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Chapter 1

Introduction

Global climate greatly depends on the precipitation. Clouds are responsible for
different types of precipitation. In this chapter a brief introduction to rain,
climate, clouds and precipitation are given. Precipitation reaches the ground as
liquid or as solid form and is classified into many types depending on the size of
the precipitate, its physical form, etc. A brief description of the general rain
classification and their features are also presented in this chapter. Since this
thesis deals with the measurement of liquid precipitation, studies have been
confined to rain parameters only. Various rain parameters like rainfall rate, the
size and shape of raindrops, velocity and orientation of precipitation particles,
etc. are of fundamental importance in the field of telecommunications and for the
studies related to soil erosion. Distinct shape and size of raindrops and its
distribution in rain, which are of much importance to these studies, are also
elaborated in this chapter, alongwith the basic methods used to measure rain
parameters. This chapter also deals with clouds and formation of rain, type of

precipitations and the effects of rain.

The measurement of global precipitation is of great importance in climate
modelling since the release of latent heat associated with tropical convection is one of
the principal driving mechanisms of atmospheric circulation. The knowledge of the

large-scale precipitation field has important potential applications in the generation of
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initial conditions for numerical weather prediction models. Knowledge of the
relationship between rainfall intensity and kinetic energy, and its variations with time
and space is important for erosion prediction. The vegetation on earth greatly depends

on the total amount of rainfall as well as the drop size distribution (DSD) in the rain.

All of the above applications require global, large-scale, area-averaged rainfall
estimates that are available through remote sensing satellites. While methods using
visible, infrared and microwave radiometer data have been shown to yield useful
estimates of precipitation, validation of these products for the open ocean has been
hampered by the limited amount of surface rainfall measurements available for

accurate assessment, especially for the tropical oceans.

Surface rain fall measurements, often called the ground truth are carried out by
rain gauges working on various principles like weighing type, tipping bucket,
capacitive type and so on. The acoustic technique is yet another promising method of
rain parameter measurement that has many advantages. The basic principle of acoustic
method is that the droplets falling in water produce underwater sound with distinct
features, using which the rainfall parameters can be computed. The acoustic technique
can be used for developing a cost effective and accurate device for automatic
measurement of rainfall rate and kinetic energy of rain, especially suitable for
telemetry applications. This technique can also be utilized to develop a low cost
Disdrometer that finds application in rainfall analysis as well as in calibration of

nozzles and sprinklers.

1.1 Clouds and Precipitation

Clouds are a crucial component of the hydrological and radiative balances that

sustain life on Earth. One of the challenging aspects of this cloud—climate problem is
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the fundamental importance of the processes occurring on extremely small scales in
determining the macroscopic properties of clouds, including their lifetime, extent,
precipitation efficiency, and radiative properties. Thus, if one is able to understand the
role of clouds in human affairs and the global environment, it is possible to increase
our understanding of the processes occurring on seemingly unrelated scales, such as
cloud droplet activation, ice nucleation, and the subsequent temporal and spatial
evolution of cloud particle size distributions. A major goal of cloud physics is to
understand the formation and evolution of cloud droplet size distribution. Droplet size
distributions are fundamental to the studies of cloud radiative properties and

precipitation efficiency, problems of broad interest.

There are various processes that control the physical phenomenon of micro-
particles, cloud drops, raindrops and ice crystals. These include nucleation (formation
of new cloud drops) on Cloud Condensation Nuclei (CCN) or ice nuclei,
condensation/evaporation of water, gravitational settling (i.e. falling), and collision —
coalescence. The mean size of the cloud droplet is in the range of 10-20 pm. These
cloud droplets will not have sufficient volume to fall as raindrops. Condensation
occurs when the water vapour wraps itself around the tiny particles. Each particle
surrounded by water becomes a tiny droplet between 0.001 and 0.05 mm in diameter.
However, these droplets are too light to fall. For these tiny droplets to fall, one
droplet has to collide with another droplet, the bigger droplet will fuse into the smaller
droplets making a larger drop. This new bigger droplet will collide with smaller
droplets and become even bigger; this is called coalescence. As soon as the droplet
reaches the size of 0.5 mm or bigger in diameter, it is considered as a raindrop. Drops
larger than 5.8 to 6 mm will usually split into two separate drops [Doviak and Zric
1993; Sauvegnot 1992; Bringi and Chandrasekar 2001]. General information on rain

formation can be found in open literatures, Pruppacher and Klett (1978).
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The release of latent heat by condensation of water vapour is a major
component of Earth’s energy budget and is one of the major driving components of

the global atmospheric circulation.

1.2 Rain and Climate

Rainfall characteristics affect the amount of runoff and greatly affect the
severity of erosion possible in various parts of the country, and our dependency on

irrigation for crop growth. Specific important characteristics of rainfall are:

Size and Shape: Rainfall occurs when the moisture in the atmosphere condenses into

drops. Raindrops occur about in any shape upto approximately 6 mm mean diameter
after which they tend to break up. However, they do tend, if turbulence does not
interfere, toward an acrodynamically stable shape (tear-drop) because this affords the

least surface resistance to motion.

Intensity and Duration: These are usually inversely related, i.e., high intensity

rainstorms are likely to be of short duration and low intensity rainstorms can have a

long duration.

Intensity and Area: One can expect a less intense rainfall over a large area than over a

small area.

Intensity and Drop Size: High intensity rainstorms have a larger drop size than low

intensity storms.

Drop size and Terminal Velocity: The terminal velocity of raindrops increases with
the dropsize. The terminal velocity of the biggest drop can attain a speed of upto 9

m/sec. Rainstorms with large drop sizes have high erosion potential.

Rainfall Distribution and Supply: These are difficult to predict for a given season, but

average values based on long-term records tell us much about the kind of water

management necessary for an area.
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1.2.1 Amount of rainfall and intensity

The most common historical rainfall data available are daily total quantity at
selected locations. Such data have usually been obtained from a standard rain gauge
that gives the depth of rainfall accumulated between observations. Data that are more
useful are the one obtained from a recording type instrument that gives a record of
accumulation as a function of time. Hence, intensities can be determined from
recording gauges. The rainfall over a region is obtained from point data by an
arithmetic or area-weighted average of the amount of rainfall. The general formula to

calculate area-weighted averages is:

n-n (1.1)

where the cross-product of each "n" sub-area and its corresponding amount of rainfall
are summed and then divided by the total area. The two accepted methods for
applying this formula are the Thiessen polygon method and the Isohyetal method.
Each use different techniques to delineate the sub-areas for which individual

precipitation measurements are presumed to be applicable.

Isohvetal Method: Rainfall readings from a set of gauges are plotted on a map of the
region. Lines connecting all points of equal precipitation are then connected to create
an isohyetal map which are analogous to contour lines on a topographic map.
Obviously, this works best when there are numerous rain gauges. The area between
each isohyetal line is then measured using a planimeter if done manually or computer
software if done with software package like Geographical Information System (GIS).
This is the more accurate of the two methods and is laborious, if done manually

because the isohyetal lines must be redrawn and re-measured for every storm event.

Thiessen Method: This technique has the advantage of being quick to apply for

multiple storms because it uses fixed sub-areas. It is based on the hypothesis that, for
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every point in the area, the best estimate of rainfall is the measurement physically
closest to that point. This concept is implemented by drawing perpendicular bisectors
to straight lines connecting the two rain gauges. This yields, when the watershed
boundary is included, a set of closed areas known as Thiessen polygons. Figure 1.1

gives an illustration of this with the four rain gauges A, B, C and D.

Fig. 1.1: Thiessen polygons with 4 rain gauges

1.2.2 Raindrop size

The minimum size of raindrops falling on the ground depends on the vertical
wind speeds in clouds. In clouds with updrafts of less than 50 cm s™', drops of 0.2 mm,
terminal velocity of which is 70 cm s or more will fall out. In air of 90% humidity,
such a drop can fall 150 m before total evaporation and thus never reach the ground. A

drop of 1 mm can fall 40 km and thus reaches the ground.

The nature and shape of raindrops have been studied in detail by many

researchers. Well-known results reported in open literature describe the models on the

6
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diameter, which describes the diameter of a sphere with the same volume as the
deformed drop. Falling drops of equivalent diameters of 0.3 to 1 mm resemble oblate
spheroids. Drops larger than 1 mm resemble oblate spheroids with flat bases (Fig.
1.2).

Wind tunnel experiments conducted by Pruppacher and Beard (1970) indicate that
a’b=1.03-0.062 D (1.2)

where a/b is the ratio of the minor to the major axes and D (in mm) is the equivalent

diameter of drops > 1 mm.

The velocity of a drop depends on gravitation and drag due to wind speed. The

motion of a drop can be described by:

duD . T = -
mD7=ng—§‘uReCD(Re)D(UD—U) (1.3)
where mp, = p_zD* /6 kg, the mass of drop

D = Drop diameter in metres,

U, =Drop velocity vector in m/sec,

—

7 = Wind velocity vector in m/sec,
£ = Gravitational acceleration in m/sec’,
C, = Drag coefficient depending on the Reynolds number Re
Re =ppl0, -0\/;: ]
pD = Density (kg m™") of water,

P = Density (kg m™) of air, and
# = The dynamic viscosity (kg m™ s) of air.
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1.3 Rain Classification

Rain is characterised by raindrop spectra. In meteorology raindrop spectra
(also called “raindrop distributions™) are often expressed in number of drops per unit
volume of air per (equivalent) drop diameter. It is called “‘raindrop number
3 1

concentration spectrum”, denoted by »(D} and its unit is m™ mm".

Different types of rainfalls have different heating profiles within the
atmosphere and this calls for the classification of rainfall. Different classifications of
rains are characterized by different drop size distributions (DSD) and different

temporal characteristics.

1.3.1 Convective and stratiform precipitation

The nature of the precipitation field in a region of the atmosphere reflects the
nature of the vertical air motions in that region. When the intensity of the precipitation
exhibits strong variability in the horizontal direction, the air is usually in a state of
convection characterized by strong updrafts and downdrafts, which act to homogenize
the vertical distribution of moist static energy in the atmosphere. In such situations,
the air contains updrafts and downdrafts of about 1-10 m s™', and this horizontally

variable precipitation is known as ‘‘convective precipitation.’”

Houghton (1968) pointed out that the primary precipitation- growth process in
convective precipitation is a collection of cloud water by precipitation particles in the
strong updraft cores. Convective up and downdrafts are usually within a range of 1-6
km [Yuter and Houze 1993a]. Typically, several updraft—-downdraft pairs occur in the
vicinity and produce a horizontally variable precipitation pattern over an area
approximately 10 to 100 km in horizontal dimension. Such a pattern of precipitation is

called a “‘convective region’’.
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When the intensity of the precipitation over an area approximately 10-100 km
in horizontal dimension exhibits less variability and the radar reflectivity field appears
to be in layers, the precipitation is typically referred to as ‘stratiform’’. The upward
air motions sustaining stratiform precipitation are weaker (1-10 c¢m s') but more
widespread than the locally strong updrafts and downdrafts present in regions of
convective precipitation. Thus, the fall speeds of the precipitating ice particles (1-2 m
s") [Locatelli and Hobbs, 1974] far exceed the magnitude of the vertical air motion.
Houghton (1968) pointed out that under these conditions, the primary precipitation-
growth process is vapour deposition on ice particles, which is a slow process, and
particles must fall from the near cloud top to attain the maximum possible growth by
vapour diffusion. Stratiform precipitation areas are thus distinct from convective areas
by virtue of the particles always settling downward and growing slowly by deposition
of vapour, in contrast to the convective updraft cores, in which large concentrations of
droplets condense rapidly and are readily available for collection by larger

precipitation particles.

When a convective updraft weakens, ice particles grown by collection of cloud
droplets and carried upto the top of the cell during the active phase of the convective
updraft slowly fall out through the weaker upward motion, while continuing to grow
by vapour diffusion. The convective precipitation core thus turns into a region of
stratiform precipitation. As the parcels of air in the convective updrafts rise out of the
boundary layer and reach the upper atmosphere, they broaden and flatten because of
the decreasing pressure and of reaching their level of neutral buoyancy [Lilly 1988;
Yuter and Houze 1995¢c]. As progressively more weakened, spreading convective
elements congregate in the upper troposphere, and they get amalgamated to form a

larger horizontal area, which are identified as the stratiform regions on the RADAR.
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1.3.2 Types of precipitation

As per the meteorological terms, precipitation is classified into three, viz., the

liquid, the freezing and the frozen precipitation. These precipitation classifications are:

i) Rain: Liquid precipitation having drops of diameter greater than or equal to 0.5
mm. Raindrops that reach the earth’s surface are seldom larger than 6 mm, as

collisions between the raindrops tend to break them apart into many smaller drops.

i) Drizzle: According to the Glossary of Meteorology [American Meteorological
Society, 1959], a drizzle is a very small, numerous, and uniformly dispersed, water
drops that may appear to float while following air currents. Unlike fog droplets,
drizzle falls to the ground. It usually falls from the low stratus clouds and is
frequently accompanied by low visibility and fog. In weather observations, the

drizzle is classified as:

(a) “very light”, comprised of scattered drops that do not completely wet an

exposed surface, regardless of duration
(b) “light,” the rate of fall being from a trace to 0.25 mm per hour
(c) “moderate,” the rate of fall being 0.25-0.50 mm per hour
(d) “heavy” the rate of fall being more than 0.5 mm per hour.
When the precipitation equals or exceeds 1mm per hour, at the entire or part of
the precipitation is usually rain; however, true drizzle falling as heavily as 1.25 mm

per hour has also been observed. By convention, drizzle drops are 0.5mm or less in

diameter.

iif) Virga: The precipitation that falls from a cloud but evaporates before reaching
the ground is known as Virga.

11
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Freezing rain and freezing drizzle are coming under the freezing class and

the frozen precipitations are:

i) Snow: Much of the precipitation reaching the ground begins as snow. During
summer, freezing level is usually high and snowflakes falling from a cloud melt
before reaching the ground. During winter when freezing level is much lower, the
snowflakes have a better chance of survival. Snowflakes can fall upto 300 metres
before it melts completely. When snowflakes fall through very cold air with low
moisture content, they do not readily stick together and hence powdery flakes of

‘dry’ snow accumulates on the ground.

if) Fall streaks: This refers to the falling ice crystals that evaporate before reaching
the ground.

iii) Flurries: These are light snow showers that fall intermittently for short duration;

often from developing cumulus clouds.

iv) Snow Squall: This refers to more intense snow showers, comparable to summer

rain showers and are usually formed from cumuliform clouds.

v) Blizzard: These refers to a weather with low temperature and more than wind

speed 30 knots bearing large amounts of fine, dry, powdery snow. Blowing of snow

is known as Blizzard.

vi) Sleet: Snowflake or very cold raindrop passing through warmer air undergoes
partial melting. When it again goes through subfreezing surface layer of air, this
partially melted snowflake or cold raindrop turns back into a tiny transparent ice
pellet, called, sleet.

The table 1.1 summarises different types of precipitations:

12
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Table 1.1: Types of precipitations

Approximate State
Type . of Description
size
water
Mist 0.005 mm to Liquid Droplets are large enough to be felt on the face when
0.05 mm air velocity is 1 m/sec. Associated with Stratus clouds.
Drizzlel < 0.5mm Liquid Small uniform drops that fall from stratus clouds,
generally for several hours.
Rain is generally produced by nimbostratus or
Rain | 0.5to Smm | Liquid | cumulonimbus clouds. When rain is heavy, the drop
size can be highly variable from one place to another.
Small, spherical to lumpy ice particles that form when
raindrops freeze while falling through a layer of
Sleet 0.5to5mm | Solid | subfreezing air. Because the ice particles are small,
any damage is generally minor. Sleet can make travel
hazardous.
Produced when super cooled rain drops freeze on
Glaze Layers | mm Solid | contact with solid objects. Glaze can form a thick
to 2cm thick coating of ice having sufficient weight to seriously
damage trees and power lines.
Deposits usually consisting of ice feathers that point
Rime Variable Solid into the wind. These fine frost like accumulations
accumulations form when super cooled cloud or fog droplets
encounter objects and freeze on contact.
The crystalline nature of the snow allows assuming
many shapes, including six sided crystals, plates and
Snow | Immto2cm | Solid | needles. Produced in super cooled clouds where water
vapour is deposited as ice crystals that remain frozen
during their descent.
Precipitation in the form of hard rounded pellets or
., | 5 mmto 10cm . irregular lumps of ice. Produced in large convective,
Hail Solid . . .
or larger cumulonimbus clouds, where frozen ice particles and
super cooled water co-exist.
Some times called “soft hail”, Graupel forms when
2Zmmto S . rime collects on snow crystals to produce irregular
Graupel Solid . o s .
mm masses of “soft” ice. Because these particles are softer

than hailstones, they normally flatter out upon impact.
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Soil erosion has three main forms:

Sheet erosion: The uniform removal of soil particles from the surface without causing
channelisation.

Rill erosion: The removal of soil through the cutting of a large number of small
rivulets and tiny channels. These channels are not permanent and change location with
each storm event. However, under certain conditions, some rills may develop into
larger channels causing the third form of water erosion, which is the gully erosion.
Gully erosion: The removal of soil through cutting relatively large channels or gullies

by the force of concentrated flow.

Erosion due to water run off and sediment transport are complex processes
involving interactions among climate, soil properties, topography, surface cover, and
human activities [Renard. 199°]. Of these, climate represents the active force of
erosion, while soil, topography, and surface cover represent passive factors. Human
activities cause changes in the passive factors, thereby altering a catchment's response
to climate. The break-up of surface soil aggregates, together with the dislodgment and
dispersion of soil particles, may seal the surface soil and result in decreased
infiltration rates and increased runoff, which augments overland flow. Soil properties
such as granulation, texture, structure, water holding capacity, and permeability are
factors that determine the amount of runoff, as well as the soil erodibility and the
ability of overland flow to transport detached sediments. Rain kinetic energy beyond a
threshold intensity is highly correlated with the sediment transportation [A. 1. J. M.
Van Dijk et. Al 2003].

1.4.2 The Universal Soil Loss Equation (USLE)

One of the most widely used soil erosion models is Wischmeier and Smith's
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(1978) Universal Soil loss Equation (USLE). In its original version, the model takes

the form:

A=RxKxILxSxCxP (14
where A = the sediment yield for the period in question,
R = the rainfall-runoff erosivity index,
K = the soil-erodibility factor,
L = the length-of-slope factor,
S = the degree-of-slope factor,
C = the crop-management factor and

P = the conservation-practice factor.

R characterizes the level of attacking (active) forces, while the remaining terms
characterize the level of resisting (passive) forces. These factors have been determined
from experimental studies that compared erosion rates from different erosion-
monitoring plots. Central to the USLE is the concept of a unit plot. A universal unit
plot is utilized to determine the soil-erodibility factor K. Additional plots are used to
determine other parameters. Except for the factor being assessed, such plots must
represent the field for which parameters are being determined, and must be identical to
its counterpart in the universal plot. For example, determining the slope-steepness
factor for a field that has 5% slope requires two experimental plots. The first plot
should have the actual field slope of 5%, while the second plot should be identical in
length, tillage, soil, and land cover to the first plot, with a 9% slope (the USLE
standard). Similarly, in order to estimate the slope-length factor L for a slope of 5%
and a length of 100 m, two identical plots must be used. Both plots must have the 5%
slope. The first plot (the field plot) must be 100 m long, while the unit plot must be
22.13 meters long as per the USLE standard. Determining the factors X, C, and P is
experimentally intensive. It requires constant monitoring and in some cases rainfall
simulation experiments. The standard approach of obtaining experimental values of

the USLE factors involves fixing five of the six factors by means of standardised plots
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and monitoring rainfall, runoff and erosion. Once the data are available, the USLE
equation can be solved for the unknown factor. However, plot studies cannot measure
sediment delivery from large watersheds, where A4 is determined primarily by the

capacity of waterway to transport sediment.

1.4.3 The rainfall-runoff erosivity index

Rainfall ersovity index R is a statistical measure calculated from a summation
of rainfall energy in every storm over a fixed period (correlated with raindrop size)
multiplied by its maximum 30-minute intensity. Empirically, R was found to have the
highest correlation with soil erosion from experimental plots. For each intensity
period, a rainfall energy e,, per unit intensity is computed [IFoster, 1981} from:

e, =0.119+0.08731log(/) for /< 76 mm/h
e, =0.283 for /> 76 mm/h (1.5)
where ¢, = the kinetic energy of the m th intensity period for a unit rainfall,

I = the rainfall intensity period energy (mm/h).

The amount of soil loss during a single rainfall event correlates more strongly
with the maximum intensity of the storm than with total rainfall. By providing rainfall
intensity data, a better understanding of the rainfall-erosion relationship for each of
the sampling locations can be ascertained. Therefore, in order to achieve this, it is

preferable to have an intensity record at many number of observatory sites.

1.5 Summary

A brief introduction of different types of precipitations and the importance of
precipitations are presented in this chapter. Effects of rain like soil erosion are also

discussed.
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Chapter 2

Rain Parameters and Measurement
Methods

The importance of measurement and quantification of rainfall was discussed in
the previous chapter. This chapter discusses the various rainfall parameters, and
the techniques and devices used to n;easure these parameters. One of the main
rain parameters is the drop size distribution (DSD). By knowing the DSD, other
parameters like kinetic energy of rainfall can be estimated. Hence a detailed
discussion of the DSD measurement and features of DSD are attempted here.
Construction of various popular rain gauges and their performance comparisons

are also presented in this chapter.

2.1 Introduction

Rainfall was the earliest recorded meteorological measurement dating back to
the fourth century BC in India. In 1442, Korea had a network of bronze vases (rain
gauges), 14 cm in diameter whose measurements were reported to the royal court. The
Japanese used one type of rain gauge to determine the annual rice tax that each region

should pay. These early measurements were made for agricultural purposes. By 1639,
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there was also an interest in the effect of rainfall on the outflow of lakes in [taly. The
first rain gauge in Europe was developed by Richard Townley in Burnley, Lancashire,
in 1677 [Mark New et. AlL(2001)]. The first manually read rain gauges were
constructed in that century, almost two centuries before the modern gauges were
appeared. They were designed to reduce splash out and evaporation between

measurements.

Gauges were made of copper and brass, though earlier versions had sheet
metal bases. The type B rain gauge, which came into service in the early 1970s, is
constructed of ABS plastics. This Canadian standard rain gauge is the smallest gauge
used throughout the world. It has an orifice of diameter 11.3 cm (100 cm® area).
European countries use 12.7 cm gauges and the USA uses 20.3 cm gauges. It has a
resolution of 0.1 mm and its accuracy is better than 1% when compared with a pit
gauge, the international standard. Precipitation measurements are made twice a day at
climatological stations and four times a day at synoptic reporting stations such as

airports.

2.2 Drop Size Distribution

Drop Size Distribution (DSD) gives one of the most complete descriptions of
rain. DSD is a function that expresses the number of drops per unit size interval
(usually diameter) and per unit volume of space. The DSD defines most of the
parameters intervening in a broad spectrum of applications, such as the attenuation of
microwave by rain, the retrieval of rainfall properties utilizing RADAR remote
sensing techniques, and the understanding of the microphysical mechanisms

responsible for precipitation formation.
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2.2.1 Methods of measurement

Raindrop-size measurements extend as far back as Lowe (1892), [Blanchard,
1953], who described observations of splash patterns on slates. However, the first
detailed report on splash pattern was published by Wiesner (1895) [Neuberger et al,
1942]. This method consists of exposing sheets of filter paper, dusted with a water-
soluble dye, to the rain for a brief interval about a few seconds. After striking the
paper, the drops cause spots that are rendered permanent by the dye. The diameter of
the spot is then assumed to depend only on the diameter of the drop. In actual practice,
the diameter of the spot is also a function of the effective thickness of the paper and
drop fall-velocity. The humidity in the paper also affects the relationship between the
diameters. An empirical relationship between the drop diameter and the spot diameter
is then used to obtain the raindrop size. This method was widely used in calibration of
sprinkler nozzles [Hall, 1970] and is very attractive because the tedious job of
measuring and counting the drop stains can now be accomplished by the use of
electronic scanners and image analysers using digital image processing techniques
[Attle et al, 1980]. Besides the complexity, this method has a notable drawback that
large drops splatter when striking the paper and the precise determination of their size

is practically difficult.

Another early method for measuring raindrop sizes was the flour method,
originally presented by Bentley (1904) and modified by Laws and Parsons (1943).
The procedure consists of allowing the raindrop to fall into a layer 2-3 cm deep of
fine, un compacted flour; the smooth flour surface is held in a shallow container about
10 cm in diameter, which is generally exposed to the rain for a few seconds. The
raindrops remain in the flour until the formed dough-pellet produced by the drop is

dry and hard. These dough-pellets are then separated by a set of standard sieves into



groups of several sizes. However, the limits of drop-size cannot be found from the
dimensions of the sieve-openings because of the flattening of the drop when becoming
a pellet. Due to this effect, the mass of the average pellet is used to characterize the
size separation; this average is found by dividing the mass of each group by its
corresponding number of pellets. To convert the mass of the average pellet into the
mass of the average drop, several pellets are previously generated from drops of
known sizes in order to obtain the ratio of the mass of the drop to the mass of the
pellet. Unfortunately, this ratio does vary with the diameter of the drop, and it cannot
be determined for smaller sizes, because the production of smaller drops is practically
difficult. The immersion method [Fuchs and Petrjanoff, 1937; May, 1945; McCool,
1982] and the oil method [Eigel and Moore, 1983] are the other two types of methods
that are used in determining DSD of sprinklers. A more interesting survey of
European investigations of raindrop size and corresponding instrumentation, prior to

1942, is reported by Neuberger (1942).

The sampling of drops in an illuminated volume, at a given time, was
introduced later [Jones, 1959]. This method is known as the raindrop-camera method,
and it consists of two short-exposure cameras synchronized for simultaneously
photographing a volume in space from two different, perpendicular angles (east-west
and north-south axis), allowing a three-dimensional view of the shape of the
raindrops. Subsequently, the raindrop images from the two cameras are measured after
magnification in two projectors placed side by side. The correction of the measured
image sizes to the true drop sizes depends on the angular differences between the film
planes and the axes of the drops. It demands considerable computations that are not
worthwhile when compared with the small amount of precision gained {Jones, 1959].
As a result, the raindrop-camera method is restricted mainly to investigations of the

physical shape of the individual raindrops in natural rains.
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