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A ES TRACT 

This Final Report covers the period January 1962 to August 1965. 

In this period the first study of profiles derived from the stepped 

grey scale radar maps was completedo The profile~which are plots of 

the distribution of area and/or flux of precipitation with intensity 

as a function of height for a total area of 20,000 nmi
2

, give useful 

data for relation to synoptic meteorologyo The results of measure-

ments of snowfall rate by measuring depth increments on the ground 

by optical attenuation in the falling snow are reportedo 
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Figure 1: The variation of area x hours with height for sets of maps 

in which precipitation reached 40 kft (broken lines) and those in 1-1hich 

it did not (solid lines). In the broken lines, area x time remains 

constant or increases slight~ with height up to 15 or 20 kft, then 

decreases gradually up to the top of the diagram. In this they resemble 

similar single-time .-profiles" for items of severe weather (Hamilton, 

MW-37). The solid line curves that do not go to 40 kft .(the much more 

usual case at Montreal) drop back with increasing height, and so 

resemble single-time profiles for situations without severe storms. 



PRECIPITATION STUDIES BY RADAR AND OTHER TECHNIQUES 

The first major use of CAPPI records for research has been through "profilestt e 

From a CAPPI map at a given height the area of precipitation is obtained, and its 

2 
distribution with target-intensity, for an area of 20,000 nmi centered on the 

radar. The process is repeated at several heights; then by interpolation this 

distribution for a large area in plan is obtained as a function of height. 

Advantages: (i) Variations due to wind-shear are averaged out, so that (notably 

for the small updraughts of continuous precipitation) the enhancement of precipi­

tation with distance fallen can be studiedo (ii) A summer precipitation pattern 

contains individual showers at various rates of development, each with its own 

meso-meteorological circulation. Summation over areas large compared with indivi-

dual showers and their areas of influence should make it possible to relate the 

shower activity to the circulation on a synoptic scale. 

Item (i) is only now being exploited, but possibilities under (ii) have 

been demonstrated amply by Hamilton (MN-37). (An operational deviee for effecting 

the summations is ready for use now; all work to date has depended on a temporary 

system.) 

Hamilton found (quoting from the abstract to HW-37) that "Profiles for 

summer shower situations commonly show an accumulation of precipitation aloft. 

Its height is observed to increase with the available energy of convectiono This 

observation has been combined with calculations by other researchers to give a 

three-fold relation among mean updraught speed, height of accumulation and energy 

of convection. Profiles for continuous rain are quite distinct from those of 

showers, generally showing the greatest amount of precipitation at the base of 

the storm". 

Summations over an area of 20,000 nmi
2 give data for relation to synoptic 

meteorology, and average over severa! meso-scale systems. It appears possible 

to single out individual meso-scale systems and to obtain profiles for them 
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individually; this possibility is being exploited now. 

In MW-48k summation was extended, from 20,000 nmi2 at one instant to 

2 
20 , 000 nmi over a whole surnmer season (Figure 1). Occasions when echo extended 

above 40,000 ft show considerably more evidence of storage aloft (at about 

20,000 ft) than the remaining storms of the summer. 

Report WN-48 also studied the size and shape of patches (intensity-contours 

of individual storms), and Figure 2 summarizes this study. The dual scales of 

abscissae indicate how shape varies with size, the ratio of max to min extent 

equalling the min extent in miles. The multiple ordinate scales imply that t~e 

distribution of patches with size is roughly the same at all heights, and only 

the total number and area vary with height. 

Work in cloud physics under other auspices has been reported th1~ughout the 

contracto With support from the National Research Council, extensive studies of 

new-fallen snow were made (MW-44). The primary purpose was to obtain rate-of-

snowfall data, and to develop techniques therefore. The following paragraphs in 

quotes are from Gunn's abstract: 

"The rate of accumulation of snow at the ground has been recorded by photo-

graphing the snow surface against a wire grid. The records have provided useful 

data about amounts and rates of snowfall at Montreal. Of 101 snowstorms considered, 

half deposited less than 2 mm of water (mmw). During a winter there are only half 

a dozen storms that deposit more than 10 mmw (4 inches of snow). Half the amount 

of snow in a season cornes at rates of 1.2 mmw hr-l and less. The highest rate 

measured in two winters was 7.4 mmw hr-l over a period of one-half hour. 

k Report MW-48 was a report to the Air Transport Asso9iation during the period 
when our Air Force Contracts had been extended without additional funds. Part 
r: of this report applies itself to the ATA problem; Part I producing prerequisite 
meteorological information has broader relevance, and on account of it the report 
wïll be distributed in sorne form to the addresses that norrnally receive our 
MW-reportso 
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"The snow surface is continually subsiding at a rate generally less than 

1 mm of snow per houro The subsidence is due tb the compacting of the snow cover 

presumably as the crystals become modified in their new environmento The rate of 

compacting of any layer in the new snow is found to be about l per cent per hour, 

independant of the snow densityo 

"Many measurements of the snowfall rate R and the average mass per crystal 

m have provided values of R/m, the number of snow crystals reaching unit area of 

of the surface per unit timeo A typical number is 1 per cm2 per seco Over a whole 

seasonvs data, the flux is proportional to the snowfall rateo Specifically, two 

thirds of the measurements lie within a factor two of a locus R/m (cm-
2 sec-

1 ) = 

1.5 R1 · 0 where Ris in rrnnw hr-l&" 

Further steps toward measuring rate of snowfall have been takeno Heated 

rain-gauges and the measurement of wide-angle scattering of light by falling snow 

will be reported late this year (MW=45), although the work has been going on for 

several yearso The most likely way to measure snowfall rate, we think, is by 

optical attenuation, as was done by Lillesaeter (MW-43), whose abstract follows. 

(Lillesaeter 8s work was our serious attempt to make use of laserso We never did 

use the~, but we did learn about snow, and our techniques are readily adaptable 

to lasers.) 

"A pulsed light has beén used in a conventional optical system with a nearly­

parallel bearn of light~ divergence less than Ool0
o Attenuation measurements 

over a 123~m path were made in Montreal in the early months of 1964. Attenuation 

by falling snow appeared to be proportional to the rate of snowfall, and is 

obviously proportional to distanceo The value found was approximately 

18 (~b km~1)/(mmw hr~1 ), using mmw to denote the millimetres of water to which 

the snow would melt o This value dropped from 18 to 10 for wet snow and snow 

pelletso Attenuation by rain was only Oo25 (db km~1 )/(rnmw hr-1)o Observed visual 
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range in snow varied inversely as the rate of snowfall, and was 1 km when the 

rate was 1 mmw hr-l~" 

The freezing of raindrop-sized water samples has been under observation in 

the laboratory (MW-41). 

11 The dependance of heterogeneous nucleation of supercooled 1~ter drops on 

temperature and the duration of supercooling has been studiedo The rain-sized 

drops were placed on an oiled aluminium surface and thermoelectric refrigeration 

was used to provide constant cooling-rates and to maintain constant temperatures. 

Once-distilled tap-water and melted snow and hail were investigatedo Only the 

first two of these showed definite time-dependent propertieso 

"The experimental results are inconsistent with the hypothesis that all 

drops have equal probability of nucleation (stochastic nypothesis), and also 

with the hypothesis that the freezing temperature of a drop is the characteristic 

temperature of one of the impurities contained in the drop (ttsingular11 hypothesis). 

The results can be explained if the existence of a variety of nuclei is recognized, 

each of which is most likely to cause nucleation in a different range of tempera­

tures, and if the nucleation probability associated with each impurity is a 

function of the temperature of the sampleo 11 

The Alberta Hail Studies have been the subject of scientific reports MW-36, 

MW-38 and MW-42o These combine data-analysis with theoretical syntheseso The 

unique observational contribution relates to the distribution with size of bail­

stones arriving at the ground. On the theoretical side, our concept of a great 

concentration of rainwater aloft, resulting from a rough balance between fallspeed 

and updraught-speed, increasing until it kills the updraught or generates faster­

falling hailstones or does both, seems to be gaining sorne measure of respect 

nowadays. 
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