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ABSTRACT

Weather radar collecls daia to deteet reflectivity and reflectivity is usually used to
estimale rain rate. Cenventional weather radar collects data in a format that calculate
reflectivity in 2 continvous pattern of 1 dBZ interval. Bangladesh Meieorological
Department (BMD) has 4 radars installed at Dhaka, Rangpur, Cox’s Bazar and Khepupara.
These radars collect data individually and in compositc way. BMD radar dala format is
different from conventional radar data and not very useful to estimate rain rate, The data
{ormat is different in the sense that BMD radar collects data in six different patterns viz; (a)
Status 1 =1 ~ 4 mm/h, (b) Status 2 =4 ~ 16 mun'h, {¢) Siatus 3= 16 ~ 32 mm/h, (d) Status 4
=32 ~ 64 mm/h, {¢) Status 5 = 64 ~ 128 mm/h and (f) Status 6 = more than 128 mm/h. In
each Status there is a wide range of rain rate and it is very difficult to extract rain rate for a
particular instant from thesc wide range. No method has yet been developed to determine
particular rain raite rom BMD radar data, which 13 essential for practical and for diflerent
rescarch purpose. To overcome this problem initiative has been taken to calibrate BMD
radar data with 1-minufe interval raingauge data collected 1n a dense raingauge network in
Sylhet.

In this work it is found that frequency in Status 1 is most dominant for all the
stalions Amalshid (24.877°N, 92.476°E), Chhatak (25.041°N, 91.673°E) and Netro Haor
(25.035°N, Y2.083°E). Rain rale is calculated from the matching events of radar images
and raingauge raimfall. Calibrating radar Status with raingavge rainfall it is found that
Status 1 = 0.5 mm/min (o 0.618 mm/min, Status 2 = 0.5 mm/min to ¢.785 mm/min and
Status 3 = 3 mm/min. On avcrage it is found that rain rate 1s 0.5325 mm/min for Siatus 1,
{.564 mny'min for Status 2 and 3 mm/min for Status 3. Investigating 28 events we found
that rain rate lies between 10.47 mm/h to 17.02 mm'h and in average rain rate is 15.84
mm/h in Sylhet.
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Chapter 1 Introduction

1.1 Introduction:
Hainfall is one of the most important source of the water resources, lt is vitally

important to quaniify it accurately. Determination of the spatial and temporal depth of
rainfall input to the Earth is necessary for everyday management of water resources such
as mivers and reservoirs, irrigation, and weather forecasting. It is also an essential
component of scientific investigation of the hydrologic cycle, the glabal watcr balance

and large-scale global atmospheric modeling.

In Bangladesh the onset of the summer monsoon slarts in the southeastern tip of the
country at the beginning of the June, progress toward the northwest and reaches the
northwestern part by middle of June. The heavy minfall during monsoon season often
causes Moods and disasters, which are serious probleins for Bangladesh. The seasonal
increase in the water level of the major nvers coming from vast monsoon arcas causes
floods in a wude area in Bangladesh. About one fourth to ene third of Bangladesh is
flooded every year for a relatively long term during the monsoon seeson [Rahman et.al,
1997]. Rainfall is one of the major components of floodwater. To quantify the
Moodwatcr, cstimation of rainfall for a large coverage 1s essential [Islam et.al, 1998]. On
the average, more than the 70% of annuval rainfall in Bangladesh is concentrated in the

four monsoon months, namely Junc, July, August and September.

Historically the estimation of rainfall has been accomplished by relatively simple
instrumentation that samples the rain by captunng a volume over a continuous or fixed
time interval. This instrumentation commonly referred to as a rain gauge provides a fairly
accurate measure of point rates and depths of rainfall, The major shortcoming of this
instrumeniation 15 that the measurement is only at certain points. It has been weil
documented that rainfall on the Eanh's surface varies greatly in both time and space.
Although there are a vast number of rainfall gauges worldwide, they are net adequale to
deline the rainfall input for the most needs. The result of this is that rainfall can be
measured relatively aceuralely for small areas with a network of ram gauges, but this

appreach is not practical for large areas, remole land areas of the globe and for oceans.



Recopnizing the practical limitations of rain gauges, scientists have increasingly tured to
remete sensing as a possible means for quantifying the rainfall input o the globe. It
should be siressed, however, that remote sensing 15 at present, and will continue a
supplement to, rather than a replacement for, more (raditional methods of rainfall
assessment. The measurement of rainfall by rain gauges 1s fraught with some problems,
but that relatively simple instrumentation witl long continue to provide the data against

which rainfall assessments by other means must be adjusted [Quanwei, 1996].

1.2 Objectives of the Research

There are 4 radars belong o Bangladesh Meteorological Depariment (BMD)
installed at Dhaka, Rangpur, Cox’s Bazar and Khepupara, These radars collect data
individually and in composite way. BMD radar data format is different from
convenlienal radar and not very useful in calculating parlicular rain rate. The data format
is different in the scnse that BMD radar collects data in six dillerent patierns viz; a)
Status 1 1s equal to 1-4 mm/h, b) Status 2 1s equal to 4-16 mm/‘h, c) Status 3 is equal to
16-32 mm/h, d) Status 4 is equal 1o 32-64 mm/h, e) Status 5 is equal to 64-128 mm'h and
f) Status 6 is more than 128 mm/h. In cach Status there is a wide range and it is very
difficult to decide the particular rain rate from the wide range. No method has yet been
developed to determine particular rain rale from BMD radar which is necessary for
different research purpose. To overcome Lhis problem initialive has been laken to
calibratc BMD radar data with |-minute interval raingauge data collecied in a dense

raingauge network in Sylhet.

The objectives of the present work arc:
a) Identification of radar Status from BMD radar data.
b) Determination of particular rain rate corresponding te each radar Status.

¢) Use of rain rate in calculating rainfall from radar PPI scan.



1.3 Benefits of the Study

The coverage of 600x600 km® for individual radar data and 800x1200 km® for
composite radar data will be useful to know the actual rainfall distribution over the
couniry, Undoubtedly rainfall distnibution 1s necessary for agricullure, flood, storage of
surfacc watcr, communication and infrastruciure of the country. For quantilicalion of

rainfall, assignment of rain rle is very important,
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Chapter 2 Rainfall and Rainfall Measurements

2.1, Rainfall:

Ranlall is the main source of water that is most vital for human life. Thus, rainfall
studics arc cssential in order to co-relate the supply and demand of water. Precipitation
varics in its frequency, duralion, intensity and spatial dismibution and hence requires
acoyrale observations [Bamett and Marin, 1981). Tropical rainfall is mainly conveclive
and thus il is more localized and its spatial and lemporal dismbution as well as the
intensity of rainfall 15 highly variable. The highly variable rainfall in trapics directly and /
or indircetly affects different socioeconomic sectors namely agriculture, water resources,
transpori, construction and so on. Thercfore, it is essential to measure areal rainfall on
rcal time basis in order to see the influence of the variable minfall on such sectors.
DifTerent instruments are used to measure and / or estimate rainfall over a place and these

are discussed in the fellowing sections.

2.2. Rainfall Mcasurements:
There are different procedures to measure rainfall which are described in this

sectlon.

2.2.1. Kain gauge

A rain gauge is a cylindrical funnel with a graduated cylinder used for collecting and
measuring rainfall at a point. It is a widely used standard measuring device. The
measurcment is read once every day and this pives a tetal rainfall over a place duning 24

hours of ime. The raingauge has the following advantages and disadvantages:

»  Advantages:

a.  Itischeap and casy to maintain and read;

b. Gauge data arc available for many ycars and hence it is possible to do
climatologically analysis using long period gauge data; and

¢.  Comparison between gauge data from different region is possible.



s«  Disadvantages:

a. It measures point data. Thus, cven having a high density of gauge network arca
cstimate of rainfall with reasonable accuracy is difficult to achieve. Moreover, it 15
impractical and not-cost eflective to have a dense network that can measure the
highiy variable spatial distribution of rainfall like that in tropics.

b.  Since gauges are read once every day lo gel real time information they should be
located in places where there is easy access for an observer. However, there are
remaie areas of interest that arc difficult to be accessed every day. Therefore, gauge
networks cannot cover all area of inlerest (0 make a real time observation.

c.  Source of errors 1n the reading can casily be occurred dve to:

i. Airflow;
ii. Unrepresenialive orienlaiion and exposure of the gauge;
iii, Human Obscrvation and transmission; and
iv. Evaporation from within the cylinder; gauge leaks and overflow.
d.  Sometimes there might be Ume delay in getting the gauge data due o

communicalion problem between the observer and the main center.

Thus, the above limitations lead to the use of radar and satellite estimation that augment

the rain gauge data,

2.2.2, Radur

Radar s used to estimate rainfall over a given area about 200 km — 500 km in radius
by ohserving the backscatter of electromagnetic radiation from liquid water drops. Radar
has an advantage over rain gauge for providing a spahalty conbinuous image (Barrett and
Martin, 1981).

s Advantages of Radar:
a. With Radar real time data acquisition is possible — the data can be viewed every few
minutes;

b. Radar provides area estimate of rainfall, which cannot be attained by rain gauge;



The estimated rainfall from radar is computerized thus ready for further analysis; and
By animating the tmages it is casy to menitor the development, progress and motion

of the rain producing syslems.

Disadvantapes of Radar:

It is cxpensive and requires sophisticated techmcal and engingering support;
Buildings, nearby weathers, mounlains etc. contammmate the radar signal and thereby
the rmnlall estimate;

Low leve] precipilalion may be overlooked by radar signal;

Since radar covers a limited arca many radar are needed to cover a large area of
intcrest; and

Needs calibration with ground measured dala

However, salellite 1s inexpensive, covers more area and alse does notf require

sophisticated technica! and engineenng support. Thercfore, for Bangladesh ithe use of

sal¢llite is more advantapeous than radar.

2.2.3. Natellite

A Salellile 13 a spacecraft that orbits the earth and returns images of the earth and the

atmosphere back (¢ the receiving station on the ground. Satellites are used to estimate

rainlall using radiation signals reflected or cmitted from the ground and aimosphere and

observed by il. The following are advantages and disadvaniages of satellile based areal

rainfall estimation.

= om

3

Advantages:

Real lime estimate is possible and once the satellite is in orbit it is inexpensive;
Provide large area coverage,

Area estimate is possible; and

Animation of the images to observe the development, progress and motion of the

weather system is pussible,



Disadvantages:
Needs calibration with ground measured dala;

. Since the estimates arc indirect in nature contamination (over estimate andfor

underestimatc) occurs; and

Differcnt techniques of rainfall estimations have their own limitations that are to be

discussed later.
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Chapter 3 Overview of Radar

3.1 Introduction

Radar has been dclined as “the art of deteciing by means of radio echoes the
presence of objects, determining their direction and range, recognizing their character and
employing the data thus oblained”. [n radar meteorology the term ‘object’ is construed to
mecan anything in the atmosphere, which returns to a receiver a delectable amount of
power, Thus, in the study of radar meteorology one must consider the refllections by
raindrops, c¢loud droplets, ice particles, snowilakes, atmospheric nuclei, insects, birds,
and regions of large index of refraction gradients.

Radar is based on the principle that an electromagnetic wave is propagated
through space at the speed of Hght, 3x10°m/sec and travel along straight lines. Thus, by
means of an antenna producing a narrow beam, one can scan with the antenna until a
reflection is oblained and determine the direction to the reflecting object. Alse, by
measuring the time interval between the transmission of the radio energy and the
reception of the reflected signal, one can easily calculate the distance to the object.

For many purposcs, radar set can be considered to consist essentially of a
Lransmitter, which produces power at the radar frequency; an antenna, which radiates the
power and intercepls the reflected signals; a receiver, which detects, amplifies, and
transforms the received signals inlo video form; and an indicalor on which the relumed
signals can be displayed. The opemtion of simple radar set is illustrated in Ggure 3.1.
Most weather-radar sets employ a single antenna for both transmission and reception.

With most radar sects, the freguency of operalion is [ixed, and generally, the
source of the microwave 1s a special tube called a “magnetron”, For the system to operate
properly, the radar receiver must be tuned to the magnetron frequency.

A radar sct such as the one blocked out in figure 3.1 is called a “non coherent
radar”. In such equipment, no account is taken of the phase of the returning radar wave
with respect to the phase of the iransmitted wave. Most radar scts now in use for weather
obscrvations are of this type and therefore non-coherent radars are sometimes called

“conventional radars",

.



Automatic

Switch Antenna
- e
— L
Tronsrnitter Receiver ) indicotor

Fig. 3.1: Block diagram of radar set.

A class of radar scts reforred to as “coherent” or “Doppler” radars makes use of
the Doppler ponnciple. These instruments, in addition to obtaining the data collccted by
non-coherent radar, also measure the velocity of the targets along the radar beam axis.
The velocity measurements are made by noting the rate of change of the difference in
phase hetween the outgoing and received signals. As a target moves, the phase changes at
a rate proportional to the velocity of the larget loward or away from the radar.

In most radar sels, the transmitted power is in the form of pulses of radio waves of
short duration {e.g. 1 usec). The frequency at which pulses are emitled is kmown as the
“pulse-repetition {requency (PRF)", whose typical value is 1000 per second. The
maximum range of radar set is specificd by half the interval between pulses multiplied by

the speed of light.

3.2 Radar Indicators:

The type of indicator ulsed in weather radar depends on the information desired.
Most indicators consist of a cathodc-ray tibe in which the beam of clectrons is caused to
scan actoss the tube, starting when the transmifter pulse is starled and making a
discernible indication on the tube when a signal 15 detected by the receiver. In conception,
one of the most elementary indicators 15 the A-scope, or R-scope. It operates like the test

oscilloscopes used in physics or electronics laboratories. The beam of electrons scans



horizontally across the face of the tube at a fixed speed, and verical defllections are
produced when signals are received, The distance from the start of the sweep to the
defections gives the range of the target. It can be scen that the transmitted pulse also
appears on the trace. This is produced by power, which leaks through the aufomatic
switch shown in [igure 3.1. The magnitude of the deflections is a measure of the strength
of the signal received. it is obvious that signals from many largets ¢an be displayed on an
A-scope at any one time. In weather radar the A-scope is gencrally used to identify the
source of the backscaltered energy, Lo assist in the tuming of the radar and to make

guantitative mecasurements of reurned power.

3.2.1 Plan Position Indicator {PPI):

The most extensively used indicator on weather radars is the plan-position
indicator, usually designated as PP1 {fig-3.2.1}). This display presents a plan view of the
received signals on a polar coordinate system. It is used on radar sets with antennas,
which scan aziinuthally. In this presentation, the electron beam scans at a fixed speed
from the center of the oscilloscope to the outer cdge, then returns rapidly to the center of
the tubc and scans outward again. The beam rotates around the scope in synchronism
with the rotation ol the antenna. From the PPI display one can immediately read the range

and bearing to the target.

3

Precipitatan
e, echams

X

% Honge
markers

Fig. 3.2.1: Planc-position indicator (PP1).
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The PPI scope 15 “intensily modulated”. This means that the intensity of the bnght
spot corresponding to the returned signal depends on the strength of the return signal. A
sirong “echo™ on the scope represents a large amount of retumed power. Radar sets with
PPI presentations have great application for observations of severe slorms and are widely

used in weather stations.

3.2.2 Range Height Indicator (RHI):

Another common radar display is the ranpe-height indicator, usually designated as
R1il (Fig. 3.2.2). This type of preseniation is used wilh radar sets whose anfennas scan
vertically, In this scope the beamn scans outward at a particular vedical angle, retums
rapidly to the origin, and scans again at a different angle. The verlical angle of the beam
is controlled by the vertical angle of the antenna. As can be scen in Fig. 3.2.2, the scope
presenis the position of the echo on a coordinate system with range as the abscissa and

hcight as the ordinate.

Precipitaha -] Heigh!
echoes ! - tines
/]
L 4 )
{'3 ! ] Range

MArkers

Fig. 3.2.2: Range-hcight indicalor {RHI}.
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3.2.3 Height Time Section (HTI):

Many radar observations of clouds and precipitation have been made by fixing the
antenna’s position and sltowing the weather phenomena to pass through the radar beam,
When the antenna points vertically, the data may be displayed in the form of an intensity-

modulated height-time section, as shown in Fig. 3.2.3. Such a presentation is called an

HTL

%)

/Echoe
N
I

TIIT
Time

ghi

e

H

Fig. 3.2.3: Heighi-time indicator {HTI).

3.2.4 Range Time Indicator {RTI):
The same type of recording system may be used with the antenna pointing henzonially.

In this case, the display might be called “range time indicator (RTI)".
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Chapter 4 Mecthodology

4.1. Introduction:
In order to analyze radar data collected by Bangladesh Meteorological Depariment

the methodology 15 discussed in this section.

4.2. Radar equation:

Radar sets employ antcnnas which are highly directional, in order to concentrate
the pawer into a narrow beam. Lel us consider a transmitter, which radiates isotropically.
The power will spread cqually in all directions, and, at a range r, the power per unit area
on the surlace of a sphere of radius 1 is Pildn #, where P, is the power during the brief
period thal the transmitter is operating. The ratio of power per unit area along the axis of
the radar beam to the isotropic value is a measure of the gam, G, of the antenna. It should
he noted that, if the radar sei uscs one antenna for transmission and another for reception,
the value of’ G would have to be replaced by G, the gain of the transmitling anienna.

Il there is a target at range r with a cross-sectional area A, it will intercept an

amonnt of power Py, given by

If it is assumed that the target docs not absorb any power, but reradiates it all
isotropically, ihe power intercepted by the radar anienna, Py, will be given by

o BG4,

(4z) e

(4.2)

Where A. is the effective cross-section of the antenna. It can also be writlen A=pA,,
where A, is the cross-sectional area of the antenna and p is the antenna efTiciency whose
value depends on the cfficicncy of the feed and the anlenna illumination.

It was shown by Silver (1951) [Coton] from theorctical considerations that
A=Gr%4r . Also, when an antenna employs a circular, paraboloidal reflector the gain is

iven approximately by G=Bt A/34”. In this instance A.=2 A,. Substituting A, and G in
g hJ 3 Ap B

eq (4.2), we get

13



{4z r Drdr

N was assumed carlier that the target had a cross-section A; and that it scattered
isotropically. In practice, there are no largets-cerlainly no metcorclogical ones-which
scalter 1sotropically. Neveriheless, it has been found convement to introduce a function,
g, called the “back-scattering cross-section”, which is defincd as “the arca intercepting
that amounl of power, which, if scattered isotropically, would retumn to the receiver an
amount of power equal to that actually received. The funciion o may also be defined as
“the area which, when multiplied by the incident intensity, gives the total power radiated
by an isotropic source which radiates the same power in the backward direction as the

seattcrer”. This can be written as
aP=& 1S - (4.4

where P, 15 the power per unit area incident on the target at a range r, and 5 is the
backscatiercd power per unit arca at the antenna.
For a singlc scatterer, eq (4.3) becomes

b - PG Ao,

bt (4.5
(4z) rt (4:5)

This equation is perfeclly general up to this point and can be applied whether the
larget be the moon, an airplane, or 4 raindrop. The problem for the meteorologist is to
determing the form of a;  for the metcorological clements he wishes to detect.

In eq (4.5) i is given as the backscatlenng cross-section of a single scatterer. In
practice, the radar beam illuminates a large group of scatterers-e.g. raindrops-at the same
time; the nuinber is equal to that within a volume defined by the beam widths and pulse
length of the radar set. In this case, it is necessary to consider the power reflected from a
large number of drops. The backscattered signal voltage from a volume of randomly
distributed scatterers is the sum of the signals scattered by each ol the scatierers, with the
phase of each signal laken into account. It has been found to vary {from one reflected
pulse to the next because of the movement of the particles with respect to one another.
After a period of the order of 10 sec, a randomn array of scattering parlicles changes into
an essentially independent one. If the received power 15 averaged over a large number of

independent arrays, we can write

14



RN
A o — (4.6)
(dr)'r i
where the summation is carricd out over the entire volume Vo, from which power is
scattcred back to the receiver at any instant.
IT the parmicles are uniformly distnbuted throughout ¥, the total back-scatlering
cross-section can be wrilten as the backscatiering per unit volume multiplied by V. The

quantity ¥, 1s given approximately by

Vo= (rEIrf]ﬁ B—Y )
2 2)2

Where 8 and ¢ are the horizontal and vertical widths of the beam in radians.

In calculating the volume illuminated, a depih of /2 is used instead of h because
the equations involved refer only to the scaltered power, which returns to the radar
receiver at the same instant of time. The power backscaticred by particles at a range r
from the rear of the outgoing pulse of length h.

By substituting in eq (4.6}, we obtain

P.= —EGI%&’T Z T {4.8)
127" A

The factor Ecr, represents a summation of o over a unit volume. It is called the

vl
radlar reflectivity (n), and is commonly expressed in units of centimeters square per cubic
meler or per centimeter.
It should be noted that the transmitted power is maximum slong the beam axis
and decreases to half the maximum value at the angles corresponding to half the beam

widths.

4.3. Calculation of radar constant:

Assume that radar 13 obscrving rain and that the rain consists of spherical water
drops small cnough to permit the Rayleigh approximation to apply. If 10-cm radar is
used, all rains will meet this requirement. Also under Lhese conditions, attenuation can be
ncglected. The average power received by the radar when the entire beam is intercepted

15 given by

13
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Fer any padicular radar set, the tern inside the parentheses of equalion (4.9) can
be considered to be a constant for that radar. The value of P, can vary with time, but over
penods of a fow hours, changes should be negligibly small. Radar conslant can be
calculated by knowing the radar characteristics. A more precise procedure 15 to determine
it empincally by making carcful measurements of the power backscaticred from a target
of known cross-scction such as a metal sphere. Equation (4.9) reduces to

p= cxl 2 {4.10)

rl

To usc equation (4.10) for calculating precipitation rates, it is necessary to know

the relation berween Z and the precipitation rate, R.

4.4. Particle-size distributions in the atmosphere:
For a wide range of rain and snow conditions, we can write

N, =Nye? (4.11)

where D is the drop diameter and N,dD} 15 the number of drops per unit of air

volume in the size range D to D+dD, When snow is invelved, the value of D refers to
the diameter of a sphere of water having the same mass as the original paricle

(Marshall and Palmer 1948). In precipitation from Stratiforrn clouds, », has been
found to be equal to 0.08 cr™ for rain, when N, is the number of drops per cubic
centimeter per centimeter of size range. Sekhon and Srvastava (1970) [Coton] have
reporied that, for snow, N,=0.025 R*cm™, which compares with the quantity
0.038 R*¥¢m™ reporied by Gunn and Marshall {1958) [Coton].
The parameter A depends on the rain iniensity, and, when expressed in units of

per millimeter,

A=41R" {rain) - -4.12(a}

A=2.29 R** (snow) -4.12(b}

Where R is expressed in millimeters per hour.
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When precipitation size spectra are obtained by collecting the parlicles on a
horizontal surface at the ground, it 15 necessary Lo correct for diflering fall speeds in
order 1o obiain particle concentrations in the free atmosphere. For cxample, if the
sampling time were 1 sec, all drops with a fall speed of 10 m/sec in a 10 m column
could be caplured. In the casc of drops with fall speeds of 1 m/sec, only those in a 1-
m celumn would fall to the surface during the l-second collection time, For any

diaineter I3,

D L2}

AW AL

- (4.1

]

Where N, is the number of drops per unit volume, of diameter Id and terminal
velocity Wy, and & n, is the number of drops of diameler D collected on surface area

A during lime intorval Af.

When raindrops are involved, it is common to use terminal-velocity dala of Gunn
and Kinzer (194%) [Coton], which applies at sea level. At greater allitudes more
nrecise data are given by Foote and DuToit {1969} [Coton]. Spilhaus {(1948) [Coten]
showced that over the diameter range 1-4 mm the rain drop data of laws (1941) yicld

wW,=142x10°D" {4.14)
Where D is in centimeters and W, in centimeters per second,

For calculaling the size spectra of aggregate snowflakes Guon and Marshall

{1958} Coton] used the expression
W=2x 100 D" el (4.15)
Where the nnits are the same as in eguation (4.14).

Mueller and Jones (1960) [Colon] reported that raindrops from convective clouds
in Miami, Florida exhibit a distinct frequency maximum al diameters of about 1.5
mm. Over the range of drop sizes smaller than those of maximum frequency, A
{=- d (In N)/dD} average about — 4.3 gver large drop s1izes A averages about 3.5,

It should be recognized that a distribution curve such as equation {4.11) is an
empirical expression based on an accumulation of highly variable samples. Any small
sample ¢an vary substantially. Even large samples may do so. Geotis (1968} [Coton]
examined raindrop spectra in all types of vainfall over a lwo-year period. He found

that, at diameters greater than 0.6 mm, the smallest drops he could measure, the drop
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concentralion was exponenhally distributed. Geotis reported that the ceefficient in
gqualion {4.11} varicd with rainfall in an unsysiemalic manner.
It has been demonstrated that in the case of rain, A can be expressed m terms of

the median-volume diameter, Equation {4.11) can be written

Np= N, e o0t (4.16)

According to Allas {i?&d} [Coton]. The median-volume diameter, D, is defined as
that Jrop diameter, which dividcs the drop distribution in such a fashion, that half
water content is contained in drops greater than D, Geotis {1968) [Coton) also found
that A= - 3.7 D, gave a good Nt to the slope of the obscrved raindrop-distribulicn
curve, He implied that D, would be a better indicator of the slope of the drop-size
curves than R, but, 25 he noted, D, cannot be measured directly.

According o Donaldson (1955a) [Coton), the drop size distribution in drizzle is
given by cquation (4.16) if Ny, =70 em™,

There is little reliable data on hail disinbution in dozete distibution alalt, but
according to Douglas (1964) [Coton] the average speetrum of Hailstones in Alberta,
Canada, was

N, =N, e>®P (4.17)

Where N, and Np are in units of per cubic meter per ceantimeter.

4.5. Z-R relationship:
In order to use radar [or measuring rainfall intensity, most investigators have

cmployed an empirical expression of the form

Z =EBR" ---=m-=-(4.18)

The fipure below shows the curves for the followmg equations, considered o be fairly

typical for the indicated {ype ol rain:

Stratiform rain: Z=200R"

(Marshall and Palmer 1948) -------- (4.19)
Orographic rain: Z=31R"

{Blanchard 1953) [Coton] — ———-- {4.20)
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Thunderstorm rain:  Z =486 R’
{Jones 1956) [Coton] {4.21)

Where Z is in milluneters to the sixth power per cubic meier and R in millimeilers per
hour.

These three Z-R expressions were obtained by measuring raindrop spectra.
Rainfall intensity was either calculated from the raindrop data or obscrved directly. Radar
reflectivity factor Z was oblained by computing XD® in a unit velume. This implies that
the expression is valid only when the radar wavelengih is much longer than the diameter
of the largest drops.

When this 1s not the case, it is neccssary to replace Z with Z., Lhe effective redar
reflectivily factor. The relationship of Z, to B can be obtained by direct measurements of
P. and R. llere P, is the average power received by the radar, Tt should be recognized that
there are & number of distingt difficuliies in obtaining Z. versus R directly. For example
P. corresponds to the backscattenng from a volume above the ground, while r is
measured at the ground. The scaltering volume has a much lavger horizontal area than
that sampled by rain gauges.

Coton (1964} measured R by means of a rain gauge at the same time that
vertically pointing 3-cm pulsed-Doppler radar sel was used lo delermine raindrop
spectrurn. This analysis yielded Z = 240 R'?, which changed very little between the
¢loud base and the melting level. By means of the same procedure Gorelik et al, (1967)
calculated an average expression Z = 263 R"*.

The Z.-R rclationships for specific drop-size distributions and wavelenpths werg
calculated by Wexler and Atlas (1963) [Coton] from Mie backscaltering cross seclions
published by Herman, Browning, and Battan (1961) [Coten]. At wavelengths below 3.2
cm, the discrepancies between Z and Z. are quite large, but such wavelengths are seldom
used to measurc radar reflectivity because they are heavily atteauated by rain,

There have been few measurements of the radar refleciivity of snow as a function
of the precipitation nlensity. One reason 15 thal it 15 more difhicult to obtain accurate

particle size distnbutions and precipilation rates.
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On ke basis of the published results an appropriate cxpression appears to be

Z=2000R? - ~{4.22)

Where Z and R arc in the usual units and R refers to the precipitation rates when the snow
is melted.

1t should be noted from a comparison of equation (4. [9) and (4.22) that when the
precipitation rates exceeds about 0,16 mm/hr, the value of Z is greater for snow than for
rain.

Since snowllakes fall slowly (about | m/sec), while raindrops fall five to ten times
faster, the concentration of snowflakes must be larger than that of raindrops in order to
yield the same R. Also, the heavier the ramfall rate and the larger the raindrops, the

greater the difference (Zengw - Zrain ).

In this analysis radar raw Plan Pesition Indicator (PPI) scan digital data is collected

in a 240x240 matrix with a 2.5 km grid mesh for Dhaka, Rangpur, Cox’s Bazar and
Khulna radar. For complex PPI scan four radar 1s used to collected dala in a 320x480
matrix with the same 2.5 km grid mesh. The raw data is to be processed for GrADS and
GMT formats. Then programming 1s to be developed for Status caiculation using
Reflectivily-Rain-rate (Z-R) relationship. The Z-R relationship is given in the form
Z=BI'
Where Z is the radar reflectivity factor in mmf’m'ﬁ, and R is rain rate in mm h!, and B and
b are positive numbers determined empinically. In this analysis B end b are to be
considered as 200 and 1.6 respectively [Batlan 1973]. Different values of B and b are
used by different researchers [Calheiros, R. V. and Zawadski,I, 1987, Hadid, 8. Z. and
Rosenfeld, [, 1997, Woodly, W, L., 1970, Stiner, M and Houze, R.A jr., 1993, Stiner, M
and Howze, R, A jr. and Yuter, 5.E,,1995].
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Chapter 5 Results and Discussion

3.1 Introduction:

Bangladesh Meleorological Department has four radars installed at Dhaka,
Rangpur, Cox’s Bazar and Khepupara. These radars collected data in a special format that
Status ¢+ = no rain, Status 1| = 1~4 mm/h, Status 2 = 4 ~16 mm/'h, Status 3 = 16~32 mm/h,
Status 4 = 32-64 mm/h, Starus 5 = 64~128 mm/'h and Staus 6 = more than 128 mm/.
From this wide range of rain rate in cach Status it is difficult to get the exact rain ratc. Rain
ratz is very imponant for research purpose. To get rain rate from radar data, in this work
we employed raingauge rainfall for assignment of rain rate,

Rain rate is to be assigncd from radar data. Ower the country, Bangladesh
Meteorological Depariment has a rammgauge nelwork using 33 raingauges. However, the
data are 3 hourly or daily. To calibrate radar data we used the dala from a dense raingauge
network 1 Sylhet (Fig.1). These raingauges are installed by JICA (Japan International

Cooperation Agency} project which are collecting continuous data round the clock.

5.2 Rain Rate - Amalshid

At station Amalshid the analysis 15 perforrned on the radar data for the months

May, June and July 2000, The resulis for station Amalshid are discussed here.

5.2.1 May 2000: n May 2000 we have to analyze 161 radar images and 882-raingauge
indications of raingauge (GR} at Amalshid. Among 161 radar images and 882 GR
indications, we found 5 matched indications between radar and GR data, which 15 shown
in Fig. 2. Out of 15 data matching there are 13 matched for Status 1 and 2 matched for
Status 2 (Fig. 3). Among 13 malched in Status 1 radar indicates all corresponding to
GR=0.5 mm/min. In Siatus 2 radar indicates all corresponding to GR=0.5 mm/mm. It is
found that at Amalshid for the month of May iﬂﬂﬂ, GR 15 (.3 mm/min corresponds te both
Stalus | and Status 2 1.e., Status | = 0.5 mm/min and Sialus 2 = 0.5 mm/min {Fig. 3).
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5.2.2 June 2000: In June 2000 we bave to analyze 124 radar images and 1180 rain
gauge indications of rain gauge (GR) at Amalshid. Aimeng 124 radar images and 1180 GR

indications, wc found only 8 inatched indications between radar and GR data, which is
shown in Fig. 4. Out of & data maiching there are ¢ maiched for Stams 1 and 2 matched for
Status 2 (Fig. 5). Among 6 maiched in Stalus 1 radar indicatcs all corresponding to
GR=0.5 inm/inin.  In Stalus 2 radar ndicates all corresponding to GR=0.5 mm/min. It is
found that at Amalshid [or the month of June 2000, GR is (.5 mm/min corresponds to both
Stalus | and Status 2 i.c. Status 1 = 0.5 iin/min and Status 2 = 0.5 mm/min (Fig. 5).

32,3 Julp 2000: In july 2000 we have to analyze 63 radar images and 489 rain gauge
indications of rain gauge (GR) at Amalshid. Among 63 radar images and 489 GR
indications, we found 2 matched indications between radar and GR data. Out of 2 data
malching there are 2 maiched for Status | and none maiched for Statns 2. Among 2 in
Stalus 1 radar indicates all corresponding to GR=0.5 mm/min. It 15 found that at Amalshid
for the month of Inly 2000, GR is (.5 mm/min corresponds to Status 1 1.e., Status 1 2 0.5
mum/min {Fig.6).
5.3 Rain Rate - Chhatak

At station Chhatak the analysis is performed on the radar data for the months May,

June and July 2000, The results for stahion Chhatak are discussed here,

5.3.1 May 260: In May 2000 we have to analyze 288 radar images and 1055 rein
gauge indications of ram gauge (GR) at Chhatak. Among 288 radar images and 1055 GR
indications, we found 36 matched indications between radar and GR data, which is shown
in (Fig. 7). Oul ol 36 data matching there are 20 matched for Status 1 and 16 matched for
Status 2 (Fig. 8). Among 20 matched in Status | radar indicales all ¢orresponding to
GR=0.5 mnyinin. In Status 2 radar indicates all corresponding te GR=0.53 mm/min. It is
found that at Chhatak for the month of May 2000, GR 15 0.5 mm/min corresponds to stams
1 and (.53 mm/min corresponds to status 2 ie,, Status 12 0.5 mm/min and Status 2= (.53
movmin (Fig. 8).
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5.3.2 June 2000; In June 2000 we have to analyze 249 radar images and 1826 rain
gauge indications of rain gauge (GR) at Chhatak. Among 16! radar images and 8§82 GR
indications, we found 18 malched indications between radar and GR data, which is shown
in {Fig. 9). Out of 18 all matched for Staius 1 (Fig. 10). Among 18 matched in Status 1
radar indicates all corrcsponding to GR=0.5 mm/min. It 18 found that at Chhatak for the
month of June 2000, GR is .5 mm/min corresponds te Status | te., Slatus Iz 0.5 mm/min

(Fig. 10).

5.3.3 July 2000: In July 2000 we have 10 anzlyze 107 radar images and 976 rain gauge
ndications of rain gauge (GR) at Chhatak. Among 107 radar images and 976 GR
indications, we found 4 matched indications bebween radar and GR. data, which is shown in
(Fig. 11). Out of 4 data matching there are 4 maiched for Status 1 and nonc matched for
Status 2 (Fig.13). Among 4 matched in Stalus | radar indicates all corresponding to
GR=0.5 mm/min. It is found thal al Chhatak for the month of July 2000, GR is 0.3

mm/min corresponds to Siatus 1 i.e., Status 1 = 0.5 mm/min (Fig.12),
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Fig. 5. Radar frequency and rain gauge min rate (RG) for Junc 2000 at Amalshid.
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Fig. 6. Radar frequency and rain gauge ran rare (RG) for July 2000 at Amalshid.
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Fig. 10. Radar frequency and rain gaupe rain rate (RG) for June 2000 at Chhatak.
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5.4 Rain Rate-Netro Haor

At station Netro Haor the analysis 1s performed on the radar data for the months

May, Junc and July 2000. The results for slaticn Netro Haor are discussed here.

5.4.1 May 2000: [n May 2000 we have 10 analyze 253 radar images at station Netro
Hacr.  In this month there arc 1283 main gauge indications of rain gauge (GR} at this
station. Among 253 radar images and 1283 GR indications, we [ound 95 matched events
between radar and GR data as shown in Fig. 13. Out of 95 data matching there are 72
matched for Status 1, 21 matched for Status 2 and 2 matched for Status 3 (Fig. 14).
Among 72 matched in Status 1 radar indicates 62 matched corresponding to GR=0.5
mm/min, 7 matched corresponding to GR=1 mm/min, 1 matched corrcsponding to GR=1.3
mm/min, 1 matched comesponding to GR=2 mm/min and 1 matched comesponding to
GR=3 mm/min (Fig. 14). Among 21 matched in Status 2 radar indicates 14 maiched
corresponding (o GR=0.5 mm/min, 4 matched corresponding to GR=1 mm/min, 1
matched corresponding o GR=1.5 mm/min and 2 matched corresponding to GR=2
mm/min (Fig. 14). In Status 3 all 2 matched corresponding to GR=3 mm/min (Fig. 14). It
15 found that al Neiro Haor for the month of May 2000, GR 15 .619 inm/min corresponds
to Status 1, 0.788 mm/min corrcsponds to Staus 2 and 3 mm/min corresponds to Siatus 3

i.e., Status 1= 0.619 mmfuin, Status 2= 0.788 mund/min and Status 3= 3 mm/min.

5.4.2 June 2000 In June 2000 we have to analyze 192 radar images at station Netro
Haor. In this month therc are 1344 rain gauge indicauons of ram gauge (GR) at this
staticn. Among 192 radar images and 1344 GR indications, we found 89 matched events
between radar and GR data as shown m Fig. 15, Qut of 89 data matching there are 79
malched for Status 1 and 10 matched for Status 2 (Fig. 16). Among 79 malched in Siatus 1
radar indicales 66 malched coresponding to GR=0.5 mm/min, 9 malched corresponding to
GR=1 mm/min, 3 matched corresponding to GR=1.5 mm/min and 1 matched
corresponding to GR=2 mm/min (Fig. 16). In Status 2 radar indicatcs 6 matched
corresponding to GR=0.5 mm/min and 4 matched corresponding to GR=1 mm/min (Fig.
16). 1t is found that at Netro Haor for the monih of June 2000, GR is 0.62 mm/min
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corresponds to Status | and 0.78 mm/min comesponds to status 2 ic., Stams 120,62
mm/min and Status 2= 0.78 mm/min.

5.4.3 July 2000: In July 2000 we have to analyze 79 radar images at station Netro
Haor. 1o this month there are 715 run gauge indications of rain gauge (GR) at this station.
Among 79 radar images and 715 GR indications, we found 28 malched events belween
radar and GR data as shown m Fig. 17. Out of 28 data matching there arc 28 malched for
Status 1. (Fig.1R). Among 28 in Status 1 radar indwates 28 corresponding to GR=0.5
mm/min, (Fig.18). It is found that at Netro Haor for the month of July 2000, GR is 0.5

mm/min corresponds to Status 1i.c., Stams ! 2 0.5 mun/min.
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5.5 Monthly Rain Rate
5.5.1 Monthiy Rain Rate - Amalshid

May-June-July: Fig. 19 shows the monthly averaged rainfall for different
Slatus at Amalshid. 1t 15 seen that rain rale 15 GR=0.5 mm/rmn {or Siatus 1 for the months

May, June and July. The rain rate is also same for Status 2.

5.5.2 Monthly Rain Rate — Chhatak
May-June-July: Fig. 20 shows the monthly averaged rainfall for different

Status at Chhatak. It 15 seen that rain rate 15 GR=0.5 \nm/min for Status 1 for the months
May, June and July and {or Status 2 GR=0.531 mm/min.

5.5.3 Monthly Rain Rate — Netro Haor

May-June-July: Fig. 21 shows the monthly averaged rainfall for different

Status at Netro Haor, T0 s seen that rain rate s GR=0.597 mm/min for Status | for the
months May, June and July. The rain rate is GR=0.758 mm/min for Status 2 and GR=3

mm/min for Status 3 for the months May, June and July.

5.6  Frequency
3.0.1 Fregquency — Amalshid

May-June-July: Fig. 22 shows that frequency is cxisted for GR=0.5 for both
Siatus 1 and Status 2.

5.6.2 Frequency — Chhatak

May-June-July: Fig. 23 shows that frequency is high for GR=0.5 mm/min for

both Status | and Status 2. Yery low frequency is existed for GR=1 mm/min for Status 2.



5.6.3 Frequency — Netro Haor

May-June-July: Fig. 24 indicatcs the frequency for differenl Status for

correspanding to different GR values. It is secn that frequency is higher at GR=0.3
mm/min. Frequency cxisted upto GR=2 mm/min.At Netro Haor for the months May, June,
July GR s 0598 mmimyn corresponds 1o status 1, 0.758 mm/min corresponds to status 2
and 3 mm/min coresponds lo status 3. 1o, sialus 1 = 0598 mmdmin, status 2 = 0.758

mm/min and status 3 = 3 mmdmin (Fig, 24).

5.7 Average Rain Rate:

Fig. 25 shows that the average rain rate for diflerent Stalus for different stations. In
average we can scc that for Amalshid, Chhatak and Netro Haor duning May, June and July
Status | carresponds o GR=0.5 mm/mm, staus 2 corresponds to GR=0.531 mm/min and
Staius 3 corresponds lo GR=3 mm/min (Fig 25),
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Fig. 20. Rain rate at different Status for different months at Chhatak.
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Amalshid May-June-July 2000
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Fig. 22. Radar frequency and rain gaupe rain rate {RG) for diferent months at Amalshid.



Chhatak May-June-July 2000

R Slatus 1
EStatus 2

Status 1 = 0.5 mmimin

Status 2 = 0.531 mm/min

Frequency

1 1.5 2 2.5 3
GR{mm/min)

Fig, 23. Radar frequency and rain gaupe min rate {R(3} for diffcrent months al Chhatak.



Metro Haor May-June-July 2000
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Fig. 24. Radar frequency and rain gauge rain rate (RG) for different months at Netro Haor.
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5.8 Assipnment of rain rate:
In this scetion assignment of rain rale from radar dala 38 discussed for the station

Netro Haor for the months of May. June and July 2000,

5.8.1 Netro Haor-May 2000

In Fig. 26 horizontal axis shows case number represented by minute and vertical axis
shows rain rate of rain gauge in mm¢hr at Netro Haor in the month May 2000. The case
number indicated by minule means the cvent with its duration. There are 14 cases with
difTerent durations. The rain gauge indication 1s different for diffcrent cases, i.e,, min rate
for individual case is different and Lies from 3 mm/h to 90 mm/h. On an average the ram

rate is 17.02 mm‘h. The frequency in different status 1s also represented in Fig. 26.

5.8.2 Netro Haor-June 2000:

In Fig. 27 honzonal axis shows casc number represented by minute and vertical axis
shows rain rale of rain gauge in mm/hr at Netro Haor in the month June 2000. The case
number indicatcd by miante means the event with s duralion. There are 9 cases with
different durations. The rain gange indication 15 different for different cases. 1.e., rain rate
for individual case is different and lies from 3.36 mm to 39.84 mm/h. On an average the

rain rate is 16.06 mm/h. The frequency in different status is also represenled 1in Fig. 27.

5.8.3 Netro Haor-July 2000:

In Fig. 28 horizontal axis shows case number represented by minute and vertical axis
shows rain rate of rain gauge in mm'h at Netro Haor in the month July 2000. The case
number indicated by minute means the event with its duration. There are 5 cases with
difTercnt durations. The rain gauge indication is different for different cases. 1.€., rain rale
for individual casc is different and lies from 5.64 mvm/h io 30 mm/h, On an average the rain

rate 15 10,47 mm/h. The frequency in different status is also represented in Fig. 28.
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5.8.4 Netro Haor-May-June-July 2000:

in Fig, 29 horizontal axis shows case number represented by minute and verical axis
shows rain rate of rain gauge in mm/hr at Netro Haor for the month May, June and July
2000 The casc number indicated by minute means the event with its duration. There are 28
cases with different durations. The rain gauge indication is dilferent for different cascs. i.c.
rain ratc for individnal case is dilferent and lics from 10.47 mm‘h to 17.02 mm/h. On an
average the rain rate is 15.84 mmdh. The lrequency in different siatus is also represented in

Fip. 29.
TIn this way we can assign GR value corresponding to cach Status of radar data, 'We
nced to verify this result for other months and other stations. Then we may [inally clarify

the nn rate for BMD rudar data in their corresponding status,  After that counting the total

pixel {resolution: 2.5 x 2.5 kmz} in a PP1 scan we can easily estimate rainfall.
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Netro Haor May 2000
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Fig. 26. Assignment of rain rate for May 2000 at Netro Huor.
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Netro Haor July 2000
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Fig. 28. Assignment of rain rate for July 2000 at Netro Haor.
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CONCLUSIONS



Chapter 6 CONCLUSIONS

Analyzing radar dala from May to July 2000 and cahbraling with raingauge rainfall
in Sylhet region we found that Status 1 (1~4 mm/h) and Status 2 (4~16 mm') is domnant.
It is also found ihat at Amalshid the rain rate 15 0.5 mmé/min for bolh Status 1 and Status 2
in May 2000. The tain rate is 0.5 mm/min for both Status t and Status 2 in June 2000 and
0.5 mm/muin for Status 1 in July 2000,

Al Chhatak the rain rate is 0.5 mm/min for Starus 1 and .53 mm/mun for Status 2
in May 2000. The rain rate is 0.5 mm/min for Staus 1 in June 2000 and 0.5 mm/min for
Status | in July 20040,

At Netro 1daor the rain rate is 0.619 mm/min for Status 1, 0.788 mm/min for Status
2 and 3 mm/min {or status 3 in May 2000, The ran rate 15 0.62 mm/min for Status 1 and
0.78 mm/min for Status 2 in June 2000 and the rain rate is 0.3 mm/mn for Status 1 in Inly
2000,

In average the rain ratc is 0.5 mm/inin for Status 1, 0.531 mm/min for Status 2 and
3 mny/min for Status 3.

These above rain rates are over estimated because all of them are equal to or more
than 30 nun/h. This overcstimation comes because we used only matched cvents and
raingauge mdication is not less than 0.5 mm/min{=3{ mm/h).

Calibrating radar data with raingauge rainfall for some events it is found ihat rain
rate lics between 10.47 mmvh to 17.02 mm/h and in average it is 15.84 mm/h for May-
June-July

This rain rate is closer to rain ratc over Bangladesh reported in other literatures
[Khandaker Papiyva Sultana, 2001]. This assigned rain rate 15.84 mm/h is reasonable for
Sylhet region. We need more data for other years and also for other pans of Bangladesh for

final assignment.
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Appendix-A

Amalshid May 2000

Data Summary for three months at three stations.

Summary  |Radar image 161
GR indication 882
Matched 15
Status 1 13 Average rain rate 0.5 mm/min
Status 2 2 Average rain rate 0.5 mm/min
Rain Rate Count Count
{mm{imin}
Statusi Status2
0.5 13 2
1 0 0
1.5 0 0
Chhatak May 2000
Summary |Radar image 288
GR indication 1055
Matched 36
status 1 20) Average rain rate 0.5 mm/min
Status 2 16 Average rain rate 0.53 mmémin
Rain Rate Count Count
{mmimin}
Status 1 Status 2
0.5 20 15
1 0 1
1.5 0 {
2 0 0
2.5 0 {
3 0 0
SUM 20 16

a2




Fseel

Netro Haor May 2300

Surmmmary |Radar image 253
GR indicafion 12873
Matched 95
Status 1 72 Average rain rate 0.618 mm/min
Status 2 21 Average rain rate 0.788 mm/min
Status 3 2 Average rain rate 3 mm/min
Rain Rate Count Count Count
(mm/min)
Status 1 | Status 2 Status 3
0.5 &2 14 0
i 7 4 &
1.5 1 1 {
2 1 2 {
25 0 0 0
3 1 0 2
SUM 72 21 2
Amalshid June 2000
Sumamry Radar 124
GR 1180
Matched 8
Status 1 6 Average rain rate 0.5 mm/min
Status 2 2 Average rain rate 0.5 mm/min
Rain Rate Count Count
{mmimin)
Status 1 | Status 2
0.5 6 2
1 0 0
1.5 { Q
2 0 0
SUM 5 2

03




Chhatak June 2000

Surmmary |Radar image 249
GR indication 1826
Matched 18
Status 1 18 Average rain rate 3.5 mm/min
Status 2 0
Rain Rate Count Count
{mm/min)
Status 1 | Status 2
(.5 18 0
1 0 0
1.5 0 Q
2 0 0
2.5 0 [
3 0 Q
SUmM 18 0
Netro Haor June 2000
Summary |Radar image 192
GR indication 1344
Matched 88
Status 1 73 Average rain rate 0.62 mm/min
Status 2 10 Average rain rate 0.78 mm/min
Rain Rate Count Count
{mm/min}
Status 1 | Stalus 2
0.5 66 &)
1 a 4
1.5 3 0
2 1 0
25 0 ]
3 0 0
SUM 79 10

&4




Amalshid July 2000

summary |Fadarimage 4
GR indication 488
Matched 2
Status 1 2 Average rain rate 0.5 mm/min
Status 2 {
Rain Rate Count Count
(mmimin}
Status 1 | Status 2
0.5 2 0
1 0 {
1.5 0 0
i Q Q0
2.5 Q 0
3 Q Q0
SUM 2 0
Chhatak July 2000
Summary  |Radar image 107
(3R indication g978
Matched 4
Status 1 4 Average rain rate 0.5 mm/min
Status 2 0
Rain Rate Count Count
fmm/min}
Status 1 | Status 2
(0.5 4 0
1 { Q
1.5 0 {
2 Q 0
25 0 0
3 0 0
SUM 4 (

b3




Netro Haor July 2000

Summary |Radar image 79
GR indication 715
Matched 28
Status 1 28 Average rain rate 0.5 mmimin
Status 2 0
Rain Rate Count Count
{mm/min}
Status 1 | Status 2
0.5 28 0
1 0 0
1.5 0 0
2 0 0
2.5 0 0
3 0 0
SUM 28 0
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Appendix-B Matched Data for three months at three stations.

Maiched events for May 2000 at Amalshid

year  month  day hr  min  Status RG {(mm/min)
2000 5 1 5 1 1 0.5
2000 5 1 5 17 1 0.5
2000 5 1 5 34 1 0.5
2000 5 1 5 50 1 0.5
2000 5 18 8 12 1 0.5
2000 3] 16 8 18 1 0.5
2000 5 18 8 40 2 0.5
2000 5 18 B 45 2 0.5
2000 5 18 8 55 1 0.5
2000 5 18 g 3 1 0.5
2000 5 26 8 21 1 0.5
2000 5 26 8 29 1 0.5
2000 5 26 8 34 1 0.5
2000 3] 26 8 45 1 0.5
2000 5 28 8 50 1 0.5

Matched events for May 2000 at Chhatak

year  month  day hr  min  Status RG {mm/min)
2000 5 18 8 f 1 0.5
2000 5 18 8 15 1 0.5
2000 5 18 8 22 2 0.5
2000 5 18 8 28 1 0.5
2000 5 18 8 35 1 0.5
2000 5 18 8 58 2 0.5
2000 5 26 5 1 2 0.5
2000 5 26 5 27 2 0.5
2000 5 2B 5 30 2 0.5
2000 5 26 S 953 2 0.5
2000 5 26 11 14 2 0.5
2000 5 26 23 47 1 0.5
2000 5 27 10 7 3 0.5
2000 L 27 10 12 2 0.5
2000 5 27 10 18 2 0.5
2000 5 27 10 22 1 0.5
2000 5 27 10 22 1 0.5

7



2000 9 27 10 27 1 0.5
2000 5 27 10 28 1 0.5
2000 5 27 10 32 1 0.5
2000 5 27 10 35 1 0.5
2000 D 27 10 a7 1 0.5
2000 5 27 10 47 1 0.5
2000 5 28 6 0 ] 0.5
2000 o 29 4 55 2 0.5
2000 5 29 4 o8 2 0.5
2000 5 29 2 1 2 0.5
2000 o 29 5 3 1 0.5
2000 52 29 5 8 1 0.5
2000 5 29 2 42 1 0.5
2000 o 30 5 48 2 0.5
2000 ! 30 5 23 pd 0.5
2000 5 30 5 o6 1 0.5
2000 2 31 5 42 1 0.5
2000 S 31 5 44 2 0.5
2000 2 31 S 47 1 0.5

Matched events for May 2000 at Netro Haor

year month day hr  min  Slatus RG (mm/min}
2000 5 1 5 14 2 0.5
2000 5 1 5 17 2 0.5
2000 5 1 5 19 2 0.5
2000 5 1 5 22 2 0.5
2000 5 1 5 24 2 0.5
2000 5 1 5 27 1 0.5
2000 5 18 5 33 2 0.5
2000 5 18 5 40 1 0.5
2000 5 18 5 44 2 0.5
2000 5 18 5 55 1 0.5
2000 5 18 5 58 1 0.5
2000 5 18 8 5 1 0.5
2000 5 18 8 7 1 0.5
2000 5 18 8 12 1 0.5
2000 5 18 8 27 1 0.5
2000 5 18 8 65 1 0.5
2000 5 18 11 6 1 0.5
2000 5 18 11 8 1 0.5
2000 5 18 11 11 1 0.5
2000 5 18 11 16 1 0.5
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2000 5 28 ¥ 42 2 0.5
2000 5 28 ¥ 47 1 Q0.5
2000 5 28 8 3 1 05
2000 5 28 8 15 1 0.5
2000 5 28 11 35 1 0.5
2000 5 29 5 3 2 0.5
2000 5 29 5 42 i Q0.5
2000 5 29 5 44 1 0.5
2000 5 29 6 52 1 0.5
2000 5 30 7 54 1 0.5
year month day hr  min  Status RG {mmémin)
2000 5 1 5 7 1 1
2000 5 18 5 27 2 1
2000 5 18 5 J0 2 1
2000 5 18 5 35 1 1
2000 5 18 5 41 1 1
2000 5 18 5 47 1 1
2000 5 18 5 52 1 1
2000 5 18 8 2 1 1
2000 5 22 9 24 1 1
2000 5 29 5 39 i 1
2000 5 3 23 Y| 2 1
year month day hr  min  Status RG {(mm/min)
2000 5 1 4 59 1 1.5
2000 5 29 & 37 2 1.5
year month day hr ~ min  Status RG (mm/min)
2000 5 1 4 56 2 2
2000 5 18 5 17 2 2
2000 5 18 5 19 3 2
2000 5 18 5 22 3 2
2000 5 A 23 29 1 2

year month  day hr  min  Status RG {mm/min)
2000 5 1 5 4 1 3

H)



Matched events for June 2000 at Amalshid

year
2000
2000
2000
2000
2000
2000
2000
2000

3
a
=
—
=

M hdm OO O

day
1
13
21
24
24
28
28
28

hr
8
11
17
20
21
5
5
5

min
31
1

B
59
1
17
27
57

Status RG {mm/min}

—

1
1
2
2
1
1
1

Matched events for June 2000 at Chhatak

year
2000
2000
2000
2400
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

3
a
3
3
5

(e i m e riar e e iie ieriia e e e e ariie: e

day
1
1
10
12
12
12
12
12
12
13
13
24
27
30
30
30
30
30

hr
6
7
8
23
23
23
23
23

k2
L

oo hin h o Lh = O

min
41
43
10
46
48
51
53
56
h8
1
57
59
B
51
h4
56
3
15

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Status RG (mmmin}

1

O e R T T e A L . . W A A A L A

Matched events for June 2000 at Netro Haor
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