was computed. Since the gauge density varies,

the hourly amounts of each gauge were weighted for the total

water computation by the area the -gauge b-est. represents.

This area was determined by the use of irregular polygons

formed from perpendicular bisectors of lines drawn from each

station to adjacent stations. A sector of the circles from

600 to 1600 was omitted because there are no rain gauges over

the ocean. Fig. 5a shows the position of this sector. The

size of the sector is the same as the southeast "shadow" used

for the radar data, although not exactly in the same location.

Thus, the areas defined for rain-gaune and radar computations

are made comparable, though not identical (see Fig. 2).

From the rain-gauge hourly date the following information

was tabulated:

a. Pattern. In the cases of stratiform precipita-

tion, the number of major areas and their orientation, if any,

were noted.
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b. Dimensions. The dimensions of the major pre-

cipitation bands and/or areas were recorded, where possible.

Maximum values were used.

c. Total water. The tot; 1 water dpcsited by the

entire storm within the 80-mile circle was recorded. Also,

a histogram of the hourly distribution of the total water

was made. An example is shown in Fig. 6.

d. Maximum intensity over the entire £0-mile area.

This was taken to be the highest peak of the areal intensity

histogram in cubic meters of water per hour (see Fig. 6).

e. Maximum poirt duration of continuous precipita-

tirn. This was defined to be the maximum length of time any

gauge received continuous measurable precipitation. It is

used as a measure of the uniformity or continuity of the

precipitation.

f. raximum total duratior cf precipitation at a

point. This oUantity was defined as the maximum length of

time from the start of measurable precipitation at any sta-

tion to the final end of precipitaticn at that station.

This may cover periods of tinie when nc precipitation was

recorded at the station.

0. Total duration of precipitaticn within the

SC-mile area. This is the total duration that precipitation

existed anywhere within the 80-mile area.
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Fig. 6. Histogram of hourly areal intensity (total deposit within 80-mile
circle) for 19-20 October 60.
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Limitations and Approximations

The major limitation of the rain-gauge network is

lack of sufficient coverage. This situation is aggravated

by the wide variation in the spacirn of the gauges. It is

particularly unfortunate that so few stations are within a

range of 30-40 miles of the redar (see Fig. 5a). As a result

of the poor resolution and irreCular cauge density, individual

convective cells and even convective cell complexes can move

between the quges without hittinq thcm in a reoresentative

wey, and in some cases without hittinQ them at all. Since

the aree renresented by each gauge is not equal to the area

represented by other gauges, the gauges in less dense areas

nay make spuriously high contributions to the computed total

water if one of more of them is hit by a small intense storm

or cell. Here, the radar is valueble since it views continu-

ously over the entire effective range.

Errors nay also arice as a result of approximations made

to facilitate the total water comnutation prooram. Sometimes,

perticularly during snw storms, one *r ; re g e reported

e total precicitation amount for the entire storm or For E

numbtr of hours rather then hourly imounts. In these cases

the total es divided evenly over the dicated (by an Ester-

isk in the date) hours. At other times F dash was inserted

for each hour e gauge received precipitation hut neither

hourly nor final totals wEre given. Here, wherE the dashed

hours were corsistent with the pre-ence of precipitaticn in
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the general area (as indicated from nearby stations) a value

of .01 inch was inserted. Both of the latter procedures may

result in distortions of the hourly distribution of total

water as computed by the machine, but it is believed that

the approximations are better than none at all.

C. Comparison and Combination of Radar and Rain-Cauge Data

Point and Area Comparisons

Both the radar and the rain-gauge data were used

to check and to supplement each other because of the limita-

tions and many possibilities for error when either set of

data is used alone. First, the radar data for each observa-

tion were compared with the corresponding rain-nauge data

point by point. Such a comparison indicates the extent to

which the radar ,and rain Qauges agree. If there was signif-

icant disagreement, the reason was sought. This procedure

consisted of taking for each hour a representative 2ample of

gauges and comparing the amount of precipitation reported by

each gauge with the amount indicated by the radar for the

x mile square in which the gauge was located.

When the point by point comparison indicated either

general agreement (defined to be tithin a factor of two) or

random disagreement with no tendency for either radar or rain

gauges to read consistently high or low relative to the other,
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the equivalent rainfall rates assigned from the calibration

were considered reliable, and the total water and intensity

distributions were computed. In those cases, where the radar

consistently indicated either greater or lesser amounts then

the rain gauges by at least a factor of two, the equivalent

rainfall rates were adjusted to agree with the oauges. In

such cases, the computation of total water was done solely

from the rein-gauoe data. It was assumed that either the

Z-R relation which was used was not applicable or that the

precipitation sampled by the radar was not reoresentative of

that reaching the surface, and that under these conditions.

the radar could not adequately measure precipitation amounts.

The rain-gauge data served as a check upon the radar's

effective range while the radar data provided information on

intense areas that were smaller than could be resolved by

the rain-oauoe network. In ceneral, it has been found that

in stratiform situations where there is relative uniformity

of precipitation in the horizontal, but where there is rapid

variation in reflectivity with height, the rain gauoes give

more relieble date since the radar is often severely limited

in range. Figs. Eb and 5c show a comperison of a digital map

and the associated rain-gauge hourly map for 0900-1000 on

10 November 62. The effective range of the radar is only

50-60 miles wherees the gauces indicpte precipitation much

beyond but yet within the radar's mechanical ranne. On the

other hand, in convective situations where the horizontal

dimensions are relatively small and vertical uniformity is
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relatively large, the redar date are more reliable than the

rain-gauge data since the rain-gauge netwcrk lacks sufficient

resolution.

While it may be recognized that band patterns are most

often associated with sumner convective situations and area

patterns with winter stratiform sitLations, use of these

relations in an exclusive menner is to be avoided. It is

recognized that many stratiform storms have convective ele-

ments within them and that many area patterns represent

precipitation that is convective in part. In a similar

fashion, many band patterns may be ccmposed of or include

stratiform ElEments. Further research in the details of such

relationships is needed but is beyond the scope of the present

investigation.

Summary of Charecteristics to be Cbtained from Radar and

Rain-Gauge Date

Listed below is e summeary of those craracteristics

to be obtained from the radar date, rein-Qauge data, and from

a combination of botht

Radar only

1) Vaximum intensity at any point 5 x 5 mile
square within the effective range.

2) Intensity distributions during the observation.
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Rein-oeugeonly

1) Maximum intensity over the 80-mile circle
with the deleted segment.

2) Maximur duration of continuous precipitation
in the area.

3) Maximum total duration of precipitation at a
point (gauge).

4) Duration of precipitation anywhere within the
SO-mile cir~cle.

Radar and rain-peuge combined

1) Dimensions of precipitation areas.

2) General intensity of precipitation areas.

2) Time distribution of total precipitation
intensity during the storm.

4) Total water for entire storm within a range
of 80 miles.

5) Any information on the validity of the Z-R
relation used in this study.

It might be added here that sometimes one kind of data

(radar or rein-gauge) may be better suited than the other

for the determination of one or more of the first four char-

acteristics under the reder-rain g2uoe combination.

D. Synoptic Date

Data

The regularly transmitted facsimile and teletype

data were used to study the large-scEle synoptic features

associated with each mesoscEle precipitation pattern.
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Emphasis was placed upon surface facsimile data with 500 mb

date used as a supplement. Gaps in the surface facsimile

data were filled in by hourly teletype data and U.S. Jeather

5ureau daily surface maps. The hourly date were sometimes

used to obtain terperature and precipitation conditions

during winter storms.

Analysis

The storms were grouped, according to their synop-

tic features, as frontal (cold, warm, occluded, and stationery

fronts), air mass disturbances, overland low pressure centers

and coastal low pressure centers. These features were

assumed to bE the cause of the precipitation in ouestion.

The recent history of each disturbance was noted, as well as

the distEnce of the low pressure center, when appropriate,

from the rader. The synoptic groupings were then compared

to those obtained from the radar end rain-nauoe data to dis-

cover what relation, if any, exists between them.

Limitations

t must be borne in mind that the temporal and

spatial resolution of the synoptic data is, on the whole,

nuite Poor. The surface facsimile and U.S. Weather Bureau

daily maps were evailable for 12 hourly intervals only, as

were the 5OC mb charts. The poor spEtial resolution is

inherent in maps of large scale and may cause uncErtainties
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in the precise lccaticn of the features in question. When

mesoscale systems are involved this may become important.

E. Data Selection

Since the purpose of this study is to seek relation-

ships between the mesoscale patterns and precipitation amounts

on the one hand and the macroscale characteristics on the

other, storms for this study were chosen on the basis of

pattern displayed by the rader. It was necessary to select

those situations where the radar showed a fairly good coverage

out to 60-60 miles. Such a criterion is inherently subjective

and was applied with verying.degrees of rigor to different

types of patterns. Thus, patterns selected as areas were

required to be moderately continuous during at least part of

the observation, whereas -band type patterns were required to

be fairly continuous within the band pattern and to move

throuoh the 60-mile rance area for a considerable distance

during the time of observation.

Of the radar data available in digital maps, 71 cases

met the above conditions and uere divided into four groups

by pattern: 1) bands or lines - 24 cases; 2) fairly wide-

spread and continuous areas centered more or less over the

radar durino the major portion of the observation time

(representing predominantly stratiform type patterns) - 28

cases; 3) moderate size continuous areas not centered on the

radar for all or most of the observation time - 10 cases;
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and 4) miscellaneous cases that appeared either to be a

combinaticn of the other pattern types or not to fit any of

them at all - 12 cases. The latter two cateoories contain

relatively few storms and represent less well-defined patterns

than the first two. Hence, the bulk of this study is con-

cerned with the first two groups and involves 52 cases of

mesoscale precipitation almost eoually divided between bands

or lines and areas as seen on the radar scope. Some investi-

getion of the miscellaneous group was made for comparative

purposes.
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III AREAS

A. Intensity and Amount of Precipitation

The results of the computations for the area pat-

terns (see Fig. 2 for a typical radar area pattern) are

summarized in Tables 1-6. In all of the tables the storms

are listed in descending order of total water to indicate

more e.asily the relation, if any, between total water and

the other variables. Table 1 indicates the total water,

maximum intensity at a point (maximum point intensity) and

maximum total areal intensity for each storm. As defined in

this study, the total water is the amount deposited during

the entire storm within a range of 80 miles from Cambridge.

Actually, a sector of 100 degrees is omitted from this cir-

cular area. For results based upon rain-gauge measurements

the sector is due east over the ocean. For radar measure-

ments the omitted sector is the southeast quadrant. Total

area with the 100-degree sector omitted is approximately

10 2
4 x 10 m . Table 1 indicates that the values of total

8 3
water range over an order of magnitude, from 11.8 x 10 m ,

8 3
or a depth of about 30 mm, to 1.5 x 10 m , or a depth of

about 4 mm. As the storms are listed in the table there

appears to be a fairly even distribution from highest to

lowest values.
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TABLE 1.

TOTAL WATER AMOUNTS AND INTENSITIES FOR AREA STORMS

Maximum
Point

Intensity
_(mm/hr)
4-8 15-30

Maximum Total
Area Intensity
(m3/hr x10 7 )

0-6.9 7.0-13.9 >13.9

6.2

5.7

12-13
10-11
19-20

6

23-25
19-20

12
21

8-9
18

2-3
11-12

10-11
1-2
19
10

26
20-21
19-20
15-16

12
22-23

11
13

17-18
14
11

3-4

Date

Total
Water

(m3x10 8 )

11.8
11.6
11.0
10.8

10.7
9.7
9.1
9.1

8.6

9.9
23.9

15.6

Mar
Nov
Oct
Mar

Oct
Feb
Feb
Dec

Mar
May
Feb
Dec

May
Mar
Feb
Nov

Feb
Mar
Jan
Jan

Mar
Feb
Jan
Mar

Apr
Jul
Jun
Jun

5.9
2.5
3.6

15 3.0

3.5
5.7

15 5.1

3.4
3.1
2.9

30 3.0

63
63
62
60

12.8
10.8

7.9
12.4

9.6
10.8

7.1

11.1

7.2
7.1

7.8

8.4
7.6
6.7
6.4

6.1
6.1
5.3
5.0

4.9
4.5
4.1
3.4

3.2
3.1
3.0
2.1

1.7
1.7
1.6
1.5
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The maximum point intensity is the highest equivalent

rainfall rat& found in any 5 x 5 mile square outside the

radar shadow areas. It represents an instantaneous rate and

was based upon radar data since the gauges give only hourly

amounts and also lack spatial coverage. The intensities

range from 4 to 30 mm/hr with from 4 to 8 mm/hr being heavily

favored (19 out of 28 cases). It is good to remember that

since the values of the assigned equivalent rainfall rates

differ by a factor of two, there is a fairly large margin of

error for each value. Fig. 7 shows the distribution of the

storms over the range of intensity and also the seasonal dis-

tribution for each intensity. The indication is that the

late winter storms produce lower maximum point intensities

(4-8 mm/hr) than storms at other times of the year. This may

be due at least in part to the fact that the late winter

storms tend to be snow storms which are usually lighter in

intensity than rain storms because there is less available

moisture in cold air. See Fig. 15 for a seasonal distribu-

tion of the 28 area patterns.

Whereas the maximum point intensity represents an

instantaneous precipitation rate at a point, the maximum

areal intensity is the maximum amount of water deposited

over the 80-mile area within one hour and is taken to be the

highest value on the areal intensity histogram of each storm

(see Fig. 6).. This intensity is based upon the rain-gauge

data because the effective range of the radar was, in many

cases, less than 80 miles. Table 1 indicates that the range
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of maximum areal intensity is quite large but that most of

7 7 3
the storms fall between 3 x 10 and 12 x 10 m /hr which

corresponds to a depth of 0.7 to 3 mm over the whole area.

The case of 10-11 November 62 appears to be unusual in that

an extensive area of very heavy rain moved through central

New England over a period of four hours causing an extremely

high value of total water for those hours.

The seasonal distribution of the storms with respect to

maximum areal intensity generally follows that of the maximum

point intensity but somewhat less sharply, as shown in Fig. 8.

Of the 21 storms with lowest areal intensity, 14 were storms

in January through March.

From Table 1 there appears to be some relation between

total water and maximum areal intensity but very little rela-

tion between total water and maximum point intensity. The

higher intensities cover relatively small areas and appar-

ently do not represent a major contribution to the total

water. Fig. 9 shows distributions of intensity as shown on

the AN/CPS-9 radar at various times during observations on

1-2 March 63. Only the area within the radar's effective

range (with the shadow areas omitted) is represented in the

histograms and thus may be only a small part of the total area

of the 80-mile circle. The effective range on 1-2 March 63

was about 70 miles. The range of intensity is small, and

fairly uniform precipitation is indicated by the areal pre-

dominance of one or two intensity levels.
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B. Duration

Tables 2 and 3 summarize the results calculated for

the characteristics relating to the duration of each storm.

The duration characteristics described below were computed

from the rain-gauge data alone because the radar's range was

limited. Table 2 shows the total areal duration for each

storm which is the total time that precipitation existed any-

where within the 80-mile circle. This includes hourly precip-

itation amounts of 0.3 mm or greater. The storms are spread

out over quite a large range of total areal duration, varying

from 8 to 48 hours. Fig. 10 represents the distribution over

this range and indicates a peak at 16-19 hours. However, such

a peak represents only 25 per cent of the storms considered, End

a larger sample is needed to determine whether it is significant.

One cause of such a wide range in the total areal dura-

tion appeared to be the fact that some storms consisted of a

major precipitation area preceded or followed by small areas

or spots, usually of intensity less than 1 mm/hr, that per-

sisted for some time. Such persistence of very light precipi-

tation added to the total areal duration in a way that may not

be really representative of the storm. The principal areal

duration, defined to be the length of time that precipitation

of at least 1 mm/hr existed within the 80-mile circle, was

considered to be a more reliable estimate of the true length

of the storm. The results are shown in Table 2, and the dis-

tribution is shown in Fig. 11. Most of the storms fall into

a range of 8-27 hours with the peak again falling at 16-19
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TABLE 2.

DURATIONS WITHIN 80-MILE CIRCLE FOR AREA STORMS

Total Area
Duration (hours)

Principal Area
Duration (hours)

8-15 16-27 >27 8-15 16-27

12-13 Mar 62
10-11 Nov 62
19-20 Oct 60

6 Mar 63

23-25
19-20

12
21

8-9
18

2-3
11-12

10-11
1-2
19
10

26
20-21
19-20
15-16

12
22-23

11
13

17-18
14
11

3-4

Oct-60-
Feb 63
Feb 63
Dec 60

Mar 61
May 63
Feb 63
Dec 60

May 63
Mar 63
Feb 62
Nov 60

Feb 62
frar 63
Jan 61
Jan 61

Mar 63
Feb 61
Jn 63
Mar 63

Apr 63
Jul 61
Jun 63
Jun 63

Date

No. of
Areas
& Bands

>27

2

2

1

2

2
several

1
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hours. In those cases where there were two or more successive

areas separated by one or more hours of precipitation less

than 1 mm/hr, the principal areal duration was calculated

from the beginning of the first area to the end of the last

(see Table 2 for a list of the number of areas and bands for

each storm).

Of some interest is the total length of time precipita-

tion may persist at a single point within the area. The max-

imum total duration at a point (maximum point total duration)

is defined as the maximum overall length of time over which

measurable precipitation (0.3 mm/hr) existed .at a rain gauge

within the 80-mile circle. This quantity may include gaps in

time when no precipitation was recorded by the gauge and is

bounded only by the time of first and last recording of the

gauge for the entire storm. However, the maximum continuous

duration at a point (maximum point continuous duration) cannot

include gaps in the record but represents the maximum length

of time measurable precipitation persisted continuously at a

gauge within the 80-mile circle. Table 3 shows the maximum

point total duration and the maximum point continuous duration

for each storm, and Figs. 12 and 13 indicate the distribution

of storms with respect to these two characteristics. The peak

appears at about the same place in both, 14-19 hours, whereas

the range of the former is somewhat greater. The fact that

the peaks fall over the same interval may be somewhat fortui-

tous since only six storms are common to both.
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TABLE 3.

MAXIMUM DURATIONS AT ANY POINT WITHIN 80-MILE CIRCLE

FOR AREA STORMS

Maximum Point
Total Duration

(hours)

8-15 16-24 24

Maximum Point
Continuous

Duration (hours)

5-9 10-19 20-30

20

20

62
63
61
61

63
61
63
63

17-18 Apr 63
14 Jul 61
11 Jun 63

3-4 Jun 63

Date

12-13
10-11
19-20

6

23-25
19-20

12
21

8-9
18

2-3
11-12

10-11
1-2

19
10

26
20-21
19-20
15-16

12
22-23

11
13

Mar
Nov
Oct
Mar

Oct
Feb
Feb
Dec

Mar
May
Feb
Dec

May
Mar
Feb
Nov

Feb
Mar
Jan
Jan

Mar
Feb
Jan
Mar
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C. Dimensions

Table 4 summarizes the dimensions found for areas

of various intensities. The sizes of the areas were eval-

uated on the basis of being at least 200, 100, 50, 30, or

less than 30 miles in diameter. For those areas that were

significantly elongated, two dimensions and the direction of

the major axis are given. A general orientation for the

whole area is given where possible in the columns to the

right. For areas of 8 mm/hr or more, the dimensions as seen

by the radar are also noted.

It is apparent that areas containing precipitation of

1-2 mm/hr were too large to be adequately defined by either

the radar or the rain-gauge network but that the areas of

4 mm/hr and higher were usually small enough so that fairly

reliable dimensions could be obtained by use of the radar and

rain-gauge network. Specifically, in 20 out of 28 storms the

1 mm/hr area could not be defined, and in half of the storms

the 2 mm/hr area could not be defined. On the other hand,

only five storms contained areas of 4 mm/hr that could not be

defined in all directions. With the exception of those areas

on the border of the general region of consideration (120-mile

radius centered at Cambridge) all areas of 8 mm/hr or greater

could be well defined by the rain-gauge network.

All of the 28 storms contained areas of at least 4 mm/hr

and most contained 8 mm/hr; half contained areas of 15 mm/hr

and only five had areas of 30 mm/hr. Whereas the 1 mm/hr areas
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TABLE 4.

DIMENSIONS * OF AREAS OF VARIOUS INTENSITIES

FOR A A STORMS

Intensity (mm/hr)

12-13 Dec 62

10-11 Nov 62

19-20 Oct 60

200

200

200

200

200

4

50
(30)

200
(50)

15 30

30
(30)

100
(50)

200x50/ 50x30/ 50x30/
(30)

50
(30)

(30) (30)

6 Mar 63 200

23-25 Oct 60 200x1001

19-20 Feb 63

12 Feb 63

21 Dec 60

6-9 War 61

18 Way 63

2-3 Feb 63

11-12 Dec 60

200

200

200

200

200

200

200

2-00 200x100/
(50)

200x1001 100x50 1

(100)

200

50x30/
(30)

50x301
(50)

(30)

(30) (30)

200x100- 200x100-

200x100/ 200x30/

200

200

200x50E

100

100 x30/

100x50/

l00xS0/ 50x30-

100 50x30/

(30)

30
(30)

30
(30)

50

30

(30)

(30) (30)

30

(30) (30)

* Top value is from rain-gauge data. Line to right of each
value indicates orientation of elonqated areas with north
at top of paoe. Values in parentheses are from radar data.
Values of 200 are to be interpreted as "at least 200" and
values of 30 as "30 or less".

Date
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TABLE 4. (Continued)

Date Intensity (mm/hr)

10-11 May 63 200x100/ 200x50/ 200x50/

1-2 Mar 63

19 Feb 62

200

200

100

200x100-

50x30-

8

50x30/
(50)

15 30

50x30/
(30)

(30)

30
.(30)

10 Nov 60 200x100/ 100x50/

26 Feb 62

20-21 Mar 63

19-20 Jan 61

200

100

200

15-16 Jan 61 100x50I

12 Mar 63 100x50|

22-23 Feb 61 200x50-

11 Jan 63 200x100)

13 Mar 63 100x50/

17-18 Apr 63 100

100

30
(30)

100

100

50

200x50-

200x100|

50

50

14 Jul 61

50x30/

50

(100x30)/ (50x30)/

(30)

(30)

30
(30)

30
(30)

30
(30)

30
(30)

50
(so)
30

50
(30)

30
(30)

(30)

(30)

30
(30)

(30) (30) -

(30)

30
(30)

* Top value is from rain-gauge data. Line to right of each
value indicates orientation of elongated areas-with north
at top of page. Values in parentheses are from radar data.
Values of 200 are to be interpreted as "at least 200" and
values of 30 as "30 or less".
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TABLE 4. (Continued)

Intensity (mm/hr)

15 30

11 Jun 63 100x70-- 50x30-

3-4 Jun 63

30

30
(30)

(100x30)- (30)

30
(30)

* Top value is from rain-gauge data. Line to right of each
value indicates orientation of elongated areas with north
at top of page. Values in carentheses are from radar data.
Values of 200 are to be interoreted as "at least 200" and
values of 30 as "30 or less".

Date
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usually exceeded 200 miles in diameter, the 2 mm/hr areas

varied widely from greater than 200 miles down to 50 miles

in diameter. Most of the areas of 4 mm/hr and greater were

on the order of 30 to 50 miles across, although a few of the

4 mm/hr areas were considerably larger.

In general, the radar was able to detect small areas of

15 and 30 mm/hr which were not detected by the rain-gauge

network with its cruder space and time resolution. The small

intense areas either moved between the gauges or moved across

them fast enough so that the gauges did not receive the high

intensity precipitation for an entire hour. There was general

agreement between the radar and the rain-gauge network on the

size of the 8 mm/hr areas.

Many of the areas were significantly elongated, having

one dimension at least approximately twice the other or

greater. The lines to the right of each column in Table 4

indicate the orientation of each area, where applicable, with

north at the top of the page. The line indicates the orien-

tation of an area of a particular intensity rather than the

overall orientation. Twelve storms showed no-overall orien-

tation, although in four of them an area of a particular

intensity showed some tendency in a specific direction. Of

the 16 storms that showed some overall orientation, eight

were in a northeast-southwest direction, four were east-west,

and four were directed either north-south or northwest-southeast.
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Of some interest are bands of more intense (4-8 mm/hr)

precipitation embedded in an area of lighter (1-2 mm/hr) pre-

cipitation as seen by the radar. Four such cases were noted

(12 December 60, 10 November 60, 20 January 61, 16 January 61).

All of the bands were oriented northeast-southwest and were

located within 50 miles of the radar. None of them were de-

tected by the rain-gauge network, primarily because they were

located in regions where the gauges are sparse. The duration

of the bands varied from one to 12 hours. The dimensions,

according to the radar, were about 60-100 miles in length

and 20-30 miles in width (for the 4 mm/hr area).

Three storms had fairly well defined bands that were not

embedded in lighter precipitation but were separate areas in

themselves. These bands were greater than 200 miles in length

and were 50-100 miles in width. Two cases, 19-20 October 60

and 23-25 October 60, contained three definable bands that

moved through the area successively. The third case, 10-11

May 63 had a small area followed in succession by a fairly

intense band and a very light band.

There appears to be little relation between the season

of the storm and the size or shape of its definable precipi-

tation areas.

The storms in this study were selected and qrouped on the

basis of their containing fairly obvious areas or bands of

precipitation. It is apparent from the foregoing discussion,

however, that a general system for classifying patterns must
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include objective methods for defining areas, bands, and

spots, and categories which include combinations of the

three.

D. Cause of Precipitation

The results of this study indicate that the most

frequent cause of area-type precipitation in the New England

area appears to be coastal lows, the centers of which pass

within about 150 miles to the south or southeast of the

Boston area. Table 5 summarizes the synoptic data. Over

half of the storms studied were associated with coastal lows,

although five occurred in conjunction with systems that moved

into the New England area from the west or southwest. The

distance of the coastal low pressure centers from the Boston

area at their nearest point ranged from zero to 180 miles

with 10 centers passing within 100 miles. In some cases

most of the precipitation over New England was received be-

fore the low pressure center reached its nearest point.

Other causes of area precipitation were warm fronts (7),

occluded fronts (4), stationary fronts (3), low pressure

systems from the west or southwest (5), and one semi-tropical

storm. The warm fronts were associated with low centers that,

in four cases, passed directly over New Englend and, in the

other three cases, ranged in distance from 60 to 460 miles

to the north and west. It is sometimes rather difficult to

distinguish between a warm front and an occluded front as the

causes of precipitation if the point at which the two fronts
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TABLE 5.

SYNOPTIC DATA, TYPE OF PRECIPITATION,

AND EQUIVALENT RAINFALL RATE ADJUSTMENT FOR AREA STORMS

Precip. Cause

WF OF SF CL 0

Distance+s
Low Center-

Cambridge (miles)

0-100 101-200

Type of Re#
Precip. Adj.

>200 Rain Snow

x x 70 S

0
x 90
x 50

x 50 S

x 70 S
x 80 S

12-13
10-11
19-20

6

23-25
19-20

12
21

8-9
18

2-3
11-12

10-11
1-2
19
10

26
20-21
19-20
15-16

12
22-23

11
13

17-18
14
11

3-4

120 N

170 S
160 N
170 SE

120 S

320 NW x

180 SE

140 E
150 SE

240 SE

x
460 SW x

x
460 W x

x
320 SW x

* "Other" includes overland low pressure centers from the Great
Lakes or further south.

# Values are the factor by which the radar equivalent rainfall
rates were multiplied to bring them into general agreement
with the rain-gauge data.

+ Distances and directions are for low center at its closest
point to Cambridge.

Date

Mar 62
Nov
Oct
Mar

Oct
Feb
Feb
Dec

Mar
May
Feb
Dec

61
63
63
60.

x 100 SE
x 80 S

x 0

x

x 2
x 2

x 2

x
x

May 63
Mar 63
Feb 62
Nov 60

Feb
Mar
Jan
Jan

Mar 63
Feb 61
Jan 63
Mar 63

Apr
Jul
Jun
Jun

63
61
63
63

x 2
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merge passes over New England. Distinctions were made, except

in the case of 17-18 April 63, but may be regarded as somewhat

doubtful. Of the three stationary fronts, two were oriented

east-west and tended to move north and south back and forth

across New England, whereas the third was oriented northwest-

southeast and remained well to the southwest of New England.

The storm of 3-4 June 63 was altogether different from the

rest'and appeared to be of tropical origin.

Some investigation was made of the synoptic features of

the longer storms to determine whether there were any partic-

ular features which tended to be associated with exceptionally

long storms (arbitrarily defined as 30 hours or more in total

duration). No definite conclusions were obtained since the

sample of storms (28) was quite small. Some interesting

tendencies were found, however, although these features were

also exhibited to some degree by shorter storms. Most of the

longer storms (see Table 2) had closed lows at the 500 mb

level associated with the surface low centers, and when the

upper air low moved slowly over New England, the surface low

center also moved slowly. In addition, the close association

of the surface low center with a low center aloft caused many

of the long storms to intensify rapidly as they approached

New England either as a coastal low or an overland low.

With the rapid intensification the circulation of the storm

increased in scope, and precipitation often extended northward

into Canada, southward along the coast as far as North Carolina,

and, in some cases, westward as far as the Great Lakes.
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Finally, a third condition that appeared to contribute

to the length of the storms was the presence of more than one

synoptic system. The most frequent situation was that of the

merging over New England of a coastal low and a low center

from the west or southwest. Such a situation again tended

to spread precipitation over a wider area than in those situ-

ations where only one system was involved. A much larger

sample is needed to ascertain the real significance of these

features in the determination of a storm's duration over New

England.

E. Spatial Distribution of Total Water

The results of an analysis of the rain-gauge maps

of the total amount of water deposited at each gauge for the

entire storm within a distance of 120 miles from Cambridge

are summarized in Table 6. The ratio of the highest to the

lowest values found anywhere within the area is computed for

each storm, where possible, to give an indication of the

spread of the depth over the area. The cause of the precipi-

tation as well as the total water over the whole area are

included for the sake of comparison.

It was found that there was considerable variation in

the pattern of the spatial distribution of the total water.

The patterns of the coastal lows fell very broadly into two

groups: those that exhibited the largest depth of water in

the southern or southeastern part of the area (10) and those
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TABLE 6.

SPATIAL DISTRIBUTIONS OF TOTAL WATER IN AREA STORMS

Location of
Heaviest Precip.

Center
SW-SE Band Other

Precip.
Cause

Highest Lowest
Amount Amount
(in.) (in.) Ratio

12-13 9M'ar
10-11 Nov
19-20 Oct

6 Mar

x WF
CL
CL

land low

CL
CL

x OF
CL

CL
CL
CL
OF

CL
CL
CL
CL

CL
CL

x SF
land low

WF, OF
x WF, SF
x WF
x tropical

Date

62
62
60
63

60
63
63
60

61
63
63
60

63
63
62
60

62
63
61
61

63
61
63
63

63
61
63
63

23-25
19-20

12
21

8-9
18

2-3
11-12

10-11
1-2
19
10

26
20-21
19-20
15-16

12
22-23
11-12

13

17-18
14
11

3-4

Oct
Feb
Feb
Dec

Mar
May
Feb
Dec

May
Mar
Feb
Nov

Feb
Mar
Jan
Jan

Mar
Feb
Jan
Mar

Apr
Jul
Jun
Jun

2.37
2.55
2.02
1.83

1.99
1.61
2.04
1.71

2.33
1.39
1.07
2.08

1.14
1.16
1.07
1.42

1.10
.93

1.65
1.20

.81

.92
1.06

.60

.42

.96

.94

.61

4.3
5.8
3.8
4.4

5.T
5.4
5.1
3.4

9.0
8.2
4.7
9.4

4.8
8.9

20.3

7.3
7.7
9.7

10.0

6.2
15.6

3.1
8.7

10.5

.55

.44

.53

.42

.35

.30

.40

.51

.26

.17

.23

.22

.15

.24

.12

.07

.15

.12

.17

.12

.13
.06
.34
.07

.04

.00

.00

.00
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that showed some evidence of a band oriented generally east-

west across the middle of the area (6). Many of the storms

in both groups also exhibited areas or spots of greater depth

in other parts of the 120-mile circle, such as to the north

or northwest, but these appeared in more of a random manner

and were not considered to be the dominant feature. It is

possible that the areas of heavier precipitation in the south

also represent bands which cannot be defined by the rain-gauge

network because they are on the edge of the network. Similarly,

some of the areas of greater precipitation far to the north

may represent bands of which the rain-gauge network can see

only part. The storms in the second group did exhibit broken

or spotty bands that were more or less definable by the net-

work, and these appeared to be about 100 miles in width and,

in most cases, at least 200 miles in length. Fig. 14 shows

the patterns for storms in both groups.

The remaining 12 storms, consisting of warm, occluded,

and stationary fronts, showed patterns that were not greatly

different from those of the coastal lows but which showed

somewhat less organization. There was no particular pattern

that could be definitely associated with any frontal type of

activity, and since there was some difficulty in distinguish-

ing between precipitation caused by a warm front and that

caused by the associated occluded front or stationary front,

all of the "frontal" storms were included in one group. The

one storm of tropical origin was rather arbitrarily included

in this group.
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Coastal low Coastal low
12 February 63 15-16 January 61

11.5 0

1-50

2.0

Warm front Tropical storm
19-20 October 60 11 June 63

Fig. 14. Spatial distributions of total water for some
area storms.
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In nearly all of the storms precipitation appeared over

the entire 80-mile area. Three storms had at least one gauge

that received no precipitation, but only the storm of 3-4

June 63 (of tropical origin) had extensive areas where no

precipitation was received (see Fig. 14). Table 6 shows the

highest and lowest amounts of water received by the gauges

within the 80-mile area. The ratio of these two alues

represents the uniformity of the precipitation over the area.

Lower values of this ratio are, in general, associated with

the storms of higher total water, indicating that the more

uniform the storm is, the greater will be the total amount

of water it deposits.

F. Seasonal Distribution

The seasonal distribution of the area type storms,

as shown in Fig. 15, is quite uneven. By far the greatest

number of storms selected occurred in January through March,

and most of these were snow storms. Why is there such a

disproportionate number of storms in January through March?

Is it because they are snow storms or because more coastal

storms occur at this time of year? Austin (1964) has reported

several instances where radar reflectivity in fall New England

coastal storms was exceptionally low as a result of small

drop sizes. It is entirely possible that more fall coastal

storms were not chosen for this study because the radar

reflectivity was low and the scope pattern was poor, whereas
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Fig. 15. Seasonal distribution of area storms.

in the late winter season this characteristic was not so

prominent. Again rain storms do tend to be less uniform in

intensity than snow storms; hence, the latter may have given

more uniform radar patterns and thus stood a better chance

of being chosen for this study. Also, heavy rain storms

were often viewed on the SCR 615-B rather than on the AN/CPS-9

with the result that the pattern may have appeared quite

spotty because of the low sensitivity of the SCR 615-8.

A wider investigation on properties of mesoscale pre-

cipitation patterns is currently under way. It includes

almost all storms for a period of three years which deposited

significant amounts of precipitation in the area, rather than

just a few storms selected on the basis of radar coverage.

In this study, bias which results from radar performance

will be largely eliminated.
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IV BANDS

A. Intensity and Amount of Precipitation

The results of the computations and analysis of the

band patterns (see Fig. 16 for a typical radar band pattern)

are summarized in Tables 7-12. As in the case of the areas,

the storms are listed in order of descending values of total

water in order to facilitate the comparison of total water

with the other variables. The last two storms in each table

are special cases and will be discussed separately.

The values of total water range over more than an order

of magnitude, from 16.5 x 108 m3, or a depth of about 40 mm,

8 3
down to 0.4 x 10 m , or a depth of about 1 mm. The storms

are rather unevenly distributed over this range with over

8 8 3half of the 22 values falling between 10 and 4 x 10 m ,

From Table 7 it is evident that for the bands the range of

maximum point intensity is quite large and that the maximum

point intensity of most of the storms is quite high. Fig. 17

shows the distribution. Values of 65-130 mm/hr are the most

common, but the entire range is from 8 to 250 mm/hr. Geotis

(1963) has found that a reflectivity corresponding to an

equivalent rainfall rate of 100 mm/hr or great.er is usually

indicative of hail.
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TABLE 7.

TOTAL WATER AMOUNTS AND INTENSITIES FOR BAND STORMS

Maximum
Point

Intensity
(mm/hr)

Maximum
Areal Intensity
(m3/hr x10 7 )

4-30 65-250 0-4.9 5-9.9 >9.9

130

130
65

130

250
130
250

65

65
130

65

130
130

26-28
30 Oct-i

8
6-8

9
17
2

2-4

31
24
26
14

23
7

26
20

9-10
29-30

21
1

14
21
16
28

2.1

3.6

4.4

1.1
2.1
4.1
3.0

9.5
7.4
9.3
5.0

8.5

8.0
6.9
8.6
5.4

10.0

7.0

65 2.3
1.1

Date

Total
Water

(m3 x10 8 )

61
62
63
59

16.5
15.9.

9.5
8.8

May
Nov
Jul
Nov

Jul
Aug
Jul
May

May
Jun
Jun
May

Oct
Aug
Jul
May

Oct
Jun
Jul
Aug

Jun
Jul
Nov
May

17.2

14.6

8
(15

(4)

7.6
5.9
4.5
3.5

3.2
2.6
2.3
2.0

1.9
1.9
1.9
1.8

1.5
1.5
1.2

.8

.7

.4
(2.0 8
(1.2)
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The low value at 30 mm/hr may be caused by instrumental

bias. It is possible that more storms with maximum point

intensities in the 30 mm/hr range were not chosen for this

study because they show rather spotty patterns on the rela-

tively insensitive SCR 615-B. The SCR 615-B was operated

during storms of this intensity in order to avoid attenua-

tion, but at the same time it missed much of the lighter

precipitation which, on the AN/CPS-9, would have provided a

better pattern. The range of the maximum areal intensity is

rather small, and the values are fairly evenly distributed

as shown in Fig. 18. It is somewhat bimodal in nature with
7 7 3 7

peaks between 2 x 10 and 6 x 10 m and between 8 x 10 and
8 3

10 m , but these may be insignificant in such a small sample.

From Table 7 it may be seen that the maximum areal intensity

exhibits some positive relation to the total water.

The intensity of precipitation within the bands varied

over a wide range. Fig. 19 shows the spatial intensity dis-

tributions at selected times during radar observations on

14 June 63 and 26 July 62. The areal coverage of these

storms is quite small as indicated by the number of squares

for each intensity. In both cases the radar was able to

detect the bands at least 80 miles away.
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4 8 15 30 65 130 250
intensity (mm/hr)

Fig. 17. Distribution of maximum precipitation
intensity at a point for band storms.
Includes the special cases.

2 4
intensity

6 8 10
(m 3/hr x 107 )

> 10

Fig. 1. Distribution of maximum hourly
intensity over 80-mile circle for band
storms.
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n*1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5

Equivalent rainfall rate = 2 n-1

14 June 63

n - 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Equivalent rainfall rate = 2n-1

26 July 62

Fig. 19. Examples of spatial intensity distributions in
bands at selected times on 14 June 63 and 26 July 62.
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8. Duration and Number of.Bands

The information concerning storm duration and num-

ber of bands, peaks, etc., is summarized in Tables 8 and 9.

Table 8 shows the total areal duration and actual band dura-

tion for each storm. The 22 storms which contained band

patterns showed a tendency to be from six to 10 hours in

total duration but ranged from six to 54 hours in length, as

shown in Fig. 20. Because of the difficulty in comparing

the length of storms consisting of only one band with storms

consisting of a more complex structure, the duration of the

actual band within the 80-mile circle was obtained, where

possible, by use of both radar and rain-gauge data. Fig. 21

indicates these durations and shows a sharp peak at 6-7 hours.

As far as could be determined, the values of actual band dura-

tion apply to each band alone.

The maximum total length of time a rain gauge received

precipitation for an entire storm (Table 9) tended to be five

to 10 hours with a range of four to 46 hours (Fig. 22). The

maximum length of time a gauge received continuous precipita-

tion was most often four to six hours with a range of four to

27 hours (Fig. 23). The rather odd distribution in Fig. 23

over the four to six hour range is possibly a result of the

small sample of storms used in this study.

Four storms contained more than one band (see Table 8)

and 16 storms, including three of the multi-band cases, con-

tained one or more areas or spots in addition to the bands.
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TABLE 8.

AREAL DURATIONS, NUMBER OF BANDS,

AND AREAL INTENSITY HISTOGRAM PEAKS FOR BAND STORMS

Total Area
Duration (hours)

6-13 14-20 >20

Band
Duration

(hours)

4-7 >7

26-28 May
30 Oct-i Nov

8 Jul
6-8 Nov

9 Jul
17 Aug
2 Jul

2-4 May

31 May
24 Jun
26 Jun
14 May

23 Oct
7 Aug

26 Jul
20 May

9-10 Oct
29-30 Jun

21 Jul
1 Aug

14 Jun
21 Jul
16 Nov
28 May

Date

No.
of'

Peaks

No.
of

Bands

5
3
3

11 2

62
63
62
63

62
60
62
63 9 1
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TABLE 9.

MAXIMUM DURATIONS AT ANY POINT WITHIN 80-MILE CIRCLE

FOR BAND STORMS

Maximum Point
Total Duration

(hours) -

1-10 11-25

Maximum Point
Continuous

Duration (hours)

4-6 8-10 >10

8
10,

17

14 Jun 63
21 Jul 63

Date

61
62
63
59

62
62
61
62

26-28
30 Oct-l

8
6-8

9
17

2
2-4

31
24
26
14

23
7

26
20

9-10
29-30

21
1

May
Nov
Jul
Nov

Jul
Aug
Jul
May

May
Jun
Jun
May

Oct
Aug
Jul
May

Oct
Jun
Jul
Aug

62
63
62
63

62
60
62
63

>25
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10 30 50 hrs

Fig. 20. Durations of
entire storms.

10 30 50 hrs

Fig. 22. Maximum total
duration at a point
within 80-mile circle.

6 8 10 12hrs

Fig. 21. Durations of
single bands.

4 5 6 7 8 9 10 >lOhrs

Fig. 23. Maximum continuous
duration at a point
within 80-mile circle.
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Eleven of the latter storms had areas or spots before the

band passage, whereas nine storms had areas or spots after

the band passage. Four storms had areas or spots both before

and after band passage. Of the 11 cases of areas preceding

the band, nine had areas located over southwestern New England

which lasted, in six storms, from five to 10 hours, and in

the other three storms from 18 to 24 hours. Of the nine

cases of areas following the band passage, three had areas

over southwestern New England, three had areas over northern

New England (mountains of Vermont and New Hampshire), two had

light areas over the entire network of gauges, and one case

had a light area that moved from west to east across Massachu-

setts. The duration of the areas which followed the band

passage ranged from two to 45 hours with no particular rela-

tion between duration and location.

In a number of storms (7) more than one peak was reached

in the total areal intensity histograms (see Table 8). Fig. 24

shows a histogram with several peaks. The peaks ranged in

number from two to five and were, in most cases, directly

associated with band and area passage through the 80-mile

circle. Thus, in the histogram for 26-28 May 61, there are

five peaks: two associated with two bands in succession, and

three associated with three areas that followed the last band.

However, the storm of 6-8 November 59 had two peaks: the

first peak associated with three lines which passed in close

succession, and the second peak associated with an area and

spots following the bands. In most of the storms there exists
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one peak on the histogram that corresponds closely with the

passage of one band through the 80-mile circle.

C. Band Dimensions

The results of an analysis of the dimensions of the

27 bands (four storms had more than one band) are shown in

Table 10.~ The information was taken primarily from the radar

data since the radar has better spatial and temporal resolu-

tion than the rain-gauge network. The dimensional values

determined for each storm are rather approximate in nature.

The band length, insofar as the radars were able to de-

tect it, varied from 80 to 195 miles with the largest group

(13) having lengths of 100 to 150 miles. Nine bands were

longer than 150 miles and five were shorter then 100 miles.

Fig. 25 represents the distribution of band lengths and shows

a distinct peak at 140-160 miles. In three storms which con-

tained two bands the first band was the shorter; in the storm

of 6-8 November 59 which contained three bands the first band

was the longest and the last band was the shortest. All five

of the storms that had bands less than 100 miles in length

contained additional precipitation areas or spots either be-

fore or after the band passage.

The band width was more difficult to determine than the

length since the width may vary considerably along the band

and also may vary with time. In this study the values
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TABLE 10.

BAND DIMENSIONS* AND ORIENTATION

Date

26-28 May 61

30 Oct-I Nov 62

8 Jul 63

6-8 Nov 59

Maximum
Length (miles)

<100 100-150 >150

100

Maximum
Width (miles)

20 30 >39

135

140

115
110

9 Jul 62

17 Aug 62

2 Jul 61

2-4 May 62

31 May 62

24 Jun 60

26 Jun 62

14 May 63

23 Oct 62

7 Aug 63

26 Jul 62

20 May 63

160

180

170

100

155

165
190

100

140

140

120
140

15

20

195

NE-SW

40 NE-SW

NE-SW

N-S

NE-SW

NE-SW

NE-SW

NE-SW

NE-SW

40 NE-SW

NE-SW

155 NE-SW

* Two or more values for each storm indicate more than one
band. Top value is for band of earliest occurrence.

Orien-
tation

NE-SW

N-S

NE-SW

NE-SW
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TABLE 10. (Continued)

Maximum
Length (miles).

<100 100-150 >150

150

170

150

145

130
150

12528 May 63

Maximum
Width (miles)

20 30 >39

Orien-
tation

NW-SE

40 NE-SW

NE-SW

60 N-S

NW-SE

NE-SW

NE-SW

NW-SE
160

* Two or more values for each storm indicate more than one
band. Top value is for band of earliest occurrence.
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presented represent the maximum width at any point along the

band that was generally maintained as the band moved across

the 80-mile circle. Fig. 26 represents the band distribution

with width. The majority (17) of the cases fall into the 10

to 25 mile range with 10 of these having a maximum width of

20 to 25 miles. Nine bands range in maximum width from 30 to

60 miles.

The orientation of the bands was predominantly northeast

to southwest (21 cases). However, four bands were oriented

north-south and two were oriented northwest-southeast. In

three of the multi-band situations the bands within the group

maintained the same orientation; in the fourth case, 24 June 60,

the first and shorter band was oriented north-south while the

second and longer band was oriented northeast-southwest.

D. Cause of Precipitation

This study indicates that the most frequent cause

of band-type precipitation in the New England area is the

cold front. Table 11 shows the various causes of the band

patterns as determined from the synoptic data. Twelve cases

of bands were associated with cold fronts, five with occluded

fronts, two with stationary fronts, one with a coastal low,

and two cases were not associated with any particular distur-

bance. The last two cases were designated air mass showers.

In two cases the bands were definitely prefrontal in nature:

2 July 61 was a pre-cold front band and 26 July 62 was a
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TABLE 11.

SYNOPTIC DATA FOR BAND STORMS

Date Cause of Precipitation.

CF WF OF SF CL Other

26-28 May
30 Oct-1 Nov

8 Jul
6-8 Nov

9 Jul
17 Aug
2 Jul

2-4 May

31 May
24 Jun
26 Jun
14 May

23 Oct
7 Aug

26 Jul
20 May

62

Air Mass

9-10 Oct 62
29-30 Jun 60

21 Jul 62
1 Aug 63

14 Jun
21 Jul
16 Nov
28 May

63
63
60
63

Re Adj.

Air Mass

Air Mass
Air Mass
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pre-occluded front situation with two bands. It was not

determined in the rest of the cases whether the precipitation

occurred precisely during the frontal passage, but, with the

exception of the air mass showers, the front was considered

to be in the general area of the bands. The orientation of

all the bands is roughly parallel to the associated front.

The 500 mb pattern was investigated for the two air

mass shower cases to determine possible causes of the bands.

In the case of 31 May 62 a deep 500 mb low pressure center

existed over northern Labrador with a trough extending down

over the Great Lakes. The orientation of the band was almost

parallel to the axis of the trough. In the case of 14 June 63

a rather sharp 500 mb trough extended down over eastern New

England. These upper air patterns may have created enough

instability for showers to form, but a closer investigation

would be required for any definite conclusions to be drawn.

Some discussion of the storms of longer duration is

warranted here. A glance at Table 11 indicates that most

(16) of the storms involving bands also had additional areas

or spots of precipitation either before or after band passage.

These additional areas usually prolonged the total duration

of the storm to greater or lesser degree. As was done in the

study of area patterns an arbitrary value of 30 hours was

set as the lower boundary for long storms. Three of the five

storms thus defined contained either a cold front or an occluded

front which moved through New England from the west or north-

west and partially merged with a coastal low which passed to
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the southeast off Cape Cod (26-28 May 61, 30 October-1 Novem-

ber 62, 2-4 May 62).

The two remaining storms involved single stystems that

became stationary out to sea. In the case of 6-8 November 59

a cold front moved through New England causing several light

bands on 6 November; as the front moved out to sea and became

stationary, precipitation persisted in the New England area

well into 8 November. On 9-10 October 62 a coastal low formed

off Virginia and moved east out to sea and became stationary

well off the coast causing precipitation to persist over most

of New England for some time. The band in this storm was very

light and was not associated with any frontal activity. In

all five of the long storms light areas and spots of precipi-

tation persisted for many hours after the band passage over

parts of New England, particularly in the mountainous regions.

E. Spatial Distribution of Total Water

The results of an analysis of the rain-gauge maps

of the total amount of water deposited by the entire storm

are found in Table 12 which is similar to Table 6 for the

areas. Considerable variation was found in the pattern of

the spatial distribution of the total water. Some examples

for the 12 cold fronts are in Fig. 27. Typically, there was

an area or band of greater precipitation amounts which may

be located either across the center of the circle, to the

south or southeast, or well to the northwest. Some of the
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TABLE 12.

SPATIAL DISTRIBUTION OF TOTAL WATER IN BAND STORMS

Date

Location of
Heaviest Precip.

Center
S-SE Band Other

26-28 May 61
30 Oct-i Nov 62

8 Jul 63
6-8 Nov 59.

9 Jul 62
17 Aug 62
2 Jul 61

2-4 May 62

31 May 62
24 Jun 60
26 Jun 62
14 May 63

23 Oct 62
7 Aug 63

26 Jul 62
20 May 63

9-10 Oct 62
29-30 Jun 60

21 Jul 62
1 Aug 63

Precip.
Cause

CF +
OF +

x OF
CF -#

CF
CF

x CF
x OF +

AM
x CF

CF
CF

OF
CF
OF
CF

CL
CF
CF.

x SF

x AM
x SF

14 Jun 63
21 Jul 63

CL
CL

SF

CL

Highest Lowest
Amount Amount
(in.) (in.)

3.68
2.99
2.40
1.99

1.80
1.75
1.85

.97

1.41
2.03

.52

.85

.53
1.56
1.36
.79

.76

1.04
.74

1.13

.46

.88

.00
.25

.02

.00

.00

.09

.00

.02

.00

.02

.04

.00

.00

.00

.00
.00
.00
.00

.81 .00

.72 .00

Ratio

8.0
3.4

8.0

90.0

10.8

-- 0
101.5

--
42,5

13.2
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Cold front Cold front + coastal low
17 August 62 26-28 May 61

Cold front (pre-frontal) Air mass showers
2 July 61 31 May 62

fig. 27. Spatial distributions of total water for some
band storms.
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storms had additional relatively heavy areas or spots in

other regions but these appeared to be less dominant than

the previous ones mentioned above. Two cases of areas in

the far northwest may represent northward displaced bands

that the rain-gauge network cannot define.

The remaining 10 storms, consisting of occluded fronts,

stationary fronts, air mass showers, and a coastal low,

showed patterns that were quite diverse in nature. There

were six storms involving occluded fronts, a coastal low, or

a combination of the two. In four of these there were areas

of heavy precipitation to the southeast; in the other two

there was a relatively heavy band to the north and northwest.

The two stationary front patterns both had heavy areas to the

far west. The two air mass shower patterns were somewhat

similar in that they both exhibited band-like structure

(Fig. 27) but they differed in orientation and extent.

The highest and lowest values of total water received

by any gauge within the 120-mile circle are noted in Table 12

for each storm. The ratio of the two values was computed,

where possible. Clearly, the values fluctuated widely, and

in many cases there were regions that received no precipita-

tion at all.
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F. Special Cases

The bands of 16 November 60 and 28 May 63 are dif-

ferent from the others considered in this study in that in

each case the radar observed two successive bands which moved

across the 120-mile area, yet the raingauge network reported

no precipitation at all on these dates.

'A comparison of the radar PPI echoes with those on the

RHI and with the hourly teletype data suggests that the bands

did contain precipitation. Fig. 28 shows RHI photographs for

both storms. In some places the echoes did not reach the

surface during 16 November 60 whereas they definitely appeared

to reach the surface on 28 May 63. Teletype data for 16 Novem-

ber 60 indicated that several stations received rain showers

at the time the radar ob,ervedthe, bands over those stations.

The same was true olf',28 may 63., It w as assumed that the rain

either missed the gauges or'the amounts were too small to be

recorded. Since there are no rain-ga Iuge data for these cases,

all of the information concerning them'must be inferred from

the radar data.

The two storms are quite similar in most of their char-

acteristics. Both storms were light in maximum point inten-

sity with 16 November 60 having 15 mm/hr and 28 May 63 having

4 mm/hr. The duration of the bands was about 3--5 hours. The
83

computed total water was 2.0 x 10 m for 16 November 60 and

1.2 x 10 m for 26 May 63, which puts them down near the

bottom of the list. The band lengths are similar (see Table a),
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Fig. 28. Examples of photographs of
AN/CPS-9 RHI echoes taken on
16 November 60 and 28 May 63.
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Fig. 29. Seasonal distribution of band storms.

but their orientations are different, being northeast-southwest

for 16 November 60 and northwest-southeast for 26 May 63.

Both storms must be considered air mass showers since there

were no recognizable surface synoptic features in the vicinity.

However, a fairly deep 500 mb trough existed over the Great

Lakes on 16 November 60, and a local 500 mb trough existed

just to the east of New England on 28 May 63. Little more

can be said at this time about these two storms. They appear

similar to the other bands in this study in their character-

istics with the exception that no precipitation was dLLected

by the rain-gauge network. The larger survey now in progress

may pick up similar cases.
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G. Seasonal Distribution

Fig. 29 shows the seasonal distribution of the storms

containing band patterns. Most of the storms occurred in May

through July, indicating that late spring and early summer

may be the time when the development of intense convective

bands is favored. The five storms that occurred in October

and November contained bands of rather light precipitation

(maximum point intensity was 15 mm/hr or lower) in contrast

to those band cases occurring in May through July (maximum

point intensity up to 250 mm/hr). In four of the five fall

season cases precipitation areas existed in addition to the

band patterns, and the intensity of these areas was generally

equivalent to that of the associated band.
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V COMPARATIVE CHARACTERISTICS OF STORMS WITH

PRECIPITATION AREAS, BANDS, CR MISCELLANEOUS PATTERNS

A. Miscellaneous Storms

The two groups of storms in this study were selected

primarily on the basis of containing well defined areas or

bands of precipitation. For comparison, some investigation

was also made of storms which contained a moderate amount of

precipitation but no well defined pattern. Table 13 summer-

izes the information available on 12 such storms which shall

be referred to as miscellaneous storms. The characteristics

included in the table are total water, maximum areal intensity,

total areal duration, and precipitation cause.

With the exception of two cases, the storms containing

miscellaneous patterns were rather low in total water depos-

ited within the 80-mile circle and had somewhat low maximum

areal intensities but were generally long in total duration.

Values of total water ranged from 2 x 108 to less than

7 x 108 m3 , whereas values of the maximum areal intensity

773
varied from about 2 x 10 to 12 x 10 m 3. On the other hand,

the length of the storms varied rather widely from 12 to 56

hours in total duration. The two exceptional cases, partic-

ularly 4-7 October 62, exhibited unusually high total water

and relatively large maximum areal intensity as well as being

two of the three longest storms in this group. The extremely
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TABLE 13.

CHARACTERISTICS OF STORMS CONTAINING MISCELLANEOUS PATTERNS

Date

4-7 Oct 62
5-6 Dec 62

13-14 Aug 63
20-21 Sep 63

29-30 May 63
16-18 Sep 63
23-24 Jan 63

9 Jun 63

2 Aug 63
6-7 Sep 63

19-20 Jul 63
29-30 Aug 63

Total

Oateg)(m x10 )

51.4
19.0

6.4
5.0

4.9
4.0
3.9
2.6

2.6
2.3
2.1
1.9

Maximum
Areal

Intensit
(m3 /hr x10)

16.7
16.4
10.5

5.7

7.5
2.7
3.5

12.1

5.0
1.9
2.5
4.4

Total
Duration

(hours)
Precip.

Cause

CL + SF
CL + SF
land low
CF 4 SF

land low
CL

land low
CF # SF

SF - L

CL
CF 4 SF
land low
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long duration of 4-7 October 62 clearly contributed to its

high total water.

The causes of precipitation in these storms were varied

but can be divided into three groups: (a) a combination of

two synoptic systems - two cases; (b) the evolution of one

system into another - four cases; and (c) the movement,

sometimes slow, of a single low center through or near the

New England area - six cases. The first group includes two

situations in which a rapidly intensifying coastal low moving

slowly up the Atlantic coast combined with a stationary front

in northern New England to produce the two highest total water

amounts of any storm considered in this study. In both cases

a trough aloft existed to the west over the Great Lakes. The

second group involved three cases of a cold front moving down

over New England to become an east-west stationary front just

to the south. The other storm in group (b) was caused by a

weak low center which formed on a stationary front just to the

south of New England and which subsequently moved northward

over the area. The third group involved four storms where a

low center from the Great Lakes or further south passed over

New England spreading precipitation far in advance of the

actual system and two storms where a coastal low approached

and passed very slowly off the southern New England coast.

On 16-18 September 63 the coastal low became nearly stationary

off New Jersey for a full 24 hours before moving slowly to

the northeast, and light precipitation persisted over New
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England for more than two days. In most cases there existed

or developed a weak trough aloft over the northeastern United

States.

B. Summary of Characteristics of the Various Groups

In Table 14 characteristics of the storms of the

three pattern types (areas, bands, and miscellaneous) are

summarized. In the following sections they are compared and

discussed.

C. Total Water

In all three groups the same order of magnitude of

total water was involved, that is, 108 -109 m 3 , or a depth of

about 2-25 mm. The areas showed a fairly even distribution

over this range, but both the bands and the miscellaneous

storms indicated a preference for the lower values. Several

of the storms containing bands deposited rather high amounts

of water but this resulted from the contribution of additional

precipitation areas rather than from the bands themselves.

Also, two of the miscellaneous storms deposited exceptionally

high amounts of water but their unusually long duration was

considered to be a contributing factor.

The spatial distribution of total water was quite varied

for both the area and the band groups. There were no partic-

ular configurations that were definitely characteristic of

each group. However, whereas the area cases tended to deposit
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TABLE 14.

CHARACTERISTICS OF STORMS CONTAINING PRECIPITATION AREAS,

BANDS, AND MISCELLANEOUS PATTERNS

Characteristic

Total Water
De osited
(m x103)

Maximum
Intensity

at a Point-
(mm/hr)

Areas

* HF
Range

Range

none
1.5-11.8

4-8
4-30

Bands

0.4-2.0
0.4-16.5

Misc.

2.0-6.5
1.9-51.4

65-130
4-250

Maximum
Intensity

over
Total Area
(m3/hr x10 7 )

Total Area
Duration
(hrs)

Principal
Area Duration

(hrs)

Maximum Total
Duration

at a Point
(hrs)

Maximum
Continuous

Duration at a
Point. (hrs)_

Precipitation
Cause

Seasonal
Distribution

HF
Range

HF
Range

HF
Range

HF
Range

HF
Range

HF
Range

HF
Range

2-10
2-24

16-30
8-48

8-23
8-46

14-30
8-47

10-24
6-30

Coastal Low

Feb-Mar

1-10
1-17

6-10
6-54

6-7
5-12

5-10
4-46

4-6
4-27

Cold Front

May-Jul

* Highest Frequency

2.0-5.0
1.9-16.7

19-36
12-72

Aug-Sep
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more amounts to the south or southeast (influence of the

coastal lows), the band cases were more apt to deposit wide

northeast-southwest bands of a greater depth through the

center of the 120-mile circle. Other areas of greater depth

for both groups were found to the northwest, west and south-

west. In addition, the depth gradient was much steeper for

the bands than for the areas. Almost all of the area storms

deposited measurable amounts of water over the entire 120-mile

circle, whereas the band storms often appeared to leave some

regions completely dry.

D. Intensity

The area and band groups differ significantly with

respect to the maximum point intensity. The areas most often

contained maximum intensities of 4-8 mm/hr while the bands

usually exhibited maximum intensities of 65-130 mm/hr. The

maximum point intensity was computed in four of the miscel-

laneous storms and was found to vary widely from 15 to 65 mm/hr.

It is clear that heavy precipitation is more likely to occur

in bands than in areas.

Contrary to the maximum point intensities, the maximum

areal intensity (hourly intensity over the entire 80-mile

area) did not differ significantly with respect to the three

groups. The indication is that the bands deposit greater

amounts of water in smaller areas, whereas the area storms

cover a larger region with smaller but more uniform amounts.
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Fig. 30 shows one-hour rain-gauge patterns for an area storm

(2 March 63) and for a band storm (9 July 62) that have

similar total water for the hour (or hourly areal intensity)

but which differ considerably in areal coverage and local

intensity.

E. Durations

In general, the storms containing bands were defin-

itely shorter than those containing areas or miscellaneous

patterns. The precipitation associated with the bands them-

selves lasted only 6-7 hours within the 80-mile circle,

whereas that of the areas and miscellaneous storms tended to

persist for 20-30 hours. All three groups had a few storms

which had exceptionally long durations, but in most respects

they appeared to be rather heterogeneous. Most of the storms

which were classified as bands but which had unusually long

durations included precipitation areas or spots outside of

the band pattern itself. Long duration of the area storms

was caused in some cases by the persistence of very light

precipitation in hilly or mountainous regions for many hours

after the passage of the main area. The maximum total and

continuous durations at a point are similarly longer for

areas than for bands.
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F. Dimensions

It is difficult to make exact statements about the

dimensions of areas of light intensity because they usually

extended beyond the 120-mile circle for which rain-gauge data

were plotted as well as beyond the range of radar detectability.

For areas of 1-2 mm/hr, therefore, little can be said except

that they are often over 200 miles in diameter. On the other

hand, areas of 4 mm/hr or more were likely to be quite small,

usually on the order of 30-40 miles across. Quite often the

smaller intense areas were elongated with a northeast-

southwest orientation.

In contrast to the area situations, the band dimensions

were fairly well defined by the radar. The bands were usually

120-160 miles long and 15-30 miles wide. Occasionally,

lengths of 200 miles and widths of 40 miles were reached but

these appeared to be unusual. The bands, therefore, covered

a much smaller portion of the 80-mile circle than did the

areas.

G. Cause of Precipitation

The band and area groups differed significantly

with respect to their associated larger-scale weather systems.

Coastal lows were most often associated with the area patterns,

whereas cold fronts were most often associated with band

patterns. The miscellaneous patterns were often related to

a combination of a stationary front and some other system.
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In all three groups the longer storms tended to be related

to complex situations which contained more than one frontal

or low pressure system. Single frontal or ow pressure sys-

tems, however, also were responsible for the long duration

of some cases.

H. Seasonal Distribution

Finally, differences of some significance occur in

the seasonal distributions of the three groups. Fig. 31 shows

the relative distributions by month of the storms containing

precipitation areas, bands, and miscellaneous patterns. Most

of the area storms occurred in -late winter, while the majority

of the band storms occurred in late spring and early summer;

half of the miscellaneous storms occurred in the late summer.

From the above distributions it may be concluded that well

defined areas occur most often in the late winter but, be-.

cause the storms in this study were selected on the basis of

radar pattern alone, little can be said about the predicta-

bility of any late winter storm having an area pattern.

Similar comments can be made for both the band and miscel-

laneous storms. A large sample of storms selected without

consideration for radar pattern is necessary to determine a

representative seasonal distribution.
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Fig. 31. Seasonal distributions of storms
in area, band and miscellaneous groups.
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VI CONCLUSIONS

In this study it was attempted to determine the

general characteristics of mesoscale precipitation patterns

in the central New England area. Sixty-four storms were

selected on the basis of pattern as shown by 3 and 10 cm

radars and then grouped according to area, band or miscel-

laneous pattern. Both radar and rain-gauge network data were

used to determine for each storm the following qantities

within a circle of radius 80 miles centered at Cambridge,

Massachusetts: total amount of water deposited by the storm,

maximum amount of water depotited during any single hour,

maximum instantaneous precipitation rate at any point, total

duration of precipitation, maximum duration of precipitation

at any single point, and dimensions of precipitation areas or

bands. In addition, the characteristics of the associated

larger-scale synoptic systems and the spatial distribution of

the total water were noted. The region under consideration,

with a 100 sector omitted, has a total area of 4 x 1010 M2

It was found that in the case of the area storms the

rain-gauge data were more useful than the radar data for pro-

viding the desired information primarily because the radar

range was limited in situations where precipitation at low

levels predominated. On the other hand, in the cases of band

patterns, the radar data were the most reliable, since the

rain-gauge network was not dense enough to detect individual
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storms in a representative way, and the radar range was less

restricted in view of the greater vertical extent of the band

patterns.

The results of this study indicate that there is no one

factor that governs the total amount of water deposited within

the observed area. In all the storms considered the total

water was on the order of 108-109 m3 while the maximum hourly

amounts were on the order of 107-108 m3  Somewhat larger

amounts of total water are associated with the area storms

which usually cover a larger region and last longer than the

bands, even though the bands contain greater rainfall inten-

sities. Exceptionally large amounts of water were received

by two of the miscellaneous storms and were primarily a result

of long duration. The spatial distribution of total water

was quite varied for both the area and band groups but showed

a tendency toward regions of greater amounts to the south in

the area cases and toward wide northeast-southwest bands

across the center of the circle for the band storms.

Maximum intensities at a point differed markedly between

area patterns and band patterns, but maximum intensities over

the entire 80-mile circle were quite similar for all three

groups. The areas had maximum point intensities of 4-8 mm/hr

in general whereas the bands most often had 65-130 mm/hr.

Precipitation in both the area and miscellaneous storms

lasted significantly longer than that in the band patterns,

being generally 20-30 hours in length as opposed to 6-7 hours
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for the bands. Storms classified as bands, but which had

large total water amounts and long durations, included a

good deal of precipitation in the form of areas and spots

in addition to the band patterns.

Light precipitation areas of 1-2 mm/hr were usually

over 200 miles in diameter and thus could not be adequately

defined by either the radar or the rain-gauge network used

in this study; but the size of areas of 4 mm/hr or more was

fairly easily defined to be generally of the order of 30-50

miles across or less. Bands were generally 120-160 miles

long and 15-30 miles wide as indicated by the radar.

The major cause of precipitation in the area storms was

the coastal low pressure center that passed to the southeast

of New England while the major cause in the band storms was

the cold front that moved across the New England area from

the west or northwest. Storms of long duration and large

amounts of deposited water were caused either by complex

systems or a slow moving single system.

The seasonal distributions of the three groups of storms

indicated that most of the area cases occurred in February

and March while most of the bands occurred in May through

July; the miscellaneous storms occurred with highest fre-

quency in August and September.
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The conclusions reached in this study can only be con-

sidered as tentative. The sample of storms in each pattern

group was too small to be considered statistically but large

enough to preclude thorough investigation of each one indi-

vidually. The method of data selection, based upon radar

pattern only may have introduced considerable bias. However,

'a study such as this one can be useful in guiding future

research. Selection of the storms in the future should be

based not only upon radar pattern but upon a combination of

radar and rain-gauge data. A sample.of storms which includes

all storms over a period of a few years that deposited sig-

nificant amounts of precipitation in the area should be

selected. Such a sample would be independent of radar pattern.

Larger samples must be used in each group so that statistics

may be meaningful and truly representative. More consistency

in radar operation should be obtained not only with respect

to full temporal coverage of storms, but also with respect

to the changing from one radar to another during the observa-

tion. A larger investigation of mesoscale precipitation

patterns which is based in part on these suggestions is

currently under way.



- 98 -

REFERENCES

Austin, P. M., 1964: Radar measurements of precipitation
rate, World Conference on Radio Meteorology incorpor-
ating the Eleventh Weather Radar Conference, A.M.S.,
Boston, 120-125.

Austin, P. M., and S. Geotis, 19601 The radar equation
parameters, Proc. of the Eighth Weather Radar Con-
ference, A.M.S., Boston, 15-22.

Battan, L. J., 19591 Radar Meteorology, The University of
Chicago Press, Ill., pp. 54-55.

Boucher, R. J., 1961: The motion and predictability of
precipitation areas as determined from radar obser-
vations, Proc. of the Ninth Weather Radar Conference,
A.M.S., Boxton, 37-42.

Boucher, R. J., and R. Wexler, 1961: The motion and pre-
dictability of precipitation lines, J. Meteor. 18, 2,
160-171.

Cochran, H. B., 1961: A numerical description of New
England souall lines, S.M. Thesis, Dept. of Meteor.,
Mass. Inst. of Technology, Cambridge, Mass., 25 pp.

Fujita, T., 1963: Analytical mesometeorology: a review,
Severe Local Storms, Meteorological monographs 5, 27,
77-125.

Geotis, S., 1963: Some radar measurements of hailstorms,
J. Applied Meteor. 2, 2, 270-275.

Gunn, K. L. S., and T. W. R. East, 1954: The microwave
properties of precipitation particles, Quart. J. R.
Meteor. Soc., 80, 522-545.



- 99 -

Kodaira, N., 1959: Quantitative mapping of radar weather
echoes, Research Report Number 30, Weather Radar Re-
search, Dept. of Meteor., Mass. Inst. of Technology,
Cambridge, Mass., 39 pp.

Marshall, J. S., and W. McK. Palmer, 1948: The distribu-
tion of raindrops with size, J. Meteor., 5, 165-166.

Noel, T. M., and A. Fleisher, 1960: The linear predicta-
bility of weather radar signals, Research Report
Number 34, Weather Radar Research, Dept. of Meteor.,
Mass. Inst. of Technology, Cambridge, Mass., 46 pp.

Stem, T. F., 1964: Characteristics of New England thunder-
storms viewed on 10 cm radar, S.M. Thesis, Dept. of
Meteor., Mass. Inst. of Technology, Cambridge, Mass.,
168 pp.

Swisher, S. D., 1959: Rainfall patterns associated with
instability lines in New England, S.M. Thesis, Dept.
of Meteor., Mass. Inst. of Technology, Cambridge,
Mass., 33 pp.

Taylor, H. E., 1962: An investigation of the efficiencies
of the stratiform and cellular modes of precipitation,
S.M. Thesis, Dept. of Meteor., Mass. Inst. of Tech-
nology, Cambridge, Mass., 48 pp.


