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Measuring rainfall forms a very important input for the economic planning of
the country. But there is a whole lot of scientific work and periodic
maintenance that goes into making this activity a reality.

EN the first showers of
the monsoon give
respite  from  the
sweltering heat, the first

thing you do is smell the earthy flavour
wafting through to your nose. You
might also want to catch a few drops
on your palm or perhaps get drenched
in the pouring rain. But why would
someone want to measure the rainfall?
Is it important?

Well, the oceans hold 97% of the
earth’s water (which is saline), while

2% is available frozen in ice caps. Deep
ground water accounts for 0.31%. The
remaining 0.69% of water is only
available for the humanity. The main
source of this small amount of water is
precipitation in the form of rain or
snow. So, measurement of this
precipitation (rainfall/snowfall)
becomes absolutely necessary since it
forms a very important input for the
economic planning of a country.

In a country like India virtually
the entire economy tends to depend on
the arrival of the monsoon and small
farmers rely on rains to irrigate their
fields. It becomes necessary, therefore,
to be able to calculate the amount
of rain received in a particular season
or year and relate it to economic
parameters. Subsequently projections
of expected rainfall and the consequent
impact on the economy are worked
out.

History of Rainfall

Measurement

The modern history of rainfall
recording and measurement is related
to the history of the Meteorological
Department in India. The
meteorological observations,
including rainfall, were recorded from
1793 onwards at the Madras
Observatory (at Nungambakkam,
Chennai). Similar observations were
taken at Simla from 1840, at Colaba
(Mumbai) from 1841, at Doddapetta
(Nilgiris) from 1847 and at Kolkatta
from 1853.

In the middle of the 19* century,
governments at the state level
established rain gauges under the state
revenue departments. The damages
caused by severe cyclone that crossed
near Machilipatnam coast during
October 1864 were instrumental in the
efforts of the British to establish an
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organized rainfall registration
network. The number of
meteorological observatories was
increased during 1860 to 1870 by the
Provincial governments.

In 1875, the India Meteorological
Department (IMD) was established.
Symons’s 5-inch rain gauge with rain
measurer was in general use at that
time in Bengal, Assam, and Madras.
After 1875, as per new guidelines, rain
gauges were directed to be installed
with their mouth one foot above the
ground. Hours of observations were
fixed at 10 a.m., 1 p.m. and 4 p.m. for
rainfall registration and 6 p.m. for
recording Maximum Temperature.

In 1888, the system of rainfall
registration in the different provinces
and states of India was unified under
the technical direction of the Director
General of Observatories. The time of
rainfall observations was fixed at 8 a.m.
Local Time (LT) to make it conform to
the time at which observations were

Christopher Wren who invented the fipping bucket
rain gauge; a view of the fipping bucket rain
gauge (right)

w &'

being recorded at meteorological
observatories in India in the morning.
This time was later changed from 8 a.m.
LT to 0800 hours IST from 1 January
1943 to meet the requirements of
aviation  for  which  strictly
simultaneous or synoptic observations

are required than those taken
according to LT, which vary from place
to place.

From 1 March 1949, this time was
further changed to 0830 hours IST to
make it conform to the world standard
viz., 0300 hours UTC/GMT that was
fixed by IMO (International
Meteorological Organisation) as one of
the eight standard times of synoptic
observations throughout the world.

The India Meteorological
Department was responsible only for
the observatories under its control. For
a large country like India, whose
economy depends upon the monsoon
rainfall, it was necessary to have a
standard rain gauge network for

_*When 0.1 inches of rain fall
"~ ito first bucket ...

it tips due to weight of the
water and empties into the
‘cylinder.

A setond bucket moves into

: e to collect water and
L process is repeatedmmmn.

rainfall measurement. So, the various
State Governments were asked to:

1. Install, maintain and inspect all rain
gauge stations in the respective states,
2. Record and collect rainfall data from
these stations,

3. Regularly publish the rainfall data
in state gazettes and

4. Supply printed statements of daily
and monthly rainfall of various rain
gauges in their jurisdiction in the
prescribed forms to IMD.

The IMD further provides technical
advice to State Governments on all
matters connected with rainfall
registration, such as selection of sites
and installation of rain gauges,
methods of rainfall observation,
inspection of rain gauge stations,
compiles and issues consolidated
reports on rainfall data for the whole
of India for each calendar year, and is
also responsible for various studies
pertaining to rainfall.

Measurement of Precipitation
Precipitation could be either in liquid
form (rainfall including drizzle,
rain and shower) or solid form
(snowfall), or mixed form (sleet).
Whether it is in the form of rain or
snow, precipitation is measured and
expressed in terms of depth or
thickness of layer it would form on the
horizontal surface of the earth if there
were no loss by evaporation, runoff or
by infiltration.

The instrument used for the
measurement of rainfall is called a rain
gauge. Snow gauge is used for
measuring snow. Rain gauge is also
known by various names such as
‘Hyetometer’, ‘Ombrometer’, and
‘Pluviometer’.

The intensity of precipitation is the
rate at which the precipitation would
accumulate on a horizontal surface, if
there is no run off. Intensity of
precipitation could be light, moderate
or heavy:

B Light : not more than 0.5 mm per
hour

B Moderate : between 0.5 mm to 4.0
mm per hour

B  Heavy: more than 4.0 mm per hour

The above classification is
for rainfall. A slightly different
classification is used for other forms of
precipitations like drizzle and shower
(Table 1).
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measurement of rainfall is called a rain gauge

Also, based on accumulated
rainfall for 24 hours, if the amount is
more than 6.5 cm and up to 12.5 cm itis
classified as heavy rainfall. If the
amount of rainfall is more than 12.5
cm then it is classified as very heavy
rainfall (see Table 2).

Rain Gauge Network

A rain gauge is an instrument used by
meteorologists and hydrologists to
collect and measure the amount of
liquid precipitation. There are about
8,000 rain gauges in India at present.
These are available in the Surface
Observatories of the IMD (557), Hydro-
meteorological Observatories of IMD
(622), Non-IMD rain gauge stations
under various schemes (but data
received by IMD) (4946), Agro-
meteorological Observatories (424),
Pilot Balloon observatories of IMD and

other types of Observatories of IMD
(48) (numbers as on 01.01.1994). Apart
from the above, some more rain gauges
are maintained by other agencies for
their specific projects.

The different types of rain gauges
can be broadly classified into Non-
recording rain gauges and Recording
rain gauges.

Non-recording rain gauges
1. Symons’s 5" simple rain gauge: It is
made of galvanized iron sheet of 12-
gauge thickness. It consists of a) Base,
b) Body, c) Receiver, d) Funnel and e)
Measure Glass.

The outer diameter of the funnel is
5 inches or 12.7 cm. The outer
peripheral ring is made of gunmetal (a
kind of bronze formerly used
for making cannons) and is called
rim.

RAINWATCH

LA A I

Some
modern rain
gauges

Exaggerated vertical
scale allows for
measuring fo a

The rainwater
received by the funnel
is transmitted into a
collecting  jar or
collector or plastic
bottle placed inside an
outer jacket or receiver.
The outer jacket is a
cylindrical vessel closed
at one end and collects
overflow of rainwater.
The funnel, collector,
and receiver are fitted
into a base that has a
locking arrangement.
The rain gauge is
installed in leveled
cement platform so that
the gunmetal rim is at a
height of one foot above the ground to
avoid splashing of water.

The rainfall collected in the
collector is measured daily at 0830
hours IST with a measure glass. The
size of the measuring cylinder is in
proportion of the area of the funnel
exposed. The cross sectional area of
the measuring glass is taken as 1/10th
cross sectional area of the receiving
funnel. Therefore, 10 times
magnification is obtained. One full
measure glass contains 1.25 cm of rain
or 0.5-inch rain. The measure glass has
50 divisions. It can measure as low as
0.01 inch or 0.025 cm or 0.25 mm of
rainfall.

2. FRP rain gauge: Symons’s rain gauge
was the standard rain gauge of India
Meteorological Department. Since

A Digital Rainfall Recorder consisting of a weatherproof
enclosure with a data logger and power supply, solar
panel, tripod stand and a tipping bucket type rain

gauge sensor.
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A professional rain gauge (above); and Standard rain
gauge (right)

Mechanical drum recording rain
gauge

Pen attached to float
Rotating drum with
paper chart

Water collection
cylinder

Siphon tube

Collecting can

1969, on the recommendation of the
World Meteorological Organization,
FRP (Fiber Glass Reinforced Polyester)
rain gauges are being used. Its essential
parts are:
(a) Collector of circular shape
with gunmetal rim having area 100 or
200 sq cm. The collectors are
interchangeable. The collector has the
deepest funnel and the complete rain
gauge 1is tapered slightly with
narrower portion at the top.
(b) Base: There are two types of
interchangeable bases.
(c) Bottle made of polythene where rain
falling into the funnel gets collected.
(d) Measure glass: The rain collected
in the bottle is measured with the
appropriate specific measure glass.
The measure glass is graduated in
tenths of millimeter. The capacity of
the measure glass is 20 mm of rain.
The rain gauge is installed in
60x60x60 cm masonry or concrete and
base is embedded so that the rim of the
gauge is 30 cm above the ground. Itis
installed at a site that is easily accessible
during the wet season, well leveled,
and free from obstruction such as trees,
buildings, shrubs etc.

Doppler-on-Wheels
(DOW) radar of the
University of Oklahoma
for measuring rainfall

(left)

- : -

Measuring Rainfall With
Mobile Phone Antennas

Meteorological radars can also used to
detect the intensity and amount of rainfall
continuously in space and time. The radar
transmits electro-magnetic energy pulses
that travel with the speed of light in a
direction shown by the movable radar
antenna. A part of the beam is reflected
back by rain bearing cloud particles.

And, more recently, since rain
interferes with radio signals, researchers
have been able to measure rainfall using
data supplied by the mobile phone
antennas. The new method offers greater
spatial resolution than traditional point
measurements provided by rain gauges.
In the future, this could be combined with
intelligent control systems for sewer
networks so as to reduce water pollution
in urban areas.

How does the method work? It takes
advantage of what is essentially a nuisance
for mobile network operators — the fact
that raindrops interfere with microwave
radio links between base stations, thereby
disrupting signal fransmission. Data on the
aftenuation of signal strength is used to
calculate the intensity of rainfall along the
path between two antennas. Thanks to the
density of the mobile phone network, the
resolution of the rainfall data is superior
to that provided by rain gauges or weather
radar.

In contrast to point measurements,
the mobile signal data is based on a
network of overlapping microwave radio
links. However intense a small-scale storm
may be, it will not be captured by a rain
gauge located even 100 metres away.
While weather radar can cover a wide
areaq, it has the disadvantage that radar
signals are heavily attenuated by intense
rainfall. In addition, misleading echoes are
generated by the terrain, especially in
mountainous areas.
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Next time you come across statements in television, radio,
or newspapers such as: ‘Chennai recorded 3 cm of rainfall’
‘The normal rainfall of this year will be around 100 cm,
remember, a lot of scientific work has gone in before the

small amount of rainfall could be worked out.

The India Meteorological
Department in New Delhi

The time of observation generally
in all rain gauge stations is 0830 hours
IST. However, in the observatories
maintained by India Meteorological
Department it is measured at every
three hours, corresponding to the
standard hours of observations. These
observations (in which all weather
parameters such as temperature,
pressure etc are taken) are taken at
0230, 0530, 0830, 1130, 1430, 1730, 2030,
and 2330 hours of IST, depending upon
the type of observatory. The rainfall is
measured in ‘mm’ and tenths of mm.
If the rainfall is less than 0.1 mm then
the amount of rainfall is entered as
“trace’.

Now how is the measurement
done? The funnel is removed and the
polythene bottle is taken out. The
rainwater collected inside the bottle is
poured into the measuring glass and
the bottom meniscus is read. If
rainwater is more than 20 mm, then it
is measured in suitable installments.
One division of measure glass is
equivalent to 0.2 mm of rain.

Recording rain gauges

Simple rain gauges measure only total
quantity of rainfall during the last 24
hours and other details of rainfall
characteristics are not available. Self-
recording rain gauge gives record of
following precipitation characteristics:
1. Total quantum of rainfall in 24
hours

2. Intensity of rainfall

3. Durations of dry and wet periods

Recorded chart from a mechanical
recording drum rain gauge (SRRG)

|
J'Lz

R E e~ = = — =

X-axis : time

Y-axis : rainfall in mm
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Table 1: Rate of rainfall

Table 2: Rainfall Intensity based on 24 hours
accumulated rainfall
(Followed by India Meteorological Department from 31 May 2006)

Intensity Rate of rainfall
Rain
a) Slight Not more than 0.5 mm/hour 24 hours accumulated
b) Moderate Between about 0.5 and 4 mm/hour  qinfall in mm
c) Heavy More than 4 mm/hour 0
Showers 0.1102.4
a) Slight Not more than 2 mm/hour

251t07.5
b) Moderate Between about 2 and 10 mm/hour
c) Heavy Between 10 and 50 mm/hour 7.61035.5
d) Violent More than 50 mm/hour 35.610 64.4
Drizzle 64.5t0 124 .4
a) Slight Trace 124.5 to 244.4
b) Moderate Trace More than 244 .4
c) Heavy Upto 1 mm/hour

Rainfall character is decided by the total
amount of rain that has fallen in a set period.

4. Exact beginning, cessation and
duration of rainfall

The following types of recording
rain gauges are popular:
1. Weighing rain gauge: In this, the weight
of the water or snow during
precipitation moves a platform
downward. The platform is arranged
on a spring balance. The downward
movement of the platform is fed to a
pen-and-ink arrangement by lever.
The pen makes marking on the graph
paper graduated on one axis in inches

When the amount is a value near about the

Intensity
description

No Rain

Very Light

Light

Moderate
Rather Heavy
Heavy

Very Heavy
Extremely Heavy

Exceptionally Heavy

highest recorded rainfall at or near the station for

exceeds 12 cm

or centimeters of rain and time on the
other axis. The graph paper is fitted on
the clock driven drum. The Ferguson
rain gauge is a example of this type.
This rain gauge can also be used to
measure snowfall.

2. Tipping bucket rain gauge: The tipping
bucket rain gauge consists of a large
copper cylinder set into the ground.
At the top of the cylinder is a funnel
that collects and channels the
precipitation. The precipitation falls

Make Your Rain Gauge

1. Place the jar on a flat, level surface.
Place a measuring device, such as a
ruler, into the bottom of the jar. This

will account for the thickness of the jar

bottom.

2. Mark the outside of the jar at the
desired intervals, such as 1/4 or 1/2
inch, using a waterproof permanent
marker or glass paint.

3. Straighten out a metal hanger using

pliers. Wire strips might be necessary

Things you will need
Wide-mouth glass jar
Permanent marker or glass paint
Ruler, tape measure or yard stick

Metal clothes hanger
Pliers
Wire snips

to snip off the tightly curled end of the hanger that wraps around the “neck” of the

hanger.

4. Coil the hanger snugly around the glass jar, starting at the bottom and winding
up to the middle or top third of the jar. The wire does not have to be tightly
coiled. The hanger will act as a holder for the jar. Leave several inches of the

wire straight at one end.

5. Find a level area in the yard and poke the straight end of the wire into the ground
to secure the rain gauge jar. Alternatively, bend the straight end of the wire into a
hook and hang it on a wall. When it rains, check the gauge to see how many

inches fell.

the month or the season. However, this term will
be used only when the actual rainfall amount

onto one of two small buckets or
levers, which is balanced in the same
manner as a scale (or child’s seesaw).
After an amount of precipitation equal
to 0.2 mm (0.007 in) falls, the lever tips
and an electrical signal is sent to the
recorder. The recorder consists of a
pen mounted on an arm attached to a
geared wheel that moves once with
each signal sent from the collector.
When the wheel turns the pen arm
moves either up or down leaving a
trace on the graph and at the same time
making a loud click. Each jump of the
arm is sometimes referred to as a
‘click” in reference to the noise. The
chart is measured in 10-minute periods
(vertical lines) and 0.4 mm (0.015 in)
(horizontal lines), rotates once every
24 hours, and is powered by a
clockwork motor that must be
manually wound.

The tipping bucket rain gauge is
not as accurate as the standard rain
gauge because the rainfall may stop
before the lever has tipped. When the
next period of rain begins, it may take
no more than one or two drops to tip
the lever. This would then indicate that
0.2 mm (0.007 in) has fallen when in
fact only a minute amount has. The
advantage of the tipping bucket rain
gauge is that the character of the rain
(light, medium or heavy) may be easily
obtained.

Rainfall character is decided by the
total amount of rain that has fallen in a
set period (usually 1 hour) and by
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Table 3: World Maximum Observed Rainfalls*

Whether it is in the
form of rain or

Duration Millimeters Location Date

1 min 31.2 Unionville, Maryland July 4, 1956 show, precipitation
5 min 63.0 Porto Bello, Panama November 29,1911 is measured and

8 min 126.0 Fussen, Germany May 25, 1920 expressed in terms
15 min 198.1 Plumb Point. Jamaica May 12, 1916 of depth or

20 min 205.7 Curtea de Arges, Romania July 7, 1889 thickness of |ayer
42 min 304.8 Holt, Missouri June 22,1947 it would form on

9 hours 1086.9 Belouve, Reunion February 28, 1964 the horizontal

12 hours 1340.1 Belouve, Reunion February 28-29, 1964

24 hours 1870.0 Cialos, Reunion March 15-16, 1952 surface of the

2 days 24999 Cialos, Reunion March 15-17, 1952 earth

7 days 4110.0 Cialos, Reunion March 15-19, 1952

15 days 4797.6 Cherrapunii, India June 24-July 8, 1931 IMD provides

31 days 9300.0 Cherrapunii, India July 1861 technical advice to

2 months 12766.8 Cherrapunii, India June-July 1861 State Governments

6 months 22454 .4 Cherrapunii, India April-September 1861 on all matters

1 year 26461.2 Cherrapunii, India August 1860-July 1861 connected with rainfall
2 year 40768.3 Cherrapunii, India 1860-1861 registration, such as

*Daily Weather Map, 13 December 1962; J.L.H. Paulhus, “Indian Ocean and Taiwan Rainfalls Set

New Records,” Monthly Weather Review, 93, 5(May 1965), 335

(From General Climatology, Third edition, Howard J. Critchfield, Prentice-Hall of India Private

Limited, New Delhi, 1975, page 66)

counting the number of ‘clicks” in a 10-
minute period the observer can decide
the character of the rain. Modern
tipping rain gauges consist of a plastic
collector balanced over a pivot. When
it tips, it actuates a switch (such as a
reed switch) which 1is then
electronically recorded or transmitted
to a remote collection station.

The tipping bucket rain gauge is
especially good at measuring light-to-
medium rainfall. During a very light
shower, rain collected in a bucket
might not be sufficient to tip it and
could evaporate before more quantity
of rainfall is added. During occurrence
of very heavy rain events, such as
thunderstorms, water may continue to
pour into the bucket while it is
emptying, before the next bucket
moves into place. As a result, the
tipping  bucket rain  gauge
underestimates the rainfall.

Failure can also result from the
tipping mechanism getting jammed,
often by a spider’s web. In addition,
hail, snow, birds’ nests, insects, spiders’
webs, and leaves may block the funnel,
leading to overflow. For this reason, it

is common to place two independent
gauges side by side, so that errors can
be quickly detected and corrected.

3. Natural siphoning float type self-
recording rain gauge (SRRG): It is widely
used in observatories of IMD and is a
very useful instrument. It is made of
galvanized iron sheet of 12 gauge or of
FRP (Fiber glass reinforced polyesters)
body most preferably being non-
rusting.

The funnel here acts as a lid and is
provided with a slit or window
through which recording chart can be
observed from outside. The rainwater
collected by the funnel is poured into a
float chamber through a filter. The float
chamber is a cylindrical vessel with
light hollow copper or plastic float
inside. The upper side of the float is
connected with a float rod. The other
end of the float rod is attached with a
pen arm, which moves on a graph
paper wrapped around the clock-driven
rotating drum. The clock makes one
rotation in 24 hours. A special device
for siphoning is provided in the float
chamber, which operates automatically

selection of sites and
installation of rain
gauges

when the float chamber is full and
empties the float chamber making it
ready for the next recording.

So, the next time you come across
statements in television, radio, or
newspapers such as: ‘Chennai recorded 3
cm of rainfall’, “The normal rainfall of this
year will be around 100 cm’, remember, a
lot of scientific work has gone in before
the small amount of rainfall could be
worked out.

There are a number of steps
involved such as deciding the number
of rain gauges in an area, selecting the
site for installation, actual installation,
measuring the rainfall accurately and
reporting the same in real time,
sending the statistics every month,
analysis and determination of
statistical parameters etc. Further,
periodic inspection, maintenance and
replacement of defective rain gauges
is a continuing process.

MrK.V. Balasubramanian is Assistant Meteorologist
at the Regional Meteorological Centre, Chennai.
Address: No. 4225, D-2 Block, KKR Town,
Madhavaram High Road, Chennai-60
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