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ABSTRACT

The first cloud microphysics studies made by Texas A&M University

in connection with Texas HIPLEX are described. The studies are only

beginning, and any results must be regarded as preliminary and subject

to revision on the basis of further work. The aim of the studies is to

determine the important natural precipitation mechanisms in summertime

convective clouds in the Big Spring, Texas area. The studies are based

on data collected by two instrumented aircraft in 1979. Operational

procedures used for collecting data are described. Rules used for

selecting clouds micrpphysically suitable for study are listed. The

selection rules were met in over half the clouds, but for a fraction of

the clouds either the top temperature was too low, the initial concentra

tion of ice particles was too high, or precipitation was already under

way. A preliminary analysis based on incomplete data of a cloud sampled

on 4 June 1979 reveals a possible example of ice multiplication.

Analysis of data collected on 17 July 1979 within and beneath a mesoscale

convective system shows that when precipitation falls through subcloud

air its temperature is decreased and dewpoint increased. This may be an

example of the wet-bulb process operating within subcloud air or an

example of penetration of potentially cold downdraft air into the subcloud

region. From information on the development of ice and precipitation in

seven clouds and from estimates of the precipitation from each cloud, a

preliminary conclusion is drawn that the ice process is necessary for

significant precipitation to occur. This conclusion strictly applies only

to the clouds studied.

li
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1. INTRODUCTION

The overall objectives of the Texas A&M University (TAMU) cloud

microphysics studies are:

1) to understand the important natural precipitation mechanisms

in convective clouds in the Texas HIPLEX study region, and

2) to formulate and test rain enhancement hypotheses appropriate

to these clouds.

Some progress toward Objective 1 is necessary before Objective 2 can be

pursued. This report focusses on Objective 1. Progress to date is not

sufficient to support a statement on appropriate rain enhancement hypotheses

for convective clouds in the Texas HIPLEX study region.

The cloud microphysics studies presented in this report are the first

to be made by Texas A&M University in connection with Texas HIPLEX. As

such the studies are only a beginning and must be regarded as preliminary.

Only a limited amount of the data collected has been studied, and those data

which have been studied require more study. Any conclusions in this report

with regard to precipitation mechanisms are not final and may be revised

after further work.

The cloud microphysics studies presented in this report are centered

on data collected in the field in the summer of 1979. Two instrumented

aircraft flew from Big Spring Municipal Airport during the experimental

period, May 21 to July 20, 1979, and collected data on the thermodynamic,

kinematic, and microphysical properties of growing cumulus clouds in the

area. These data were recorded in real time on magnetic tape. Subsequent

to the field season the data were processed using appropriate computer

programs. Some analyses of the data have been made. They are described

here. The analyses shed some light on the important natural precipitation

mechanisms in the clouds sampled.

Sections 4 and 6 are the most important part of this report. They

contain the results of the data analyses. The reader familiar with cloud

microphysics studies may wish to read these Sections first. Section 2

introduces the general scientific approach taken in studies of cloud

microphysics data. This discussion may be of value to those not familiar



with this type of work. Section 3 describes how data were collected in

1979/ and Section 5 discusses the processing of the data from the p-Navajo

aircraft for which TAMU was responsible. Salient points of this report

are summarized in Section 7. Future plans are described in Section 8.



2. SCIENTIFIC APPROACH

The scientific approach of the cloud microphysics studies is now

described. A brief review is first presented of the microphysical processes

likely to occur in convective clouds in the Texas HIPLEX study area.

The microphysical processes are laid out in Fig. 1. This diagram is

similar to one developed by Braham and Squires (1974); however, the present

diagram differs in two respects. First, it includes recently acquired

knowledge of cloud microphysical processes. Second, it focusses only on

those processes likely to occur in the Big Spring, Texas area in the summer

time. Represented in Fig. 1 are the Bergeron-Findeisen (ice) process,

the warm rain (coalescence) process, and the more recently discovered process

of ice multiplication. The items in upper case and/or underlined represent

water substance in various forms or else condensation nuclei or ice nuclei.

The items in lower case are processes whereby water substance is changed

from one form to another. For example, if graupel melts it becomes cold

rain. The arrows show the direction of a transformation or else show where

particles of a given type ccme into a process.

The transformation of water substance to rain by the ice process is

represented on this diagram by three different routes. Water vapor and

condensation nuclei with either a continental or maritime spectrum enter

a cloud through its base, and by nucleation and condensation are trans

formed into either a narrow or a broad spectrum of cloud droplets. As

the droplets rise upward through the cloud they may eventually reach

temperatures cold enough for a number of contact and/or immersion ice

nuclei to be activated. The nuclei lead to heterogeneous freezing of

some of the droplets. The frozen droplets then increase in size by

diffusional growth from the vapor. Simultaneously, other ice nuclei may

act as deposition nuclei and with their aid ice crystals may develop

directly from the vapor. These ice crystals will increase in size by

diffusional growth from the vapor.

Regardless which of the three processes for producing ice particles

is dominant some particles develop in a cloud when the temperature becomes cold

enough for ice nuclei to be activated. This may not happen at a temperature
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as cold as -IOC but often happens once the cloud top has reached a

temperature of -15C and almost always happens by -20C. Once frozen

droplets and/or ice crystals have diffusionally grown to sufficient

sizes they may then collect some of the original cloud droplets by riming.

Riming will eventually lead to the development of graupel. Graupel can

grow further by riming. Once graupel falls below the OC level it will

melt and become rain. It is called "cold" rain because it originates

through the ice phase.

The ice process was rather widely accepted for many years as the only

mechanism by which precipitation could be produced. The alternative

process of coalescence was believed to be too slow to be effective. The

calculations made of the rate at which coalescence leads to precipitation

were predicated, however, on a rather narrow cloud spectrum. The route to

precipitation shown in the left side of Fig. 1 was assumed, and "warm"

rain was indeed unlikely to occur.

It is now accepted that warm rain can, in fact, occur. The primary

requisite is that there be a broad spectrum of cloud droplets. This

spectrum most commonly exists if the distribution of condensation nuclei

is what is called "maritime," but a droplet spectrum with a fair number of

large droplets may also develop from a more "continental" nucleus spectrum

if there is a high water vapor concentration. It is to allow for this

latter possibility that the words "more water vapor" and "less water vapor"

have been included near the top of Fig. 1. Regardless how an initially

broad spectrum of cloud droplets is produced, the important point is that

from such a spectrum coalescence by itself can produce rain.

It is important to note, that if there is a broad cloud droplet

spectrum the frozen droplets that develop from heterogeneous freezing will

tend to be larger than if there is a narrow spectrum. Less diffusional

growth will be required of these larger droplets before they can grow by

riming. The implication is that the Bergeron-Findeison or ice process

may be accelerated if the cloud droplet spectrum is broader and more

maritime in character.

In recent years it has become apparent that some clouds, particularly

those with broader cloud spectra, contain what are called secondary ice



particles (see Fig. 1). These are called secondary particles because their

concentrations, of 1 A or greater at temperatures of -3C to -8C where

they are prevalent, are about 1000 times greater than the average concen

tration of ice nuclei active at these warm temperatures. The particles

apparently are produced by some process other than primary ice nucleation.

Considerable effort has been expended in defining the conditions under

which secondary ice particles are produced. The evidence suggests the

particles are produced when droplets larger than 25ym diameter in concen-
-3 '

trations greater than 10 cm collide with graupel particles already present

at temperatures of -3C to -8C. Although secondary particles are small

initially they can grow diffusionally from the vapor (see Fig. 1) and then

by riming and lead to more graupel particles. Some of the secondary particles

may contact and cause to freeze some of those drops already present in the

cloud of sizes large enough immediately to become rimers. Calculations

have shown this latter process of graupel reproduction is faster than the

process involving diffusional growth of the secondary particles. In either

case there is a positive feedback process whereby graupel are rapidly

reproduced or "multiplied" in a cloud. Ice multiplication may accelerate

the development of significant concentrations of graupel, and it may

accelerate the production of rain.

As stated, a minimum concentration of droplets larger than 25ym must

be present for ice multiplication to occur. Such a concentration will

more likely exist if there is a broad cloud droplet spectrum. It is for

this reason that the possibility of secondary ice particles is included

only in the right hand side of Fig. 1.

The first task of the TAMU cloud microphysics studies is to establish

which of the several precipitation processes, shown in Fig. 1 and just

described, operates in convective clouds in the Texas HIPLEX study region.

Is the ice process necessary for precipitation in significant amounts, or

will the warm rain process suffice? If the ice process turns out to be

necessary, are broad spectra of frozen droplets, developed in part by

coalescence, often present to accelerate the ice process? Does ice

multiplication occur frequently, and what is its effect on the production

of rain?



Any study of precipitation processes that is based on field work, such

as the TAMU effort, fundamentally is a study of the end products of the

precipitation processes, namely, the cloud and precipitation particles

themselves. From knowledge gained about the particles inferences about

the processes are drawn. Precipitation processes act to increase the

overall size of condensed particles of water substance and the number of

such particles. The precipitation processes may involve either liquid or

solid particles, and the solid particles may have a structure, e.g. shape

in the case of ice crystals and density in the case of graupel, that is

important for the rate at which precipitation is produced. It is the

intention of the TAMU cloud microphysics studies to examine the size,

number (or concentration), phase, and structure of condensed particles

within a cloud.

Cloud microphysics studies have two basic limitations, even though

these studies can provide information on dominant precipitation mechanisms

and can lead to precipitation augmentation hypotheses that are capable of

being tested. First, cloud micrcphysics studies are based on a limited sam

ple of data. Ideally, the studies should be based on data on every particle

in the cloud, and data should be available at all times. This ideal data sam

ple is not available in practice and probably never will be. Instead,

particle information is available only along a few filamentary paths

through the cloud, usually spaced several minutes apart in time and usually

not successively placed in the same part of the cloud. Data are also

limited on particle structure and on the 3-dimensional aspects of particle

shape.

A second basic limitation of cloud microphysics studies is the

lack of emphasis they usually place on the dynamic environment within the

cloud in which the microphysics data are collected. (Information on the

larger, mesoscale environment has been and is being collected in Texas

HIPLEX and has important uses.) Information on the motions within a cloud

is needed to establish, among other things, the dynamic support the cloud

gives to particles while they grow and the expected lifetime of the cloud

as a turbulent entity. Information on motions could aid in determining

whether those natural microphysical processes, which may have been established

to be the only ones of potential importance for precipitation, in fact, proceed



at a rate fast enough for precipitation likely to occur.

Despite the two basic limitations of cloud microphysics studies

just discussed, these studies can still provide much of the fundamental

information needed oh dominant precipitation processes.

Cloud microphysics (particle) data are more useful for deducing

precipitation processes if they are collected at certain times during the

life of a cloud and at certain positions within the cloud. General data

collection guidelines have been established for Texas HIPLEX, as follows.

Data should be collected early in the life of the cloud, when only droplets

are present and before precipitation has begun to form, and data should be

collected as particles pass through the transient stage between cloud drop

let sizes (diameter in 10's of micrometers) and precipitation sizes

(diameter in 1000's of micrometers), and finally data should be collected

when precipitation has developed. Data should be collected aloft within

a cloud, at levels colder than 0C but warmer than about -15C. In Texas

HIPLEX those clouds are of marginal interest which never rise above the

0C level. The types of data to be collected at each stage in the life of

the cloud are now described in more detail. Examples are given of the

deductions to be made from the data.

Data collected early in the lifetime of a cloud, before precipitation

has begun to form, include the liquid water content and concentration of

cloud droplets, and the distribution (spectrum) of droplet diameters. The

cloud droplet size distribution is useful in assessing the importance of

the warm rain (coalescence) process in a particular cloud in 1) producing

droplets which may eventually act as precipitation embryos, in 2) acceler

ating the ice process as described earlier, and in 3) providing the drop

lets necessary for the ice multiplication process. It is noted that the

rate at which large droplets are being produced by the coalescence process

is better estimated if droplet size distributions are available both from

aloft within a cloud and from cloud base. A parameter also of importance

early in the lifetime of the cloud is the amount and spatial distribution

of liquid water in cloud droplets. Cloud liquid water content is especially

important from an operational point of view because it serves as the source

of condensed water from which precipitation ultimately has to form. An

operational decision to study a cloud further will be based in part on the

liquid water in cloud droplets.



Cloud droplet size distribution data can be collected with an

optical light scattering probe such as the Particle Measuring Systems

(PMS) Axially Scattering Spectrometer Probe (ASSP) or Forward Scattering

Spectrometer Probe (FSSP). The Meteorology Research, Inc. (MRI) Navajo

carried an ASSP in the 1979 field program. The ASSP detected particles

in the 3 to 45ym size (diameter) range. Cloud liquid water content can

be obtained by integrating the PMS cloud droplet size distribution or, less

expensively, by use of a Johnson-Williams hot wire device (J-W probe) . Both

the MRI Navajo and the Colorado River Municipal Water District (CRMWD)

p-Navajo carried J-W probes in the 1979 field program. It should be noted

that the J-W probe does not provide cloud droplet spectra, and thus its

data are not sufficient in themselves for a study of the precipitation

processes.

Cloud microphysics data should also be collected on intermediate

size particles, larger than cloud droplets but smaller than precipitation.

Many particles which reach the intermediate size range of about 50 to

500]Jm will grow little during the remainder of their lifetimes. But an im

portant fraction of these intermediate particles will grow further. They

are the embryos for larger precipitation particles (raindrops and graupel).

These embryos can be liquid drops growing by coalescence, and ice

crystals growing diffusionally from the vapor. The relative concen

trations and sizes of both types of embryos are measures of the relative

importance and rate of action of the warm rain and ice processes in

producing precipitation.

The relative importance of the warm rain and ice processes conceivably also

could be determined by photographing or manually dissecting precipitation

particles themselves and searching for the embryo. This is a difficult pro

cedure when the precipitation is graupel and impossible when the precipitation

is in the liquid form. Thus, there appears to be considerable value in ob

taining data on the intermediate size cloud particles themselves prior to

the time when some are incorporated as embryos into precipitation particles.

Intermediate particle data can be collected with a PMS Two-Dimensional

Optical Array Particle Imaging Probe (2-D probe). The 2-D-C model of this

probe provides complete shadowgraph images of particles from 25 to 800 \m

diameter, provided they are centered in the field of view, and the probe

provides incomplete but often useable images of larger and/or non-centered
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particles. Less complete data on intermediate particles can be collected

with a PMS One-Dimensional Optical Array Particle Probe (1-D 200-X probe)

covering the size range 20 to 300 ym. This probe provides information on

particle sizes but no information on particle shapes. Particle shape

permits deductions as to particle phase and better estimates of particle

size distributions and water content. Data from the 1-D 200-X probe are

of use despite these limitations. The MRI Navajo carried both a 2-D-C

probe and a 1-D 200-X probe in the 1979 field program.

The 2-D probe data, in addition to permitting deductions about the

relative importance of the warm rain and ice processes, also can be used

to study how ice develops in a cloud. Comparison of ice particle concen

trations with measured or climatologically-estimated ice nucleus concen

trations should show whether ice multiplication is operating in a cloud.

The shape and size of ice crystals can show at what temperature levels the

crystals have been growing by diffusion from the vapor and whether they

are large enough to grow by riming as well. It is noted that positive

evidence of riming to date requires visual examination of ice crystals

themselves. Ice crystals can be collected on oil-coated slides exposed

in an air-decelerating tube mounted on the outside of the aircraft. Such

instrumentation was not available in the Texas HIPLEX 1979 field program.

Cloud microphysical data should also be collected on precipitation

particles. Precipitation water content is important as a measure of how

much precipitation a cloud will produce. Data from temperatures colder

than OC on the liquid (super-cooled raindrop) or solid (graupel) nature of

the precipitation can be direct evidence as to which of the warm rain or

ice processes is operating. The validity of the deduction would depend on

what evidence is available with regard to recirculation of precipitation

through temperatures warmer than OC and back to colder levels.

Precipitation particle data can be collected with a PMS 2-D-P probe

covering the size range 200 to 6400 ym. It is noted that the 2-D-C probe

covering the 25 to 800 ym range provides better resolution of the smaller

and more irregular precipitation particles. Less complete data on

precipitation particles can be collected with a PMS 1-D 200-Y probe

covering the size range 300 to 4500 ym. The MRI Navajo carried a 1-D

200-Y probe in the 1979 field program.
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The focus of the TAMU cloud microphysics studies is therefore on the

condensed elements of water substance. They are the end products of the

precipitation processes, and given suitable analysis should serve as

evidence of the nature of these processes.

Some indirect evidence can be accumulated in support of the cloud

microphysics studies. This evidence includes the following:

(a) cloud base temperature and concentration of droplets,

(b) difference in height between cloud base and freezing level,

(c) cloud-top temperature when significant concentrations of ice

first develop,

(d) cloud top temperature when significant precipitation first

develops, and

(e) temperature at the height of a first echo.

The first two pieces of evidence are indirect indicators of the size of

cloud droplets that can be produced by condensation and coalescence in

a cloud and, thus, suggest whether warm rain is likely. The third piece

of evidence suggests whether ice multiplication is operating. The last

two pieces of evidence suggest whether the ice process is required for

precipitation.

The preceding material illustrates the strongly field-experimental

approach being taken in the scientific work. This experimental emphasis

requires extra care in the collection of data. Data must be collected

prior to the formation of any precipitation in a cloud, but for the sake

of efficiency in clouds in which precipitation is likely to form. Data

must then continue to be collected through the precipitation stage, so

that all links in the precipitation chain can be determined. Advanced

and reliable measurement systems must be employed.


































































































































